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ABSTRACT

The Alabama Department of Transportation (ALDOT) is in the process of transitioning from the
AASHTO Standard Specification for Highway Bridges to the LRFD Bridge Design Specifications.
One significant difference between the two specifications is the seismic design provisions. From a
practical point of view, the desire is that typical, economical details can be developed for the
worst-case scenarios, which can be implemented for bridges throughout the state without a
significant cost premium. To determine the effects of the updated seismic provisions on current
practice, a study of existing bridges was completed. Three typical, multi-span, prestressed
concrete I-girder bridges were selected for the study. In order to bracket the demands for typical
bridges, the primary bridge geometry variables were span length, pier height and pier
configuration. The bridges’ Earthquake Resisting Systems were re-designed for the worst
conditions for the state of Alabama. This paper discusses the changes made to the three bridges
in order to meet the requirements.

After the re-design of the three bridges, a few conclusions were drawn. A stronger
connection is required between the substructure and substructure. The amount of hoop
reinforcing in the columns, drilled shafts and struts was increased. Typical details for the worst

seismic scenario in Alabama were not economical for all areas of the state.
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Chapter 1

INTRODUCTION

1.1 PROBLEM STATEMENT

Alabama Department of Transportation (ALDOT) has been designing bridges using the AASHTO
Standard Specifications for Highway Bridges (Standard Specification) (AASHTO 2002); however,
due to Federal Highways Administration (FHWA) requirements, ALDOT will begin designing
bridges in accordance with AASHTO LRFD Bridge Design Specifications (LRFD Specification)
(AASHTO 2007). ALDOT has chosen to design the bridges with the AASHTO Guide
Specifications for LRFD Seismic Bridge Design (Guide Specification) (AASHTO 2008). One of the
significant differences between the two specifications is the seismic design provisions. Under the
Standard Specification, most of the state was classified as Seismic Performance Category A,
which required minimal seismic detailing and no additional analysis. The new requirements will
influence future bridge design. With changes in the ground acceleration maps, it is expected that
the substructure elements, the superstructure-to-substructure connections, and the foundations
will see the most change. From a practical point of view, ALDOT’s Bridge Bureau wants to
develop typical details for the worst-case scenarios, which can be implemented for bridges
throughout the state without a significant cost premium.

1.2 OBJECTIVES AND SCOPE

This study was done to evaluate the seismic bridge design, according to the Standard
Specification, and to update the seismic design according to the LRFD Specification. Three
existing standard, multi-span, prestressed concrete I-girder bridge were selected for redesign
according to the seismic provisions of the AASHTO Guide Specifications for LRFD Seismic
Bridge Design and AASHTO LRFD Bridge Design Specifications. The main objectives were the

following:

1. To determine the effects of LRFD seismic provisions on design and detailing of critical
elements in the bridge lateral load-resisting system.
2. To determine if typical, economically feasible details can be utilized for all the selected

bridges.



1.3 DOCUMENT ORGANIZATION

This document is organized into five chapters. Chapter 1 is an introduction to the project. Chapter
2 contains a literature review and the comparison of the three design specifications investigated
during the project. Chapter 3 describes the design process for the Guide Specification and the
LRFD Specification. Chapter 4 shows the results from the re-design of the bridges. Lastly,
Chapter 5 contains the conclusions that were made based on the case study design results.



Chapter 2

LITERATURE REVIEW

21 INTRODUCTION

The three specifications discussed in this section have some differences. The design philosophy
behind the Guide Specification is different from both the LRFD Specification and the Standard
Specification. As the knowledge of earthquakes and fault zones have increased, the
specifications have been updated to accommodate for the new information found. The

specifications are always changing as new knowledge is discovered.

2.2 HISTORY

The compilation of the Standard Specification began in 1921 with the organization of the
Committee on Bridges and Structures of the American Association of State Highway Officials
(AASHO). Starting in 1921, the specifications were gradually developed. As several actions of the
specification were approved, they were made available in mimeographed form for use by the
State Highway Departments and other organizations. A complete specification was available in
1926 and revised in 1928. The first edition of the Standard Specification was printed in 1931. The
last edition, before switching to the LRFD design philosophy, was printed in 2002 (AASHTO
2002).

The body of knowledge related to the design of bridges has grown immensely since 1931.
The pace of advancements in bridge design are growing so rapidly that to accommodate this
growth, the Subcommittee of Bridges and Structures has been granted authority, under
AASHTO’s governing documents, to approve and issue Bridge Interims each year. In 1986, the
Subcommittee submitted a request to the AASHTO Standing Committee on Research to
undertake an assessment of U.S. bridge design specifications, to review foreign design
specifications and codes, to consider alternative design philosophies to those underlying the
Standard Specifications, and to render recommendations based on these investigations
(AASHTO 2007). The investigation was completed in 1987, and it was found that the Standard
Specification included discernible gaps, inconsistencies, and even some conflicts (AASHTO
2007).

The Standard Specification did not include the most recently developed design philosophy,

load-and-resistance factor design (LRFD), which was gaining popularity in other areas of



structural engineering. Until 1970, the sole design philosophy in the Standard Specification was
known as working stress design (WSD). “WSD establishes allowable stresses as a fraction or
percentage of a given material’s load-carrying capacity, and requires that calculated design
stresses not exceed those allowable stresses” (AASHTO 2007). The next design philosophy
added was the load factor design (LFD). LFD reflects the variable predictability of certain loads
types, such as vehicular loads and wind forces, through adjusted design factors. A further
philosophical extension was LRFD, which takes variability in the behavior of structural elements
into account in an explicit manner. “LRFD relies on extensive use of statistical methods, but sets
forth the results in a manner readily usable by bridge designers and analysts” (AASHTO 2007).
After the 1971 San Fernando earthquake, significant effort was expended to develop

comprehensive design guidelines for the seismic design of bridges. “That effort led to updates of
both the AASHTO and Caltrans design provisions and ultimately resulted in the development of
ATC-6, Seismic Design Guidelines for Highway Bridges, which was published in 1981” (AASHTO
2008). It was adopted as a Guide Specification in 1983 by AASHTO. In 1991, the guidelines were
formally adopted into the Standard Specification, and then revised and reformatted as Division I-A
of the Standard Specification. After damaging earthquakes in the 1980s and 1990s, it became
apparent that improvements to the seismic design practice were needed. Several efforts were
made by different groups to develop updated design criteria for bridges. The four primary
documents to come from this work include:

1) ATC-32, Improved Seismic Design Criteria for California Bridges: Provisional

Recommendations
2) Caltrans’ Seismic Design Criteria
3) MCEER/ATC-49 (NCHRP 12-49), Recommended LRFD Guidelines for the Seismic
Design of Highway Bridges

4) The South Carolina Seismic Design Specification
In 2005, work began to identify and consolidate the best practices from these four documents.
“The resulting document was founded on displacement-based design principles, recommended a
1000-yr return period earthquake ground motion, and comprised a new set of guidelines for
seismic design of bridges” (AASHTO 2008). In 2007, a technical review team refined the
document into the Guide Specifications that were adopted in 2007 by AASHTO. In the following
year, more revisions were made, and then in 2008, the 2007 document and the revisions were
approved as the Guide Specification (AASHTO 2008). A 2010 Interim was published for the

Guide Specification which affected steel bridge design.
2.3 COMPARISON OF THE SEISMIC DESIGN SPECIFICATIONS

This section describes the major differences between the seismic provisions of the Guide
Specification, LRFD Specification, and the Standard Specification. The differences can be broken
down into the following categories:



e New Ground Acceleration Maps

The Standard Specification uses ground acceleration maps created by the United
States Geological Survey (USGS) in 1988. The maps assume the soil condition to be rock.
The seismic loads represented by the acceleration coefficients have a 10% probability of
exceedance in 50 years, which corresponds to a return period of approximately 475 years.
For the Guide Specification and LRFD Specification, the ground acceleration maps depict
probabilistic ground acceleration and spectral response for 7% probability of exceedance in
75 years, which corresponds to a return period of approximately 1000 years. Also, the Guide
Specification and LRFD Specification have maps for peak ground acceleration (PGA), 0.2
second spectral response acceleration (SS), and 1.0 second spectral response acceleration
(S1), instead of just one map. Table 2.1 shows some of the spectral response values for
different locations in Alabama. The accelerations are higher in north Alabama. The change in
the ground acceleration maps generates an increase in design earthquake load for Alabama
bridges. These changes are due to a larger return period for the design earthquake and the
significant amount of research completed on the New Madrid and East Tennessee faults.

Table 2-1. Oseligee Creek Bridge Bent 3 Design Changes

Location PGA (9) Ss () S1(9)
Huntsville, AL 0.082 0.186 0.067
Birmingham, AL 0.083 0.171 0.058
Muscle Shoals, AL 0.087 0.207 0.076
Montgomery, AL 0.041 0.094 0.043

e New Design Spectral Shape

In the AASHTO Standard Specification, the spectral acceleration maximum is 2.5 x
Acceleration coefficient, A, unless the ground acceleration is greater than or equal to 0.3;
then the maximum spectral acceleration is 2.0 x A. The response coefficient is decaying at a
rate of 1/T2/3. The response spectrum decreases at a rate of 1/T, but because of the
concerns associated with inelastic response of longer period bridges, it was decided that the
ordinates of the design coefficients and spectra should not decrease as rapidly as 1/T, but
should be proportional to 1/T2/3 (AASHTO 2002). The region decreasing at a rate of 1/T is
the acceleration sensitive region. The design spectrum in the Guide Specification and LRFD
Specification decreases at a rate of 1/T. In Figure 2.1, the response spectrums for the Guide
Specification and Standard Specification are compared. The Guide Specification design
response spectrum includes the short-period transition from the acceleration coefficient, AS,
to the peak response region, SDS, unlike the Standard Specification. This transition is

effective for all modes, including the fundamental vibration modes. According to the Guide




Specification, the use of the peak response down to zero period is felt to be overly
conservative, particularly for a displacement-based design (AASHTO 2008).

— LRFD

----- Standard

L
=
|
L
[ ]
[

ceeleration, Sa (e)

Response Spectral A

Period (sec)

Figure 2-1. Comparison of the Response Spectrum for the Standard Specification and
Guide Specification Located at the Northeast Corner of Alabama

e Importance/Operational Classification

When assigning a classification to a bridge, the basis of classification shall include
social/survival and security/defense requirements, and consider possible future changes in
conditions and requirements (AASHTO 2007). The Standard Specification has two different
importance classifications: Essential and Other. The Standard Specification defines essential
bridges as those that must continue to function after an earthquake (AASHTO 2002). The
LRFD Specification has three operational classifications: Critical, Essential, and Other. The
LRFD Specification defines a Critical bridge as a bridge that must remain open to all traffic
after a design earthquake and must be useable by emergency vehicles and security/defense
purposes immediately after a rare earthquake, which is defined as an earthquake with a
2,500-year return period. Essential bridges are defined as bridges, that at a minimum, are
open to emergency vehicles and for security/defense purposes immediately after the design
earthquake, which is an earthquake with a 1,000-year return period (AASHTO 2007). If
classified as Critical or Essential, bride design requirements will be more strenuous. The
Guide Specification only specifically addresses Conventional bridges, which is defined as
Other bridges by the LRFD Specification.



e Site Factors

The Standard Specification has four different soil profiles, which correspond to four
site factors. The seismic performance category is chosen first , and then, according to the soil
condition, the elastic seismic response coefficient is amplified. The Guide Specification and
LRFD Specification have six soil profiles, which correspond to six soil factors. The site class
is chosen before the seismic design category is selected, which contrasts with the Standard
Specification. Therefore, the spectral response coefficients can either be increased or
decreased based on the site class. The soil factors affect the spectral response coefficients,
which in turn affects the seismic design category (SDC).

o Design Approaches

The design philosophy is different between the LRFD Specification and the Guide
Specification. The Guide Specification is a displacement-based design, while, the LRFD
Specification and Standard Specification are force-based designs. A displacement-based
design has to meet certain displacement limits set by the specification. In a force-based
design, response modification factors are used to modify the elastic forces. Since columns
are assumed to deform inelastically where seismic forces exceed their design level, it is
appropriate to divide the seismic elastic forces by a response modification factor (AASHTO
2007). Either approach is considered acceptable in the design of bridges.

24 PREVIOUS RESEARCH

In Virginia, a similar project was done by Widjaja in 2003 to investigate the effects of the new
LRFD deign procedures. He investigated a steel and concrete bridge. The location of the bridges
was taken into account in his research. Widjaja found that there was a significant increase in the
time required to design a bridge according to the LRFD Guidelines when compared to the
Standard Specification. After re-designing the two bridges, the following changes in the detailing
were discovered:

e Column shear reinforcement in potential plastic hinge zones,

e Transverse reinforcement for confinement at plastic hinges,

e Spiral spacing,

e Moment resisting connection between members (column/beam and column/footing

joints),

¢  Minimum required horizontal joint shear reinforcement,

e Lap splices at bottom of the column, which are not permitted,

e Column joint spiral reinforcement to be carried into the pier cap beam, and

e Transverse reinforcement in cap beam-to-column joints (Widjaja 2003).



The cost increase from the design changes was also evaluated. The impact of the changes
affected the construction cost of the steel girder bridge by 1.0% and the prestressed concrete |-
girder bridge by 0.2% (Widjaja 2003).

2.5 CONCLUSION

The design specifications have undergone many changes over the years. The design
philosophies of the specifications have changed with each new edition. The new knowledge
gained from research and experience is helping to develop the best design philosophy for the
design of bridges.



Chapter 3

SEISMIC BRIDGE DESIGN

3.1 INTRODUCTION

The design processes for the three bridges chosen for this project are discussed in this chapter.
The three bridges chosen as case studies are typical, concrete bridges that were designed and
built in Alabama. The bridges will be re-designed for the worst case for seismic hazard in
Alabama. The design process of the Guide Specification and LRFD Specification are described
throughout this chapter. Two typical design worksheets can be viewed in Appendix A and B for
both of the design processes. These worksheets provide a map of the design process.

Each bridge in this study had been previously designed according to the Standard
Specification, which required a minimum amount of seismic design for the state of Alabama. The
maximum Seismic Performance Category (SPC) for Alabama was category A. For SPC A, no
detailed seismic analysis was required. The design requirements were a minimum support length,
and the connections for the substructure to superstructure were designed for 0.2 times the dead
load reactions. As will be shown in this chapter, there was an increase in design effort when using
the new specifications.

A crucial part in any design is knowing the load path for the structure. The bridge deck
distributes the dead, live, and lateral loads to the girders. The girders then distribute the load into
the bent cap beams and abutments. The connection between the girders and the substructure
must be able to transfer the force between the connecting elements. The cap beams and
abutments were assumed to remain elastic. The cap beam and abutment beams transfer the load
into the columns, and then the columns transfer the load to the drilled shafts. Figure 3.1 shows a
cross section that aids in visualizing the load path. The connections between the elements are
crucial in a continuous load path because if the connections fail, undesirable performance results

in possible structural failure.
3.2 DESIGN PROCESS

The initial seismic calculations and checks were the same for all three bridges. Because the
worst-case hazard for seismic design in Alabama was chosen for this project, the actual location
of the bridges is irrelevant. The steps, checks, and calculations described in this section are the

same for the three bridges designed.



Deck ———1 |

Girder ——

Cap Beam —|

Column —>

Drilled Shaft

Figure 3.1. Load Path Diagram

3.3 DESIGN PROCESS FOR THE GUIDE SPECIFICATION

3.3.1 Initial Steps for the Design

A design worksheet was created in Mathcad (Parametric Technology Corporation 2007) for
concrete bridges in order to facilitate the seismic design process. The input data was assigned to
a variable which represents the input data. The units are hard-coded into the worksheet. This was
done because the units were causing problems in the worksheet. The units used are pounds,
inches, and feet. Mathcad allows the data and the calculations to be seen easily. The worksheet
was designed to have all the design checks required for seismic design of concrete bridges in
SDC B. Most information that needs to be modified for bridge design is at the beginning of the
worksheet. Other values will need to be assigned to variables later in the worksheet. The main

purpose of the design worksheet is to aid in the seismic bridge design process.
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The first step in the seismic design process was to input all the information about the
bridge into the design worksheet. The length, width, span lengths, deck thickness, column
diameters, drilled shaft diameters, column heights, girder areas, guard rail areas, and cap beam
volumes were input into the sheet. Using that information, the column areas and drilled shaft
areas were calculated. Some dimensions, which are easier to input as feet, were then converted
to inches.

3.3.2 Applicability of Specification

The Guide Specification supplies flowcharts that can be followed to ensure all the requirements
for seismic design are checked. First of all, the initial sizing of columns should be done for
strength and service load combinations defined in the LRFD Specification. If the Guide
Specification is going to be used for the design, the first task is to verify that the Guide
Specification can be used. The Guide Specification applies to the design and construction of
Conventional Bridges to resist the effects of earthquake motions. Critical and Essential bridges
are not specifically addressed in the Guide Specification. The bridges analyzed and designed in

this research are classified as Conventional Bridges.

3.3.3 Performance Criteria

The next item to be investigated was the performance criteria the bridges will be assigned.
According to the Guide Specification, bridges shall be designed for the life safety performance
objective, considering a seismic hazard corresponding to a 7% probability of exceedance in 75
years. Life Safety implies that the bridge has a low probability of collapse, but may suffer
significant damage and significant disruption to service is possible. Also, partial or complete
replacement may be required after the a design seismic event. If a higher performance criterion is
desired by the owner, the bridge can be designed to that higher criterion. The bridges in this

project were designed for life safety.

3.3.4 Foundation Investigation and Liquefaction

A foundation investigation needs to be done in the location that the bridge will be built. For
bridges in SDC B, and where loose, to very loose saturated sands are in the subsurface profile,
the potential of liquefaction should be considered since the liquefaction of these soils could affect
the stability of the structure. The Guide Specification commentary discusses when liquefaction
needs to be considered. It was assumed that the bridges considered in this thesis would not be

affected by liquefaction.

3.3.5 Earthquake Resisting System
For SDC B, the identification of an earthquake resisting system (ERS) should be considered. For
the selected bridges, a Type 1 earthquake resisting system was chosen. Type 1 structures have

ductile substructures with an elastic superstructure. This category includes conventional plastic
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hinging in columns and abutments that limit inertial forces by full mobilization of passive soil
resistance and foundations that may limit inertial forces by in-ground hinging (AASHTO 2008).

3.3.6 General Design Response Spectrum

A response spectrum was created for the bridges. The response spectrum is created by using
the seismic hazard maps and the site classification. The USGS seismic parameters CD-ROM,
accompanying the Guide Specification, can be used to determine the accelerations based on the
latitude and longitude. The maps in the Guide Specification are for Site Class B. For this project,
it was assumed that the soil condition would be Site Class D. In northeast and northwest
Alabama, which are regions of higher seismic activity, Site Class D is a good assumption as the
worst case scenario for the soil conditions. After determining these values, a response spectrum
was created by using a series of equations. The next step in the design process was to select the
seismic design category. The SDC is used to permit different requirements for methods of
analysis, minimum support lengths, column design details, and foundation design. This is based
on the 1-second period design spectral acceleration which is dependent on location and site
classification. For all the bridges in this project, the Seismic Design Category is B. After this step
in the process, the design will change depending on the bridge.

3.3.7 Displacement Demand Analysis

Since the Guide Specification is displacement based, a displacement demand analysis was done
on the bridges. The first step in this process was to select an analysis procedure. The applicability
of the procedure is determined by the regularity of a bridge, which is a function of the number of
spans and the distribution of weight and stiffness. According to Section 4.2 of the Guide
Specification, regular bridges shall be taken as those having fewer than seven spans; no abrupt
or unusual changes in weight, stiffness, or geometry; and that satisfy requirements specified
about the maximum subtended angle (curved bridge), span length ratio from span-to-span, and
maximum bent/pier stiffness ratio from span-to-span. All the bridges that were designed were
able to use analysis Procedures 1 or 2. Procedure 1, which is an equivalent static analysis, was
chosen to determine the displacement demands for these bridges. Both the uniform load method
and single-mode spectral analysis were used in the analysis of the bridges.

Both the uniform load method and single-mode spectral analysis are allowable analysis
procedures to estimate the fundamental period. The uniform load method is suitable for regular
bridges that respond principally in their fundamental mode of vibration. It is an equivalent static
method of analysis that uses a uniform lateral load to approximate the effect of seismic loads.
This method calculates the displacements with reasonable accuracy, but the method can
overestimate the transverse shears at the abutments by up to 100 percent. The single-mode
spectral analysis is slightly more complicated. The analysis procedure is based on the
fundamental mode of vibration in either the longitudinal or transverse direction. The mode shape

is found by applying a uniform load horizontal to the bridge and calculating the corresponding
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deformed shape. Both methods can be seen in Appendix A; however since the results from the
two methods were similar, the uniform load method was chosen for design because it is simpler.

Before either method can be utilized, an analytical bridge model must be created. SAP
2000 Bridge Modeler (Computer & Structures 2007) was used to build a model that represented
the bridge. The bridge modeler affords the designer the ability to create cross-sections that
accurately represent the bridge. When creating the model, it was assumed that the drilled shafts
would be considered fixed at the rock line, and the contribution of the soil resistance would be
neglected. When the Guide Specification was being created, the issue of the abutment
contribution to the earthquake resisting system was heavily debated. However, according to the
Guide Specification, the abutments should not be included in the earthquake resisting system.
Therefore, the abutment’s restraint was restricted to the vertical direction only because of the
difficulty in modeling the soil pressure. If the abutment beam is supported by drilled shafts, which
are considered structural elements, the abutments can be considered as part of the earthquake
resisting system. If the abutments have drilled shafts, they are not relying on soil pressure to
resist forces.

After building the model, a uniform load was applied. According to both methods, a
uniform 1.0 kip/ft. or kip/in load, p, was converted into point loads that were applied to the joints
along the bridge deck. Figure 3.2 shows the transverse and longitudinal loadings. After the load
was applied, and the model analyzed, the displacement of the structure was determined. For the
uniform load method, the maximum deflections in the longitudinal and transverse directions were
determined. The calculations for the stiffness, weight, period, spectral acceleration, and the
equivalent static earthquake loading can be seen in the sample calculation in Appendix A, starting
on page 81. Once the deflection was known, the stiffness of the bridge in both directions was
calculated, and the stiffness equation can be viewed in Equation 3.1. The weight of the bridge
was determined in order to calculate the period of the bridge. A program was created in the
Mathcad worksheet to calculate the spectral acceleration of the structure. Once all of these
calculations were completed, then the equivalent static earthquake load, p, was determined. All
the above elements were calculated for both the longitudinal and transverse directions. There is
also a displacement magnifier that must be applied to structures with a short period. The
magnifier is dependent on the bridges Sps, Sps, and the structure period. The assumption that
displacements of an elastic system will be the same as those of an elasto-plastic system is not
valid for short-period structures that are expected to perform inelastically (AASHTO 2008). If the
displacement magnifier is applicable, the displacement is multiplied by the magnifier. Instead of
re-inputting the new loading into the SAP model, the Guide Specification allows the designer to
scale the displacements by pe/po.
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The single-mode spectral analysis was also used to analyze the bridge. The process was
more complex than the uniform load method. A bridge model was built, and a uniform load was
converted into point loads and applied at the joints along the bridge deck. After analyses, the
displacement along the deck was found. This was a time consuming task, because no way was
determined to find the displacement of the joints only along the deck edge. In the end, this had to
be done by looking at each joint individually. With the displacements put into a table and graphed,
a best-fit line was fitted to the data. The equation of this line was used to calculate the shape
functions a, B, and y. The equation for a, B, and y are shown in Equation 3.2, Equation 3.3, and
Equation 3.4, respectively. The factor vs (X) is the displacement along the length of the bridge,
and w (x) is the unfactored dead load of the superstructure and substructure along the length of
the bridge. These factors are later used to determine the period and equivalent static earthquake
load. The response spectral acceleration was also calculated for this method. The equivalent
static earthquake load is a line function that can be applied to the structure, and the force and the
deflection along the length of the bridge can be seen in Appendix A. This method was more time

consuming than the uniform load method, but is more accurate for non-standard bridges.

a= J-VS (x)dx Equation 3.2
B = [W(x)v, (x)dx Equation 3.3
y = [WOOvZ ()dx Equation 3.4

3.3.8 Column Design

After the analysis has been completed, column design can begin. The first step was to verify that
the columns of each bent meet the deflection criteria. For seismic loading, the load factor of 1.0 is
used in column design. The deflection at the top of the bent was found for both the transverse
and longitudinal direction. The Guide Specification contains a simplified equation for bridges in
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SDC B or C, which can be used instead of doing a more rigorous pushover analysis. The
simplified equation for SDC B is displayed in Equation 3.5. Equation 3.6 shows the calculation for
the x variable in Equation 3.5. The equations are primarily intended for determining the
displacement capacities of bridges with single- and multi-column reinforced concrete piers for
which there is no provision for fusing or isolation between the superstructure and substructure
during design event accelerations. The equations are calibrated for columns that have clear
heights that are greater than or equal to 15 ft. The formulas are not intended for use with
configuration of bents with struts at mid-height (AASHTO 2008). The equations are a function of
column clear height, column diameter, and end restraint condition, such as fixed or pinned. If the
equation for SDC B is not satisfied, then the allowable displacement capacity can be increased by
meeting detailing requirements of a higher SDC, or a pushover analysis can be done. If the
equation is not satisfied, it means the bridge is more prone to fail in shear.

A, =0.12H, x (-1.27In(x) - 0.32) > 0.12H, Equation 3.5

_A*B,

H, Equation 3.6

X

A pushover analysis was done on all of the bridges that were investigated in this project.
A pushover analysis is an incremental analysis that captures the overall nonlinear behavior of the
elements by pushing them laterally to initiate plastic action. Each increment of loading pushes the
frame laterally, through all possible stages, until the potential collapse mechanism is achieved.
The Nonlinear Static Procedure is expected to provide a more realistic measure of behavior than
may be obtained from elastic analysis procedures. SAP Bridge Modeler has the ability to do the
seismic design of a bridge. By setting the SDC to D in the SAP seismic design program, a
pushover analysis will be completed by SAP. The bridge’s displacement demand and capacity
are calculated during this analysis process.

After completing the displacement capacity check, the minimum support lengths for the
girders were calculated for the bridge. The support length was checked at each abutment and
bent. The minimum support lengths are a function of span length, column height, and the skew
angle. Since the bridge is in SDC B, the minimum support length must be increased by 150%, as
required by Article 4.12.2.

According to the Guide Specification, the shear demand for a column in SDC B shall be
determined on the basis of the lesser of the force obtained from a linear elastic seismic analysis,
or the force corresponding to plastic hinging of the column including overstrength. It is
recommended that the plastic hinging forces be used whenever practical. Both methods are
included in the design worksheet. In order to know which case is more practical, a moment

capacity analysis was completed. When the bridge was analyzed by SAP 2000, a linear elastic
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analysis has been done; therefore, the linear elastic loads can be taken directly from the model.
However, the loads coming out of SAP 2000 need to be amplified by pe/po.

The moment capacity of the column was found by creating an interaction diagram using
PCA Column (PCA 2004), although, any column design program could be used. A worksheet was
set up using Microsoft Excel to help keep the information organized. To find the moment capacity
of the column, the axial dead load was input into PCA Column, along with the moment due to the
dead load. The moment capacity must be amplified by an overstrength factor, which depends on
the yield stress of the reinforcement being used. The amplification factor for ASTM A706
reinforcement and ASTM A615 Grade 60 reinforcement is 1.2 and 1.4, respectively (AASHTO
2008). After the moment capacity was determined, the shear force in the column was calculated
by equilibrium based on the moment capacity at the top and bottom and the column length. A
model of the bent was created in order to apply the shear force at the center of mass of the
superstructure and to determine the axial forces in the column due to overturning. The axial load
from overturning is added to and subtracted from the dead load axial force. The reason for
subtracting the seismic axial load is because the column could be in tension, or uplift, instead of
compression. Next, the shear force of the column bent needs to be recalculated by re-entering
the new axial forces into PCA column. The new shear force for the bent must be within 10% of
the previous shear force. If not, the designer must iterate until the shear force is within 10% of the
previous value. The interaction diagram was used to verify that the elastic loads on the column
from the model did not exceed the failure envelope of the interaction diagram. Both the uplift and
compressive cases must be checked for the axial load. As long as all the points fall within the
failure envelope interaction diagram, the column design strength is sufficient.

After calculating the shear force, the plastic hinge length needs to be determined. The
plastic hinge length is a function of the height of the column to the point of fixity, the yield stress of
the reinforcing, and the longitudinal bar diameter. The maximum of Equations 3.7 and 3.8 is the
plastic hinge length. The plastic hinge region is a function of the column diameter, plastic hinge
length, and the location where the moment exceeds 75% of the maximum plastic moment. A
program was written in Mathcad to calculate both the plastic hinge length and plastic hinge
region. These programs can be seen in Appendix A on page 97.

Ip=0.08xh+(0.15x f xd,) Equation 3.7

Ip=0.03x f  x
p=003x1,xd, Equation 3.8
The next step was to determine the column shear capacity in the plastic hinge region.
The column diameter, spacing of lateral reinforcing, area of lateral reinforcing, diameter of lateral
reinforcing, column cover, and diameter of the hoop were input at the beginning of the design
process. If values need to be altered later in the design, the designer can make the necessary

changes. The concrete shear capacity is calculated first. According to Article 8.6.2 of the Guide
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Specification, a reinforcement ratio, ps, for the column is calculated. It was verified that ps times
the reinforcing yield stress is less than or equal to 0.35. Then, a ratio for the ductility of the
column was created in order to determine the compressive stress, v, of the column. This
compressive stress was multiplied by the affected area, which is 0.8 times the gross area, and
the shear capacity of the concrete was determined by this. A program was written in Mathcad to
calculate the compressive stress on the column and can be viewed in Appendix A. If the axial
load on the column is not compressive, then the concrete shear strength is equal to zero.

After calculating the concrete shear capacity, it was time to calculate the shear
reinforcement capacity. The maximum shear capacity is dependent on the number of shear
planes, area of the spiral, yield strength of the transverse reinforcement, diameter of the
reinforcement, spacing of the transverse reinforcing, compressive stress of the concrete, and the
affected area of the column. A program was written in Mathcad to calculate the shear strength of
the transverse reinforcement. After the shear reinforcement capacity and concrete shear capacity
were calculated, they were summed together and multiplied by a phi factor, which is 0.9 for shear.
The combined shear capacity was checked against the applied shear force to verify that the
combined shear capacity was greater than or equal to the shear force.

There are several checks that need to be made in order verify the longitudinal and shear
reinforcement are sufficient. For transverse reinforcing, the minimum ratio is required to be
greater than or equal to 0.003, according to Article 8.6.5. If the transverse reinforcing does not
meet this criteria, the spacing or the bar size of the seismic hoop can be modified. The maximum
longitudinal reinforcement ratio must be less than 0.04 times the area of the column, and the
minimum longitudinal reinforcement ratio is 0.007 times the area of the column. If the minimum
longitudinal reinforcing does not meet the standard, then the column size can be decreased, or
the longitudinal reinforcing can be increased. If the longitudinal reinforcing exceeds the maximum,
the section size can be increased, or the longitudinal reinforcing can be decreased.

3.3.9 Seismic Design Category B Detailing

The spacing requirements within the plastic hinge region are stricter than outside the hinge
region. The Guide Specification has specific requirements of how the hooks for the transverse
reinforcing must be bent. The hoop requirements specify that the bar shall be a closed or
continuously wound tie. A closed tie may be made of several reinforcing elements, with 135
degree hooks having a six-diameter, but not less than 3 in. extension at each end. A continuously
wound tie shall have at each end a 135 degree hook, with a six-diameter, but not less than 3 in.
extension that engages the longitudinal reinforcing. In Figure 3.1, two options are shown for the
hook detail. The lllinois Department of Transportation allows for the seismic hoops to be
mechanically spliced or welded, and the details of this connection are shown in Figure 3.2
(Tobias et. al. 2008). The maximum spacing of the transverse reinforcing is governed by the
column diameter and diameter of the longitudinal reinforcing. The Guide Specification has a

maximum spacing set at six inches. According to Article 8.8.9, the smallest of the following shall
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be used as the maximum spacing in the plastic hinge zone: one fifth of the column diameter, six
times the diameter of the longitudinal reinforcing, or six inches. Then, the maximum spacing
needs to be checked to ensure that it will provide sufficient strength.

Figure 3.3. Seismic Hoop Detail

* Welded or
[ mechanically spliced

* Welded or
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Standard
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=Shop welded per AWS D14,

Figure 3.4. lllinois DOT Seismic Hoop Detail (Tobias et. al. 2008)

The requirement of the extension of transverse reinforcing into the bent cap beam and
the drilled shaft was calculated. This requirement is not addressed in the Guide Specification for
SDC B, but it is specified for SDC C and D. The extension is specifically addressed for SDC B in
the LRFD Specification, therefore, that criterion was used here. The extension is an important
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part of the design. If the lateral reinforcing does not extend into both the bent cap beam and
drilled shaft, a plane of weakness is formed at these joints. The column will be more likely to
shear off at this point if the extension is not made. The extension is the larger of either 15 in. or

one-half the column diameter.

3.3.10 Requirements outside the Plastic Hinge Region

For the design of the transverse reinforcing outside the plastic hinge zone, the LRFD
Specification was used because the Guide Specification does not address the region outside the
plastic hinge zone. This region encompasses the region in the column between the plastic hinge
regions and the drilled shafts. All of these calculations can be viewed in Appendix A, beginning on
page 103. The region outside the plastic hinge zone was designed for the same shear force as
the region inside the plastic hinge zone. The shear resistance of the steel reinforcement was
calculated in a similar manner as in the Guide Specification. The shear resistance of the concrete
was calculated in a little different manner. The concrete and steel reinforcing shear resistances
were combined together, multiplied by a phi factor of 0.9, and checked to verify the combined
value is greater than or equal to the shear force. If the resistance is less than the shear force, the
spacing of the lateral reinforcing can be decreased, the reinforcing size can be increased, or the
column size can be increased.

The LRFD Specification has its own criteria for spacing outside the hinge zone. The
requirement for the minimum transverse reinforcing is given in Article 5.8.2.5-1. The transverse
reinforcing was then checked to verify that it was greater than or equal to the minimum value. The
maximum transverse reinforcing check in Article 5.8.2.7 has a few more steps than the minimum
requirements. Shear stress on the concrete is calculated first, and the next step in the process is
dependent on the shear stress. A program created in Mathcad, to aid in this process, can be seen
in Appendix A, on page 105. The maximum spacing, dependent on the shear stress, is either 24
in. or 12 in. After the maximum spacing is determined, it was checked to verify it supplies the

strength needed in the design.

3.4 DESIGN PROCESS FOR THE LRFD SPECIFICATION

3.4.1 Major Differences from the Guide Specification

The initial steps in the seismic design of bridges in the LRFD Specification are similar to the
Guide Specification; however, there are a few differences. As stated earlier, the primary
difference is that the LRFD Specification is a forced-based design, and the Guide Specification is
a displacement-based design. The LRFD Specification also supplies a flow chart for seismic
design. Instead of specifically stating the preliminary steps needed for the design, the flow chart
instructs designers to do preliminary planning and design. It does not specify that an earthquake
resisting system has to be identified or that liquefaction has to be checked. When selecting the
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Seismic Performance Zone, there is a slight difference in the upper limits for the 1-second period
spectral acceleration range. The upper limits in the LRFD Specification are less than or equal to
the specified value. The Guide Specification limits are simply less than the value. Another
difference is that the LRFD Specification can be used for the design of any classification of

bridge. The differences after the initial design will be discussed later in this chapter.

3.4.2 Initial Steps for Design
Many of the initial steps for the LRFD Specification are similar to the Guide Specification. A new
design worksheet was created in Mathcad for the LRFD Specification. The sheet is used in the
same manner as the Guide Specification. The first step was to input all the information about the
bridge that was previously described. A response spectrum is generated in the same way as
before. Instead of being called seismic design categories, the LRFD Specification refers to the
design categories as Seismic Performance Zones (SPZ). Also, instead of using letters, the SPZs
are numbers, beginning with 1 and ending with 4. Therefore, SPZ 2 is equivalent to SDC B.
After the seismic performance zone is determined, the response modification factors, R,
for the structure were chosen. The LRFD Specification recognizes it is uneconomical to design a
bridge to resist large earthquakes elastically; therefore, columns are assumed to deform
inelastically where seismic forces exceed their design strength, which is established by dividing
the elastically computed force effects by the appropriate R-factor. The R-factor for connections is
smaller than for substructure members in order to preserve the integrity of the bridge under
extreme loads. Table 3.1 displays the R-factors that were used in the design of the structures for
this project. As can be seen from the chart, the R-factor for the abutment to superstructure
connection actually amplifies the design force.

Table 3.1. Response Modification Factors for LRFD Specifications

Response Modification Factors
Multiple Column Bents 5.0
Connections: Superstructure to Abutment 0.8
Columns to Bent Cap 1.0
Column to Foundation 1.0

The uniform load method and the single-mode spectral analysis were also used in the
analysis of the bridges. Since these methods have previously been described in the Guide
Specification, they will not be discussed in detail here. After the analysis has been completed on
the structure, two load combinations were created from the equivalent seismic loads that were
determined during analysis. The load combinations are made up of the loads from both the
transverse and longitudinal direction. The load combinations are shown in Equations 3.5 and 3.6.
The maximum load combination was used in the design of the structures. The Mathcad
worksheet was set up in a way that the elastic loads from SAP can be brought into the worksheet

without any modification. An R equivalent value was created by dividing the largest load
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combination by the R-factor. The R equivalent value represents the greatest load combination
from the equivalent seismic loads divided by the response modification factor. The R-equivalent
value was created to avoid having to re-input the loads into SAP. Later, the shear forces from
SAP were multiplied by the R-equivalent value in order to have the correct loading. This can be
better explained by referring to the worksheet in Appendix B. The shear force for the drilled shafts
was taken as twice as much as the columns that the drilled shafts were supporting. This can be
done because the drilled shaft R-factor is half as much as the columns. These loads were used in

design.

\/(10X peTran)2 + (03X peLong )2

Load Case 1 = Equation 3.9

J@OX Pyg)? +(0.3% Pyriy)?

Load Case 2 = Equation 3.10

3.4.3 Column Design

One of the first steps in the seismic design of the structure was to calculate the minimum support
length. The minimum support length was calculated in the same manner as in the Guide
Specification. The span length, column height, and angle of skew are still the controlling factors in
the calculation for the minimum support length.

After the minimum support length was calculated, the minimum and maximum amount of
longitudinal reinforcing was checked. The area of the longitudinal reinforcing was calculated.
Programs were set up in the worksheet to check the minimum and maximum longitudinal
reinforcing requirements. According to Article 5.10.11.3, the minimum longitudinal reinforcing is
0.01 times the gross area of the column, and the maximum longitudinal reinforcing is 0.06 times
the gross area of the column. Also, the flexural resistance of the column needs be checked. This
can be done by using any kind of column design program that creates a column interaction
diagram. For this project, PCA Column was used to develop column interaction diagrams. All
critical load combinations were checked to ensure they fell within the interaction diagram.

The next step in the design process was to design the transverse reinforcing in the end
regions. The initial input for the program includes the shear and axial load for the column, column
diameter, phi factor for shear, spacing of the transverse reinforcing, area and diameter of the
transverse reinforcing, concrete cover, hoop diameter, and longitudinal bars diameter. For a non-
prestressed section, the LRFD Specification allows 8 and 6 to be 2.0 and 45 degrees,
respectively. (3 is the factor indicating the ability of diagonally cracked concrete to transmit tension
and shear, and 8 is the angle of inclination of diagonal compressive stresses (AASHTO 2007).
These factors were used to calculate the shear capacity of the concrete. The effective shear
depth of the column was calculated. A program was created in Mathcad to determine the
allowable shear resistance of the concrete. The checks the program makes can be seen in

Appendix B on page 156. The shear capacity of the concrete is dependent on f', B, column
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diameter, effective shear depth, gross area of the column, and the minimum axial compressive
load, which is the reason the minimum axial load was calculated in the beginning of the
worksheet. After the concrete shear capacity is calculated, the shear reinforcement capacity was
calculated. The shear reinforcement capacity is based on the area of reinforcing, reinforcing yield
stress, shear depth, 6, and the spacing of the transverse reinforcing. The equations for the
concrete and reinforcing shear capacity are shown in Equations 3.11 and 3.12, respectively.
Equations 3.13, 3.14, and 3.15 show the calculation for the d, variable. The shear reinforcement
capacity and concrete shear capacity were summed together, multiplied by the phi factor for
shear, and checked to verify the capacity is greater than the demand.

V, =0.0316x gx f' xb, xd, Equation 3.11

v, - 2x A, x\/Tyxdv x cot(6)
S Equation 3.12
— *
d, =0.9*d, Equation 3.13
de =b7V+&
2 1 Equation 3.14
dbl
D, =b, —Cover -D,, Y

Equation 3.15

The length of the plastic hinge region was then calculated. Once again, a program was created in
the Mathcad worksheet to calculate the length of the plastic hinge region. The plastic hinge region
is dependent on the column diameter and the height. According to Article 5.10.11.4.1c, the
largest of the following options determines the plastic hinge region: the column diameter, 1/6
times the column height in inches, or 18 in. According to the LRFD Specification, the spacing in
the plastic hinge region is the smallest of either 4 the column diameter or four inches. The shear
strength of the reinforcing and concrete were again checked against the shear force to verify they
were still greater than or equal to the load. Also, as described in the Guide Specification, an
extension of the transverse reinforcing into the bent cap beam and drilled shaft is required. The
requirements for this extension are the same as before.

For the transverse reinforcing within the plastic hinge region, the hoops must be detailed
to be seismic hoops. The requirements, which are described in the Guide Specification, to be a
seismic hoop are the same as in the LRFD Specification. However, there are a few additional
requirements in the plastic hinge region. There is a minimum required volumetric ratio of the
seismic hoop reinforcing. The volumetric ratio must be greater than or equal to 0.12 times the
compressive stress of the concrete, divided by the yield stress of the reinforcing bars. Equation
3.16 shows the formula for the volumetric ratio, and Equation 3.17 is the equation the volumetric
ratio is compared against. If this requirement is failed, then the spacing of the lateral reinforcing
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can be decreased, the area of the lateral reinforcing can be increased, or the diameter of the
column can be decreased.

4 x ASp
pS = 1
sxD Equation 3.16
fl
z=0.12x : ¢
y Equation 3.17

The LRFD Specification does not allow lap splices in longitudinal reinforcement in the plastic
hinge region. In the design and construction process, it is often desirable to lap longitudinal
reinforcement with dowels at the column base; however, this is undesirable for seismic
performance. The splice occurs in a potential plastic hinge region where requirements for bond is
critical, and lapping the main reinforcement will tend to concentrate plastic deformation close to
the base and reduce the effective plastic hinge length as a result of stiffening over the splice
length.

3.4.4 Requirements outside the Plastic Hinge Zone
The requirements outside the plastic hinge zone are the same as described in the Guide

Specification; therefore, please refer back the Guide Specification process for this information.

3.5 DESIGN PROCESS FOR THE LRFD SPECIFICATION

3.5.1 Connection between Substructure and Superstructure

For the connection between the substructure and superstructure, the same design process was
used for the LRFD Specification and Guide Specification. The Guide Specification does not
address the connection of the girders to the bent cap beam or abutment. The LRFD Specification
and AISC Steel Construction Manual were used as the standards for design. ALDOT has
standard clip angle details that have been used for this connection. Their current connection uses
an L6x6x1/2x12 connected to the bent cap beam with an anchor bolt, either 1.25 in. or 1.5 in. in
diameter, and two precast screw inserts in the girder. Figure 3.3 shows the current connection
used by ALDOT. After designing a few of the bridges, it became evident the current connection
would have to change. The same angle size of 6x6 was still kept, but the length and thickness of
the angle had to be increased, along with the number of anchor bolts in certain situations. Also,
instead of using the precast screw inserts, it was decided to use a through-bolt in the girder. This
will provide much more strength than the precast inserts. The new connection is displayed in
Figure 3.4.
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Several pieces of information must be input in the beginning of the worksheet for the
connection. The entire shear force for the bent is evenly distributed among the girders and their
connections. The Mathcad sheet has the resistance factors from the LRFD Specification that are
relevant to the connection design. An ASTM A307 Grade C bolt was used. The ultimate tensile
stress, F,, for this bolt is 58 ksi. The angle properties that were input are yield stress, ultimate
stress, thickness, height, width and length, and the height above the bevel, which is the k-value in
the AISC Steel Manual. The distance from the vertical leg to the center of the trough-bolt hole
was used in calculating the bolt tension. The hole diameter is 0.25 in. larger than the bolt
diameter. This is staying consistent with ALDOT’s previous details. The block shear length and
block shear width for the angle was calculated. The distances from the center of the bolt, to the
edge of the angle, and to the toe of the fillet were determined.

After the initial information is input into the worksheet, the design of the connection can
begin. The calculations for the connection can be seen in Appendix A, beginning on page 120.
The shear force for the angle is calculated by dividing the entire shear force for the bent or
abutment by the number of connections. Each girder has two clip angles. The shear force for the
angle was used as the shear force for the bolt if there was only one bolt. If there is more than one
bolt, the shear force for the angle needs to be divided by the number of bolts. To simplify the
design process, it was assumed that the anchor bolts and through bolts have the same diameter
and are the same material. The first design check was the shear resistance of the bolt. The bolt
shear resistance was calculated and compared to the applied shear force. If the shear resistance
was too low, the diameter an be increased, the grade be changed, or the number be increased.

The next check was the bearing resistance of both slotted and standard holes. The
bearing strength for standard holes is dependent on the bolt diameter, angle thickness, and
ultimate stress. The bearing strength for slotted holes is dependent on the ultimate stress of the
angle, angle thickness, and clear distance between the bolt hole and the end of the member.
These bearing strengths were checked against the bolt shear and verified that the bearing
strength was greater than the shear per bolt.

The tensile strength of the bolt was then calculated. The shear force that the angle
encounters was converted into a tensile force. It was assumed the shear force enters at the mid-
height of the angle, and the tension force of the anchor bolt is located 4 in. away from where the
moment is being summed. After the moments were summed, the tension force was determined.
The tension resistance of the bolt is dependent on the area and the ultimate strength of the bolt.
The tension was then checked to verify it was greater than or equal to the shear force per bolt.

The final check for the bolt is the combined tension and shear check. A program was
created in the Mathcad worksheet to calculate the combined tension and shear resistance and
can be seen in Appendix A, on page 123. The combined resistance is dependent on the shear
resistance, the area, and tension capacity. The combined tension and shear resistance was

checked against the shear force per bolt to ensure the resistance was greater than or equal to the
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shear force. If the connection fails, then increase the area of the bolt, change the grade of bolt, or
increase the number of bolts.

All of the strength checks for the angle come out of the AISC Steel Manual. The first
check made for the angle strength was the block shear check. The block shear length and width
were calculated by hand and input into the program in the initial steps. Since the tensile stress is
uniform, according to the AISC Manual, the shear lag factor for this situation is 1.0 (AISC 2005).
The block shear equations in the worksheet need to be changed as the number of bolt holes
within the angle changes. A program was created to verify that the block shear resistance was
greater than or equal to the shear per angle.

Next, the member was checked to ensure it had sufficient tensile strength. According to
the AISC Manual, the shear lag factor for single angles with 2 or 3 fasteners per line in the
direction of the loading is 0.6; therefore, it is conservative to use this factor even if there is one
bolt. The net tensile and effective areas were calculated. The effective area was used to calculate
the tensile resistance of the angle. It was verified that the tensile resistance was greater than or
equal to the shear force per angle.

The angle was also checked for bending strength. A SAP model was created of the
angle, and a shear force was applied at the bolt location in the top leg. The critical section for
bending in the angle is a found just above the bevel. The k distance in the AISC Manual is the
distance above the bevel (AISC 2005). The moment was determined at that point, and then
compared to the moment resistance of the angle. The moment resistance was calculated by
determining the plastic section modulus for the angle and multiplying it by the yield stress of the
angle and the flexural phi factor. The bending strength is dependent on the length and thickness
of the angle.

The last design check made for the connection was the shear resistance of the angle.
The shear resistance calculation is dependent on the yield stress of the angle and area of the
angle. The calculated shear resistance was compared to the shear force per angle and verified it

is greater than or equal to the applied shear.

3.5.2 Connection of Drilled Shafts

The drilled shaft is designed in the same way as a section outside the plastic hinge zone. The
drilled shaft is a capacity protected member, which means that it must remain elastic. In the
Guide Specification design, the drilled shaft is designed for the overstrength moment capacity or
the elastic force in the column, whichever method is chosen by the designer. According to the
LRFD Specification, seismic forces for foundations, other than pile bents and retaining walls, shall
be determined by dividing the elastic seismic forces by half the R-factor. Therefore, the drilled
shafts of the structures in this project were divided by R/2. Also as addressed earlier, there must
be an extension of the plastic hinge reinforcing a certain distance into the drilled shaft.
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3.6 CONCLUSION

A description of the design processes used for the design of the three bridges chosen for this
study is provided in this chapter. As can be seen, the design process for the bridges in Alabama
in SDC B is a more in-depth process than the previous design process in the Standard
Specification. However, the worksheets developed for these design processes help in the seismic
design of the bridges.
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Chapter 4

BRIDGE DESIGN

4.1 INTRODUCTION

The three bridges chosen for this study are described in this chapter. Following the description,
the design according to the Guide Specification and LRFD Specification are detailed. The
transverse reinforcing and the superstructure-to-substructure connection saw the most changes.

The design worksheets for the bridges can be seen in the Appendix A, B, D, E, G, and H.
4.2 OSELIGEE CREEK BRIDGE

4.2.1 Description of the Bridge

Oseligee Creek Bridge consists of three, 80 ft, simple spans. The concrete bridge is 240-ft long
and 32-ft 9-in. wide. The substructure has a 7-in. thick concrete deck, supported by four AASHTO
Type Il girders, that are equally spaced at 8-ft 4-in. on center. Eight-inch thick web walls are
located at the abutments, bents, and at mid-span. The bridge has two bents, which are made of a
4 ft x 5 ft x 30 ft cap beam, two 42-in. diameter circular concrete columns, and two 42-in. diameter
circular drilled shafts. The abutments, which are 3 ft x 3.5 ft x 35 ft, are supported by two 42-in.
diameter circular drilled shafts. The columns and drilled shafts have 6 in. of cover. The columns
have an average above-ground height of 9 ft. Currently, the column and drilled shaft longitudinal
reinforcing is (12) - #11 bars, and the transverse reinforcing is #5 hoops at 12 in. o.c. It was
assumed that 4,000 psi concrete and 60,000 psi reinforcing was used in the design and

construction. A 3-D model of the bridge is shown in Figure 4.1.

Figure 4.1. 3-D SAP Model of Oseligee Creek Bridge
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4.2.2 Results from Guide Specification Design

One of the first steps required to design this bridge was to create a bridge model in SAP. From
the plans, a model was created. Both the uniform load method and single-mode spectral analysis
were done on this bridge. The full results from those analysis and design can be seen in
Appendix A, beginning on page 84. The uniform load was applied to the bridge model as
described earlier. The maximum deflections in the longitudinal and transverse directions from the
unit uniform load were 1.671 in. and 3.228 in., respectively. The design maximum deflections in
the longitudinal and transverse directions were 0.643 in. and 1.009 in., respectively. The
maximum deflections from the single-mode spectral method were somewhat lower in the
longitudinal direction and slightly lower in the transverse direction. The SAP model produced a
period of 0.394 sec in the transverse direction and 0.441 sec in the longitudinal direction. The
response spectrum of the bridge in Figure 4.2 shows that the periods fall on the horizontal

section. As can be seen by these deflections, this is a very stiff bridge.
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Figure 4.2. Response Spectrum of Oseligee Creek Bridge

The displacement capacity of the columns had to be verified. When the simplified
equations were checked for the above ground height, approximately 9 ft, the columns failed the
capacity equations. After discussing this with ALDOT, it was decided to allow hinging to occur
below ground. The point of fixity was assumed at the rock line. After allowing below ground
hinging, Bent 3 satisfied the simplified equations; however, Bent 2 still did not satisfy the
equations because the diameter-to-length ratio was too large. It was determined that in order to
satisfy the equations with a 42 in. diameter column, the clear column height would have to be 20
ft. The Bent 2 clear column height was 18 ft, and the Bent 3 column height was nearly 26 ft.
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According to the Guide Specification, a pushover analysis can be done to verify the displacement
capacity of the bridge. The bridge satisfied the pushover analysis, and these results can be seen
in Table 4.1. Figure 4.3 shows a pushover curve diagram of one of the load cases created in
SAP. From the location of the displacement demand on the curve, it can be seen that the demand
displacement is still in the curves elastic portion. After the displacement analysis was completed,
the minimum support length was calculated. The minimum support lengths for the bents and
abutments were all approximately 17.5 in.

Table 4.1. Pushover Analysis Results

Load Case Demand (in.) Capacity (in.) Check
Bent 2 Transverse Direction 0.96 2.75 OK
Bent 2 Longitudinal Direction 1.24 2.12 OK
Bent 3 Transverse Direction 1.06 3.61 OK
Bent 3 Longitudinal Direction 1.14 4.63 OK
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Figure 4.3. Oseligee Creek Bridge Pushover Curve for Load Case Bent 2
Transverse Direction
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For this particular bridge, it was decided that the overstrength moment capacity would be
used in the design. The overstrength capacity may be a little conservative, however, it was
important to complete a design with this approach because this method is preferred by the Guide
Specification. Interaction diagrams were generated for the columns and drilled shafts to verify
their capacity. The interaction diagrams can be seen in Appendix C, starting on page 192. All
longitudinal reinforcing for the columns and drilled shafts proved to be sufficient.

After calculating the seismic forces, the plastic hinge length was calculated. Both Bent 2
and Bent 3 were controlled by 1.5 times the column diameter or 63 in. The transverse reinforcing
in the plastic hinge region is #5 hoops, at 6 in. 0.c. and was detailed as seismic hoops. The hoop
spacing was controlled by the maximum allowed by the Guide Specification. The minimum
transverse reinforcement requirement was satisfied. The maximum and minimum longitudinal
reinforcement requirements were satisfied by the reinforcing of (12) - #11 bars. The extension of
the transverse reinforcing into the cap beam and the drilled shaft was 21 in., which was controlled
by half the column diameter.

The region outside the plastic hinge was designed according to the LRFD Specification
because the Guide Specification does not address this region. In the current design, the hoop
spacing was set at 12 in. on center. That was used as the maximum spacing outside the plastic
hinge zone. For both Bent 2 and 3, #5 hoops at 12 in. on center were sufficient to provide the
required strength. This confinement steel configuration was sufficient in satisfying the minimum
and maximum requirements.

The connection between the superstructure and substructure was also affected by the
new design forces. The angles used in the design are ASTM A36 steel, and the bolts are ASTM
A307 Grade C. The standard holes were V4-in. larger than the anchor or through bolt diameter,
and the slotted hole was Ys-in. wider than the anchor bolt diameter and six inches long. The
length of the slotted hole was maintained at six inches. If the connection required expansion, it
was redesigned as an expansion connection. Both abutments allowed for expansion. The clip
angle at the abutments was an L6x6x3/4x12 with one 1.25-in. diameter anchor bolt and through
bolt. The detail for this connection is displayed in Figure 4.4. For Bent 2, the side span girder
connection was designed for expansion. The other set of girders for Bent 2 and all the girders
supported by Bent 3 have fixed connections. For the fixed connection, an L6x6x7/8x16 was used.
The expansion connection used a 20-in. long angle. The angle was connected to the
substructure with two, 1.25-in. diameter anchor bolts and through bolts. These details are shown
in Figure 4.5. The length of the angle was controlled by the spacing of the bolt holes, and the
thickness of the angle was controlled by the angle’s bending strength. The combined tension and
shear check was what drove the need for two through bolts and anchor bolts.
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4.2.3 Results from LRFD Specification Design

The same bridge model that was created for the Guide Specification was used. The same
analysis procedures were used for both specifications, therefore, the unit deflections were the
same. All the analysis and design can be seen in Appendix B, starting on page 135. The
equivalent seismic loads for both the transverse and longitudinal direction were 0.255 kips per
inch. Since the LRFD Specification does not have an amplification factor for structures with short
periods, the maximum deflections in the transverse and longitudinal direction were 0.823 in. and
0.426 in., respectively. Since the equivalent seismic loads were the same, the load combination,
as described in Equations 3.9 and 3.10, for both cases was 0.266 kip per inch.

The next step in the design process was to input the shear forces and axial forces from
the SAP model into the worksheet, and then, convert those loads into the design loads. After the
loads were calculated, the minimum support lengths were calculated, and they were the same as
for the Guide Specification. The minimum and maximum longitudinal reinforcing check in the
columns was satisfied with (12) - #11 bars. The interaction diagrams used in the Guide
Specification were also used in the LRFD Specification design. All of the controlling load
combinations fell within the interaction diagrams. The columns in both Bents 2 and 3 had more
than adequate shear strength for the design. The length of the plastic hinge zone was controlled
by the column diameter for Bent 2, which is 42 in., and controlled by 1/6 the column height for
Bent 3. The spacing within the plastic hinge was controlled by the maximum spacing set by the
LRFD Specification, or 4 in. The plastic hinge reinforcing was #5 hoops at 4 in. on center. The
transverse reinforcement volumetric ratio was satisfied by this spacing. The column extension in
the drilled shaft and bent cap beam was 21 in., which was controlled by half the diameter of the
column.

The region outside the plastic hinge was designed in the same manner as the Guide
Specification, but different loads were used in the LRFD Specification design. Outside the plastic
hinge, the transverse reinforcing was #5 hoops at 12 in. on center. This is the same spacing as in
the Guide Specification; therefore, all the requirements for this region were met.

The connection between the girders and abutments, or cap beams, underwent some
changes in the redesign. The expansion connection at the abutments was an L6x6x3/4x12. The
thickness of the angle was governed by the angle bending strength. The connections at the bents
were L6x6x1/2x12. The connections at the abutments and bents required one 1.5-in. diameter
anchor bolt and through bolt. The connection details for the abutment and bents are displayed in
Figures 4.6 and 4.7.
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4.2.4 Comparison of Standard, Guide, and LRFD Specifications

After all the design calculations were completed, there were a few differences between the codes.

There was increase in the amount of hoops in the columns. This increase came from having a

plastic hinge zone. The change in hoops can be seen in Tables 4.2 and 4.3. Figures 4.8, 4.9,

4.10, and 4.11 show the changes in column design. The figures compare the Standard
Specification, with the Guide Specification and the LRFD Specification. As can be seen from the

table and figures, the LRFD Specification increased the amount of hoops the most. Even though
the length of the plastic hinge zone is longer for the Guide Specification, the larger spacing

requires fewer hoops than the LRFD Specification.

Table 4.2. Oseligee Creek Bridge Bent 2 Design Changes

Standard . R e .
Category Specification Guide Specification LRFD Specification
Stirrup Size #5 #5 #5
Stirrup Spacing Outside . . .
Plastic Hinging Region 12 in. o.c. 12 in. o.c. 12in. o.c.
Stirrup Spacing Inside . . .
Plastic Hinging Region 12 in. o.c. 6in. o.c. 4in.o.c.
Length of Plastic Hinge . .
Region 0 63 in. 42 in.
Number of Stirrups per
Column 34 51 60
% Increase in Stirrups 0 50% 7%
Table 4.3. Oseligee Creek Bridge Bent 3 Design Changes
Standard . - .
Category Specification Guide Specification LRFD Specification
Stirrup Size #5 #5 #5
Stirrup Spacing Outside . . .
Plastic Hinging Region 12 in. o.c. 12 in. o.c. 12 in. o.c.
Stirrup Spacing Inside . . .
Plastic Hinging Region 12 in. o.c. 6 in. o.c. 4in. o.c.
Length of Plastic Hinge . .
Region 0 63 in. 52 in.
Number of Stirrups per 34 51 62
Column
% Increase in Stirrups 0 50% 82%

35




21"

TOP OF SHAFT -
£ GROUNDY LINE
:ﬁ: 85 @ 12 ™. O.C
11 .
o o
) o . ] 55 i 6 N, 0.0, -
APPRON. ROCK LINEEL. 2 |EE | B
. = o
e —
.\..-:I
il
it
BOTTOM OF
DRILLED SHAFL ~
BENT 2 : R AT
GUIDE SPEC. COLUMN 51‘?54{:&5#:'&5{1'%":1:'&%”1”6&

) HINGE ZONE SPACING = 6 TN
OUTSIDE HINGE ZONE SPACING = 12 M.

Figure 4.8. Oseligee Creek Bridge Bent 2 Guide Specification vs. Standard Specification

36



21"
|
L
TOF OF SHAFT
& GROUND LINE
#3412 M. OLC, =
w2 &
Z| 9
oo —
=
APPROX. ROUK LINE o
W3 (i 6 TN, O,
bt
BOTTOM OF
DRILLED SHAFT
BENT 3
GUIDE SPEC, COLUMMN STARNDARD SPECIFICATION
HIMGE ZOME SPACIMG = 6 I HOGP SPACTNG = 12 1M,

LHUDSIDE HINGE SOME SPACIRG = 12 IN.

Figure 4.9. Oseligee Creek Bridge Bent 3 Guide Specification vs. Standard Specification

37



“TOF OF SHAFT —,
& GROUND LINE ™

43
|—

APPROX. ROCK LINE

43"

—— 85 @ 4 TN, O,

ROTTOM OF
DEILLED SHAFT

.
.

BEMWNT 2
LEFD SPEC. COLUKMN
HINGE ZONE SPACING = 4 1N,
COUTSIDE HINGE Z0NE SPACING = 12 IN

85 @ 12 TH. O.C.

W, 0O,

1384

05 i@ 1

STANDARLD SPECIFICATION
HOOF SPACTNG = 12 TN,

Figure 4.10. Oseligee Creek Bridge Bent 2 LRFD Specification vs. Standard Specification

38



21"
£
W
TOP OF SHAFT
& GROUND LINE
#5 @ 12 IN. O.C. 5
ar| &
2l £
ey |
Yy -
=
=y
H
APPROX. ROCK LINE —. N |EEEEE 45 @4 IN, 0.
BOTTOM OF
DREILLED SHAFT
LY
LRFD SPEC. COLUMN
T SPEC. COLIUM B A
HINGE ZONE SPACTNG = 4 TN, B iy

COUITSIDE HINGE ZONE SPACTNG — 12 TN

Figure 4.11. Oseligee Creek Bridge Bent 3 LRFD Specification vs. Standard Specification

39



The connection between the substructure and superstructure experienced some
expected changes. Table 4.4 is the best way to see the differences in the design. If two numbers
are in one cell, then the smaller number is for the fixed connection, and the larger number is for
the expansion connection. Instead of having the threaded inserts, a through bolt was used in the
design. For the Guide Specification design, the number of anchor bolts was increased at Bents 2
and 3. The Standard Specification and LRFD Specification had the same connections at Bents 2
and 3. The thickness of the angle had to be increased at the connection between the abutments
and the superstructure for both the LRFD Specification and Guide Specification. The same size

anchor bolt was used for all three specifications.

Table 4.4. Oseligee Creek Bridge Connection Design Changes

Categor Standard Guide LRFD
gory Specification Specification Specification
BENT 2 & 3
Angle Thickness (in.) 0.5 0.875 0.5
Angle Length (in.) 12 16 or 20 12
Bolt Diameter (in.) 1.25 1.25 1.25
Number of bolts/angle 1 2 1
ABUTMENT
Angle Thickness (in.) 0.5 0.75 0.75
Angle Length (in.) 12 12 12
Bolt Diameter (in.) 1.25 1.25 1.5
Number of bolts/angle 1 1 1

4.3 LITTLE BEAR CREEK BRIDGE

4.3.1 Description of the Bridge

Little Bear Creek Bridge is a three span, concrete, prestressed. I-girder bridge with 85-ft long side
spans and a 130-ft middle span. The total length and width of the bridge is 300 ft and 42 ft 9 in.,
respectively. The short span superstructure consists of a 7-in. thick concrete deck supported by
six AASHTO Type lll girders spaced equally. The short spans have 8 in. thick web walls located
at the abutments, bents, and mid-span. The long span superstructure consists of a 7-in. thick
concrete deck supported by six BT-72 girders equally spaced. The long span has 8-in. thick web
walls at the bents and quarter points of the span. There are two bents, which consist of a cap
beam and two 54-in. diameter circular columns. Sixty-inch diameter drilled shafts support the
circular columns. The bent cap beam allows for the change in size for the girders and has a total
depth of 9 ft 4 in., width of 5 ft and length of 40 ft. Currently, the columns and drilled shafts
longitudinal reinforcing is (24)-#11 bars. The transverse reinforcing in the columns and drilled
shafts are #5 hoops at 12 in. on center and #6 hoops at 12 in. on center, respectively. The
columns have 3 in. of cover, and the drilled shafts have 6 in. of cover. Bent 2 has an above
ground height of 12 ft., and Bent 3 has an above ground height of 16 ft. 8 in. Abutment 1, which is
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3 ft. x 3.5 ft. x 45 ft., is supported by three, 42-in. diameter, circular drilled shafts. Abutment 2 has
the same dimension as Abutment 1, but it is supported by a spread footing. In Figure 4.12, a 3-D
model of the bridge is displayed.

Figure 4.12. 3-D SAP Model of Little Bear Creek Bridge

4.3.2 Results from Guide Specification Design

In order for the analysis of the structure to begin, a model was created in SAP 2000 Bridge
Modeler. Since one abutment of the bridge is supported by a spread footing and not drilled shafts,
the abutment’s contribution to the earthquake resisting system was neglected; therefore, it was
only restrained in the vertical direction and allowed to freely move in the longitudinal and
transverse directions. When the uniform load was applied to the structure, the maximum
deflection was found at the abutment with no drilled shafts. For all the calculations for this bridge,
refer to Appendix D, beginning on page 204. The maximum deflections in the transverse and
longitudinal directions from the unit uniform load were 5.263 in. and 0.647 in., respectively. After
applying the equivalent seismic load, the maximum deflections from the uniform load method
were 0.448 in. longitudinally and 1.486 in. transversely. The SAP model produced a period of
0.546 sec. transversely and 0.441 sec, in the longitudinal direction. The response spectrum of
the bridge in Figure 4.13 shows both periods on the horizontal portion of the graph, with the
transverse period close to the edge of the horizontal portion.
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The next step was to check the displacement demand and capacity of the columns. The
deflections of the bents were taken from the SAP model and used for the displacement demand.

Since the columns for both of the bents are short and stiff, the bents failed the requirements of
the simplified equations; therefore, a pushover analysis was done on the bridge with the SAP.
The results from the analysis can be viewed in Table 4.5, and a sample of a pushover curve is

displayed in Figure 4.14. Since the demand displacement is at the point of transition from elastic
to plastic, it is practical to design for the elastic forces. The minimum support length ranged from

16.3 in. to 18 in.
Table 4.5. Pushover Analysis Results
Load Case Demand (in) Capacity (in) Check
Bent 2 Transverse Direction 0.69 2.80 OK
Bent 2 Longitudinal Direction 0.35 1.52 OK
Bent 3 Transverse Direction 3.30 13.21 OK
Bent 3 Longitudinal Direction 0.50 2.51 OK
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Figure 4.14. Little Bear Creek Bridge Pushover Curve for Load Case Bent 3 Transverse
Direction

After the displacement demand was satisfied, the next step in the process was to design
the column for shear strength. Interaction diagrams were created for the columns and drilled
shafts of each bent and can be viewed in Appendix F, starting on page 322. For the columns in
Bent 3, the longitudinal reinforcing had to be increased from (24) - #11 bars to (28) - #11 bars.
This increase was because of the uplift force from the seismic load. Because the dead load was
so small, and the column moment was still high, the loading fell outside the interaction diagram.
The drilled shaft for Bent 3 had the same problem, and the longitudinal reinforcing had to be
increased to (32) - #11 bars. The longitudinal reinforcing in the abutment drilled shafts, the
columns of Bent 2, and drilled shafts of Bent 2 satisfied the flexural demands. After determining
the moment capacity of the columns, it was determined that it was not practical to design for the
column capacity, but to design the bridge for the elastic forces from a linear elastic seismic
analysis. The linear elastic forces were determined from the moment and shear diagrams
provided by the SAP model. The shear force from the SAP model is for the unit loading,
therefore, it must be converted into a design load by multiplying the unit load by the equivalent
seismic load.

The plastic hinge length for the both Bents 2 and 3 was calculated. Both plastic hinge
regions were controlled by 1.5 times the column diameter, or 81 in. The programs created in the
worksheet were used to calculate the shear strength of the concrete and the transverse
reinforcing. The column sections proved to have adequate shear strength. The maximum and
minimum longitudinal reinforcing requirements were satisfied by both bents. The transverse

reinforcing in the plastic hinge region for both bents were #5 hoops at 6 in. on center. The
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spacing was controlled by the maximum established by the Guide Specification. The extension of
lateral reinforcing into the drilled shaft and bent cap beam is 27 in., which was controlled by 72 the
column diameter.

Next, the spacing of the transverse reinforcement outside the plastic hinge region was
designed. The spacing was originally 12 in. on center, but it was changed to 10.5 in. on center
because the column did not meet the minimum transverse reinforcing requirements. The column
shear strength in this region was sufficient to resist the column shear force.

The drilled shaft design was done in the same way as the region outside the plastic
hinge. The transverse reinforcement in the drilled shafts for the bents is #6 hoops at 12 in. on
center. The shear strength of the concrete and hoops in the drilled shafts for both bents was
greater than the shear demand. For Bents 2 and 3, the minimum and maximum transverse
reinforcement requirements were met. The abutment drilled shaft shear strength was sufficient to
resist the applied shear force. The transverse reinforcing in the abutment drilled shaft is #5 hoops
at 12 in. o.c. The maximum and minimum transverse reinforcing requirements were also satisfied.

The connection between the substructure and superstructure saw the effects of the
increased shear forces. An L6x6x1x12 was used for the connection at the bents, but the location
of the bolt holes in the angle was modified. One 1.5-in. diameter through bolt and anchor bolt
were used in the connection at the bents. The connection at the abutments is an L6x6x1x20,
which is connected to the structure with two 1.5-in. diameter anchor bolts and through bolts. The
details for the connections are displayed in Figures 4.15, 4.16, and 4.17. The expansion
connections are at the abutments and the side span for Bent 2. The rest of the connections are
fixed. The through bolt hole in the angle is located 4 in. from the bottom of the angle for the Type
[l girders and 3.5 in. from the bottom of the angle for the BT-72 girders. The diameter of the bolt
was controlled by the bolt shear strength. The thickness of the angle was controlled by the angle

bending strength.
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Figure 4.15. Little Bear Creek Abutment Connection (Expansion)

44



12" 12"
. 1 | [l
& : 6 : i< B
] |
- | -
7 — i1
Spoféfw
A) Y S TSN R S
- I . ™ .
mJi I il i |
B 1 6 g | 6
ELEVATION VIEW | syaxt PLAN VIEW
12 12*
y 0 ! "
5 : [ - B i B =
! i
i QS- I
B S Rttt 2 ot - ,
] ——— o S
[ H
6 | & e | &
B8 i
ELEVATION vIEw —— L6XBx] PLAN VIEW

Figure 4.16. Little Bear Creek Bent 2 & 3 Connections for Bulb Tee Girders
A) Fixed B) Expansion

Lo 12 | 12*
| i ! n
. =) . =]
i
E— N
A) = |
S e
|TI t
6 | B
]
LBXEXI PLAN VIEW
12"
Ei ‘-!-' EII GII ! bl
. ! i
T R e
B N _i_ ~ L
F\“ \
!
} g | B
! | -
ELEVATION VIEW LEXEX] PLAN VIEW

Figure 4.17. Little Bear Creek Bent 2 & 3 Connections for Type Il Girders
A) Fixed B) Expansion

45



4.3.3 Results from LRFD Specification Design

The bridge model created for the Guide Specification was also used for the LRFD Specification
design. For the analysis and design calculations, refer to Appendix E, starting on page 263. The
equivalent seismic loads were 0.378 kips/in. in the longitudinal direction and 0.282 kips/in. in the
transverse direction. The design maximum deflections in the longitudinal and transverse direction
are 0.244 in. and 1.485 in., respectively. The largest factored load for all load combinations, that
include the equivalent seismic forces, were 0.387 kips per inch. This load was used in forming the
R-equivalent values for this bridge. For the LRFD Specification, the loads in the columns and
drilled shafts were input into the worksheet, and there they were converted into the design loads
on the structure.

After the loads were calculated, the column design was adjusted from its previous design.
The minimum and maximum longitudinal reinforcing was satisfied for both bents. The increase in
the longitudinal reinforcing in the columns and drilled shafts in Bent 3 were still needed in the
LRFD Specification design. The length of the plastic hinge region for Bents 2 and 3 was 54 in.,
which is controlled by the column diameter. The design of hoops in this region was #5 hoops at 3
in. on center. The maximum spacing allowed by the specification is 4 in. on center; however, the
required volumetric ratio required 3 in. on center. The extension of the reinforcing in the plastic
hinge region is the same as the Guide Specification, which is 27 inches.

The design process for the transverse reinforcing outside the plastic hinge region was the
same as in the Guide Specification. Even though the design loads were different, the same
transverse reinforcing design was a product of the design calculations for the LRFD Specification.

The connection between the substructure and superstructure was a component of the
bridge that was influenced by the increase in seismic loads. The connection between the bents
was an L6x6x1/2x12, with one 1.25-in. diameter anchor bolt and through bolt. The connection
details are shown in Figures 4.18, 4.19, and 4.20. The connection at the abutments is larger than
at the bents. An L6x6x1x20 was used for the abutment connections. Two 1.5-in. diameter anchor
bolts and through bolts were used to connect the angle to the structure. The diameter of the bolts
was controlled by the combination of shear and tension check. The thickness of the angle was
governed by the angle bending strength.
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Figure 4.18. Little Bear Creek Abutment Connection for Type lll Girders

46



23] En )
) ||| ] ol
: | |
5" : 5" & | 6
PLAN VIEW
FLEVATION VIEW LBEXEX1/2
‘_2. 12“
BI EI 6. ! 6"
' !
. ; |
19] . {l =
Bl Ay Tt S——t < |
= | P R i e iy
[ 'T' f
g | ot & 5
B | ]
ELEVATION VIEW Lexexlso  PLAN VIEW

Figure 4.19. Little Bear Creek Bent 2 & 3 Connections for Bulb Tee Girders
A) Fixed B) Expansion

12 12" )
b" | 6. 6" ! 6"
-ﬁ—:s-{H_
1 | |
) - T
N N G- ; |
I S S . QT
n ! I} f
B | B B 1 e
- ~
ELEVATION VIEW LEXBXL/ 2 PLAN VIEW
1z | 121
| |
L] | L " . L}
6 6 -:—B ;+¢E—}
|
¥ | —
f_-\l H |||
) Ot :1r .
. I G =D &
K [ . t
. & i & | & 1 &
-Hi— = |
' LEXEX1/2 '
PLAM VIEW

ELEVATION VIEW
Figure 4.20. Little Bear Creek Bent 2 & 3 Connections for Type Ill Girders
A) Fixed B) Expansion

47



4.3.4 Comparison of Standard, Guide, and LRFD Specifications

When all the design calculations were done, several differences between the three specifications
were apparent. There was an increase in hoops in the columns and drilled shafts from the
Standard Specification. The differences in the number and spacing of the hoops for the columns
and drilled shafts can be seen in Tables 4.6, 4.7, 4.8, and 4.9. Elevation views of the bents are
shown in Figures 4.21, 4.22, 4.23, and 4.24. These figures visually show the increase in hoops
for the columns and drilled shafts. As can be seen in the tables, the LRFD Specification required
a greater increase in the number of hoops. The stirrups within the plastic hinge regions must be
detailed as seismic hoops, which is a change from the Standard Specification. The increase of
transverse reinforcing in the drilled shafts can be attributed to the extension of the plastic hinge
zone. Outside the plastic hinge region, the spacing of the hoops had to be changed to 10.5 in. for
the Guide Specification and the LRFD Specification because the Standard Specification spacing
of 12 in. was not meeting the minimum amount of transverse reinforcing.

Table 4.6. Little Bear Creek Bridge Column Design Changes for Bent 2

Standard Guide A
Category Specification Specification LRFD Specification
Stirrup Size #5 #5 #5
Stirrup Spacing Outside
Plastic Hinging Region 12 in. o.c. 10.5in. o.c. 10.5in. o.c.
Stirrup Spacing Inside
Plastic Hinging Region 12in. o.c. 6in. o.c. 3in.o.c.
Length of Plastic Hinge
Region 0 81in. 54 in.
Number of Stirrups per
Column 12 29 49
% Increase in Stirrups 0 142% 308%

Table 4.7. Little Bear Creek Bridge Column Design Changes for Bent 3

Standard Guide T
Category Specification Specification LRFD Specification
Stirrup Size #5 #5 #5
Stirrup Spacing Outside . . .
Plastic Hinging Region 12 in. o.c. 10.5in. o.c. 10.5in. o.c.
Stirrup Spacing Inside . . .
Plastic Hinging Region 12 in. o.c. 6in.o.c. 3in.o.c.
Length of Plastic Hinge . .
Region 0 81in. 54 in.
Number of Stirrups per
Column 17 36 56
% Increase in Stirrups 0 112% 230%
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Table 4.8. Little Bear Creek Bridge Drilled Shaft Design Changes for Bent 2

Standard Guide P
Category Specification Specification LRFD  Specification
Stirrup Size #6 #6 #6
Stirrup Spacing Outside Zone 12in. o.c. 12in. o.c. 12in. o.c.
Stirrup Spacing in Extension 12in. oc. 6in. o.c. 3in. oc.
Zone
Length Extension Zone 0 27 in. 27in.
Number of Stirrups per Drilled
Shaft 13 16 20
% Increase in Stirrups 0 23% 54%

Table 4.9. Little Bear Creek Bridge Drilled Shaft Design Changes for Bent 3

Category Spse;[f:li?ic(j:z:?c)n Spe(cailfjigetion Spelzﬁilzg)tion
Stirrup Size #6 #6 #6
Stirrup Spacing Outside Zone 12 in. o.c. 12 in. o.c. 12 in. o.c.
Stirrup Spacing in Extension
Zone 12in. o.c. 6in. o.c. 3in.o.c.
Length Extension Zone 0 27 in. 27 in.
Number of Stirrups per Drilled
Shaft 12 15 20
% Increase in Stirrups 0 25% 67%

There were also differences with connections between the superstructure and
substructure. The differences are listed in Table 4.10. According to the standard details ALDOT is
currently using, the AASHTO Type lll Girder is connected with an L6x6x1/2x12 clip angle, with a
1.25-in. diameter anchor bolt. The Bulb Tee Type Girder is connected with an L6x6x1/2x12 clip
angle, with a 1.5-in. diameter anchor bolt. For both the Guide and LRFD Specification, the same
connection for the AASHTO Type lll Girder and the BT-72 Type Girder can be used other than
the location of the bolt holes in the vertical leg of the angle. For the Guide Specification, the angle
thickness was increased and the diameters of the anchor and through bolt were increased. This
connection was used for both the bents and abutments. The same connection as the Standard
Specification AASHTO Type Il Girder was used for the bents in the LRFD Specification design;
however, for the abutments, the angle thickness had to be increased, the length was increased,
and the bolt diameters were increased.
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Table 4.10. Little Bear Creek Bridge Connection Design Changes

Standard Standard
Category Specification Specification Guide Specification | LRFD Specification
(Type 111 (BT-72)
BENT2 &3

Angle Thickness
(in.) 0.5 0.5 1 0.5

Angle Length (in.)

12 12 12 12
Bolt Diameter
(in.) 1.25 15 15 1.25
Number of
bolts/angle 1 1 1 1
ABUTMENT

Angle Thickness
(in.) 0.5 1 1

Angle Length (in.)

12 20 20
Bolt Diameter
(in.) 1.25 1.5 15
Number of
bolts/angle 1 2 2

4.4 SCARHAM CREEK BRIDGE

4.4.1 Description of the Bridge

The Scarham Creek Bridge is a four, equal span, concrete, prestressed I-girder bridge. The span
length is 130 ft, and the total width of the bridge is 42 ft 9 in. The girders for all four spans are BT-
72 Girders. The superstructure is a 7-inch thick concrete slab, supported by six girders, equally
spaced along the width. Eight-inch thick web walls are located at the abutments, bents, and the
quarter points of the bridge. The bridge consists of three frame bents containing two circular
columns supported by circular drilled shafts and a horizontal strut. The three bents have
significantly different heights. The above ground heights for the columns in Bent 2 are 25 ft and
34 ft. For Bent 3, the above ground column heights are 59 ft and 55 ft. The above ground heights
of the columns for Bent 4 are 32 ft and 25 ft. The cap beam for all three bents is 5.5 ft x 7.5 ft x
40 ft. For Bents 2 and 4, the columns are 60 in. in diameter and are supported by 66-in. diameter
drilled shafts. The columns and drilled shafts for Bents 2 and 4 are reinforced longitudinally with
(24) - #11 bars and transversely with #6 hoops at 12 in. on center. For Bent 3, the column
diameter is 72 in., and the drilled shaft diameter is 78 in. The columns and drilled shafts for Bent
3 are reinforced longitudinally with (32) - #11 bars and transversely with #6 hoops at 6 in. on
center. The columns and drilled shafts have 3 in. and 6 in. of cover, respectively. The dimensions
of the struts for Bents 2 and 4 are 3.5 ft x 6 ft x 19 ft, and the top of the strut is located 12 ft below
the bottom of the cap beam. The strut for Bents 2 and 4 are reinforced longitudinally with (8) - #11
bars both top and bottom, (20) - #5 bars spaced at 6 in. on center along the sides, and reinforced
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transversely with #5 hoops at 12 in. on center. The dimensions of the strut for Bent 3 are 3.5 ft x
10 ft x 18 ft, and the top the strut is located 25 ft below the bottom of the cap beam. For Bent 3,
the strut is reinforced longitudinally with (8) - #11 bars, both top and bottom, and (36)- #5 bars
spaced at 6 in. on center along the sides, and reinforced transversely with #5 hoops at 12 in. on
center. Both abutment beams are supported by three 42-in. diameter drilled shafts. The
abutment beam dimensions are 2 ft 11 in. x 4 ft x 55 ft. The drilled shafts supporting the
abutments are reinforced in the longitudinal direction with (16)- #11 bars and reinforced in the
transverse direction with #5 hoops at 12 in. on center. Figure 4.25 shows a 3-D model of
Scarham Creek Bridge.

Figure 4.25. 3-D SAP Model of Scarham Creek Bridge

4.4.2 Results from Guide Specification
After all the initial design steps had been taken, a bridge model was created in SAP. All of the
calculations and inputs for the bridge design can be seen in Appendix G, beginning on page 342.
A unit uniform load was applied to the structure, which produced a maximum deflection
longitudinally of 0.382 in. and transversely of 4.330 in. The equivalent seismic loads for the
longitudinal and transverse directions are 0.502 kips per inch and 0.359 kips per inch,
respectively. After multiplying the unit maximum deflections by p./p,, the design maximum
deflections were 0.384 in. in the longitudinal direction and 1.553 in. in the transverse direction.
From the SAP model, the transverse and longitudinal periods were 0.583 sec and 0.448 sec,
respectively. From Figure 4.26, one can see that the longitudinal period falls within the horizontal
region of the response spectrum, but the transverse period falls just outside the horizontal region.
Since the bridge consists of frame bents, the simplified equations for displacement
capacity do not apply to this type of bridge; therefore, it was necessary to do a pushover analysis.
The struts were allowed to hinge at the plastic hinge lengths, which were calculated later in the
design process. This relieves some of the flexibility demand of the columns and drilled shafts.
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Once again, SAP was used for pushover analysis, and the pushover analysis results can be seen
in Table 4.11. Figure 4.27 shows one of the pushover curves created by SAP. The pushover
curve shows that the demand is well within the elastic range. As can be seen from the table, the
bridge had plenty of ductility and satisfied the displacement demand.
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Figure 4.26. Response Spectrum for Scarham Creek Bridge

Table 4.11 Pushover Analysis Results for Scarham Creek

Load Case Demand (in.) Capacity (in.) Check
Bent 2 Transverse Direction 244 9.77 OK
Bent 2 Longitudinal Direction 0.55 2.20 OK
Bent 3 Transverse Direction 6.90 25.64 OK
Bent 3 Longitudinal Direction 0.87 3.57 OK
Bent 4 Transverse Direction 2.87 11.47 OK
Bent 4 Longitudinal Direction 0.62 2.64 OK
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Figure 4.27. Scarham Creek Bridge Pushover Curve for Load Case Bent 3

Longitudinal Direction
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When the analysis was complete, the columns and drilled shafts of the bents were
designed. The minimum support lengths ranged from 20 to 23 in. It was decided that it was
practical to design this bridge for the overstrength moment capacity loads instead of the linear
elastic loads because the difference between the two loadings was insignificant. From the
interaction diagrams, which can be viewed in Appendix |, starting on page 547, the moment
capacity of the columns was calculated. Then, the shear forces were calculated from the moment
capacities.

After doing the design calculations, Bents 2 and 4 resulted in the same design, therefore,
they will be discussed together. The plastic hinge regions were 90 in., which was controlled by
1.5 times the column diameter. The shear strength of the column was greater than the shear
demand. The original longitudinal column reinforcing remained the same. Both the minimum and
maximum reinforcement requirements were satisfied. The transverse reinforcing in the plastic
hinge region is #6 hoops at 6 in. on center. This value was controlled by the maximum allowed
spacing. The minimum transverse reinforcement requirement was satisfied by this spacing. The
extension of the hoops into the cap beam and drilled shaft was 30 in., which was controlled by %2
of the column diameter.

The regions outside the plastic hinge zone for Bents 2 and 4 were designed according to
LRFD Specification. The combined concrete and reinforcement strength was greater than the
applied shear. The transverse reinforcing for this region is #6 hoops at 12 in. on center. The
maximum spacing could have been larger for seismic design; however, it was assumed the
original spacing of 12 in. was required for the strength design. The minimum transverse
reinforcement requirement was also met by this configuration.

Bent 3 contains larger columns and drilled shafts and is taller than the other two, so the
design was different. The length of the plastic hinge was controlled by 1.5 times the column
diameter, or 108 in. The column’s shear capacity was greater than the shear force. The
transverse reinforcement for this column was #6 hoops at 6 in on center. The longitudinal
reinforcing of (32) - #11 bars satisfied the minimum and maximum reinforcement checks. The
extension into the cap beam and drilled shaft was 36 in., which was controlled by % the column
diameter.

The region outside the plastic hinge zone was similar to the design in Bents 2 and 4. The
transverse reinforcing in this region was #6 hoops at 6 in. on center. The current design had the
spacing of the transverse reinforcement set at 6 in.; therefore, this was used as the maximum
spacing because the strength demand was not known. The hoops satisfied the maximum and
minimum spacing.

The drilled shafts were designed in the same manner as the region outside the plastic
hinge. For Bents 2 and 4, the transverse reinforcement was #6 hoops at 12 in. on center. Both of
these drilled shafts satisfied the minimum and maximum checks. For Bent 3, the confinement
steel was #6 hoops at 6 in. on center. The drilled shaft reinforcing for Bent 3 met all the

transverse reinforcement requirements.
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The diameter of the drilled shaft and longitudinal reinforcing in the abutment drilled shafts
were increased in order to supply enough flexural and axial strength. The diameter was increased
from 42 to 54 in., and the longitudinal reinforcing was increased to (24) - #11 bars from (16) -#11
bars. This was determined from the interaction diagrams. The transverse reinforcement for the
drilled shafts is #5 hoops at 10 in. on center. The spacing was controlled by the minimum
transverse reinforcement requirement.

The same design checks that were made for the columns were also done in the strut
design. The extension of the transverse reinforcing in the plastic hinge zone in the columns was
not done. The struts were the first elements to hinge, and then the columns hinged at the bottom
and top. The columns remained elastic at the column-to-strut connection. No hinging occurred at
the connection of the strut and column; therefore, this is why the extension was not needed.
Since the strut depths were so large, the entire length was designed as a plastic hinge zone. The
plastic hinge regions for Bents 2 and 4 and Bent 3 are 108 in. and 180 in., respectively. The
plastic hinge lengths were controlled by 1.5 times the strut depth. The transverse reinforcing for
Bents 2 and 3 is #5 hoops at 4 in. on center. For Bent 3, the lateral reinforcing was #6 hoops at
3.5 in. on center. The hoop spacing was controlled by the minimum amount of transverse
reinforcing. To satisfy minimum longitudinal requirements, the side reinforcing in Bent 3 was
increased from #5 bars to #8 bars.

The increase of shear force on the structure affected the connection between the
substructure and superstructure. The same connections were used at Bents 2 and 4. The
expansion connections for the bridge were at the abutments and the left set of girders for Bents 2
and 3, and the rest were fixed. For the expansion connection at Bent 2, the angle was an
L6x6x1x20. The fixed connection at Bent 2 and 4 was an L6x6x1x16. Both the angles were
connected to the structure with two 1.5-inch diameter anchor bolts and through bolts. The Bent 3
connection was an L6x6x1x12, and it was connected with one 1.5-inch diameter anchor bolt and
through bolt. Abutment 1 used an L6x6x1x20 and was connected to the superstructure and
substructure with two 1.5-inch diameter anchor bolts and through bolts. Abutment 5 used an
L6x6x3/4x12 and was connected to the structure with one 1.25-inch anchor bolt and through bolt.
The details of the connection can be seen in Figures 4.28, 4.29, and 4.30. The angle thickness
was controlled by bending strength. The angle length for the connection was governed by the
location and sizes of the bolt holes. The number of anchor bolts and size of anchor bolts were

controlled by the shear strength of the bolt and the combination of tension and shear.
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Figure 4.30. Scarham Creek Bents 3 Connection
A) Fixed B) Expansion

4.4.3 Results from LRFD Specification

Many of the initial steps taken in the Guide Specification design were also done in the
LRFD Specification design. The same bridge model was used for this design method. The
calculations and inputs for this bridge can be seen in Appendix H, beginning on page 447. The
design maximum deflections in the longitudinal and transverse direction were 0.192 in. and 1.553
in., respectively. The same response modification factors that were used for the previous two
bridges were used for this bridge. The equivalent seismic loads for the structure were the same
as in the Guide Specification. After combining the equivalent seismic loading, the maximum
equivalent force was 0.513 kip per inch. This force was divided by the response modification
factors to determine the R-equivalent values. The linear elastic loads were brought into the
design worksheet from SAP, and then modified to be used as the design loads.

After inputting the loads into the worksheet, the design of the columns and drilled shafts
was done. The minimum support lengths for the bridge range from 20 to 23 in. Bents 2 and 4
resulted in the same design, therefore, they will be described together. The longitudinal
reinforcing for the columns was (24) - #11 bars. The maximum and minimum requirements were
satisfied by the reinforcement. The interaction diagrams were used in the verification of the

flexural strength of the columns and drilled shafts. The combination of the concrete shear
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strength and the reinforcement shear strength was greater than the applied shear force. The
plastic hinge region for Bent 2 was 68 in, while the plastic hinge region for Bent 4 is 64 in. The
plastic hinge regions were controlled by 1/6 the column height. The transverse reinforcement in
the plastic hinge region for the columns was #6 hoops at 4 in. on center. The spacing was
controlled by the maximum allowed by the LRFD Specification. The extension of the transverse
reinforcing into the drilled shaft and cap beam was 30 in., which was controlled by half the column
diameter. The lateral reinforcement satisfied the volumetric ratio for hoop reinforcing.

The columns and drilled shafts in Bent 3 are larger than those in Bents 2 and 4. The
longitudinal reinforcement of (32) - #11 bars for Bent 3 met the requirements for maximum and
minimum longitudinal reinforcing. The interaction diagrams were used to verify the flexural
resistance of the column and drilled shafts. The column’s shear resistance was greater than the
applied shear force. The transverse reinforcement in the columns is #6 hoops at 3 in. on center.
The spacing was controlled by the required volumetric ratio of seismic hoop reinforcing. The
plastic hinge region for this bent is 118 in. long, and like Bents 2 and 4, the plastic hinge region
was controlled by 1/6 the column height. The extension of the transverse reinforcing into the bent
cap beam and drilled shaft was 36 in., which was controlled by %2 the diameter of the column.

The column design outside the plastic hinge region and the drilled shaft design was the
same process as described in the Guide Specification design. The LRFD Specification resulted in
the same design.

The strut design was done in a similar manner as the columns; however since the struts
are rectangular, some of the requirements changed. The struts plastic hinge regions for Bents 2
and 4 and Bent 3 are 72 in. and 120 in., respectively. These regions were controlled by the depth
of the member. For Bents 2 and 4, the transverse reinforcing was #6 hoops at 3.5 in. on center.
The lateral reinforcing for Bent 3 was #7 hoops at 3.5 in. on center. The spacing was governed by
the minimum requirement. The spacing outside the plastic hinge region for Bents 2 and 4 was #6
hoops at 12 in. on center. The longitudinal reinforcing was the same as for the Guide
Specification design. All the maximum and minimum reinforcing requirements were satisfied in
the strut design.

The connection between the substructure and superstructure was influenced by the
change in seismic loads. The same type of bolts and angles that were used in the Guide
Specification were used in the LRFD Specification design. An L6x6x5/8x12 was used for the
connection of all the bents with one, 1.25-inch diameter anchor bolt and through bolt. The details
for this connection are displayed in Figure 4.31. The connections at the abutments were larger
than at the bents. Abutment 1 used an L6x6x1x26 and was connected to the structure with three
1.5-inch diameter anchor bolts and through bolts. Abutment 5 was connected with an
L6x6x7/8x20 and was connected to the structure with two 1.5-inch diameter anchor bolts and
through bolts. Figure 4.32 shows the connection details. The combination of shear and tension

controlled the design of the anchor bolts and through bolts for Abutment 1. The number of bolts
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for Abutment 5 was controlled by the sheer force. The angle thickness for both abutments was
controlled by bending strength. The angle lengths were governed by the spacing of the bolt holes.
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4.4.4 Comparison of Standard, Guide, and LRFD Specifications

The comparison of the three specifications allows the differences within the designs to be easily
seen. An increase in hoops in the columns and drilled shafts from the Standard Specification was
a major change in the designs. The differences in the number and spacing of the hoops can be
seen in Tables 4.12, 4.13, and 4.14. The increase in the hoops for the struts can be seen in
Tables 4.15 and 4.16. Since the stirrup bar diameter changed in the strut design, the percent
increase is given as the percent increase of area of transverse reinforcing. Elevation views of the
bents are shown in Figures 4.33-4.41. The drawings of the bents give a better visual of what the
new required bent design. For Bent 3, the plastic hinge region in the LRFD Specification design is
longer than the plastic hinge region in the Guide Specification. The other two bents’ plastic hinge
regions are longer in the Guide Specification design versus the LRFD Specification design. With
the spacing of 3 in. within the plastic hinge region, the LRFD Specification increased the hoops
more than the Guide Specification.

Table 4.12. Scarham Creek Bridge Bent 2 Design Changes

Standard . R e
Category Specification Guide Specification | LRFD Specification
Stirrup Size #6 #6 #6
Stirrup Spacing Outside Plastic
Hinging Region 12in. o.c. 12in.o.c. 12in.o.c.
Stirrup Spacing Inside Plastic
Hinging Region 12 in. o.c. 6in. o.c. 4in. o.c.
Length of Plastic Hinge Region 0 90 in. 68 in.
Number of Stirrups for Both
Columns 87 133 159
Increase in Stirrups 0% 53% 83%
Table 4.13: Scarham Creek Bridge Bent 3 Design Changes
Standard . e e .
Category Specification Guide Specification | LRFD Specification
Stirrup Size #6 #6 #6
Stirrup Spacing Outside Plastic
Hinging Region 6in.o.c. 6in. o.c. 6in.o.c.
Stirrup Spacing Inside Plastic
Hinging Region 6 in. o.c. 6in.o.c. 3in.o.c.
Length of Plastic Hinge Region 0 108 in. 118 in.
Number of Stirrups for Both
Columns 290 290 397
Increase in Stirrups 0% 0% 37%
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Table 4.14. Scarham Creek Bridge Bent 4 Design Changes

Category Standard Specification | Guide Specification | LRFD Specification
Stirrup Size #6 #6 #6
Stirrup Spacing Outside Plastic
Hinging Region 12in. o.c. 12in.o.c. 12in. o.c.
Stirrup Spacing Inside Plastic
Hinging Region 12 in. o.c. 6in. o.c. 4in.o.c.
Length of Plastic Hinge Region 0 90 in. 64 in.
Number of Stirrups for Both
Columns 83 133 159
Increase in Stirrups 0% 60% 92%

Table 4.15. Scarham Bridge Strut 2 and 4 Desigh Changes

Standard . I e
Category Specification Guide Specification | LRFD Specification
Stirrup Size #5 #5 #6
Stirrup Spacing Outside Plastic
Hinging Region 12in. o.c. 12 in. o.c. 12in.o.c.
Stirrup Spacing Inside Plastic
Hinging Region 12 in. o.c. 4in. o.c. 3.5in. o.c.
Length of Plastic Hinge Region 0 108 in. 72in.
Number of Stirrups for Both
Columns 20 57 66
Increase Area of Stirrups 0% 185% 368%
Table 4.16. Scarham Bridge Strut 3 Design Changes
Standard . I e
Category Specification Guide Specification | LRFD Specification
Stirrup Size #5 #6 #7
Stirrup Spacing Outside Plastic
Hinging Region 12 in. o.c. 12 in. o.c. 12 in. o.c.
Stirrup Spacing Inside Plastic
Hinging Region 12in. o.c. 3.5in.0.c. 3.5in.0.c.
Length of Plastic Hinge Region 0 180 in. 120in.
Number of Stirrups for Both
Columns 19 62 62
Increase Area of Stirrups 0% 363% 532%
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The connection between the superstructure and substructure was another area that
changes required. The changes made to the connection are displayed in Table 4.17. As can be
seen, the lengths and thicknesses of the angles were increased. Also, the number of anchor bolts
and through bolts was increased in some cases. The increase in angle thickness was due to the
shear force the angle was resisting. The increase in length at the abutments was needed for the
increase in flexural resistance and the need to accommodate the slotted holes for the expansion

connections.
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Table 4.17. Scarham Creek Bridge Connection Changes

Category Ss;;?i%z:%n Guide Specification | LRFD Specification
BENT 2
Angle Thickness (in.) 0.5 1 0.625
Angle Length (in.) 12 16 or 20 12
Bolt Diameter (in.) 15 15 1.25
Number of bolts/angle 1 2 1
BENT 3
Angle Thickness (in.) 0.5 1 0.625
Angle Length (in.) 12 12 12
Bolt Diameter (in.) 15 15 1.25
Number of bolts/angle 1 1 1
BENT 4
Angle Thickness (in.) 0.5 1 0.625
Angle Length (in.) 12 16 or 20 12
Bolt Diameter (in.) 15 15 1.25
Number of bolts/angle 1 2 1
ABUTMENT 1
Angle Thickness (in.) 0.5 1 1
Angle Length (in.) 12 20 26
Bolt Diameter (in.) 15 15 15
Number of bolts/angle 1 2 3
ABUTMENT 5
Angle Thickness (in.) 05 0.75 0.875
Angle Length (in.) 12 12 20
Bolt Diameter (in.) 15 1.25 15
Number of bolts/angle 1 1 2

4.5 CONCLUSION

The design of all three bridges was detailed in this chapter. With the increase in seismic design
forces, the changes in design were seen in the transverse reinforcing and the connection
between the substructure and superstructure. The design proved that there are some
consistencies in the design of the bridges, but there are some differences that prohibit a standard
connection being designated for all the bridges.

One of the reasons for this project was to update the design of three bridges from the
Standard Specification Design to the AASHTO LRFD Bridge Design Specifications. From this
project, some valuable information was determined about the design of concrete bridges in SDC
B. If the bridges are being designed according to the Guide Specification, then there are a few
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things that can be concluded. The plastic hinge region will be controlled by 1.5 times the column
diameter. The extension of transverse reinforcing into the cap beam and the drilled shaft will be
controlled by %2 the column diameter. The maximum spacing allowed by the Guide Specification,
which is 6 in. on center, will control the spacing of the transverse reinforcement. The three
parameters listed were true for the three bridges that were investigated. The hoop spacing in the
strut was controlled by the minimum transverse reinforcement ratio because of large member
size. The consistency in the design process will help to simplify design.

When bridges are being designed according to the LRFD Specification, there seemed to
be more inconsistency. The transverse reinforcement spacing within the plastic hinge region was
controlled by the maximum of 4 in., and in another case, it was controlled by the required
volumetric ratio of seismic hoop reinforcing. For Little Bear Creek Bridge, the plastic hinge region
length was controlled by the column diameter, but for the Scarham Creek Bridge, 1/6 the height
of the column controlled the plastic hinge region length. For Oseligee Creek Bridge, the plastic
hinge length in one column was controlled by its diameter, and the other was controlled by 1/6 the
column’s height. One thing that can be concluded is the extension of the transverse
reinforcement into the drilled shaft and bent cap beam will be controlled by %2 the column
diameter. The strut’'s confinement steel spacing was controlled by the volumetric ratio of
transverse reinforcing. The inconsistencies in design can be further investigated by designing
more bridges.

In order to improve in the seismic design of bridges, a few changes can be made by
ALDOT. To meet the simplified deflection equations, the flexibility in the columns needs to
increased. This can be done by decreasing the column’s diameter to length ratio. This would
allow the simplified equations to be used and eliminate the need of a pushover analysis. Also, in
order to ensure hinging at the column and drilled shaft connection, the drilled shafts diameter
should be larger than the column’s diameter. This will provide for the capacity protection needed
in the drilled shaft. When designing struts for bridges, the flexibility of the strut should be
considered. A strut with a large area, requires a lot of transverse and longitudinal reinforcing. In
order for the bridges in Alabama to have more effective seismic designs, they need to be more
flexible to meet the new design codes without sacrificing gravity load and stability requirements.

One of ALDOT’s goals was to determine if it was possible to design a standard,
economical connection for all standard concrete bridges in Alabama. It was determined that a
design standard would not be possible for concrete bridges in SDC B. When one of the
parameters tested changes, there is enough of a change in the design that makes it hard to
develop a connection that will work in all situations. The design worksheet created will ease the
process of seismically designing concrete bridges in SDC B. As was seen in the three bridges
designed, there are inconsistencies in the design of the connections and transverse reinforcing. It
may be possible to have a certain group of bridges that can be designed in the same way if they
have similar column heights, span lengths, and material, but to have one standard design for the

whole state does not seem realistic for concrete bridges in SDC B.
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Chapter 5

CONCLUSIONS

The case study of the three bridges was done to update the seismic design of bridges in the state
of Alabama. The bridges chosen were designed for the worst seismic hazard in Alabama. The
main objectives of this project were to determine the effects of the LRFD seismic provisions on
the design and detailing, and to determine if typical, economically feasible details can be utilized
for all the selected bridges.

5.1 SUMMARY OF CONCLUSIONS

The differences in the three specifications were sometimes significant. The specifications have
developed rapidly over the recent years and are still continuously being updated. Seismic
analysis and design has significantly increased from what was required by the Standard
Specification in Alabama. The major difference between the LRFD Specification and Guide
Specification is that the Guide Specification is a displacement-based design, and the LRFD
Specification is a force-based design, which is the same approach as the Standard Specification.
The design procedures for the LRFD Specification and the Guide Specification were described in
this work. A worksheet was created for both approaches to aid in the seismic design of concrete
bridges in SDC B.

From the analysis and design of the three bridges, valuable information was discovered.
From the design results, there is to be more consistency in the Guide Specification design of the
columns and drilled shafts. With the Guide Specification, the plastic hinge region, extension of
transverse reinforcing, and transverse reinforcing spacing within the hinge zone was controlled by
the same parameters. The extension of the transverse reinforcement was the only consistent
design change in the LRFD Specification design. The plastic hinge region was dependent on the
column’s height and diameter. Also, the transverse reinforcement was governed by both the
maximum spacing and minimum amount of transverse reinforcement requirements. The only
consistency in the connection design of the superstructure and substructure was the change of
the precast screw inserts to a through bolt. In most of the connections, the angle size, anchor bolt
size, and number of anchor bolts increased. The increase in size was due to the increase in
applied shear force.

ALDOT’s goal was to evaluate if typical details could be created for the worst seismic
scenario in Alabama. After the three cases studies were completed, it proves not to be possible.

There seems to be too many variables that affect the connection design and plastic hinge region.
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However, bridges could be grouped based on certain criteria, such as span length, column height
and column diameter, and perhaps a certain detail for each grouping could be determined. This is
something that should be further investigated. Until further investigation, the worksheet created

can be used for the design of concrete bridges in SDC B.

5.2 FUTURE NEEDS AND RECOMMENDED FUTURE WORK

Different kinds of bridges should be investigated to evaluate the impact of LRFD’s seismic
requirements for Alabama’s bridges. The list below contains some topics that could be further

evaluated.

Design for concrete bridges in SDC A,

Design for steel bridges in SDC A and B,
Seismic design for critical and essential bridges,
Soil-foundation-structure interaction,

Deep foundation issues (driven piles versus drilled shafts), and

o o~ w2

Superstructure-to-substructure connection development.

The seismic design of bridges is a complex process. It is important to investigate the listed
items in order to be fully prepared to design all bridges in Alabama for the seismic requirements
of AASHTO LRFD. ALDOT is investigating a new way to make the substructure-to-superstructure
connection, but the connection designed for this study is sufficient for the time being. Currently,
ALDOT is making several changes in their design process to meet the new requirements. The
changes in seismic design discussed in this thesis are a step in the direction of having Alabama
bridges be design according to LRFD requirements.
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Appendix A: Oseligee Creek Bridge Guide Specification Design

Designer: Paul Coulston ORIGIN:= 1

Project Name: Oseligee Creek Bridge
Job Number:
Date: 11/2/2010

Description of worksheet: This worksheet is a seismic bridge design worksheet for the
AASHTO Guide Specification for LRFD Seismic Bridge Design. All

preliminary design should already be done for non-seismic loads.

Project Known Information

Location: Chambers County
Zip Code or Coordinates: 35.0069 N 88.2025 W

Superstructure Type: AASTHO | girders
Substructure Type: Circular columns supported on drilled shafts
Abutment Type: Abutment beam supported on drilled shafts

Note: Input all of the below information.

fc:= 4000 psi
fye:= 60000 psi
Ib
Pconc -= 0.08681 —3
in
in
g:=3864 -
s
Length of Bridge (ft) L := 240
Span (ft) Span := 80
Deck Thickness (in) tgeck == 7
Deck Width (ft) DeckWidth := 32.75
I-Girder X-Sectional Area (in2) IGirderArea:= 559.5
Guard Rail Area (in? GuardRailArea:= 310
Bent Volume (ft3) BentVolume := 5[4[30 =
Column Diameter (in) Columndia:= 42
Drilled Shaft Diameter (in) DSdia:= 42
Drilled Shaft Abutment Diameter (in) DSabutdia:= 42
Average Column Height (ft) ColumnHeight := 22

ft
ft

ft

.2
n

.2
n

600

in

in

in

ft
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.2
. Columndia
Column Area (in2) Acolumn := B e— & _ 1.385 x 103 in2
.2 .2
. __ DSdiam _ 3 in
Drilled Shaft Area (in2) Adrilledshaft ;= —— =1.385x% 10
.2
_ DSabutdia i _ 3 .2
Drilled Shaft Abutment Area (in2) Adsabut := 4 =1385x 10 n

Note: These are variables that were easier to input in
ft and then convert to inches.

Span := Span12 = 960 in
L:=L02=288x 103 in

DeckWidth := DeckWidth(12 =393 in

BentVolume := BentVol umeELZ3 =1.037x lO6 in3

ColumnHeight := ColumnHeight[12 = 264 in

Steps for Seismic Design

Article 3.1: The Guide Specification only applies to the design of CONVENTIONAL BRIDGES.
Article 3.2: Bridges are design for the life safety performance objective.
Article 6.2: Requires a subsurface investigation take place.

Article 6.8 and C6.8: Liquefaction Design Requirements - A liquefaction assessment should
be made if loose to very loose sands are present to a sufficient extent to impact
the bridge stability and A is greater than or equal to 0.15.

Article 3.3: The type of Earthquake Resisting System (ERS) should be considered. This
is not a requirement as in SDC C and D, but should be considered. A Type 1
ERS has a ductile substructure and essentially elastic superstructure.

Type of Bridge: TYPE 1
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Article 3.4: Determine Design Response Spectrum

Note: AASHTO Guide Specifications for LRFD Seismic Bridge Design is accompanied
with a program that has the Seismic Hazard maps. This program will calculate several
of the variables that are needed for the analysis.

1) Article 3.4.2.1:Determine the Site Class. Table 3.4.2.1-1
INPUT Site Class: D

2) Enter maps and find PGA, S_,and S,. Then enter those values in their respective spot. Also,

the the Guide Specification is accompanied with a cd that contains a program that will find
these values for the designer.

PGA := 0116 g

INPUT S=0272 ¢

$:=0092 ¢

3) Article 3.4.2.3: Site Coefficients. From the PGA,S,, and S, values and site class
choose Fpa, Fyy @and F,. Note: straight line interpolation is permitted.

Fpga = 1.57 Table 3.4.2.3-1
INPUT Fy:= 158 Table 3.4.2.3-1
Fv =24 Table 3.4.2.3-2
Eq.3.4.1-1 As= FpgplPGA =0.182 g A, : Acceleration Coefficient
Eq. 3.4.1-2 SDS = Fa[$5 =043 g Spg = Short Period Acceleration Coefficient
Eqg. 3.4.1-3 SD1:= F,[$; =0221 g Sp; = 1-sec Period Acceleration Coefficient
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4) Creating a Response Spectrum

Note: The DesignSpectrum Code creates a Response Spectrum for the Bridge.
At this time the period of the bridge is unknown; therefore, the Sa value cannot
be calculated.

Tmax:=2 s Dt:= 0.001 s
SD1
DesignSpectrum(SDS,SD1,A., Tmax,Dt) := [ To « ——
gnSp ( S ) T
To < 020
n Tmax
max Dt

for id1.. Nmax

Ti ~ Dt

a - (SDS—AS)dDTL[D +Ag if DUI<T,
0]

a « SDS if Dtil= T, ODtI< Tg
SD1

a « —= if Dt>Tg
' Dt

R « augment(T,a)
R
BridgeSpectrum := Desi gnSpectrum(SDS, SD1,Ag, Tmax, Dt)
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Response Spectrum

0.5 T T T

Response Spectral Acceleration, Sa (g)

0.1
0

05 1 15

Period (sec)

Article 3.5: Selection of Seismic Design Category
SD1=0221 ¢ From Table 3.5-1 Choose SDC

SDCprogram(SD1) := | for ¢ SD1

c « "A" if SD1<0.15

c - "B" if SD120150SD1<0.3
c"C" if SD1>2030SD1<05
c - "D" if SD1=05

Rs - c

Cc

SDC := SDCprogram(SD1) = "B"
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Displacement Demand Analysis Ap
Figure 1.3-2 Demand Analysis Flowchart

Article 4.2: Selection of Analysis Procedure
This is a function of the SDC and the regularity of the bridge.

Procedure 1 = Equivalent Static Method
Article 4.3.3: Displacement Magnification for Short-Period Structures

Uq:=2 for SDC B

SD1
derogram(T,SDS,SDl,ud) = S « 33
Th ~ 1.25[0s
1\Tbh 1
Xel|l-—|F—+—
Ud T Ud
y « 10

Note: This Rd value will be calculated when the period of the structure is known. This factor will
amplify the displacement demand.

Article 5.4: Analytical Procedure 1 (Equivalent Static Analysis)

Note: There are two methods that can be used according to this procedure. The Uniform Load Method is
suitable for regular bridges that respond principally in their fundamental mode of vibration. The Single
Mode Spectral Method may be a better method if there is a major change in the spans, stiffness of the
piers, etc.

The Uniform Load Method is simpler and less time consuming and will give accurate results, and this is
the reason it has been chosen in this design.

Uniform Load Method

Step 1: Build a bridge model

Step 2: Apply a uniform load of Po = 1.0 kip/in. in both the longitudinal and transverse direction.
Also, the uniform load can be converted into point loads and applied as joint loads in
SAP. Calculate the static displacement for both directions. In SAP, tables of the
displacements can be exported to EXCEL, and the MAX Function can be used to find the
maximum displacement.
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Step 3: Calculate the bridge lateral stiffness, K, and total weight, W.

kip
=10 —
Po in
UgmaxLong = 1671281 in
INPUT
VemaxTran = 3-228449 in
Po'l 3 kip
Eq. C5.4.2-1 Klong™= 3 =1.723x 10 =P
smaxLong
Po kip
Eq. C5.4.2-2 KTran = , = 892.069 P
smaxTran

INPUT: Multiplying factors

+ L[40GirderArea + 2[GuardRail Arealll

pconc%”- fyeckDeckWidth + 2BentVolume + 4[AcolumnColumnHeight )

W=

W = 1709.336

1000

kips

Step 4: Calculate the period, T

Eg. C5.4.2-3

W
T =2n——— =0318 s
mLon
9 J KLong@
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Step 5: Calculate equivalent static earthquake loading p,.

SD1
acc(SDS,SDl,TmLong,AS) = [T - s
Tg « 0.2T¢
for ad TmLong
TmLong .
a - (SDS- AS)EIT— *+ Ag it Tmiong<To
0
a« SDS if Ty ong2To O TmiongS Ts
Sl
a~ —T if TmLong >Tg
mLong
Ra — a
a
S8y gng = ac(SDS, SDL, Ty ongrAg) = 043
S ongW 0.055 kip
Eq. C5.4.2-4 PeLong™= =% “in

Step 6: Calculate the displacements and member forces for use in design by applying p, to
the model or by scaling the results by p,/p,.

R ong = derogram(T SDS,SDl,ud) =1.509

mLong’

Pelong

Vv = R ong*—— = 0.643 in
(o]

smaxLong - smaxLong

Repeat Steps 4, 5, and 6 for transverse loading.

Step 4: Calculate the period, T

’ W

T = 2w =0442 s
Eq. C5.4.2-3 mTran

a KTran@
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Step 5: Calculate equivalent static earthquake loading p,.

Sarran = a(SDS, SDL, Tyyryan, Ag) = 043

_ SarygnW ~
Eq. C5.4.2-4 PeTran= — = 0.255 .

Step 6: Calculate the displacements and member forces for use in design by applying p, to
the model or by scaling the results by p,/p,.

Rebry g == Rdprogram(T SDS, SD1,ug) = 1.226

mTran:

PeTran
H—-n0N"
Po

Y =1.009 in

smaxTran = ROtran smaxTran

Single-Mode Spectral Method

This procedure is not specifically addressed in the Guide Specifications. The Guide Spec. refers

you to the AASHTO LRFD Bridge Design Specifications.
Article 4.7.4.3.2: Single-Mode Spectral Method

Step 1: Build a bridge model
Step 2: Apply a uniform load of Po = 1.0 in both the longitudinal and transverse direction.
Calculate the static displacement for both directions.

Step 3: Calculate factors a, 3, and y.
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Note: The Deflection equations come from analysis of the SAP model. The displacement is
taken at the joints along the length of the bridge and input into an Excel Worksheet. Then a
graph is created of the displacements along the length of the bridge. A best fit line is plotted,
and that is the equation that is shown below.

-6_2
Vergn(®) = ~100 X" + 0.00341X ~ 0.2945

L
C4.7.4.3.2b-1 OTran = J Veran(¥) A

C4.7.4.3.2b-2

C4.7.4.3.2b-3 YTran =

BTran =

0

rL

w
T Vgtran(X) dx

rL
w 2., 3
T Ngtrgn(¥) dx = 6.739x 10

a = Displacement along the length

B = Weight per unit length * Displacement

y = Weight per unit length * Displacement?

Step 4: Calculate the Period of the Bridge

Eq. 4.7.4.3.2b-4

Eq. 4.7.4.3.2b-4

Step 5: Calculate the equivalent Static Earthquake Loading

Tran
TrTrang = 270 ———— =0.361
Pol0GTran
YLong
T = 27—
mLongl
g P08y ong

-8 2 -5
Vgong®) = ~210° "B + 610 "X + 15856

L
Y ong = J Vglong(X) dX

0
rL
BLong = %msl ong(X) dx
Y0
rL
YLong = %msl ong(x)2 dx
Y0

CemLong = &¢(SDS, SDL, Ty gngnAg) = 043

88




Appendix A: Oseligee Creek Bridge Guide Specification Design

Step 6: Calculate the displacements and member forces for use in design by applying p, to

the model or by scaling the results by p,/p,.

8 [C
Eq. C4.7.4.3.2b-5 PeLong(x) := w[—lv—vmslong(x)
Long L

PeLong(x) — 0.0000094657649785618823161% + —3.155254992853960772&95{2 + 0.25014861583346201
.
100

i:=1.101

Pelongi = PeLong[(i — 1)dW] 6Iongi = Vslong[(i - 1)dwW]

Alongi = PelongiEBIongi

Force Along the Length

| |
2
g 0.2 —
@
(&)
5 0.1+ =
L
| |
0 1x10° 2%10°
Length (in)
Deflection Along the Length
0.4 T T
=
g 0.41 =
B i
T 0.4
&)
0.3 ' L
0 1x10° 2x10° 3x10°
Length (in)

Maximum Deflection

max(Along) = 0.419 in
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NOTE: Repeat Steps 5 and 6 for Transverse Direction.
Step 5: Calculate the equivalent Static Earthquake Loading

CemTran == @9(SDS, SDL, Tyyrrang Ag) = 043

Step 6: Calculate the displacements and member forces for use in design by applying p, to
the model or by scaling the results by p,/p,.

BTran‘:q:smTran W
Eqg. C4.7.4.3.2b-5 PeTran(x) := —[—IL—Eystran(x)

YTran

PeTran(x) — 0.00040401585387083704979[X + —1.1882819231495207347&7ISk2 — 0.034994902636753385636

L
100

i:=1.101

Petrani = PeTran[(i — 1)[dL] 6trani "= Vgtrgnl (i — 1)dL]

Atrani = Petrani [E&trani

Force along the Length

I I
2 o3 .
S
e 0.2r .
o
2 01 .

1 1

0 x10°  210°
Length (in)
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Deflection along the Length

1 T T
.
= 0.8 .
N
5  o§ -
)
8 o4 .
Eb 0.2 -
| |
0 1x10° 2x10° 3x10°

Length (in)

Maximum Deflection

max(Atran) = 0.801 in

Article 5.6: Effective Section Properties

Note: Use 0.7*lg for ductile reinforced concrete members.
Refer to the charts on page 5-20 of the Guide Specification if a more precise value is desired.

Article 5.2: Abutment Modeling
Note: This is taken care of in the SAP model.

Article 5.3: Foundations Modeling

Note: Since in SDC B, Foundation Modeling Methods | can be used.

FMM is dependent on the type of foundation.

For bridges with Pile Bent/Drilled Shaft the depth of fixity can be estimated.
Since details regarding reinforcing are not known, reduce the stiffness of the

drilled shafts to one half the uncracked section.

Note: Special provisions need to be considered if Liquefaction is present. (Article 6.8)

Article 4.4: Combination of Orthogonal Seismic Displacement Demands

LoadCasel := J (1¥gmextong)” * (03¥smaxtran) =0711 in

LoadCase? := J (mysmman)2 + (O'SEysmaxLong)z =1028  in
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COLUMN DESIGN

Article 4.8: Displacement Demand/Capacity

Note: If the column height is different for each bent, a capacity check needs to be
made at each bent.

Displacement Demand/Capacity for the Bents Ap <Ag

BENT 2

Note: The displacement demand is taken as the bent displacement. This can be found by
using the SAP Bridge model that was created.

ADlong = 1.3462 in ADLong = RdLonnglongmeLong =0.518 in
Input — . - _ .

Apgran = 2.0805 in ApTran = ROtran@pitranPeTran = 0-65 in
Input Hy:= 18 ft

B = Columndia ft
Input 0~ 12

A=2 Fixed and top and bottom
AB,
Eq. 4.8.1-3 X = =0.389
0

Eq. 4.8.1-1 Ac = 0.12[H [(-1.270n(x) - 0.32) =19 in

0.12[H, =216 in

CheckLimit(Ag) = |a « "OK" if Ag 2 0.12MH,

a « "FAILURE" if A <0.12[H,

CheckLimit(A¢) = "FAILURE"
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CheckCapacity(Ac, Ap) = |c — "OK" if Ac2Ap
¢ « "FAILURE" if Ac<Ap

CheckCapacity( Az, Ap| gng) = "OK"

CheckCapacity( Az, ApTgn) = "OK"

BENT 3
ADlong = 1.4373 in ADLong = RdLonnglongmeLong = 0.553
INPUT -= 2.9001 in ApTran = Rorran@piranPetran = 065
Dtran
NnpUT  Ho = 25.834 ft
INPUT B, = Columndia f
12
A=2 Fixed and top and bottom
AB
Eq. 4.8.1-3 X= =0271
o]
Eq. 4.8.1-1 Ac = 012, [(~1.270n(x) - 0.32) = 4.149 in
0.12[F, = 3.1 in

CheckLimit(Ag) = |a « "OK" if Ag 2 0.12MH,

a « "FAILURE" if A <0.12[H,

CheckLimit(A¢) ="OK"

CheckCapacity(Ac, Ap) = |c — "OK" if Ac2Ap
¢ « "FAILURE" if Ac<Ap
CheckCapacity( Az, Ap| gng) = "OK"

CheckCapacity( Az, ApTgn) = "OK"

in
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NOTE: IF THE SIMPLIFIED EQUATIONS ABOVE DO NOT WORK, A PUSHOVER ANALYSIS OF
THE BRIDGE CAN BE DONE TO VERIFY THE DISPLACEMENT CAPACITY. In SAP 2000, there is
an earthquake design program that allows a pushover analysis to be done by setting the SDC to D.
Be sure to amplify the demand values by the appropriate Rd value. List the results below to verify
that the Displacement Capacity is sufficient. The Demand Displacement must be multiplied by
pe/po. The below chart was created in Excel and then brought into Mathcad.

GenDispl Demand (in) [ Capacity (in)| Check
_GD_TR1_DESIGN 0.9609 2.753592 OK
_GD_LG1 DESIGN| 1.243476 2.11728 OK
_GD_TR2_DESIGN| 1.058172 | 3.612048 oK
_GD_LG2_DESIGN 1.1439 4.627332 OK

Article 4.12: Minimum Support Length Requirements
Note: May need to add more calculations if column heights are different at the bents.

N (in) = Minimum support length measured normal to the bridge
L (ft) = Length of bridge to adjacent expansion joint or end of the bridge

H (ft) = average height of columns supporting bridge deck for abutments
for columns and piers = column height

S (Degree) = angle of skew

Abutment Support Length Requirement

INPUT M =80 ft w =

an = H = 22
Sp abutment 12 abutment 12

Note: The Span is divided by number of spans and inches.

abutment

Skew gy tment = 0 Degrees

Eq. 4.12.2-1

. 2) _ :
Nabutment := 1508 + 0.02Spanyy, jyment + 0.08Habutmem)[€l + 0.000125SKeW ) jiment ) =1704  in

ft
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Bent Support Length Requirement

BENT 2
Span
INPUT an =——=80 ft
Spang ent 102
Note: The Span,; ;iment IS divided by number of spans and inches.
INPUT Hgent := 18 ft INPUT: Column Height for this Bent

INPUT  Skewggt:= 0  Degrees

Eq. 4.12.2-1

- 2) _
Npent == L5If8 + 0.02Spang ey + 0.08HBem)[€1 + 0.000125Skewg ot ) = 16.56

BENT 3
._ Span _
Note: The Span, ;iment IS divided by number of spans and inches.
INPUT Hpent := 25.834 ft INPUT: Column Height for this Bent

INPUT  Skewgg =0 Degrees

Eq. 4.12.2-1

- 2) _
Npent == L5If8 + 0.02Spang ey + 0.08HBem)[€1 + 0.000125Skewg ot ) =175

Article 4.14: Superstructure Shear Keys
Vok = 2V,

Note: This does not apply to this bridge.

in
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Figure 1.3-5 SDC B Detailing

Decide what Type of bridge designing.

Structure Type: Type 1

Article 8.3: Determine Flexure and Shear Demands

Article 8.5: Plastic Moment Capacity

Note: Article 8.5 refers the designer back to Article 4.11.1-4.

BENT 2 DESIGN

Article 4.11.1-4; Steps to find Moment Capacity, Shear Capacity, and Axial Force

Note: Use some kind of software to find the Moment Capacity of the Column. PCA
Column was used to create an Interaction Diagram and to calculate the Moment
Capacity. The shear for the bent was found by knowing the Moment.

INPUT M p= 29299200  Ibln

Note: Fixity is the point of fixity for the

INPUT Fixity := 216 1n column/drilledshaft.

2M
p : .

V= ——P  =271289 kips v = [V, =542578 kips
P Fixity2000 P pBent2 P P

Note: If the decision is made to design for Elastic Forces then the above variables need to be override.
This can be done by simply changing the Vp variable to the elastic force from SAP2000 that has been
multiplied by pe/po.

Note: Pu is the combination of Elastic Axial force from the earthquake and dead load.

INPUT P, = 520000 Ib
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Article 8.6: Shear Demand and Capacity for Ductile Concrete Members

Note: It is recommended to use the plastic hinging forces whenever practical.
V, =V bg:=09

Article 4.11.6: Analytical Plastic Hinge Length

Note: For reinforced concrete columns framing into a footing, an integral bent cap, an
oversized shaft, or cased shatft.

INPUT dy, := 1.41 in dy,: Diameter of Longitudinal Bar

f
Eq. 4.11.6-1 PIasticHinge(Fixity,fye,db|) = |Ip ~ O0.08[Fixity + 0.155—1§§0mb|

m 003322 @,
1000

a—lpiflpzm

a—miflp<m

a

Lp = PIasticHinge(Fixity,fye,db|) =29.97 in

Article 4.11.7: Reinforced Concrete Column Plastic Hinge Region

Note: y is the region of column with a moment demand exceeding 75% of the
maximum plastic moment. From the SAP model, find the location at which the
moment demand is 0.75*Mp. The 0.75*Mp value should be divided by p.q,,, tO

take into account the model loads have not been multiplied by py,,, The

location will also need to be INPUT into the PlasticHingeRegion program in
inches.

Mp75:= 0.75[I1/Ip =2197x lO7 Iblin
PIasticHingeRegion(Lp,Columndia) = |z « 1L5[Columndia
X Lp
y <0

a — max(z,x,y)
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Note: Input the arguments into the program. Most likely the column diameter is the only variable that
has changed.

INPUT Lpr:= PIasticHingeRegion(L ,Columndia) =63 in

p

Article 8.6.2: Concrete Shear Capacity

Ag:= Acolumn

Eq. 8.6.2-2 Ae:= 0.8[Ag = 1.108 x 103 in2
Hp = 2 Specified in Article 8.6.2 of Guide Spec.
INPUT s=6 in s: Spacing of hoops or pitch of spiral (in)
INPUT Asp:= .31 in2 Asp: Area of spiral or hoop reinforcing (in2)
INPUT Dsp := 0.625 in Dsp: Diameter of spiral or hoop reinforcing (in)
INPUT Cover .= 6 in Cover: Concrete cover for the Column (in)
INPUT Dprime:= 30 in Dprime: Diameter of spiral or hoop for circular columns (in)
4[Asp -3
= — =6.889x 10
Eq. 8.6.2-7 Ps = SDprime
f
fyh:= e
1000
Eq. 8.6.2-6 Str%sCheck(pS, fyh) = |fs — pgiyh

a -~ fs if fs<0.35

fs:= StressCheck(pg, fyh) = 0.413
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f
Eg. 8.6.2-5 aprogram(fs, “D) = |oprime — 0—; +3.67 - pp

a < 0.3 if aprime<0.3
a — aprime if aprime> 0.3 Daprime< 3
a— 3 if aprime=3

a

aPrime:= aprogram(fs, “D) =3

If Puis Compressive

l:’u fc
2Ag[1000 1000

Eqg. 8.6.2-3 vcprogram(aPrime,fc,Pu,Ag) = |ve < 0.032@Prime[€1 +

minl < 011 |—<
1000
. . fc
min2 « 0.047cPrimel]] ——
1000

minimum — min(minl, min2)
a « vc if vc < minimum

a « minimum if vc > minimum

a
Eq. 8.6.2-4

If Puis NOT Compressive VC = 0 Note: If Pu is not compressive, will have to manually
input O for vc. Just input it below the vc:=vcprogram and
the variable will assume the new value.

vC = vcprogram(aPri me, fc, Pu,Ag) =022 ks

Vc:= vclAe = 243.838 kips
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Article 8.6.3 & 8.6.4: Shear Reinforcement Capacity

INPUT n:=2 n: number of individual interlocking spiral or hoop core sections

Eqg. 8.6.3-1
Eq. 8.6.4-1

vsprogram(n, Asp, fyh, Dprime, s,fc,Ae) := [vs EténAspEﬂthDprlme)

2 S

maxvs — 0.25 iD\e
1000

a < vs if vs < maxvs

a « maxvs if vs> maxvs

a

Vs:= vsprogram(n,Asp, fyh,Dprime,s,fc,Ae) = 292.168  kips
Eqg. 8.6.1-2 oVn:= ¢JVs+ Vc) =482405  Kkips

ShearCheck(oVn, V) = |a — "OK" if ¢VnzV,
a — "FAILURE" if ¢Vn<V,

a

Shearcheck := ShearCheck(q>Vn,Vu) ="0OK"

Note: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforcing
(Asp), increase the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.

Article 8.6.5: Minimum Shear Reinforcement

For Circular Columns
Eqg. 8.6.5-1 mintranprogram(ps) = |a < "OK" if pg=0.003
a « "Increase Shear Reinforcing Ratio” if pg < 0.003

a

CheckTransverse:= mi ntranprogram(ps) ="OK"

Note: If the minimum shear reinforcement program responses "Increase Shear Reinforcing
Ratio", it is recommended to decrease the spacing (s) or increase the area of the shear
reinforcement (Asp) in the inputs.
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Article 8.8: Longitudinal and Lateral Reinforcement Requirements

Article 8.8.1: Maximum Longitudinal Reinforcement

INPUT Ap = 1.56 in2

INPUT NumberBars:= 12

Along:: NumberBarsmu =18.72 in

Eq.8.8.1-1 pprogram(A|Ong,Ag) = |a - "OK" if Ajgnq < 0.041Ag
a « "Section Over Reinforced" if Along > 0.04[Ag

a

ReinforcementRaitoCheck := pprogram(A| ong'Ag) ="0K"

Note: If the Maximum Longitudinal Reinforcing program returns "Section Over Reinforced", either
increase the section size (Aq) or decrease the longitudinal reinforcing (Abl and NumberBars) in the
inputs.

Article 8.8.2: Minimum Longitudinal Reinforcement
For Columns in SDC B and C:
Eqg. 8.8.2-1 minAIprogram(A|,Ag) = |a « "OK" if Ajgng=0.007Rg
a < "Increase Longitudinal Reinforcing" if Along < 0.007TAg

a

MinimumA, := minAIprogram(A|0ng,Ag) ="0K"

Note: If the Minimum Longitudinal Reinforcing program returns "Increase Longitudinal Reinforcing”,
either decrease the section size (Ag) or increase the longitudinal reinforcing (Abl and NumberBars in
the inputs.
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Article 8.8.9: Requirements for Lateral Reinforcement for SDCs B,C, and D

These Requirements need to be checked and satisfied.

Cross-tie Requirements:

1) Continuous bar having a hook of not less than 135 Degrees with an extension
NOT less than 6*d,, or 3 in. at one end and a hook of NOT less than 90 Degrees

with an extension of NOT less than 6*d, at the other end.
2) The hooks must engage peripheral longitudinal bars.
3) The 90 Degree hooks of two successive cross-ties engaging the same longitudinal
bars shall be alternated end-for-end.
Hoop Requirements

1) Bar shall be a closed tie or continuously wound tie.
2) A closed tie may be made up of several reinforcing elements with 135 Degree
hooks having a 6*d,, but NOT less than 3 in. extension at each end.

3) A continuously wound tie shall have at each end a 135 Degree hook with a 6*d,
but NOT less than 3 in. extension that engages the longitudinal reinforcement.

Minimum Size of Lateral Reinforcement

#4 bars for #9 or smaller longitudinal bars
#5 bars for #10 or larger longitudinal bars
#5 bars for bundled longitudinal bars

Maximum Spacing of Lateral Reinforcing in Plastic Hinge Region
Shall Not Exceed the Smallest of:
1
Spacingprogram(Cqumndia,db|) =1lq < (E)Columndia

r<—6@b|
t-6

a — min(q,r,t)

a

MaximumSpacing := Spaci ngprogram(CoI umndia,db|) =6 in
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SpacingCheck(MaximumSpacing,s) := |a « s if s< MaximumSpacing
a « MaximumSpacing if s> MaximumSpacing

a

FINALSPACING := SpacingCheck(MaximumSpacing,s) =6 in

scheck := ShearCheck(MaximumSpacing, s) = "OK"

Note: If scheck returns "Failure”, increase the spacing of shear reinforcing spacing (s). The
spacing value may be FINALSPACING, but verify this works for all other checks.

Article 5.10.11.4.3 (LRFD SPEC.): Column Connections

Note: This needs to be done whenever the column dimension changes. The spacing in the hinge
region shall continue into the drilled shaft or cap beam the Extension length.

ExtensionProgram(d) := |z —~ 15

1
X « —d
2

a — max(z,x)

a

INPUT Extension := ExtensionProgram(Columndia) = 21 in

Nominal Shear Resistance for members OUTSIDE Plastic Hinge Region.
Refer to the AASHTO LRFD Bridge Design Specifications.

5.8.3.3 Nominal Shear Resistance
Vp =271.289 kips

INPUT  spaceNOhinge:= 12 in

INPUT  bv:= Columndia

$g=09
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Note: B and 6 come from Article 5.8.3.4.1

B:=20

T @5=0785 rad
180

Note: Dr, de, and dv equations come from Article 5.8.2.9.

d
Dr = bv—Cover—Dsp—%zM.G? in

Eq. C5.8.2.9-2 de:= % + br =32036 in
T

dv:=09de=28.832 in

’ fc .
Eq. 5.8.3.3-3 V= 0.031603 mbv@v-lSB.OGS kips

2AspEIB/—OeO dvidot(6)
Eq.5.8.3.3-4 Vg = . =89.38 kips
spaceNOhinge
OV = (Vg + Vg = 2182 kips

ShearCheck(oVn, V) = |a — "OK" if ¢VnzV,
a — "FAILURE" if ¢Vn<V,,

a

Shearcheck := ShearCheck(q)Vn,Vp) ="0OK"

Note: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforcing
(Asp), increase the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.
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5.8.2.5 Minimum Transverse Reinforcement

fc _bvi3paceNOhinge
Eq. 5.8.2.5-1 Avmin := 0.0316 VP %® ~ o531 in2
1000 fye
1000
.2
Av = 2[Asp = 0.62 in
TranCheck(Avmin, Av) ;= |a « "Decrease Spacing or Increase Bar Size" if Avmin > Av
a « "OK" if Avmin< Av
a

MinimumTran := TranCheck(Avmin, Av) = "OK"

Note: If the minimum transverse reinforcement program responses "Decrease Spacing or
Increase Bar Size", it is recommended to decrease the spacing (spaceNOhinge) or increase the
area of the shear reinforcement (Asp) in the inputs.

5.8.2.7 Maximum Spacing of Transverse Reinforcement

VU
Eq. 5.8.2.9-1 wui= —% =0249 ks
bgbvldv
f

Eq. 5.8.2.7-1 spacingProgram(Vu, dv, fc) := |v — 0.1255——
Eq. 5.8.2.7-2 1000

q — 0.8dv

r — 0.40dv

z—qifqgs24
z 24 ifg>24
t—rif r<i2

t <12 if r>12
a~—z if Vu<v

a~tif Vuxv

a

MaxSpacing := spacingProgram(vu, dv,fc) = 23.066 in
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Spacecheck(MaxSpacing,s) := |a « s if s< MaxSpacing
a — MaxSpacing if s> MaxSpacing
a

MAXSPACING := Spacecheck(MaxSpacing, spaceNOhinge) = 12 in

scheck := ShearCheck(MAXSPACING, spaceNOhinge) = "OK"

Note: If scheck returns "Failure”, change the spacing of shear reinforcing spacing (spaceNOhinge).
The spacing value may be MAXSPACING, but verify this works for all other checks.

BENT 3 DESIGN

Article 4.11.1-4; Steps to find Moment Capacity, Shear Capacity, and Axial Force

Note: Use some kind of software to find the Moment Capacity of the Column. PCA
Column was used to create an Interaction Diagram and to calculate the Moment
Capacity. The shear for the bent was found by knowing the Moment.

INPUT M p= 2929920 Iblin

Note: Fixity is the point of fixity for the

INPUT Fixity := 31Cin column/drilledshaft.

2
p . .
V,:= — =18903 Kkips \Y = 2V, = 37.805 kips
P Fixity2000 P pBent3 P P

Note: If the decision is made to design for ELASTIC FORCES then the above variables need to be
override. This can be done by simply changing the Vp variable to the elastic force from SAP2000 that
has been multiplied by pe/po.

Note: Pu is the combination of Elastic Axial force from the earthquake and dead load.

INPUT P, = 417000 Ib

106




Appendix A: Oseligee Creek Bridge Guide Specification Design

Article 8.6: Shear Demand and Capacity for Ductile Concrete Members

Note: It is recommended to use the plastic hinging forces whenever practical.

V,, = Vp bg:=09

Article 4.11.6: Analytical Plastic Hinge Length

Note: For reinforced concrete columns framing into a footing, an integral bent cap, an
oversized shaft, or cased shatft.

INPUT dp =141 in dy,: Diameter of Longitudinal Bar

Lp = PIasticHinge(Fixity,fye,db|) =37.49 in

Article 4.11.7: Reinforced Concrete Column Plastic Hinge Region

Note: y is the region of column with a moment demand exceeding 75% of the
maximum plastic moment. From the SAP model, find the location at which the
moment demand is 0.75*Mp. The 0.75*Mp value should be divided by p.y,,, to

take into account the model loads have not been multiplied by py,,, The
location will also need to be INPUT into the PlasticHingeRegion program in

inches.
Mp75:= 0.75[I1/Ip =2197x 106 Iblin
PIasticHingeRegion(Lp,Columndia) = |z « 1L5[Columndia
X Lp
y <0

a — max(z,x,y)

Note: Input the arguments into the program. Most likely the column diameter is the only variable
that has changed.

INPUT Lpr:= PIasticHingeRegion(L ,Columndia) =63 in

p
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Article 8.6.2: Concrete Shear Capacity

Ag:= Acolumn
3 .2
Eq. 8.6.2-2 Ae:= 0.8IAg = 1.108 x 10 in
Hp = 2 Specified in Article 6.8.2 Guide Spec.
INPUT s=6 in s: Spacing of hoops or pitch of spiral (in)
INPUT Asp:= 0.31 in2 Asp: Area of spiral or hoop reinforcing (in2)
INPUT Dsp:= 0.625 in Dsp: Diameter of spiral or hoop reinforcing (in)
INPUT Cover .= 6 in Cover: Concrete cover for the Column (in)
INPUT Dprime:= 30 in Dprime: Diameter of spiral or hoop for circular columns (in)
4[Asp -3
= — =6.889x 10
Eq. 8.6.2-7 Ps = SDprime
f
fyh:= e
1000
Eq. 8.6.2-6 fs:= StressCheck(pg, fyh) = 0.413

Eq. 8.6.2-5 aPrime:= aprogram(fs, “D) =3

If Puis Compressive

Eq. 8.6.2-4

If Puis NOT Compressive VC = 0

the variable will assume the new value.

vC = vcprogram(aPri me, fc, Pu,Ag) =022 ks

Vc:= vclAg = 304.797 kips
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Article 8.6.3 & 8.6.4: Shear Reinforcement Capacity

INPUT n:=2 n: number of individual interlocking spiral or hoop core sections
Eqg. 8.6.3-1 . .
Eq. 8.6.4-1 Vs:= vsprogram(n,Asp,fyh,Dprime,s,fc,Ae) = 292.168  kips
Eq. 8.6.1-2 oVn:= ¢JVs+ Vc) =537.269  kips

Shearcheck := ShearCheck(q>Vn,Vu) ="0OK"

Note: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforcing
(Asp), increase the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.

Article 8.6.5: Minimum Shear Reinforcement

For Circular Columns
Eg. 8.6.5-1 CheckTransverse := mintranprogram(ps) ="OK"

Note: If the minimum shear reinforcement program responses "Increase Shear Reinforcing
Ratio", it is recommended to decrease the spacing (s) or increase the area of the shear
reinforcement (Asp) in the inputs.

Article 8.8: Longitudinal and Lateral Reinforcement Requirements

Article 8.8.1: Maximum Longitudinal Reinforcement

INPUT Ap = 1.56 in2

INPUT NumberBars:= 12
Along = NumberBarsmu =18.72 in2
Eqg. 8.8.1-1 ReinforcementRaitoCheck := pprogram(A|0ng,Ag) ="OK"

Note: If the Maximum Longitudinal Reinforcing program returns "Section Over Reinforced", either
increase the section size (Ag) or decrease the longitudinal reinforcing (Abl and NumberBars) in the

inputs.

109




Appendix A: Oseligee Creek Bridge Guide Specification Design

Article 8.8.2: Minimum Longitudinal Reinforcement
For Columns in SDC B and C:
Eqg. 8.8.2-1 MinimumA, := minAIprogram(A|0ng,Ag) ="0OK"

Note: If the Minimum Longitudinal Reinforcing program returns "Increase Longitudinal Reinforcing”,
either decrease the section size (Aqg) or increase the longitudinal reinforcing (Abl and NumberBars) in
the inputs.

Article 8.8.9: Requirements for Lateral Reinforcement for SDCs B,C, and D

These Requirements need to be checked and satisfied.

Cross-tie Requirements:

1) Continuous bar having a hook of not less than 135 Degrees with an extension
NOT less than 6*d,, or 3 in. at one end and a hook of NOT less than 90 Degrees
with an extension of NOT less than 6*d, at the other end.

2) The hooks must engage peripheral longitudinal bars.
3) The 90 Degree hooks of two successive cross-ties engaging the same longitudinal
bars shall be alternated end-for-end.

Hoop Requirements

1) Bar shall be a closed tie or continuously wound tie.
2) A closed tie may be made up of several reinforcing elements with 135 Degree
hooks having a 6*d,, but NOT less than 3 in. extension at each end.

3) A continuously wound tie shall have at each end a 135 Degree hook with a 6*d,
but NOT less than 3 in. extension that engages the longitudinal reinforcement.

Minimum Size of Lateral Reinforcement

#4 bars for #9 or smaller longitudinal bars
#5 bars for #10 or larger longitudinal bars
#5 bars for bundled longitudinal bars
Maximum Spacing of Lateral Reinforcing in Plastic Hinge Region
Shall Not Exceed the Smallest of:
MaximumSpacing := Spaci ngprogram(CoI umndia,db|) =6 in

FINALSPACING := SpacingCheck(MaximumSpacing,s) =6 in

scheck := ShearCheck(MaximumSpacing, s) = "OK"

Note: If scheck returns "Failure”, change the spacing of shear reinforcing spacing (s). The
spacing value may be FINALSPACING, but verify this works for all other checks.
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Article 5.10.11.4.3 (LRFD SPEC.): Column Connections

Note: This needs to be done whenever the column dimension changes. The spacing in the hinge
region shall continue into the drilled shaft or cap beam the Extension length.

INPUT Extension := ExtensionProgram(Columndia) = 21 in

Nominal Shear Resistance for members OUTSIDE Plastic Hinge Region.
Refer to the AASHTO LRFD Bridge Design Specifications.

5.8.3.3 Nominal Shear Resistance

Vp =18.903 kips

INPUT  spaceNOhinge:= 12 in

INPUT  bv:= Columndia

$g=09

Note: B and 6 come from Article 5.8.3.4.1

B:=20

T @5=0785 rad
180

Note: Dr, de, and dv equations come from Article 5.8.2.9.

d
Dr = bv—Cover—Dsp—%zM.G? in

Eq. C5.8.2.9-2 de:= % + br =32036 in

T

dv:=09de=28.832 in
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’ fc .
Eq. 5.8.3.3-3 V= 0.031603 mbv@v-lSB.OGS kips

2AspEIB/—OeO dvidot(6)
Eq.5.8.3.3-4 Vg = . =89.38 kips
spaceNOhinge
OV = (Vg + Vg = 2182 kips

Shearcheck := ShearCheck(q)Vn,Vp) ="0OK"

Note: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforcing
(Asp), increase the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.

5.8.2.5 Minimum Transverse Reinforcement

fc _bvidpaceNOhinge
Eq. 5.8.2.5-1 Avmin := 0.0316 VP %® ~ o531 in?
1000 fye
1000
2
Av = 2[Asp = 0.62 in

MinimumTran := TranCheck(Avmin, Av) = "OK"

Note: If the minimum transverse reinforcement program responses "Decrease Spacing or
Increase Bar Size", it is recommended to decrease the spacing (spaceNOhinge) or increase the
area of the shear reinforcement (Asp)_in the inputs.

112




Appendix A: Oseligee Creek Bridge Guide Specification Design

5.8.2.7 Maximum Spacing of Transverse Reinforcement

Yy

Eqg. 5.8.2.9-1 W' ———
bgbvldv

=0.017 ksi

Eq.5.8.2.7-1

Eq. 5.8.2.7-2 MaxSpacing := spacingProgram(vu, dv,fc) = 23.066 in

MAXSPACING := Spacecheck(MaxSpacing, spaceNOhinge) = 12

scheck := ShearCheck(MAXSPACING, spaceNOhinge) = "OK"

Note: If scheck returns "Failure”, change the spacing of shear reinforcing spacing (spaceNOhinge).

The spacing value may be MAXSPACING, but verify this works for all other checks.

DRILLED SHAFT DESIGN

Article 6.5: Drilled Shafts

NOTE: The guide specification states that the drilled shafts shall conform to the requirements of
columns in SDC B, C, or D as applicable. Also, there are special provisions regarding liquefaction that

needs to be investigated if this is a concern for a certain bridge.

Since the hinging will not occur in the drilled shaft, the drilled shaft will be design using the column

design from the LRFD Specification.

ABUTMENT DRILLED SHAFT

Nominal Shear Resistance for members OUTSIDE Plastic Hinge Region.
Refer to the AASHTO LRFD Bridge Design Specifications.

5.8.3.3 Nominal Shear Resistance

INPUT V. =133 kips NOTE: Abutment Drilled shaft is being designed for Elastic

P Force.

INPUT  spaceNOhinge:= 12 in

INPUT  Asp:= 031  in°
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INPUT Cover:=6

.2
n

INPUT  bv:= DSdia

INPUT  Dsp:= 0.625 in

INPUT dp = 141

in

Note: B and 6 come from Article 5.8.3.4.1

B:

=20

T @5=0785 rad
180

Note: Dr, de, and dv equations come from Article 5.8.2.9.

Eq. C5.8.2.9-2

Eqg. 5.8.3.3-3

Eq. 5.8.3.3-4

Note: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforcing
(Asp), increase the area of shear reinforcing, or increase the section size (Acolumn). These

dp
Dr .= bv — Cover — Dsp — 7 = 34.67

de:= ﬂ + E =32.036 in
2 Ly

dv:=09de=28.832 in

<
I

2AspEIB/—OeO dvigot(6)
Vgi= , =89.38
spaceNOhinge
OV = (Vo + Vg = 2182 kips

Shearcheck := ShearCheck(q)Vn,Vp) ="0OK"

variables can be changed in the inputs.

in

fc
= 0.0316 %/—bvmiv:lSS.OGS kips
¢ P 1000 P
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5.8.2.5 Minimum Transverse Reinforcement

fc _bvidpaceNOhinge
Eq. 5.8.2.5-1 Avmin := 0.0316 VP %® ~ o531 in2
1000 fye
1000
2
Av = 2[Asp = 0.62 in

MinimumTran := TranCheck(Avmin, Av) = "OK"

Note: If the minimum transverse reinforcement program responses "Decrease Spacing or
Increase Bar Size", it is recommended to decrease the spacing (spaceNOhinge) or increase the
area of the shear reinforcement (Asp)_in the inputs.

5.8.2.7 Maximum Spacing of Transverse Reinforcement

\Y

Eq. 5.8.2.9-1 wi= —Y9 =012 ksi
bgbvldv
Eq. 5.8.2.7-1 , . .
Eq. 5.8.2.7-2 MaxSpacing := spacingProgram(vu, dv,fc) = 23.066 in
MAXSPACING := Spacecheck(MaxSpacing, spaceNOhinge) = 12 in

scheck := ShearCheck(MAXSPACING, spaceNOhinge) = "OK"

Note: If scheck returns "Failure”, change the spacing of shear reinforcing spacing (spaceNOhinge).
The spacing value may be MAXSPACING, but verify this works for all other checks.
BENT 2 DRILLED SHAFT

Nominal Shear Resistance for members OUTSIDE Plastic Hinge Region.
Refer to the AASHTO LRFD Bridge Design Specifications.

5.8.3.3 Nominal Shear Resistance

Vv
Bent2
INPUT V. := % =271289  kips

Vu = Vp
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INPUT  spaceNOhinge:= 12 in

INPUT  Asp:= 031  in°

INPUT  Cover:=6 in2

INPUT  bv:= DSdia

INPUT  Dsp:= 0.625 in

INPUT dp =141 in

Note: B and 6 come from Article 5.8.3.4.1

B:=20

T @5=0785 rad
180

Note: Dr, de, and dv equations come from Article 5.8.2.9.
dp .
Dr = bv—Cover—Dsp—7:34.67 in

Eq. C5.8.2.9-2 de:= bv + br =32036 in

2 T

dv:=09de=28.832 in

fc .
Eq. 5.8.3.3-3 V= 0.031603 /mbvmiv =153.065 kips
f
2Asp51(3)’—oeodvmot(e)
Eq.5.8.3.3-4 Vg = . =89.38 kips
spaceNOhinge
OV = (Vo + Vg = 2182 kips

Shearcheck := ShearCheck(q)Vn,Vp) ="0OK"

Note: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforcing
(Asp), increase the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.

116




Appendix A: Oseligee Creek Bridge Guide Specification Design

5.8.2.5 Minimum Transverse Reinforcement

fc _bvidpaceNOhinge
Eq. 5.8.2.5-1 Avmin := 0.0316 VP %® ~ o531 in2
1000 fye
1000
2
Av = 2[Asp = 0.62 in

MinimumTran := TranCheck(Avmin, Av) = "OK"

Note: If the minimum transverse reinforcement program responses "Decrease Spacing or
Increase Bar Size", it is recommended to decrease the spacing (spaceNOhinge) or increase the
area of the shear reinforcement (Asp)_in the inputs.

5.8.2.7 Maximum Spacing of Transverse Reinforcement

Vi
Eq. 5.8.2.9-1 vu;= — =0.249 ksi
bgbvldv
Eq. 5.8.2.7-1 . . .
Eq. 5.8.2.7-2 MaxSpacing := spacingProgram(vu, dv,fc) = 23.066 in
MAXSPACING := Spacecheck(MaxSpacing, spaceNOhinge) = 12 in

scheck := ShearCheck(MAXSPACING, spaceNOhinge) = "OK"

Note: If scheck returns "Failure”, change the spacing of shear reinforcing spacing (spaceNOhinge).

The spacing value may be MAXSPACING, but verify this works for all other checks.

BENT 3 DRILLED SHAFT

Nominal Shear Resistance for members OUTSIDE Plastic Hinge Region.
Refer to the AASHTO LRFD Bridge Design Specifications.

5.8.3.3 Nominal Shear Resistance

Vv
Bent3
INPUT V. := % = 18.903 Kips

Vu = Vp
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INPUT  spaceNOhinge:= 12 in

INPUT  Asp:= 031  in?

INPUT  Cover:=6 in2

INPUT  bv:= DSdia

INPUT  Dsp:= 0.625 in

INPUT dp =141 in
$g=09

Note: B and 6 come from Article 5.8.3.4.1

B:

=20

T @5=0785 rad
180

Note: Dr, de, and dv equations come from Article 5.8.2.9.

Eq. C5.8.2.9-2

Eqg. 5.8.3.3-3

Eq. 5.8.3.3-4

dp
Dr .= bv — Cover — Dsp — 7 = 34.67

de:= ﬂ + E =32.036 in
2 ™
dv:=09de=28.832 in

<
I

i
< := 0.0316B[] ——bvidv = 153.065
1000

in

kips

2AspEIB/—OeO dvigot(6)
Vgi= - =89.38 kips
spaceNOhinge
OV = (Vo + Vg = 2182 kips
Shearcheck := ShearCheck(q)Vn,Vp) ="0OK"

Note: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforcing
(Asp), increase the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.
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5.8.2.5 Minimum Transverse Reinforcement

fc _bvidpaceNOhinge
Eq. 5.8.2.5-1 Avmin := 0.0316 VP %® ~ o531 in2
1000 fye
1000
2
Av = 2[Asp = 0.62 in

MinimumTran := TranCheck(Avmin, Av) = "OK"

Note: If the minimum transverse reinforcement program responses "Decrease Spacing or
Increase Bar Size", it is recommended to decrease the spacing (spaceNOhinge) or increase the
area of the shear reinforcement (Asp)_in the inputs.

5.8.2.7 Maximum Spacing of Transverse Reinforcement

\Y

Eq. 5.8.2.9-1 wi= —Y  =0017 ksi
bgbvldv
Eq. 5.8.2.7-1 , . .
Eq. 5.8.2.7-2 MaxSpacing := spacingProgram(vu, dv,fc) = 23.066 in
MAXSPACING := Spacecheck(MaxSpacing, spaceNOhinge) = 12 in

scheck := ShearCheck(MAXSPACING, spaceNOhinge) = "OK"

Note: If scheck returns "Failure”, change the spacing of shear reinforcing spacing (spaceNOhinge).

The spacing value may be MAXSPACING, but verify this works for all other checks.
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CONNECTION DESIGN FOR BENT/ABUTMENT TO GIRDER

Bent 3 Connection Design Note: Also use for Bent 2 connection.
INPUT Vcolbent := VpBentZ =542.578
INPUT Ngirderperbent := 8 Ngirderbent = Number of girders per bent

Article 6.5.4.2: Resistance Factors

¢y =08 Tension for A307
bg:= 075 Shear for A307
bpg = 0.80 Block Shear

Gpp = 0.80 Bolts Bearing

g = 0.85 Shear Connectors
¢ := 1.00 Flexure

bsangle = 1.00 Shear for the Angle

For Type lll Girders

Note: Select the grade of bolt being used. It is assumed that a ASTM A307 Grade C bolt is used.

INPUT Fub:= 58 ksi
INPUT Diay, := 1.25 in
INPUT Ns:= 1 Ns = Number of Shear Planes per Bolt

Angle Properties

INPUT Fy:= 36 ksi Fy = Yield Stress of the Angle
INPUT Fu:= 58 ksi Fu = Ultimate Stress of the Angle
INPUT t:= 0.875 in t = Thickness of Angle

INPUT h:=6 in h = Height of the Angle
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INPUT w:==6 in w = Width of the Angle
INPUT |:= 16 in | = Length of the Angle
INPUT k:= 1.375 in k = Height of the Bevel
INPUT  distanchorhole:= 4 in distanchorhole = Distance from the vertical leg to the center

of the hole. This is the location of the holes.

INPUT disghole:= 1.75 in diahole = Diameter of bolt hole

INPUT BLSHIength:= 11 in BLSHIength = Block Shear Length

INPUT BLSHwidth:= 2 in BLSHwidth = Block Shear Width

INPUT Ubs:= 1.0 Ubs = Shear Lag Factor for Block Shear

INPUT a=2 in a = Distance from the center of the bolt to the edge of plate

INPUT b:=35 in b = distance from center of bolt to toe of fillet of connected
part

Shear Force per Angle:

Vangle:= ﬂ =33.911 kips
2Ngirderperbent

Shear Force per Bolt

n:=2 n = Number of bolts

Vangle
n

Vbolt ;= =16.956 kips

Article 6.13.2.12: Shear Resistance For Anchor Bolts

2
TtDi

A= 0 1057 in”
4

Eq. 6.13.2.12-1 ¢sRn = ¢ 0.48[A,[FubNs = 25.624 kips

Shearcheck := ShearCheck(dpsRn, Vbolt) = "OK"

Note: If the program returns "FAILURE", either increase diameter of the bolt (Diab), change grade of bolt,
increase number of bolts, etc.
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Article 6.13.2.9: Bearing Resistance at Bolt Holes

For Standard Holes

Eq. 6.13.2.9-1 ¢GbbRn = 2.4[Dia,[fFub = 152.25 kips

For Slotted Holes

INPUT Lc:=2 in Lc = Clear dist. between the hole and the end of the member

Eq. 6.13.2.9-4 ¢bbRns:= LclFub = 101.5 kips

Bearingcheck := ShearCheck(dpbbRn, Vbolt) = "OK"
Bearingscheck := ShearCheck(dpbbRns, Vbolt) = "OK"

Note: If the program returns "FAILURE", either change the diameter of the bolt, thickness of the
angle, or Lc (hole location).

Article 6.13.2.10: Tensile Resistance

Note: This a calculation of the Tension force on the anchor bolt due to the shear. A moment is taken

about the through bolt in the vertical leg of the angle. The line of action for the shear force is assumed to

enter the angle at 1" below the through bolt; therefore, the moment due to shear is Vangle* 1". The
distance to the anchor bolt in the cap beam is 4", and that is how the Tu equation was derived.

Vanglell

= ——————— =8478 Kips
distanchorhole

Eqg. 6.13.2.10.2-1 OtTn:= ¢ [0.76[A[Fub = 43.275 kips
Tensioncheck := ShearCheck(tTn, Tu) ="OK"

Note: If program returns "FAILURE", change area of the bolt or grade of bolt.
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Article 6.13.2.11: Combined Tension and Shear

Pu := Vbolt

Eqg. 6.13.2.11-1 CombinedProgram(Pu,Ab,Fub,(1>sRn,(1>S) = |t « 0.76[ApFub
Eqg. 6.13.2.11-2

Pu 2
r — 0.76[A,Fub 1—(¢ R )
sRn

actif —Y <033
®sRn
Pg

acrif —Y 5033

%)

TNeombined := Combi nedProgram(Pu,Ab, Fub,d;sRn,q)S) =40.557 kips

$tTNeombined = Pt Ncombined = 32446 Kips
Combinedcheck := ShearCheck( $tTneompineg: Vbolt) = "OK”

Note: If program returns "FAILURE", change area of the bolt or grade of bolt.

AISC J4 Block Shear

Agv := tIBLSHIength = 9.625 in2
o . _ .2 Note this is for if there are
Anv ;= t[IBLSHIength — 1.5[diahole) = 7.328 in two through bolts in the
upper leg.
Ant = tBLSHwidth — 1.5@iahole) = —0.547  in’ pper feg
(J4-5) BL SHprogram(Agv, Anv,Ant, Ubs,Fu,Fy) := |b « 0.6[FulAnv + UbsFulAnt

¢ « 0.6Fy[Agv + Ubs[FulAnt
a-bifbsc

a—c ifb>c

a

Rn := BLSHprogram(Agv, Anv, Ant,Ubs, Fu,Fy) = 176.181 kips
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GbsRn := ¢y Rn = 140.945 kips
BlockShearCheck := ShearCheck(¢pbsRn, Vangle) = "OK"

Note: If program returns "FAILURE", change diameter of the bolt, number of bolts, thickness of
angle, length of angle, etc.

AISC D2: Tension Member
Ut = Shear Lag factor for single Angles. Refer to

Ut:= 06 Table D3.1 in AISC Manual
Ant = tw — (1diahole)] = 3.719 in2

(D3-1) Ae:= Ant(Ut = 2.231 in

(D2-2) tPn = b, TFubAe = 10353 Kips

TensionCheck := ShearCheck($tPn, Vangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle, length of angle, width of angle, etc.

AISC CH. F: Bending of Angle

Note: A SAP Model of the angle was created. The shear of the angle was applied at 4 in. (which is at
the bolt location). Then the moment was found just above the k height for this angle.
The Ciritical section is a k distance away on the horizontal leg. This location has the greatest moment.

Note: This is assuming we
need the same size anchor

INPUT Muangle = 74.26 kiplin bolt in the top as we do the

bottom.
10t 3
Zx:= —— =3.063 in
Had to increase the
. thickness of the
GtMn:= ¢ [FylZx = 110.25 Kip(in angle to 7/8 in. or can

increase the length.

BendingAngleCheck := ShearCheck($fMn, Muangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle or length of angle
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AISC G: Shear Check

Cv:=10
.2
Aw = tlw = 5.25 in
(G2-1) dsangleVn = ¢sangl e[G).G[EFym\w[([:v =1134 kips

ShearAngleCheck := ShearCheck(dsangleVn,Vangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle or width of angle.

Bent 2 Expansion Connection Design

INPUT Vcolbent := VpBentZ = 542578

INPUT Ngirderperbent := 8 Ngirderbent = Number of girders per bent

Article 6.5.4.2: Resistance Factors

¢y =08 Tension for A307
bg:= 075 Shear for A307
bpg = 0.80 Block Shear

Gpp = 0.80 Bolts Bearing

g = 085 Shear Connectors
¢ := 1.00 Flexure

bsangle = 1.00 Shear for the Angle

For Type lll Girders

Note: Select the grade of bolt being used. It is assumed that a ASTM A307 Grade C bolt is used.

INPUT Fub:= 58 ksi
INPUT Diay, := 1.25 in
INPUT Ns:= 1 Ns = Number of Shear Planes per Bolt
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Angle Properties

INPUT Fy:= 36 ksi Fy = Yield Stress of the Angle

INPUT Fu:= 58 ksi Fu = Ultimate Stress of the Angle

INPUT t:= 0.875 in t = Thickness of Angle

INPUT h:=6 in h = Height of the Angle

INPUT w:==6 in w = Width of the Angle

INPUT |:=20 in | = Length of the Angle

INPUT k:= 1.375 in k = Height of the Bevel

INPUT  distanchorhole:= 4 in distanchorhole = Distance from the vertical leg to the center

of the hole. This is the location of the holes.

INPUT dishole:= 1.75 in diahole = Diameter of bolt hole

INPUT SlottedHole:= 6 in SlottedHole = Length of slotted hole

INPUT BLSHIength:= 15 in BLSHIength = Block Shear Length

INPUT BLSHwidth:= 2 in BLSHwidth = Block Shear Width

INPUT Ubs:= 1.0 Ubs = Shear Lag Factor for Block Shear

INPUT a=2 in a = Distance from the center of the bolt to the edge of plate

INPUT b:=35 in b = distance from center of bolt to toe of fillet of connected
part

Shear Force per Angle:

Vangle = ﬂ =33.911 kips
2Ngirderperbent

Shear Force per Bolt

n:=2 n = Number of bolts

Vangle
n

Vbolt ;= =16.956 kips

Article 6.13.2.12: Shear Resistance For Anchor Bolts

2
Tt [Di
Ap = —ab =1.227 in2
4
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Eqg. 6.13.2.12-1 GSRN = ¢ [0.48[A [FubNs = 25.624 kips
Shearcheck := ShearCheck(¢psRn, Vbolt) = "OK"

Note: If the program returns "FAILURE", either increase diameter of the bolt (Diab), change grade of bolt,
increase number of bolts, etc.

Article 6.13.2.9: Bearing Resistance at Bolt Holes

For Standard Holes

Eq. 6.13.2.9-1 ¢bbRn = 2.4[Dia,[fFub = 152.25 kips

For Slotted Holes

INPUT Lc:=2 in Lc = Clear dist. between the hole and the end of the member

Eq. 6.13.2.9-4 ¢bbRns:= LclFub = 101.5 kips

Bearingcheck := ShearCheck(dpbbRn, Vbolt) = "OK"
Bearingscheck := ShearCheck(dpbbRns, Vbolt) = "OK"

Note: If the program returns "FAILURE", either change the diameter of the bolt, thickness of the
angle, or Lc (hole location).

Article 6.13.2.10: Tensile Resistance

Note: This a calculation of the Tension force on the anchor bolt due to the shear. A moment is taken
about the through bolt in the vertical leg of the angle. The line of action for the shear force is assumed to
enter the angle at 1" below the through bolt; therefore, the moment due to shear is Vangle* 1". The
distance to the anchor bolt in the cap beam is 4", and that is how the Tu equation was derived.

Vanglell
Tu:= 9

= —— =8478 kips
distanchorhole

Eqg. 6.13.2.10.2-1 OtTn:= ¢ [0.76[A[Fub = 43.275 kips
Tensioncheck := ShearCheck(tTn, Tu) = "OK"

Note: If program returns "FAILURE", change area of the bolt or grade of bolt.

127




Appendix A: Oseligee Creek Bridge Guide Specification Design

Article 6.13.2.11: Combined Tension and Shear

Pu := Vbolt

TNeombined := Combi nedProgram(Pu,Ab, Fub,q)sRn,q)S) = 40.557 kips
PtTNcombined = Pt Ncombined = 32-446 kips

Combinedcheck := ShearCheck( $tTneompineg: Vbolt) = "OK”

Note: If program returns "FAILURE", change area of the bolt or grade of bolt.
AISC J4 Block Shear

Agv = tIBLSHIength = 13.125 in2

. ottedHole) .2 Note this is for if there are
Anv = t[éBLSHIength - 1.5EIS|27) =9.188 in two through bolts in the

5 upper leg.
Ant := t[{BLSHwidth — 1.5[diahole) = —0.547 in

Rn := BLSHprogram(Agv, Anv, Ant,Ubs, Fu, Fy) = 251.781 kips
GbsRn = ¢y Rn = 201.425 kips
BlockShearCheck := ShearCheck(¢pbsRn, Vangle) = "OK"

Note: If program returns "FAILURE", change diameter of the bolt, number of bolts, thickness of
angle, length of angle, etc.

AISC D2: Tension Member
Ut = Shear Lag factor for single Angles. Refer to

Ut:= 06 Table D3.1 in AISC Manual
Ant = tw — (1diahole)] = 3.719 in?

(D3-1) Ae:= AntlUt = 2.231 in

(D2-2) tPn = b, FubAe = 10353 Kips

TensionCheck := ShearCheck($tPn, Vangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle, length of angle, width of angle, etc.
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AISC CH. F: Bending of Angle

Note: A SAP Model of the angle was created. The shear of the angle was applied at 4 in. (which is at
the bolt location). Then the moment was found just above the k height for this angle.
The Critical section is a k distance away on the horizontal leg. This location has the greatest moment.

Note: This is assuming we
need the same size anchor

INPUT Muangle = 74.26 kiplin bolt in the top as we do the

bottom.
1Tt 3
Zx:= —— =3.828 in
Had to increase the
thickness of the
¢fMn = ¢ [Fy[Zx = 137.813 kipln

angle to 7/8in. or can
increase the length.

BendingAngleCheck := ShearCheck($fMn, Muangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle or length of angle

AISC G: Shear Check

Cv:=10
.2
Aw = tlw = 5.25 in
(G2-1) dsangleVn = ¢sangl e[G).G[EFym\w[([:v =1134 kips

ShearAngleCheck := ShearCheck(¢dsangleVn,Vangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle or width of angle.
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Abutment to Girder Connection

For Type lll Girders

Note: Select the grade of bolt being used.

Vcolbent := 102

kips

Ngirderperbent := 4

Fub := 58
Diab =125
Ns:=1

Angle Properties

INPUT

INPUT

Fy:= 36
Fu:= 58

t:=0.75

k=125

distanchorhole:= 4

diahole:= 1.5

SlottedHole:= 6
BLSHIlength:= 6

BLSHwidth := 2

Ubs:= 1.0

a=2

b:=35

ksi

in

ksi

ksi

in

in

in

in

in

in

in

Ngirderbent = Number of girders per bent

It is assumed that a ASTM A307 Grade C bolt is used.

Ns = Number of Shear Planes per Bolt

Fy = Yield Stress of the Angle

Fu = Ultimate Stress of the Angle
t = Thickness of Angle

h = Height of the Angle

w = Width of the Angle

| = Length of the Angle

k = Height of the Bevel

distanchorhole = Distance from the vertical leg to the center of
the hole. This is the location of the holes.

diahole = Diameter of bolt hole

SlottedHole = Length of Slotted hole

BLSHIength = Block Shear Length

BLSHwicth = Block Shear Width

Ubs = Shear Lag Factor for Block Shear

a = Distance from the center of the bolt to the edge of plate

b = distance from center of bolt to toe of fillet of connected
part
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Shear Force per Angle:

\%
Vangle:= ﬂ =12.75 kips
2Ngirderperbent

Article 6.13.2.12: Shear Resistance For Anchor Bolts

Trl]Diab2 >
Api= — =127 in
4
Eq. 6.13.2.12-1 ¢sRn = ¢ 0.48[A,[FubNs = 25.624 kips

Note: This is checking to verify that the anchor bolt has enough shear strength.

Shearcheck := ShearCheck(dpsRn, Vangle) = "OK"

Note: If the program returns "FAILURE", either increase diameter of the bolt (Diab), change grade of bolt,
increase number of bolts, etc.

Article 6.13.2.9: Bearing Resistance at Bolt Holes

For Standard Holes

Eq. 6.13.2.9-1 ¢bbRn = 2.4[Dia,[fFub = 130.5 kips

For Slotted Holes

Eq. 6.13.2.9.3 ¢dbbRns:= 2.0[Diay, fFub = 108.75 kips

Bearingcheck := ShearCheck(dbbRn, Vangle) = "OK"
Bearingscheck := ShearCheck(dpbbRns, Vangle) = "OK"

Note: If the program returns "FAILURE", either change the diameter of the bolt, thickness of the
angle, or Lc (hole location).
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Article 6.13.2.10: Tensile Resistance

Note: This a calculation of the Tension force on the anchor bolt due to the shear. A moment is taken
about the through bolt in the vertical leg of the angle. The line of action for the shear force is assumed to
enter the angle at 1" below the through bolt; therefore, the moment due to shear is Vangle* 1". The
distance to the anchor bolt in the cap beam is 4", and that is how the Tu equation was derived.

Vanglell
= AOC  _31gg Kips
distanchorhole
Eqg. 6.13.2.10.2-1 otTn:= 0.76E\b[EFub =54.094 kips

Tensioncheck := ShearCheck($tTn, Tu) = "OK"

Note: If program returns "FAILURE", change area of the bolt or grade of bolt.

Article 6.13.2.11: Combined Tension and Shear

Pu = Vangle
Eq. 6.13.2.11-1 TNcombined = CombinedProgram(Pu,Ab, Fub,¢sRn,¢S) = 46.922 kips
Eqg. 6.13.2.11-2

d)tTncombi ned = d)tljncombi ned = 37.538 ki ps

Combinedcheck := ShearCheck(¢tTncombi ned Vangle) ="0K"

Note: If program returns "FAILURE", change area of the bolt or grade of bolt.
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AISC J4 Block Shear

(34-5)

Agv .= tIBLSHIength = 4.5 in2
Note this is for if there are
ottedHole .
Anv = t[éBLSHIength - O.SEIL) =3.375 in2 one through bolts in the
2 upper leg.
Ant = tIBLSHwidth - 0.5iahole) = 0.938  in’

Rn := BLSHprogram(Agv, Anv, Ant,Ubs, Fu, Fy) = 151.575 kips
¢bsRn 1= ¢pgRn = 121.26 kips

BlockShearCheck := ShearCheck(¢pbsRn, Vangle) = "OK"

Note: If program returns "FAILURE", change diameter of the bolt, number of bolts, thickness of
angle, length of angle, etc.

AISC D2: Tension Member

(D3-1)

(D2-2)

Ut = Shear Lag factor for single Angles. Refer to

Ut:= 06 Table D3.1 in AISC Manual
Ant = tw — (1diahole)] = 3.375 in?
.2
Ae:= AntlUt = 2.025 in
¢tPn = ¢ [FublAe = 93.96 kips

TensionCheck := ShearCheck($tPn, Vangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle, length of angle, width of angle, etc.
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AISC CH. F: Bending of Angle

Note: A SAP Model of the angle was created. The shear of the angle was applied at 4 in. (which is at
the bolt location). Then the moment was found just above the k height for this angle.
The Critical section is a k distance away on the horizontal leg. This location has the greatest moment.

Note: This is assuming we

INPUT Muangle:= 44.52 kipln need the same size anchor
bolt in the top as we do the
5 bottom.
It
X = 0N =1.688 in3

Had to increase the thickness
&fMn = ¢ [FylZx = 60.75 kipln of the angle to 3/4 in. or can
increase the length.

BendingAngleCheck := ShearCheck($fMn, Muangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle or length of angle

AISC G: Shear Check

Cv:=10
Aw = tlw = 4.5 in’
(G2-1) ¢dsanglevn = ¢Sang|e[(D.6[EFym\w[([:v =972 kips

ShearAngleCheck := ShearCheck(dsangleVn,Vangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle or width of angle.
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Designer: Paul Coulston ORIGIN:= 1
Project Name: Oseligee Creek Bridge

Job Number:

Date: 11/2/2010

Description of worksheet: This worksheet is a seismic bridge design worksheet for the

AASHTO LRFD Bridge Design Specification. All preliminary design should already
be done for non-seismic loads.

Project Known Information

Location: Chambers County
Zip Code or Coordinates: 35.0069 N 88.2025 W

Superstructure Type: AASTHO | girders
Substructure Type: Circular columns supported on drilled shafts
Abutment Type: Abutment beam supported on drilled shafts

Note: Input all of the below information.

fc:= 4000 psi
fye:= 60000 psi
Ib
Pconc -= 0.08681 —3
in
in
g:=3864 -
s
Length of Bridge (ft) L := 240 ft
Span (ft) Span := 80 ft
Deck Thickness (in) tgeck = 7 in
Deck Width (ft) DeckWidth := 32.75 ft
I-Girder X-Sectional Area (in2) IGirderArea:= 559.5 in2
Guard Rail Area (in? GuardRailArea:= 310 in2
Bent Volume (ft3) BentVolume := 5[4[30 = 600
Column Diameter (in) Columndia:= 42 in
Drilled Shaft Diameter (in) DSdia:= 42 in
Drilled Shaft Abutment Diameter (in) DSabutdia:= 42 in
Average Column Height (ft) ColumnHeight := 22 ft
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.2
. Columndia
Column Area (in2) Acolumn = Columndia =1.385x 103 in2
.2 .2
. __ DSdiam _ 3 in
Drilled Shaft Area (in?) Adrilledshaft := ——=— = 1.385x 10
.2
_ DSabutdia i _ 3 .2
Drilled Shaft Abutment Area (in2) Adsabut := 4 =1385x 10 n

Note: These are variables that were easier to input in
ft and then convert to inches.

Span := Span12 = 960 in
L:=LO2=288x 103 in
DeckWidth := DeckWidth(12 =393 in

3 6 .3
BentVolume := BentVolumel2™ =1.037x 10 in

ColumnHeight := ColumnHeight[12 = 264 in

Steps for Seismic Design

Use Appendix A3 Seismic Design Flowcharts

Description of Difference from Guide Specification

The LRFD Specification is a force based approach to design verses the Guide Specification which is a
displacement based approach. The LRFD Specification has an Response Modification Factor (R) that
will be used in calculating the loads applied to the structure.

Article 3.10.1: Earthquake Effects - This is just the applicability of the Specifications.

Article 3.10.2: Determine Design Response Spectrum

Note: AASHTO Guide Specifications for LRFD Seismic Bridge Design is accompanied
with a program that has the Seismic Hazard maps. This program will calculate several
of the variables that are needed for the analysis.

1) Article 3.10.3.1:Determine the Site Class.

INPUT Site Class: D
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2) Enter maps and find PGA, S_,and S;. Then enter those values in their respective spot.

PGA := 0116 g

INPUT S=0272 ¢

$:=0092 ¢

3) Article 3.10.3.2: Site Coefficients. From the PGA,S,, and S, values and site class
choose Fpa, Fyy and F,. Note: straight line interpolation is permitted.

INPUT __
Fy =158
Fyi=24
Asi= FpgalPGA =0.182 g A, : Acceleration Coefficient
SDS:= Fal5s =043 ¢ Spg = Short Period Acceleration Coefficient
SD1:=F,[$;=0221 ¢ Sp; = 1-sec Period Acceleration Coefficient
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4) Creating a Response Spectrum

Note: The DesignSpectrum Code creates a Response Spectrum for the Bridge. At this time
the period of the bridge is unknown; therefore, the Sa value cannot be calculated.

Tmax:=2 s Dt:= 0.001 s
SD1
DesignSpectrum( SDS, SD1,A., Tmax, Dt} = | Te « ——
gnSp ( S ) S oos
To < 020
N Tmax
max Dt

for id1.. Nmax

Ti ~ Dt

a - (SDS—AS)dDTL[D +Ag if DUI<T,
0]

a « SDS if Dtil= T, ODtI< Tg
SD1

a « —= if Dt>Tg
' Dt

R « augment(T,a)
R

BridgeSpectrum := Desi gnSpectrum(SDS, SD1,Ag, Tmax, Dt)

Response Spectrum
0.5 T T T

Response Spectral Acceleration, Sa (g)

0.1 I I I
0 0.5 1 15 2

Period (secs)
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Article 3.10.6: Selection of Seismic Performance Zones

SD1=0221 ¢ From Table 3.10.6-1 Choose SPZ

SDCprogram(SD1) := | for ¢ SD1

c -~ "1" if SD1<0.15
c "2" if SD1>0.150SD1<0.3

c "3 if Sb1>030SD1<05
c - "4" if SD1>05
Rs « ¢

SDC := SDCprogram(SD1) ="2"

Article 3.10.5: Bridge Importance Category

Operational Classified: Other bridges

Article 3.10.7: Response Modification Factors

For Substructures: Table 3.10.7.1-1

Multiple Column Bents Raup = 50

For Connections: Table 3.10.7.1-2

Superstructure to Abutment Raputment := 08
Columns to Bent Cap Rcolumncap =10

Column to foundation Rfoundation =10
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Article 4.7.4.3: Multispan Bridges
Article 4.7.4.3.1 Selection of Method

Refer to Table 4.7.4.3.1-1 to select the required analysis procedure. This a function of seismic
performance zone, regularity, and operational classification. For the worst case in Alabama, we
can use either the Uniform Load Elastic Method or Single-Mode Elastic Method.

Note: There are two methods that can be used according to this procedure. The Uniform Load Method is
suitable for regular bridges that respond principally in their fundamental mode of vibration. The Single
Mode Spectral Method may be a better method if there is a major change in the spans, stiffness of the

piers, etc.
The Uniform Load Method is simpler and less time consuming and will give accurate results, and this is

the reason it has been chosen in this design.

Article 4.7.4.3.2c Uniform Load Method

Step 1: Build a bridge model
Step 2: Apply a uniform load of Po = 1.0 kip/in. in both the longitudinal and transverse direction.

Also, the uniform load can be converted into point loads and applied as joint loads in
SAP. Calculate the static displacement for both directions. In SAP, tables of the
displacements can be exported to EXCEL, and the MAX Function can be used to find the

maximum displacement.

Step 3: Calculate the bridge lateral stiffness, K, and total weight, W.

kip
=10 —
Po in
UgmaxLong = 1671281 in
INPUT
VgmexTran = 3228449 in
PolL ki
Kl opng= ———— = 1.723x 10° s
ong (V] n
smaxLong
PolL ki
Kpan = = 892.069 s
VsmaxTran n

INPUT: Multiplying factors

+ L[40GirderArea + 2[GuardRail Arealll
1000

pconc%”- FyeckDeckWidth + 2BentVolume + 4[AcolumnColumnHeight )

W=

W = 1709.336 kips
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Step 4: Calculate the period, T,

W
T =2n——— =0318 s
mLon
g J KLong@

Step 5: Calculate equivalent static earthquake loading p,.

sb1
a0q(SDS, SDL, Ty gngrAg) = | Ts = s

Ty « 02T

for ad TmLong

T
mLong .
a - (SDS- AS)EIT— *+ Ag it Tmiong<To
(o]

a .« SDS if Ty ong=To DTmiong< Ts

Sb1 .
a~ —T if TmLong >Tg
mLong
Ra ~ a
a
CSM|_ g = @0(SDS, SDL, Ty gngs Ag) = 043
_ CsmpgpgW kip
PeLong= ——— — =025 —

Step 6: Calculate the displacements and member forces for use in design by applying p, to
the model or by scaling the results by p,/p,.

p
el.ong o
Po

\Y =0.426 in

smaxLong -~ smaxLong

Repeat Steps 4, 5, and 6 for transverse loading.

Step 4: Calculate the period, T

W
T =210 =0442 s
mTran
\J KTrand
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Step 5: Calculate equivalent static earthquake loading p,.

CSMyygn = @00(SDS, SDL, Tryrran. Ag) = 043

Cam W
Tran
peTran = f =0.255 -

Step 6: Calculate the displacements and member forces for use in design by applying p, to
the model or by scaling the results by p,/p,.

PeTran

VemaxTran == p— smaxTran = 0-823 in
0

Single-Mode Spectral Method

Article 4.7.4.3.2: Single-Mode Spectral Method

Step 1: Build a bridge model

Step 2: Apply a uniform load of Po = 1.0 in both the longitudinal and transverse direction.
Calculate the static displacement for both directions.

Step 3: Calculate factors a, 3, and y.

Note: The Deflection equations come from analysis of the SAP model. The displacement is
taken at the joints along the length of the bridge and input into an Excel Worksheet. Then a

graph is created of the displacements along the length of the bridge. A best fit line is plotted,
and that is the equation that is shown below.

-6_2 -8_2 -5
Vtran®) = 100 “X° + 0.0034[X - 0.2945 Vgong(X) = —210 "X+ 610 (X + 1.5856
L rL
C4.7.4.3.2b-1 OTran ::J Vegran(®) dx Y ong'= | Vdong® X
0 70
rL W rL W
C4.7.43202 By = T Vetran®) dx BLong™= | T Mslong®) &
70 70
rL W rL W
— 2 . _ 3 o 2
C4.7.4.3.2b-3 YTran = Tmstran(x) dx =6.739x 10 YLong = Tmslong(x) dx
70 70
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a = Displacement along the length
B = Weight per unit length * Displacement
y = Weight per unit length * Displacement?

Step 4: Calculate the Period of the Bridge

VTran
TrTrant = 270 ———— = 0.361 s
Pod0Tran
Lon
TrnLongt = 270 ———— = 0313 s
P09y ong

Step 5: Calculate the equivalent Static Earthquake Loading

C = ace(SDS, SDL, Ty ong1:Ag) = 043

smLong *

Step 6: Calculate the displacements and member forces for use in design by applying p, to
the model or by scaling the results by p,/p,.

S} [C
PelL.ong(x) := “Long “smong EI\I/_—V Ny Ong(x)

Long
PelLong(x) — 0.0000094657649785618823161% + —3.1552549928539607726-9&2 + 0.25014861583346201
L

"~ 100
i:=1.101

Pelongi = PeLong[ (i — 1)dW] 6Iongi = Vslong[(i - 1)dwW]

Alongi = PelongiEBIongi
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Force Along the Length

| |
2
g 0.2 —
@D
(&)
5 0.1+ =
L
| |
0 1x10° 2%10°
Length (in)
Deflection Along the Length
0.4 T T
=
g 0.41 =
B i
T 0.4
&)
0.3 ' L
0 1x10° 2x10° 3x10°
Length (in)

Maximum Deflection
max(Along) = 0.419 in

NOTE: Repeat Steps 5 and 6 for Transverse Direction.

Step 5: Calculate the equivalent Static Earthquake Loading

CemTran = @9(SDS, SDL, Tyrrang Ag) = 043

Step 6: Calculate the displacements and member forces for use in design by applying p, to

the model or by scaling the results by p,/p,.

BrranCsmTran W
PeTran(x) := MB—Nﬁraﬂ(x)
YTran L

PeTran(x) — 0.00040401585387083704979[X + —1.1882819231495207347&7ISk2 — 0.034994902636753385636
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L
100

i:=1.101

Petrani = PeTran[(i — 1)[dL] 6trani "= Vgtrgnl (i — 1)dL]

Atrani = Petrani [E&trani

Force along the Length

0.3~

Force (kips)
|

0.1~

0 1x10° 2x10°

Length (in)

Deflection along the Length
1 T T

0.8
0.9
0.4~

Deflection (in)

0.2~

0 1x10° 2x10° 3x10°

Length (in)

Maximum Deflection

max(Atran) = 0.801 in

145




Appendix B: Oseligee Creek Bridge LRFD Specification Design

Article 3.10.8: Combination of Seismic Force Effects

ki
LoadCasel := J (10®grran)” + (03Peong)” = 0266 s
in
ki
LoadCase2 := J (10Bg ong)” + (0:3Perran)” = 0266 s
in
Article 3.10.9.3: Determine Design Forces
MaxLoadCase(x,y) := |a « x if x=2y
a—yify=x
a .
kip
NominalForce := MaxLoadCase(LoadCasel, LoadCase2) = 0.266 in

Note: The Req values are factors that will be used to multiple loads that come out of SAP 2000. The
NominalForce variable is truly just a factor also. It is easier to apply these factors to the loading for po
than to change the loading in SAP 2000 because if an error is made in calculating pe then the loads
will have to re-entered.

__ NominalForce

Multiple Column Bents Redsybstructure = R =0.053

sub

Note: Article 3.10.9.3 specifies that the Drilled shafts be designed for half of the R value. R/2 also must
not be taken less than 1.

Nominal Force

Redpyilledshafts = — 5 - 0107
Rgp©-5
Connections
Nominal Force
Superstructure to Abutment Redsybtoabutcon = m =0.333
NominalForce
Columns to Bent Cap Reqcoltocapcon = R— = 0.266

columncap

Nominal Force

Column to foundation Re&0coltofoundcon = = 0.266

Rfoundati on
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LOADS FOR DESIGN

NOTE: All the loads calculated in this section are for a single column or drilled shatft.

COLUMN SHEAR PROGRAM

Shear(Vu, Regsubstructure) := |a « VulRegsubstructure

a

AXIAL LOAD PROGRAM
Pd
PDEAD(Peq, Pd, Rsub, Regsubstructure) := a (‘ PeqRegsubstructure — ED
su

a

Note: The axial load program calculates the minimum axial load on the column. This will needed later
in the design process.

BENT 2

Note: Input the maximum shear value between all the columns in the bent from SAP which have not been
multiplied by pe/po or divided by the R factor. This will be taken care of in one of the equations below.

INPUT  Vugepo = 523 kips

Note: The Axial load consists of both the Earthquake effect and dead load effect. It should be the
minimum axial load the column will encounter during an earthquake.

INPUT Puedggnto = 1045 kips

INPUT Pudeadg g0 1= 285 kips

Note: Input the correct variables into the below program to get the axial load in the column or drilled shaft.

INPUT PUMiNg gy := PDEAD(PUedgenp, Pudeadg ento: Re s R ibstructure) = 1-343 kips

INPUT  ColumnHeightg oo := 18 ft

Note: Input the correct variables into the below program to get the shear in the column or drilled shaft.

INPUT

Vucolgegnto = Shear(VUBentZ'Reqsubstructure) =27.855 kips
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BENT 3

Note: Input the maximum shear value between all the columns in the bent from SAP which have not been
multiplied by pe/po or divided by the R factor. This will be taken care in of one of the equations below.

Note: The Axial load consists of both the Earthquake effect and dead load effect. It should be the
minimum axial load the column will encounter during an earthquake.

INPUT Puegggnt3 == 540 kips

INPUT Pudeadg g3 1= 292 kips

Note: Input the correct variables into the below program to get the axial load in the column or drilled shaft.

INPUT PUMiNg g3 := PDEAD(PUedgenig, Pudeadg ents, Re iy R ibstructure) = 29-639  kips

INPUT  ColumnHeightg o3 = 25.834  ft

Note: Input the correct variables into the below program to get the shear in the column or drilled shaft.

INPUT

Vucolgentz = Shear(VUBentS'Reqsubstructure) =14.114 kips

DRILLED SHAFT 2

INPUT  Puegpg := 1045 kips

INPUT Pudeadp g := 285 kips

Note: Input the correct variables into the below program to get the axial load in the column or drilled shaft.

INPUT Puminpg, := PDEAD(Puedp gy, Pudeadn s, Ry, ReUpyijedshafts) = 54-314 kips

INPUT  ColumnHeightyg, = 7.9 ft
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Note: The drilled shaft is design for an R/2; therefore, the shear in the column can be doubled to equal
the design shear for the drilled shaft.

INPUT Vupgp = Vucolggniol2 = 55.71 kips

DRILLED SHAFT 3

INPUT Pudeadpy gz := 292 kips

Note: Input the correct variables into the below program to get the axial load in the column or drilled shaft.

INPUT Puminp g3 := PDEAD(Puedp s, Pudeadp s, Ry iy, ReUpyiedshafts) = 0-879 kips

INPUT  ColumnHeightyggz == 8 ft

Note: The drilled shaft is design for an R/2; therefore, the shear in the column can be doubled to equal
the design shear for the drilled shaft.

INPUT Vupgg = Vucolggnt3l2 = 28.228 kips

ABUTMENT DRILLED SHAFTS

Note: Input the loads from SAP which have not been multiplied by pe/po or divided by the R factor. This
will be taken care of one of the equations below.

INPUT VUppyt -= 400 kips

INPUT  ColumnHeighta p, + := 11.5 ft

Note: Input the correct variables into the below program to get the shear in the column or drilled shaft.

INPUT

Vipsaput = Shear(VuAbut'Reqsubtoabutcon) = 133151 kips
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Article 4.7.4.4: Minimum Support Length Requirements
Note: May need to add more calculations if column heights are different at the bents.

N (in) = Minimum support length measured normal to the bridge
L (ft) = Length of bridge to adjacent expansion joint or end of the bridge

H (ft) = average height of columns supporting bridge deck for abutments
for columns and piers = column height

S (Degree) = angle of skew

Abutment Support Length Requirement

Span _ ColumnHeight _

an =——=80 ft H =
Sp abutment 12 abutment 12

22

Note: The Span is divided by number of spans and inches.

abutment

Skew gy tment == 0 Degrees

. 2) _ :
Nabutment := 1508 + 0.02Spanyy, jyment + 0.08Habutmem)E€l + 0.000125SKeW ) jiment ) =17.04 in

Bent Support Length Requirement

BENT 2
INPUT  Spang o = 20 =80 ft
12
Note: The Span, ;iment IS divided by number of spans and inches.

INPUT Hgent := 18 ft INPUT: Column Height for this Bent

INPUT  Skewggt:= 0  Degrees

. 2) s
Npent == L5If8 + 0.02Spang ey + 0.08HBem)[€1 + 0.000125Skewg ot ) = 16.5¢in

ft
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BENT 3

INPUT  Spangy = % =80 ft

Note: The Span is divided by number of spans and inches.

abutment

INPUT Hpent := 25.834 ft INPUT: Column Height for this Bent

INPUT  Skewgg =0 Degrees

. 2) _ :
Npent == L5If8 + 0.02Spang ey + 0.08HBem)[€1 + 0.000125Skewg ot ) =175  in

BENT 2 DESIGN
Article 5.10.11.3: Provisions for Seismic Design for Seismic Zone 2

Article 5.10.11.3: Longitudinal Reinforcement

= 1.56 in2

Alongbar -

INPUT Nbars =12

INPUT  Ads:= Acolumn

— _ .2
AIongrei nforcing -~ AlongbarENbars =18.72 in

Minimum Longitudinal Reinforcing Check

Checkleastlongreinforcing(Ag, Along) := |a — "OK" if Along= Agl0.01
a « "Increase Longitudinal Reinforcing Ratio" if Along < 0.01[Ag

a

MinLongRatio := Checkleastlongreinforci ng(AdS'Alongrei nforci ng) ="0K"

Note: If the Minimum Longitudinal Reinforcing program returns "Increase Longitudinal Reinforcing”,
either decrease the section size (Ag) or increase the longitudinal reinforcing (Abl and NumberBars in
the inputs.
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Maximum Longitudinal Reinforcing Check

Checkmaxlongreinforcing(Ag,Along) .= |a « "OK" if Along < 0.06[Ag
a  "Decrease Longitudinal Reinforcing Ratio” if Along > 0.06[Ag

a

MaxLongRatio := Checkmaxlongreinforci ng(Ads, Al ongreinforci ng) ="0K"

Note: If the Maximum Longitudinal Reinforcing program returns "Section Over Reinforced", either
increase the section size (Aq) or decrease the longitudinal reinforcing (Abl and NumberBars) in the
inputs.

Article 5.10.11.4.1b: Flexural Resistance

Check biaxial strength of columns shall not be less than that required for flexure, as specified in
Article 3.10.9.4.

Flexural Resistance check can be done using some kind of Column Design Program. PCA Column
was used for this project. After creating an interaction diagram, verify that all the critical load
combinations fall within the diagram.

Article 5.10.11.4.1c: Column Shear and Transverse Reinforcement

Note: This is for the end regions of the column.

Article 5.8.3.3: Nominal Shear Resistance

Vu:= Vucolggnio = 27.855 kips

Puming gntp = 1.343 kips

INPUT bv := Columndia bv: effective width

INPUT bg:=09

INPUT s=4 in s: Spacing of hoops or pitch of spiral (in)

INPUT Asp:= .31 in2 Asp: Area of spiral or hoop reinforcing (in2)

INPUT Dsp := 0.625 in Dsp: Diameter of spiral or hoop reinforcing (in)

INPUT Cover .= 6 in Cover: Concrete cover for the Column (in)

INPUT Dprime := 30 in Dprime: Diameter of spiral or hoop for circular columns (in)
INPUT dp = 141 in d,,: Diameter of the longitudinal bar
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Note: B and 6 come from Article 5.8.3.4.1

B:=20

T @5=0785 rad
180

Note: Dr, de, and dv equations come from Article 5.8.2.9.

d
Dr = bv—Cover—Dsp—%zM.G? in

(Equation: C5.8.2.9-2) de:= bv + br =32.036 in
2 T

dv:=09de=28.832 in

Article 5.10.11.4.1c:

VcProgram(fc, 3,bv,dv,Ag,Pu) := |p « Pu

f
0.0316[B0] —— bydv
1000

V <
fc
c « 0.1[AgH—
1000
x - P
c

a<vifp>c
a-xifpsc

a

Note: The area of the Column and the Axial Load for this column need to be input into the Vc equation
that calls the program above.

V= VcProgram(fc, B,bv,dv,Acqumn,PuminBemz) =0.371 kips
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f
2Asp51(3)’—oe0 dviEot(6)
Eq. 5.8.3.3-4 VA= =268.14  kips
S
Eq. 5.8.3.3-1 V= (Vo + V)b =24166  kips

ShearCheck(oVn, V) = |a — "OK" if ¢VnzV,
a « "FAILURE" if ¢Vn<V
a
Shearcheck := ShearCheck(q)Vn,Vu) ="0OK"
Note: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforcing

(Asp), increase the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.

Article 5.10.11.4.1c Length of End Region (Plastic Hinge Region)

End region is assumed to extend from the soffit of girders or cap beams at the top of the columns or
from the top of foundations at the bottom of columns.

EndRegionProgram(d,H) := |x ~ d
1

«~ —HO2
y 6
z ~ 18

a « max(x,y,2)

a

LendgthEndRegion := EndRegionProgram(CoI umndia, ColumnHeightBentz) =42 in

Article 5.10.11.4.3: Column Connections

Extension into Top and Bottom Connections

Note: This needs to be done whenever the column dimension changes.
ExtensionProgram(d) := |z —~ 15

1
X « —[d
2
a — max(z,x)

a

Extension := ExtensionProgram(Columndia) = 21 in

154




Appendix B: Oseligee Creek Bridge LRFD Specification Design

Article 5.10.11.4.1e: Spacing of Transverse Reinforcement for Confinement
Transverse Reinforcement for Confinement

Maximum Spacing of Lateral Reinforcing in Plastic Hinge Region

Shall Not Exceed the Smallest of:

1
Spacingprogram(Columndia) := | X « z[([:olumndia

y < 4
a — min(x,y)
a
MaximumSpacing := Spacingprogram(Columndia) = 4 in
SpacingCheck(MaximumSpacing,s) := |a « s if s< MaximumSpacing

a « MaximumSpacing if s> MaximumSpacing
a

FINALSPACING := SpacingCheck(MaximumSpacing,s) = 4 in

scheck := ShearCheck(MaximumSpacing, s) = "OK"

Note: If scheck returns "Failure”, increase the spacing of shear reinforcing spacing (s). The
spacing value may be FINALSPACING, but verify this works for all other checks.
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Article 5.10.11.4.1d: Transverse Reinforcement for Confinement at Plastic Hinges

Required Volumetric Ratio of Spiral or Seismic Hoop Reinforcing

4TA
L

Ps sDprime

RatioProgram(fc,fy,pS) =1z - 0.12%

a« "OK" if pg>2z
a « "Increase Transverse Reinforcing Ratio”  if pg<z

a

Checkpg = RatioProgram(fc, fye, ps) ="OK"

Note: If the minimum transverse reinforcement program responses "Increase Transverse
Reinforcing Ratio", it is recommended to decrease the spacing (s) or increase the area of the
transverse reinforcement (Asp) in the inputs.

Note:These Requirements need to be checked and satisfied.

Cross-tie Requirements:
1) Continuous bar having a hook of not less than 135 Degrees with an extension
NOT less than 6*d,, or 3 in. at one end and a hook of NOT less than 90 Degrees
with an extension of NOT less than 6*d, at the other end.

2) The hooks must engage peripheral longitudinal bars.
3) The 90 Degree hooks of two successive cross-ties engaging the same longitudinal
bars shall be alternated end-for-end.

Hoop Requirements

1) Bar shall be a closed tie or continuously wound tie.
2) A closed tie may be made up of several reinforcing elements with 135 Degree
hooks having a 6*d,, but NOT less than 3 in. extension at each end.

3) A continuously wound tie shall have at each end a 135 Degree hook with a 6*d,
but NOT less than 3 in. extension that engages the longitudinal reinforcement.

Article 5.10.11.4.1f: Splices

Lap Splices in longitudinal reinforcement shall not be used in plastic hinge region.
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Nominal Shear Resistance for members OUTSIDE Plastic Hinge Region.

5.8.3.3 Nominal Shear Resistance

INPUT Vu

sub -= Vucolggnio = 27.855 kips

INPUT  spaceNOhinge:= 12 in

Note: B and 6 come from Article 5.8.3.4.1

B:=20

T @5=0785 rad
180

Note: Dr, de, and dv equations come from Article 5.8.2.9.

dp)
Dr = bv—Cover—Dsp—7:34.67 in
Eq. C5.8.2.9-2 de:= % + 2 3036 in
LS

dv:=09de=28.832 in

f
Eq. 5.8.3.3-3 V= 0.0316[B0] ——bvidv = 153.065  kips
1000
f
Asp[-»lg’—oeodv@ot(e)
Vo= = 44.69 kips
Eq.5.8.3.3-4 s 7 gpaceNOhinge P
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OV = (Vo + Vg = 177979 kips

ShearCheck(oVn, V) = |a — "OK" if ¢VnzV,
a — "FAILURE" if ¢Vn<V,

a

Shearcheck := ShearCheck(q)Vn,Vusub) ="0K"

Note: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforcing
(Asp), increase the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.

5.8.2.5 Minimum Transverse Reinforcement

fc b NOh
Eq. 5.8.2.5-1 Avmin = 0.03160] — o VSpaceNoninge _ ) oo in?
1000 fye
1000
2
Av = 2[Asp = 0.62 in

TranCheck(Avmin, Av) = "Decrease Spacing or Increase Bar Size" if Avmin > Av

a—
a < "OK" if Avmin<Av
a

MinimumTran := TranCheck(Avmin, Av) = "OK"

Note: If the minimum transverse reinforcement program responses "Decrease Spacing or
Increase Bar Size", it is recommended to decrease the spacing (spaceNOhinge) or increase the
area of the shear reinforcement (Asp) in the inputs.
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5.8.2.7 Maximum Spacing of Transverse Reinforcement

Vu
EQ. 58291 wvui= — 0

=— =0.026 ksi
bbvldv

. fc
spacingProgram(Vu, dv,fc) := |v « 0.125[-!%
q < 0.8dv

r — 0.4ldv
z—qifqgs24
z-24 ifg>24
t—rif r<i2

t <12 if r>12
a~—z if Vu<v

a~tif Vuxv

a

MaxSpacing := spacingProgram(vu, dv,fc) = 23.066 in

Spacecheck(MaxSpacing,s) := |a « s if s< MaxSpacing
a — MaxSpacing if s> MaxSpacing
a

MAXSPACING := Spacecheck(MaxSpacing, spaceNOhinge) = 12 in

scheck := ShearCheck(MAXSPACING, spaceNOhinge) = "OK"

Note: If scheck returns "Failure”, change the spacing of shear reinforcing spacing (spaceNOhinge).
The spacing value may be MAXSPACING, but verify this works for all other checks.
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BENT 3 DESIGN
Article 5.10.11.3: Provisions for Seismic Design for Seismic Zone 2

Article 5.10.11.3: Longitudinal Reinforcement

W .2
Alongbar = 1.56 n

INPUT Nbars =12

INPUT  Ads:= Acolumn

— _ .2
AIongrei nforcing -~ AlongbarENbars =18.72 in

Minimum Longitudinal Reinforcing Check

MinLongRatio := Checkleastlongreinforci ng(AdS'Alongrei nforci ng) ="0K"

Note: If the Minimum Longitudinal Reinforcing program returns "Increase Longitudinal Reinforcing"”,
either decrease the section size (Ag) or increase the longitudinal reinforcing (Abl and NumberBars in
the inputs.

Maximum Longitudinal Reinforcing Check
MaxLongRatio := Checkmaxlongreinforci ng(AdS'Alongrei nforci ng) ="0K"
Note: If the Maximum Longitudinal Reinforcing program returns "Section Over Reinforced", either

increase the section size (Ag) or decrease the longitudinal reinforcing (Abl and NumberBars) in the
inputs.

Article 5.10.11.4.1b: Flexural Resistance

Check biaxial strength of columns shall not be less than that required for flexure, as specified in
Article 3.10.9.4.

Flexural Resistance check can be done using some kind of Column Design Program. PCA Column
was used for this project. After creating an interaction diagram, verify that all the critical load
combinations fall within the diagram.

160




Appendix B: Oseligee Creek Bridge LRFD Specification Design

Article 5.10.11.4.1c: Column Shear and Transverse Reinforcement

Note: This is for the end regions of the column.

Article 5.8.3.3: Nominal Shear Resistance

Vuco'BentS =14.114

Pumi NBent3 = 29.639

INPUT bv := Columndia

INPUT bg:=09

INPUT si=4 in

INPUT  Aspi= 31 in’

INPUT Dsp:=0.625 in

INPUT Cover:= 6 in
INPUT Dprime:= 30 in
INPUT dp =141 in

kips

kips

bv: effective width

s: Spacing of hoops or pitch of spiral (in)

Asp: Area of spiral or hoop reinforcing (in2)

Dsp: Diameter of spiral or hoop reinforcing (in)
Cover: Concrete cover for the Column (in)
Dprime: Diameter of spiral or hoop for circular columns (in)

d,,: Diameter of the longitudinal bar

Note: B and 6 come from Article 5.8.3.4.1

B:=20

T @5=0785 rad
180

Note: Dr, de, and dv equations come from Article 5.8.2.9.

dp

b
Dr = bv—Cover—Dsp—7:34.67 in

Eq. C5.8.2.9-2 de=

2

br =32036 in
T

dv:=09de=28.832 in
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Article 5.10.11.4.1c: Column Shear and Transverse Reinforcement

INPUT Vi = VcProgram(fc, B,bv,dv,Acqumn,PuminBems) = 8.186 kips
f
2Asp51(3)’—oe0 dvidot(6)
Vgi= =268.14 kips
s

OV = (Vo + Vb= 248694 kips
Shearcheck := ShearCheck(q)Vn,Vu) ="0OK"

Note: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforcing
(Asp), increase the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.

Length of End Region (Plastic Hinge Region)

End region is assumed to extend from the soffit of girders or cap beams at the top of the columns or
from the top of foundations at the bottom of columns.

LendgthEndRegion := EndRegionProgram(CoI umndia, ColumnHeightBent3) =51.668 in

Article 5.10.11.4.3: Column Connections

Extension into Top and Bottom Connections

Note: This needs to be done whenever the column dimension changes.

Extension := ExtensionProgram(Columndia) = 21 in

162




Appendix B: Oseligee Creek Bridge LRFD Specification Design

Article 5.10.11.4.1e: Spacing of Transverse Reinforcement for Confinement

Transverse Reinforcement for Confinement

Maximum Spacing of Lateral Reinforcing in Plastic Hinge Region

MaximumSpacing := Spacingprogram(Columndia) = 4 in

FINALSPACING := SpacingCheck(MaximumSpacing,s) = 4 in

scheck := ShearCheck(MaximumSpacing, s) = "OK"

Note: If scheck returns "Failure”, increase the spacing of shear reinforcing spacing (s). The
spacing value may be FINALSPACING, but verify this works for all other checks.

Article 5.10.11.4.1d: Transverse Reinforcement for Confinement at Plastic Hinges

Required Volumetric Ratio of Spiral or Seismic Hoop Reinforcing

4[Asp

—— =001
siDprime

ps:=

Checkpg = RatioProgram(fc, fye, ps) ="OK"

Note: If the minimum transverse reinforcement program responses "Increase Transverse
Reinforcing Ratio", it is recommended to decrease the spacing (s) or increase the area of the
transverse reinforcement (Asp) in the inputs.
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Note:These Requirements need to be checked and satisfied.

Cross-tie Requirements:

1) Continuous bar having a hook of not less than 135 Degrees with an extension
NOT less than 6*d,, or 3 in. at one end and a hook of NOT less than 90 Degrees

with an extension of NOT less than 6*d, at the other end.

2) The hooks must engage peripheral longitudinal bars.
3) The 90 Degree hooks of two successive cross-ties engaging the same longitudinal
bars shall be alternated end-for-end.

Hoop Requirements

1) Bar shall be a closed tie or continuously wound tie.
2) A closed tie may be made up of several reinforcing elements with 135 Degree
hooks having a 6*d,, but NOT less than 3 in. extension at each end.

3) A continuously wound tie shall have at each end a 135 Degree hook with a 6*d,
but NOT less than 3 in. extension that engages the longitudinal reinforcement.

Article 5.10.11.4.1f: Splices

Lap Splices in longitudinal reinforcement shall not be used in plastic hinge region.

Nominal Shear Resistance for members OUTSIDE Plastic Hinge Region.

5.8.3.3 Nominal Shear Resistance

INPUT Vug p = Vucolggni3 = 14.114 kips

INPUT  spaceNOhinge:= 12 in

Note: B and 6 come from Article 5.8.3.4.1

B:=20

T @5=0785 rad
180
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Note: Dr, de, and dv equations come from Article 5.8.2.9.

dp)
Dr = bv—Cover—Dsp—7:34.67 in
Eq. C5.8.2.9-2 de:= % + 2 3036 in
s

dv:=09de=28.832 in

f
Eq. 5.8.3.3-3 V= 0.03160B0] ——bvidv = 153.065  kips
1000
f
Asp[-»lg’—oeodvmot(e)
V.= =44.69 kips
Eq. 5.8.3.3-4 5= 7 spaceNOhinge P

OV = (Vo + Vb= 177979 kips
Shearcheck := ShearCheck(q)Vn,Vusub) ="0K"

Note: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforcing
(Asp), increase the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.

5.8.2.5 Minimum Transverse Reinforcement

fc b NOhi
Eq. 5.8.2.5-1 Avmin = 0.03160] — o vSpaceNoninge _ ) oo in?
1000 fye
1000
2
Av = 2[Asp = 0.62 in

MinimumTran := TranCheck(Avmin, Av) = "OK"

Note: If the minimum transverse reinforcement program responses "Decrease Spacing or
Increase Bar Size", it is recommended to decrease the spacing (spaceNOhinge) or increase the
area of the shear reinforcement (Asp) in the inputs.
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5.8.2.7 Maximum Spacing of Transverse Reinforcement

Vu
Eq. 58291 vui= —° —0013 ks
bbvldv
MaxSpacing := spacingProgram(vu, dv,fc) = 23.066 in

Spacecheck(MaxSpacing,s) := |a « s if s< MaxSpacing
a — MaxSpacing if s> MaxSpacing

a

MAXSPACING := Spacecheck(MaxSpacing, spaceNOhinge) = 12 in
scheck := ShearCheck(MAXSPACING, spaceNOhinge) = "OK"

Note: If scheck returns "Failure”, change the spacing of shear reinforcing spacing (spaceNOhinge).
The spacing value may be MAXSPACING, but verify this works for all other checks.

DRILLED SHAFT DESIGN
DRILLED SHAFT 2

Article 5.13.4.6.2b: Cast-in-place Piles

= 1.56 in2

Alongbar -

INPUT Nbars =12

INPUT  Ads:= Adrilledshaft

— _ .2
AIongrei nforcing -~ AIongbar['}"bars =18.72 in
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Note: Article 5.13.4.6.2b only has a provision for the minimum amount of longitudinal reinforcing. This
minimum reinforcing check only applies to the FIRST 1/3*PILE LENGTH OR 8 FT.

CHECK: There also needs be a check made if the column Diameter is less than 24.0 in. For these
drilled shafts, spiral reinforcement or equivalent ties of not less than No. 3 bars shall be provided at pitch
not exceeding 9.0 in., except that the pitch shall not exceed 4.0 in. within a length below the pile cap
reinforcement of not less than 2.0 ft or 1.5 pile diameters, whichever is greater.

Minimum Longitudinal Reinforcing Check ( First 1/3*Pile Length or 8 ft)

Checkleastlongreinforcing(Ag, Along) := |a « "OK" if Along= Agl0.005
a « "Increase Longitudinal Reinforcing Ratio" if Along < 0.005[Ag
a

MinLongRatio := Checkleastlongreinforci ng( ="0K"

AdS, A ongreinforci ng)

Note: If the Minimum Longitudinal Reinforcing program returns "Increase Longitudinal Reinforcing"”,
either decrease the section size (Ag) or increase the longitudinal reinforcing (Abl and NumberBars in
the inputs.

Article 5.10.11.3: Longitudinal Reinforcement

Minimum Longitudinal Reinforcing Check

MinLongRatio := Checkleastlongreinforci ng( ="0K"

AdS, A ongreinforci ng)

Note: If the Minimum Longitudinal Reinforcing program returns "Increase Longitudinal Reinforcing”,
either decrease the section size (Ag) or increase the longitudinal reinforcing (Abl and NumberBars in
the inputs.

Maximum Longitudinal Reinforcing Check

MaxLongRatio := Checkmaxlongreinforci ng( ) ="0K"

AdS, A|ongreinforcing

Note: If the Maximum Longitudinal Reinforcing program returns "Section Over Reinforced", either
increase the section size (Aq) or decrease the longitudinal reinforcing (Abl and NumberBars) in the
inputs.
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5.8.3.3 Nominal Shear Resistance

INPUT Vugp = Vupgy = 55.71 kips

INPUT  spaceNOhinge:= 12 in s: Spacing of hoops or pitch of spiral (in)

INPUT bv := DSdia bv: effective width

INPUT Asp:= .31 in2 Asp: Area of spiral or hoop reinforcing (in2)

INPUT Dsp := 0.625 in Dsp: Diameter of spiral or hoop reinforcing (in)

INPUT Cover:= 6 in Cover: Concrete cover for the Column (in)

INPUT Dprime:= 30 in Dprime: Diameter of spiral or hoop for circular columns (in)
INPUT dp = 141 in d,,: Diameter of the longitudinal bar

Note: B and 6 come from Article 5.8.3.4.1

B:=20

T @5=0785 rad
180

Note: Dr, de, and dv equations come from Article 5.8.2.9.

dp
Dr := bv — Cover - Dsp—7—3467 in
Eq. C5.8.2.9-2 de = % + 2 _30% in
T

dv:=09de=28.832 in

Eq. 5.8.3.3-3 Vei= 0, 0316[;}3%/ bvidv = 153.065  kips
2AspEl—dvEtot(6)
Vo= =89.38 kips
Eq. 5.8.3.3-4 s spaceNOhinge P
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OV = (Vo + Vg = 2182 kips
Shearcheck := ShearCheck(q)Vn,Vu) ="0OK"

Note: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforcing
(Asp), increase the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.

5.8.2.5 Minimum Transverse Reinforcement

fc b NOhi
Eq. 5.8.2.5-1 Avmin = 0.03160] — o gvSpaceNoninge _ ) oo in?
1000 fye
1000
2
Av = 2[Asp = 0.62 in

MinimumTran := TranCheck(Avmin, Av) = "OK"

Note: If the minimum transverse reinforcement program responses "Decrease Spacing or
Increase Bar Size", it is recommended to decrease the spacing (spaceNOhinge) or increase the
area of the shear reinforcement (Asp) in the inputs.

5.8.2.7 Maximum Spacing of Transverse Reinforcement

Vu
Eq. 58291 vui= — —0051 ksi
bgbvidv
MaxSpacing := spacingProgram(vu, dv,fc) = 23.066 in
MAXSPACING := Spacecheck(MaxSpacing, spaceNOhinge) = 12 in

scheck := ShearCheck(MAXSPACING, spaceNOhinge) = "OK"

Note: If scheck returns "Failure”, change the spacing of transverse reinforcing spacing (spaceNOhinge).
The spacing value may be MAXSPACING, but verify this works for all other checks.
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DRILLED SHAFT 3

Article 5.13.4.6.2b: Cast-in-place Piles

1.56 in2

Alongbar =

INPUT Nbars =12

INPUT  Ads:= Adrilledshaft

— _ .2
AIongrei nforcing -~ AlongbarENbars =18.72 in

Note: Article 5.13.4.6.2b only has a provision for the minimum amount of longitudinal reinforcing. This
minimum reinforcing check only applies to the FIRST 1/3*PILE LENGTH OR 8 FT.

CHECK: There also needs be a check made if the column Diameter is less than 24.0 in. For these
drilled shafts, spiral reinforcement or equivalent ties of not less than No. 3 bars shall be provided at pitch
not exceeding 9.0 in., except that the pitch shall not exceed 4.0 in. within a length below the pile cap
reinforcement of not less than 2.0 ft or 1.5 pile diameters, whichever is greater.

Minimum Longitudinal Reinforcing Check ( First 1/3*Pile Length or 8 ft)

MinLongRatio := Checkleastlongreinforci ng(AdS'Alongrei nforci ng) ="0K"

Note: If the Minimum Longitudinal Reinforcing program returns "Increase Longitudinal Reinforcing”,
either decrease the section size (Ag) or increase the longitudinal reinforcing (Abl and NumberBars in
the inputs.

Article 5.10.11.3: Longitudinal Reinforcement
Minimum Longitudinal Reinforcing Check

MinLongRatio := Checkleastlongreinforci ng(AdS'Alongrei nforci ng) ="0K"

Note: If the Minimum Longitudinal Reinforcing program returns "Increase Longitudinal Reinforcing”,
either decrease the section size (Ag) or increase the longitudinal reinforcing (Abl and NumberBars in
the inputs.
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Maximum Longitudinal Reinforcing Check

MaxLongRatio := Checkmaxlongreinforci ng(Ads, Al ongreinforci ng) ="0K"

Note: If the Maximum Longitudinal Reinforcing program returns "Section Over Reinforced", either
increase the section size (Aq) or decrease the longitudinal reinforcing (Abl and NumberBars) in the
inputs.

5.8.3.3 Nominal Shear Resistance

INPUT Vugyp:= VUupgg = 28.228 kips

INPUT  spaceNOhinge:= 12 in s: Spacing of hoops or pitch of spiral (in)

INPUT bv := DSdia bv: effective width

INPUT Asp:= .31 in Asp: Area of spiral or hoop reinforcing (in2)

INPUT Dsp:= 0.625 in Dsp: Diameter of spiral or hoop reinforcing (in)

INPUT Cover := 6 in Cover: Concrete cover for the Column (in)

INPUT Dprime := 30 in Dprime: Diameter of spiral or hoop for circular columns (in)
INPUT dp = 141 in dy,: Diameter of the longitudinal bar

Note: B and 6 come from Article 5.8.3.4.1

B:=20

T @5=0785 rad
180

Note: Dr, de, and dv equations come from Article 5.8.2.9.
dp .
Dr = bv—Cover—Dsp—7:34.67 in

Eq. C5.8.2.9-2 de:= bv + br =32036 in

2 T

dv:=09de=28.832 in
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Eq. 5.8.3.3-3 V= 0.0316E[BD\/Ibvmiv =153065  kips
1000
2AspEl1f(3)/—0eodvEtot(6)
Eq. 5.8.3.3-4 Vgi= spaceNOhinge =89.38 kips
OV = (Vo + Vg = 2182 kips
OV = (Vg + Vg = 2182 kips

Shearcheck := ShearCheck(q)Vn,Vu) ="0OK"

Note: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforcing
(Asp), increase the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.

5.8.2.5 Minimum Transverse Reinforcement

fc _bvidpaceNOhinge
Eq. 5.8.2.5-1 Avmin := 0.0316 VP %® ~ o531
1000 fye
1000
2
Av = 2[Asp = 0.62 in

MinimumTran := TranCheck(Avmin, Av) = "OK"

Note: If the minimum transverse reinforcement program responses "Decrease Spacing or
Increase Bar Size", it is recommended to decrease the spacing (spaceNOhinge) or increase the

area of the shear reinforcement (Asp) in the inputs.
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5.8.2.7 Maximum Spacing of Transverse Reinforcement

Vu
Eq. 58291 vui= — — 006 ks
bbvldv
MaxSpacing := spacingProgram(vu, dv,fc) = 23.066 in

MAXSPACING := Spacecheck(MaxSpacing, spaceNOhinge) = 12

scheck := ShearCheck(MAXSPACING, spaceNOhinge) = "OK"

Note: If scheck returns "Failure”, change the spacing of transverse reinforcing spacing (spaceNOhinge).

The spacing value may be MAXSPACING, but verify this works for all other checks.

DRILLED SHAFT ABUTMENT

Article 5.13.4.6.2b: Cast-in-place Piles

= 1.56 in2

Alongbar -

INPUT Nbars =12

INPUT  Ads:= Adsabut

— _ .2
AIongrei nforcing -~ AlongbarENbars =18.72 in

Note: Article 5.13.4.6.2b only has a provision for the minimum amount of longitudinal reinforcing. This

minimum reinforcing check only applies to the FIRST 1/3*PILE LENGTH OR 8 FT.

CHECK: There also needs be a check made if the column Diameter is less than 24.0 in. For these
drilled shafts, spiral reinforcement or equivalent ties of not less than No. 3 bars shall be provided at pitch
not exceeding 9.0 in., except that the pitch shall not exceed 4.0 in. within a length below the pile cap

reinforcement of not less than 2.0 ft or 1.5 pile diameters, whichever is greater.
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Minimum Longitudinal Reinforcing Check ( First 1/3*Pile Length or 8 ft)

MinLongRatio := Checkleastlongreinforci ng(AdS'Alongrei nforci ng) ="0K"

Note: If the Minimum Longitudinal Reinforcing program returns "Increase Longitudinal Reinforcing"”,
either decrease the section size (Ag) or increase the longitudinal reinforcing (Abl and NumberBars in
the inputs.

Article 5.10.11.3: Longitudinal Reinforcement
Minimum Longitudinal Reinforcing Check

MinLongRatio := Checkleastlongreinforci ng(AdS'Alongrei nforci ng) ="0K"

Note: If the Minimum Longitudinal Reinforcing program returns "Increase Longitudinal Reinforcing”,
either decrease the section size (Ag) or increase the longitudinal reinforcing (Abl and NumberBars in
the inputs.

Maximum Longitudinal Reinforcing Check

MaxLongRatio := Checkmaxlongreinforci ng(Ads, Al ongreinforci ng) ="0K"

Note: If the Maximum Longitudinal Reinforcing program returns "Section Over Reinforced", either
increase the section size (Aq) or decrease the longitudinal reinforcing (Abl and NumberBars) in the
inputs.

5.8.3.3 Nominal Shear Resistance

INPUT Vug p = Vupgapyt = 133.151 kips

INPUT  spaceNOhinge:= 12 in s: Spacing of hoops or pitch of spiral (in)

INPUT bv := DSabutdia bv: effective width

INPUT Asp:= 31 in? Asp: Area of spiral or hoop reinforcing (in2)

INPUT Dsp:= 0.625 in Dsp: Diameter of spiral or hoop reinforcing (in)

INPUT Cover:= 6 in Cover: Concrete cover for the Column (in)

INPUT Dprime := 30 in Dprime: Diameter of spiral or hoop for circular columns (in)
INPUT dp = 141 in dy,: Diameter of the longitudinal bar
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Note: B and 6 come from Article 5.8.3.4.1

B:=20

T @5=0785 rad
180

Note: Dr, de, and dv equations come from Article 5.8.2.9.

dp

Dr = bv—Cover—Dsp—7:34.67 in
Eq. C5.8.2.9-2 de= 2+ B 35036 in
2 T
dv:= 09de=28.832 in
f
Eq. 5.8.3.3-3 V= 0.03160B0] ——bvidv = 153.065  kips
1000
f
2Aspalc3)’—oeo dvlEot(6)
Vo= =89.38 kips
Eq.5.8.3.3-4 s spaceNOhinge P
OV = (Vo + Vg = 2182 kips
OV = (Vo + Vg = 2182 kips

Shearcheck := ShearCheck(q)Vn,Vu) ="0OK"

Note: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforcing
(Asp), increase the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.
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5.8.2.5 Minimum Transverse Reinforcement

fc _bvidpaceNOhinge
Eq. 5.8.2.5-1 Avmin := 0.0316 VP %® ~ o531
1000 fye
1000
2
Av = 2[Asp = 0.62 in

MinimumTran := TranCheck(Avmin, Av) = "OK"

Note: If the minimum transverse reinforcement program responses "Decrease Spacing or
Increase Bar Size", it is recommended to decrease the spacing (spaceNOhinge) or increase the
area of the shear reinforcement (Asp) in the inputs.

5.8.2.7 Maximum Spacing of Transverse Reinforcement

Vu
Eq. 58291 vui= — > — 0120 ks
bgbvidv
MaxSpacing := spacingProgram(vu, dv,fc) = 23.066 in
MAXSPACING := Spacecheck(MaxSpacing, spaceNOhinge) = 12 in

scheck := ShearCheck(MAXSPACING, spaceNOhinge) = "OK"

Note: If scheck returns "Failure”, change the spacing of transverse reinforcing spacing (spaceNOhinge).

The spacing value may be MAXSPACING, but verify this works for all other checks.
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Connection Design for Girder to Bent Cap

INPUT Vcolbent := Vucol ggio = 27.855

INPUT Ngirderperbent := 12

Article 6.5.4.2: Resistance Factors

¢y =08 Tension for A307
bg:= 075 Shear for A307
bpg = 0.80 Block Shear

Gpp = 0.80 Bolts Bearing

g = 0.85 Shear Connectors
¢ := 1.00 Flexure

bsangle = 1.00 Shear for the Angle

For Type lll Girders

Note: Select the grade of bolt being used. It is assumed that a ASTM A307 Grade C bolt is used.

INPUT Fub:= 58 ksi
INPUT Diay, := 1.25 in
INPUT Ns:= 1 Ns = Number of Shear Planes per Bolt

Angle Properties

INPUT Fy:= 36 ksi Fy = Yield Stress of the Angle
INPUT Fu:= 58 ksi Fu = Ultimate Stress of the Angle
INPUT t:= 05 in t = Thickness of Angle

INPUT h:=6 in h = Height of the Angle

INPUT w:==6 in w = Width of the Angle
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INPUT l:=12

INPUT k:=1.00

INPUT  distanchorhole:= 4

INPUT diahole:= 1.5

INPUT BLSHIlength:= 6

INPUT BLSHwidth:= 2

INPUT Ubs:= 1.0

INPUT a:=2

INPUT b:=35

Shear Force per Angle:

Vangle:=

in

in

in

in

in

Vcolbent2

2Ngirderperbent

| = Length of the Angle
k = Height of the Bevel

distanchorhole = Distance from the vertical leg to the center of
the hole. This is the location of the holes.

diahole = Diameter of bolt hole
BLSHIength = Block Shear Length
BLSHwicth = Block Shear Width

Ubs = Shear Lag Factor for Block Shear

a = Distance from the center of the bolt to the edge of plate

b = distance from center of bolt to toe of fillet of connected
part

=2.321 kips

Article 6.13.2.12: Shear Resistance For Anchor Bolts

Trl]Diab2

A= —2
b 4

=1.227

.2
n

Eq. 6.13.2.12-1 ¢sRn = ¢0.48[A,[FubNs = 25.624 kips

Note: This is checking to verify that the anchor bolt has enough shear strength.

Shearcheck := ShearCheck(¢psRn,Vangle) = "OK"

Note: If the program returns "FAILURE", either increase diameter of the bolt (Diab), change grade of bolt,

increase number of bolts, etc.
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Article 6.13.2.9: Bearing Resistance at Bolt Holes

For Standard Holes

Eq. 6.13.2.9-1 ¢GbbRn = 2.4[Dia,[fFub = 87 kips

For Slotted Holes

INPUT Lc:=2 in Lc = Clear dist. between the hole and the end of the member

Eq. 6.13.2.9-4 ¢bbRns:= LclFub = 58 kips

Bearingcheck := ShearCheck(dbbRn, Vangle) = "OK"

Bearingscheck := ShearCheck(dbbRns, Vangle) = "OK"

Note: If the program returns "FAILURE", either change the diameter of the bolt, thickness of the

angle, or Lc (hole location).

Article 6.13.2.10: Tensile Resistance

Note: This a calculation of the Tension force on the anchor bolt due to the shear. A moment is taken

about the through bolt in the vertical leg of the angle. The line of action for the shear force is assumed to

enter the angle at 1" below the through bolt; therefore, the moment due to shear is Vangle* 1". The
distance to the anchor bolt in the cap beam is 4", and that is how the Tu equation was derived.

Vanglell
Tu:= 9

=————— =058 Kips
distanchorhole

Eqg. 6.13.2.10.2-1 OtTn:= ¢ [0.76[A[Fub = 43.275 kips
Tensioncheck := ShearCheck(tTn, Tu) = "OK"

Note: If program returns "FAILURE", change area of the bolt or grade of bolt.

179




Appendix B: Oseligee Creek Bridge LRFD Specification Design

Article 6.13.2.11: Combined Tension and Shear
Pu = Vangle

Eqg. 6.13.2.11-1 CombinedProgram(Pu,Ab,Fub,(1>sRn,(1>S) = |t « 0.76[ApFub
Eqg. 6.13.2.11-2

Pu 2
r — 0.76[A,Fub 1—(¢ R )
sRn

actif —Y <033
®sRn
Pg

acrif —Y 5033

%)

TNeombined := Combi nedProgram(Pu,Ab, Fub,¢sRn,¢S) =54.094 kips

d)tTncombi ned = d)tljncombi ned = 43.275 ki ps
Combinedcheck := ShearCheck(¢tTncombi ned Vangle) ="0K"

Note: If program returns "FAILURE", change area of the bolt or grade of bolt.

AISC J4 Block Shear
Note this is for if there are

W _ .2 one through bolts in the
Agv .= tIBLSHIength = 3 in upper leg.
Anv = tIBL SHlength — 0.5iahole) = 2.625  in”
Ant = tBLSHwidth — 0.5iahole) = 0.625  in”
(J4-5) BL SHprogram(Agv, Anv,Ant, Ubs,Fu,Fy) := |b « 0.6[FulAnv + UbsFulAnt

¢ « 0.6Fy[Agv + Ubs[FulAnt
a-bifbsc

a—c ifb>c

a
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Rn := BLSHprogram(Agv, Anv, Ant,Ubs, Fu, Fy) = 101.05 kips
dbsRn 1= ¢ Rn = 80.84 kips
BlockShearCheck := ShearCheck(¢pbsRn, Vangle) = "OK"

Note: If program returns "FAILURE", change diameter of the bolt, number of bolts, thickness of
angle, length of angle, etc.

AISC D2: Tension Member
Ut = Shear Lag factor for single Angles. Refer to

Ut:= 06 Table D3.1 in AISC Manual
Ant = tw — (1diahole)] = 2.25 in2

(D3-1) Ae:= Ant(Ut = 1.35 in

(D2-2) tPn = b, TFubAe = 62.64 Kips

TensionCheck := ShearCheck($tPn, Vangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle, length of angle, width of angle, etc.

AISC CH. F: Bending of Angle

Note: A SAP Model of the angle was created. The shear of the angle was applied at 4 in. (which is at
the bolt location). Then the moment was found just above the k height for this angle.
The Ciritical section is a k distance away on the horizontal leg. This location has the greatest moment.

INPUT Muangle:= 6.64 kipln
2
X = LON =0.75 in3
¢fMn = ¢ (FyZx = 27 kipln

BendingAngleCheck := ShearCheck($fMn, Muangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle or length of angle
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AISC G: Shear Check

Cv:i=10
Aw = thiv=3 in2
(G2-1) dsangleVn = ¢sangl J0.6[Fy[AW[Cv = 64.8 kips

ShearAngleCheck := ShearCheck(¢dsangleVn,Vangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle or width of angle.
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Expansion Connection Design for Girder to Bent Cap

INPUT Vcolbent := Vucol ggio = 27.855

INPUT Ngirderperbent := 12

Article 6.5.4.2: Resistance Factors

¢y =08 Tension for A307
bg:= 075 Shear for A307
bpg = 0.80 Block Shear

Gpp = 0.80 Bolts Bearing

g = 0.85 Shear Connectors
¢ := 1.00 Flexure

bsangle = 1.00 Shear for the Angle

For Type lll Girders

Note: Select the grade of bolt being used. It is assumed that a ASTM A307 Grade C bolt is used.

INPUT Fub:= 58 ksi
INPUT Diay, := 1.25 in
INPUT Ns:= 1 Ns = Number of Shear Planes per Bolt

Angle Properties

INPUT Fy:= 36 ksi Fy = Yield Stress of the Angle
INPUT Fu:= 58 ksi Fu = Ultimate Stress of the Angle
INPUT t:= 05 in t = Thickness of Angle

INPUT h:=6 in h = Height of the Angle

INPUT w:==6 in w = Width of the Angle
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INPUT l:=12

INPUT k:=1.00

INPUT  distanchorhole:= 4

INPUT diahole:= 1.5

INPUT SlottedHole:= 6

INPUT BLSHIlength:= 6

INPUT BLSHwidth:= 2

INPUT Ubs:= 1.0

INPUT a:=2

INPUT b:=35

Shear Force per Angle:

Vangle:=

in

in

in

in

in

in

Vcolbent2

2Ngirderperbent

| = Length of the Angle
k = Height of the Bevel

distanchorhole = Distance from the vertical leg to the center of
the hole. This is the location of the holes.

diahole = Diameter of bolt hole

SlottedHole = Length of slotted hole
BLSHIength = Block Shear Length
BLSHwicth = Block Shear Width

Ubs = Shear Lag Factor for Block Shear

a = Distance from the center of the bolt to the edge of plate

b = distance from center of bolt to toe of fillet of connected
part

=2.321 kips

Article 6.13.2.12: Shear Resistance For Anchor Bolts

Trl]Diab2

A= —2
b 4

=1.227

.2
n

Eq. 6.13.2.12-1 ¢sRn = ¢0.48[A,[FubNs = 25.624 kips

Note: This is checking to verify that the anchor bolt has enough shear strength.

Shearcheck := ShearCheck(¢psRn,Vangle) = "OK"

Note: If the program returns "FAILURE", either increase diameter of the bolt (Diab), change grade of bolt,

increase number of bolts, etc.
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Article 6.13.2.9: Bearing Resistance at Bolt Holes

For Standard Holes

Eq. 6.13.2.9-1 ¢GbbRn = 2.4[Dia,[fFub = 87 kips

For Slotted Holes

INPUT Lc:=2 in Lc = Clear dist. between the hole and the end of the member

Eq. 6.13.2.9-4 ¢bbRns:= LclFub = 58 kips

Bearingcheck := ShearCheck(dbbRn, Vangle) = "OK"

Bearingscheck := ShearCheck(dbbRns, Vangle) = "OK"

Note: If the program returns "FAILURE", either change the diameter of the bolt, thickness of the

angle, or Lc (hole location).

Article 6.13.2.10: Tensile Resistance

Note: This a calculation of the Tension force on the anchor bolt due to the shear. A moment is taken

about the through bolt in the vertical leg of the angle. The line of action for the shear force is assumed to

enter the angle at 1" below the through bolt; therefore, the moment due to shear is Vangle* 1". The
distance to the anchor bolt in the cap beam is 4", and that is how the Tu equation was derived.

Vanglell
Tu:= L =0.58 kips
distanchorhole
Eq. 6.13.2.10.2-1 OtTn = ¢;[0.76[A[Fub = 43.275 kips

Tensioncheck := ShearCheck(tTn, Tu) = "OK"

Note: If program returns "FAILURE", change area of the bolt or grade of bolt.
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Appendix B: Oseligee Creek Bridge LRFD Specification Design

Article 6.13.2.11: Combined Tension and Shear

Pu = Vangle

TNeombined := Combi nedProgram(Pu,Ab, Fub,¢sRn,¢S) =54.094 kips
StTNeombined = PtT Ncombined = 43-275 kips

Combinedcheck := ShearCheck(¢tTncombi ned Vangle) ="0K"

Note: If program returns "FAILURE", change area of the bolt or grade of bolt.

AISC J4 Block Shear
Note this is for if there are
one through bolts in the

— _ .2
Agv = tIBLSHIength = 3 in upper leg.

ottedHole
Anv = t[éBLSHIength - O.SBS%) =225 in2

Ant = tBLSHwidth — 0.5iahole) = 0.625  in”

Rn := BLSHprogram(Agv, Anv, Ant,Ubs, Fu, Fy) = 101.05 kips
GbsRn = ¢ Rn = 80.84 kips
BlockShearCheck := ShearCheck(¢pbsRn, Vangle) = "OK"

Note: If program returns "FAILURE", change diameter of the bolt, number of bolts, thickness of
angle, length of angle, etc.

AISC D2: Tension Member
Ut = Shear Lag factor for single Angles. Refer to

Ut:= 06 Table D3.1 in AISC Manual
Ant = tw - (1diahole)] = 2.25 in?

(D3-1) Ae:= Ant(Ut = 1.35 in

(D2-2) tPn = b, TFubAe = 62.64 Kips

TensionCheck := ShearCheck($tPn, Vangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle, length of angle, width of angle, etc.
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Appendix B: Oseligee Creek Bridge LRFD Specification Design

AISC CH. F: Bending of Angle

Note: A SAP Model of the angle was created. The shear of the angle was applied at 4 in. (which is at
the bolt location). Then the moment was found just above the k height for this angle.
The Critical section is a k distance away on the horizontal leg. This location has the greatest moment.

INPUT Muangle:= 6.64 kipln
2
X = 0N =0.75 in3
¢fMn = ¢ (FyZx = 27 kipln

BendingAngleCheck := ShearCheck($fMn, Muangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle or length of angle

AISC G: Shear Check

Cv:i=10
Aw = thiv=3 in2
(G2-1) dsangleVn = ¢sangl J0.6[Fy[AW[Cv = 64.8 kips

ShearAngleCheck := ShearCheck(dsangleVn,Vangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle or width of angle.
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Appendix B: Oseligee Creek Bridge LRFD Specification Design

Connection Design for Girder to Abutment

For Type lll Girders

INPUT Vcolbent := Vupgapyt

INPUT Ngirderperbent := 6

Note: Select the grade of bolt being used. It is assumed that a ASTM A307 Grade C bolt is used.

INPUT Fub:= 58 ksi
INPUT Dia, := 1.5 in
INPUT Ns:= 1 Ns = Number of Shear Planes per Bolt

Angle Properties

INPUT Fy:= 36 ksi Fy = Yield Stress of the Angle
INPUT Fu:= 58 ksi Fu = Ultimate Stress of the Angle
INPUT t:= 0.75 in t = Thickness of Angle

INPUT h:=6 in h = Height of the Angle

INPUT w:==6 in w = Width of the Angle

z
T
c
_|
I

H
N
S

| = Length of the Angle

INPUT k:=1.25 in k = Height of the Bevel

INPUT  distanchorhole:= 4 in distanchorhole = Distance from the vertical leg to the center of
the hole. This is the location of the holes.

INPUT diahole:= 1.75 in diahole = Diameter of bolt hole

INPUT SlottedHole:= 6 in SlottedHole = Length of slotted hole

INPUT BLSHlength:= 6 in BLSHIength = Block Shear Length

INPUT BLSHwidth:=2 in BLSHwicth = Block Shear Width

INPUT Ubs:= 1.0 Ubs = Shear Lag Factor for Block Shear

INPUT a=2 in a = Distance from the center of the bolt to the edge of plate

INPUT b:=35 in b = distance from center of bolt to toe of fillet of connected

part
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Appendix B: Oseligee Creek Bridge LRFD Specification Design

Shear Force per Angle:

Vangle:= M =22192 kips
2Ngirderperbent

Article 6.13.2.12: Shear Resistance For Anchor Bolts

.2
T[Digy,
Api= —— =1767 in2
4
Eq. 6.13.2.12-1 ¢sRn = ¢ 0.48[A,[FubNs = 36.898 kips

Note: This is checking to verify that the anchor bolt has enough shear strength.

Shearcheck := ShearCheck(dpsRn, Vangle) = "OK"

Note: If the program returns "FAILURE", either increase diameter of the bolt (Diab), change grade of bolt,

increase number of bolts, etc.

Article 6.13.2.9: Bearing Resistance at Bolt Holes

For Standard Holes

Eq. 6.13.2.9-1 ¢bbRn = 2.4[Dia,[fFub = 156.6 kips

For Slotted Holes

INPUT Lc:=2 in Lc = Clear dist. between the hole and the end of the member

Eq. 6.13.2.9-4 ¢bbRns:= LclFub = 87 kips

Bearingcheck := ShearCheck(dbbRn, Vangle) = "OK"

Bearingcheck := ShearCheck(dbbRn, Vangle) = "OK"

Note: If the program returns "FAILURE", either change the diameter of the bolt, thickness of the
angle, or Lc (hole location).
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Appendix B: Oseligee Creek Bridge LRFD Specification Design

Article 6.13.2.10: Tensile Resistance

Note: This a calculation of the Tension force on the anchor bolt due to the shear. A moment is taken
about the through bolt in the vertical leg of the angle. The line of action for the shear force is assumed to
enter the angle at 1" below the through bolt; therefore, the moment due to shear is Vangle* 1". The
distance to the anchor bolt in the cap beam is 4", and that is how the Tu equation was derived.

Vanglell
Tu:= L =5.548 kips
distanchorhole
Eq. 6.13.2.10.2-1 otTn:= 0.76[AFub = 77.896 kips

Tensioncheck := ShearCheck($tTn, Tu) = "OK"

Note: If program returns "FAILURE", change area of the bolt or grade of bolt.

Article 6.13.2.11: Combined Tension and Shear

Pu = Vangle
Eqg. 6.13.2.11-1 TNcombined = CombinedProgram(Pu,Ab, Fub,¢sRn,¢S) =62.233 kips
Eq. 6.13.2.11-2
d)tTncombi ned = d)tljncombi ned = 49.786 ki ps
Combinedcheck := ShearCheck(¢tTncombi ned Vangle) ="0K"
Note: If program returns "FAILURE", change area of the bolt or grade of bolt.
AISC J4 Block Shear
Agv .= tIBLSHIength = 4.5 in2
ottedHole
Anv = t[éBLSHIength - O.SBS%) =3.375 in2
Ant = tIBLSHwidth - 0.5iahole) = 0.844  in’
(J4-5) Rn:= BLSHprogram(Agv, Anv, Ant, Ubs, Fu, Fy) = 146.137 kips

¢bsRn = ¢pgRn = 116.91 kips

BlockShearCheck := ShearCheck(¢pbsRn, Vangle) = "OK"

Note: If program returns "FAILURE", change diameter of the bolt, number of bolts, thickness of
angle, length of angle, etc.
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Appendix B: Oseligee Creek Bridge LRFD Specification Design

AISC D2: Tension Member
Ut = Shear Lag factor for single Angles. Refer to

Ut:= 06 Table D3.1 in AISC Manual
Ant = tw — (1diahole)] = 3.188 in2

(D3-1) Ae:= Ant(Ut = 1.912 in

(D2-2) tPn = b, FubAe = 88.74 Kips

TensionCheck := ShearCheck($tPn, Vangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle, length of angle, width of angle, etc.

AISC CH. F: Bending of Angle

Note: A SAP Model of the angle was created. The shear of the angle was applied at 4 in. (which is at
the bolt location). Then the moment was found just above the k height for this angle.
The Ciritical section is a k distance away on the horizontal leg. This location has the greatest moment.

INPUT Muangle:= 44.1 kipln
2
X = LON =1.688 in3
¢fMn:= ¢ [Fy[Zx = 60.75 kipln

BendingAngleCheck := ShearCheck($fMn, Muangle) = "OK"
Note: If program returns "FAILURE", change thickness of angle or length of angle

AISC G: Shear Check

Cv:=10
Aw = tlw = 4.5 in’
(G2-1) dsanglevn := ¢Sang|e[(D.6[EFym\w[([:v =972 kips

ShearAngleCheck := ShearCheck(¢dsangleVn,Vangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle or width of angle.
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Appendix C: Interaction Diagram for Oseligee Creek Bridge

Designer: PT C

Project Name: OSELIGEE cRREFK
Job Number:

Date: 1//zszete

Moment Capacity and Interaction Diagram Data

Column or Drilled Shaft: BEVT 2 cocwmm
INPUTS

Column Diameter 42 in
f'c 4- ksi
fy bo ksi
Longitudinal Reinforcing Bar Size # 11

Number of Lonitudinal Reinforcing Bars /2

Transverse Reinforcing Bar Size ’ X

Spacing of Transverse Reinforcing Bars 12 in
Column Height 18 ft
Cover ) A in
N ( NUmMEEE 8F cors/ BEwT)

Dead Load Reactions

PuDead : 200 kips

MuDead 272 .4 " kip*ft

Enter into Column Design Software (PCA COLUMN)
Finding Moment Capacity of the column.

Mp = dMp/0.9 = 130 kip*ft
Vpcol = 2*Mp/Heightcolumn = 1 81 kips
Vpbent = 2*Vpcol 3 2 kips
Create SAP model of Bent ‘

Apply shear (Vpbent) at the center of mass of the substructure

Axial Force due to Vpbent - Puoverturning = z84% kips

Pu = PuDead +/- Puoverturning 84 or | t,  kips

Re-enter into Column Design Software (PCA COLUMN)

Mp = $pMp/0.9 > 17 4 kip*ft
Vpcol = 2*Mp/Heightcolumn - ]9 4 kips -
Vpbent = 2*Vpcol 287 kips

" Verify that Vpbent is within 10% of first Vpbent. If not, repeat the above process.

Check = {(Vpbent2 - Vpbent1) / Vpbent2} * 100% 6.5 % on

Check Other Seismic Load Cases

Mupotrans 4-328 kip*ft petran = 0,255
Putran -T2 kips pelong = 0.25&
Mupolong 7217 kip*ft
Puiong o .31 kips
229
Pu = PuDead +/- Pufran > s20 or 20 kips
" Mu = MuDead + Mupotran - nzs kip*ft
Pu = PuDead +/- Pulong = 3 00 or 300 Kips
Mu = MuDead + Mupolong > 77-8 kip*ft
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42 in diam.

Code: ACI 318-02

Units: English

Run axis: About X-axis

Run option: Investigation
Slendverness: Not considered
Column type: Structural
Bars: ASTM A615

Date: 11/02/10

Time: 13:54:47

pcaColumn v3.64. Licensed to: Auburn University. License ID: 53161-101 1561-4-20C30-27D59

Project. Oseligee Creek
Column: Bent 2
fc=4ksi

Ec = 3605 ksi

fc = 3.4 ksi

e_u=0.003 in/in
Beta1=0.85

Confinement: Tied

fy =60 ksi
Es = 29000 ksi
fc = 3.4 ksi

Engineer: PJC
Ag = 1385.44 in"2

As =18.72 in*2
Xo =0.00in
Yo =0.00in

Clear spacing = 5.73 in

phi(a) = 0.8, phi(b) = 0.9, phi(c) = 0.65
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File: C:\Documents and Settings\coulspj\Desktop\Seismic Design Research\Oseligee Cre...\Bent2ColumnDesign.col

12 #11 bars
Rho =1.35%
Ix = 1562745 in*4
ly = 152745 in"4

Clear cover=6.50 in




pcaColumn v3.64 © Portland Cement Association

Licensed to: Auburn University. License ID: 53161-1011561-4-20C30-27D59
C:\Documents and Settings\coulspj\Desktop\Seismic Design Research\Oseligee Creek\PCA
Column\Bent2Co01:54 PM

.01:54 PM

0000000 00000 00000 00000 00000 00
00 00 00 o0 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00 00 00 00

00 00 00 00 00 00 00 00 0O
00 00 00 0000000 00 00 00 00
0000000 00 00 00 00 00 00 00 00 OO0
00 00 00 00 00 00 00 00 00 00
00 00000 00 00 00000 00000 00000  (TM)

Computer program for the Strength Design of Reinforced Concrete Sections

Licensee stated above acknowledges that Portland Cement Association
(PCA) is not and cannot be responsible for either the accuracy or
adequacy of the material supplied as input for processing by the
pcaColumn (tm) computer program. Furthermore, PCA neither makes any
warranty expressed nor implied with respect to the correctness of the
output prepared by the pcaColumn(tm) program.Although PCA has endeavored
to produce pcaColumn(tm) error free, the program is not and can't be

certified infallible. The final and only responsibility for analysis,:

design and engineering documents is the licensees. Accordingly, PCA
disclaims all responsibility in contract, negligence or other tort for
any analysis, design or engineering documents prepared in connection
with the use of the pcaColumn(tm) program.
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pcaColumn v3.64 © Portland Cement Association

Licensed to: Auburn University. License. ID:

53161-1011561-4-20C30-27D59

Page 2
11/02/10

C:\Documents and Settings\coulspj\Desktop\Seismic Design Research\Oseligee Creek\PCA
Column\Bent2Co01:54 PM

01:54 PM

General Information:

File Name: C:\Documents and Settings\coulspj\Desktop\Seismic Design Research\Oseligee

Creek\PCA

Column\Bent2ColumnDesign.col

Project: Oseligee Creek
Column: Bent 2

Code: ACI 318-02

Run Option: Investigation
Run Axis: X-axis

Material Properties:

Engineer: PJC
Units: Engli

Slenderness:
Column Type:

f'e = 4 ksi fy
Ec = 3605 ksi Es
Ultimate strain = 0.003 in/in
Betal = 0.85
Section
Circular: Diameter = 42 in
Gross section area, Ag = 1385.44 in”"2
Ix = 152745 in"4 ‘ Iy =
Xo = 0 in Yo =
Reinforcement:

Rebar Database:

Size Diam (in)

# 3

# 6

# 9

# 14
Confinement:
phi(a) = 0.

8,

ASTM A615

Layout: Circular

Pattern: All Sides Equal

Tied;
phi(b) = 0.9,

Total steel area,

12 #11

Factored Loads and Moments with Corresponding Capacities: (see user's manual for

Cover

Area (in”2)

#3 ties with #10 bars,
‘phi (c)

Size Diam (in)

# 7
# 10
# 18

2.26

= 0.65

60 ks
29000

Il

I

152745 in"4

0 in

sh

Not considered

Structural

i
ksi

Area (in~2)

Mux

£Mn/Mu

300.

1125.
1125.
77.

**%* Program completed-as requested! ***
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Size Diam

(in)

Q
(Cover to transverse reinforcement)
As = 18.72 in”2 at 1.35%
6 in

#4 with larger bars.

notation)



Designer: P J C

Project Name: pDsfcrcEes crREEK
Job Number:

Date: 1// 2/ 2elo

Moment Capacity and Interaction Diagram Data

Column or Drilled Shaft: BENT 3 cowurmu S

INPUTS

Column Diameter ) 4 z in

f'c 4 ksi
fy . -] ksi
Longitudinal Reinforcing Bar Size ;2

Number of Lonitudinal Reinforcing Bars EXZ

Transverse Reinforcing Bar Size ®» 5

Spacing of Transverse Reinforcing Bars 1 2 in

Column Height 25,8 ft

Cover A in

Dead Load Reactions

PuDead 310 Kips

MuDead 97 kip*ft

Enter into Column Design Software (PCA COLUMN)
Finding Moment Capacity of the column.

Mp = $Mp/0.9 > o 4 kip*ft
Vpcol = 2*Mp/Heightcolumn - 127, &5 kips
Vpbent = 2*Vpcol 255 kips
Create SAP model of Bent

Apply shear (Vpbent) at the center of mass of the substructure

Axial Force due to Vpbent >~ Puoverturning = 2 55 kips

Pu = PuDead +/- Puoverturning < 7! or b | kips

Re-enter into Column Design Software (PCA COLUMN)

Mp = Mp/0.9 = V7 % Kip*ft
Vpcol = 2*Mp/Heightcolumn = 135 kips
Vpbent = 2*Vpcol 2.70 kips

Verify that Vpbent is within 10% of first Vpbent. If not, repeat the above process.

Check = {(Vpbent2 - Vpbent1) / Vpbent2} * 100% &8585 2 or
Check Other Seismic Load Cases
Mupotrans 29 8S kip*ft petran = 0,255
Putran . 2972 kips pelong = 0,25S
Mupolong 124 kip*ft
Pulong 0.2332 kips
101+2
Pu = PuDead +/- Puffan = 417 or Z15  kips
Mu = MuDead + Mupotran = 7632, 2 kip*ft
Pu = PuDead +/- Pulong = 36 or 3k kips
Mu = MuDead + Mupolong > 47.32 kip*ft
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42 in diam.

Code: ACI 318-02

Units: English

Run axis: About X-axis

Run option: Investigation
Slenderness: Not considered
Column type: Structural
Bars: ASTM A615

Date: 11/02/10

Time: 14:05:07

-1500 -

1 |
1600
Mx (k-ft)

pcaColumn v3.64. Licensed to: Auburn University. License ID: 53161-101 1561-4-20C30-27D59

File: untitled.col
Project: Oseligee Creek
Column: Bent 3

fc = 4 ksi

Ec = 3605 ksi

fc = 3.4 ksi
e_u=0.003infin

Betal = 0.85

Confinement: Tied

Engineer: PJC

fy =60 ksi Ag = 1385.44 in"2
Es = 29000 ksi As =18.72in"2
fc = 3.4 ksi Xo =0.00in

Yo =0.00in

v Clear spacing = 5.73 in
phi(a) = 0.8, phi(b) = 0.9, phi(c) = 0.65
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12 #11 bars
Rho =1.35%
Ix = 152745 in*4
ly = 152745 in"4

Clear cover =6.50 in




pcaColumn v3.64 © Portland Cement Association Page 1
Licensed to: Auburn University. License ID: 53161-1011561-4-20C30-27D59 11/02/10

untitled.col 02:04 PM

0000000 00000 00000 00000 00000 00
00 00 00 00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00 00 00 00

00 00 00 00 00 00 00 00 00
00 00 00 0000000 00 00 00 00
0000000 00 00 00 00 00 00 00 o0 00
00 00 00 00 00 00 00 00 00 00
00 00000 00 00 00000 00000 00000  (TM)

Computer program for the Strength Design of Reinforced Concrete Sections

Licensee stated above acknowledges that Portland Cement Association
(PCA) is not and cannot be responsible for either the accuracy or
adequacy of the material supplied as input for processing by the
pcaColumn (tm) computer program. Furthermore, PCA neither makes any
warranty expressed nor implied with respect to the correctness of the
output prepared by the pcaColumn (tm) program.Although PCA has endeavored
to produce pcaColumn(tm) error free, the program is not and can't be
certified infallible. The final and only responsibility for analysis,
design and engineering documents 1is the licensees. Acceordingly, PCA
disclaims all responsibility in contract, negligence or other tort for
any analysis, design or engineering documents prepared in connection
with the use of the pcaColumn(tm) program.
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pcaColumn v3.64 © Portland Cement Association Page 2
Licensed to: Auburn University. License ID: 53161-1011561-4-20C30-27D59 11/02/10
untitled.col 02:04 PM

General Information:

File Name: untitled.col
Project: Oseligee Creek

Column: Bent 3 Engineer: PJC

Code: ACI 318-02 Units: English

Run Option: Investigation Slenderness: Not considered
Run Axis: X-axis Column Type: Structural

Material Properties:

60 ksi
29000 ksi

f'c 4 ksi ‘ fy
Ec 3605 ksi Es
Ultimate strain = 0.003 in/in

Betal = 0.85

()
(]

Section:
Circular} Diameter = 42 in
Gross section area, Ag = 1385.44 in~2
Ix = 152745 in™4 Iy = 152745 in"4
Xo = 0 in Yo = 0 in

Reinforcement:
Rebar Database: ASTM A615 .
Size Diam (in) Area (in"2) Size Diam (in) Area (in”"2) Size Diam (in) Area (in"2)
# 3 0.38 0.11 # 4 0.50 0.20 # 5 0.63 0.31
# 6. 0.75 0.44 # 7 0.88 0.60 # 8 1.00 0.79
# 9 1.13 1.00 # 10 1.27 1.27 # 11 1.41 1.56
# 14 1.69 2.25 # 18 2.26 4.00

Confinement: Tied; #3 ties with #10 bars, #4 with larger bars.
phi(a) = 0.8, phi(b) = 0.9, phi(c) = 0.65

Layout: Circular

Pattern: All Sides Egqual (Cover to transverse reinforcement)
Total steel area, As = 18.72 in”2 at 1.35%

12 #11 Cover = 6 in

Factored Loads and Moments with Corresponding Capacities: (see user's manual for notation)

Pu . Mux fMnx
No. ~ kip k-ft k-ft  £Mn/Mu
1 316.0 9.7 1480.7 152.651
2 571.0 9.7 1569.4 161.795
3 61.0 9.7 1256.0 129.482
4 417.0 763.2 1549.1 2.030
5 215.0 763.2 1393.6 1.826
6 316.0 41.3 1480.7 35.835

*%% Program completed as requested! ***
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Designer: Y C

Project Name: &geeiger orEgX
Job Number:

Date: t1j21zc10

Moment Capacity and Interaction Diagram Data

Column or Drilled Shaft: ABOTM EQT DRILLED suprT
INPUTS

Column Diameter 42 in
fic 4 ksi
fy 4o ksi
Longitudinal Reinforcing Bar Size 2 {6

Number of Lonitudinal Reinforcing Bars o7l

Transverse Reinforcing Bar Size e 5

Spacing of Transverse Reinforcing Bars A in
Column Height 8 ft
Cover [ in
Dead Load Reactions

PuDead ;) s kips

MuDead ;0085 kip*ft

Enter into Column Design Software (PCA COLUMN)
Finding Moment Capacity of the column.

Mp = $dMp/0.9 - . Kip*f
Vpcol = 2*Mp/Heightcolumn = ips
Vpbent = 2*¥Vpcol kips
Create SAP model of Bent

Apply shear (Vpbent) at the center of mass of the/substructure

Axial Force due to Vpbent - Puovertuphing = kips

Pu = PuDead +/- Puoverturning d or kips

Re-enter into Column Design Softwdre (PCA COLUMN).

Mp = $Mp/0.9 > kip*ft
Vpcol = 2*Mp/Heightcolufan = kips
Vpbent = 2*¥Vpcol kips

Verify that Vpbeht is within 10% of first Vpbent. If not, repeat the above process.

Check = {()/pbentz - Vpbentl) / Vpbent2} * 100%

Check Other Seismic Load Cases

Mupotrans ;07?7 S Kip*ft petran = 6,255
Putran B 7 kips pelong = ©. 28
Mupolong /2 ' kip*ft
Pulong (2.7 kips
15
Pu = PuDead +/- Putran - A or 2 4 kips
Mu = MuDead + Mupotran - 14 35 kip*ft DUE To smAceC AxIAL Loabp
[ DRt SHAFTS RS _
Pu = PuDead +/- Pulong = 15 4 or 118 kips Lo m6 1rom s 3 N cREASE
_—— —_— T 12 3 -
Mu = MuDead + Mupolong = 1240 kip*ft : Sre REmFoZEIVG

*® tlo x ®1l zpzs %
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42 in diam.

Code: ACI 318-02

Units: English

Run axis: About X-axis

Run obtion: Investigation
Slenderness: Not considered
Column type: Structural
Bars: ASTMA615 .
Date: 11/02/10

Time: 14:25:51

pcaColumn v3.64, Licensed to: Auburn University. License ID: 53161-1011561-4-20C30-27D59

Project: Oseligee Creek
Column: Abutment

fc =4 ksi

Ec = 3605 ksi

fc = 3.4 ksi

e_u = 0.003 in/in

Beta1 =0.85

Confinement: Tied

fy =60 ksi
Es = 29000 ksi
fc = 3.4 ksi

Engineer: PJC
Ag = 1385.44 in"2

As =24.96in"2
Xo =0.00in
Yo =0.00in

Clear spacing = 3.97 in

phi(a) = 0.8, phi(b) = 0.9, phi(c) = 0.65
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File: C:\Documents and Settings\oouIspj\Desktop\Seis‘mic Design Research\Oseligee ...\AbutmentColumnDesign.col

16 #11 bars
Rho =1.80%
Ix = 152745 in*4
ly = 152745 in*4

Clear cover =6.50 in




pcaColumn v3.64 © Portland Cement Association

Licensed to: Auburn University. License ID: 53161-1011561-4-20C30-27D59
C:\Documents and Settings\coulspj\Desktop\Seismic Design Research\Oseligee Creek\PCA
Column\Abutmen02:25 PM

02:25 pM

0000000 00000 00000 00000 00000 00
o0 00 00 00 00 00 00 00 00 00 OO
00 00 00 00 00 00 00 00 00 00 OO0

00 00 00 00 00 00 00 00 0O
00 00 00 0000000 00 00 00 00
0000000 00 00 00 00 00 00 00 00 00
(0]0] 00 00 00 00 00 00 00 00 OO0
00] 00000 00 00 00000 00000 00000  (TM)

Computer program for the Strength Design of Reinforced Concrete Sections

Licensee stated above acknowledges that Portland Cement Association
(PCA) is not and cannot be responsible for either the accuracy or
adequacy of the material supplied as input for processing by the
pcaColumn (tm) computer program. Furthermore, PCA neither makes any
warranty expressed nor implied with respect to the correctness of the
output prepared by the pcaColumn (tm) program.Although PCA has endeavored
to produce pcaColumn(tm) error free, the program is not and can't be
certified infallible. The final and only responsibility for analysis,
design and engineering documents is the licensees. Accordingly, PCA
disclaims all responsibility in contract, negligence or other tort for
any analysis, design or engineering documents prepared in connection
with the use of the pcaColumn(tm) program.
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pcaColumn v3.64 © Portland Cement Association Page 2
Licensed to: Auburn University. License ID: 53161-1011561-4-20C30-27D59 11/02/10
C:\Documents and Settings\coulspj\Desktop\Seismic Design Research\Oseligee Creek\PCA
Column\Abutmen02:25 PM

02:25 PM

General Information:

File Name: C:\Documents and Settings\coulspj\Desktop\Seismic Design Research\Oseligee
Creek\PCA
Column\AbutmentColumnDesign.col

Project: Oseligee Creek

Column: Abutment Engineexr: PJC

Code: ACI 318-02 Units: English

Run Option: Investigation Slenderness: Not considered
Run Axis: X-axis Column Type: Structural

Material Properties:

f'c = 4 ksi fy = 60 ksi

Ec = 3605 ksi Es 29000 ksi
Ultimate strain = 0.003 in/in

Betal = 0.85

Il

Section:
Circular: Diameter = 42 in
Gross section area, Ag = 1385.44 in"2
Ix = 152745 in"4 Iy = 152745 in"4
Xo =. 0 in Yo = 0 in

Reinforcement:
Rebar Database: ASTM A615
Size Diam (in) Area (in”"2) Size Diam (in) Area (in"2) Size Diam (in) Area (in”2)
# 3 0.38 0.11 # 4 0.50 0.20 # 5 0.63 0.31
# 6 0.75 0.44 # 7 0.88 0.60 # B8 1.00 0.79
# 9 1.13 1.00 # 10 1.27 1.27 # 11 1.41 1.56
# 14 1.69 2.25 # 18 2.26 4.00

Confinement: Tied; #3 ties with #10 bars, #4 with larger bars.
phi(a) = 0.8, phi(b) = 0.9, phi(c) = 0.65

Layout: Circular :

Pattern: All Sides Equal (Cover to transverse reinforcement)
Total steel area, As = 24.96 in”2 at 1.80%

16 #11 Cover = 6 in

Factored Loads and Moments with Corresponding Capacities: (see user's manual for notation)

Pu Mux fMnx
No kip k-ft k-ft fMn/Mu
1 151.0 1005.0 1632.9 1.625
2 326.0 1432.0 1714.2 1.197
3 24.0 1432.0 1526.8 1.066
4 154.0 1340.0 1635.5 1.220
5 148.0 1340.0 1630.5 1.217

**%* Program completed as requested! ***
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Appendix D: Little Bear Creek Bridge Guide Specifcation Design

Designer: Paul Coulston ORIGIN := 1
Project Name: Little Bear Creek Bridge

Job Number:

Date: 7/22/2010

Description of worksheet: This worksheet is a seismic bridge design worksheet for the
AASHTO Guide Specifications for LRFD Seismic Bridge Design. All
preliminary design should already be done for non seismic loads.

Project Known Information

Location: Franklin County
Zip Code or Coordinates: 35.0069 N 88.2025 W

Superstructure Type: AASTHO | girders
Substructure Type: Circular columns supported on drilled shafts
Abutment Type: Abutment beam supported on drilled shafts

Note: Input all of the below information.

fc:= 4000 psi
fye:= 60000 psi
b
Pconc -= 0.08681 —3
in

i_n
g:=3864 -

S
Length of Bridge (ft) L := 300 ft
Short Span (ft) ShortSpan := 85 ft
Long Span (ft) LongSpan := 130 ft
Deck Thickness (in) tgeck = 7 in
Deck Width (ft) DeckWidth := 42.75 ft
I-Girder X-Sectional Area (in2) IGirderArea:= 559.5 in2
Bulb Girder X-Sectional Area (in2) BulbGirderArea:= 767 in2
Guard Rail Area (in? GuardRailArea:= 310 in2
Bent Volume (ft3) BentVolume := 4075 + 2.42.5) = 1.64 x 103 ft3
Column Diameter (in) Columndia:= 54 in
Drilled Shaft Diameter (in) DSdia:= 60 in
Drilled Shaft Abutment Diameter (in) DSabutdia:= 42 in
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Appendix D: Little Bear Creek Bridge Guide Specifcation Design

Average Column Height (ft) ColumnHeight ;= 14.5 ft
Columndiazﬁr 3
Column Area (in2) Acolumn:= ——————  =2.29x 10
DSdie’r 3
Adrilledshaft ;= ——— =2.827x 10

Drilled Shaft Area (in2)

Note: These are variables that were easier to input in
ft and then convert to inches.

ShortSpan := ShortSpan12 = 1.02 x 103 in

LongSpan := LongSpan12 = 1.56 x lO3 in

L:=LO2=36x 103 in
DeckWidth := DeckWidth(12 =513 in

BentVolume := BentVol umeELZ3 =2.834x lO6 in3
ColumnHeight := ColumnHeight12 = 174 in

Steps for Seismic Design
Article 3.1: The Guide Specification only applies to the design of CONVENTIONAL BRIDGES.

Article 3.2: Bridges are design for the life safety performance objective.
Article 6.2: Requires a subsurface investigation take place.

Article 6.8 and C6.8: Liquefaction Design Requirements - A liquefaction assessment should
be made if loose to very loose sands are present to a sufficient extent to impact
the bridge stability and A is greater than or equal to 0.15.

Article 3.3: The type of Earthquake Resisting System (ERS) should be considered. This
is not a requirement as in SDC C and D, but should be considered. A Type 1
ERS has a ductile substructure and essentially elastic superstructure.

Type of Bridge: TYPE 1

Article 3.4: Determine Design Response Spectrum

Note: AASHTO Guide Specifications for LRFD Seismic Bridge Design is accompanied
with a program that has the Seismic Hazard maps. This program will calculate several
of the variables that are needed for the analysis.

1) Article 3.4.2.1:Determine the Site Class. Table 3.4.2.1-1

INPUT Site Class: D
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2) Enter maps and find PGA, S_,and S,. Then enter those values in their respective spot. Also,

the the Guide Specification is accompanied with a cd that contains a program that will find
these values for the designer.

PGA := 0116 g

INPUT S=0272 ¢

$:=0092 ¢

3) Article 3.4.2.3: Site Coefficients. From the PGA,S,, and S, values and site class
choose Fypa, Fyy @and F,. Note: straight line interpolation is permitted.

Fpgp = 1.57 Table 3.4.2.3-1
MELT Fy:= 158 Table 3.4.2.3-1
F=24 Table 3.4.2.3-2
FQ-34.11  Ag= FpgalPCA =0.182 ¢ A, : Acceleration Coefficient
Fa.341-2  SDS=F{%=043 ¢ Sps = Short Period Acceleration Coefficient
Eqg. 3.4.1-3 SD1:= F,[$; =0221 g Sp; = 1-sec Period Acceleration Coefficient
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4) Creating a Response Spectrum

Note: The DesignSpectrum Code creates a Response Spectrum for the Bridge.
At this time the period of the bridge is unknown; therefore, the Sa value cannot

be calculated.

Tmax:=2 s Dt:= 0.001 s
SD1
DesignSpectrum(SDS,SD1,A., Tmax,Dt) := [ To « ——
gnSp ( S ) T
To < 020
n Tmax
max Dt

for id1.. Nmax

Ti ~ Dt

a - (SDS—AS)dDTL[D +Ag if DUI<T,
0]

a « SDS if Dtil= T, ODtI< Tg

a - 2% if puisT,
' Dt

R « augment(T,a)
R

BridgeSpectrum := Desi gnSpectrum(SDS, SD1,Ag, Tmax, Dt)

Response Spectrum
0.5 T T T

Response Spectral Acceleration, Sa (g)

I I I
0.5 1 15 2

0.1
0

Period (secs)
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Article 3.5: Selection of Seismic Design Category

SD1=0221 ¢ From Table 3.5-1 Choose SDC

SDCprogram(SD1) := | for ¢ SD1

c « "A" if SD1<0.15
c - "B" if SD120150SD1<0.3
c"C" if SD12030SD1<05
c  "D" if SD1=05

Rs - c

c

SDC := SDCprogram(SD1) = "B"

Displacement Demand Analysis Ap
Figure 1.3-2 Demand Analysis Flowchart
Article 4.2: Selection of Analysis Procedure
This is a function of the SDC and the regularity of the bridge.
Procedure 1 = Equivalent Static Method
Article 4.3.3: Displacement Magnification for Short-Period Structures

Uq:=2 for SDC B

SD1
derogram(T,SDS,SDl,ud) = S « 33
Th ~ 1.25[0s
1\Tbh 1
Xel|l-—|F—+—
Ud T Ud
y « 10

a< X ifT—b>1.0
T

Tb
Y T

a

Note: This Rd value will be calculated when the period of the structure is known. This factor will
amplify the displacement demand.

208




Appendix D: Little Bear Creek Bridge Guide Specifcation Design

Article 5.4: Analytical Procedure 1 (Equivalent Static Analysis)

Note: There are two methods that can be used according to this procedure. The Uniform Load Method is
suitable for regular bridges that respond principally in their fundamental mode of vibration. The Single
Mode Spectral Method may be a better method if there is a major change in the spans, stiffness of the

piers, etc.
The Uniform Load Method is simpler and less time consuming and will give accurate results, and this is
the reason it has been chosen in this design.

Uniform Load Method

Step 1: Build a bridge model

Step 2: Apply a uniform load of Po = 1.0 kip/in. in both the longitudinal and transverse direction.
Also, the uniform load can be converted into point loads and applied as joint loads in
SAP. Calculate the static displacement for both directions. In SAP, tables of the
displacements can be exported to EXCEL, and the MAX Function can be used to find the
maximum displacement.

Step 3: Calculate the bridge lateral stiffness, K, and total weight, W.

kip
=10 —
Po in
VsmaxLong = 0.647204 in
INPUT
VgmaxTran .= 2-263053 in
PolL 3 kip
Eq. C5.4.2-1 Kiong™= =5.562> 10 i
smaxLong
PolL kip
Eq. C5.4.2-2 KTran = " =684.014 F
smaxTran
INPUT: Multiplying factors
Peoncll L EgeckDeckWidth + 2BentVolume + 4[AcolumniColumnHeight ...
W= + 2ShortSpan®IGirderArea + 6[0LongSpanBulbGirderArea + 2[GuardRail Arealll
' 1000

W = 3164.123 kips

209




Appendix D: Little Bear Creek Bridge Guide Specifcation Design

Step 4: Calculate the period, T,

, w

T =2n——=0241 s
Eq. C5.4.2-3 mLon

d g KLong@

Step 5: Calculate equivalent static earthquake loading p,.

sb1
a0q(SDS, SDL, Ty gngrAg) = | Ts = s

Ty « 02T

for ad TmLong

T
mLong .
a - (SDS- AS)EIT— *+ Ag it Tmiong<To
(o]

a .« SDS if Ty ong=To DTmiong< Ts

sb1 .
a-7 T TmLong> Ts
mLong
Ra — a
a
Say ong = a¢(SDS, SDL, Ty gng:Ag) = 043
_ SongW _ kip
Eq. C5.4.2-4 PeLong’= —— = 0378 .

Step 6: Calculate the displacements and member forces for use in design by applying p, to
the model or by scaling the results by p,/p,.

R ong = derogram(T SDS,SDl,ud) =1.832

mLong’

Pelong

Vv = R ong*—— = 0.448 in
(o]

smaxLong - smaxLong
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Repeat Steps 4, 5, and 6 for transverse loading.

Step 4: Calculate the period, T

’ W

T = 2w =0687 s
Eq. C5.4.2-3 mTran

a KTran@

Step 5: Calculate equivalent static earthquake loading p,.

Sarrgn = a(SDS, SDL, Tyyryan, Ag) = 0.321

_ SargnW kip
Eq. C5.4.2-4 PeTran= — = 0.282 -

Step 6: Calculate the displacements and member forces for use in design by applying p, to
the model or by scaling the results by p,/p,.
Rebrygn == Rdprogram(T g4, SDS, SD1,ug) = 1
PeTran

H—-n0N"
Po

=1.486 in

VemaxTran -= Rotran smaxTran

Single-Mode Spectral Method

This procedure is not specifically addressed in the Guide Specifications. The Guide Spec. refers
you to the AASHTO LRFD Bridge Design Specifications.

Article 4.7.4.3.2: Single-Mode Spectral Method

Step 1: Build a bridge model
Step 2: Apply a uniform load of Po = 1.0 in both the longitudinal and transverse direction.

Calculate the static displacement for both directions.

Step 3: Calculate factors a, 3, and y.
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Note: The Deflection equations come from analysis of the SAP model. The displacement is
taken at the joints along the length of the bridge and input into an Excel Worksheet. Then a

graph is created of the displacements along the length of the
and that is the equation that is shown below.

-7 _2
Vgtran(®¥ = 1110 X~ + 0.0017(X + 0.3412 Vslong(x) =

L
C4.7.4.3.2b-1 OTran = J Veran(¥) A
0

L
W
CA7.432b2  Broy:= J T Vatran(®) 0

0

L

. W 2. 4
C4.7.4.3.2b-3 YTran = J Tmstran(x) dx =6.102x 10
0

a = Displacement along the length
B = Weight per unit length * Displacement
y = Weight per unit length * Displacement?

Step 4: Calculate the Period of the Bridge

VTran
T =2t ———— =0.672
Eq. 4.7.4.3.2b-4 mTranl
a Po 8Ty an
YLong
T =2t ———— =0.194
Eq. 4.7.4.3.2b-4 mLongl
q o Pol9%y ong

Step 5: Calculate the equivalent Static Earthquake Loading

bridge. A best fit line is plotted,

—210” 9%° + 0.0001% + 0.2223

rL
9 ong= | Vaong¥) dx
Y0
L W
BLong = I Vg ong(X) dx
Y0
L

. W 2
YLong = J I Ngong(X) dx
0

CemLong = &¢(SDS, SDL, Ty gngnAg) = 043
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Step 6: Calculate the displacements and member forces for use in design by applying p, to

the model or by scaling the results by p,/p,.

8 [C
Eqg. C4.7.4.3.2b-5 PeLong(x) := w[—lv—vmslong(x)
Long L

PeLong(x) — 0.000090517538799082222132[X + —1.81035077598164444266—9ISk2 + 0.20122048875035977

.
100
i:=1.101
Pelongi = PeLong[(i — 1)dW] 6Iongi = Vslong[(i - 1)dwW]

Alongi = PelongiEBIongi

Force Along the Length

| | |
2
g 0.4_ 1
(D)
(@]
5 0.2 =
L
| | |
0 1x10° 2x10° 3x10°
Length (in)
Deflection Along the Length
0. T T T
=
5 0.2 =
B I 1
T 0.1
&)
| | |
0 1x10° 100 x10°  4x10°

Length (in)

Maximum Deflection

max(Along) = 0.28 in
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NOTE: Repeat Steps 5 and 6 for Transverse Direction.
Step 5: Calculate the equivalent Static Earthquake Loading

C

smiTran = @¢(SDS, SDL, Tpirrang Ag) = 0.328

Step 6: Calculate the displacements and member forces for use in design by applying p, to
the model or by scaling the results by p,/p,.

BTran‘:q:smTran W
Eqg. C4.7.4.3.2b-5 PeTran(x) := —[—IL—Eystran(x)

YTran

PeTran(x) — 0.000097554309454804921037X + 5.7384887914591130022&9Dk2 + 0.019579723756458493563

.
100
i:=1.101
Petrani = PeTran[(i — 1)[dL] 6trani "= Vgtrgnl (i — 1)dL]

Atrani = Petrani [E&trani

Force along the Length

Force (kips)

0 1x10° 210° 3x10°

Length (in)
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Deflection along the Length

4 | | |
=
Nan) 3r 1
c
(@]
= oF A
3
jo, iy 7
o)
| |
0 1x10° 2100 x10°  4x10°
Length (in)

Maximum Deflection

max(Atran) = 3.453 in

Article 5.6: Effective Section Properties

Note: Use 0.7*lg for ductile reinforced concrete members.
Refer to the charts on page 5-20 of the Guide Specification if a more precise value is desired.

Article 5.2: Abutment Modeling
Note: This is taken care of in the SAP model.

Article 5.3: Foundations Modeling

Note: Since in SDC B, Foundation Modeling Methods | can be used.

FMM is dependent on the type of foundation.

For bridges with Pile Bent/Drilled Shaft the depth of fixity can be estimated.
Since details regarding reinforcing are not known, reduce the stiffness of the

drilled shafts to one half the uncracked section.

Note: Special provisions need to be considered if Liquefaction is present. (Article 6.8)

Article 4.4: Combination of Orthogonal Seismic Displacement Demands

LoadCasel := J (1¥gmextong)” * (03¥smaxrran) =0632 in

LoadCase? := J (mysmman)2 + (O'SEysmaxLong)z =1492  in
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COLUMN DESIGN

Article 4.8: Displacement Demand/Capacity

Note: If the column height is different for each bent, a capacity check needs to be
made at each bent.

Displacement Demand/Capacity for the Bents Ap <Ag

BENT 2

Note: The displacement demand is taken as the bent displacement. This can be found by
using the SAP Bridge model that was created.

ADlong = 0.2566 in ADLong = RdLonnglongmeLong =0.178 in

Input _ ) _ _ )
Apgran = 0.7953 in ApTran = RorranBpiranPerran = 0-225 in

Input Hg = 12.063 ft

Columndia
B —_—

|nQUt o~ 12 fi

A=2 Fixed and top and bottom

AB,
Eq. 4.8.1-3 X = =0.746
(0]
Eq. 4.8.1-1 Ag = 0.12[H[{-1.270In(x) - 0.32) = 0.075 in

0.12[H, = 1.448 in

CheckLimit(Ag) = |a « "OK" if Ag 2 0.12MH,
a — "FAILURE" if Ag <0.12[H,

CheckLimit(A¢) = "FAILURE"
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CheckCapacity(Ac, Ap) = |c — "OK" if Ac2Ap
¢ « "FAILURE" if Ac<Ap

CheckCapacity( Az, Ap| gng) = "FAILURE"

CheckCapacity( Az, ApTan) = "FAILURE"

BENT 3
ADlong = 0.3702 in ADLong = RdLonnglongmeLong =0.256
INPUT = 22407 in ApTran = RorranBpiranPetran = 0225
Dtran
INPUT Hg = 16.681 ft
INPUT g .= SOUMNdE
12
A=2 Fixed and top and bottom
AB,
Eq. 4.8.1-3 T T
Eq. 4.8.1-1 Ac = 0.2, [{-1.270n(x) - 0.32) = 0.928 in
0.12[H, = 2.002 in

CheckLimit(Ag) = |a « "OK" if Ag 2 0.12MH,
a — "FAILURE" if Ag <0.12[H,

CheckLimit(A¢) = "FAILURE"

CheckCapacity(Ac, Ap) = |c — "OK" if Ac2Ap
¢ « "FAILURE" if Ac<Ap

CheckCapacity( Az, Ap| gng) = "OK"

CheckCapacity( Az, ApTgn) = "OK"
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NOTE: IF THE SIMPLIFIED EQUATIONS ABOVE DO NOT WORK, A PUSHOVER ANALYSIS OF
THE BRIDGE CAN BE DONE TO VERIFY THE DISPLACEMENT CAPACITY. In SAP 2000, there is
an earthquake design program that allows a pushover analysis to be done by setting the SDC to D.
Be sure to amplify the demand values by the appropriate Rd value. List the results below to verify
that the Displacement Capacity is sufficient. The Demand Displacement must be multiplied by
pe/po. The below chart was created in Excel and then brought into Mathcad.

GenDispl Demand (in) | Capacity (in)| Check
_GD_TR1_DReq11| 0.808448256 | 2.801242 OK
_GD_LG1 DReql1| 1.212062438 | 1.522609 OK
_GD_TR2_DReq11]| 3.883949328 | 13.210685 OK
_GD_LG2 DReql1| 1.737604208 | 2.514419 OK

Article 4.12: Minimum Support Length Requirements
Note: May need to add more calculations if column heights are different at the bents.

N (in) = Minimum support length measured normal to the bridge
L (ft) = Length of bridge to adjacent expansion joint or end of the bridge

H (ft) = average height of columns supporting bridge deck for abutments
for columns and piers = column height

S (Degree) = angle of skew
Abutment Support Length Requirement

__ ShortSpan _ __ ColumnHeight

INPUT Spangputment = T 85 ft Haputment = T =145

Note: The Span, iment IS divided by number of spans and inches.

Skew gy tment = 0 Degrees

Eq. 4.12.2-1

- 2\ _ :
Nabutment := 1508 + 0.02Spanyy, jyment + 0.08Habutmem)[€l + 0.000125SKeW o jiment ) =1629  in
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Bent Support Length Requirement

BENT 2
LongSpan
INPUT an = ————— =130 ft
Spang ent 1012
Note: The Span,; ;iment IS divided by number of spans and inches.

INPUT Hpent := 12.063 ft INPUT: Column Height for this Bent

INPUT  Skewggt:= 0  Degrees

Eq. 4.12.2-1

- 2) _
Npent == L5If8 + 0.02Spang ey + 0.08HBem)[€1 + 0.000125Skewg ot ) =17.348

BENT 3
. LongSpan _
Note: The Span, ;iment IS divided by number of spans and inches.

INPUT Hpent := 16.681 ft INPUT: Column Height for this Bent

INPUT  Skewgg =0 Degrees

Eq. 4.12.2-1

- 2) _
Npent == L5If8 + 0.02Spang ey + 0.08HBem)[€1 + 0.000125Skewg ot ) = 17.902

Article 4.14: Superstructure Shear Keys
Vok = 2V,

Note: This does not apply to this bridge.

in
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Figure 1.3-5 SDC B Detailing

Decide what Type of bridge designing.

Structure Type: Type 1

Article 8.3: Determine Flexure and Shear Demands

Article 8.5: Plastic Moment Capacity

Note: Article 8.5 refers the designer back to Article 4.11.1-4.

BENT 3 DESIGN

Article 4.11.1-4; Steps to find Moment Capacity, Shear Capacity, and Axial Force

Note: Use some kind of software to find the Moment Capacity of the Column. PCA
Column was used to create an Interaction Diagram and to calculate the Moment
Capacity. The shear for the bent was found by knowing the Moment.

INPUT M p= 60000000  Ibln

Note: Fixity is the point of fixity for the

INPUT Fixity := 20Cin column/drilledshaft.

2[Mp 3
V,:= — =600 kips \Y =2V, =12x 10" Kkips
P Fixity2000 P pBent3 P P

Note: If the decision is made to design for Elastic Forces then the above variables need to be override.
This can be done by simply changing the Vp variable to the elastic force from SAP2000 that has been
multiplied by pe/po.

INPUT Vp = 290 kips VpBentS = zwp =580 kips

Note: Pu is the combination of Elastic Axial force from the earthquake and dead load.

INPUT P, = 1284000 Ib
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Article 8.6: Shear Demand and Capacity for Ductile Concrete Members

Note: It is recommended to use the plastic hinging forces whenever practical.

Article 4.11.6: Analytical Plastic Hinge Length

Note: For reinforced concrete columns framing into a footing, an integral bent cap, an
oversized shaft, or cased shatft.

INPUT dy, := 1.41 in dy,: Diameter of Longitudinal Bar
f
Eq. 4.11.6-1 PlasticHinge(Fixity, fye,dyy) = |Ip — 0.08Fixity + 0.15518’—060 ),
fye

1000

a—lpiflpzm

a—miflp<m

a

Lp = PIasticHinge(Fixity,fye,db|) = 28.69 in

Article 4.11.7: Reinforced Concrete Column Plastic Hinge Region

Note: y is the region of column with a moment demand exceeding 75% of the
maximum plastic moment. From the SAP model, find the location at which the
moment demand is 0.75*Mp. The 0.75*Mp value should be divided by p_q,,, tO

take into account the model loads have not been multiplied by p.y,,, The

location will also need to be INPUT into the PlasticHingeRegion program in
inches.

Mp75:= 0.75[I1/Ip =45x% 107 Iblin
PIasticHingeRegion(Lp,Columndia) = |z « 1L5[Columndia
X Lp
y <0

a — max(z,x,y)
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Note: Input the arguments into the program. Most likely the column diameter is the only variable that
has changed.

INPUT Lpr:= PIasticHingeRegion(L ,Columndia) =81 in

p

Article 8.6.2: Concrete Shear Capacity

Ag:= Acolumn

Eq. 8.6.2-2 Ae:= 0.8[Ag = 1.832 x 103 in2
Hp = 2 Specified in Article 8.6.2 of Guide Spec.
INPUT s=6 in s: Spacing of hoops or pitch of spiral (in)
INPUT Asp:= .31 in2 Asp: Area of spiral or hoop reinforcing (in2)
INPUT Dsp := 0.625 in Dsp: Diameter of spiral or hoop reinforcing (in)
INPUT Cover := 3 in Cover: Concrete cover for the Column (in)
INPUT Dprime:= 48 in Dprime: Diameter of spiral or hoop for circular columns (in)
4[Asp -3
= — =4.306x% 10
Eq. 8.6.2-7 Ps = SDprime
fye
yni= ——=
1000
Eq. 8.6.2-6 Str%sCheck(pS, fyh) = |fs — pgiyh

a -~ fs if fs<0.35

fs:= StressCheck(pg, fyh) = 0.258
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f
Eq. 8.6.2-5 aprogram(fs, “D) = |aprime 0—; +3.67 - pp

a < 0.3 if aprime<0.3
a — aprime if aprime> 0.3 Daprime< 3
a— 3 if aprime=3

a

aPrime:= aprogram(fs, “D) =3

If Puis Compressive

l:’u fc
2Ag[1000 1000

Eqg. 8.6.2-3 vcprogram(aPrime,fc,Pu,Ag) = |ve < 0.032@Prime[€1 +

minl < 011 |—<
1000
. . fc
min2 « 0.047cPrimel]] ——
1000

minimum — min(minl, min2)
a < vec if vc < minimum
a « minimum if vc > minimum

a

Eq. 8.6.2-4

If Puis NOT Compressive VC = 0 Note: If Pu is not compressive, will have to manually
input O for vc. Just input it below the vc:=vcprogram and
the variable will assume the new value.

vC = vcprogram(aPri me, fc, Pu,Ag) =022 ks

Vc:= vclAe = 403.079 kips
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Article 8.6.3 & 8.6.4: Shear Reinforcement Capacity

INPUT n:=2 n: number of individual interlocking spiral or hoop core sections

Eqg. 8.6.3-1
Eq. 8.6.4-1

vsprogram(n, Asp, fyh, Dprime, s,fc,Ae) := [vs EténAspEﬂthDprlme)

2 S

maxvs — 0.25 iD\e
1000

a < vs if vs < maxvs

a « maxvs if vs> maxvs

a

Vs:= vsprogram(n,Asp, fyh,Dprime,s,fc,Ae) = 467.469  kips

Eq. 8.6.1-2 dVn:= oJ(Vs+ Vc) = 783.493  kips

ShearCheck(oVn, V) = |a — "OK" if ¢VnzV,
a — "FAILURE" if ¢Vn<V,

a

Shearcheck := ShearCheck(q>Vn,Vu) ="0OK"

Note: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforcing
(Asp), increase the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.

Article 8.6.5: Minimum Shear Reinforcement

For Circular Columns
Eqg. 8.6.5-1 mintranprogram(ps) = |a < "OK" if pg=0.003
a « "Increase Shear Reinforcing Ratio” if pg < 0.003

a

CheckTransverse:= mi ntranprogram(ps) ="OK"

Note: If the minimum shear reinforcement program responses "Increase Shear Reinforcing
Ratio", it is recommended to decrease the spacing (s) or increase the area of the shear
reinforcement (Asp) in the inputs.
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Article 8.8: Longitudinal and Lateral Reinforcement Requirements

Article 8.8.1: Maximum Longitudinal Reinforcement

INPUT Ap = 1.56 in2

INPUT NumberBars := 28

Along:: NumberBarsiAp, = 43.68 in
Eq.8.8.1-1 pprogram(A|Ong,Ag) = |a - "OK" if Ajgnq < 0.041Ag
a « "Section Over Reinforced" if Along > 0.04[Ag

a

ReinforcementRaitoCheck := pprogram(A| ong'Ag) ="0K"

Note: If the Maximum Longitudinal Reinforcing program returns "Section Over Reinforced", either
increase the section size (Aq) or decrease the longitudinal reinforcing (Abl and NumberBars) in the
inputs.

Article 8.8.2: Minimum Longitudinal Reinforcement
For Columns in SDC B and C:
Eqg. 8.8.2-1 minAIprogram(A|,Ag) = |a « "OK" if Ajgng=0.007Rg
a < "Increase Longitudinal Reinforcing" if Along < 0.007TAg

a

MinimumA, := minAIprogram(A|0ng,Ag) ="0K"

Note: If the Minimum Longitudinal Reinforcing program returns "Increase Longitudinal Reinforcing”,
either decrease the section size (Ag) or increase the longitudinal reinforcing (Abl and NumberBars in
the inputs.
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Article 8.8.9: Requirements for Lateral Reinforcement for SDCs B,C, and D

These Requirements need to be checked and satisfied.

Cross-tie Requirements:

1) Continuous bar having a hook of not less than 135 Degrees with an extension
NOT less than 6*d,, or 3 in. at one end and a hook of NOT less than 90 Degrees

with an extension of NOT less than 6*d, at the other end.
2) The hooks must engage peripheral longitudinal bars.
3) The 90 Degree hooks of two successive cross-ties engaging the same longitudinal
bars shall be alternated end-for-end.
Hoop Requirements

1) Bar shall be a closed tie or continuously wound tie.
2) A closed tie may be made up of several reinforcing elements with 135 Degree
hooks having a 6*d,, but NOT less than 3 in. extension at each end.

3) A continuously wound tie shall have at each end a 135 Degree hook with a 6*d,
but NOT less than 3 in. extension that engages the longitudinal reinforcement.

Minimum Size of Lateral Reinforcement

#4 bars for #9 or smaller longitudinal bars
#5 bars for #10 or larger longitudinal bars
#5 bars for bundled longitudinal bars
Maximum Spacing of Lateral Reinforcing in Plastic Hinge Region
Shall Not Exceed the Smallest of:
1
Spacingprogram(Cqumndia,db|) =1lq < (E)Columndia

r<—6@b|
t-6

a — min(q,r,t)

a
MaximumSpacing := Spaci ngprogram(CoI umndia,db|) =6 in

SpacingCheck(MaximumSpacing,s) := |a « s if s< MaximumSpacing
a « MaximumSpacing if s> MaximumSpacing

a
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FINALSPACING := SpacingCheck(MaximumSpacing,s) =6 in

scheck := ShearCheck(MaximumSpacing, s) = "OK"

Note: If scheck returns "Failure”, increase the spacing of shear reinforcing spacing (s). The
spacing value may be FINALSPACING, but verify this works for all other checks.

Article 5.10.11.4.3 (LRFD SPEC.): Column Connections

Note: This needs to be done whenever the column dimension changes. The spacing in the hinge
region shall continue into the drilled shaft or cap beam the Extension length.

ExtensionProgram(d) := |z —~ 15

1
X « —d
2

a — max(z,x)

a

INPUT Extension := ExtensionProgram(Columndia) = 27 in

Nominal Shear Resistance for members OUTSIDE Plastic Hinge Region.
Refer to the AASHTO LRFD Bridge Design Specifications.

5.8.3.3 Nominal Shear Resistance
Vp =290 kips

INPUT  spaceNOhinge:= 10.5 in

INPUT  bv:= Columndia

$g=09

Note: B and 6 come from Article 5.8.3.4.1

B:=20

T @5=0785 rad
180
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Note: Dr, de, and dv equations come from Article 5.8.2.9.
dp .
Dr .= bv — Cover — Dsp — 7 = 49.67 in

Eq. C5.8.2.9-2 de:= % + br =4281 in

T

dv:=09de=38529 in

’ fc .
Eq. 5.8.3.3-3 V= 0.031603 mbv@v-262.986 kips

fye
2AspH——dv(dot(6
¥ 1000 ©

Eq.5.8.3.3-4 v.:= . =136.504 kips
spaceNOhinge

OV = (Vo + Vb= 350541 kips

ShearCheck(oVn, V) = |a — "OK" if ¢VnzV,
a « "FAILURE" if ¢Vn<V,
a
Shearcheck := ShearCheck(q)Vn,Vp) ="0OK"

Note: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforcing
(Asp), increase the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.

5.8.2.5 Minimum Transverse Reinforcement

fc b NOhi
Eq. 5.8.2.5-1 Avmin = 0.03160] — o vSpaceNoninge _ ) 507 in?
1000 fye
1000
2
Av = 2[Asp = 0.62 in
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TranCheck(Avmin, Av) =

a «
a «
a

"Decrease Spacing or Increase Bar Size"
"OK™

if Avmin < Av

MinimumTran := TranCheck(Avmin, Av) = "OK"

Note: If the minimum transverse reinforcement program responses "Decrease Spacing or

if Avmin > Av

Increase Bar Size", it is recommended to decrease the spacing (spaceNOhinge) or increase the

area of the shear reinforcement (Asp) in the inputs.

5.8.2.7 Maximum Spacing of Transverse Reinforcement

Yy

Eqg. 5.8.2.9-1 W= ———
bgbvldv

Eqg. 5.8.2.7-1 spacingProgram(Vu, dv, fc) :=

Eq. 5.8.2.7-2

=0.155

ksi

vV 01250
1000

q < 0.8dv

r — 0.4ldv
z—qifqgs24
z-24 ifg>24
t—rif r<12
t 12 if r>12
a«—z if Vu<v
a—tif Vuzv

a

MaxSpacing := spacingProgram(vu, dv,fc) =24 in

Spacecheck(MaxSpacing,s) := |a « s if s< MaxSpacing

a — MaxSpacing if s> MaxSpacing

a

MAXSPACING := Spacecheck(MaxSpacing, spaceNOhinge) = 10.5

scheck := ShearCheck(MAXSPACING, spaceNOhinge) = "OK"

in

Note: If scheck returns "Failure”, change the spacing of shear reinforcing spacing (spaceNOhinge).

The spacing value may be MAXSPACING, but verify this works for all other checks.
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BENT 2 DESIGN

Article 4.11.1-4: Steps to find Moment Capacity, Shear Capacity, and Axial Force

Note: Use some kind of software to find the Moment Capacity of the Column. PCA
Column was used to create an Interaction Diagram and to calculate the Moment
Capacity. The shear for the bent was found by knowing the Moment.

INPUT M p= 59328000  Ibln

Note: Fixity is the point of fixity for the

INPUT Fixity := 1451n column/drilledshaft.

21 -

p . .
V,:= — =818.317 Kkips \Y = 2V, = 1.637 x 10kips
P Fixity[2000 P pBent2 P P

Note: If the decision is made to design for ELASTIC FORCES then the above variables need to be
override. This can be done by simply changing the Vp variable to the elastic force from SAP2000 that
has been multiplied by pe/po.

INPUT Vp =170 kips VpBentZ = zwp =340 kips

Note: Pu is the combination of Elastic Axial force from the earthquake and dead load.

INPUT P, = 950000 Ib

Article 8.6: Shear Demand and Capacity for Ductile Concrete Members

Note: It is recommended to use the plastic hinging forces whenever practical.
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Article 4.11.6: Analytical Plastic Hinge Length

Note: For reinforced concrete columns framing into a footing, an integral bent cap, an
oversized shaft, or cased shatft.

INPUT dp =141 in dy,: Diameter of Longitudinal Bar

Lp = PIasticHinge(Fixity,fye,db|) =24.29 in

Article 4.11.7: Reinforced Concrete Column Plastic Hinge Region

Note: y is the region of column with a moment demand exceeding 75% of the
maximum plastic moment. From the SAP model, find the location at which the
moment demand is 0.75*Mp. The 0.75*Mp value should be divided by p_,,, t0
take into account the model loads have not been multiplied by py,,, The
location will also need to be INPUT into the PlasticHingeRegion program in
inches.

Mp75:= 0.75[I1/Ip =445 x 107 Ibln
PIasticHingeRegion(Lp,Columndia) = |z « 1L5[Columndia
X Lp
y <0

a — max(z,x,y)

Note: Input the arguments into the program. Most likely the column diameter is the only variable
that has changed.

INPUT Lpr:= PIasticHingeRegion(Lp,Columndia) =81 in

Article 8.6.2: Concrete Shear Capacity

Ag:= Acolumn
Eqg. 8.6.2-2 Ae:= 0.8[Ag = 1.832x 100 in?
Hp = 2 Specified in Article 6.8.2 Guide Spec.
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INPUT s:=6 in s: Spacing of hoops or pitch of spiral (in)
INPUT Asp:= 0.31 in Asp: Area of spiral or hoop reinforcing (in2)
INPUT Dsp:= 0.625 in Dsp: Diameter of spiral or hoop reinforcing (in)
INPUT Cover .= 3 in Cover: Concrete cover for the Column (in)
INPUT Dprime:= 48 in Dprime: Diameter of spiral or hoop for circular columns (in)
4[Asp -3
= — =4.306x% 10
Eq. 8.6.2-7 Ps = SDprime
f
fyh:= e
1000
Eq. 8.6.2-6 fs:= StressCheck(pg, fyh) = 0.258

Eq. 8.6.2-5 aPrime:= aprogram(fs, “D) =3

If Puis Compressive
Eqg. 8.6.2-4
If Puis NOT Compressive VC = 0 Note: If Pu is not compressive, will have to manually
input O for vc. Just input it below the vc:=vcprogram and

the variable will assume the new value.

vC = vcprogram(aPri me, fc, Pu,Ag) =022 ks
Vc:= vclAg = 503.849 kips

Article 8.6.3 & 8.6.4: Shear Reinforcement Capacity

INPUT n:=2 n: number of individual interlocking spiral or hoop core sections
Eqg. 8.6.3-1 . .
Eq. 8.6.4-1 Vs:= vsprogram(n,Asp, fyh,Dprime, s, fc,Ae) = 467.469  kips
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Eq. 8.6.1-2 oVn:= ¢(Vs+ Vc) = 874186  kips

Shearcheck := ShearCheck(an,Vu) ="0OK"

Note: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforcing
(Asp), increase the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.

Article 8.6.5: Minimum Shear Reinforcement

For Circular Columns

Eg. 8.6.5-1 CheckTransverse := mintranprogram(ps) ="OK"

Note: If the minimum shear reinforcement program responses "Increase Shear Reinforcing
Ratio", it is recommended to decrease the spacing (s) or increase the area of the shear
reinforcement (Asp) in the inputs.

Article 8.8: Longitudinal and Lateral Reinforcement Requirements

Article 8.8.1: Maximum Longitudinal Reinforcement

INPUT Ap = 1.56 in2

INPUT NumberBars:= 24
Along = NumberBarsmu =37.44 in2
Eqg. 8.8.1-1 ReinforcementRaitoCheck := pprogram(A|0ng,Ag) ="OK"

Note: If the Maximum Longitudinal Reinforcing program returns "Section Over Reinforced", either
increase the section size (Ag) or decrease the longitudinal reinforcing (Abl and NumberBars) in the

inputs.
Article 8.8.2: Minimum Longitudinal Reinforcement

For Columns in SDC B and C:

Eqg. 8.8.2-1 MinimumA, := minAIprogram(A|0ng,Ag) ="0OK"

Note: If the Minimum Longitudinal Reinforcing program returns "Increase Longitudinal Reinforcing”,
either decrease the section size (Ag) or increase the longitudinal reinforcing (Abl and NumberBars) in

the inputs.
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Article 8.8.9: Requirements for Lateral Reinforcement for SDCs B,C, and D

These Requirements need to be checked and satisfied.

Cross-tie Requirements:

1) Continuous bar having a hook of not less than 135 Degrees with an extension
NOT less than 6*d,, or 3 in. at one end and a hook of NOT less than 90 Degrees

with an extension of NOT less than 6*d, at the other end.

2) The hooks must engage peripheral longitudinal bars.
3) The 90 Degree hooks of two successive cross-ties engaging the same longitudinal
bars shall be alternated end-for-end.

Hoop Requirements

1) Bar shall be a closed tie or continuously wound tie.
2) A closed tie may be made up of several reinforcing elements with 135 Degree
hooks having a 6*d,, but NOT less than 3 in. extension at each end.

3) A continuously wound tie shall have at each end a 135 Degree hook with a 6*d,
but NOT less than 3 in. extension that engages the longitudinal reinforcement.

Minimum Size of Lateral Reinforcement

#4 bars for #9 or smaller longitudinal bars
#5 bars for #10 or larger longitudinal bars
#5 bars for bundled longitudinal bars

Maximum Spacing of Lateral Reinforcing in Plastic Hinge Region

Shall Not Exceed the Smallest of:

MaximumSpacing := Spaci ngprogram(CoI umndia,db|) =6 in
FINALSPACING := SpacingCheck(MaximumSpacing,s) =6 in

scheck := ShearCheck(MaximumSpacing, s) = "OK"

Note: If scheck returns "Failure”, change the spacing of shear reinforcing spacing (s). The
spacing value may be FINALSPACING, but verify this works for all other checks.

Article 5.10.11.4.3 (LRFD SPEC.): Column Connections

Note: This needs to be done whenever the column dimension changes. The spacing in the hinge
region shall continue into the drilled shaft or cap beam the Extension length.

INPUT Extension := ExtensionProgram(Columndia) = 27 in
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Nominal Shear Resistance for members OUTSIDE Plastic Hinge Region.
Refer to the AASHTO LRFD Bridge Design Specifications.

5.8.3.3 Nominal Shear Resistance
Vp =170 kips

INPUT  spaceNOhinge:= 10.5 in

INPUT  bv:= Columndia

Note: B and 6 come from Article 5.8.3.4.1

B:=20

T @5=0785 rad
80

Note: Dr, de, and dv equations come from Article 5.8.2.9.

d
Dr .= bv — Cover — Dsp — % = 49.67 in

Eq. C5.8.2.9-2 de:= % + br =4281 in
T

dv:= 09de=38529 in

’ fc .
Eq. 5.8.3.3-3 V= 0.031603 mbv@v-262.986 kips

fye
2AspH——dv(dot(6
¥ 1000 ©

Eq.5.8.3.3-4 v.:= . =136.504 kips
spaceNOhinge
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OV = (Vo + Vb= 350541 kips

Shearcheck := ShearCheck(q)Vn,Vp) ="0OK"
Note: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforcing
(Asp), increase the area of shear reinforcing, or increase the section size (Acolumn). These

variables can be changed in the inputs.

5.8.2.5 Minimum Transverse Reinforcement

fc _bvidpaceNOhinge
Eq. 5.8.2.5-1 Avmin := 0.0316 VP % ~ 0597 in?
1000 fye
1000
2
Av = 2[Asp = 0.62 in

MinimumTran := TranCheck(Avmin, Av) = "OK"

Note: If the minimum transverse reinforcement program responses "Decrease Spacing or
Increase Bar Size", it is recommended to decrease the spacing (spaceNOhinge) or increase the
area of the shear reinforcement (Asp)_in the inputs.

5.8.2.7 Maximum Spacing of Transverse Reinforcement

\Y

Eq. 5.8.2.9-1 wi= —Y2  =0001 ksi
bgbvldv
Eq. 5.8.2.7-1 , . .
Eq. 5.8.2.7-2 MaxSpacing := spacingProgram(vu, dv,fc) =24 in
MAXSPACING := Spacecheck(MaxSpacing, spaceNOhinge) = 10.5 in

scheck := ShearCheck(MAXSPACING, spaceNOhinge) = "OK"

Note: If scheck returns "Failure”, change the spacing of shear reinforcing spacing (spaceNOhinge).
The spacing value may be MAXSPACING, but verify this works for all other checks.
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DRILLED SHAFT DESIGN

Article 6.5: Drilled Shafts

NOTE: The guide specification states that the drilled shafts shall conform to the requirements of
columns in SDC B, C, or D as applicable. Also, there are special provisions regarding liquefaction that
needs to be investigated if this is a concern for a certain bridge.

Since the hinging will not occur in the drilled shaft, the drilled shaft will be design using the column
design from the LRFD Specification.

DRILLED SHAFT 2

Nominal Shear Resistance for members outside Plastic Hinge Region.
Refer to the AASHTO LRFD Bridge Design Specifications.

5.8.3.3 Nominal Shear Resistance

INPUT \%

170 kips

P

Vu = Vp

INPUT  spaceNOhinge:= 12 in

INPUT  Asp:= 044  in’

INPUT  Cover:=6 in2

INPUT  bv:= DSdia

INPUT Dsp:= 075 in

INPUT dp =141 in

$g=09

Note: B and 6 come from Article 5.8.3.4.1

B:=20

T @5=0785 rad
180

237




Appendix D: Little Bear Creek Bridge Guide Specifcation Design

Note: Dr, de, and dv equations come from Article 5.8.2.9.

d
Dr .= bv — Cover — Dsp — % =52.545 in

Eq. C5.8.2.9-2 de:= bv + br =46.726 in

2 T

dv:= 0.9de=42.053 in

’ fc .
Eq. 5.8.3.3-3 V= 0.031603 mbvmiv = 318.93 kips

fye
2AspH——adv(dot(6
¥ 1000 ©

Eq.58334  vg:= . =185.033 kips
spaceNOhinge

OV = (Vo + Vb= 453567  kips

Shearcheck := ShearCheck(q)Vn,Vp) ="0OK"

Note: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforcing
(Asp), increase the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.

5.8.2.5 Minimum Transverse Reinforcement

fc _bvidpaceNOhinge
Eq. 5.8.2.5-1 Avmin := 0.0316 VP % ~0.758 in?
1000 fye
1000
2
Av := 2[Asp =0.88 in

MinimumTran := TranCheck(Avmin, Av) = "OK"

Note: If the minimum transverse reinforcement program responses "Decrease Spacing or
Increase Bar Size", it is recommended to decrease the spacing (spaceNOhinge) or increase the
area of the shear reinforcement (Asp)_in the inputs.
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5.8.2.7 Maximum Spacing of Transverse Reinforcement

Vi
Eqg. 5.8.2.9-1 vu;= — =0.075 ksi
bgbvldv
Eq. 5.8.2.7-1 . . .
Eq. 5.8.2.7-2 MaxSpacing := spacingProgram(vu, dv,fc) =24 in
MAXSPACING := Spacecheck(MaxSpacing, spaceNOhinge) = 12 in

scheck := ShearCheck(MAXSPACING, spaceNOhinge) = "OK"

Note: If scheck returns "Failure”, change the spacing of shear reinforcing spacing (spaceNOhinge).
The spacing value may be MAXSPACING, but verify this works for all other checks.

DRILLED SHAFT 3

Nominal Shear Resistance for members outside Plastic Hinge Region.
Refer to the AASHTO LRFD Bridge Design Specifications.

5.8.3.3 Nominal Shear Resistance

INPUT Vp = 290 kips

INPUT  spaceNOhinge:= 12 in

INPUT  Asp:= 044  in’

INPUT  Cover:=6 in2

INPUT  bv:= DSdia

INPUT Dsp:= 075 in

INPUT dp =141 in
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Note: B and 6 come from Article 5.8.3.4.1

B:=20

T @5=0785 rad
180

Note: Dr, de, and dv equations come from Article 5.8.2.9.
dp .
Dr .= bv — Cover — Dsp — 7 =52.545 in

Eq. C5.8.2.9-2 de:= % + br =46.726 in
T

dv:= 0.9de=42.053 in

’ fc .
Eq. 5.8.3.3-3 V= 0.031603 mbvmiv = 318.93 kips

fye
2AspH——dv(dot(6
¥ 1000 ©

Eq.5.8.3.3-4 v.:= . =185.033 kips
spaceNOhinge

OV = (Vo + Vb= 453567  kips

Shearcheck := ShearCheck(q)Vn,Vu) ="0OK"

Note: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforcing
(Asp), increase the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.

5.8.2.5 Minimum Transverse Reinforcement

fc _bvidpaceNOhinge
Eq. 5.8.2.5-1 Avmin := 0.0316 VP % ~0.758 in?
1000 fye
1000
2
Av := 2[Asp =0.88 in

MinimumTran := TranCheck(Avmin, Av) = "OK"

Note: If the minimum transverse reinforcement program responses "Decrease Spacing or
Increase Bar Size", it is recommended to decrease the spacing (spaceNOhinge) or increase the

area of the shear reinforcement (Asp)_in the inputs.
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5.8.2.7 Maximum Spacing of Transverse Reinforcement

\Y

Eq. 5.8.2.9-1 wi= —Y2 =018 ksi
bgbvldv
Eq. 5.8.2.7-1 , . .
Eq. 5.8.2.7-2 MaxSpacing := spacingProgram(vu, dv,fc) =24 in
MAXSPACING := Spacecheck(MaxSpacing, spaceNOhinge) = 12 in

scheck := ShearCheck(MAXSPACING, spaceNOhinge) = "OK"

Note: If scheck returns "Failure”, change the spacing of shear reinforcing spacing (spaceNOhinge).
The spacing value may be MAXSPACING, but verify this works for all other checks.

DRILLED SHAFT ABUTMENT

Nominal Shear Resistance for members outside Plastic Hinge Region.
Refer to the AASHTO LRFD Bridge Design Specifications.

5.8.3.3 Nominal Shear Resistance

INPUT Vp = 140 kips

INPUT  spaceNOhinge:= 12 in

INPUT  Asp:= 031  in°

INPUT  bv:= DSabutdia

INPUT Cover:=6 in

INPUT  Dsp:= 0.625 in

INPUT dp =141 in

$g=09
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Note: B and 6 come from Article 5.8.3.4.1

B:=20

T @5=0785 rad
180

Note: Dr, de, and dv equations come from Article 5.8.2.9.

d
Dr = bv—Cover—Dsp—%zM.G? in

Eq. C5.8.2.9-2 de:= bv + br =32036 in

2 T

dv:=09de=28.832 in

<
I

fc
= 0.0316 %/—bvmiv:lSS.OGS kips
Eq.5.8333 Ve By To00 p

2AspEIB/—OeO dvidot(6)
Eq.58334 v = . =89.38  kips
spaceNOhinge
OV = (Vg + Vg = 2182 kips

Shearcheck := ShearCheck(q)Vn,Vp) ="0OK"

Note: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforcing

(Asp), increase the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.

5.8.2.5 Minimum Transverse Reinforcement

fc _bvidpaceNOhinge
Eq. 5.8.2.5-1 Avmin := 0.0316 VP %® ~ o531 in?
1000 fye
1000
2
Av = 2[Asp = 0.62 in

MinimumTran := TranCheck(Avmin, Av) = "OK"

Note: If the minimum transverse reinforcement program responses "Decrease Spacing or
Increase Bar Size", it is recommended to decrease the spacing (spaceNOhinge) or increase the
area of the shear reinforcement (Asp)_in the inputs.
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5.8.2.7 Maximum Spacing of Transverse Reinforcement

\Y

Eq. 5.8.2.9-1 wi= —Y2 =018 ksi

bgbvldv
Eqg. 5.8.2.7-1 . ) .
Eq. 5.8.2.7-2 MaxSpacing := spacingProgram(vu,dv,fc) = 23.066 in

MAXSPACING := Spacecheck(MaxSpacing, spaceNOhinge) = 12

scheck := ShearCheck(MAXSPACING, spaceNOhinge) = "OK"

Note: If scheck returns "Failure”, change the spacing of shear reinforcing spacing (spaceNOhinge).

The spacing value may be MAXSPACING, but verify this works for all other checks.

CONNECTION DESIGN FOR BENT/ABUTMENT TO GIRDER

Bent 3 Connection Design Note: Also use for Bent 2 connection.
INPUT Vcolbent := Vpgent3 = 580
INPUT Ngirderperbent := 12 Ngirderbent = Number of girders per bent

Article 6.5.4.2: Resistance Factors

¢y =08 Tension for A307
bg:= 075 Shear for A307
bpg = 0.80 Block Shear

Gpp = 0.80 Bolts Bearing

g = 085 Shear Connectors
¢ := 1.00 Flexure

bsangle = 1.00 Shear for the Angle
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For Type lll Girders

Note: Select the grade of bolt being used. It is assumed that a ASTM A307 Grade C bolt is used.

INPUT Fub:= 58 ksi
INPUT Dia, := 1.5 in
INPUT Ns:= 1 Ns = Number of Shear Planes per Bolt

Angle Properties

INPUT Fy:= 36 ksi Fy = Yield Stress of the Angle

INPUT Fu:= 58 ksi Fu = Ultimate Stress of the Angle

INPUT t:= 1.00 in t = Thickness of Angle

INPUT h:=6 in h = Height of the Angle

INPUT w:==6 in w = Width of the Angle

INPUT |:=12 in | = Length of the Angle

INPUT k:= 15 in k = Height of the Bevel

INPUT  distanchorhole:= 4 in distanchorhole = Distance from the vertical leg to the center

of the hole. This is the location of the holes.

INPUT disghole:= 1.75 in diahole = Diameter of bolt hole

INPUT BLSHIength:= 6 in BLSHIength = Block Shear Length

INPUT BLSHwidth:= 2 in BLSHwidth = Block Shear Width

INPUT Ubs:= 1.0 Ubs = Shear Lag Factor for Block Shear

INPUT a=2 in a = Distance from the center of the bolt to the edge of plate

INPUT b:=35 in b = distance from center of bolt to toe of fillet of connected
part

Shear Force per Angle:

Vangle = M =24.167 kips
2Ngirderperbent
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Article 6.13.2.12: Shear Resistance For Anchor Bolts

2
TtDi

A= 0 1 767 in”
4

Eq.6.13.2.12-1  ¢sRn:= ¢g0.48[A [FubiNs = 36.898 kips CONTROLS MUST USE
1.5" BOLT
Shearcheck := ShearCheck(dpsRn, Vangle) = "OK"

Note: If the program returns "FAILURE", either increase diameter of the bolt (Diab), change grade of bolt,
increase number of bolts, etc.

Article 6.13.2.9: Bearing Resistance at Bolt Holes

For Standard Holes

Eq. 6.13.2.9-1 ¢bbRn = 2.4[Dia,[fFub = 208.8 kips

For Slotted Holes

INPUT Lc:=2 in Lc = Clear dist. between the hole and the end of the member

Eq. 6.13.2.9-4 ¢bbRns:= LclFub = 116 kips

Bearingcheck := ShearCheck(dbbRn, Vangle) = "OK"
Bearingscheck := ShearCheck(dpbbRns, Vangle) = "OK"

Note: If the program returns "FAILURE", either change the diameter of the bolt, thickness of the
angle, or Lc (hole location).
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Article 6.13.2.10: Tensile Resistance

Note: This a calculation of the Tension force on the anchor bolt due to the shear. A moment is taken
about the through bolt in the vertical leg of the angle. The line of action for the shear force is assumed to
enter the angle at 1" below the through bolt; therefore, the moment due to shear is Vangle* 1". The
distance to the anchor bolt in the cap beam is 4", and that is how the Tu equation was derived.

Vanglell
Tu:= L =6.042 kips
distanchorhole
Eq. 6.13.2.10.2-1 OtTn = ¢;[0.76[A[Fub = 62.317 kips

Tensioncheck := ShearCheck($tTn, Tu) = "OK"

Note: If program returns "FAILURE", change area of the bolt or grade of bolt.

Article 6.13.2.11: Combined Tension and Shear
Pu .= Vangle

Eg. 6.13.2.11-1 CombinedProgram(Pu,Ab,Fub,(1>sRn,(1>S) = |t « 0.76[ApFub
Eqg. 6.13.2.11-2

Pu 2
r — 0.76[A,Fub 1—(¢ R )
sRn

actif —Y <033
®sRn
Pg

acrif —Y 5033

%)

TNeombined := Combi nedProgram(Pu,Ab, Fub,q)sRn,q)S) =58.863 kips

PtTNcombined = Pt Ncombined = 4709 kips
Combinedcheck := ShearCheck(¢tTncombi ned Vangle) ="0K"

Note: If program returns "FAILURE", change area of the bolt or grade of bolt.
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AISC J4 Block Shear

Agv = tIBLSHIength = 6 in2
,_ . _ .2 Note this is for if there are
Anv ;= t[IBLSHIength — 0.5[diahole) = 5.125 in one through bolts in the
upper leg.
Ant = tBLSHwidth - 0.5@iahole) = 1125 in? pper feg
(J4-5) BLSHprogram(Agv,Anv,Ant,Ubs,Fu,Fy) := |b ~ 0.6[FulAnv + UbsFulAnt
¢ « 0.6Fy[Agv + Ubs[FulAnt
a-bifbsc
a—cifb>c
a
Rn := BLSHprogram(Agv, Anv, Ant,Ubs, Fu, Fy) = 194.85 kips

¢bsRn = ¢g[Rn = 155.88 kips
BlockShearCheck := ShearCheck(¢pbsRn, Vangle) = "OK"

Note: If program returns "FAILURE", change diameter of the bolt, number of bolts, thickness of
angle, length of angle, etc.

AISC D2: Tension Member
Ut = Shear Lag factor for single Angles. Refer to

Ut:= 06 Table D3.1 in AISC Manual
Ant = tw — (1diahole)] = 4.25 in?

(D3-1) Ae:= Ant(Ut = 2.55 in

(D2-2) tPn = b, TFubAe = 118.32 Kips

TensionCheck := ShearCheck($tPn, Vangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle, length of angle, width of angle, etc.
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AISC CH. F: Bending of Angle

Note: A SAP Model of the angle was created. The shear of the angle was applied at 4 in. (which is at
the bolt location). Then the moment was found just above the k height for this angle.
The Critical section is a k distance away on the horizontal leg. This location has the greatest moment.

Note: This is assuming we
need the same size anchor

INPUT Muangle = 72.2 kiplin bolt in the top as we do the

bottom.
1Tt 3
ZX = T =3 in
Had to increase the
. thickness of the
bIMn:= ¢ FylZx = 108 Kip(n angle to 1.00 in. or can

increase the length.

BendingAngleCheck := ShearCheck($fMn, Muangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle or length of angle

AISC G: Shear Check

Cv:i=10
Aw = thiv=6 in2
(G2-1) dsangleVn = ¢sangl 0.6[Fy[AWICv = 129.6 kips

ShearAngleCheck := ShearCheck(¢dsangleVn,Vangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle or width of angle.

TYPE BT-72

Note: Select the grade of bolt being used. It is assumed that a ASTM A307 Grade C bolt is used.

INPUT Fub:= 58 ksi
INPUT Dia, := 1.5 in
INPUT Ns:= 1 Ns = Number of Shear Planes per Bolt
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Angle Properties

INPUT

INPUT

Fy:= 36
Fu:= 58

t:= 1.00

k:= 150

distanchorhole:= 4

diahole:= 1.75

ksi

ksi

in

in

in

in

BLSHlength:=6 in

BLSHwidth:= 2

Ubs:= 1.0

Shear Force per Angle:

Vangle =

in

Vcolbent
2Ngirderperbent

Fy = Yield Stress of the Angle

Fu = Ultimate Stress of the Angle
t = Thickness of Angle

h = Height of the Angle

w = Width of the Angle

| = Length of the Angle

k = Height of the Bevel

distanchorhole = Distance from the vertical leg to the center of
the hole. This is the location of the holes.

diahole = Diameter of bolt hole
BLSHIength = Block Shear Length
BLSHwicth = Block Shear Width

Ubs = Shear Lag Factor for Block Shear

a = Distance from the center of the bolt to the edge of plate

b = distance from center of bolt to toe of fillet of connected
part

=24.167 kips
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Article 6.13.2.12: Shear Resistance For Anchor Bolts

.2
TDigy,
Api= —— =1767 in2
4
Eq. 6.13.2.12-1 ¢sRn = ¢ 0.48[A,[FubNs = 36.898 kips

Shearcheck := ShearCheck(dpsRn, Vangle) = "OK"

Note: If the program returns "FAILURE", either increase diameter of the bolt (Diab), change grade of bolt,

increase number of bolts, etc.

Article 6.13.2.9: Bearing Resistance at Bolt Holes

For Standard Holes

Eq. 6.13.2.9-1 ¢bbRn = 2.4[Dia,[fFub = 208.8 kips

For Slotted Holes

INPUT Lc:=2 in Lc = Clear dist. between the hole and the end of the member

Eq. 6.13.2.9-4 ¢bbRns:= LclFub = 116 kips

Bearingcheck := ShearCheck(dbbRn, Vangle) = "OK"

Bearingcheck := ShearCheck(dbbRn, Vangle) = "OK"

Note: If the program returns "FAILURE", either change the diameter of the bolt, thickness of the
angle, or Lc (hole location).
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Article 6.13.2.10: Tensile Resistance

Note: This a calculation of the Tension force on the anchor bolt due to the shear. A moment is taken
about the through bolt in the vertical leg of the angle. The line of action for the shear force is assumed to
enter the angle at 1" below the through bolt; therefore, the moment due to shear is Vangle* 1". The
distance to the anchor bolt in the cap beam is 4", and that is how the Tu equation was derived.

Vanglell
Tu:= L =6.042 kips
distanchorhole
Eq. 6.13.2.10.2-1 otTn:= 0.76[AFub = 77.896 kips

Tensioncheck := ShearCheck($tTn, Tu) = "OK"
Note: If program returns "FAILURE", change area of the bolt or grade of bolt.

Article 6.13.2.11: Combined Tension and Shear

Pu = Vangle
Eqg. 6.13.2.11-1 TNcombined = CombinedProgram(Pu,Ab, Fub,¢sRn,¢S) =58.863 kips
Eqg. 6.13.2.11-2

PtTNcombined = Pt Ncombined = 47-09 kips

Combinedcheck := ShearCheck(¢tTncombi ned Vangle) ="0K"

Note: If program returns "FAILURE", change area of the bolt or grade of bolt.
AISC J4 Block Shear

Agv = tIBLSHIength = 6 in2

Anv = tIBLSHlength — 0.5iahole) = 5,125 in”

Ant = tBLSHwidth - 0.5iahole) = 1125 in?
(J4-5) Rn := BLSHprogram(Agv, Anv, Ant, Ubs, Fu, Fy) = 194.85 kips

¢bsRn = ¢g[Rn = 155.88 kips
BlockShearCheck := ShearCheck(¢pbsRn, Vangle) = "OK"

Note: If program returns "FAILURE", change diameter of the bolt, number of bolts, thickness of
angle, length of angle, etc.
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AISC D2: Tension Member
Ut = Shear Lag factor for single Angles. Refer to

Ut:= 06 Table D3.1 in AISC Manual
Ant = tw — (1diahole)] = 4.25 in2

(D3-1) Ae:= Ant(Ut = 2.55 in

(D2-2) tPn = b, TFubAe = 118.32 Kips

TensionCheck := ShearCheck($tPn, Vangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle, length of angle, width of angle, etc.

AISC CH. F: Bending of Angle

Note: A SAP Model of the angle was created. The shear of the angle was applied at 4 in. (which is at
the bolt location). Then the moment was found just above the k height for this angle.
The Ciritical section is a k distance away on the horizontal leg. This location has the greatest moment.

INPUT Muangle:= 72.2  kipln Note: This is assuming we
need the same size anchor
bolt in the top as we do the

2
7y = I [Qt) _3 in3 bottom.
4
¢fMn:= ¢ [Fy[Zx = 108 kipln

BendingAngleCheck := ShearCheck($fMn, Muangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle or length of angle
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AISC G: Shear Check

(G2-1)

Cv:=10
Aw = tlw =6
dsangleVn = ¢Sang|e[(D.6[EFym\w[([Iv =129.6 kips

ShearAngleCheck := ShearCheck(dsangleVn,Vangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle or width of angle.

Bent 2 Expansion Connection Design

TYPE BT-72

Note: Select the grade of bolt being used. It is assumed that a ASTM A307 Grade C bolt is used.

Fub := 58
Diab =15
Ns:=1

Angle Properties

INPUT

INPUT

Fy:= 36

Fu:= 58

k:= 150

distanchorhole:= 4

ksi

in

ksi

ksi

in

in

in

Ns = Number of Shear Planes per Bolt

Fy = Yield Stress of the Angle

Fu = Ultimate Stress of the Angle
t = Thickness of Angle

h = Height of the Angle

w = Width of the Angle

| = Length of the Angle

k = Height of the Bevel

distanchorhole = Distance from the vertical leg to the center of
the hole. This is the location of the holes.
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INPUT disghole:= 1.75 in diahole = Diameter of bolt hole

INPUT SlottedHole:= 6 in SlottedHole = Length of slotted hole

INPUT BLSHIength:= 6 in BLSHIength = Block Shear Length

INPUT BLSHwidth:= 2 in BLSHwicth = Block Shear Width

INPUT Ubs:= 1.0 Ubs = Shear Lag Factor for Block Shear

INPUT a=2 in a = Distance from the center of the bolt to the edge of plate

INPUT b:=35 in b = distance from center of bolt to toe of fillet of connected
part

Shear Force per Angle:

Vangle:= ﬂ =24.167 kips
2Ngirderperbent

Article 6.13.2.12: Shear Resistance For Anchor Bolts

.2
T[Digy,
Api= —— =1767 in2
4
Eq. 6.13.2.12-1 ¢sRn = ¢ 0.48[A,[FubNs = 36.898 kips

Shearcheck := ShearCheck(dpsRn,Vangle) = "OK"

Note: If the program returns "FAILURE", either increase diameter of the bolt (Diab), change grade of bolt,
increase number of bolts, etc.
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Article 6.13.2.9: Bearing Resistance at Bolt Holes

For Standard Holes

Eq. 6.13.2.9-1 ¢bbRn = 2.4[Dia,[fFub = 208.8 kips

For Slotted Holes

INPUT Lc:=2 in Lc = Clear dist. between the hole and the end of the member

Eq. 6.13.2.9-4 ¢bbRns:= LclFub = 116 kips

Bearingcheck := ShearCheck(dbbRn, Vangle) = "OK"

Bearingcheck := ShearCheck(dbbRn, Vangle) = "OK"

Note: If the program returns "FAILURE", either change the diameter of the bolt, thickness of the
angle, or Lc (hole location).

Article 6.13.2.10: Tensile Resistance

Note: This a calculation of the Tension force on the anchor bolt due to the shear. A moment is taken

about the through bolt in the vertical leg of the angle. The line of action for the shear force is assumed to

enter the angle at 1" below the through bolt; therefore, the moment due to shear is Vangle* 1". The
distance to the anchor bolt in the cap beam is 4", and that is how the Tu equation was derived.

Vanglell

= ——— =6.042 Kips
distanchorhole

Eqg. 6.13.2.10.2-1 GtTn:= 0.76[ApFub = 77.896 kips
Tensioncheck := ShearCheck(tTn, Tu) = "OK"

Note: If program returns "FAILURE", change area of the bolt or grade of bolt.
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Article 6.13.2.11: Combined Tension and Shear
Pu = Vangle

Eqg. 6.13.2.11-1 TNcombined = CombinedProgram(Pu,Ab, Fub,¢sRn,¢S) =58.863
Eqg. 6.13.2.11-2

ST Neombined = Pt Mcombined = 47-09 kips

Combinedcheck := ShearCheck(¢tTncombi ned Vangle) ="0K"

Note: If program returns "FAILURE", change area of the bolt or grade of bolt.

AISC J4 Block Shear
Agv = tIBLSHIength = 6 in2

ttedHol
Anv = t[EBLSHlength - o.sas%j =45 i’

Ant = tBLSHwidth - 0.5@iahole) = 1125 in”
(J4-5) Rn := BLSHprogram(Agv, Anv, Ant, Ubs, Fu, Fy) = 194.85 kips

¢bsRn 1= ¢g[Rn = 155.88 kips

BlockShearCheck := ShearCheck(¢pbsRn, Vangle) = "OK"

Note: If program returns "FAILURE", change diameter of the bolt, number of bolts, thickness of

angle, length of angle, etc.

AISC D2: Tension Member

Ut:= 06 Table D3.1 in AISC Manual
Ant = tw — (1diahole)] = 4.25 in?

(D3-1) Ae:= Ant(Ut = 2.55 in

(D2-2) tPn = b, TFubAe = 118.32 Kips

TensionCheck := ShearCheck($tPn, Vangle) = "OK"

kips

Ut = Shear Lag factor for single Angles. Refer to

Note: If program returns "FAILURE", change thickness of angle, length of angle, width of angle, etc.
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AISC CH. F: Bending of Angle

Note: A SAP Model of the angle was created. The shear of the angle was applied at 4 in. (which is at
the bolt location). Then the moment was found just above the k height for this angle.
The Critical section is a k distance away on the horizontal leg. This location has the greatest moment.

INPUT Muangle:= 72.2  kipln Note: This is assuming we
need the same size anchor
bolt in the top as we do the

2
7y = I [Qt) _3 in3 bottom.
4
¢fMn:= ¢ [Fy[Zx = 108 kipln

BendingAngleCheck := ShearCheck($fMn, Muangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle or length of angle

AISC G: Shear Check

Cv:=10
Aw = tlw=6 in2
(G2-1) dsanglevn = ¢Sang|e[(D.6[EFym\w[([:v =129.6 kips

ShearAngleCheck := ShearCheck(¢dsangleVn,Vangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle or width of angle.
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Abutment to Girder Connection

INPUT Vcolbent := 420 kips

INPUT Ngirderperbent := 6 Ngirderbent = Number of girders per bent

For Type lll Girders

Note: Select the grade of bolt being used. It is assumed that a ASTM A307 Grade C bolt is used.

INPUT Fub:= 58 ksi
INPUT Dia, := 1.5 in
INPUT Ns:= 1 Ns = Number of Shear Planes per Bolt

Angle Properties

INPUT Fy:= 36 ksi Fy = Yield Stress of the Angle

INPUT Fu:= 58 ksi Fu = Ultimate Stress of the Angle

INPUT t:= 1.0 in t = Thickness of Angle

INPUT h:=6 in h = Height of the Angle

INPUT w:==6 in w = Width of the Angle

INPUT |:=20 in | = Length of the Angle

INPUT k:= 15 in k = Height of the Bevel

INPUT  distanchorhole:= 4 in distanchorhole = Distance from the vertical leg to the center of
the hole. This is the location of the holes.

INPUT disghole:= 1.75 in diahole = Diameter of bolt hole

INPUT SlottedHole:= 6 in SlottedHole = Length of slotted hole

INPUT BLSHIength:= 15 in BLSHIength = Block Shear Length

INPUT BLSHwidth:= 2 in BLSHwicth = Block Shear Width

INPUT Ubs:= 1.0 Ubs = Shear Lag Factor for Block Shear

INPUT a=2 in a = Distance from the center of the bolt to the edge of plate

INPUT b:=35 in b = distance from center of bolt to toe of fillet of connected

part
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Shear Force per Angle:

V col bent

Vangle:= —— =35 kips
2Ngirderperbent
INPUT Nholts = 2 Npoits = NUMber of bolts per flange
Vangl
Vperbolt ;= Yyange _ 175 kips
Nholts

Article 6.13.2.12: Shear Resistance For Anchor Bolts

.2
T[Digy,
Api= — =1767 in2
4
Eq. 6.13.2.12-1 ¢sRn = ¢ 0.48[A,[FubNs = 36.898 kips

Note: This is checking to verify that the anchor bolt has enough shear strength.

Shearcheck := ShearCheck(dpsRn, Vperbolt) = "OK"

Note: If the program returns "FAILURE", either increase diameter of the bolt (Diab), change grade of bolt,
increase number of bolts, etc.

Article 6.13.2.9: Bearing Resistance at Bolt Holes

For Standard Holes

Eq. 6.13.2.9-1 ¢GbbRn = 2.4[Dia,[fFub = 208.8 kips

For Slotted Holes

Eq. 6.13.2.9.3 ¢dbbRns:= 2.0[Diay, fFub = 174 kips

Bearingcheck := ShearCheck(¢pbbRn, Vperbolt) ="OK"
Bearingscheck := ShearCheck(dpbbRns, Vperbolt) = "OK"

Note: If the program returns "FAILURE", either change the diameter of the bolt, thickness of the
angle, or Lc (hole location).
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Article 6.13.2.10: Tensile Resistance

Note: This a calculation of the Tension force on the anchor bolt due to the shear. A moment is taken
about the through bolt in the vertical leg of the angle. The line of action for the shear force is assumed to
enter the angle at 1" below the through bolt; therefore, the moment due to shear is Vangle* 1". The
distance to the anchor bolt in the cap beam is 4", and that is how the Tu equation was derived.

Vanglell .
=— = kips
distanchorhole
Eq. 6.13.2.10.2-1 otTn:= 0.76[AFub = 77.896 kips

Tensioncheck := ShearCheck($tTn, Tu) = "OK"

Note: If program returns "FAILURE", change area of the bolt or grade of bolt.

Article 6.13.2.11: Combined Tension and Shear

Pu := Vperbolt
Eq. 6.13.2.11-1 TNcombined = CombinedProgram(Pu,Ab, Fub,¢sRn,¢S) = 68.577 kips
Eqg. 6.13.2.11-2

PtTNeombined = Pt Ncombined = 94-862 kips

Combinedcheck := ShearCheck(¢tTncombi ned Vangle) ="0K"

Note: If program returns "FAILURE", change area of the bolt or grade of bolt.
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AISC J4 Block Shear

Agv = tIBLSHIength = 15 in2
Note this is for if there are
ottedHole .
Anv:= t[éBLSHIength - l.SBL) =105 in2 two through bolts in the
2 5 upper leg.
Ant := t[{BLSHwidth — 0.5[diahole) = 1.125 in
(J4-5) Rn := BLSHprogram(Agv, Anv, Ant, Ubs, Fu, Fy) = 389.25 kips

¢bsRn = ¢y Rn=3114 kips

BlockShearCheck := ShearCheck(¢pbsRn, Vangle) = "OK"

Note: If program returns "FAILURE", change diameter of the bolt, number of bolts, thickness of
angle, length of angle, etc.

AISC D2: Tension Member
Ut = Shear Lag factor for single Angles. Refer to

Ut:= 06 Table D3.1 in AISC Manual
Ant = tw — (1diahole)] = 4.25 in2

(D3-1) Ae:= Ant(Ut = 2.55 in

(D2-2) PN = b, TFubAe = 118.32 Kips

TensionCheck := ShearCheck($tPn, Vangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle, length of angle, width of angle, etc.
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AISC CH. F: Bending of Angle

Note: A SAP Model of the angle was created. The shear of the angle was applied at 4 in. (which is at
the bolt location). Then the moment was found just above the k height for this angle.
The Critical section is a k distance away on the horizontal leg. This location has the greatest moment.

Note: This is assuming we

INPUT Muangle:= 104  kiph need the same size anchor
bolt in the top as we do the
5 bottom.
It
X = 0N =5 in3
4

Had to increase the thickness
ofMn:= ¢; [FylZx = 180 kipln of the angle to 1.00 in. or can
increase the length.

BendingAngleCheck := ShearCheck($fMn, Muangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle or length of angle

AISC G: Shear Check

Cv:=10
Aw = tlw=6 in2
(G2-1) dsanglevn = ¢Sang|e[(D.6[EFym\w[([:v =129.6 kips

ShearAngleCheck := ShearCheck(¢dsangleVn,Vangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle or width of angle.
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Designer: Paul Coulston ORIGIN:= 1
Project Name: Little Bear Creek Bridge

Job Number:

Date: 8/2/2010

Description of worksheet: This worksheet is a seismic bridge design worksheet for the

AASHTO LRFD Bridge Design Specification. All preliminary design should already
be done for non-seismic loads.

Project Known Information

Location: Franklin County
Zip Code or Coordinates: 35.0069 N 88.2025 W

Superstructure Type: AASTHO | girders
Substructure Type: Circular columns supported on drilled shafts
Abutment Type: Abutment beam supported on drilled shafts

Note: Input all of the below information.

fc:= 4000 psi
fye:= 60000 psi
Ib
Pconc -= 0.08681  —
in
in
g:=3864 -
s
Length of Bridge (ft) L := 300 ft
Short Span (ft) ShortSpan := 85 ft
Long Span (ft) LongSpan := 130 ft
Deck Thickness (in) tgeck = 7 in
Deck Width (ft) DeckWidth := 42.75 ft
I-Girder X-Sectional Area (in2) IGirderArea:= 559.5 in2
Bulb Girder X-Sectional Area (in2) BulbGirderArea:= 767 in2
Guard Rail Area (in? GuardRailArea:= 310 in2
Bent Volume (ft3) BentVolume := 4075 + 2.42.5) = 1.64 x 103 ft3
Column Diameter (in) Columndia:= 54 in
Drilled Shaft Diameter (in) DSdia:= 60 in
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Drilled Shaft Abutment Diameter (in)

Average Column Height (ft)

Column Area (in2)

Drilled Shaft Area (in2)

Drilled Shaft Abutment Area (in2)

DSabutdia:= 42 in

ColumnHeight ;= 14.5 ft

.2
Acolumn:= m =2.29 x 103 in2
.2 .2
Adrilledshaft := % - 2827x 10° n
DSabutdia’ T 3 2
Adsabut := 7 =1.385x 10 in

Note: These are variables that were easier to input in

ft and then convert to inches.

ShortSpan := ShortSpan12 = 1.02 x 103

LongSpan := LongSpan12 = 1.56 x lO3

L:=LO2=36x lO3 in

DeckWidth := DeckWidth[12 = 513

BentVolume := BentVol umeELZ3 =2.834x lO6 in3

ColumnHeight := ColumnHeight12 = 174

Steps for Seismic Design

Use Appendix A3 Seismic Design Flowcharts

Description of Difference from Guide Specification

The LRFD Specification is a force based approach to design verses the Guide Specification which is a
displacement based approach. The LRFD Specification has an Response Modification Factor (R) that
will be used in calculating the loads applied to the structure.

Article 3.10.1: Earthquake Effects - This is just the applicability of the Specifications.

Article 3.10.2: Determine Design Response Spectrum

Note: AASHTO Guide Specifications for LRFD Seismic Bridge Design is accompanied
with a program that has the Seismic Hazard maps. This program will calculate several
of the variables that are needed for the analysis.

1) Article 3.10.3.1:Determine the Site Class.

INPUT Site Class: D
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2) Enter maps and find PGA, S_,and S;. Then enter those values in their respective spot.

PGA := 0116 g

INPUT S=0272 ¢

$:=0092 ¢

3) Article 3.10.3.2: Site Coefficients. From the PGA,S,, and S, values and site class
choose Fpa, Fyy and F,. Note: straight line interpolation is permitted.

INPUT __
Fy =158
Fyi=24
Asi= FpgalPGA =0.182 g A, : Acceleration Coefficient
SDS:= Fal5s =043 ¢ Spg = Short Period Acceleration Coefficient
SD1:=F,[$;=0221 ¢ Sp; = 1-sec Period Acceleration Coefficient

4) Creating a Response Spectrum

Note: The DesignSpectrum Code creates a Response Spectrum for the Bridge. At this time

the period of the bridge is unknown; therefore, the Sa value cannot be calculated.

Tmax:=2 s Dt:= 0.001 s
SD1
DesignSpectrum( SDS, SD1,A., Tmax, Dt} = | Te « ——
gnSp ( S ) S oS
To < 020
N Tmax
max Dt

for id1.. Nmax

Ti ~ Dt

t
a - (SDS—AS)dD— +Ag if DUI<T,
1 TO
a « SDS if Dtil> T, ODtil< Tg

a o 2% if pmsT,
' Dt

R « augment(T,a)
R
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BridgeSpectrum := Desi gnSpectrum(SDS, SD1,Ag, Tmax, Dt)

Response Spectrum

0.5 T T T

Response Spectral Acceleration, Sa (g)

0.1
0 05 1 15

Period (secs)

Article 3.10.6: Selection of Seismic Performance Zones

SD1=0.221 g From Table 3.10.6-1 Choose SPZ

SDCprogram(SD1) := | for ¢ SD1

c~ "1" if SD1<0.15
c~ "2" if SD1>0.150SD1<0.3
c "3 if SD1>030SD1<05
c "4 if SD1>05

Rs - c

c

SDC := SDCprogram(SD1) = "2"
Article 3.10.5: Bridge Importance Category

Operational Classified: Other bridges
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Article 3.10.7: Response Modification Factors

For Substructures: Table 3.10.7.1-1

INPUT Multiple Column Bents Rsup = 50

For Connections: Table 3.10.7.1-2
INPUT Superstructure to Abutment R sbutment = 0.8
INPUT Columns to Bent Cap Rcolumncap =1.0
INPUT Column to foundation Rfoundation =1.0

Article 4.7.4.3: Multispan Bridges
Article 4.7.4.3.1 Selection of Method

Refer to Table 4.7.4.3.1-1 to select the required analysis procedure. This a function of seismic
performance zone, regularity, and operational classification. For the worst case in Alabama, we
can use either the Uniform Load Elastic Method or Single-Mode Elastic Method.

Note: There are two methods that can be used according to this procedure. The Uniform Load Method
is suitable for regular bridges that respond principally in their fundamental mode of vibration. The Single
Mode Spectral Method may be a better method if there is a major change in the spans, stiffness of the

piers, etc.
The Uniform Load Method is simpler and less time consuming and will give accurate results, and this is

the reason it has been chosen in this design.

Article 4.7.4.3.2c Uniform Load Method

Step 1: Build a bridge model

Step 2: Apply a uniform load of Po = 1.0 kip/in. in both the longitudinal and transverse direction.
Also, the uniform load can be converted into point loads and applied as joint loads in
SAP. Calculate the static displacement for both directions. In SAP, tables of the
displacements can be exported to EXCEL, and the MAX Function can be used to find the
maximum displacement.

Step 3: Calculate the bridge lateral stiffness, K, and total weight, W.

kip
p,:=10 —
0 in
VsmaxLong = 0.647204 in
INPUT
UgmaxTran = 2-26053  in
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PolL ki
Kiong= ———— = 5562 10° s
ong- in
smaxLong
p, L
Kepan = ———— = 684.342 Xp
v in
smaxTran
INPUT: Multiplying factors
Peoncll L EgeckDeckWidth + 2BentVolume + 4[AcolumniColumnHeight ...
W= + 2ShortSpan®IGirderArea + 6[LongSpanBulbGirderArea + 2[GuardRail Arealll
' 1000

W = 3164.123 kips

Step 4: Calculate the period, T

W
T =2n—— =0241 s
mLon
g J KLong@

Step 5: Calculate equivalent static earthquake loading p,.

SD1
acc(SDS,SDl,TmLong,AS) = [ Tg - s

Tg « 0.2T¢

for ad TmLong

T
mLong .
a - (SDS- AS)EIT— *+ Ag it Tmiong<To
(0]

a .« SDS if Ty ong=To DTmiong< Ts

Sb1 .
a - T if TmLong >Tg
mLong
Ra ~ a
a
CSM|_ g = @0(SDS, SDL, Ty gngsAg) = 043
_ CsmpgpgWV kip
PeLong= ——— — = 0378 —
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Step 6: Calculate the displacements and member forces for use in design by applying p, to
the model or by scaling the results by p,/p,.

Pel ong -

Po

VsmaxLong -~ smaxLong = 0-244 in

Repeat Steps 4, 5, and 6 for transverse loading.

Step 4: Calculate the period, T,

W
T =210 =0.687 s
mTran
\‘ KTrand

Step 5: Calculate equivalent static earthquake loading p,.

CSMyygn = a00(SDS, SDL, Tyyrran. Ag) = 0321

CsMypgnW kip

PeTran = =0.282 —

Step 6: Calculate the displacements and member forces for use in design by applying p, to
the model or by scaling the results by p,/p,.

PeTran
v

smaxTran -~ o smaxTran
0

=1.485 in

Single-Mode Spectral Method

Article 4.7.4.3.2: Single-Mode Spectral Method

Step 1: Build a bridge model
Step 2: Apply a uniform load of Po = 1.0 in both the longitudinal and transverse direction.
Calculate the static displacement for both directions.

Step 3: Calculate factors a, 3, and y.

Note: The Deflection equations come from analysis of the SAP model. The displacement is
taken at the joints along the length of the bridge and input into an Excel Worksheet. Then a
graph is created of the displacements along the length of the bridge. A best fit line is plotted,
and that is the equation that is shown below.

269




Appendix E: Little Bear Creek Bridge LRFD Specification Design

Vgran() = 1007 "B + 0.0017X + 03412 Vgong() = —2010° %5 + 0.00010% + 0.2223
L rL
C4.7.4.3.2b-1 OTran = J Vegran(®) dX Y ong'= | VdongX X
0 70
L W rL W
C4.7.43.2b2 By = J T Vetran®) dx BLong™= | T Mslong®) &
0 70
" w " w
— 2 . _ 4 — 2
C4.7.43.2b-3  Tran-~ J Tmstran(x) dx = 6.102x 10 “Long~ J Tmslong(x) dx
0 0

a = Displacement along the length
B = Weight per unit length * Displacement
y = Weight per unit length * Displacement?

Step 4: Calculate the Period of the Bridge

VTran
TrTrant = 270 ———— = 0.672 s
P90 ran
Lon
TrnLongt = 270 ———2— =0.194 s
P08y ong

Step 5: Calculate the equivalent Static Earthquake Loading
CemLong = &¢(SDS,SDL, Ty gngnAg) = 043
Step 6: Calculate the displacements and member forces for use in design by applying p, to

the model or by scaling the results by p,/p,.

S} [C
PelL.ong(x) := “Long “sm ong EI\II_—V Ny Ong(x)

Long

PeLong(x) — 0.000090517538799082222132[X + —1.81035077598164444266—9ISk2 + 0.20122048875035977
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.
100
i:=1.101
Pelongi = PeLong[ (i — 1)dW] 6Iongi = Vslong[(i - 1)dwW]

Alongi = PelongiEBIongi

Force Along the Length

| | |
2
g 0-4_ 1
@
(&)
5 0.2 .
L
| | |
0 1x10° 2x10° 3x10°
Length (in)
Deflection Along the Length
0. T T T
=
.5 0.2 -
B I 1
= 0.1
0
| | |
0 1x10° 100 x10°  4x10°
Length (in)
Maximum Deflection
max(Along) = 0.28 in
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NOTE: Repeat Steps 5 and 6 for Transverse Direction.

Step 5: Calculate the equivalent Static Earthquake Loading

C = aco(SDS, SDL, Tyyryang. Ag) = 0-328

smTran -

Step 6: Calculate the displacements and member forces for use in design by applying p, to
the model or by scaling the results by p,/p,.

BrranCsmTran W
PeTran(x) := Mgfmstran(x)

YTran
PeTran(x) — 0.000097554309454804921037% + 5.73848879145911300226—95{2 + 0.019579723756458493563

.
100
i:=1.101
Petrani = PeTran[(i — 1)[dL] 6trani "= Vgtrgnl (i — 1)dL]

Atrani = Petrani [E&trani

Force along the Length

Force (kips)

0 1x10° 210° 3x10°

Length (in)
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Deflection along the Length

4 ! ! !

Deflection (in)

0 1x10°  2x10°  x10°  4x10°

Length (in)

Maximum Deflection

max(Atran) = 3.453 in

Article 3.10.8: Combination of Seismic Force Effects

ki
LoadCasel := J (10®grran)” + (03Peong)” = 0304 s
in
ki
LoadCase2 := J (10D ong)” + (0:3Perran)” = 0387 s
in
Article 3.10.9.3: Determine Design Forces
MaxLoadCase(x,y) := |a « x if x=2y
a—yify=x
a .
kip
NominalForce := MaxLoadCase(LoadCasel, LoadCase2) = 0.387 in

Note: The Req values are factors that will be used to multiple loads that come out of SAP 2000. The
NominalForce variable is truly just a factor also. It is easier to apply these factors to the loading for po
than to change the loading in SAP 2000 because if an error is made in calculating pe then the loads

will have to re-entered.

Nominal Force

Redgbstructure == R

Multiple Column Bents
sub
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Note: Article 3.10.9.3 specifies that the Drilled shafts be designed for half of the R value. R/2 also must

not be taken less than 1.

Connections

Superstructure to Abutment

Columns to Bent Cap

Column to foundation

LOADS FOR DESIGN

Nominal Force

Reqn = =155
€ADrilledShafts Rep05

Nominal Force

Redg btoabutcon = Roputment =0.484
utmen

__ NominalForce

Redcol tocapcon = R =0.387

columncap

__ NominaForce

Redcoltofoundcon = =0.387

Rfoundati on

NOTE: All the loads calculated in this section are for a single column or drilled shatft.

COLUMN SHEAR PROGRAM

Shear(Vu, Regsubstructure) :=
a

AXIAL LOAD PROGRAM

a — VulRegsubstructure

Pd
PDEAD(Peq, Pd, Rsub, Regsubstructure) := |a (‘ PegRegsubstructure — ED
su

Note: The axial load program calculates the minimum axial load on the column. This will needed later

in the design process.
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BENT 2

Note: Input the maximum shear value between all the columns in the bent from SAP which have not been
multiplied by pe/po or divided by the R factor. This will be taken care of in one of the equations below.

INPUT  Vug o= 5% kips

Note: The Axial load consists of both the Earthquake effect and dead load effect. It should be the
minimum axial load the column will encounter during an earthquake.

INPUT Puedgento = 9724 kips

INPUT Pudeadg g0 1= 637 kips

Note: Input the correct variables into the below program to get the axial load in the column or drilled shaft.

INPUT PUMiNg gy := PDEAD(PUedgenp, Pudeadg ento: Re s Refg ibstructure) = 52115 kips

INPUT  ColumnHeightg oo := 12.063  ft

Note: Input the correct variables into the below program to get the shear in the column or drilled shaft.

INPUT

Vucolgegnto = Shear(VUBentZ'Reqsubstructure) = 45,988 kips

BENT 3

Note: Input the maximum shear value between all the columns in the bent from SAP which have not been
multiplied by pe/po or divided by the R factor. This will be taken care in of one of the equations below.

INPUT Vugent3 := 1029 kips

Note: The Axial load consists of both the Earthquake effect and dead load effect. It should be the
minimum axial load the column will encounter during an earthquake.

INPUT Puedgent3 = 2224 kips

INPUT Pudeadg g3 1= 658 kips
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Note: Input the correct variables into the below program to get the axial load in the column or drilled shaft.

INPUT PUMiNg g3 := PDEAD(PUedgentg, Pudeadp ents, Re s Refg ibstructure) = 40-585 kips

INPUT  ColumnHeightg g3 := 16.681  ft

Note: Input the correct variables into the below program to get the shear in the column or drilled shaft.

INPUT

Vucolgegntz = Shear(VUBentS'Reqsubstructure) = 79.667 kips

DRILLED SHAFT 2

INPUT  Puegpgp := 1100 kips

INPUT  Pudeadps, = 637 kips

Note: Input the correct variables into the below program to get the axial load in the column or drilled shaft.

INPUT Puminpg, := PDEAD(Puedp gy, Pudeadn s, Ry iy, ReUpyiedshafts) = 42927 kips

INPUT  ColumnHeightyg, := 4.6 ft

Note: The drilled shaft is design for an R/2; therefore, the shear in the column can be doubled to equal
the design shear for the drilled shaft.

INPUT Vupgp = Vucolggniol2 = 91.977 kips

DRILLED SHAFT 3

INPUT  Puegpgg := 2224 kips

INPUT Pudeadpy g3 := 657 kips
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Note: Input the correct variables into the below program to get the axial load in the column or drilled shaft.

INPUT Puminp g3 := PDEAD(Puedp s, Pudeadp s, Ry iy, ReUpyiedshafts) = 212.971 kips

INPUT  ColumnHeightygg := 3.2 ft

Note: The drilled shaft is design for an R/2; therefore, the shear in the column can be doubled to equal
the design shear for the drilled shaft.

INPUT Vupgg = Vucolggni32 = 159.333 kips

ABUTMENT DRILLED SHAFTS

Note: Input the loads from SAP which have not been multiplied by pe/po or divided by the R factor. This
will be taken care of one of the equations below.

INPUT VUuppyt -= 356 kips

INPUT  ColumnHeightp y  := 7.639 ft

Note: Input the correct variables into the below program to get the shear in the column or drilled shaft.

INPUT

Vipsaput = Shear(VuAbut'Reqsubtoabutcon) =172.263 kips

Article 4.7.4.4: Minimum Support Length Requirements
Note: May need to add more calculations if column heights are different at the bents.

N (in) = Minimum support length measured normal to the bridge
L (ft) = Length of bridge to adjacent expansion joint or end of the bridge

H (ft) = average height of columns supporting bridge deck for abutments
for columns and piers = column height

S (Degree) = angle of skew
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Abutment Support Length Requirement

ShortSpan ColumnHeight

an =— =85 ft H = =145 ft
Sp abutment 12 abutment 12

Note: The Span is divided by number of spans and inches.

abutment

Skew gy tment = 0 Degrees

- 2\ _ :
Nabutment := 1508 + 0.02Spanyy, jyment + 0.08Habutmem)E€l + 0.000125SKeW o jiment ) =16.29 in

Bent Support Length Requirement

BENT 2

L
INPUT  Spangyy = %ﬁm‘” -130  ft

Note: The Span is divided by number of spans and inches.

abutment

INPUT Hgent := % = 16.83: ft INPUT: Column Height for this Bent

INPUT  Skewggt:= 0  Degrees

. 2\ _ oo
Npent == L5If8 + 0.02Spang ey + 0.08HBem)[€1 + 0.000125Skewg ot ) =17.9zin

BENT 3

_ LongSpan

INPUT Spangent = =130 ft

Note: The Span is divided by number of spans and inches.

abutment

23856 _ 1988 ft INPUT: Column Height for this Bent

Hpent =

INPUT  Skewgg =0 Degrees

. 2) _ :
Npent = L5If8 + 0.02Spang ey + 0.08HBem)[€1 + 0.000125Skewg ot ) =18.286 in
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BENT 2 DESIGN
Article 5.10.11.3: Provisions for Seismic Design for Seismic Zone 2
Article 5.10.11.3: Longitudinal Reinforcement

W .2
Alongbar = 1.56 n

INPUT Nbars:: 24
INPUT  Ads:= Acolumn

— _ .2
AIongrei nforcing -~ AlongbarENbars =37.44 in

Minimum Longitudinal Reinforcing Check

Checkleastlongreinforcing(Ag, Along) := |a — "OK" if Along= Agl0.01
a « "Increase Longitudinal Reinforcing Ratio™ if Along < 0.01[Ag

a

MinLongRatio := Checkleastlongreinforci ng(AdS'Alongrei nforci ng) ="0K"

Note: If the Minimum Longitudinal Reinforcing program returns "Increase Longitudinal Reinforcing”,
either decrease the section size (Ag) or increase the longitudinal reinforcing (Abl and NumberBars in
the inputs.

Maximum Longitudinal Reinforcing Check

Checkmaxlongreinforcing(Ag, Along) := "OK" if Along < 0.06[Ag

a «
a « "Decrease Longitudinal Reinforcing Ratio” if Along > 0.06[Ag
a

MaxLongRatio := Checkmaxlongreinforci ng(Ads, Al ongreinforci ng) ="0K"

Note: If the Maximum Longitudinal Reinforcing program returns "Section Over Reinforced", either
increase the section size (Aq) or decrease the longitudinal reinforcing (Abl and NumberBars) in the
inputs.

Article 5.10.11.4.1b: Flexural Resistance

Check biaxial strength of columns shall not be less than that required for flexure, as specified in
Article 3.10.9.4.

Flexural Resistance check can be done using some kind of Column Design Program. PCA Column
was used for this project. After creating an interaction diagram, verify that all the critical load
combinations fall within the diagram.
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Article 5.10.11.4.1c: Column Shear and Transverse Reinforcement

Note: This is for the end regions of the column.

Article 5.8.3.3: Nominal Shear Resistance

Vu = Vucolggnio = 45.988 kips

Puminggnio = 52.115 kips

bv := Columndia bv: effective width

bg:=09

s:=3 in s: Spacing of hoops or pitch of spiral (in)

Asp:= .31 in2 Asp: Area of spiral or hoop reinforcing (in2)

Dsp:= 0.625 in Dsp: Diameter of spiral or hoop reinforcing (in)

Cover:= 3 in Cover: Concrete cover for the Column (in)

Dprime := 48 in Dprime: Diameter of spiral or hoop for circular columns (in)
dp = 141 in d,,: Diameter of the longitudinal bar

Note: B and 6 come from Article 5.8.3.4.1

B:=20

T @5=0785 rad
180

Note: Dr, de, and dv equations come from Article 5.8.2.9.

d
Dr .= bv — Cover — Dsp — % = 49.67 in

bv  Dr

(Equation: C5.8.2.9-2) de:= — + — =42.81 in
2

T

dv:= 09de=38529 in
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Article 5.10.11.4.1c:

VcProgram(fc, 3,bv,dv,Ag,Pu) := |p « Pu

f
0.0316[B0] —— bvdv
1000

V <
fc
c « 0.1[AgH—
1000
IV
N

c
a<vifp>c
a-xifpsc

a

Note: The area of the Column and the Axial Load for this column need to be input into the Vc equation
that calls the program above.

Vo= VcProgram(fc, 3,bv, dv, Acolumn, Pumi nBentZ) =14.961 kips
f
2Asp51(3)’—oeodvmot(e)
Eqg. 5.8.3.3-4 Vgi= =477.765 Kips
s
Eqg. 5.8.3.3-1 oV, = (VC + VS)EbS = 443.453 kips

ShearCheck(oVn, V) = |a — "OK" if ¢VnzV,
a « "FAILURE" if ¢Vn<V
a
Shearcheck := ShearCheck(q)Vn,Vu) ="0OK"
Note: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforcing

(Asp), increase the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.
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Article 5.10.11.4.1c Length of End Region (Plastic Hinge Region)

End region is assumed to extend from the soffit of girders or cap beams at the top of the columns or
from the top of foundations at the bottom of columns.

EndRegionProgram(d,H) := |x ~ d
1
«~ —HO2
y 6
z ~ 18
a « max(x,y,2)

a

LendgthEndRegion := EndRegionProgram(CoI umndia, ColumnHeightBentz) =54 in

Article 5.10.11.4.3: Column Connections

Extension into Top and Bottom Connections
Note: This needs to be done whenever the column dimension changes.
ExtensionProgram(d) := |z —~ 15
1
X« —[d
2

a — max(z,x)

a

Extension := ExtensionProgram(Columndia) = 27 in

Article 5.10.11.4.1e: Spacing of Transverse Reinforcement for Confinement
Transverse Reinforcement for Confinement

Maximum Spacing of Lateral Reinforcing in Plastic Hinge Region

Shall Not Exceed the Smallest of:
1
Spacingprogram(Columndia) := | X « z[([:olumndia

y < 4
a — min(x,y)

a

MaximumSpacing := Spacingprogram(Columndia) = 4 in
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SpacingCheck(MaximumSpacing,s) := |a « s if s< MaximumSpacing
a « MaximumSpacing if s> MaximumSpacing

a

FINALSPACING := SpacingCheck(MaximumSpacing,s) = 3 in
scheck := ShearCheck(MaximumSpacing, s) = "OK"

Note: If scheck returns "Failure”, increase the spacing of shear reinforcing spacing (s). The
spacing value may be FINALSPACING, but verify this works for all other checks.

Article 5.10.11.4.1d: Transverse Reinforcement for Confinement at Plastic Hinges

Required Volumetric Ratio of Spiral or Seismic Hoop Reinforcing

4[Asp 3

= ——F -8611x 10
Ps sDprime

RatioProgram(fc,fy,pS) =1z - 0.12%
a "OK" if pg=z
a « "Increase Transverse Reinforcing Ratio” if pg<z

a

Checkpg = RatioProgram(fc, fye, ps) ="OK"

Note: If the minimum transverse reinforcement program responses "Increase Transverse
Reinforcing Ratio", it is recommended to decrease the spacing (s) or increase the area of the

transverse reinforcement (Asp) in the inputs.
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Note:These Requirements need to be checked and satisfied.

Cross-tie Requirements:

1) Continuous bar having a hook of not less than 135 Degrees with an extension
NOT less than 6*d,, or 3 in. at one end and a hook of NOT less than 90 Degrees

with an extension of NOT less than 6*d, at the other end.

2) The hooks must engage peripheral longitudinal bars.
3) The 90 Degree hooks of two successive cross-ties engaging the same longitudinal
bars shall be alternated end-for-end.

Hoop Requirements

1) Bar shall be a closed tie or continuously wound tie.
2) A closed tie may be made up of several reinforcing elements with 135 Degree
hooks having a 6*d,, but NOT less than 3 in. extension at each end.

3) A continuously wound tie shall have at each end a 135 Degree hook with a 6*d,
but NOT less than 3 in. extension that engages the longitudinal reinforcement.

Article 5.10.11.4.1f: Splices

Lap Splices in longitudinal reinforcement shall not be used in plastic hinge region.

Nominal Shear Resistance for members OUTSIDE Plastic Hinge Region.

5.8.3.3 Nominal Shear Resistance

INPUT Vu Vucolggnto = 45.988 kips

sub =

INPUT  spaceNOhinge:= 10.5 in

Note: B and 6 come from Article 5.8.3.4.1

B:=20

T @5=0785 rad
80
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Note: Dr, de, and dv equations come from Article 5.8.2.9.

dp)
Dr .= bv — Cover — Dsp — 7 = 49.67 in
Eq. C5.8.2.9-2 de:= % + 2 e in
s

dv:=09de=38529 in

f
Eq. 5.8.3.3-3 V= 0.03160B0] ——bvidv = 262.986  kips
1000
f
Asp[-»lg’—oeodvmot(e)
Vo= =68.252  kips
Eq. 5.8.3.3-4 s 7 gpaceNOhinge P

OV = (Vo + Vb= 298115 kips

ShearCheck(oVn, V) = |a — "OK" if ¢VnzV,
a — "FAILURE" if ¢Vn<V,

a

Shearcheck := ShearCheck(q)Vn,Vusub) ="0K"

Note: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforcing
(Asp), increase the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.

5.8.2.5 Minimum Transverse Reinforcement

fc b NOhi
Eq. 5.8.2.5-1 Avmin = 0.03160] — o vSpaceNoninge _ ) o7 in?
1000 fye
1000
2
Av = 2[Asp = 0.62 in
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TranCheck(Avmin, Av) = "Decrease Spacing or Increase Bar Size" if Avmin > Av

a—
a < "OK" if Avmin<Av
a

MinimumTran := TranCheck(Avmin, Av) = "OK"

Note: If the minimum transverse reinforcement program responses "Decrease Spacing or
Increase Bar Size", it is recommended to decrease the spacing (spaceNOhinge) or increase the
area of the shear reinforcement (Asp) in the inputs.

5.8.2.7 Maximum Spacing of Transverse Reinforcement

Eq.5.8.2.9-1 vu:=— =0.025 ksi

. fc
spacingProgram(Vu, dv,fc) := |v « 0.125[-!%
q < 0.8dv

r — 0.4ldv
z—qifqgs24
z-24 ifg>24
t—rif r<i12
t 12 if r>12
a«—z if Vu<v
a—tif Vuzv

a

MaxSpacing := spacingProgram(vu, dv,fc) =24 in

Spacecheck(MaxSpacing,s) := |a « s if s< MaxSpacing
a — MaxSpacing if s> MaxSpacing
a

MAXSPACING := Spacecheck(MaxSpacing, spaceNOhinge) = 10.5 in

scheck := ShearCheck(MAXSPACING, spaceNOhinge) = "OK"

Note: If scheck returns "Failure”, change the spacing of shear reinforcing spacing (spaceNOhinge).
The spacing value may be MAXSPACING, but verify this works for all other checks.
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BENT 3 DESIGN
Article 5.10.11.3: Provisions for Seismic Design for Seismic Zone 2

Article 5.10.11.3: Longitudinal Reinforcement

= 1.56 in2

Alongbar -

INPUT Nbars = 28

INPUT  Ads:= Acolumn

— _ .2
AIongrei nforcing -~ AlongbarENbars =43.68 in

Minimum Longitudinal Reinforcing Check

MinLongRatio := Checkleastlongreinforci ng(AdS'Alongrei nforci ng) ="0K"

Note: If the Minimum Longitudinal Reinforcing program returns "Increase Longitudinal Reinforcing”,
either decrease the section size (Ag) or increase the longitudinal reinforcing (Abl and NumberBars in
the inputs.

Maximum Longitudinal Reinforcing Check
MaxLongRatio := Checkmaxlongreinforci ng(AdS'Alongrei nforci ng) ="0K"
Note: If the Maximum Longitudinal Reinforcing program returns "Section Over Reinforced", either

increase the section size (Aqg) or decrease the longitudinal reinforcing (Abl and NumberBars) in the
inputs.

Article 5.10.11.4.1b: Flexural Resistance

Check biaxial strength of columns shall not be less than that required for flexure, as specified in
Article 3.10.9.4.

Flexural Resistance check can be done using some kind of Column Design Program. PCA Column
was used for this project. After creating an interaction diagram, verify that all the critical load
combinations fall within the diagram.
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Article 5.10.11.4.1c: Column Shear and Transverse Reinforcement

Note: This is for the end regions of the column.

Article 5.8.3.3: Nominal Shear Resistance

Vucolggntg = 79.667 kips

Puming gni3 = 40.585 kips
INPUT bv := Columndia bv: effective width

INPUT bg:=09

INPUT s=3 in

INPUT  Aspi= 31 in’

INPUT Dsp:=0.625 in

INPUT Cover ;= 3 in
INPUT Dprime:= 48 in
INPUT dp =141 in

Note: B and 6 come from Articl

B:=

Note: Dr, de, and dv equations

Dr =

Eq. C5.8.2.9-2 de:= —

dv:

s: Spacing of hoops or pitch of spiral (in)

Asp: Area of spiral or hoop reinforcing (in2)

Dsp: Diameter of spiral or hoop reinforcing (in)

Cover: Concrete cover for the Column (in)
Dprime: Diameter of spiral or hoop for circular columns (in)

d,,: Diameter of the longitudinal bar

e 5.8.34.1

20

T @5=0785 rad
180

come from Article 5.8.2.9.

dp .
bv — Cover — Dsp - 7 = 49.67 in

v, Dr 481 in
2 s

0.9de=238.529 in
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Article 5.10.11.4.1c: Column Shear and Transverse Reinforcement

INPUT Vi = VcProgram(fc, B,bv,dv,Acqumn,PuminBems) =11.651 kips
f
2Asp51(3)’—oeodvmot(e)
Vgi= =477.765 Kips
s

OV = (Vo + Vb= 440474 kips
Shearcheck := ShearCheck(q)Vn,Vu) ="0OK"

Note: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforcing
(Asp), increase the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.

Length of End Region (Plastic Hinge Region)

End region is assumed to extend from the soffit of girders or cap beams at the top of the columns or
from the top of foundations at the bottom of columns.

LendgthEndRegion := EndRegionProgram(CoI umndia, ColumnHeightBentz) =54 in

Article 5.10.11.4.3: Column Connections

Extension into Top and Bottom Connections

Note: This needs to be done whenever the column dimension changes.

Extension := ExtensionProgram(Columndia) = 27 in
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Article 5.10.11.4.1e: Spacing of Transverse Reinforcement for Confinement

Transverse Reinforcement for Confinement

Maximum Spacing of Lateral Reinforcing in Plastic Hinge Region

MaximumSpacing := Spacingprogram(Columndia) = 4 in

FINALSPACING := SpacingCheck(MaximumSpacing,s) = 3 in

scheck := ShearCheck(MaximumSpacing, s) = "OK"

Note: If scheck returns "Failure”, increase the spacing of shear reinforcing spacing (s). The
spacing value may be FINALSPACING, but verify this works for all other checks.

Article 5.10.11.4.1d: Transverse Reinforcement for Confinement at Plastic Hinges

Required Volumetric Ratio of Spiral or Seismic Hoop Reinforcing

= 2P _ge11x 100
siDprime

3
Ps

Checkpg = RatioProgram(fc, fye, ps) ="OK"
Note: If the minimum transverse reinforcement program responses "Increase Transverse

Reinforcing Ratio", it is recommended to decrease the spacing (s) or increase the area of the
transverse reinforcement (Asp) in the inputs.
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Note:These Requirements need to be checked and satisfied.

Cross-tie Requirements:

1) Continuous bar having a hook of not less than 135 Degrees with an extension
NOT less than 6*d,, or 3 in. at one end and a hook of NOT less than 90 Degrees

with an extension of NOT less than 6*d, at the other end.

2) The hooks must engage peripheral longitudinal bars.
3) The 90 Degree hooks of two successive cross-ties engaging the same longitudinal
bars shall be alternated end-for-end.

Hoop Requirements

1) Bar shall be a closed tie or continuously wound tie.
2) A closed tie may be made up of several reinforcing elements with 135 Degree
hooks having a 6*d,, but NOT less than 3 in. extension at each end.

3) A continuously wound tie shall have at each end a 135 Degree hook with a 6*d,
but NOT less than 3 in. extension that engages the longitudinal reinforcement.

Article 5.10.11.4.1f: Splices

Lap Splices in longitudinal reinforcement shall not be used in plastic hinge region.

Nominal Shear Resistance for members OUTSIDE Plastic Hinge Region.

5.8.3.3 Nominal Shear Resistance

INPUT Vugp = Vucol g3 = 79.667 kips

INPUT  spaceNOhinge:= 10.5 in

Note: B and 6 come from Article 5.8.3.4.1

B:=20

T @5=0785 rad
180
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Note: Dr, de, and dv equations come from Article 5.8.2.9.

dp)
Dr .= bv — Cover — Dsp — 7 = 49.67 in
Eq. C5.8.2.9-2 de:= % + 2 e in
s

dv:=09de=38529 in

f
Eq. 5.8.3.3-3 V= 0.03160B0] ——bvidv = 262.986  kips
1000
f
Asp[-»lg’—oeodvmot(e)
Vo= =68.252  kips
Eq. 5.8.3.3-4 s 7 gpaceNOhinge P

OV = (Vo + Vb= 298115 kips
Shearcheck := ShearCheck(q)Vn,Vusub) ="0K"

Note: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforcing
(Asp), increase the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.

5.8.2.5 Minimum Transverse Reinforcement

fc b NOhi
Eq. 5.8.2.5-1 Avmin = 0.03160] — o vSpaceNoninge _ ) o7 in?
1000 fye
1000
2
Av = 2[Asp = 0.62 in

MinimumTran := TranCheck(Avmin, Av) = "OK"

Note: If the minimum transverse reinforcement program responses "Decrease Spacing or
Increase Bar Size", it is recommended to decrease the spacing (spaceNOhinge) or increase the
area of the shear reinforcement (Asp) in the inputs.
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5.8.2.7 Maximum Spacing of Transverse Reinforcement

Vu
Eq. 58291 vui= — > — 0043 ks
bbvldv
MaxSpacing := spacingProgram(vu, dv,fc) =24 in

Spacecheck(MaxSpacing,s) := |a « s if s< MaxSpacing
a — MaxSpacing if s> MaxSpacing

a

MAXSPACING := Spacecheck(MaxSpacing, spaceNOhinge) = 10.5 in

scheck := ShearCheck(MAXSPACING, spaceNOhinge) = "OK"

Note: If scheck returns "Failure”, change the spacing of shear reinforcing spacing (spaceNOhinge).
The spacing value may be MAXSPACING, but verify this works for all other checks.

DRILLED SHAFT DESIGN
DRILLED SHAFT 2

Article 5.13.4.6.2b: Cast-in-place Piles

1.56 in2

Alongbar =

INPUT Nbars = 24

INPUT  Ads:= Adrilledshaft

— _ .2
AIongrei nforcing -~ AlongbarENbars =37.44 in

Note: Article 5.13.4.6.2b only has a provision for the minimum amount of longitudinal reinforcing. This
minimum reinforcing check only applies to the FIRST 1/3*PILE LENGTH OR 8 FT.

CHECK: There also needs be a check made if the column Diameter is less than 24.0 in. For these
drilled shafts, spiral reinforcement or equivalent ties of not less than No. 3 bars shall be provided at pitch
not exceeding 9.0 in., except that the pitch shall not exceed 4.0 in. within a length below the pile cap
reinforcement of not less than 2.0 ft or 1.5 pile diameters, whichever is greater.
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Minimum Longitudinal Reinforcing Check ( First 1/3*Pile Length or 8 ft)

Checkleastlongreinforcing(Ag, Along) := "OK" if Along= Ag[0.005

a «
a « "Increase Longitudinal Reinforcing Ratio™ if Along < 0.005[Ag
a

MinLongRatio := Checkleastlongreinforci ng( ) ="0K"

Ads, A ongreinforcing

Note: If the Minimum Longitudinal Reinforcing program returns "Increase Longitudinal Reinforcing”,
either decrease the section size (Ag) or increase the longitudinal reinforcing (Abl and NumberBars in
the inputs.

Article 5.10.11.3: Longitudinal Reinforcement

Minimum Longitudinal Reinforcing Check

MinLongRatio := Checkleastlongreinforci ng( ="0K"

AdS, A ongreinforci ng)

Note: If the Minimum Longitudinal Reinforcing program returns "Increase Longitudinal Reinforcing"”,
either decrease the section size (Ag) or increase the longitudinal reinforcing (Abl and NumberBars in
the inputs.

Maximum Longitudinal Reinforcing Check

MaxLongRatio := Checkmaxlongreinforci ng( ="0K"

AdS, A|ongreinforci ng)

Note: If the Maximum Longitudinal Reinforcing program returns "Section Over Reinforced", either
increase the section size (Aq) or decrease the longitudinal reinforcing (Abl and NumberBars) in the
inputs.

5.8.3.3 Nominal Shear Resistance

INPUT Vug = Vupgy = 91.977 kips

INPUT  spaceNOhinge:= 12 in s: Spacing of hoops or pitch of spiral (in)
INPUT bv := DSdia bv: effective width

INPUT Asp:= .44 in2 Asp: Area of spiral or hoop reinforcing (in2)
INPUT Dsp:= 0.75 in Dsp: Diameter of spiral or hoop reinforcing (in)
INPUT Cover = 6 in Cover: Concrete cover for the Column (in)
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INPUT Dprime := 48 in Dprime: Diameter of spiral or hoop for circular columns (in)

INPUT dp = 141 in dy,: Diameter of the longitudinal bar

Note: B and 6 come from Article 5.8.3.4.1

B:=20

T @5=0785 rad
180

Note: Dr, de, and dv equations come from Article 5.8.2.9.

dp

b
Dr: bv—Cover—Dsp—7:52.545 in

Eq. C5.8.2.9-2 de:= bv + br =46.726 in

2 T

0.9[de=42.053 in

o
<
i

f
Eq. 5.8.3.3-3 V= 0.03160B0] ——bvidv = 31893 kips
1000
f
2Asp51(3)’—oeodvmot(e)
Vo= =185.083 kips
Eq. 5.8.3.3-4 s spaceNOhinge P

OV = (Vo + Vb= 453567 kips
Shearcheck := ShearCheck(q)Vn,Vu) ="0OK"

Note: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforcing
(Asp), increase the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.
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5.8.2.5 Minimum Transverse Reinforcement

fc _bvidpaceNOhinge
Eq. 5.8.2.5-1 Avmin := 0.0316 VP % ~ 0.758 in2
1000 fye
1000
2
Av = 2[Asp =0.88 in

MinimumTran := TranCheck(Avmin, Av) = "OK"

Note: If the minimum transverse reinforcement program responses "Decrease Spacing or
Increase Bar Size", it is recommended to decrease the spacing (spaceNOhinge) or increase the
area of the shear reinforcement (Asp) in the inputs.

5.8.2.7 Maximum Spacing of Transverse Reinforcement

Vu
Eq. 58291 vui= —° —o041 ksi
bgbvidv
MaxSpacing := spacingProgram(vu, dv,fc) =24 in
MAXSPACING := Spacecheck(MaxSpacing, spaceNOhinge) = 12 in

scheck := ShearCheck(MAXSPACING, spaceNOhinge) = "OK"

Note: If scheck returns "Failure”, change the spacing of transverse reinforcing spacing (spaceNOhinge).
The spacing value may be MAXSPACING, but verify this works for all other checks.

DRILLED SHAFT 3

Article 5.13.4.6.2b: Cast-in-place Piles

= 1.56 in2

Alongbar -

INPUT Nbars =32

INPUT  Ads:= Adrilledshaft

— _ .2
AIongrei nforcing -~ AlongbarENbars =49.92 in
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Note: Article 5.13.4.6.2b only has a provision for the minimum amount of longitudinal reinforcing. This
minimum reinforcing check only applies to the FIRST 1/3*PILE LENGTH OR 8 FT.

CHECK: There also needs be a check made if the column Diameter is less than 24.0 in. For these
drilled shafts, spiral reinforcement or equivalent ties of not less than No. 3 bars shall be provided at pitch
not exceeding 9.0 in., except that the pitch shall not exceed 4.0 in. within a length below the pile cap
reinforcement of not less than 2.0 ft or 1.5 pile diameters, whichever is greater.

Minimum Longitudinal Reinforcing Check ( First 1/3*Pile Length or 8 ft)

MinLongRatio := Checkleastlongreinforci ng(AdS'Alongrei nforci ng) ="0K"

Note: If the Minimum Longitudinal Reinforcing program returns "Increase Longitudinal Reinforcing”,
either decrease the section size (Ag) or increase the longitudinal reinforcing (Abl and NumberBars in
the inputs.

Article 5.10.11.3: Longitudinal Reinforcement
Minimum Longitudinal Reinforcing Check

MinLongRatio := Checkleastlongreinforci ng(AdS'Alongrei nforci ng) ="0K"

Note: If the Minimum Longitudinal Reinforcing program returns "Increase Longitudinal Reinforcing”,
either decrease the section size (Ag) or increase the longitudinal reinforcing (Abl and NumberBars in
the inputs.

Maximum Longitudinal Reinforcing Check

MaxLongRatio := Checkmaxlongreinforci ng(Ads, Al ongreinforci ng) ="0K"

Note: If the Maximum Longitudinal Reinforcing program returns "Section Over Reinforced", either
increase the section size (Aq) or decrease the longitudinal reinforcing (Abl and NumberBars) in the
inputs.

5.8.3.3 Nominal Shear Resistance

INPUT Vugp = Vupgz = 159.333 kips
INPUT  spaceNOhinge:= 12 in s: Spacing of hoops or pitch of spiral (in)
INPUT bv := DSdia bv: effective width
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INPUT Asp:= .44

INPUT Dsp:= 0.75

INPUT Cover .= 6
INPUT Dprime := 48
INPUT dbl =141

in2 Asp: Area of spiral or hoop reinforcing (in2)

in Dsp: Diameter of spiral or hoop reinforcing (in)

in Cover: Concrete cover for the Column (in)

in Dprime: Diameter of spiral or hoop for circular columns (in)
in d,,: Diameter of the longitudinal bar

Note: B and 6 come from Article 5.8.3.4.1

B:=20

T @5=0785 rad
180

Note: Dr, de, and dv equations come from Article 5.8.2.9.

Eq. C5.8.2.9-2

Eqg. 5.8.3.3-3

Eq. 5.8.3.3-4

oV, =

Dr:

de:= —

<
I

oV, =

d
bv — Cover — Dsp - % =52.545 in

bv D
V2 46726 in

2 T

0.9[de=42.053 in

0.0316[ / bvmiv 318.93 kips

2AspEl— dvldot(6)

=185.033 kips
spaceNOhinge

(Vo + Vg =453567  kips

(Vo + Vg bg=453567  kips

Shearcheck := ShearCheck(q)Vn,Vu) ="0OK"

Note: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforcing
(Asp), increase the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.

298




Appendix E: Little Bear Creek Bridge LRFD Specification Design

5.8.2.5 Minimum Transverse Reinforcement

fc _bvidpaceNOhinge
Eq. 5.8.2.5-1 Avmin := 0.0316 VP % ~ 0.758
1000 fye
1000
2
Av = 2[Asp =0.88 in

MinimumTran := TranCheck(Avmin, Av) = "OK"

Note: If the minimum transverse reinforcement program responses "Decrease Spacing or
Increase Bar Size", it is recommended to decrease the spacing (spaceNOhinge) or increase the
area of the shear reinforcement (Asp) in the inputs.

5.8.2.7 Maximum Spacing of Transverse Reinforcement

Vu
Eq. 58291 wvui= —° _go7 ksi
bgbvidv
MaxSpacing := spacingProgram(vu, dv,fc) =24 in
MAXSPACING := Spacecheck(MaxSpacing, spaceNOhinge) = 12 in

scheck := ShearCheck(MAXSPACING, spaceNOhinge) = "OK"

Note: If scheck returns "Failure”, change the spacing of transverse reinforcing spacing (spaceNOhinge).

The spacing value may be MAXSPACING, but verify this works for all other checks.

DRILLED SHAFT ABUTMENT

Article 5.13.4.6.2b: Cast-in-place Piles

W .2
Alongbar = 1.56 n

INPUT Nbars =12

INPUT  Ads:= Adsabut

— _ .2
AIongrei nforcing -~ AlongbarENbars =18.72 in
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Note: Article 5.13.4.6.2b only has a provision for the minimum amount of longitudinal reinforcing. This
minimum reinforcing check only applies to the FIRST 1/3*PILE LENGTH OR 8 FT.

CHECK: There also needs be a check made if the column Diameter is less than 24.0 in. For these
drilled shafts, spiral reinforcement or equivalent ties of not less than No. 3 bars shall be provided at pitch
not exceeding 9.0 in., except that the pitch shall not exceed 4.0 in. within a length below the pile cap
reinforcement of not less than 2.0 ft or 1.5 pile diameters, whichever is greater.

Minimum Longitudinal Reinforcing Check ( First 1/3*Pile Length or 8 ft)

MinLongRatio := Checkleastlongreinforci ng( ="0K"

AdS, A ongreinforci ng)

Note: If the Minimum Longitudinal Reinforcing program returns "Increase Longitudinal Reinforcing”,
either decrease the section size (Ag) or increase the longitudinal reinforcing (Abl and NumberBars in
the inputs.

Article 5.10.11.3: Longitudinal Reinforcement
Minimum Longitudinal Reinforcing Check

MinLongRatio := Checkleastlongreinforci ng( ="0K"

AdS, A ongreinforci ng)

Note: If the Minimum Longitudinal Reinforcing program returns "Increase Longitudinal Reinforcing”,
either decrease the section size (Ag) or increase the longitudinal reinforcing (Abl and NumberBars in
the inputs.

Maximum Longitudinal Reinforcing Check

MaxLongRatio := Checkmaxlongreinforci ng( ="0K"

AdS, A|ongreinforci ng)

Note: If the Maximum Longitudinal Reinforcing program returns "Section Over Reinforced", either
increase the section size (Aq) or decrease the longitudinal reinforcing (Abl and NumberBars) in the
inputs.

5.8.3.3 Nominal Shear Resistance

INPUT Vug p = Vupgapyt = 172.263 kips

INPUT  spaceNOhinge:= 12 in s: Spacing of hoops or pitch of spiral (in)
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INPUT bv := DSabutdia bv: effective width

INPUT Asp:= .31 in2 Asp: Area of spiral or hoop reinforcing (in2)

INPUT Dsp := 0.625 in Dsp: Diameter of spiral or hoop reinforcing (in)

INPUT Cover:= 6 in Cover: Concrete cover for the Column (in)

INPUT Dprime:= 30 in Dprime: Diameter of spiral or hoop for circular columns (in)
INPUT dp = 141 in d,,: Diameter of the longitudinal bar

Note: B and 6 come from Article 5.8.3.4.1

B:=20

T @5=0785 rad
180

Note: Dr, de, and dv equations come from Article 5.8.2.9.

dp
Dr := bv — Cover - Dsp—7—3467 in
Eq. C5.8.2.9-2 de = % + 2 _30% in
T

dv:=09de=28.832 in

Eq. 5.8.3.3-3 V= 0. 0316[{3%/ bvidv = 153.065  kips
2AspEl— dvldot(6)
Vgi= =89.38 kips
Eq. 5.8.3.3-4 s spaceNOhinge P
OV = (Vo + Vg = 2182 kips
OV = (Vo + Vg = 2182 kips

Shearcheck := ShearCheck(q)Vn,Vu) ="0OK"

Note: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforcing
(Asp), increase the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.

301




Appendix E: Little Bear Creek Bridge LRFD Specification Design

5.8.2.5 Minimum Transverse Reinforcement

fc _bvidpaceNOhinge
Eq. 5.8.2.5-1 Avmin := 0.0316 VP %® ~ o531
1000 fye
1000
2
Av = 2[Asp = 0.62 in

MinimumTran := TranCheck(Avmin, Av) = "OK"

Note: If the minimum transverse reinforcement program responses "Decrease Spacing or
Increase Bar Size", it is recommended to decrease the spacing (spaceNOhinge) or increase the
area of the shear reinforcement (Asp) in the inputs.

5.8.2.7 Maximum Spacing of Transverse Reinforcement

Vu
Eq. 58291 vui= — > 0158 ks
bgbvidv
MaxSpacing := spacingProgram(vu, dv,fc) = 23.066 in
MAXSPACING := Spacecheck(MaxSpacing, spaceNOhinge) = 12 in

scheck := ShearCheck(MAXSPACING, spaceNOhinge) = "OK"

Note: If scheck returns "Failure”, change the spacing of transverse reinforcing spacing (spaceNOhinge).

The spacing value may be MAXSPACING, but verify this works for all other checks.
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Connection Design for Girder to Bent Cap

INPUT Vcolbent := Vucol Bent3

INPUT Ngirderperbent := 12

Article 6.5.4.2: Resistance Factors

¢y =08 Tension for A307
bg:= 075 Shear for A307
bpg = 0.80 Block Shear

Gpp = 0.80 Bolts Bearing

g = 0.85 Shear Connectors
¢ := 1.00 Flexure

bsangle = 1.00 Shear for the Angle

For Type lll Girders

Note: Select the grade of bolt being used. It is assumed that a ASTM A307 Grade C bolt is used.

INPUT Fub:= 58 ksi
INPUT Diay, := 1.25 in
INPUT Ns:= 1 Ns = Number of Shear Planes per Bolt

Angle Properties

INPUT Fy:= 36 ksi Fy = Yield Stress of the Angle
INPUT Fu:= 58 ksi Fu = Ultimate Stress of the Angle
INPUT t:= 05 in t = Thickness of Angle

INPUT h:=6 in h = Height of the Angle

INPUT w:==6 in w = Width of the Angle

INPUT |:=12 in | = Length of the Angle
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INPUT k:= 1.00 in k = Height of the Bevel

INPUT  distanchorhole:= 4 in distanchorhole = Distance from the vertical leg to the center of
the hole. This is the location of the holes.

INPUT diahole:= 1.5 in diahole = Diameter of bolt hole

INPUT BLSHIength:= 6 in BLSHIength = Block Shear Length

INPUT BLSHwidth:= 2 in BLSHwicth = Block Shear Width

INPUT Ubs:= 1.0 Ubs = Shear Lag Factor for Block Shear

INPUT a=2 in a = Distance from the center of the bolt to the edge of plate

INPUT b:=35 in b = distance from center of bolt to toe of fillet of connected
part

Shear Force per Angle:

Vangle:= M = 6.639 kips
2Ngirderperbent

Article 6.13.2.12: Shear Resistance For Anchor Bolts

.2
1T|:|Dlab
Ab = T =1.227 in2
Eq. 6.13.2.12-1 $sRn ;= ¢Sm.48mbEEFubENs: 25.624 kips

Note: This is checking to verify that the anchor bolt has enough shear strength.

Shearcheck := ShearCheck(¢psRn, Vangle) = "OK"

Note: If the program returns "FAILURE", either increase diameter of the bolt (Diab), change grade of bolt,
increase number of bolts, etc.
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Article 6.13.2.9: Bearing Resistance at Bolt Holes

For Standard Holes

Eq. 6.13.2.9-1 ¢GbbRn = 2.4[Dia,[fFub = 87 kips

For Slotted Holes

INPUT Lc:=2 in Lc = Clear dist. between the hole and the end of the member

Eq. 6.13.2.9-4 ¢bbRns:= LclFub = 58 kips

Bearingcheck := ShearCheck(dbbRn, Vangle) = "OK"

Bearingscheck := ShearCheck(dbbRns, Vangle) = "OK"

Note: If the program returns "FAILURE", either change the diameter of the bolt, thickness of the

angle, or Lc (hole location).

Article 6.13.2.10: Tensile Resistance

Note: This a calculation of the Tension force on the anchor bolt due to the shear. A moment is taken

about the through bolt in the vertical leg of the angle. The line of action for the shear force is assumed to

enter the angle at 1" below the through bolt; therefore, the moment due to shear is Vangle* 1". The
distance to the anchor bolt in the cap beam is 4", and that is how the Tu equation was derived.

Vanglell
Tu:= L =1.66 kips
distanchorhole
Eq. 6.13.2.10.2-1 OtTn = ¢;[0.76[A[Fub = 43.275 kips

Tensioncheck := ShearCheck(tTn, Tu) = "OK"

Note: If program returns "FAILURE", change area of the bolt or grade of bolt.
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Article 6.13.2.11: Combined Tension and Shear
Pu = Vangle

Eqg. 6.13.2.11-1 CombinedProgram(Pu,Ab,Fub,(1>sRn,(1>S) = |t « 0.76[ApFub
Eqg. 6.13.2.11-2

Pu 2
r — 0.76[A,Fub 1—(¢ R )
sRn

actif —Y <033
®sRn
Pg

acrif —Y 5033

%)

TNeombined := Combi nedProgram(Pu,Ab, Fub,¢sRn,¢S) =54.094 kips

d)tTncombi ned = d)tljncombi ned = 43.275 ki ps
Combinedcheck := ShearCheck(¢tTncombi ned Vangle) ="0K"

Note: If program returns "FAILURE", change area of the bolt or grade of bolt.

AISC J4 Block Shear
Note this is for if there are

W _ .2 one through bolts in the
Agv .= tIBLSHIength = 3 in upper leg.
Anv = tIBL SHlength — 0.5iahole) = 2.625  in”
Ant = tBLSHwidth — 0.5iahole) = 0.625  in”
(J4-5) BL SHprogram(Agv, Anv,Ant, Ubs,Fu,Fy) := |b « 0.6[FulAnv + UbsFulAnt

¢ « 0.6Fy[Agv + Ubs[FulAnt
a-bifbsc

a—c ifb>c

a
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Rn := BLSHprogram(Agv, Anv, Ant,Ubs, Fu, Fy) = 101.05 kips
dbsRn 1= ¢ Rn = 80.84 kips
BlockShearCheck := ShearCheck(¢pbsRn, Vangle) = "OK"

Note: If program returns "FAILURE", change diameter of the bolt, number of bolts, thickness of
angle, length of angle, etc.

AISC D2: Tension Member
Ut = Shear Lag factor for single Angles. Refer to

Ut:= 06 Table D3.1 in AISC Manual
Ant = tw — (1diahole)] = 2.25 in2

(D3-1) Ae:= Ant(Ut = 1.35 in

(D2-2) tPn = b, TFubAe = 62.64 Kips

TensionCheck := ShearCheck($tPn, Vangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle, length of angle, width of angle, etc.

AISC CH. F: Bending of Angle

Note: A SAP Model of the angle was created. The shear of the angle was applied at 4 in. (which is at
the bolt location). Then the moment was found just above the k height for this angle.
The Ciritical section is a k distance away on the horizontal leg. This location has the greatest moment.

INPUT Muangle:= 21.25 kipln
2
X = LON =0.75 in3
¢fMn = ¢ (FyZx = 27 kipln

BendingAngleCheck := ShearCheck($fMn, Muangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle or length of angle
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AISC G: Shear Check

Cv:i=10
Aw = thiv=3 in2
(G2-1) dsangleVn = ¢Sang|e[(D.6[EFym\w[([:v =64.8 kips

ShearAngleCheck := ShearCheck(¢dsangleVn,Vangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle or width of angle.

TYPE BT-72

Note: Select the grade of bolt being used. It is assumed that a ASTM A307 Grade C bolt is used.

INPUT Fub:= 58 ksi
INPUT Diay, := 1.25 in
INPUT Ns:= 1 Ns = Number of Shear Planes per Bolt

Angle Properties

INPUT Fy:= 36 ksi Fy = Yield Stress of the Angle

INPUT Fu:= 58 ksi Fu = Ultimate Stress of the Angle

INPUT t:= 05 in t = Thickness of Angle

INPUT h:=6 in h = Height of the Angle

INPUT w:==6 in w = Width of the Angle

INPUT |:=12 in | = Length of the Angle

INPUT k:= 1.00 in k = Height of the Bevel

INPUT  distanchorhole:= 4 in distanchorhole = Distance from the vertical leg to the center of

the hole. This is the location of the holes.

INPUT diahole:= 1.5 in diahole = Diameter of bolt hole
INPUT BLSHlength:= 6 in BLSHIength = Block Shear Length
INPUT BLSHwidth:= 2 in BLSHwicth = Block Shear Width
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INPUT Ubs:= 1.0 Ubs = Shear Lag Factor for Block Shear

INPUT a=2 in a = Distance from the center of the bolt to the edge of plate

INPUT b:=35 in b = distance from center of bolt to toe of fillet of connected
part

Shear Force per Angle:

Vangle:= M = 6.639 kips
2Ngirderperbent

Article 6.13.2.12: Shear Resistance For Anchor Bolts

.2
T[Digy,
Ap= —— =1227 in2
4
®sRn = ¢ J[0.48[A,[FubNs = 25.624 kips
S b

Eq. 6.13.2.12-1

Note: This is checking to verify that the anchor bolt has enough shear strength.

Shearcheck := ShearCheck(¢psRn,Vangle) = "OK"

Note: If the program returns "FAILURE", either increase diameter of the bolt (Diab), change grade of bolt,
increase number of bolts, etc.

Article 6.13.2.9: Bearing Resistance at Bolt Holes

For Standard Holes

Eq. 6.13.2.9-1 ¢GbbRn = 2.4[Dia,[fFub = 87 kips

For Slotted Holes

INPUT Lc:=2 in Lc = Clear dist. between the hole and the end of the member
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Eq. 6.13.2.9-4 ¢bbRns:= LclFub = 58 kips

Bearingcheck := ShearCheck(dbbRn, Vangle) = "OK"

Bearingcheck := ShearCheck(dbbRn, Vangle) = "OK"

Note: If the program returns "FAILURE", either change the diameter of the bolt, thickness of the
angle, or Lc (hole location).

Article 6.13.2.10: Tensile Resistance

Note: This a calculation of the Tension force on the anchor bolt due to the shear. A moment is taken
about the through bolt in the vertical leg of the angle. The line of action for the shear force is assumed to

enter the angle at 1" below the through bolt; therefore, the moment due to shear is Vangle* 1". The
distance to the anchor bolt in the cap beam is 4", and that is how the Tu equation was derived.

Tu = Vanglell
distanchorhole

=1.66 kips
Eq. 6.13.2.10.2-1 GtTn:= 0.76[A,Fub = 54.094 kips
Tensioncheck := ShearCheck(tTn, Tu) = "OK"

Note: If program returns "FAILURE", change area of the bolt or grade of bolt.

Article 6.13.2.11: Combined Tension and Shear
Pu = Vangle

Eqg. 6.13.2.11-1 T

eg = Combi nedProgram(Pu,Ab, Fub,¢sRn,¢S) =54.094
Eq. 6.13.2.11-2

Ncombin

d)tTncombi ned = d)tljncombi ned =43.275 ki ps

Combinedcheck := ShearCheck(¢tTncombi ned Vangle) ="0K"

Note: If program returns "FAILURE", change area of the bolt or grade of bolt.

kips
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AISC J4 Block Shear

Agv ;= tIBLSHIength = 3 in2
Anv = tIBL SHlength — 0.5iahole) = 2.625  in”
Ant = tIBLSHwidth - 0.5iahole) = 0.625  in”

(J4-5) Rn := BLSHprogram(Agv, Anv, Ant, Ubs, Fu, Fy) = 101.05 kips
dbsRn = ¢ Rn = 80.84 kips

BlockShearCheck := ShearCheck(¢pbsRn, Vangle) = "OK"

Note: If program returns "FAILURE", change diameter of the bolt, number of bolts, thickness of
angle, length of angle, etc.

AISC D2: Tension Member

Ut = 0.6 Ut = Shear Lag factor for single Angles. Refer to
t=0. Table D3.1 in AISC Manual

Ant = tw - (1diahole)] = 2.25 in2
(D3-1) Ae:= AntlUt = 1.35 in?
(D2-2) otPn = ¢, [FubiAe = 62.64 kips

TensionCheck := ShearCheck($tPn, Vangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle, length of angle, width of angle, etc.
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AISC CH. F: Bending of Angle

Note: A SAP Model of the angle was created. The shear of the angle was applied at 4 in. (which is at
the bolt location). Then the moment was found just above the k height for this angle.
The Critical section is a k distance away on the horizontal leg. This location has the greatest moment.

INPUT Muangle:= 21.25 kipln

2
o 02

z =0.75 in3

¢fMn = ¢ (FyZx = 27 kipln

BendingAngleCheck := ShearCheck($fMn, Muangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle or length of angle

AISC G: Shear Check

Cv:=10
Aw:=tlw=3 in’
(G2-1) ¢dsanglevn = ¢Sang|e[(D.6[EFym\w[([:v =64.8 kips

ShearAngleCheck := ShearCheck(dsangleVn,Vangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle or width of angle.
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BENT 2 EXPANSION CONNECTION

TYPE BT-72

Note: Select the grade of bolt being used. It is assumed that a ASTM A307 Grade C bolt is used.

Fub := 58
Diab =125
Ns:=1

Angle Properties

INPUT

INPUT

INPU

—

Z
o
C
5

Z
o
C
5

Z
o
C
5

Z
o
C
5

Z
o
C
5

Z
o
C
|

Z
o
C
5

Z
o
C
5

Fy:= 36

Fu:= 58

k:=1.00

distanchorhole:= 4

diahole:= 1.5

SlottedHole:= 6
BLSHIlength:= 6

BLSHwidth := 2

Ubs:= 1.0

ksi

in

ksi

ksi

in

in

in

in

in

in

Ns = Number of Shear Planes per Bolt

Fy = Yield Stress of the Angle

Fu = Ultimate Stress of the Angle
t = Thickness of Angle

h = Height of the Angle

w = Width of the Angle

| = Length of the Angle

k = Height of the Bevel

distanchorhole = Distance from the vertical leg to the center of
the hole. This is the location of the holes.

diahole = Diameter of bolt hole

SlottedHole = Length of Slotted Hole
BLSHIength = Block Shear Length

BLSHwicth = Block Shear Width

Ubs = Shear Lag Factor for Block Shear

a = Distance from the center of the bolt to the edge of plate

b = distance from center of bolt to toe of fillet of connected
part
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Shear Force per Angle:

Vangle:= M = 6.639 kips
2Ngirderperbent

Article 6.13.2.12: Shear Resistance For Anchor Bolts

.2
T[Digy,
Api= — =127 in2
4
Eq. 6.13.2.12-1 ¢sRn = ¢ 0.48[A,[FubNs = 25.624 kips

Note: This is checking to verify that the anchor bolt has enough shear strength.

Shearcheck := ShearCheck(dpsRn, Vangle) = "OK"

Note: If the program returns "FAILURE", either increase diameter of the bolt (Diab), change grade of bolt,

increase number of bolts, etc.

Article 6.13.2.9: Bearing Resistance at Bolt Holes

For Standard Holes

Eq. 6.13.2.9-1 ¢GbbRn = 2.4[Dia,[fFub = 87 kips

For Slotted Holes

INPUT Lc:=2 in Lc = Clear dist. between the hole and the end of the member

Eq. 6.13.2.9-4 ¢bbRns:= LclFub = 58 kips

Bearingcheck := ShearCheck(dbbRn, Vangle) = "OK"

Bearingcheck := ShearCheck(dbbRn, Vangle) = "OK"

Note: If the program returns "FAILURE", either change the diameter of the bolt, thickness of the
angle, or Lc (hole location).
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Article 6.13.2.10: Tensile Resistance

Note: This a calculation of the Tension force on the anchor bolt due to the shear. A moment is taken
about the through bolt in the vertical leg of the angle. The line of action for the shear force is assumed
to enter the angle at 1" below the through bolt; therefore, the moment due to shear is Vangle* 1". The
distance to the anchor bolt in the cap beam is 4", and that is how the Tu equation was derived.

Vanglell
Tu:= L =1.66 kips
distanchorhole
Eq. 6.13.2.10.2-1 ¢tTn:= 0.76[A[Fub = 54.094 kips

Tensioncheck := ShearCheck($tTn, Tu) = "OK"

Note: If program returns "FAILURE", change area of the bolt or grade of bolt.

Article 6.13.2.11: Combined Tension and Shear

Pu = Vangle
Eqg. 6.13.2.11-1 TNcombined = CombinedProgram(Pu,Ab, Fub,¢sRn,¢S) =54.094 kips
Eqg. 6.13.2.11-2

STNeombined = Pt Ncombined = 43-275 Kips

Combinedcheck := ShearCheck(¢tTncombi ned Vangle) ="0K"
Note: If program returns "FAILURE", change area of the bolt or grade of bolt.

AISC J4 Block Shear

Agv .= tIBLSHIength = 3 in2
Anv = t[éBLSHIength - O.SBS%HOE) =225 in2
Ant = tBLSHwidth — 0.5iahole) = 0.625  in”
(J4-5) Rn := BLSHprogram(Agv, Anv, Ant, Ubs, Fu, Fy) = 101.05 kips

dbsRn = ¢ Rn = 80.84 kips

BlockShearCheck := ShearCheck(¢pbsRn, Vangle) = "OK"

Note: If program returns "FAILURE", change diameter of the bolt, number of bolts, thickness of
angle, length of angle, etc.
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AISC D2: Tension Member
Ut = Shear Lag factor for single Angles. Refer

Ut:= 06 to Table D3.1 in AISC Manual
Ant = tw — (1diahole)] = 2.25 in2

(D3-1) Ae:= Ant(Ut = 1.35 in

(D2-2) tPn = b, FubAe = 62.64 Kips

TensionCheck := ShearCheck($tPn, Vangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle, length of angle, width of angle, etc.

AISC CH. F: Bending of Angle

Note: A SAP Model of the angle was created. The shear of the angle was applied at 4 in. (which is
at the bolt location). Then the moment was found just above the k height for this angle.

The Critical section is a k distance away on the horizontal leg. This location has the greatest
moment.

INPUT Muangle:= 21.25 kipln
2
X = LON =0.75 in3
¢fMn = ¢ (FyZx = 27 kipln

BendingAngleCheck := ShearCheck($fMn, Muangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle or length of angle

AISC G: Shear Check

Cv:=10
Aw:=tlw=3 in’
(G2-1) dsanglevn := ¢Sang|e[(D.6[EFym\w[([:v =64.8 kips

ShearAngleCheck := ShearCheck(¢dsangleVn,Vangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle or width of angle.
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Connection Design for Girder to Abutment

For Type lll Girders

INPUT Veolbent := Vupsaput

INPUT Ngirderperbent := 6

Note: Select the grade of bolt being used. It is assumed that a ASTM A307 Grade C bolt is used.

INPUT Fub := 58 ksi
INPUT Diab =15 in
INPUT Ns:=1

Angle Properties

INPUT Fy:= 36 ksi
INPUT Fu:= 58 ksi
INPUT t=1 in
INPUT h:=6 in
INPUT W:i=6 in
INPUT | :=20 in
INPUT k:=15 in

INPUT  distanchorhole:= 4 in

INPUT dighole:= 1.75 in
INPUT SlottedHole:= 6 in
INPUT BLSHIength:= 15 in
INPUT BLSHwidth := 2 in

INPUT Ubs:= 1.0

Ns = Number of Shear Planes per Bolt

Fy = Yield Stress of the Angle

Fu = Ultimate Stress of the Angle
t = Thickness of Angle

h = Height of the Angle

w = Width of the Angle

| = Length of the Angle

k = Height of the Bevel

distanchorhole = Distance from the vertical leg to the center of
the hole. This is the location of the holes.

diahole = Diameter of bolt hole
SlottedHole = Length of Slotted Hole
BLSHIength = Block Shear Length
BLSHwicth = Block Shear Width

Ubs = Shear Lag Factor for Block Shear
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INPUT a=2 in a = Distance from the center of the bolt to the edge of plate
INPUT b:=35 in b = distance from center of bolt to toe of fillet of connected
part

Shear Force per Angle:

Vcolbent(3
Vangle:= @_en = 43.066 kips
2Ngirderperbent
INPUT Nholts = 2 Npoits = NUMber of bolts per flange
Vangl
Vperbolt ;= ange _ 21.533 kips
Nholts

Article 6.13.2.12: Shear Resistance For Anchor Bolts

.2
T[Digy,
Api= —— =1767 in2
4
Eq. 6.13.2.12-1 ¢sRn = ¢ 0.48[A,[FubNs = 36.898 kips

Note: This is checking to verify that the anchor bolt has enough shear strength.

Shearcheck := ShearCheck(¢psRn, Vperbolt) = "OK"

Note: If the program returns "FAILURE", either increase diameter of the bolt (Diab), change grade of bolt,
increase number of bolts, etc.

Article 6.13.2.9: Bearing Resistance at Bolt Holes

For Standard Holes

Eq. 6.13.2.9-1 ¢bbRn := 2.4[Dia,[fFub = 208.8 kips
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For Slotted Holes

INPUT Lc:=2 in Lc = Clear dist. between the hole and the end of the member

Eq. 6.13.2.9-4 ¢bbRns:= LclFub = 116 kips

Bearingcheck := ShearCheck(dbbRn, Vangle) = "OK"

Bearingcheck := ShearCheck(dbbRn, Vangle) = "OK"

Note: If the program returns "FAILURE", either change the diameter of the bolt, thickness of the
angle, or Lc (hole location).

Article 6.13.2.10: Tensile Resistance

Note: This a calculation of the Tension force on the anchor bolt due to the shear. A moment is taken
about the through bolt in the vertical leg of the angle. The line of action for the shear force is assumed to
enter the angle at 1" below the through bolt; therefore, the moment due to shear is Vangle* 1". The
distance to the anchor bolt in the cap beam is 4", and that is how the Tu equation was derived.

Vanglell
Tu= —29€ 10766 Kips
distanchorhole
Eqg. 6.13.2.10.2-1 otTn:= 0.76|1\b[EFub = 77.896 kips

Tensioncheck := ShearCheck(tTn, Tu) ="OK"

Note: If program returns "FAILURE", change area of the bolt or grade of bolt.

Article 6.13.2.11: Combined Tension and Shear

Pu := Vperbolt
Eqg. 6.13.2.11-1 TNcombined = CombinedProgram(Pu,Ab, Fub,¢sRn,¢S) = 63.256 kips
Eqg. 6.13.2.11-2

d)tTncombi ned = d)tljncombi ned = 50.605 ki ps

Combinedcheck := ShearCheck(¢tTncombi ned Vangle) ="0K"

Note: If program returns "FAILURE", change area of the bolt or grade of bolt.
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AISC J4 Block Shear

i _ .2
Agy = tBLSHlength = 15 n Note: this is for two
bolts.
Anv = tIBL SHlength — 1.5iahole) = 12.375  in’
Ant = tBLSHwidth - 0.5@iahole) = 1125 in?
(J4-5) Rn := BLSHprogram(Agv, Anv, Ant, Ubs, Fu, Fy) = 389.25 kips

¢bsRn = ¢y Rn=3114 kips

BlockShearCheck := ShearCheck(¢pbsRn, Vangle) = "OK"

Note: If program returns "FAILURE", change diameter of the bolt, number of bolts, thickness of
angle, length of angle, etc.

AISC D2: Tension Member
Ut = Shear Lag factor for single Angles. Refer to

Ut:= 06 Table D3.1 in AISC Manual
Ant = tw — (1diahole)] = 4.25 in2

(D3-1) Ae:= Ant(Ut = 2.55 in

(D2-2) tPn = b, TFubAe = 118.32 Kips

TensionCheck := ShearCheck($tPn, Vangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle, length of angle, width of angle, etc.
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AISC CH. F: Bending of Angle

Note: A SAP Model of the angle was created. The shear of the angle was applied at 4 in. (which is at
the bolt location). Then the moment was found just above the k height for this angle.
The Critical section is a k distance away on the horizontal leg. This location has the greatest moment.

INPUT Muangle:= 137.4 kipln
2
It
X = 0N =5 in
4
¢fMn:= ¢ [FyZx = 180 kipln

BendingAngleCheck := ShearCheck($fMn, Muangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle or length of angle

AISC G: Shear Check

Cv:=10
Aw = tlw=6 in2
(G2-1) dsanglevn = ¢Sang|e[(D.6[EFym\w[([:v =129.6 kips

ShearAngleCheck := ShearCheck(¢dsangleVn,Vangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle or width of angle.
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Appendix F: Interaction Diagrams for Little Bear Creek Bridge

Designer: PJ¢C

Project Name: LilE BEKE GeREX
Job Number:

Date: lY/z/, zoto

Moment Capacity and Interaction Diagram Data

Column or Drilled Shaft: RBENT 2 corLorn’

INPUTS

Column Diameter = 4 in
f'c t 4 ksi
fy (> O ksi
Longitudinal Reinforcing Bar Size 2= 1]

Number of Lonitudinal Reinforcing Bars 2 4
Transverse Reinforcing Bar Size ¥ <

Spacing of Transverse Reinforcing Bars t2” in
Column Height : 12.063 i Fe
Cover 2 in
Dead Load Reactions

PuDead (kipsT : 327 s

MuDead (k%) 9 <6 kb fr

Enter into Column Design Software (PCA COLUMN)
Finding Moment Capacity of the column.

Mp = $Mp/0.9 > ' 4 S50 kip*ft
Vpcol = 2*Mp/Heightcolumn —> 7255, 3 kips
Vpbent = 2*Vpcol ) S 10 kips
Create SAP model of Bent

Apply shear (Vpbent) at the center of mass of the substructure

Axial Force due to Vpbent > Puoverturning = Bl 7 kips

Pu = PuDead +/- Puoverturning 1504 or 230 Kips

Re-enter into Column Design Software (PCA COLUMN)

Mp = $Mp/0.9 > 49 44 kip*ft
Vpcol = 2*Mp/Heightcolumn = 820 kips
Vpbent = 2*Vpcol | b 4 O kips

Verify that Vpbent is within 10% of first Vpbent. If not, repeat the above process.

Check = {(Vpbent2 - Vpbent1) / Vpbent2} * 100% 7.9 % ° K

Check Other Seismic Load Cases

Mupotrans b 4+d 4 kip*ft Perean | 0.282
Putran /100 kips ’
Mupolong 2o kip*ft Pecowe ! 0.378
Pulong o.301 kips
, 319:2
Pu = PuDead +/- Pufran - 47,2 or 326.8 kips
Mu = MuDead + Mupotran - 20732 kip*ft
Pu = PuDead +/- Puiong %3, 2.7 (G 37 or » 27 kips
Mu = MuDead + Mugo‘rong - 20 kip*ft
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60 in diam.

Code: ACI 318-02

Units: English

Run axis: About X-axis

Run option: Investigation
Slenderness: Not considered
Column type: Structural
Bérs: ASTM A615

Date: 11/02/10

Time: 10:09:52

fs=0

-3000 -

pcaColumn v3.64. Licensed to: Auburn University. License ID: 53161-1011561-4-20C30-27D59

File: C:\Documents and Settings\coulspj\Desktop\Seismic Design ResearchiLittle Bear Cre...\DrilledShaftBent2.col

Project:

Column:
fc=4ksi

Ec = 3605 ksi

fc = 3.4 ksi

e_u=0.003in/in

Beta1 =0.85

Confinement: Tied

fy =60 ksi
Es = 29000 ksi
fc = 3.4 ksi

Engineer:

Ag = 2827.43 in"2
As = 37.44 in"2
Xo =0.00in

Yo =0.00in

Clear spacing = 4.54 in

phi(a) = 0.8, phi(b) = 0.9, phi(c) = 0.65
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24 #11 bars
Rho =1.32%
Ix = 636173 in*4
ly = 636173 in*4

Clear cover =6.50 in




pcaColumn v3.64 © Portland Cement Association
TLicensed to: Auburn University. License ID: 53161-1011561-4-20C30-27D59

C:\Documents and Settings\coulspj\Desktop\Seismic Design

COLUMN\Drill10:09 AM

10:09 AM

0000000 00000 00000 00000 00000 00
00 00 00 00 00 00 00 00 00 00 0O
00 00 00 00 00 00 00 00 00 00 00

00 00 00 00 00 00 00 00 0O
(0]0] 00 00 0000000 00 00 00 00
0000000 00 00 00 00 00 00 00 00 0O
00 00 00 00 00 00 00 0O 00 00O
0]¢] 00000 00 00 00000 00000 00000  (TM)

Computer program for the Strength Design of Reinforced Concrete Sections

Licensee stated above acknowledges that Portland Cement Association
(PCA) is not and cannot be responsible for either the accuracy or
adequacy of the material supplied as input for processing by the
pcaColumn (tm) computer program. Furthermore, PCA neither makes any
warranty expressed nor implied with respect to the correctness of the
output prepared by the pcaColumn (tm) program.Although PCA has endeavored
to produce pcaColumn(tm) error free, the program is not and can't be
certified infallible. The final and only responsibility for analysis,
design and engineering documents is the licensees. Accordingly, PCA
disclaims all responsibility in contract, negligence or other tort for
any analysis, design or engineering documents prepared in connection
with the use of the pcaColumn(tm) program.
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pcaColumn v3.64 © Portland Cement Association
Licensed to: Auburn University. License ID: 53161-1011561-4-20C30-27D59

Page

11/02/10

- C:\Documents and Settings\coulspj\Desktop\Seismic Design Research\Little Bear Creek\PCA

COLUMN\Drill0:09 AM

10:09 AM

General Information:

File Name: C:\Documents and Settings\coulspj\Desktop\Seismic Design Research\Little Bear

Creek\PCA
COLUMN\DrilledShaftBent2.col
Project:
Column: Engineer:
Code: ACI 318-02 Units: English
Run Option: Investigation Slenderness: Not considered
Run Axis: X-axis Column Type: Structural

Material Properties:

f'c = 4 ksi fy = 60 ksi
Ec = 3605 ksi Es = 29000 ksi
Ultimate strain = 0.003 in/in .
Betal = 0.85 ’
Section:
Circular: Diameter = 60 in
Gross section area, Ag = 2827.43 in"2
Ix = 636173 in"4 Iy = 636173 in”4
Xo = 0 in Yo = 0 in
Reinforcement: P
Rebar Database: ASTM A615
Size Diam (in) Area (in"2) Size Diam (in) Area (in”"2) Size Diam (in) Area (in"2)
# 3 0.38 0.11 # 4 0.50 0.20 # 5 0.63 0.31
# 6 0.75 0.44 # 7 0.88 0.60 # 8 1.00 0.79
# 9 1.13 1.00 # 10 1.27 1.27 # 11 1.41 1.56
# 14 1.69 2.25 # 18 2.26 4.00
Confinement: Tied; #3 ties with #10 bars, #4 with larger bars.
phi(a) = 0.8, phi(b) = 0.9, phi(c) = 0.65
Layout: Circular
Pattern: All Sides Equal (Cover to transverse reinforcement)
Total steel area, As = 37.44 in”2 at 1.32%
24 #11 Cover = 6 in
Factored Loads and Moments with Corresponding Capacities: (see user's manual for notation)
Pu Mux fMnx
No. kip k-ft k-ft fMn/Mu
1 650.0 260.0 4497 .4 17.298
2 1517.0 260.0 5187.0 19.950
3 217.0 260.0 3943.8 15.168
4 1644.0 260.0 5165.0 19.865
5 344.0 260.0 4109.5 15.806
6 960.2 2015.0 4857.4 2.411
7 339.8 2015.0 4104.1 2.037
8 650.0 730.0 4497.4 6.161

**% pProgram completed as requested! *E*x
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Designer: Pac

Project Name: . .7, & genz < zsce
Job Number:
Date: ¢4s2720¢0

Moment Capacity and Interaction Diagram Data

Column or Drilled Shaft: P RILLSHAFT REVT T
INPUTS

Column Diameter o O in
f'c 4 ksi
fy (o O ksi
Longitudinal Reinforcing Bar Size 2 1!

Number of Lonitudinal Reinforcing Bars 2 4

Transverse Reinforcing Bar Size #

Spacing of Transverse Reinforcing Bars /2 in
Column Height 13, 2 ft
Cover [ in
Dead Load Reactions

PuDead {, SO kips

MuDead 2 O kip*ft

Enter into Column Design Software (PCA COLUMN)
Finding Moment Capacity of the column.

Mp = $Mp/0.9 > o000 kip*ft
Vpcol = 2*Mp/Heightcolumn - 725 2 kips
. Vpbent = 2*Vpcol /s 04 kips
Create SAP model of Bent

Apply shear (Vpbent) at the center of mass of the substructure

Axial Force due to Vpbent - Puoverturning = 867 kips 994
-

Pu = PuDead +/- Puoverturning 117 or 217 kips o 44 or 3244

Re-enter into Column Design Software (PCA COLUMN)

Mp = dMp/0.9 > 570 32 kip*ft & 740
Vpcol = 2*Mp/Heightcolumn - g67 kips g63
Vpbent = 2*Vpcol ) 1733 Kips 1 726

Verify that Vpbent is within 10% of first Vpbent. If not, repeat the above process.

Check = {{Vpbent2 - Vpbent1) / Vpbent2} * 100% / 132.2 & NO 600D -
0. 4 % oK /

Check Other Seismic Load Cases

Mupotrans (L, 22 % kip*ft ) petran = 0,282
Putran x-1- kips pelong = ©.37 8
Mupolong 124 2 kip*ft
Pulong ©.2 91 kips
20,2
Pu = PuDead +/- pufran > « 960,72 or 239 8 Kkips
Mu = MuDead + Mupotran - 2008 Kip*ft
Pu = PuDead +/- Pulong -> P or Lo kips
Mu = MuDead + Mupolong 2> 130 kip*ft
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54 in diam.

Code: ACI 318-02

Units: English

Run axis: About X-axis

Run option: Investigation
Slenderness: Not conéidered
Column type: Structural
Bars: ASTM A615

Date: 11/02/10

Time: 10:09:05

-3000 - .

pcaColumn v3.64. Licensed to: Auburn University. License ID: 53161-1011561-4-20C30-27D59

File: C:\Documents and Settings\coulspj\Desktop\Seismic Design Researchl\Little Bear ...\ColumnDesignBent2.col

Project:

Column:
fo=dksi

Ec = 3605 ksi

fc = 3.4 ksi

e_u=0.003 in/in

Beta1 = 0.85

Confinement: Tied

fy =60 ksi
Es = 29000 ksi
fc = 3.4 ksi

Engineer:

Ag = 2290.22 in"2

As = 37.44in"2

Xo =0.00in

Yo =0.00in

Clear spacing = 4.54 in

phi(a) = 0.8, phi(b) = 0.9, phi(c) = 0.65
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24 #11 bars
Rho =1.63%
Ix = 417393 in*4
ly = 417393 in*4

Clear cover = 3.50in




pcaColumn v3.64 © Portland Cement Association

Licensed to: Auburn University. License ID: 53161-1011561-4-20C30-27D39
C:\Documents and Settings\coulspj\Desktcp\Seismic Design Research\Little Bear Creek\PCA
COLUMN\Colul0:08 AM

10:08 AM

0000000 00000 00000 00000 00000 00
00 00 00 00 00 00 00 00 00 00 00
00 00 0O 00 00 00 00 00 00 00 0O

00 00 00 00 00 00 00 00 00
00 00 00 0000000 00 00 00 0O
0000000 00 00 00 00 00 00 00 00 OO0
00 00 00 00 00 00 00 00 00" 0O

00 00000 00 00 00000 00000 00000  (TM)

Computer program for the Strength Design of Reinforced Concrete Sections

Licensee stated above acknowledges that Portland Cement Association
(PCA) is not and cannot be responsible for either the accuracy or
adequacy of the material supplied as input for processing by the
pcaColumn (tm) computer program. Furthermore, PCA neither makes any
warranty expressed nor implied with respect to the correctness of the
output prepared by the pcaColumn (tm) program.Although PCA has endeavored
to produce pcaColumn(tm) error free, the program is not and can't be
certified infallible. The final and only responsibility for analysis,
design and engineering documents is the licensees. Accordingly, PCA
disclaims all responsibility in contract, negligence or other tort for
any analysis, design or engineering documents prepared in connection
with the use of the pcaColumn(tm) program.
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pcaColumn v3.64 ©® Portland Cement Association Page 2
Licensed to: Auburn University. License ID: 53161-1011561-4-20C30-27D59 11/02/10
C:\Documents and Settings\coulspj\Desktop\Seismic Design Research\Little Bear Creek\PCA
COLUMN\Colul0:08 AM

10:08 AM

General Information: .

File Name: C:\Documents and Settings\coulspj\Desktop\Seismic Design Research\Little Bear

.Creek\PCA
COLUMN\ColumnDesignBent2.col

Project:

Column: Engineer:

Code: ACI 318-02 Units: English

Run Option: Investigation Slenderness: Not considered

Run Axis: X-axis Column Type: Structural

Material Properties:

60 ksi
29000 ksi

f'c = 4 ksi fy
Ec = 3605 ksi Es
Ultimate strain = 0.003 in/in

Betal = 0.85

Section:
Circular: Diameter = 54 in
Gross section area, Ag = 2290.22 in"2
Ix = 417393 in"4 Iy = 417393 in"4
Xo = 0 in Yo = 0 in

Reinforcement:
Rebar Database: ASTM A615
Size Diam (in) Area (in"2) Size Diam (in) Area (in"2) Size Diam (in) Area (in"2)
# 3 0.38 0.11 # 4 0.50 0.20 # 5 0.63 0.31
¥ 6 0.75 0.44 # 7 0.88 0.60 # 8 1.00 0.79
# 9 1.13 1.00 # 10 1.27 1.27 # 11 1.41 1.56
# 14 1.69 2.25 # 18 2.26 4.00

Confinement: Tied; #3 ties with #10 bars, #4 with larger bars.
phi(a) = 0.8, phi(b) = 0.9, phi(c) = 0.65

Layout: Circular
Pattern: All Sides Equal (Cover to transverse reinforcement)

Total steel area, As = 37.44 in"2 at 1.63%
24 #11 Cover = 3 in

Factored Loads and Moments with Corresponding Capacities: (see user's manual for notation)

Pu Mux fMnx
No kip k-ft k-ft fMn/Mu
1 637.0 256.0 4098.3 16.009
2 1504.0 256.0 4450.3 17.384
3" 230.0 256.0 3637.1 14.208
4 947.2 2073.0 4380.9 2.113
5 326.8 2073.0 3749.9 1.809
6 637.0 570.0 4098.3 7.190

**x% Program completed as requested! ***
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Designer: PIc

Project Name: L{TTLE BERR CREEK
Job Number:

Date: iz szo0t0

Moment Capacity and Interaction Diagram Data

Column or Drilled Shaft: BEVT Z  cocwvmd

INPUTS

Column Diameter s 4 in

f'c 4 ksi
fy (0 ksi
Longitudinal Reinforcing Bar Size = /1

Number of Lonitudinal Reinforcing Bars z4

Transverse Reinforcing Bar Size v <

Spacing of Transverse Reinforcing Bars 12 in

Column Height 1e.bg ! ft

Cover 2 in

Dead Load Reactions

PuDead S 7 kips
MuDead 960 Kip*ft
()’Mwoz axis BEWOIVG
Lr mAJor Axie EBEWPSC = 30

Enter into Column Design Software (PCA COLUMN)
Finding Moment Capacity of the column.

Mp = dMp/0.9 - 4576 kip*ft
Vpcol = 2¥*Mp/Heightcolumn = & 49 kips
Vpbent = 2*Vpcol /1 1 00 kips
Create SAP model of Bent

Apply shear (Vpbent) at the center of mass of the substructure

Axial Force due to Vpbent > Puoverturning = 7 1] kips

Pu = PuDead +/- Puoverturning 1268 = or ¥ kips

Re-enter into Column Design Software (PCA COLUMN)

Mp = dMp/0.9 > sco00 kip*ft
Vpcol = 2¥*Mp/Heightcolumn = - XX kips
Vpbent = 2*Vpcol /2 o0 kips

Verify that Vpbent is within 10% of first Vpbent. If not, repeat the above process.

Check = {{Vpbent2 - Vpbent1) / Vpbent2} * 100% 8,33 2 Py

Check Other Seismic Load Cases

Mupotrans )2 000 Kip*ft petran = 0.28%2
Putran 2272 4 kips pelong = p. 378
Mupolong 23 kip*ft
Pulong 4, < kips

(L2722
Pu=PuDead+/-Putfran9 )2 8% or 30 kips — COMBIDATION ©F SMAL pxiaL Load
Mu = MuDead + Mupotran - 3¢9 kip*ft CAUSES wEED T Lowc. 2

© INCR, \ REIDFoECIVG .

Pu = PuDead +/- Pulong - b &0 or & £E Kips ¥ 28 .« *Fl %
Mu = MuDead + Mu‘pélonzgzg 1195 kip*ft
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54 in diam.

Code: ACI 318-02

Units: English

Run axis: About X-axis

Run option: Investigation
Slenderness: Not considered
Column type: Structural
Bars: ASTM A615

Date: 11/02/10

Time: 10:11:52

pcaColumn v3.64. Licensed to: Auburn University. License 1D: 53161-101 1561-4-20C30-27D59

Project:

Column:

fc = 4 ksi

Ec = 3605 ksi
fc = 3.4 ksi
e_u=0.003 in/in
Beta1l =0.85

Confinement: Tied

fy =60 ksi
Es = 29000 ksi
fc = 3.4 ksi

Engineer:

Ag =2290.22 in"2

As =43.68in"2

Xo =0.001in

Yo =0.00in

Clear spacing = 3.69 in

phi(a) = 0.8, phi(b) = 0.9, phi(c) = 0.65
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File: C:\Documents and Settings\coulspj\Desktop\Seismic Design Research\Little Bear ...\ColumnDesignBent3.col

28 #11 bars
Rho =1.91%
Ix = 417393 in"4
ly = 417393 in"4

Clear cover = 3.50in




pcaColumn v3.64 © Portland Cement Assoclation

Licensed to: Auburn University. License ID: 53161-1011561-4-20C30-27D59
C:\Documents and Settings\coulspj\Desktop\Seismic Design Research\Little Bear Creek\PCA
COLUMN\Colul0:11 AM

10:11 AM

0000000 00000 00000 00000 00000 00
00 00 00 00 00 00 00 00 00 00 00
00 00 OO0 00 00 00 00 00 00 00 00

00 00 00 00 00 00 00 00 00
00 00 00 0000000 00 00 00 OO0
0000000 00 00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00 00 0O
o0 00000 00 00 00000 00000 00000  (TM)

Computer program for the Strength Design of Reinforced Concrete Sections

_ Licensee stated above acknowledges that Portland Cement Association
(PCA) is not and cannot be responsible for either the accuracy or
adequacy of the material supplied as input for processing by the
pcaColumn (tm) computer program. Furthermore, PCA neither makes any
warranty expressed nor implied with respect to the correctness of the
output prepared by the pcaColumn (tm) program.Although PCA has endeavored
to produce pcaColumn(tm) error free, the program 1is not and can't be
certified infallible. The final and only responsibility for analysis,
design and engineering documents is the licensees. Accordingly, PCA
disclaims all responsibility in contract, negligence or other tort for
any analysis, design or engineering documents prepared in connection
with the use of the pcaColumn (tm) program.
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pcaColumh v3.64 © Portland Cement Association

Licensed to: Auburn University. License ID: 53161-1011561-4-20C30-27D59

Page 2
11/02/10

C:\Documents and Settings\coulspj\Desktop\Seismic Design Research\Little Bear Creek\PCA

‘COLUMN\Colul0:11 AM

10:11 AM

General Information:

File Name: C:\Documents and Settings\coulspj\Desktop\Seismic Design Research\Little Bear

Creek\PCA

COLUMN\ColumnDesignBent3.col
Project:
Column: Engineer:
Code: ACI 318-02 Units: English

Run Option: Investigation
Run Axis: X-axis

Material Properties:

60 ksi
29000 ksi

f'c = 4 ksi fy
Ec = 3605 ksi Es
Ultimate strain = 0.003 in/in

Betal = 0.85

Section:

Circular: Diameter = 54 in

Gross section area, Ag = 2290.22 in”2

Ix = 417393 in"4 Iy = 417393 in”4
Xo = 0 in Yo = 0 in
Reinforcement:

Rebar Database: ASTM A61l5
Size Diam (in) Area (in”"2) Size Diam (in) Area (in”"2)

Slenderness: Not considered
Column Type: Structural

Size Diam (in) Area (in"2)

# 3 0.38 0.11 # 4 0.50 0.20 # 5 0.63 0.31
# 6 0.75 0.44 # 7 0.88 0.60 ¥ 8 1.00 0.79
# 9 1.13 1.00 # 10 1.27 1.27 # 11 1.41 1.56
# 14 1.69 2.25 # 18 2.26 4.00

- Confinement: Tied; #3 ties with #10 bars, #4 with larger bars.

phi(a) = 0.8, phi(b) = 0.9, phi(c) = 0.65
Layout: Circular

Pattern: All Sides Equal
Total steel area, As = 43.68 in~2 at 1.91%

28 #1l Cover = 3 in

Factored Loads and Moments with Corresponding Capacities:

Pu Mux fMnx
No kip k-ft k-ft fMn/Mu
1 657.0 960.0 4546.5 4.736
2 1368.0 960.0 4799.4 4.999
3 54.0 960.0 3902.3 4.065
4 1284.0 3696.0 4828.1 1.306
5 30.0 3696.0 3874.5 1.048
6 660.0 1195.0 4549.2 3.807
7 655.0 1195.0 4544.6 3.803

*%** Program completed as requested! ***
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(Cover to transverse reinforcement)

(see user's manual for notation)



Designer: PY C

Project Name: LITTLE BERZ cpefe
Job Number: *

Date: Mt/z/2ze'?

Moment Capacity and Interaction Diagram Data

Column or Drilled Shaft: DRILLED SHAFT _ BREVT 2
INPUTS

Column Diameter Lo in
f'c 4 ksi
fy b, © ksi
Longitudinal Reinforcing Bar Size @ 17

Number of Lonitudinal Reinforcing Bars z4
Transverse Reinforcing Bar Size 2 (

Spacing of Transverse Reinforcing Bars 12 -in (
Column Height 12.8 ft
Cover o in
Dead Load Reactions

PuDead bbb kips

MuDead 109 kip*ft

Enter into Column Design Software (PCA COLUMN)
Finding Moment Capacity of the column.

Mp = $Mp/0.9 => S ot ip*ft

Vpcol = 2*Mp/Heightcolumn = 7864 .72 /kips
Vpbent = 2*Vpcol 168 kips
Create SAP model of Bent

Apply shear (Vpbent) at the center of mass of fhe substructure

Axial Force due to Vpbent > Puovertdrning = 1 2¢ 2 kips

Pu = PuDead +/- Puoverturning ]9 28 or 596  kips

Re-enter into Column Design Softwgre (PCA COLUMN) >

Mp = &éMp/0.9 - 5 ¢80 kip*ft

Vpcol = 2*Mp/Heightcolurpn = 8287 kips

Vpbent = 2*Vpcol 177 & kips

Verify that Vpbent,is within 10% of first Vpbent. If not, repeat the above process.

Check = {(Vpbeé- Vpbentl) / Vpbent2} * 100% /1 2 ok

Check Other Seismic Load Cases

Mupotrans ;12278 kip*ft petran = o, 282

Putran 2272 4 kips pelong = 0,278 -
Mupolong Ses kip*ft

Pulong 4,72 kips

NOTE ¢! ComEBInATION ©F gmpare Ax1AC

Pu = PuDead +/- Putran > /1293 or 39 kips § »
IVCREASE

Mu = MuDead + Mupotran > ¢ s 2 kip*ft Leap CCAYSE wWEER To

Low6. pEISForcroc
Pu = PuDead +/- Pulong > bbb’ or & & kips

Mu = MuDead + Mupolong = ) 304 Kip*ft 32 W ® ok
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60 in diam.

Code: ACI 318-02

Units: English

Run axis: About X-axis
Run option: Investigation

Slenderness: Not considered

Column type: Structural

Bars: ASTM A615 4
Date: 11/02/10

Time: 10:12:59

(Pmin)

pcaColumn v3.64. Licensed to: Auburn University. License ID: 53161-101 1561-4-20C30-27D59

File: C:\Documents and Settings\coulspj\Desktop\Seismic Design Research\Little Bear Cre...\DrilledShaftBent3.col

Project:
Column: Engineer:

- fc=4ksi | fy =60 ksi Ag = 2827.43 in"2 32 #11 bars
Ec = 3605 ksi Es = 29000 ksi As =49.92 in"2 Rho =1.77%
fc = 3.4 ksi fc = 3.4 ksi Xo =0.00in ‘ Ix = 636173 in"4
e_u=0.003 infin Yo =0.00in ly = 636173 in*4
Betatl = 0.85 Clear spacing = 3.06 in Clear cover =6.50 in

Confinement; Tied phi(a) = 0.8, phi(b) = 0.9, phi(c) = 0.65
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pcaColumn v3.64 © Portland Cement Association .
Licensed to: Auburn University. License ID: 53161-1011561-4-20C30-27D59

C:\Documents and Settings\coulspj\Desktop\Seismic Design

10:12 AM

0000000 00000 00000 00000 00000 00
00 00 00 00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00 00 00 00

00 00 00 00 00 00 00 00 00
00 00 00 0000000 00 00 00 00
0000000 00 00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00 00 00
00 00000 00 00 00000 00000 .00000 (TM)

Computer program for the Strength Design of Reinforced Concrete Sections

Licensee stated above acknowledges that Portland Cement Association
(PCA) is not and cannot be responsible for either the accuracy or
adequacy of the material supplied as input for processing by the
pcaColumn(tm) computer program. Furthermore, PCA neither makes any
warranty expressed nor implied with respect to the correctness of the
output prepared by the pcaColumn (tm) program.Although PCA has endeavored
to produce pcaColumn(tm) error free, the program is not and can't be
certified infallible. The final and only responsibility for analysis,
design and engineering documents is the licensees. Accordingly, PCA
disclaims all responsibility in contract, negligence or other tort for
any analysis, design or engineering documents prepared in connection
with the use of the pcaColumn(tm) program. :
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pcaColumn v3.64 © Portland Cement Association _ Page 2
Licensed to: Auburn University. License ID: 53161-1011561-4-20C30-27D59 11/02/10
C:\Documents and Settings\coulspj\Desktop\Seismic Design Research\Little Bear Creek\PCA COLUMN\

10:12 AM

General Information:

File Name: C:\Documents and Settings\coulspj\Desktop\Seismic Design Research\Little Bear C

Project:

Column: Engineer:

Code: ACI 318-02 Units: English

Run Option: Investigation Slenderness: Not considered
Run Axis: X-axis Column Type: Structural

Material Properties:

60 ksi
29000 ksi

f'e 4 ksi fy
Ec = 3605 ksi Es
Ultimate strain = 0.003 in/in :
Betal = 0.85

o

Section:
Circular: Diameter = 60 in
Gross section area, Ag = 2827.43 in”2
Ix = 636173 in"™4 Iy = 636173 in"4
Xo = 0 in Yo = 0 in
Reinforcement:
Rebar Database: ASTM A615 : o
Size Diam (in) Area (in”"2) Size Diam (in) Area (in"2) Size Diam (in) Area (in”2)
# 3 0.38 0.11 # 4 0.50 0.20 # 5 0.63 0.31
# 6 0.75 0.44 # 7 0.88 0.60 # 8 1.00 0.79
# 9 1.13 1.00 # 10 1.27 1.27 # 11 1.41 1.56
# 14 1.69 2.25 # 18 2.26 4.00
Confinement: Tied; #3 ties with #10 bars, #4 with larger bars.
phi(a) = 0.8, phi(b) = 0.9, phif(c) = 0.65
Layout: Circular
Pattern: All Sides Equal (Cover to transverse reinforcement)
Total steel area, As = 49.92 in”2 at 1.77%
32 #11 Cover = 6 in
_Factored Loads and Moments with Corresponding Capacities: (see user's manual for notation)
Pu Mux fMnx
No. kip k-ft “k-ft £Mn/Mu
1 666.0 1091.0 5423.4 4.971
2 1928.0 1091.0 5638.2 5.168
3 596.0 1091.0 5349.6 4.903
4 1293.0 4553.0 5786.6 1.271
5 39.0 4553.0 4681.0 1.028
6 666.0 1304.0 5423.4 4.159

*#% Program completed as requested! *rk
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Designer: P ¥cC

Project Name: L7tz BZAe cREEK
Job Number:

Date: M/ z srzote

Moment Capacity and Interaction Diagram Data

Column or Drilled Shaft: ABUTM EIT D EILED chAl T
INPUTS

Column Diameter 42 in
f'c ) 4 ksi
fy Lo ksi
Longitudinal Reinforcing Bar Size 2 1]

Number of Lonitudinal Reinforcing Bars 12

Transverse Reinforcing Bar Size 25

Spacing of Transverse Reinforcing Bars 12 in
Column Height -1 .6 3% ft
Cover [ in
Dead Load Reactions

PuDead 5.5 kips

MubDead ) 114,75 Kip*ft

Enter iato Column Design Software (PCA COLUMN) .

Finding Moment Capacity of the column. .

Mp = d¥Mp/0.9 P fp*ft

Vpcol = 2*Mp/Heightelumn - . kips

3
Vpbent =2*Vpcol

Create SAP model of Bent

Mp = $Mp/0.9 >

Vpcol = 2*Mp/Heightcolumn

Vpbent = 2*Vpcol

" Verify that Vpbent is within 10% of first Vpbent. If not, repeat the above process.

kips

kips

Check = {Vpbent2/ Vpbent1) / Vpbent2} * 100% 14,
N
Check Other Seismic Load Cases
Mupotrans 9 50 kip*ft petran = ©.282
Putran [e) kips pelong = 0.37 8
Mupolong ’ 1909 kip*ft
Pulong o kips
Pu = PuDead +/- Putran - e or & X kips
Mu = MuDead + Mupotran - 2832 kip*ft
Pu = PuDead +/- Pulong - s s or £, kips
Mu = MuDead + Mupolong < 726 kip*ft
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42 in diam.

Code: ACI 318-02

Units: Engliéh ‘

Run axis: About X-axis

Run option: investigation
Slenderness: Not considered
Column type: Structural
Bars: ASTM A615

Date: 11/02/10

Time: 10:14:02

-1500 -

pcaColumn v3.64. Licensed to: Auburn University. License ID: 53161-1011561-4-20C30-27D59

File: C:\Documents and Settings\coulspj\Desktop\Seismic Design Research\Little Bear ...\DrilledShaftAbutment.col

Project:

Column:
fc=4ksi

Ec = 3605 ksi
fc = 3.4 ksi

e_u =0.003 infin
Beta1=0.85

Confinement; Tied

fy =60 ksi
Es = 29000 ksi
fc = 3.4 ksi

Engineer:

Ag = 1385.44 in"2

As =18.72in"2

Xo =0.00in

Yo =0.00in

Clear spacing = 5.73 in

phi(a) = 0.8, phi(b) = 0.9, phi(c) = 0.65
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12 #11 bars
Rho = 1.35%

Ix = 152745 in4
ly = 152745 in™4

Clear cover =6.50 in




pcaColumn v3.64 © Portland Cement Association

Licensed to: Auburn University. License ID: 53161-1011561-4-20C30-27D59

C:\Documents and Settings\coulspj\Desktop\Seismic Design Research\Little Bear Creek\PCA
COLUMN\Drill0:13 AM

10:13 AM

0000000 00000 00000 00000 00000 00
00 00 00 00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00 00 00 00

00 00 00 00 00 00 00 00 00
00 00 00 0000000 00 00 00 00
0000000 o0 00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 0O 00 0O
00 00000 00 00 00000 00000 00000  (TM)

Computer program for the Strength Design of Reinforced Concrete Sections

Licensee stated above acknowledges that Portland Cement Association
(PCA) is not and cannot be responsible for either the accuracy or
adequacy of the material supplied as input for processing by the
pcaColumn(tm) computer program. Furthermore, PCA neither makes any
warranty expressed nor implied with respect to the correctness of the
output prepared by the pcaColumn (tm) program.Although PCA has endeavored
to produce pcaColumn(tm) error free, the program is not and can't be
certified infallible. The final and only responsibility for analysis,
design - and engineering documents is the licensees. Accordingly, PCA
disclaims all responsibility in contract, negligence or other tort for
any analysis, design or engineering documents prepared in connection
with the use of the pcaColumn(tm) program.
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pcaColumn v3.64 © Portland Cement Association

Licensed to: Auburn University. License ID: 53161-1011561-4-20C30-27D59

Page

C:\Documents and Settings\coulspj\Desktop\Seismic Design Research\Little Bear Creek\PCA

COLUMN\Drill0:13 AM

10:13 AM

General Information:

File Name: C:\Documents and Settings\coulspi\Desktop\Seismic Design Research\Little Bear

Creek\PCA

COLUMN\DrilledShaftAbutment.col
Project:
Column: Engineer:
Code: ACI 318-02 Units: English

Run Option: Investigation
Run Axis: X-axis

Material Properties:

60 ksi
29000 ksi

f'c = 4 ksi fy
Ec = 3605 ksi Es
Ultimate strain = 0.003 in/in

Betal = 0.85

Section:

Circular: Diameter = 42 in

Gross section area, Ag = 1385.44 in"2

Ix = 152745 in"™4 Iy = 152745 in™4
Xo = 0 in Yo = 0 in
Reinforcement:

Rebar Database: ASTM A615
Size Diam (in) Area (in”"2)

Size Diam (in) Area (in”"2)

# 3 0.38 0.11 # 4 0.50 0.20
# 6 0.75 0.44 # 7 0.88 0.60
# 9 1.13 1.00 # 10 1.27 1.27
# 14 1.69 2.25 # 18 2.26 4.00

Confinement: Tied; #3 ties with #10 bars,
phi(a) = 0.8, phi(b) = 0.9, phi(c) = 0.65

Layout: Circular
Pattern: All Sides Equal
Total steel area, As = 18.72 in"2 at 1.35%
12 #11 Cover = 6 in

Factored Loads and Moments with Corresponding Capacities:

Pu Mux fMnx
No kip k-ft k-ft £Mn/Mu
1 5.5 114.8 1204.5 10.497
2 5.5 383.0 1204.5 3.145
3 5.5 836.0 1204.5 1.441
4 238.5 114.8 1414.2 12.324
5 227.5 114.8 1404.6 12.240

*** Program completed as requested! ***

341

Slenderness: Not considered
Column Type: Structural

# 5 0.63 0.31
¥ 8 1.00 0.79
# 11 1.41 1.56

#4 with larger bars.

(Cover to transverse reinforcement)

(see user's manual for notation)
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Appendix G: Scarham Creek Bridge Guide Specification Design

Designer: Paul Coulston ORIGIN:= 1
Project Name: Scarham Creek Bridge

Job Number:

Date: 11/10/2010

Description of worksheet: This worksheet is a seismic bridge design worksheet for the

AASHTO Guide Specifications for LRFD Seismic Bridge Design. All
preliminary design should already be done for service loads.

Project Known Information

Location: Marshall County
Zip Code or Coordinates: 35.0069 N 88.2025 W

Superstructure Type: AASTHO | girders
Substructure Type: Circular columns supported on drilled shafts
Abutment Type: Abutment beam supported on drilled shafts

Note: Input all of the below information.

fc:= 4000 psi
fye:= 60000 psi
Ib
Pconc -= 0.08681 —3
in

in
g:=3864 -

s
Length of Bridge (ft) L := 520 ft
Span Length (ft) Span:= 130 ft
Deck Thickness (in) tgeck =7 In
Deck Width (ft) DeckWidth := 40 ft
Girder X-Sectional Area (in2) GirderArea:= 767 in2
Bent Volume (ft3) BentVolume := 7.5[%.5[40 = 1.65 x lO3
Guard Rail Area (in? GuardRailArea:= 310 in?
Column 1 Diameter (in) Columndial := 60 in
Column 2 Diameter (in) Columndia2 := 72 in
Drill Shaft 1 Diameter (in) Drillshaftdial := 66 in
Drill Shaft 2 Diameter (in) Drillshaftdia2 := 78 in
Drill Shaft 3 (Abutment) Diameter (in) Drillshaftdia3 := 54 in

ft
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Strut 2 & 4 Depth (in) Strut2Depth := 72 in
Strut 2 & 4 Width (in) Strut2Width := 42 in
Strut 3 Depth (in) Strut3Depth ;= 120 in
Strut 3 Width (in) Strut3Width := 42 in
Tallest Above Ground Column Height Bent 2 (ft) ColumnHeight2 := 34.022 ft
Talllest Above Ground Column Height Bent 3 (ft) ColumnHeight3 := 59.136 ft
Tallest Above Ground Column Height Bent 4 (ft) ColumnHeight4 := 32.156 ft
Length of Strut 2 & 4 (ft) Lstrut2 := 19 ft
Length of Strut 3 (ft) Lstrut3 := 18 ft
.2
. Columndial [

Column 1 Area (in?) Acolumny ;= A& T 5 857x 10°  in?

Col umndiazzﬁr 3 2
Column 2 Area (in?) Acolumn2:= ———————— =4.072x 10 in
Bent 2 and 4 Strut Volume (ft3) Strutl := 6[3.5019 = 399 >

Strut2 := 1003.5[18 = 630 ft3

Bent 3 Strut Volume (ft3)

Note: These are variables that were easier to input in
ft and then convert to inches.

L:=L02=6.24x 103 in
Span := Span12 = 1.56 x 103 in
DeckWidth := DeckWidth[12 = 480 in

BentVolume := BentVol umeELZ3 =2.851x lO6 in3

ColumnHeight2 := ColumnHeight2[12 = 408.264 in
ColumnHeight3 := ColumnHeight3[12 = 709.632 in
ColumnHeight4 := ColumnHeight4[12 = 385.872 in

Strutl ;= Strutl[12 = 4.788 x 103 in3

Strut2 := Strut2[12 = 7.56 x 103 in3
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Steps for Seismic Design
Article 3.1: The Guide Specification only applies to the design of CONVENTIONAL BRIDGES.

Article 3.2: Bridges are design for the life safety performance objective.
Article 6.2: Requires a subsurface investigation take place.

Article 6.8 and C6.8: Liquefaction Design Requirements - A liquefaction assessment should
be made if loose to very loose sands are present to a sufficient extent to impact
the bridge stability and A is greater than or equal to 0.15.

Article 3.3: The type of Earthquake Resisting System (ERS) should be considered. This
is not a requirement as in SDC C and D, but should be considered. A Type 1
ERS has a ductile substructure and essentially elastic superstructure.

Type of Bridge: TYPE 1

Article 3.4: Determine Design Response Spectrum

Note: AASHTO Guide Specifications for LRFD Seismic Bridge Design is accompanied
with a program that has the Seismic Hazard maps. This program will calculate several
of the variables that are needed for the analysis.

1) Article 3.4.2.1:Determine the Site Class. Table 3.4.2.1-1

INPUT Site Class: D

2) Enter maps and find PGA, S_,and S;. Then enter those values in their respective spot. Also,

the the Guide Specification is accompanied with a cd that contains a program that will find
these values for the designer.

PGA := 0116 g

INPUT S=0272 ¢

$:=0092 ¢

3) Article 3.4.2.3: Site Coefficients. From the PGA,S,, and S, values and site class
choose Fypa, Fyy and F,. Note: straight line interpolation is permitted.

Fpga = 157 Table 3.4.2.3-1
REUT F,i= 158 Table 3.4.2.3-1
Ry = 24 Table 3.4.2.3-2
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Eq.34.1-1 A= FpgaPGA =0.182 g
Eq.34.12  SDS:= Fy$,=043 g
Eq.34.1-3  SD1:= F[S; =0.221 g

4) Creating a Response Spectrum

A Acceleration Coefficient

Sps = Short Period Acceleration Coefficient

Sp; = 1-sec Period Acceleration Coefficient

Note: The DesignSpectrum Code creates a Response Spectrum for the Bridge.
At this time the period of the bridge is unknown; therefore, the Sa value cannot

be calculated.

Tmax:=2 s Dt:= 0.001 s

Desi gnSpectrum(SDS, SD1,Ag, Tmax, Dt) =

SD1

sDs
T, « 02T

s <

N Tmax
max Dt

for i01.nmax
T, ~ Dt
tl
a - (SDS—AS)dD— +Ag if DUI<T,
1 TO
g « SDS if Dt =T, 0Dt < Tg
Sb1

a ~ —= if DtI>Tg
' Dt

R « augment(T,a)
R

BridgeSpectrum := Desi gnSpectrum(SDS, SD1,Ag, Tmax, Dt)
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Response Spectrum

0.5 T T T

Response Spectral Acceleration, Sa (g)

0.1
0

05 1 15

Period (secs)

Article 3.5: Selection of Seismic Design Category
SD1=0221 ¢ From Table 3.5-1 Choose SDC

SDCprogram(SD1) := | for ¢ SD1

c « "A" if SD1<0.15
c - "B" if SD120150SD1<0.3
c"C" if SD1>2030SD1<05
c - "D" if SD1=05

Rs - c

c

SDC := SDCprogram(SD1) = "B"

346



Appendix G: Scarham Creek Bridge Guide Specification Design

Displacement Demand Analysis Ap
Figure 1.3-2 Demand Analysis Flowchart
Article 4.2: Selection of Analysis Procedure
This is a function of the SDC and the regularity of the bridge.
Procedure 1 = Equivalent Static Method
Article 4.3.3: Displacement Magnification for Short-Period Structures

Uq:=2 for SDC B

SD1
derogram(T,SDS,SDl,ud) = S « 33
Th ~ 1.25[0s
1\Tbh 1
Xel|l-—|F—+—
Ud T Ud
y « 10

a< X ifT—b>1.0
T

Tb
Y T

a

Note: This Rd value will be calculated when the period of the structure is known. This factor will
amplify the displacement demand.

Article 5.4: Analytical Procedure 1 (Equivalent Static Analysis)

Note: There are two methods that can be used according to this procedure. The Uniform Load Method is
suitable for regular bridges that respond principally in their fundamental mode of vibration. The Single
Mode Spectral Method may be a better method if there is a major change in the spans, stiffness of the
piers, etc.

The Uniform Load Method is simpler and less time consuming and will give accurate results, and this is
the reason it has been chosen in this design.

Uniform Load Method

Step 1: Build a bridge model

Step 2: Apply a uniform load of Po = 1.0 kip/in. in both the longitudinal and transverse direction.
Also, the uniform load can be converted into point loads and applied as joint loads in
SAP. Calculate the static displacement for both directions. In SAP, tables of the
displacements can be exported to EXCEL, and the MAX Function can be used to find the
maximum displacement.
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Step 3: Calculate the bridge lateral stiffness, K, and total weight, W.

kip
=10 —
Po in
UgmaxLong = 0-382075 in
INPUT
VgmaxTran = 4330046  in
Poll 4 kip
Eq. C5.4.2-1 KLong™= 7 =1.633% 10 -
smaxLong
Po 3 kip
Eq. C5.4.2-2 Kran =~ =1.441x 10 P
smaxTran

INPUT: Multiplying factors

Pconc L[@tdeck[IDeckWidth + GirderAreal® + GuardRaiIArea) + 3BentVolume ...

+ 4[Acolumnl1{2ColumnHeight2 + 2[ColumnHeight4) + 2Acolumn2[ColumnHeight3 ..
+ Strutl2 + Strut2

1000

W = 7285.919 kips

Step 4: Calculate the period, T

, w

T =2n——=0.213 s
Eq. C5.4.2-3 mLon

d 9 KLong@
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Step 5: Calculate equivalent static earthquake loading p,.

sb1
a0q(SDS, SDL, Ty gngrAg) = | Ts = s
Ty « 02T
for ad TmLong
TmLong .
a - (SDS- AS)EIT— *+ Ag it Tmiong<To
(o]
a« SDS if Ty ong2To O Tmiong S Ts
sb1 .
a~ —T if TmLong >Tg
mLong
Ra ~ a
a
S8y gng = ac(SDS, SDL, Ty ngrAg) = 043
S ongW 0.502 kip
Eq. C5.4.2-4 PeLong™= =% “in

Step 6: Calculate the displacements and member forces for use in design by applying p, to
the model or by scaling the results by p,/p,.

RdLong = derogram(TmLong,SDS,SDl,ud) =2004
— Pelong ~ _
VsmaxLong = RdLongE'p— m’smaxLong =0.384 in
0

Repeat Steps 4, 5, and 6 for transverse loading.

Step 4: Calculate the period, T

’ W

T = 2w =0719 s
Eq. C5.4.2-3 mTran

a KTran@

349




Appendix G: Scarham Creek Bridge Guide Specification Design

Step 5: Calculate equivalent static earthquake loading p,.

Sarrgn = ac(SDS, SDL, Tyyryan, Ag) = 0.307

_ SargnW kip
Eq. C5.4.2-4 PeTran= — = 0.359 .

Step 6: Calculate the displacements and member forces for use in design by applying p, to
the model or by scaling the results by p,/p,.
Robrygn == Rdprogram(T g4, SDS, SD1,ug) = 1
PeTran

H—D0W
Po

Y = 1.553 in

smaxTran = ROtran smaxTran

Single-Mode Spectral Method

This procedure is not specifically addressed in the Guide Specifications. The Guide Spec. refers
you to the AASHTO LRFD Bridge Design Specifications.

Article 4.7.4.3.2: Single-Mode Spectral Method

Step 1: Build a bridge model
Step 2: Apply a uniform load of Po = 1.0 in both the longitudinal and transverse direction.
Calculate the static displacement for both directions.

Step 3: Calculate factors a, 3, and y.

Note: The Deflection equations come from analysis of the SAP model. The displacement is

taken at the joints along the length of the bridge and input into an Excel Worksheet. Then a

graph is created of the displacements along the length of the bridge. A best fit line is plotted,
and that is the equation that is shown below.

INPUT g, ()= 3010 'O + 0.00160% + 14098 Vg ong®®) = ~1010° % + 0.0001x + 0.1563
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L L
C4.7.4.3.2b-1 OTran ::J Vegran(®) dX Y ong'= | VdongX X
0 0

rL W rL W
C4.7.43202 By = T Vetran®) dx BLong™ | T Mslongt®) &

Jo ’0

rL W rL W

_ 2 . 4 — 2

ca7.432p3 Tren™ | T Neran(¥) dx=5308x 10 YLong™ | T Mslong®) o

./O "0

a = Displacement along the length
B = Weight per unit length * Displacement
y = Weight per unit length * Displacement?

Step 4: Calculate the Period of the Bridge

TTran
T = 2t ———— =0.589 S
Eq. 4.7.4.3.2b-4 mTranl
a Po 8Ty an
Long
T = 2 ———— =0.206 S
Eq. 4.7.4.3.2b-4 mLongl
d o Pold%y ong

Step 5: Calculate the equivalent Static Earthquake Loading

CemLong = &¢(SDS, D1, T g =043

mLongl'A

Step 6: Calculate the displacements and member forces for use in design by applying p, to
the model or by scaling the results by p,/p,.

8 [C
Eq. C4.7.4.3.2b-5 PeLong(x) := w[—l\:—vmslong(x)

Long
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PeLong(x) — 0.00014153071449361569124X + —1.4153071449361569124e-8&2 + 0.221212506753521325

=L
100
i:=1.101

Pelongi = PeLong[ (i — 1)dW] 6Iongi = Vslong[(i - 1)dwW]

Alongi = PelongiEBIongi

Force Along the Length

| [
2
g 0.4_ 1
@
(&)
5 0.2 =
L
| | |
0 2x10° 4x10° 6x10°
Length (in)
Deflection Along the Length
0.25 T T T
= _
c
i) 7
§ |
D _
&)
| | |
0 x10° 4100 100 8x10°

Length (in)

Maximum Deflection

max(Along) = 0.234 in
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NOTE: Repeat Steps 5 and 6 for Transverse Direction.
Step 5: Calculate the equivalent Static Earthquake Loading

C

smTran = &¢(SDS, SDL, Tpirrang Ag) = 0.375

Step 6: Calculate the displacements and member forces for use in design by applying p, to
the model or by scaling the results by p,/p,.

BTran‘:q:smTran W
Eqg. C4.7.4.3.2b-5 PeTran(x) := —[—IL—Eystran(x)

YTran

PeTran(x) — 0.00024113243850551203633X + —4.5212332219783506812&8ISk2 + 0.2123924659911363205

L
100

i:=1.101

Petrani = PeTran[(i — 1)[dL] 6trani "= Vgtrgnl (i — 1)dL]

Atrani = Petrani [E&trani

Force along the Length

Force (kips)

0 2100 4x10° 6x10°

Length (in)
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Deflection along the Length

Z] T | |
—~
c
= 15 -
c
(@]
S . A
3
© 0.5 n
o)
0 x10° 4100  ex10°  8x10°

Length (in)

Maximum Deflection

max(Atran) = 1.891 in

Article 5.6: Effective Section Properties

Note: Use 0.7*lg for ductile reinforced concrete members.
Refer to the charts on page 5-20 of the Guide Specification if a more precise value is desired.

Article 5.2: Abutment Modeling
Note: This is taken care of in the SAP model.

Article 5.3: Foundations Modeling

Note: Since in SDC B, Foundation Modeling Methods | can be used.

FMM is dependent on the type of foundation.

For bridges with Pile Bent/Drilled Shaft the depth of fixity can be estimated.
Since details regarding reinforcing are not known, reduce the stiffness of the

drilled shafts to one half the uncracked section.

Note: Special provisions need to be considered if Liquefaction is present. (Article 6.8)

Article 4.4: Combination of Orthogonal Seismic Displacement Demands

LoadCasel := J (1¥gmextong)” * (03¥emaxtran) =0604 in

LoadCase? := J (mysmman)2 + (O'SEysmaxLong)z =1557  in
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COLUMN DESIGN

Article 4.8: Displacement Demand/Capacity

Note: If the column height is different for each bent, a capacity check needs to be
made at each bent.

Displacement Demand/Capacity for the Bents Ap <Ag

Note: Since the bridge has frame bents, the simplified equations cannot be used; therefore a pushover
analysis must be done.

NOTE: IF THE SIMPLIFIED EQUATIONS ABOVE DO NOT WORK, A PUSHOVER ANALYSIS OF
THE BRIDGE CAN BE DONE TO VERIFY THE DISPLACEMENT CAPACITY. In SAP 2000, there is
an earthquake design program that allows a pushover analysis to be done by setting the SDC to D.
Be sure to amplify the demand values by the appropriate Rd value. List the results below to verify
that the Displacement Capacity is sufficient. The Demand Displacement must be multiplied by
pe/po. The below chart was created in Excel and then brought into Mathcad.

GenDispl Demand (in)| Capacity (in) Check
_GD_TR1_DReql 2.440858 9.7681| OK
_GD_LG1_DReql 0.54952 2.196964| OK
_GD_TR2_DReql 6.903604 25.640073| OK
_GD_LG2_DReql|  0.870083 3.574987| OK
_GD_TR3_DReq1l 2.870598 11.474908| OK
_GD_LG3_DReql|  0.616989 2.644054| OK
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Article 4.12: Minimum Support Length Requirements
Note: May need to add more calculations if column heights are different at the bents.

N (in) = Minimum support length measured normal to the bridge
L (ft) = Length of bridge to adjacent expansion joint or end of the bridge

H (ft) = average height of columns supporting bridge deck for abutments
for columns and piers = column height

S (Degree) = angle of skew

Abutment Support Length Requirement

__ Span _ __ ColumnHeight2
INPUT  Spangyy tment = 12 130 ft Habutment = 12

= 34.02: ft

Note: The Span is divided by number of spans and inches.

abutment

Skew gy tment == 0 Degrees

Eq. 4.12.2-1

. 2) _ :
Nabutment := 1508 + 0.02Spanyy, jyment + 0.08Habutmem)E€l + 0.000125SKeW o jiment ) =19.983 in

Bent Support Length Requirement

BENT 2
INPUT  Spang o = 222 = 130 ft
Note: The Span, ;iment IS divided by number of spans and inches.

_ ColumnHeight2

Hgent == =34.022 ft INPUT: Column Height for this Bent
ent 12

INPUT
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INPUT  Skewggt:= 0 Degrees

Eq.4.12.2-1
Npent = L5If8 + 0.02Spang ey + 0.08HBem)[€1 + 0.0001258keWBem2) =19.983 in
BENT 3
Span
INPUT an = —— =130 ft

Note: The Span,; ;iment IS divided by number of spans and inches.

INPUT Hgent := w =590.136 ft INPUT: Column Height for this Bent

INPUT  Skewgg = O Degrees

Eq.4.12.2-1
Npent == L5If8 + 0.02Spang ey + 0.08HBem)[€1 + 0.0001258keWBem2) =22996  in
BENT 4
Span
INPUT  Spangg = ——— =130 ft

Note: The Span is divided by number of spans and inches.

abutment

INPUT Hgent := w =32.156 ft INPUT: Column Height for this Bent

INPUT  Skewgg =0 Degrees

Eq. 4.12.2-1

. 2) _ :
Npent == L5If8 + 0.02Spang ey + 0.08HBem)[€1 + 0.000125Skewg ot ) =19759  in
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Article 4.14: Superstructure Shear Keys

Voy = 2V

n

Note: This does not apply to this bridge.

Figure 1.3-5 SDC B Detailing

Decide what Type of bridge designing.

Structure Type: Type 1

Article 8.3: Determine Flexure and Shear Demands

Article 8.5: Plastic Moment Capacity

Note: Article 8.5 refers the designer back to Article 4.11.1-4.

BENT 2 DESIGN

Article 4.11.1-4; Steps to find Moment Capacity, Shear Capacity, and Axial Force

Note: Use some kind of software to find the Moment Capacity of the Column. PCA
Column was used to create an Interaction Diagram and to calculate the Moment
Capacity. The shear for the bent was found by knowing the Moment.

M, := 75696000  Ibln

INPUT p

INPUT Fixity := 30Cin

P Fixityr1000

Note: Fixity is the point of fixity for the
column/drilledshatft.

2[IS/Ip ) 3 .
=504.64 kips VpBentZ = zwp =1.009x 10" Kips

Note: If the decision is made to design for Elastic Forces then the above variables need to be override.
This can be done by simply changing the Vp variable to the elastic force from SAP2000 that has been

multiplied by pe/po.

p
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Note: Pu is the combination of Elastic Axial force from the earthquake and dead load.

INPUT Py = 1725000 Ib

Article 8.6: Shear Demand and Capacity for Ductile Concrete Members

Note: It is recommended to use the plastic hinging forces whenever practical.

Article 4.11.6: Analytical Plastic Hinge Length

Note: For reinforced concrete columns framing into a footing, an integral bent cap, an
oversized shaft, or cased shatft.

INPUT  dp = 141 in dy,- Diameter of Longitudinal Bar
. . . f
Eg. 4.11.6-1 Plastch|nge(F|X|ty,fye,db|) = [|lp < 0.08[Fixity + 0.15[-)18/—Oeomib|
fye

1000

a—lpiflpzm

a—miflp<m

a

Lp = PIasticHinge(Fixity,fye,db|) = 36.69 in
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Article 4.11.7: Reinforced Concrete Column Plastic Hinge Region

Note: y is the region of column with a moment demand exceeding 75% of the
maximum plastic moment. From the SAP model, find the location at which the
moment demand is 0.75*Mp. The 0.75*Mp value should be divided by p 4, tO

take into account the model loads have not been multiplied by py,,,- The
location will also need to be INPUT into the PlasticHingeRegion program in

inches.
Mp75:= 0.75[I1/Ip =5.677x lO7 Ibln
PIasticHingeRegion(Lp,Columndia) = |z « L5[Columndia
X Lp
y <0

a — max(z,x,y)

Note: Input the arguments into the program. Most likely the column diameter is the only variable that
has changed.

INPUT Lpr:= PIasticHingeRegion(L ,Columndial) =90 in

p

Article 8.6.2: Concrete Shear Capacity

Ag:= Acolumnl
Eg. 8.6.2-2 Ae:= 0.8[Ag = 2.262 x 10° in?
Hp =2 Specified in Article 8.6.2 of Guide Spec.
INPUT s:=6 in s: Spacing of hoops or pitch of spiral (in)
INPUT Asp:= .44 in2 Asp: Area of spiral or hoop reinforcing (in2)
INPUT Dsp:= 0.75 in Dsp: Diameter of spiral or hoop reinforcing (in)
INPUT Cover = 3 in Cover: Concrete cover for the Column (in)
INPUT Dprime:= 54 in Dprime: Diameter of spiral or hoop for circular columns (in)
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4[Asp -3
= — =5432 10
Eq. 8.6.2-7 P SDprime *
fyh = Tye _
1000
Eq. 8.6.2-6 Str%sCheck(pS,fyh) = |fs — pgiyh

a -~ fs if fs<0.35

fs:= StressCheck(pg, fyh) = 0.326

f
Eg. 8.6.2-5 aprogram(fs, “D) = |oprime — 0—; +3.67 - pp

a < 0.3 if aprime<0.3

a — aprime if aprime> 0.3 Daprime< 3
a~ 3 if aprime=3

a

aPrime:= aprogram(fs, “D) =3

If Puis Compressive

l:’u fc
2Ag[1000 1000

Eg. 8.6.2-3 vcprogram(aPrime,fc,Pu,Ag) = |ve < 0.032@Prime[€1 +

minl — 011 |—<
1000
. . fc
min2 « 0.047cPrimel]] ——
1000

minimum — min(minl, min2)
a « vc if vc < minimum

a « minimum if vc > minimum

a
Eq. 8.6.2-4

If Puis NOT Compressive VC = 0 Note: If Pu is not compressive, will have to manually
input O for vc. Just input it below the vc:=vcprogram and
the variable will assume the new value.

vC = vcprogram(aPri me, fc, Pu,Ag) =022 ks

Vc:= vclAe = 497.628 kips
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Article 8.6.3 & 8.6.4: Shear Reinforcement Capacity

INPUT n:=2 n: number of individual interlocking spiral or hoop core sections

Eqg. 8.6.3-1
Eq. 8.6.4-1

vsprogram(n, Asp, fyh, Dprime, s,fc,Ae) := [vs EténAspEﬂthDprlme)

2 S

maxvs — 0.25 iD\e
1000

a < vs if vs < maxvs

a « maxvs if vs> maxvs

a

Vs:= vsprogram(n,Asp, fyh,Dprime,s,fc,Ae) = 746.442  kips

Eqg. 8.6.1-2 oVn = ¢ (Vs + Vc) =1.12 % lO3 kips

ShearCheck(oVn, V) = |a — "OK" if ¢VnzV,
a — "FAILURE" if ¢Vn<V,

a

Shearcheck := ShearCheck(q>Vn,Vu) ="0OK"

Note: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforcing
(Asp), increase the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.

Article 8.6.5: Minimum Shear Reinforcement

For Circular Columns
Eqg. 8.6.5-1 mintranprogram(ps) = |a < "OK" if pg=0.003
a « "Increase Shear Reinforcing Ratio” if pg < 0.003

a

CheckTransverse:= mi ntranprogram(ps) ="OK"

Note: If the minimum shear reinforcement program responses "Increase Shear Reinforcing
Ratio", it is recommended to decrease the spacing (s) or increase the area of the shear
reinforcement (Asp) in the inputs.
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Article 8.8: Longitudinal and Lateral Reinforcement Requirements

Article 8.8.1: Maximum Longitudinal Reinforcement

INPUT Ap = 1.56 in2

INPUT NumberBars:= 24

Along := NumberBarslAy, = 37.44 in2
Eq.8.8.1-1 pprogram(A|Ong,Ag) = |a - "OK" if Ajgnq < 0.041Ag
a « "Section Over Reinforced" if Along > 0.04[Ag

a

ReinforcementRaitoCheck := pprogram(A| ong'Ag) ="0K"

Note: If the Maximum Longitudinal Reinforcing program returns "Section Over Reinforced", either
increase the section size (Aq) or decrease the longitudinal reinforcing (Abl and NumberBars) in the
inputs.

Article 8.8.2: Minimum Longitudinal Reinforcement
For Columns in SDC B and C:
Eqg. 8.8.2-1 minAIprogram(A|,Ag) = |a « "OK" if Ajgng=0.007Rg
a < "Increase Longitudinal Reinforcing" if Along < 0.007TAg

a

MinimumA, := minAIprogram(A|0ng,Ag) ="0K"

Note: If the Minimum Longitudinal Reinforcing program returns "Increase Longitudinal Reinforcing”,
either decrease the section size (Ag) or increase the longitudinal reinforcing (Abl and NumberBars in
the inputs.
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Article 8.8.9: Requirements for Lateral Reinforcement for SDCs B,C, and D

These Requirements need to be checked and satisfied.

Cross-tie Requirements:

1) Continuous bar having a hook of not less than 135 Degrees with an extension
NOT less than 6*d,, or 3 in. at one end and a hook of NOT less than 90 Degrees

with an extension of NOT less than 6*d, at the other end.
2) The hooks must engage peripheral longitudinal bars.
3) The 90 Degree hooks of two successive cross-ties engaging the same longitudinal
bars shall be alternated end-for-end.
Hoop Requirements

1) Bar shall be a closed tie or continuously wound tie.
2) A closed tie may be made up of several reinforcing elements with 135 Degree
hooks having a 6*d,, but NOT less than 3 in. extension at each end.

3) A continuously wound tie shall have at each end a 135 Degree hook with a 6*d,
but NOT less than 3 in. extension that engages the longitudinal reinforcement.

Minimum Size of Lateral Reinforcement

#4 bars for #9 or smaller longitudinal bars
#5 bars for #10 or larger longitudinal bars
#5 bars for bundled longitudinal bars

Maximum Spacing of Lateral Reinforcing in Plastic Hinge Region
Shall Not Exceed the Smallest of:

Spacingprogram(Cqumndia,db|) =1lq < (é)Columndia

r<—6@b|
t-6

a — min(q,r,t)
a

MaximumSpacing := Spaci ngprogram(CoI umndial,db|) =6 in

SpacingCheck(MaximumSpacing,s) := |a « s if s< MaximumSpacing
a « MaximumSpacing if s> MaximumSpacing

a
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FINALSPACING := SpacingCheck(MaximumSpacing,s) =6 in

scheck := ShearCheck(MaximumSpacing, s) = "OK"

Note: If scheck returns "Failure”, increase the spacing of shear reinforcing spacing (s). The
spacing value may be FINALSPACING, but verify this works for all other checks.

Article 5.10.11.4.3 (LRFD SPEC.): Column Connections

Note: This needs to be done whenever the column dimension changes. The spacing in the hinge
region shall continue into the drilled shaft or cap beam the Extension length.

ExtensionProgram(d) := |z —~ 15
1
X « —[d
2
a — max(z,x)

a

INPUT Extension := ExtensionProgram(Columndial) = 30 in

Nominal Shear Resistance for members OUTSIDE Plastic Hinge Region.
Refer to the AASHTO LRFD Bridge Design Specifications.

5.8.3.3 Nominal Shear Resistance
Vp =490 kips

INPUT  spaceNOhinge:= 12 in

INPUT  bv:= Columndial

$g=09

Note: B and 6 come from Article 5.8.3.4.1

B:=20

T @5=0785 rad
180
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Note: Dr, de, and dv equations come from Article 5.8.2.9.

d
Dr .= bv — Cover — Dsp — % = 55.545 in

Eq. C5.8.2.9-2 de:= % + br =47.681 in

T

dv:=09de=42912 in

fc )
Eq.5.833-3 Ve~ 0-0316513?/me@” =325448  kips

fye
2AspH——adv(dot(6
¥ 1000 ©

Eq.5.8.3.3-4 v.:= . =188.815 kips
spaceNOhinge

OV = (Vo + Vb= 462837 kips

ShearCheck(oVn, V) = |a — "OK" if ¢VnzV,
a « "FAILURE" if ¢Vn<V,
a
Shearcheck := ShearCheck(q)Vn,Vp) ="0OK"

Note: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforcing
(Asp), increase the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.

5.8.2.5 Minimum Transverse Reinforcement

fc _bvidpaceNOhinge
Eq. 5.8.2.5-1 Avmin := 0.0316 VP % ~0.758 in?
1000 fye
1000
2
Av := 2[Asp =0.88 in
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TranCheck(Avmin, Av) =

a «
a «
a

"Decrease Spacing or Increase Bar Size"
"OK™

if Avmin < Av

MinimumTran := TranCheck(Avmin, Av) = "OK"

Note: If the minimum transverse reinforcement program responses "Decrease Spacing or

if Avmin > Av

Increase Bar Size", it is recommended to decrease the spacing (spaceNOhinge) or increase the

area of the shear reinforcement (Asp) in the inputs.

5.8.2.7 Maximum Spacing of Transverse Reinforcement

Yy

Eqg. 5.8.2.9-1 W= ———
bgbvldv

Eqg. 5.8.2.7-1 spacingProgram(Vu, dv, fc) :=

Eq. 5.8.2.7-2

=0211

ksi

vV 01250
1000

q < 0.8dv

r — 0.4ldv
z—qifqgs24
z-24 ifg>24
t—rif r<12
t 12 if r>12
a«—z if Vu<v
a—tif Vuzv

a

MaxSpacing := spacingProgram(vu, dv,fc) =24 in

Spacecheck(MaxSpacing,s) := |a « s if s< MaxSpacing

a — MaxSpacing if s> MaxSpacing

a

MAXSPACING := Spacecheck(MaxSpacing, spaceNOhinge) = 12

scheck := ShearCheck(MAXSPACING, spaceNOhinge) = "OK"

Note: If scheck returns "Failure”, change the spacing of shear reinforcing spacing (spaceNOhinge).

The spacing value may be MAXSPACING, but verify this works for all other checks.
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Strut Design for Bent 2

Note: The struts are designed for the linear elastic forces. The loads need to be converted to design
loads. This can be done by simply multiplying the SAP load by pe/po.

Vp =325 kips

M p= 4280 kip(it

Py i= 226 kips
Article 4.11.6: Analytical Plastic Hinge Length
Note: For reinforced concrete columns framing into a footing, an integral bent cap, an

oversized shaft, or cased shaft.

INPUT dp =141 in dy,: Diameter of Longitudinal Bar

Lp = PIasticHinge(LstrutZ,fye, dbl) =1421 in

Article 4.11.7: Reinforced Concrete Column Plastic Hinge Region

Note: y is the region of column with a moment demand exceeding 75% of the
maximum plastic moment. From the SAP model, find the location at which the
moment demand is 0.75*Mp. The 0.75*Mp value should be divided by p.y,,,, to
take into account the model loads have not been multiplied by py,,, The

location will also need to be INPUT into the PlasticHingeRegion program in
inches.

Mp75:= 0.75[I1/Ip =321x 103 Iblin
PIasticHingeRegion(Lp,Columndia) = |z « 1L5[Columndia
X Lp
y <0

a — max(z,x,y)

Note: Input the arguments into the program. Most likely the column diameter is the only variable
that has changed.

INPUT Lpr:= PIasticHingeRegion(L ,StrutZDepth) =108 in

p
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Article 8.6.2: Concrete Shear Capacity

Ag .= Strut2Depth[Strut2Width
3 .2
Eq. 8.6.2-2 Ae:= 0.8IAg = 2.419x 10 in

Hp = 2 Specified in Article 6.8.2 Guide Spec.
INPUT si=4 in s: Spacing of hoops or pitch of spiral (in)
INPUT Asp:= 0.31 in2 Asp: Area of spiral or hoop reinforcing (in2)
INPUT Dsp:= 0.625 in Dsp: Diameter of spiral or hoop reinforcing (in)
INPUT Cover = 2 in Cover: Concrete cover for the Column (in)

INPUT b:= Strut2Depth  in b: Depth of the Strut (in)
INPUT d:=70 in d: Effective Depth (in)

Av = 2[Asp = 0.62 in2

_Av _ -3
Eq. 8.6.2-10 Pw= g~ 2.153x 10
_ fye _
Y= 000
Eq. 8.6.2-9 StressCheckRect(pyy,, fyh) := [ fs « 20y, Byh

a~ fs if fs<0.35

fw = Str%sCheckRect(pW,fyh) =0.258

Eq. 8.6.2-8 aPrime:= aprogram(fw, MD) =3
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If Puis Compressive

Eq. 8.6.2-4

If Puis NOT Compressive VC = 0 Note: If Pu is not compressive, will have to manually
input O for vc. Just input it below the vc:=vcprogram and

the variable will assume the new value.

vC = vcprogram(aPri me, fc, Pu,Ag) =0.192 ksi
Vc:= vclAg = 580.63 kips

Article 8.6.3 & 8.6.4: Shear Reinforcement Capacity

Eq. 8.6.3-2 . Avlfyhd
Eq. 8.6.4-1 vsprogramRect(Av, fyh,d,s,fc,Ae) ;.= |vs ~ T

maxvs « 0.25 LE\e
1000

a — vs if vs < maxvs
a — maxvs if vs > maxvs

a

Vs:= vsprogramRect(Av,fyh,d, s, fc,Ae) = 651 kips

Eq. 8.6.1-2 dVn:= oJVs + Vc) = 1.108 x 10kips

Shearcheck := ShearCheck(q)Vn,Vu) ="0OK"

Note: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforcing
(Asp), increase the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.

370




Appendix G: Scarham Creek Bridge Guide Specification Design

Article 8.6.5: Minimum Shear Reinforcement
For Rectangular Shapes
mi ntranprogramRect(pS) = |a < "OK" if pg=0.002
a « "Increase Shear Reinforcing Ratio” if pg < 0.002

a

Eg. 8.6.5-2 CheckTransverse:= mi ntranprogramRect(pW) ="OK"

Note: If the minimum shear reinforcement program responses "Increase Shear Reinforcing
Ratio", it is recommended to decrease the spacing (s) or increase the area of the shear
reinforcement (Asp) in the inputs.

Article 8.8: Longitudinal and Lateral Reinforcement Requirements

Article 8.8.1: Maximum Longitudinal Reinforcement

INPUT Abp = 031 in2

INPUT Number_5 Bars:= 20
INPUT All, = 1.56 in2
INPUT Number_11 Bars:= 16
Along = A6, Number_5_Bars + A1l [Number_11 Bars = 31.16 in2
Eqg. 8.8.1-1 ReinforcementRaitoCheck := pprogram(A|0ng,Ag) ="OK"

Note: If the Maximum Longitudinal Reinforcing program returns "Section Over Reinforced", either
increase the section size (Aq) or decrease the longitudinal reinforcing (Abl and NumberBars) in the
inputs.

Article 8.8.2: Minimum Longitudinal Reinforcement
For Columns in SDC B and C:
Eqg. 8.8.2-1 MinimumA, := minAIprogram(A|0ng,Ag) ="0OK"

Note: If the Minimum Longitudinal Reinforcing program returns "Increase Longitudinal Reinforcing”,
either decrease the section size (Aqg) or increase the longitudinal reinforcing (Abl and NumberBars) in
the inputs.
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Article 8.8.9: Requirements for Lateral Reinforcement for SDCs B,C, and D

These Requirements need to be checked and satisfied.

Cross-tie Requirements:

1) Continuous bar having a hook of not less than 135 Degrees with an extension
NOT less than 6*d,, or 3 in. at one end and a hook of NOT less than 90 Degrees
with an extension of NOT less than 6*d, at the other end.

2) The hooks must engage peripheral longitudinal bars.

3) The 90 Degree hooks of two successive cross-ties engaging the same longitudinal
bars shall be alternated end-for-end.

Hoop Requirements

1) Bar shall be a closed tie or continuously wound tie.
2) A closed tie may be made up of several reinforcing elements with 135 Degree
hooks having a 6*d,, but NOT less than 3 in. extension at each end.

3) A continuously wound tie shall have at each end a 135 Degree hook with a 6*d,
but NOT less than 3 in. extension that engages the longitudinal reinforcement.

Minimum Size of Lateral Reinforcement

#4 bars for #9 or smaller longitudinal bars
#5 bars for #10 or larger longitudinal bars
#5 bars for bundled longitudinal bars

Maximum Spacing of Lateral Reinforcing in Plastic Hinge Region

Shall Not Exceed the Smallest of:

MaximumSpacing := Spaci ngprogram(CoI umndia2,db|) =6 in
FINALSPACING := SpacingCheck(MaximumSpacing,s) =4 in

scheck := ShearCheck(MaximumSpacing, s) = "OK"

Note: If scheck returns "Failure”, change the spacing of shear reinforcing spacing (s). The
spacing value may be FINALSPACING, but verify this works for all other checks.
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Nominal Shear Resistance for members OUTSIDE Plastic Hinge Region.
Refer to the AASHTO LRFD Bridge Design Specifications.

5.8.3.3 Nominal Shear Resistance
Vp =325 kips

INPUT  spaceNOhinge:= 12 in

INPUT  bv:= Strut2Width

$g=09

Note: B and 6 come from Article 5.8.3.4.1

B:=20

T @5=0785 rad
180

Note: Dr, de, and dv equations come from Article 5.8.2.9.

Eg. 5.8.2.9-2 de:=69.4 in de = ds which is the distance from top of the member
to the centriod of the tensile fiber

dvpreliminary := 66.75 in dvpreliminary = distance between compressive
and tensile reinforcing

dvprogram(de,dv,h) ;= | x — 0.90de

y « 0.750h

Z « max(X,y)
a—dv ifdv>z

a—z ifdv<z

a

dv := dvprogram(de, dvpreliminary, Strut2Depth) = 66.75 in

’ fc .
Eq. 5.8.3.3-3 V= 0.031603 mvaHV—SM.SGZ kips
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fye
2AspH——dv(dot(6
¥ 1000 ©

Eq.58334  vg:= . =206.925 kips
spaceNOhinge

OV = (Vo + Vg =505159  kips

Shearcheck := ShearCheck(q)Vn,Vp) ="0OK"

Note: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforcing
(Asp), increase the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.

5.8.2.5 Minimum Transverse Reinforcement

fc _bvidpaceNOhinge
Eq. 5.8.2.5-1 Avmin := 0.0316 VP %® ~ o531 in?
1000 fye
1000
2
Av = 2[Asp = 0.62 in

MinimumTran := TranCheck(Avmin, Av) = "OK"

Note: If the minimum transverse reinforcement program responses "Decrease Spacing or
Increase Bar Size", it is recommended to decrease the spacing (spaceNOhinge) or increase the
area of the shear reinforcement (Asp)_in the inputs.

5.8.2.7 Maximum Spacing of Transverse Reinforcement

Vp
Eq. 5.8.2.9-1 vu;= —— =0.129 ksi
bgbvldv
Eq. 5.8.2.7-1 . . .
Eq. 5.8.2.7-2 MaxSpacing := spacingProgram(vu, dv,fc) =24 in
MAXSPACING := Spacecheck(MaxSpacing, spaceNOhinge) = 12 in

scheck := ShearCheck(MAXSPACING, spaceNOhinge) = "OK"

Note: If scheck returns "Failure”, change the spacing of shear reinforcing spacing (spaceNOhinge).

The spacing value may be MAXSPACING, but verify this works for all other checks.
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BENT 3 DESIGN

Article 4.11.1-4; Steps to find Moment Capacity, Shear Capacity, and Axial Force

Note: Use some kind of software to find the Moment Capacity of the Column. PCA
Column was used to create an Interaction Diagram and to calculate the Moment
Capacity. The shear for the bent was found by knowing the Moment.

INPUT Mp := 132528000 kiplit

Note: Fixity is the point of fixity for the

INPUT Fixity := 66C in column/drilledshaft.

2,
Vo= ——P _-4016 kips v =2V, =8032  kips
P Fixity2000 P pBent3 P P

Note: If the decision is made to design for ELASTIC FORCES then the above variables need to be
override. This can be done by simply changing the Vp variable to the elastic force from SAP2000 that
has been multiplied by pe/po.

Vp = 262 kips VpBentS = zwp =524 kips

Note: Pu is the combination of Elastic Axial force from the earthquake and dead load.

INPUT Py i= 2095000 Ib

Article 8.6: Shear Demand and Capacity for Ductile Concrete Members

Note: It is recommended to use the plastic hinging forces whenever practical.

Article 4.11.6: Analytical Plastic Hinge Length

Note: For reinforced concrete columns framing into a footing, an integral bent cap, an
oversized shaft, or cased shatft.

INPUT dp =141 in dy,: Diameter of Longitudinal Bar

Lp = PIasticHinge(Fixity,fye,db|) =65.49 in
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Article 4.11.7: Reinforced Concrete Column Plastic Hinge Region

Note: y is the region of column with a moment demand exceeding 75% of the
maximum plastic moment. From the SAP model, find the location at which the
moment demand is 0.75*Mp. The 0.75*Mp value should be divided by p.t,,,, t0

take into account the model loads have not been multiplied by py,,,- The

location will also need to be INPUT into the PlasticHingeRegion program in
inches.

Mp75:= 0.75[I3/Ip =094 x 107 Iblin

PIasticHingeRegion(Lp,Columndia) = |z « L5[Columndia

x<_Lp

y <0
a — max(z,x,y)

Note: Input the arguments into the program. Most likely the column diameter is the only variable
that has changed.

INPUT Lpr:= PIasticHingeRegion(Lp,Columndiaz) =108 in

Article 8.6.2: Concrete Shear Capacity

Ag:= Acolumn2

3 .2
Eq. 8.6.2-2 Ae:= 0.8[Ag = 3.257 x 10 in

Hp = 2 Specified in Article 6.8.2 Guide Spec.
INPUT s=6 in s: Spacing of hoops or pitch of spiral (in)
INPUT Asp:= 0.44 in2 Asp: Area of spiral or hoop reinforcing (in2)
INPUT Dsp:= 0.75 in Dsp: Diameter of spiral or hoop reinforcing (in)
INPUT Cover .= 3 in Cover: Concrete cover for the Column (in)
INPUT Dprime:= 66 in Dprime: Diameter of spiral or hoop for circular columns (in)
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4[Asp -3
= — =4444x 10
Eq. 8.6.2-7 Ps = SDprime
f
fyh:= ML
1000
Eq. 8.6.2-6 fs:= StressCheck(pS,fyh) =0.267
Eq. 8.6.2-5 aPrime:= aprogram(fs, “D) =3
If Puis Compressive
Eqg. 8.6.2-4
If Puis NOT Compressive VC = 0 Note: If Pu is not compressive, will have to manually

input O for vc. Just input it below the vc:=vcprogram and
the variable will assume the new value.

vC = vcprogram(aPri me, fc, Pu,Ag) =022 ks
Vc:= vclAg = 895.731 kips

Article 8.6.3 & 8.6.4: Shear Reinforcement Capacity

INPUT n:=2 n: number of individual interlocking spiral or hoop core sections
Eqg. 8.6.3-1 . .
Eq. 8.6.4-1 Vs:= vsprogram(n,Asp,fyh,Dprime,s,fc,Ae) =912.319  kips
Eq. 8.6.1-2 oVn:= ¢JVs+ Vc) = 1.627 x 10kips

Shearcheck := ShearCheck(q)Vn,Vu) ="0OK"

Note: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforcing
(Asp), increase the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.
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Article 8.6.5: Minimum Shear Reinforcement

For Circular Columns

Eg. 8.6.5-1 CheckTransverse := mintranprogram(ps) ="OK"

Note: If the minimum shear reinforcement program responses "Increase Shear Reinforcing
Ratio", it is recommended to decrease the spacing (s) or increase the area of the shear
reinforcement (Asp) in the inputs.

Article 8.8: Longitudinal and Lateral Reinforcement Requirements

Article 8.8.1: Maximum Longitudinal Reinforcement

INPUT Ap = 1.56 in2

INPUT NumberBars:= 32
Along = NumberBarsmu =49.92 in2
Eqg. 8.8.1-1 ReinforcementRaitoCheck := pprogram(A|0ng,Ag) ="OK"

Note: If the Maximum Longitudinal Reinforcing program returns "Section Over Reinforced", either
increase the section size (Aq) or decrease the longitudinal reinforcing (Abl and NumberBars) in the
inputs.

Article 8.8.2: Minimum Longitudinal Reinforcement
For Columns in SDC B and C:
Eqg. 8.8.2-1 MinimumA, := minAIprogram(A|0ng,Ag) ="0OK"

Note: If the Minimum Longitudinal Reinforcing program returns "Increase Longitudinal Reinforcing”,
either decrease the section size (Ag) or increase the longitudinal reinforcing (Abl and NumberBars) in
the inputs.
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Article 8.8.9: Requirements for Lateral Reinforcement for SDCs B,C, and D

These Requirements need to be checked and satisfied.

Cross-tie Requirements:

1) Continuous bar having a hook of not less than 135 Degrees with an extension
NOT less than 6*d,, or 3 in. at one end and a hook of NOT less than 90 Degrees

with an extension of NOT less than 6*d, at the other end.

2) The hooks must engage peripheral longitudinal bars.
3) The 90 Degree hooks of two successive cross-ties engaging the same longitudinal
bars shall be alternated end-for-end.

Hoop Requirements

1) Bar shall be a closed tie or continuously wound tie.
2) A closed tie may be made up of several reinforcing elements with 135 Degree
hooks having a 6*d,, but NOT less than 3 in. extension at each end.

3) A continuously wound tie shall have at each end a 135 Degree hook with a 6*d,
but NOT less than 3 in. extension that engages the longitudinal reinforcement.

Minimum Size of Lateral Reinforcement

#4 bars for #9 or smaller longitudinal bars
#5 bars for #10 or larger longitudinal bars
#5 bars for bundled longitudinal bars

Maximum Spacing of Lateral Reinforcing in Plastic Hinge Region

Shall Not Exceed the Smallest of:

MaximumSpacing := Spaci ngprogram(CoI umndia2,db|) =6 in
FINALSPACING := SpacingCheck(MaximumSpacing,s) =6 in

scheck := ShearCheck(MaximumSpacing, s) = "OK"

Note: If scheck returns "Failure”, change the spacing of shear reinforcing spacing (s). The
spacing value may be FINALSPACING, but verify this works for all other checks.

Article 5.10.11.4.3 (LRFD SPEC.): Column Connections

Note: This needs to be done whenever the column dimension changes. The spacing in the hinge
region shall continue into the drilled shaft or cap beam the Extension length.

INPUT Extension := ExtensionProgram(Columndia2) = 36 in
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Nominal Shear Resistance for members OUTSIDE Plastic Hinge Region.
Refer to the AASHTO LRFD Bridge Design Specifications.

5.8.3.3 Nominal Shear Resistance
Vp =262 kips

INPUT  spaceNOhinge:= 6 in

INPUT  bv:= Columndia2

Note: B and 6 come from Article 5.8.3.4.1

B:=20

T @5=0785 rad
80

Note: Dr, de, and dv equations come from Article 5.8.2.9.

d
Dr .= bv — Cover — Dsp — % =67.545 in

Eq. C5.8.2.9-2 de:= bv + br =575 in
2 T

dv := 0.9de = 51.75 in

’ fc .
Eq. 5.8.3.3-3 V= 0.031603 mbv@v-470.968 kips

fye
2AspH——dv(dot(6
¥ 1000 ©

Eq.5.8.3.3-4 v.:= . =455.402 kips
spaceNOhinge
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OV = (Vo + Vg =833733  kips

Shearcheck := ShearCheck(q)Vn,Vp) ="0OK"
Note: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforcing
(Asp), increase the area of shear reinforcing, or increase the section size (Acolumn). These

variables can be changed in the inputs.

5.8.2.5 Minimum Transverse Reinforcement

fc _bvidpaceNOhinge
Eq. 5.8.2.5-1 Avmin := 0.0316 VP % ~ 0455 in?
1000 fye
1000
2
Av = 2[Asp =0.88 in

MinimumTran := TranCheck(Avmin, Av) = "OK"

Note: If the minimum transverse reinforcement program responses "Decrease Spacing or
Increase Bar Size", it is recommended to decrease the spacing (spaceNOhinge) or increase the
area of the shear reinforcement (Asp)_in the inputs.

5.8.2.7 Maximum Spacing of Transverse Reinforcement

Vi
Eq. 5.8.2.9-1 vu;= —— =0.078 ksi
bgbvldv
Eq. 5.8.2.7-1 . . .
Eq. 5.8.2.7-2 MaxSpacing := spacingProgram(vu, dv,fc) =24 in
MAXSPACING := Spacecheck(MaxSpacing, spaceNOhinge) = 6 in

scheck := ShearCheck(MAXSPACING, spaceNOhinge) = "OK"

Note: If scheck returns "Failure”, change the spacing of shear reinforcing spacing (spaceNOhinge).

The spacing value may be MAXSPACING, but verify this works for all other checks.
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Strut Design for Bent 3

Note: The struts are designed for the linear elastic forces. The loads need to be converted to design
loads. This can be done by simply multiplying the SAP load by pe/po.

V=545 kips

p
Mp = 6840 kip(it
Pyi=51 kips

Article 4.11.6: Analytical Plastic Hinge Length

Note: For reinforced concrete columns framing into a footing, an integral bent cap, an
oversized shaft, or cased shatft.

INPUT dp =141 in dy,: Diameter of Longitudinal Bar

Lp = PIasticHinge(LstrutS,fye, dbl) =14.13 in

Article 4.11.7: Reinforced Concrete Column Plastic Hinge Region

Note: y is the region of column with a moment demand exceeding 75% of the
maximum plastic moment. From the SAP model, find the location at which the
moment demand is 0.75*Mp. The 0.75*Mp value should be divided by p.y,,,, to
take into account the model loads have not been multiplied by py,,,- The

location will also need to be INPUT into the PlasticHingeRegion program in
inches.

Mp75:= 0.75[I1/Ip =513 x 103 Iblin
PIasticHingeRegion(Lp,Columndia) = |z « 1L5[Columndia
X Lp
y <0

a — max(z,x,y)

Note: Input the arguments into the program. Most likely the column diameter is the only variable
that has changed.

INPUT Lpr:= PIasticHingeRegion(L ,StrutSDepth) =180 in

p
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Article 8.6.2: Concrete Shear Capacity

Ag .= Strut3Depth[Btrut3Width
3 .2
Eq. 8.6.2-2 Ae:= 0.81Ag = 4.032x 10 in
Hp = 2 Specified in Article 6.8.2 Guide Spec.
INPUT s:=35 in s: Spacing of hoops or pitch of spiral (in)
INPUT Asp:= 0.44 in2 Asp: Area of spiral or hoop reinforcing (in2)
INPUT Dsp:= 0.75 in Dsp: Diameter of spiral or hoop reinforcing (in)
INPUT Cover = 2 in Cover: Concrete cover for the Column (in)
INPUT b := Strut3Depth  in b: Depth of the Strut (in)
INPUT d:=116 in d: Effective Depth (in)
.2
Av = 2[Asp =0.88 in
_Av _ -3
Eq. 8.6.2-10 Py = oy = 2095 10
fye
y = — =
1000
Eq. 8.6.2-9 fw = Streesc:heckRect(pW,fyh) =0.251

Eq. 8.6.2-8 aPrime:= aprogram(fw, MD) =3

If Puis Compressive
Eqg. 8.6.2-4
If Puis NOT Compressive VC = 0 Note: If Pu is not compressive, will have to manually
input O for vc. Just input it below the vc:=vcprogram and

the variable will assume the new value.

vC = vcprogram(aPri me, fc, Pu,Ag) =0.192 ksi

Vc:= vclAg = 967.685 kips
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Article 8.6.3 & 8.6.4: Shear Reinforcement Capacity

Eq. 8.6.3-2 .
Eq. 8.6.4-1 Vs:= vsprogramRect(Av,fyh,d,s,fc,Ae) = 1.75 x :kips
Eqg. 8.6.1-2 oVn:= ¢JVs+ Vc) = 2.446 x 10kips

Shearcheck := ShearCheck(q>Vn,Vu) ="0OK"

Note: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforcing
(Asp), increase the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.

Article 8.6.5: Minimum Shear Reinforcement

Eg. 8.6.5-2 CheckTransverse:= mi ntranprogramRect(pW) ="OK"

Note: If the minimum shear reinforcement program responses "Increase Shear Reinforcing
Ratio", it is recommended to decrease the spacing (s) or increase the area of the shear
reinforcement (Asp) in the inputs.

Article 8.8: Longitudinal and Lateral Reinforcement Requirements

Article 8.8.1: Maximum Longitudinal Reinforcement

INPUT A5, = 031 in2
INPUT Number_5 Bars:= 36
INPUT All, = 1.56 in2
INPUT Number_11 Bars:= 16
Along := A5 Number_5_Bars + A1l [Number_11 Bars = 36.12 in2
Eqg. 8.8.1-1 ReinforcementRaitoCheck := pprogram(A|0ng,Ag) ="OK"

Note: If the Maximum Longitudinal Reinforcing program returns "Section Over Reinforced", either
increase the section size (Aq) or decrease the longitudinal reinforcing (Abl and NumberBars) in the
inputs.
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Article 8.8.2: Minimum Longitudinal Reinforcement
For Columns in SDC B and C:
Eqg. 8.8.2-1 MinimumA, := minAIprogram(A|0ng,Ag) ="0OK"

Note: If the Minimum Longitudinal Reinforcing program returns "Increase Longitudinal Reinforcing"”,
either decrease the section size (Aqg) or increase the longitudinal reinforcing (Abl and NumberBars) in
the inputs.

Article 8.8.9: Requirements for Lateral Reinforcement for SDCs B,C, and D

These Requirements need to be checked and satisfied.

Cross-tie Requirements:

1) Continuous bar having a hook of not less than 135 Degrees with an extension
NOT less than 6*d,, or 3 in. at one end and a hook of NOT less than 90 Degrees
with an extension of NOT less than 6*d, at the other end.

2) The hooks must engage peripheral longitudinal bars.
3) The 90 Degree hooks of two successive cross-ties engaging the same longitudinal
bars shall be alternated end-for-end.

Hoop Requirements

1) Bar shall be a closed tie or continuously wound tie.
2) A closed tie may be made up of several reinforcing elements with 135 Degree
hooks having a 6*d,, but NOT less than 3 in. extension at each end.

3) A continuously wound tie shall have at each end a 135 Degree hook with a 6*d,
but NOT less than 3 in. extension that engages the longitudinal reinforcement.

Minimum Size of Lateral Reinforcement

#4 bars for #9 or smaller longitudinal bars
#5 bars for #10 or larger longitudinal bars
#5 bars for bundled longitudinal bars

Maximum Spacing of Lateral Reinforcing in Plastic Hinge Region
Shall Not Exceed the Smallest of:
MaximumSpacing := Spaci ngprogram(CoI umndia2,db|) =6 in

FINALSPACING := SpacingCheck(MaximumSpacing,s) = 3.5 in

scheck := ShearCheck(MaximumSpacing, s) = "OK"

Note: If scheck returns "Failure”, change the spacing of shear reinforcing spacing (s). The
spacing value may be FINALSPACING, but verify this works for all other checks.
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Nominal Shear Resistance for members OUTSIDE Plastic Hinge Region.
Refer to the AASHTO LRFD Bridge Design Specifications.

5.8.3.3 Nominal Shear Resistance
Vp =545 kips

INPUT  spaceNOhinge:= 12 in

INPUT  bv:= Strut3Width

$g=09

Note: B and 6 come from Article 5.8.3.4.1

B:=20

T @5=0785 rad
180

Note: Dr, de, and dv equations come from Article 5.8.2.9.

Eg. 5.8.2.9-2 de:= 117 in de = ds which is the distance from top of the member
to the centriod of the tensile fiber

dvpreliminary := 114 in dvpreliminary = distance between compressive
and tensile reinforcing

dv := dvprogram(de, dvpreliminary, Strut3Depth) = 114 in

’ fc .
Eq. 5.8.3.3-3 V= 0.031603 mbv@v-605.203 kips
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fye
2AspH——dv(dot(6
¥ 1000 ©

Eq.5.8.3.3-4 Vg = . =501.6 kips
spaceNOhinge

OV = (Vo + Vb= 996123 kips

Shearcheck := ShearCheck(q)Vn,Vp) ="0OK"
Note: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforcing
(Asp), increase the area of shear reinforcing, or increase the section size (Acolumn). These

variables can be changed in the inputs.

5.8.2.5 Minimum Transverse Reinforcement

fc _bvidpaceNOhinge
Eq. 5.8.2.5-1 Avmin := 0.0316 VP %® ~ o531 in?
1000 fye
1000
2
Av = 2[Asp =0.88 in

MinimumTran := TranCheck(Avmin, Av) = "OK"

Note: If the minimum transverse reinforcement program responses "Decrease Spacing or
Increase Bar Size", it is recommended to decrease the spacing (spaceNOhinge) or increase the
area of the shear reinforcement (Asp)_in the inputs.

5.8.2.7 Maximum Spacing of Transverse Reinforcement

Vp
Eq. 5.8.2.9-1 vu;= —— =0.126 ksi
bgbvldv
Eq. 5.8.2.7-1 . . .
Eq. 5.8.2.7-2 MaxSpacing := spacingProgram(vu, dv,fc) =24 in
MAXSPACING := Spacecheck(MaxSpacing, spaceNOhinge) = 12 in

scheck := ShearCheck(MAXSPACING, spaceNOhinge) = "OK"

Note: If scheck returns "Failure”, change the spacing of shear reinforcing spacing (spaceNOhinge).

The spacing value may be MAXSPACING, but verify this works for all other checks.
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BENT 4 DESIGN

Article 4.11.1-4: Steps to find Moment Capacity, Shear Capacity, and Axial Force

Note: Use some kind of software to find the Moment Capacity of the Column. PCA
Column was used to create an Interaction Diagram and to calculate the Moment
Capacity. The shear for the bent was found by knowing the Moment.

INPUT M p= 75504000  kipit

Note: Fixity is the point of fixity for the

INPUT Fixity := 30Cin column/drilledshaft.

21 -

p . .
V,:= — =503.36 kips \Y = 2V, = 1.007 x 10 kips
P Fixity[2000 P pBent4 P P

Note: If the decision is made to design for ELASTIC FORCES then the above variables need to be
override. This can be done by simply changing the Vp variable to the elastic force from SAP2000 that
has been multiplied by pe/po.

. 3 .
Vp := 525  kips VpBent4 = zm/p =1.05x 10 kips

Note: Pu is the combination of Elastic Axial force from the earthquake and dead load.

INPUT Py = 991000 Ib

Article 8.6: Shear Demand and Capacity for Ductile Concrete Members

Note: It is recommended to use the plastic hinging forces whenever practical.

Article 4.11.6: Analytical Plastic Hinge Length

Note: For reinforced concrete columns framing into a footing, an integral bent cap, an
oversized shaft, or cased shatft.

INPUT dp =141 in dy,: Diameter of Longitudinal Bar

Lp = PIasticHinge(Fixity,fye,db|) = 36.69 in
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Article 4.11.7: Reinforced Concrete Column Plastic Hinge Region

Note: y is the region of column with a moment demand exceeding 75% of the
maximum plastic moment. From the SAP model, find the location at which the
moment demand is 0.75*Mp. The 0.75*Mp value should be divided by p 4, tO

take into account the model loads have not been multiplied by py,,, The

location will also need to be INPUT into the PlasticHingeRegion program in
inches.

Mp75:= 0.75[I3/Ip = 5.663 x lO7 Iblin

PIasticHingeRegion(Lp,Columndia) = |z « L5[Columndia

x<_Lp

y <0
a — max(z,x,y)

Note: Input the arguments into the program. Most likely the column diameter is the only variable
that has changed.

INPUT Lpr:= PIasticHingeRegion(Lp,Columndial) =90 in

Article 8.6.2: Concrete Shear Capacity

Ag:= Acolumnl

3 .2
Eq. 8.6.2-2 Ae:= 0.8[Ag = 2.262 x 10 in

Hp = 2 Specified in Article 6.8.2 Guide Spec.
INPUT s=6 in s: Spacing of hoops or pitch of spiral (in)
INPUT Asp:= 0.44 in2 Asp: Area of spiral or hoop reinforcing (in2)
INPUT Dsp:= 0.75 in Dsp: Diameter of spiral or hoop reinforcing (in)
INPUT Cover := 3 in Cover: Concrete cover for the Column (in)
INPUT Dprime:= 54 in Dprime: Diameter of spiral or hoop for circular columns (in)
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4[Asp -3
= — =5432x 10
Eq. 8.6.2-7 Ps = SDprime
fye
1000
Eq. 8.6.2-6 fs:= StressCheck(pS,fyh) =0.326
Eq. 8.6.2-5 aPrime:= aprogram(fs, “D) =3
If Puis Compressive
Eqg. 8.6.2-4
If Puis NOT Compressive VC = 0 Note: If Pu is not compressive, will have to manually

input O for vc. Just input it below the vc:=vcprogram and

the variable will assume the new value.

vC = vcprogram(aPri me, fc, Pu,Ag) =022 ks
Vc:= vclAg = 622.035 kips

Article 8.6.3 & 8.6.4: Shear Reinforcement Capacity

INPUT n:=2 n: number of individual interlocking spiral or hoop core sections
Eqg. 8.6.3-1 . .
Eq. 8.6.4-1 Vs:= vsprogram(n,Asp,fyh,Dprime,s,fc,Ae) = 746.442  kips

Eq. 8.6.1-2 oVn:= ¢ (Vs + Vc) = 1.232x 10kips

Shearcheck := ShearCheck(q)Vn,Vu) ="0OK"

Note: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforcing
(Asp), increase the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.
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Article 8.6.5: Minimum Shear Reinforcement

For Circular Columns

Eg. 8.6.5-1 CheckTransverse := mintranprogram(ps) ="OK"

Note: If the minimum shear reinforcement program responses "Increase Shear Reinforcing
Ratio", it is recommended to decrease the spacing (s) or increase the area of the shear
reinforcement (Asp) in the inputs.

Article 8.8: Longitudinal and Lateral Reinforcement Requirements

Article 8.8.1: Maximum Longitudinal Reinforcement

INPUT Abl = 1.56 in2
INPUT NumberBars:= 24
Along = NumberBarsmu =37.44 in2
Eqg. 8.8.1-1 ReinforcementRaitoCheck := pprogram(A|0ng,Ag) ="OK"

Note: If the Maximum Longitudinal Reinforcing program returns "Section Over Reinforced", either
increase the section size (Aq) or decrease the longitudinal reinforcing (Abl and NumberBars) in the
inputs.

Article 8.8.2: Minimum Longitudinal Reinforcement
For Columns in SDC B and C:
Eqg. 8.8.2-1 MinimumA, := minAIprogram(A|0ng,Ag) ="0OK"

Note: If the Minimum Longitudinal Reinforcing program returns "Increase Longitudinal Reinforcing”,
either decrease the section size (Ag) or increase the longitudinal reinforcing (Abl and NumberBars) in
the inputs.

391




Appendix G: Scarham Creek Bridge Guide Specification Design

Article 8.8.9: Requirements for Lateral Reinforcement for SDCs B,C, and D

These Requirements need to be checked and satisfied.

Cross-tie Requirements:

1) Continuous bar having a hook of not less than 135 Degrees with an extension
NOT less than 6*d,, or 3 in. at one end and a hook of NOT less than 90 Degrees

with an extension of NOT less than 6*d, at the other end.

2) The hooks must engage peripheral longitudinal bars.
3) The 90 Degree hooks of two successive cross-ties engaging the same longitudinal
bars shall be alternated end-for-end.

Hoop Requirements

1) Bar shall be a closed tie or continuously wound tie.
2) A closed tie may be made up of several reinforcing elements with 135 Degree
hooks having a 6*d,, but NOT less than 3 in. extension at each end.

3) A continuously wound tie shall have at each end a 135 Degree hook with a 6*d,
but NOT less than 3 in. extension that engages the longitudinal reinforcement.

Minimum Size of Lateral Reinforcement

#4 bars for #9 or smaller longitudinal bars
#5 bars for #10 or larger longitudinal bars
#5 bars for bundled longitudinal bars

Maximum Spacing of Lateral Reinforcing in Plastic Hinge Region
Shall Not Exceed the Smallest of:
MaximumSpacing := Spaci ngprogram(CoI umndia2,db|) =6 in

FINALSPACING := SpacingCheck(MaximumSpacing,s) =6 in

scheck := ShearCheck(MaximumSpacing, s) = "OK"

Note: If scheck returns "Failure”, change the spacing of shear reinforcing spacing (s). The
spacing value may be FINALSPACING, but verify this works for all other checks.

Article 5.10.11.4.3 (LRFD SPEC.): Column Connections

Note: This needs to be done whenever the column dimension changes. The spacing in the hinge
region shall continue into the drilled shaft or cap beam the Extension length.

INPUT Extension := ExtensionProgram(Columndial) = 30 in
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Nominal Shear Resistance for members OUTSIDE Plastic Hinge Region.
Refer to the AASHTO LRFD Bridge Design Specifications.

5.8.3.3 Nominal Shear Resistance
Vp =525 kips

INPUT  spaceNOhinge:= 12 in

INPUT  bv:= Columndial

Note: B and 6 come from Article 5.8.3.4.1

B:=20

T @5=0785 rad
80

Note: Dr, de, and dv equations come from Article 5.8.2.9.

d
Dr .= bv — Cover — Dsp — % = 55.545 in

Eq. C5.8.2.9-2 de:= % + br =47.681 in
T

dv:=09de=42912 in

fc )
Eq.5.833-3 Ve~ 0-0316513?/me@” =325448  kips

fye
2AspH——adv(dot(6
¥ 1000 ©

Eq.5.8.3.3-4 v.:= . =188.815 kips
spaceNOhinge
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OV = (Vo + Vb= 462837 kips

Shearcheck := ShearCheck(q)Vn,Vp) ="0OK"
Note: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforcing
(Asp), increase the area of shear reinforcing, or increase the section size (Acolumn). These

variables can be changed in the inputs.

5.8.2.5 Minimum Transverse Reinforcement

fc _bvidpaceNOhinge
Eq. 5.8.2.5-1 Avmin := 0.0316 VP % ~ 0.758 in?
1000 fye
1000
2
Av = 2[Asp =0.88 in

MinimumTran := TranCheck(Avmin, Av) = "OK"

Note: If the minimum transverse reinforcement program responses "Decrease Spacing or
Increase Bar Size", it is recommended to decrease the spacing (spaceNOhinge) or increase the
area of the shear reinforcement (Asp)_in the inputs.

5.8.2.7 Maximum Spacing of Transverse Reinforcement

Vi
Eqg. 5.8.2.9-1 vu;= —— =0.227 ksi
bgbvldv
Eq. 5.8.2.7-1 . . .
Eq. 5.8.2.7-2 MaxSpacing := spacingProgram(vu, dv,fc) =24 in
MAXSPACING := Spacecheck(MaxSpacing, spaceNOhinge) = 12 in

scheck := ShearCheck(MAXSPACING, spaceNOhinge) = "OK"

Note: If scheck returns "Failure”, change the spacing of shear reinforcing spacing (spaceNOhinge).

The spacing value may be MAXSPACING, but verify this works for all other checks.
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Strut Design for Bent 4

Note: The struts are designed for the linear elastic forces. The loads need to be converted to design
loads. This can be done by simply multiplying the SAP load by pe/po.

Vp = 348 kips

Mp = 4498 kip(it

Py i= 226 kips

Article 4.11.6: Analytical Plastic Hinge Length

Note: For reinforced concrete columns framing into a footing, an integral bent cap, an
oversized shaft, or cased shatft.

INPUT dp =141 in dy,: Diameter of Longitudinal Bar

Lp = PIasticHinge(LstrutZ,fye, dbl) =1421 in

Article 4.11.7: Reinforced Concrete Column Plastic Hinge Region

Note: y is the region of column with a moment demand exceeding 75% of the
maximum plastic moment. From the SAP model, find the location at which the
moment demand is 0.75*Mp. The 0.75*Mp value should be divided by p 1, to

take into account the model loads have not been multiplied by py,,,- The

location will also need to be INPUT into the PlasticHingeRegion program in
inches.

Mp75:= 0.75[I1/Ip =3.373x 103 Iblin
PIasticHingeRegion(Lp,Columndia) = |z « 1L5[Columndia
X Lp
y <0

a — max(z,x,y)

Note: Input the arguments into the program. Most likely the column diameter is the only variable
that has changed.

INPUT Lpr:= PIasticHingeRegion(L ,StrutZDepth) =108 in

p
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Article 8.6.2: Concrete Shear Capacity

Ag .= Strut2Depth[Strut2Width
3 .2
Eq. 8.6.2-2 Ae:= 0.8IAg = 2.419x 10 in

Hp = 2 Specified in Article 6.8.2 Guide Spec.
INPUT si=4 in s: Spacing of hoops or pitch of spiral (in)
INPUT Asp:= 0.31 in2 Asp: Area of spiral or hoop reinforcing (in2)
INPUT Dsp:= 0.625 in Dsp: Diameter of spiral or hoop reinforcing (in)
INPUT Cover = 2 in Cover: Concrete cover for the Column (in)

INPUT b:= Strut2Depth  in b: Depth of the Strut (in)
INPUT d:=70 in d: Effective Depth (in)

Av = 2[Asp = 0.62 in2

_Av _ -3
Eq. 8.6.2-10 Pw= 5 T 2.153x 10
_ fye _
= 000
Eq. 8.6.2-9 fw := StressCheckRect(p,y, fyh) = 0.258

Eq. 8.6.2-8 aPrime:= aprogram(fw, MD) =3

If Puis Compressive
Eqg. 8.6.2-4
If Puis NOT Compressive VC = 0 Note: If Pu is not compressive, will have to manually

input O for vc. Just input it below the vc:=vcprogram and
the variable will assume the new value.

vC = vcprogram(aPri me, fc, Pu,Ag) =0.192 ksi

Vc:= vclAg = 580.63 kips
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Article 8.6.3 & 8.6.4: Shear Reinforcement Capacity

Eq. 8.6.3-2 .
Eq. 8.6.4-1 Vs:= vsprogramRect(Av,fyh,d,s,fc,Ae) =651  kips
Eqg. 8.6.1-2 oVn:= ¢JVs+ Vc) =1.108 x 10kips

Shearcheck := ShearCheck(q>Vn,Vu) ="0OK"

Note: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforcing
(Asp), increase the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.

Article 8.6.5: Minimum Shear Reinforcement

Eg. 8.6.5-2 CheckTransverse:= mi ntranprogramRect(pW) ="OK"

Note: If the minimum shear reinforcement program responses "Increase Shear Reinforcing
Ratio", it is recommended to decrease the spacing (s) or increase the area of the shear
reinforcement (Asp) in the inputs.

Article 8.8: Longitudinal and Lateral Reinforcement Requirements

Article 8.8.1: Maximum Longitudinal Reinforcement

INPUT A5, = 031 in2
INPUT Number_5 Bars:= 20
INPUT All, = 1.56 in2
INPUT Number_11 Bars:= 16
Along := A5 Number_5_Bars + A1l [Number_11 Bars = 31.16 in2
Eqg. 8.8.1-1 ReinforcementRaitoCheck := pprogram(A|0ng,Ag) ="OK"

Note: If the Maximum Longitudinal Reinforcing program returns "Section Over Reinforced", either
increase the section size (Aq) or decrease the longitudinal reinforcing (Abl and NumberBars) in the
inputs.
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Article 8.8.2: Minimum Longitudinal Reinforcement
For Columns in SDC B and C:
Eqg. 8.8.2-1 MinimumA, := minAIprogram(A|0ng,Ag) ="0OK"

Note: If the Minimum Longitudinal Reinforcing program returns "Increase Longitudinal Reinforcing"”,
either decrease the section size (Aqg) or increase the longitudinal reinforcing (Abl and NumberBars) in
the inputs.

Article 8.8.9: Requirements for Lateral Reinforcement for SDCs B,C, and D

These Requirements need to be checked and satisfied.

Cross-tie Requirements:

1) Continuous bar having a hook of not less than 135 Degrees with an extension
NOT less than 6*d,, or 3 in. at one end and a hook of NOT less than 90 Degrees
with an extension of NOT less than 6*d, at the other end.

2) The hooks must engage peripheral longitudinal bars.

3) The 90 Degree hooks of two successive cross-ties engaging the same longitudinal
bars shall be alternated end-for-end.

Hoop Requirements

1) Bar shall be a closed tie or continuously wound tie.
2) A closed tie may be made up of several reinforcing elements with 135 Degree
hooks having a 6*d,, but NOT less than 3 in. extension at each end.

3) A continuously wound tie shall have at each end a 135 Degree hook with a 6*d,
but NOT less than 3 in. extension that engages the longitudinal reinforcement.

Minimum Size of Lateral Reinforcement

#4 bars for #9 or smaller longitudinal bars
#5 bars for #10 or larger longitudinal bars
#5 bars for bundled longitudinal bars

Maximum Spacing of Lateral Reinforcing in Plastic Hinge Region
Shall Not Exceed the Smallest of:
MaximumSpacing := Spaci ngprogram(StrutZWidth,db|) =6 in

FINALSPACING := SpacingCheck(MaximumSpacing,s) =4 in

scheck := ShearCheck(MaximumSpacing, s) = "OK"

Note: If scheck returns "Failure”, change the spacing of shear reinforcing spacing (s). The
spacing value may be FINALSPACING, but verify this works for all other checks.
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Nominal Shear Resistance for members OUTSIDE Plastic Hinge Region.
Refer to the AASHTO LRFD Bridge Design Specifications.

5.8.3.3 Nominal Shear Resistance
Vp =348 kips

INPUT  spaceNOhinge:= 12 in

INPUT  bv:= Strut2Width

$g=09

Note: B and 6 come from Article 5.8.3.4.1

B:=20

T @5=0785 rad
180

Note: Dr, de, and dv equations come from Article 5.8.2.9.

Eg. 5.8.2.9-2 de:=69.4 in de = ds which is the distance from top of the member
to the centriod of the tensile fiber

dvpreliminary := 66.75 in dvpreliminary = distance between compressive
and tensile reinforcing

dv := dvprogram(de, dvpreliminary, Strut2Depth) = 66.75 in

’ fc .
Eq. 5.8.3.3-3 V= 0.031603 mbv@v-354362 kips

399




Appendix G: Scarham Creek Bridge Guide Specification Design

fye
2AspH——dv(dot(6
¥ 1000 ©

Eq.58334  vg:= . =206.925 kips
spaceNOhinge

OV = (Vo + Vg =505159  kips

Shearcheck := ShearCheck(q)Vn,Vp) ="0OK"
Note: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforcing
(Asp), increase the area of shear reinforcing, or increase the section size (Acolumn). These

variables can be changed in the inputs.

5.8.2.5 Minimum Transverse Reinforcement

fc _bvidpaceNOhinge
Eq. 5.8.2.5-1 Avmin := 0.0316 VP %® ~ o531 in?
1000 fye
1000
2
Av = 2[Asp = 0.62 in

MinimumTran := TranCheck(Avmin, Av) = "OK"

Note: If the minimum transverse reinforcement program responses "Decrease Spacing or
Increase Bar Size", it is recommended to decrease the spacing (spaceNOhinge) or increase the
area of the shear reinforcement (Asp)_in the inputs.

5.8.2.7 Maximum Spacing of Transverse Reinforcement

Vp
Eq. 5.8.2.9-1 vu;= —— =0.138 ksi
bgbvldv
Eq. 5.8.2.7-1 . . .
Eq. 5.8.2.7-2 MaxSpacing := spacingProgram(vu, dv,fc) =24 in
MAXSPACING := Spacecheck(MaxSpacing, spaceNOhinge) = 12 in

scheck := ShearCheck(MAXSPACING, spaceNOhinge) = "OK"

Note: If scheck returns "Failure”, change the spacing of shear reinforcing spacing (spaceNOhinge).

The spacing value may be MAXSPACING, but verify this works for all other checks.
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DRILLED SHAFT DESIGN

Article 6.5: Drilled Shafts

NOTE: The guide specification states that the drilled shafts shall conform to the requirements of
columns in SDC B, C, or D as applicable. Also, there are special provisions regarding liquefaction that
needs to be investigated if this is a concern for a certain bridge.

Since the hinging will not occur in the drilled shaft, the drilled shaft will be design using the column
design from the LRFD Specification.

DRILLED SHAFT 2

Nominal Shear Resistance for members outside Plastic Hinge Region.
Refer to the AASHTO LRFD Bridge Design Specifications.

5.8.3.3 Nominal Shear Resistance

INPUT Vp = 490 kips

INPUT  spaceNOhinge:= 12 in

INPUT  Asp:= 044  in’

INPUT  Cover:=6 in2

INPUT  bv:= Drillshaftdial

INPUT Dsp:= 075 in

INPUT dp =141 in

$g=09

Note: B and 6 come from Article 5.8.3.4.1

B:=20

T @5=0785 rad
180
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Note: Dr, de, and dv equations come from Article 5.8.2.9.

d
Dr .= bv — Cover — Dsp — % =58.545 in

Eq. C5.8.2.9-2 de:= bv + br =51635 in

2 T

dv:= 09de=46.472 in

’ fc .
Eq. 5.8.3.3-3 V= 0.031603 mbv@v-387.687 kips

fye
2AspH——adv(dot(6
¥ 1000 ©

Eq.58334  vg:= . =204.476 kips
spaceNOhinge

OV = (Vo + Vg =532947  kips

Shearcheck := ShearCheck(q)Vn,Vp) ="0OK"

Note: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforcing
(Asp), increase the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.

5.8.2.5 Minimum Transverse Reinforcement

fc _bvispaceNOhinge
Eq. 5.8.2.5-1 Avmin := 0.0316 VP %€ _osu i
1000 fye
1000
.2
Av := 2[Asp =0.88 in

MinimumTran := TranCheck(Avmin, Av) = "OK"

Note: If the minimum transverse reinforcement program responses "Decrease Spacing or
Increase Bar Size", it is recommended to decrease the spacing (spaceNOhinge) or increase the
area of the shear reinforcement (Asp)_in the inputs.
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5.8.2.7 Maximum Spacing of Transverse Reinforcement

Vu- d’swp .
Eqg. 5.8.2.9-1 vu;= ——  =0.018 ksi
bbvldv
Eq. 5.8.2.7-1 . . .
Eq. 5.8.2.7-2 MaxSpacing := spacingProgram(vu, dv,fc) =24 in
MAXSPACING := Spacecheck(MaxSpacing, spaceNOhinge) = 12 in

scheck := ShearCheck(MAXSPACING, spaceNOhinge) = "OK"

Note: If scheck returns "Failure”, change the spacing of shear reinforcing spacing (spaceNOhinge).
The spacing value may be MAXSPACING, but verify this works for all other checks.

DRILLED SHAFT 3

Nominal Shear Resistance for members outside Plastic Hinge Region.
Refer to the AASHTO LRFD Bridge Design Specifications.

5.8.3.3 Nominal Shear Resistance

INPUT Vp = 262 kips

INPUT  spaceNOhinge:= 6 in

INPUT  Asp:= 044  in’

INPUT  Cover:=6 in2

INPUT  bv:= Drillshaftdia2

INPUT Dsp:= 075 in

INPUT dp =141 in
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Note: B and 6 come from Article 5.8.3.4.1

B:=20

T @5=0785 rad
80

Note: Dr, de, and dv equations come from Article 5.8.2.9.
dp .
Dr .= bv — Cover — Dsp — 7 =70.545 in

Eq. C5.8.2.9-2 de:= bv + br =61455 in

2 T

dv := 0.90de = 55.31 in

<
I

fc
= 0.0316 %/—bvmiv:545.309 kips
Eq.5.8333 Ve By To00 p

fye
2AspH——dv(dot(6
¥ 1000 ©

Eq.5.8.3.3-4 v.:= . =486.725 kips
spaceNOhinge

OV = (Vo + Vb= 928831 kips

Shearcheck := ShearCheck(q)Vn,Vu) ="0OK"

Note: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforcing
(Asp), increase the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.

5.8.2.5 Minimum Transverse Reinforcement

fc _bvidpaceNOhinge
Eq. 5.8.2.5-1 Avmin := 0.0316 VP € - 0493 in?
1000 fye
1000
2
Av := 2[Asp =0.88 in

MinimumTran := TranCheck(Avmin, Av) = "OK"

Note: If the minimum transverse reinforcement program responses "Decrease Spacing or
Increase Bar Size", it is recommended to decrease the spacing (spaceNOhinge) or increase the

area of the shear reinforcement (Asp)_in the inputs.
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5.8.2.7 Maximum Spacing of Transverse Reinforcement

\Y

Eq. 5.8.2.9-1 wi= —Y =0067 ksi
bgbvldv
Eq. 5.8.2.7-1 , . .
Eq. 5.8.2.7-2 MaxSpacing := spacingProgram(vu, dv,fc) =24 in
MAXSPACING := Spacecheck(MaxSpacing, spaceNOhinge) = 6 in

scheck := ShearCheck(MAXSPACING, spaceNOhinge) = "OK"

Note: If scheck returns "Failure”, change the spacing of shear reinforcing spacing (spaceNOhinge).
The spacing value may be MAXSPACING, but verify this works for all other checks.

DRILLED SHAFT 4

Nominal Shear Resistance for members outside Plastic Hinge Region.
Refer to the AASHTO LRFD Bridge Design Specifications.

5.8.3.3 Nominal Shear Resistance

INPUT Vp = 525 kips

INPUT  spaceNOhinge:= 12 in

INPUT  Asp:= 044  in’

INPUT  Cover:=6 in2

INPUT  bv:= Drillshaftdial

INPUT Dsp:= 075 in

INPUT dp =141 in
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Note: B and 6 come from Article 5.8.3.4.1

B:=20

T @5=0785 rad
180

Note: Dr, de, and dv equations come from Article 5.8.2.9.

d
Dr .= bv — Cover — Dsp — % =58.545 in

Eg. C5.8.2.9-2 de:= by + br =51635 in

2 T

dv:= 09de=46.472 in

’ fc .
Eq. 5.8.3.3-3 V= 0.031603 mbv@v-387.687 kips

fye
2AspH——dv(dot(6
¥ 1000 ©

Eq.58334  vg:= . =204.476 kips
spaceNOhinge

OV = (Vo + Vg =532947  kips

Shearcheck := ShearCheck(q)Vn,Vu) ="0OK"

Note: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforcing
(Asp), increase the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.

5.8.2.5 Minimum Transverse Reinforcement

fc _bvispaceNOhinge
Eq. 5.8.2.5-1 Avmin := 0.0316 VP %€ _osu i
1000 fye
1000
.2
Av := 2[Asp =0.88 in

MinimumTran := TranCheck(Avmin, Av) = "OK"

Note: If the minimum transverse reinforcement program responses "Decrease Spacing or
Increase Bar Size", it is recommended to decrease the spacing (spaceNOhinge) or increase the

area of the shear reinforcement (Asp)_in the inputs.
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5.8.2.7 Maximum Spacing of Transverse Reinforcement

Vi
Eqg. 5.8.2.9-1 vu;= —— =0.19 ksi
bgbvldv
Eq. 5.8.2.7-1 . . .
Eq. 5.8.2.7-2 MaxSpacing := spacingProgram(vu, dv,fc) =24 in
MAXSPACING := Spacecheck(MaxSpacing, spaceNOhinge) = 12 in

scheck := ShearCheck(MAXSPACING, spaceNOhinge) = "OK"

Note: If scheck returns "Failure”, change the spacing of shear reinforcing spacing (spaceNOhinge).
The spacing value may be MAXSPACING, but verify this works for all other checks.

DRILLED SHAFT ABUTMENT 1

Nominal Shear Resistance for members outside Plastic Hinge Region.
Refer to the AASHTO LRFD Bridge Design Specifications.

5.8.3.3 Nominal Shear Resistance

INPUT Vp = 209 kips

INPUT  spaceNOhinge:= 10 in

INPUT  Asp:= 031  in°

INPUT  bv:= Drillshaftdia3

INPUT Cover:=6 in

INPUT  Dsp:= 0.625 in

INPUT dp =141 in
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Note: B and 6 come from Article 5.8.3.4.1

B:=20

T @5=0785 rad
180

Note: Dr, de, and dv equations come from Article 5.8.2.9.
dp .
Dr .= bv — Cover — Dsp — 7 = 46.67 in

Eq. C5.8.2.9-2 de:= bv + br =41856 in

2 T

dv := 0.90de = 37.67 in

<
I

fc
:= 0.0316[BL] ——bvldv = 257.12 kips
Eq.5.8333 Ve E‘BE} 1000 p

fye
2AspH——dv(dot(6
¥ 1000 ©

Eq.58334  vg:= . =140.132 kips
spaceNOhinge

OV = (Vo + Vb= 357527 kips

Shearcheck := ShearCheck(q)Vn,Vp) ="0OK"

Note: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforcing

(Asp), increase the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.

5.8.2.5 Minimum Transverse Reinforcement

fc _bvidpaceNOhinge
Eq. 5.8.2.5-1 Avmin := 0.0316 VP % ~ 0569 in?
1000 fye
1000
2
Av = 2[Asp = 0.62 in

MinimumTran := TranCheck(Avmin, Av) = "OK"

Note: If the minimum transverse reinforcement program responses "Decrease Spacing or
Increase Bar Size", it is recommended to decrease the spacing (spaceNOhinge) or increase the
area of the shear reinforcement (Asp)_in the inputs.
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5.8.2.7 Maximum Spacing of Transverse Reinforcement

\Y

Eq. 5.8.2.9-1 wi= —Y  =0114 ksi
bgbvldv
Eq. 5.8.2.7-1 , . .
Eq. 5.8.2.7-2 MaxSpacing := spacingProgram(vu, dv,fc) =24 in
MAXSPACING := Spacecheck(MaxSpacing, spaceNOhinge) = 10 in

scheck := ShearCheck(MAXSPACING, spaceNOhinge) = "OK"

Note: If scheck returns "Failure”, change the spacing of shear reinforcing spacing (spaceNOhinge).
The spacing value may be MAXSPACING, but verify this works for all other checks.

DRILLED SHAFT ABUTMENT 5

Nominal Shear Resistance for members outside Plastic Hinge Region.
Refer to the AASHTO LRFD Bridge Design Specifications.

5.8.3.3 Nominal Shear Resistance

INPUT V= 50 kips

INPUT  spaceNOhinge:= 10 in

INPUT  Asp:= 031  in°

INPUT  bv:= Drillshaftdia3

INPUT Cover:=6 in

INPUT  Dsp:= 0.625 in

INPUT dp =141 in

$g=09
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Note: B and 6 come from Article 5.8.3.4.1

B:=20

T @5=0785 rad
180

Note: Dr, de, and dv equations come from Article 5.8.2.9.

d
Dr .= bv — Cover — Dsp — % = 46.67 in

Eq. C5.8.2.9-2 de:= bv + br =41856 in

2 T

dv := 0.90de = 37.67 in

’ fc .
Eq. 5.8.3.3-3 V= 0.031603 mbvmiv =257.12 kips

fye
2AspH——dv(dot(6
¥ 1000 ©

Eq.58334  vg:= . =140.132 kips
spaceNOhinge

OV = (Vo + Vb= 357527 kips

Shearcheck := ShearCheck(q)Vn,Vp) ="0OK"
Note: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforcing
(Asp), increase the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.

5.8.2.5 Minimum Transverse Reinforcement

fc _bvidpaceNOhinge
Eq. 5.8.2.5-1 Avmin := 0.0316 VP % ~ 0569 in?
1000 fye
1000
2
Av = 2[Asp = 0.62 in

MinimumTran := TranCheck(Avmin, Av) = "OK"

Note: If the minimum transverse reinforcement program responses "Decrease Spacing or
Increase Bar Size", it is recommended to decrease the spacing (spaceNOhinge) or increase the
area of the shear reinforcement (Asp)_in the inputs.
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5.8.2.7 Maximum Spacing of Transverse Reinforcement

\Y

Eq. 5.8.2.9-1 wi= —2  =0027 ksi

bgbvldv
Eqg. 5.8.2.7-1 . ) .
Eq. 5.8.2.7-2 MaxSpacing := spacingProgram(vu,dv,fc) = 24 in

MAXSPACING := Spacecheck(MaxSpacing, spaceNOhinge) = 10

scheck := ShearCheck(MAXSPACING, spaceNOhinge) = "OK"

Note: If scheck returns "Failure”, change the spacing of shear reinforcing spacing (spaceNOhinge).

The spacing value may be MAXSPACING, but verify this works for all other checks.

CONNECTION DESIGN FOR BENT/ABUTMENT TO GIRDER

Bent 2 Connection Design

INPUT Vcolbent := VpBentZ =980

INPUT Ngirderperbent := 12 Ngirderbent = Number of girders per bent

Article 6.5.4.2: Resistance Factors

¢y =08 Tension for A307
bg:= 075 Shear for A307
bpg = 0.80 Block Shear

Gpp = 0.80 Bolts Bearing

g = 085 Shear Connectors
¢ := 1.00 Flexure

bsangle = 1.00 Shear for the Angle
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For Type BT-72 Girders

Note: Select the grade of bolt being used. It is assumed that a ASTM A307 Grade C bolt is used.

INPUT Fub:= 58 ksi
INPUT Dia, := 1.5 in
INPUT Ns:= 1 Ns = Number of Shear Planes per Bolt

Angle Properties

INPUT Fy:= 36 ksi Fy = Yield Stress of the Angle

INPUT Fu:= 58 ksi Fu = Ultimate Stress of the Angle

INPUT t:= 1.0 in t = Thickness of Angle

INPUT h:=6 in h = Height of the Angle

INPUT w:==6 in w = Width of the Angle

INPUT |:= 16 in | = Length of the Angle

INPUT k:= 15 in k = Height of the Bevel

INPUT  distanchorhole:= 4 in distanchorhole = Distance from the vertical leg to the center

of the hole. This is the location of the holes.

INPUT disghole:= 1.75 in diahole = Diameter of bolt hole

INPUT BLSHIength:= 11 in BLSHIength = Block Shear Length

INPUT BLSHwidth:= 2 in BLSHwidth = Block Shear Width

INPUT Ubs:= 1.0 Ubs = Shear Lag Factor for Block Shear

INPUT a=2 in a = Distance from the center of the bolt to the edge of plate

INPUT b:=35 in b = distance from center of bolt to toe of fillet of connected
part
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Shear Force per Angle:

Vcolbent
Vangle:= @_en =40.833 kips
2Ngirderperbent
INPUT n:=2 n = number of bolts
Vangl
Vperbolt := ~29€ _ 50417

Article 6.13.2.12: Shear Resistance For Anchor Bolts

2
TtDi

A= 0 1 767 in”
4

Eq.6.13.2.12-1  ¢sRn:= ¢g0.48[A [FubiNs = 36.898 kips CONTROLS MUST USE
1.5" BOLT
Shearcheck := ShearCheck(dpsRn, Vperbolt) = "OK"

Note: If the program returns "FAILURE", either increase diameter of the bolt (Diab), change grade of bolt,
increase number of bolts, etc.

Article 6.13.2.9: Bearing Resistance at Bolt Holes

For Standard Holes

Eq. 6.13.2.9-1 ¢bbRn = 2.4[Dia[fFub = 208.8 kips

For Slotted Holes

INPUT Lc:=2 in Lc = Clear dist. between the hole and the end of the member

Eq. 6.13.2.9-4 ¢bbRns:= LclFub = 116 kips

Bearingcheck := ShearCheck(¢pbbRn, Vperbolt) ="OK"
Bearingscheck := ShearCheck(dpbbRns, Vperbolt) = "OK"

Note: If the program returns "FAILURE", either change the diameter of the bolt, thickness of the
angle, or Lc (hole location).
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Article 6.13.2.10: Tensile Resistance

Note: This a calculation of the Tension force on the anchor bolt due to the shear. A moment is taken
about the through bolt in the vertical leg of the angle. The line of action for the shear force is assumed to
enter the angle at 1" below the through bolt; therefore, the moment due to shear is Vangle* 1". The
distance to the anchor bolt in the cap beam is 4", and that is how the Tu equation was derived.

Vanglell
Tu:= 9

= — =10.208 Kips
distanchorhole

Eq. 6.13.2.10.2-1 OtTn:= ¢ [0.76[A[Fub = 62.317 kips
Tensioncheck := ShearCheck($tTn, Tu) = "OK"

Note: If program returns "FAILURE", change area of the bolt or grade of bolt.

Article 6.13.2.11: Combined Tension and Shear
Pu := Vperbolt

Eg. 6.13.2.11-1 CombinedProgram(Pu,Ab,Fub,(1>sRn,(1>S) = |t « 0.76[ApFub
Eqg. 6.13.2.11-2

Pu 2
r — 0.76[A,Fub 1—(¢ R )
sRn

actif —Y <033
®sRn
Pg

acrif —Y 5033

%)

TNeombined := Combi nedProgram(Pu,Ab, Fub,¢sRn,¢S) =64.884 kips

d)tTncombi ned = d)tljncombi ned =51.908 ki ps
Combinedcheck := ShearCheck(¢tTncombi ned v perbol t) ="0K"

Note: If program returns "FAILURE", change area of the bolt or grade of bolt.
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AISC J4 Block Shear

Agv = tIBLSHIength = 11 in2
— . _ .2 Note this is for if there are
Anv ;= t[(BLSHIength — 1.5[diahole) = 8.375 in 2 through bolts in the
upper leg.
Ant = tBLSHwidth - 0.5@iahole) = 1125 in? pper feg
(J4-5) BLSHprogram(Agv,Anv,Ant,Ubs,Fu,Fy) := |b ~ 0.6[FulAnv + UbsFulAnt
¢ « 0.6Fy[Agv + Ubs[FulAnt
a-bifbsc
a—cifb>c
a
Rn := BLSHprogram(Agv, Anv, Ant,Ubs, Fu, Fy) = 302.85 kips

¢bsRn 1= ¢ [Rn = 242.28 kips
BlockShearCheck := ShearCheck(¢pbsRn, Vangle) = "OK"

Note: If program returns "FAILURE", change diameter of the bolt, number of bolts, thickness of
angle, length of angle, etc.

AISC D2: Tension Member
Ut = Shear Lag factor for single Angles. Refer to

Ut:= 06 Table D3.1 in AISC Manual
Ant = tw — (1diahole)] = 4.25 in?

(D3-1) Ae:= Ant(Ut = 2.55 in

(D2-2) tPn = b, TFubAe = 118.32 Kips

TensionCheck := ShearCheck($tPn, Vangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle, length of angle, width of angle, etc.
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AISC CH. F: Bending of Angle

Note: A SAP Model of the angle was created. The shear of the angle was applied at 4 in. (which is at
the bolt location). Then the moment was found just above the k height for this angle.
The Critical section is a k distance away on the horizontal leg. This location has the greatest moment.

Note: This is assuming we
need the same size anchor
bolt in the top as we do the

INPUT Muangle:= 121  kipln

bottom.
i) 2
X = T =4 in
Had to increase the
thick f th
d)an = d)f [E:y[ZX =144 klp[[h ICKNess 0 e

angle to 1.00 in. and
increase the length 16 in

BendingAngleCheck := ShearCheck($fMn, Muangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle or length of angle

AISC G: Shear Check

Cv:i=10
Aw = thiv=6 in2
(G2-1) dsangleVn = ¢sangl 0.6[Fy[AWICv = 129.6 kips

ShearAngleCheck := ShearCheck(¢dsangleVn,Vangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle or width of angle.
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BENT 2 EXPANSION CONNECTION
For Type BT-72 Girders

Note: Select the grade of bolt being used. It is assumed that a ASTM A307 Grade C bolt is used.

INPUT Fub:= 58 ks
INPUT Dia, := 1.5 in
INPUT Ns:= 1 Ns = Number of Shear Planes per Bolt

Angle Properties

INPUT Fy:= 36 ksi Fy = Yield Stress of the Angle

I.NPUT Fu:= 58 ksi Fu = Ultimate Stress of the Angle

INPUT t:=1.0 in t = Thickness of Angle

INPUT h:=6 in h = Height of the Angle

INPUT w==6 in w = Width of the Angle

INPUT | := 20 in | = Length of the Angle

INPUT k:=15 in k = Height of the Bevel

INPUT  distanchorhole:= 4 in distanchorhole = Distance from the vertical leg to the center

of the hole. This is the location of the holes.

INPUT dighole:= 1.75 in diahole = Diameter of bolt hole

INPUT SlottedHole:= 6 in SlottedHole = Length of Slotted Hole

INPUT BLSHIength:= 15 in BLSHIength = Block Shear Length

INPUT BLSHwidth:= 2 in BLSHwidth = Block Shear Width

INPUT Ubs:= 1.0 Ubs = Shear Lag Factor for Block Shear

INPUT a=2 in a = Distance from the center of the bolt to the edge of plate

INPUT b:=35 in b = distance from center of bolt to toe of fillet of connected
part
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Shear Force per Angle:

V col bent

Vangle:= ———  =40.833 kips
2Ngirderperbent
INPUT n:=2 n = number of bolts
Vangl
Vperbolt:= ~29€ _ 20417

Article 6.13.2.12: Shear Resistance For Anchor Bolts

2
TDigy,
Ap = = 1.767 in”
4

Eg. 6.13.2.12-1 dsRn = ¢0.48[A,[FubNs = 36.898 kips CONTROLS MUST USE
15" BOLT
Shearcheck := ShearCheck(dsRn, Vperbolt) = "OK"

Note: If the program returns "FAILURE", either increase diameter of the bolt (Diab), change grade of bolt,
increase number of bolts, etc.

Article 6.13.2.9: Bearing Resistance at Bolt Holes

For Standard Holes

Eq. 6.13.2.9-1 bbbRn := 2.4[Dia,[fFub = 208.8 kips

For Slotted Holes

INPUT Lc:=2 in Lc = Clear dist. between the hole and the end of the member

Eq. 6.13.2.9-4 ¢bbRns:= LclFub = 116 kips

Bearingcheck := ShearCheck(dbbRn, Vperbolt) = "OK"
Bearingscheck := ShearCheck(dbbRns, Vperbolt) = "OK"

Note: If the program returns "FAILURE", either change the diameter of the bolt, thickness of the
angle, or Lc (hole location).
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Article 6.13.2.10: Tensile Resistance

Note: This a calculation of the Tension force on the anchor bolt due to the shear. A moment is taken
about the through bolt in the vertical leg of the angle. The line of action for the shear force is assumed to
enter the angle at 1" below the through bolt; therefore, the moment due to shear is Vangle* 1". The
distance to the anchor bolt in the cap beam is 4", and that is how the Tu equation was derived.

Vanglell
= AOC 10208 Kips
distanchorhole
Eg. 6.13.2.10.2-1 OtTn:= ¢ [0.76[A[Fub = 62.317 kips

Tensioncheck := ShearCheck(dtTn, Tu) = "OK"

Note: If program returns "FAILURE", change area of the bolt or grade of bolt.

Article 6.13.2.11: Combined Tension and Shear

Pu := Vperbolt
TNcombined := Combi nedProgram(Pu,Ab, Fub,d)sRn,d)S) = 64.884 kips
PtTNeombined = PtH Neombined = ©1-908 kips

Combinedcheck := ShearCheck(d)tTncombi ned Vperbol t) ="OK"

Note: If program returns "FAILURE", change area of the bolt or grade of bolt.

419




Appendix G: Scarham Creek Bridge Guide Specification Design

AISC J4 Block Shear

Agv = tIBLSHIength = 15 in2
. SlottedHole) .2 Note this is for if there are
Anv = tE€BLSHIength - 1.582—) =105 in 2 through bolts in the
leg.
Ant = tBLSHwidth - 0.5@iahole) = 1125 in? upperieg
Rn := BLSHprogram(Agv, Anv, Ant,Ubs, Fu, Fy) = 389.25 kips

¢bsRn = ¢y Rn=3114 kips
BlockShearCheck := ShearCheck(¢pbsRn, Vangle) = "OK"

Note: If program returns "FAILURE", change diameter of the bolt, number of bolts, thickness of
angle, length of angle, etc.

AISC D2: Tension Member
Ut = Shear Lag factor for single Angles. Refer to

Ut:= 06 Table D3.1 in AISC Manual
Ant = tw — (1diahole)] = 4.25 in2

(D3-1) Ae:= AntlUt = 2.55 in

(D2-2) otPn = ¢, FublAe = 118.32 ips

TensionCheck := ShearCheck($tPn, Vangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle, length of angle, width of angle, etc.
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AISC CH. F: Bending of Angle

Note: A SAP Model of the angle was created. The shear of the angle was applied at 4 in. (which is at
the bolt location). Then the moment was found just above the k height for this angle.
The Critical section is a k distance away on the horizontal leg. This location has the greatest moment.

Note: This is assuming we
need the same size anchor

INPUT Muangle:= 121 kiplin bolt in the top as we do the

bottom.
)2 3
ZX = T =5 in
Had to increase the
. thickness of the
GIMn:= ¢ [FylZx = 180 Kip(n angle to 1.00 in. and

increase the length 16 in

BendingAngleCheck := ShearCheck($fMn, Muangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle or length of angle

AISC G: Shear Check

Cv:=1.0
Aw = tiiv =6 in2
(G2-1) dsangleVn = ¢sangl 0.6[Fy[AWICv = 129.6 kips

ShearAngleCheck := ShearCheck(dsangleVn,Vangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle or width of angle.
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Appendix G: Scarham Creek Bridge Guide Specification Design

Bent 3 Connection Design

INPUT Vcolbent := VpBent3 =524

INPUT Ngirderperbent := 12 Ngirderbent = Number of girders per bent

Article 6.5.4.2: Resistance Factors

;=08 Tension for A307
bg:= 0.75 Shear for A307
bpg = 0.80 Block Shear

Gpp == 0.80 Bolts Bearing

bge = 0.85 Shear Connectors
¢ == 1.00 Flexure

bsangle = 1.00 Shear for the Angle

For Type BT-72 Girders

Note: Select the grade of bolt being used. It is assumed that a ASTM A307 Grade C bolt is used.

INPUT Fub:= 58 ksi
INPUT Dia, := 1.5 in
INPUT Ns:= 1 Ns = Number of Shear Planes per Bolt

Angle Properties

INPUT Fy:= 36 ksi Fy = Yield Stress of the Angle
INPUT Fu:= 58 ksi Fu = Ultimate Stress of the Angle
INPUT t:= 1.00 in t = Thickness of Angle

INPUT h:=6 in h = Height of the Angle

INPUT w:==6 in w = Width of the Angle
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Appendix G: Scarham Creek Bridge Guide Specification Design

INPUT =12 in | = Length of the Angle
INPUT k:=15 in k = Height of the Bevel
INPUT  distanchorhole:= 4 in distanchorhole = Distance from the vertical leg to the center

of the hole. This is the location of the holes.

INPUT dishole:= 1.75 in diahole = Diameter of bolt hole

INPUT BLSHlength:= 6 in BLSHIlength = Block Shear Length

INPUT BLSHwidth:= 2 in BLSHwidth = Block Shear Width

INPUT Ubs:= 1.0 Ubs = Shear Lag Factor for Block Shear

INPUT a=2 in a = Distance from the center of the bolt to the edge of plate

INPUT b:=35 in b = distance from center of bolt to toe of fillet of connected
part

Shear Force per Angle:

V colbent
Vangle:= _Co—en =21.833 kips
2Ngirderperbent
INPUT n:=1 n = number of bolts
Vperbolt = 39€ _ o) g3
n

Article 6.13.2.12: Shear Resistance For Anchor Bolts

.2
’IT[DIab
Ab = =1.767 in2
4

Eg.6.13.2.12-1  $sRn:= ¢gl0.48[AFubNs = 36.898 kips CONTROLS MUST USE
1.5" BOLT

Shearcheck := ShearCheck(dpsRn, Vperbolt) = "OK"

Note: If the program returns "FAILURE", either increase diameter of the bolt (Diab), change grade of bolt,
increase number of bolts, etc.
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Appendix G: Scarham Creek Bridge Guide Specification Design

Article 6.13.2.9: Bearing Resistance at Bolt Holes

For Standard Holes

Eq. 6.13.2.9-1 ¢GbbRn := 2.4[Diay,[fFub = 208.8 kips

For Slotted Holes

INPUT Lc:=2 in Lc = Clear dist. between the hole and the end of the member

Eg. 6.13.2.9-4 ¢bbRns:= LcFub = 116 kips

Bearingcheck := ShearCheck(dpbbRn, Vperbolt) ="OK"
Bearingscheck := ShearCheck(dpbbRns, Vperbolt) = "OK"

Note: If the program returns "FAILURE", either change the diameter of the bolt, thickness of the
angle, or Lc (hole location).

Article 6.13.2.10: Tensile Resistance

Note: This a calculation of the Tension force on the anchor bolt due to the shear. A moment is taken

about the through bolt in the vertical leg of the angle. The line of action for the shear force is assumed to

enter the angle at 1" below the through bolt; therefore, the moment due to shear is Vangle* 1". The
distance to the anchor bolt in the cap beam is 4", and that is how the Tu equation was derived.

Tu= —VAIEL g Kips
distanchorhole
Eq. 6.13.2.10.2-1 OtTn = ¢;[0.76[AFub = 62.317 kips

Tensioncheck := ShearCheck($tTn, Tu) ="OK"

Note: If program returns "FAILURE", change area of the bolt or grade of bolt.
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Article 6.13.2.11: Combined Tension and Shear

Pu := Vperbolt

TNeombined := Combi nedProgram(Pu,Ab, Fub,¢sRn,¢s) =62.795 kips
tTNcombined = Pt Ncombined = 90-236 kips

Combinedcheck := ShearCheck(¢tTncombi ned- v perbol t) ="0K"

Note: If program returns "FAILURE", change area of the bolt or grade of bolt.

AISC J4 Block Shear

Agv .= tIBLSHIength = 6 in2
— . _ .2 Note this is for if there are
Anv = t[(BLSHIength — 0.5[diahole) = 5.125 in 1 through bolts in the
leg.
Ant = tBLSHwidth - 0.5@iahole) = 1125 in? upperieg
Rn := BLSHprogram(Agv, Anv, Ant,Ubs, Fu, Fy) = 194.85 kips

¢bsRn 1= ¢pg[Rn = 155.88 kips
BlockShearCheck := ShearCheck(¢pbsRn, Vangle) = "OK"

Note: If program returns "FAILURE", change diameter of the bolt, number of bolts, thickness of
angle, length of angle, etc.

AISC D2: Tension Member
Ut = Shear Lag factor for single Angles. Refer to

Ut:= 06 Table D3.1 in AISC Manual
Ant = tw — (1diahole)] = 4.25 in?

(D3-1) Ae:= AntlUt = 2.55 in

(D2-2) otPn = ¢, FublAe = 118.32 ips

TensionCheck := ShearCheck($tPn, Vangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle, length of angle, width of angle, etc.
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AISC CH. F: Bending of Angle

Note: A SAP Model of the angle was created. The shear of the angle was applied at 4 in. (which is at
the bolt location). Then the moment was found just above the k height for this angle.
The Critical section is a k distance away on the horizontal leg. This location has the greatest moment.

INPUT Muangle:= 65 kipln

:M:3
4

X

¢fMn:= ¢ [FylZx = 108

kip(in

Note: This is assuming we
need the same size anchor
bolt in the top as we do the
bottom.

Had to increase the
thickness of the
angle to 1.00 in. or
increase the length.

BendingAngleCheck := ShearCheck($fMn, Muangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle or length of angle

AISC G: Shear Check

Cv:=10
Aw = tlw =6
(G2-1) dsanglevn ;= ¢sangle

.2
n

[0.6[Fy[AWICv = 129.6

kips

ShearAngleCheck := ShearCheck(dsangleVn,Vangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle or width of angle.
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Appendix G: Scarham Creek Bridge Guide Specification Design

Bent 3 Expansion Connection Design

INPUT Vcolbent := VpBent3 =524

INPUT Ngirderperbent := 12 Ngirderbent = Number of girders per bent

Article 6.5.4.2: Resistance Factors

;=08 Tension for A307
bg:= 0.75 Shear for A307
bpg = 0.80 Block Shear

Gpp == 0.80 Bolts Bearing

bge = 0.85 Shear Connectors
¢ == 1.00 Flexure

bsangle = 1.00 Shear for the Angle

For Type BT-72 Girders

Note: Select the grade of bolt being used. It is assumed that a ASTM A307 Grade C bolt is used.

INPUT Fub:= 58 ksi
INPUT Dia, := 1.5 in
INPUT Ns:= 1 Ns = Number of Shear Planes per Bolt

Angle Properties

INPUT Fy:= 36 ksi Fy = Yield Stress of the Angle
INPUT Fu:= 58 ksi Fu = Ultimate Stress of the Angle
INPUT t:= 1.00 in t = Thickness of Angle

INPUT h:=6 in h = Height of the Angle

INPUT w:==6 in w = Width of the Angle

INPUT |:= 12 in | = Length of the Angle

INPUT k:=15 in k = Height of the Bevel
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INPUT  distanchorhole:= 4 in distanchorhole = Distance from the vertical leg to the center
of the hole. This is the location of the holes.

INPUT dishole:= 1.75 in diahole = Diameter of bolt hole

INPUT SlottedHole:= 6 in SlottedHole = Length of Slotted Hole

INPUT BLSHlength:= 6 in BLSHIlength = Block Shear Length

INPUT BLSHwidth:= 2 in BLSHwidth = Block Shear Width

INPUT Ubs:= 1.0 Ubs = Shear Lag Factor for Block Shear

INPUT a=2 in a = Distance from the center of the bolt to the edge of plate

INPUT b:=35 in b = distance from center of bolt to toe of fillet of connected
part

Shear Force per Angle:

V colbent
Vangle:= _Co—en =21.833 kips
2Ngirderperbent
INPUT n:=1 n = number of bolts
Vperbolt = 39€ _ o) g3
n

Article 6.13.2.12: Shear Resistance For Anchor Bolts

.2
’IT[DIab
Ab = =1.767 in2
4

Eg.6.13.2.12-1  $sRn:= ¢gl0.48[AFubNs = 36.898 kips CONTROLS MUST USE
1.5" BOLT

Shearcheck := ShearCheck(dpsRn, Vperbolt) = "OK"

Note: If the program returns "FAILURE", either increase diameter of the bolt (Diab), change grade of bolt,
increase number of bolts, etc.
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Article 6.13.2.9: Bearing Resistance at Bolt Holes

For Standard Holes

Eq. 6.13.2.9-1 ¢dbbRn = 2.4[Dia,[fFub = 208.8 kips

For Slotted Holes

INPUT Lc:=2 in Lc = Clear dist. between the hole and the end of the member

Eg. 6.13.2.9-4 ¢bbRns:= LcFub = 116 kips

Bearingcheck := ShearCheck(¢pbbRn, Vperbolt) = "OK"
Bearingscheck := ShearCheck(dpbbRns, Vperbolt) = "OK"

Note: If the program returns "FAILURE", either change the diameter of the bolt, thickness of the
angle, or Lc (hole location).

Article 6.13.2.10: Tensile Resistance

Note: This a calculation of the Tension force on the anchor bolt due to the shear. A moment is taken

about the through bolt in the vertical leg of the angle. The line of action for the shear force is assumed to

enter the angle at 1" below the through bolt; therefore, the moment due to shear is Vangle* 1". The
distance to the anchor bolt in the cap beam is 4", and that is how the Tu equation was derived.

Vanglell
Tu:= ang

= —— =5458 kips
distanchorhole

Eq. 6.13.2.10.2-1 OtTn:= ¢;[0.76[A,[Fub = 62.317 kips
Tensioncheck := ShearCheck($tTn, Tu) ="OK"

Note: If program returns "FAILURE", change area of the bolt or grade of bolt.
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Article 6.13.2.11: Combined Tension and Shear

Pu := Vperbolt
TNeombined := Combi nedProgram(Pu,Ab, Fub,d;sRn,q)s) =62.795 kips
PtTNeombined = Pt Ncombined = 90-236 kips

Combinedcheck := ShearCheck(dﬁTn Vperbol t) ="0K"

combined’

Note: If program returns "FAILURE", change area of the bolt or grade of bolt.

AISC J4 Block Shear

Agv .= tIBLSHIength = 6 in2

. SlottedHole) .2 Note this is for if there are
Anv = tE€BLSHIength - 0.5[—!2—) =45 in 1 through bolts in the

leg.
Ant = tBLSHwidth - 0.5@iahole) = 1125 in? upperieg

Rn := BLSHprogram(Agv, Anv, Ant,Ubs, Fu, Fy) = 194.85 kips
¢bsRn 1= ¢pg[Rn = 155.88 kips
BlockShearCheck := ShearCheck(¢pbsRn, Vangle) = "OK"

Note: If program returns "FAILURE", change diameter of the bolt, number of bolts, thickness of
angle, length of angle, etc.

AISC D2: Tension Member
Ut = Shear Lag factor for single Angles. Refer to

Ut:= 06 Table D3.1 in AISC Manual
Ant = tw — (1diahole)] = 4.25 in?

(D3-1) Ae:= AntlUt = 2.55 in

(D2-2) otPn = ¢, FublAe = 118.32 ips

TensionCheck := ShearCheck($tPn, Vangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle, length of angle, width of angle, etc.
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AISC CH. F: Bending of Angle

Note: A SAP Model of the angle was created. The shear of the angle was applied at 4 in. (which is at
the bolt location). Then the moment was found just above the k height for this angle.
The Critical section is a k distance away on the horizontal leg. This location has the greatest moment.

INPUT Muangle:= 65 kipln

:M:3
4

X

¢fMn:= ¢ [FylZx = 108

kip(in

Note: This is assuming we
need the same size anchor
bolt in the top as we do the
bottom.

Had to increase the
thickness of the
angle to 1.00 in. or
increase the length.

BendingAngleCheck := ShearCheck($fMn, Muangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle or length of angle

AISC G: Shear Check

Cv:=10
Aw = tlw =6
(G2-1) dsanglevn ;= ¢sangle

.2
n

[0.6[Fy[AWICv = 129.6

kips

ShearAngleCheck := ShearCheck(dsangleVn,Vangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle or width of angle.
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Bent 4 Connection Design

INPUT Veolbent := Vpgents

INPUT Ngirderperbent := 12 Ngirderbent = Number of girders per bent

Article 6.5.4.2: Resistance Factors

;=08 Tension for A307
bg:= 0.75 Shear for A307
bpg = 0.80 Block Shear

Gpp == 0.80 Bolts Bearing

bge = 0.85 Shear Connectors
¢ == 1.00 Flexure

bsangle = 1.00 Shear for the Angle

For Type BT-72 Girders

Note: Select the grade of bolt being used. It is assumed that a ASTM A307 Grade C bolt is used.

INPUT Fub:= 58 ksi
INPUT Dia, := 1.5 in
INPUT Ns:= 1 Ns = Number of Shear Planes per Bolt

Angle Properties

INPUT Fy:= 36 ksi Fy = Yield Stress of the Angle
INPUT Fu: