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EXECUTIVE SUMMARY

This report presents the results of a research project, funded by the Illinois Transportation
Research Center (contract # IA-H2-02), in order to provide the Illinois Department of
Transportation with information to assess the impact of the Recommended LRFD Guidelines for
the Seismic Design of Highway Bridges developed by a joint venture of the Applied Technology
Council and the Multidisciplinary Center for Earthquake Engineering Research (ATC/MCEER

2002) on the seismic design of bridges in southern Illinois.

The technical basis of the seismic provisions within both the American Association of State
Highway and Transportation Officials (AASHTO) Standard Specifications for Highway Bridges
(AASHTO 1996) and the AASHTO LRFD Bridge Design Specifications (AASHTO 1998) are
essentially the same as that of the seismic design guidelines published over two decades ago by
the Applied Technology Council (ATC 1981). The primary objective of the Recommended
LRFD Guidelines is to provide seismic design provisions that reflect the latest research findings,
design philosophies, and design approaches. It is noted that the technical content of the
Recommended LRFD Guidelines is based on a study initiated by the National Cooperative
Highway Research Program in 1998 to develop a new set of seismic design provisions for
highway bridges (NCHRP Project 12-49) for possible incorporation into the future AASHTO
LRFD bridge design specifications.

In comparison with the AASHTO Standard Specifications, the proposed NCHRP Specification
has adopted a dual-criteria strategy of two-level design earthquakes. One based on an expected
or Frequent Earthquake (FE) with a 50% probability of exceedance in the 75-year design life of
a bridge (with a return period of 108 years), and the second based on a rare or Maximum
Considered Earthquake (MCE) with a 3% probability of exceedance in 75 years (with an
approximate return period of 2500 years). Current AASHTO Specifications consider a single-
level earthquake with a 10% probability of exceedance in 50 years (with a return period of 475
years). Also, the proposed NCHRP Specification defines two seismic performance levels in
terms of the anticipated performance of the bridge in the rare earthquake event: Life Safety —

which means the bridge should not collapse (partial or complete replacement may be required)



and serious personal injury or loss of life should be avoided, and Operational — which means the
bridge will be functional immediately after a rare earthquake. New 1996 US Geological Survey
(USGS) maps are used in the proposed NCHRP Specification instead of the 1988 USGS maps
used in the current AASHTO Standard Specifications (AASHTO 1996 and 1998).

The primary objectives of the research project are:

1) Seismic design of substructure of typical Illinois bridges located in southern Illinois using
the AASHTO Specifications and the proposed NCHRP Specification (IDOT provided the
bridge specifications and bridge site soil boring data).

2) Identify and summarize the differences in earthquake loads, their forces on each
substructure unit, their effect on substructure design (e.g., footing size, piling design,
rebar detailing, etc.), and construction cost differences for the southern Illinois bridges
designed above using the AASHTO Standard Specifications and the proposed NCHRP

Specification.

3) Evaluate the realism of the new USGS accelerations for the bridge sites given for the
specified bridges by comparing them with accelerations obtained using an independent

procedure.

To achieve the first two objectives of this study, the substructure of the four typical existing
Illinois bridges located in Johnson Country, St. Clair County, Pulaski County, and in Madison
County are redesigned according to the seismic provisions given in the proposed NCHRP
Specification where the “Operational” performance objective is specified. The Madison County
bridge has been relocated by the project Technical Review Panel (TRP) to another site in Pulaski
County. It is noted that the design of the fifth bridge located in a site with potential soil
liquefaction consideration is not investigated due to the termination of the project effective June
30, 2004. This is the result of both the appropriation and re-appropriation for ITRC not being
included in the Illinois Department of Transportation (IDOT) budget for FY 2005.



The superstructure of these bridges consists of continuous (two to four span) steel girders while
the earthquake loads are mainly resisted by the solid wall bents or multi-column interior bents,
with pile supported footings. IDOT provided soil boring data at the bridge sites. For appropriate
comparison, the substructures of all bridges are also redesigned according to Division 1A of the
AASHTO Specifications with exception of the St. Clair County bridge which was designed in
2000, where the adequacy of the substructure bents is checked according to the AASHTO
Specifications. It is also noted that for comparison purposes in all Illinois bridges investigated,
similar earthquake resisting systems are used in the NCHRP design as in the AASHTO design,
as requested by the project TRP.

The results of analysis and design of the first three Illinois bridges using the seismic provisions
of both the AASHTO and the proposed NCHRP specifications and the corresponding cost
impact analysis are presented in this report. The results of a similar study for the fourth Illinois
bridge (currently in progress) will be submitted to the project Technical Review Panel as an
addendum report due to the time limitation imposed on the project as a result of elimination of
state funding for the ITRC in FY 2005.

To obtain the third objective of this study, the acceleration coefficients at four sites in the State
of Hllinois for both bedrock and ground surface levels are regenerated using existing source paths
and site models, and attenuation relationships supplemented by new developments to produce
synthetic time histories, response spectra values at frequencies of interest, uniform hazard
spectra, and site amplification factors. The results are compared with the 1996 USGS
acceleration coefficients used in the proposed NCHRP Specification.

Comparison of the design earthquake response spectrum for the MCE, which governs the
NCHRP design forces and moments in substructure members in cases investigated, indicates that
the peak values of the spectrum are significantly higher (2.9 to 5.7 times) than the corresponding
values obtained from the AASHTO design earthquake response spectrum at the bridge sites
given in three southern Illinois counties. Also, the AASHTO response modification factors for

all bridges investigated were significantly larger (2.0 to 3.3 times) than the corresponding values



used in the NCHRP designs for the MCE since the “Operational” performance objective was
specified for the NCHRP design.

Due to the above reasons, the NCHRP design forces and moments for the substructure elements
and foundations were significantly higher than the corresponding values used in AASHTO
Specifications. Consequently, larger amounts of reinforcing steel and/or concrete were used in
the NCHRP wall or multi-column bents where an extensive number of reinforced concrete or

steel H piles were needed in the foundations in comparison to the AASHTO design.

More specifically, the concrete volume and reinforcing steel weight required in the NCHRP
design are 3.16 and 2.39 times the corresponding values obtained using AASHTO Specifications
in the Johnson County bridge while it is estimated that the total cost of the interior bents
designed using the NCHRP Specification is 1.96 times the value obtained using the AASHTO
Specifications. For the St. Clair County Bridge, the concrete volume and reinforcing steel
weight needed for the substructures designed according to the proposed NCHRP Specification
are 3.65 and 4.30 times the corresponding values obtained using AASHTO Specifications while
it is observed that the NCHRP substructure bent design cost is 5.23 times the corresponding
value obtained in the AASHTO design. In the Pulaski County bridge, the concrete volume and
reinforcing steel weight needed for the substructures designed according to the proposed NCHRP
Specification are 4.88 and 5.61 times the corresponding values obtained using AASHTO
Specifications while it is observed that the NCHRP substructure bent design cost is 5.43 times

the corresponding value obtained in the AASHTO design.

Comparison of the ground motion accelerations obtained in this study with the ones obtained
from the USGS maps (1996) indicates that they are comparable when a 2500-year return period
is considered. Slightly lower acceleration coefficients were found in three bridge sites, and a

slightly higher acceleration coefficient was found in one bridge site investigated.

Vi
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1. INTRODUCTION

1.1 Statement of the Problem

The technical basis of the current seismic provisions within both the AASHTO Standard
Specifications for Highway Bridges (AASHTO, 1996) and the AASHTO LRFD Bridge Design
Specifications (AASHTO, 1998) adopted by the American Association of State Highway and
Transportation Officials are essentially the same as that of the ATC-6 provisions, published by
Applied Technology Council (ATC) in 1981, which were initially adopted in the AASHTO
Standard Specification in 1991.

Recent seismic events, such as the 1989 Loma Prieta and 1994 Northridge, California,
earthquakes, the 1995 Kobe, Japan, earthquake, the 1999 Taiwan Chi-Chi earthquake, and recent
technological advances have been stimuli for improving the seismic performance of

transportation structures (Penzien, 2000).

The Applied Technology Council (ATC), in a joint venture with the Multidisciplinary Center for
Earthquake Engineering Research (MCEER), has recently completed a project to develop
comprehensive specifications for the seismic design of highway bridges (National Cooperative
Highway Research Program, NCHRP, Project 12-49). The primary objective of the NCHRP
Project 12-49 was to develop seismic design provisions that reflect the latest research findings,
design philosophies, and design approaches. Henceforth, implementations of the newly
developed provisions will ensure enhanced seismic performance of highway bridges. The
Federal Highway Administration has funded the development of a stand-alone guide
specification through MCEER based on the results of the NCHRP Project 12-49 that can be more
readily used for seismic design (ATC/MCEER, 2002). In 2002, The American Association of
State Highway and Transportation Officials (AASHTO) were considering this recommended
specification for possible incorporation into the future AASHTO LFRD Bridge Specifications
(Capron et al., 2001).  Hereafter this document will be referred to as the proposed NCHRP
Specification while the AASHTO Standard Specifications for Highway Bridges (AASHTO,
1996) will be referred to as the AASHTO Specifications.



The proposed NCHRP Specification defines two seismic performance levels in terms of the
anticipated performance of the bridge in the rare earthquake event: Life Safety — which means
the bridge should not collapse (partial or complete replacement may be required) and serious
personal injury or loss of life should be avoided, and Operational — which means the bridge will
be functional immediately after a rare earthquake. Operational is a higher level of seismic
performance and it typically applies to bridges in priority routes. Life Safety is the minimum

acceptable level of seismic performance allowed by the proposed NCHRP Specification.

Also, the proposed NCHRP Specification has adopted a dual-criteria strategy of two-level design
earthquakes. One based on a frequent or expected earthquake with a 50% probability of
exceedance in the 75-year design life of a bridge (with an approximate return period of 100
years) and the second based on a rare or Maximum Considered Earthquake (MCE) with a 3%
probability of exceedance in 75 years (with an approximate return period of 2500 years). The
AASHTO Specifications consider a single-level earthquake with a 10% probability of

exceedance in the 50 years (with an approximate return period of 500 years).

The proposed NCHRP Specification constitutes a significant advance over the existing
AASHTO Specification for seismic design of bridges; however, limited information is available
regarding its material and construction cost impacts in the Midwest region of the Unites States.
The result of this investigation will provide the Illinois Department of Transportation (IDOT)
with data to adequately assess the impact of the proposed NCHRP Specification on the seismic
design of bridges in Illinois, which in turn will permit IDOT to analyze the impact on bridge
funding for future bridge projects.

1.2 Research Objectives and Scope

The primary objectives of the research project are:

4) Seismic design of substructure of typical Illinois bridges located in southern Illinois using
the AASHTO Specifications and the proposed NCHRP Specification (IDOT provided the
bridge specifications and bridge site soil boring data).



5) Identify and summarize the differences in earthquake loads, their forces on each
substructure unit, their effect on substructure design (e.g., footing size, piling design,
rebar detailing, etc.), and construction cost differences for the southern Illinois bridges
designed above using the AASHTO Specifications and the proposed NCHRP
Specification.

6) Evaluate the realism of the new USGS accelerations for the bridge sites given for the
specified bridges by comparing them with accelerations obtained using an independent
procedure.

To achieve the first two objectives of this study, the substructure of the four typical existing
Illinois bridges located in Johnson Country (SN 044-0041, designed in 1970), St. Clair County
(SN 082-0344 designed in 2000), Pulaski County (SN 077-0033, designed in 1965), and in
Madison County (SN 060-0244, designed in 2001) are redesigned according to the seismic
provisions given in the proposed NCHRP Specification where the “Operational” performance
objective is specified. The Madison County bridge has been relocated by the project Technical
Review Panel (TRP) to another site in Pulaski County with a latitude of 37°-17” and a longitude
of 89° -9’ (on 1-57 over the Cache River). Hereafter this bridge will be referred to as the
relocated Madison County Bridge. Locations of these bridges are shown in Figure 1. It is noted
that the design of the fifth bridge located in a site with potential soil liquefaction consideration is
not investigated due to the termination of the project effective June 30, 2004. This is the result
of both the appropriation and re-appropriation for ITRC not being included in the Illinois
Department of Transportation (IDOT) budget for FY 2005.

The superstructure these bridges consists of continuous (two to four span) steel girders while the
earthquake loads are mainly resisted by the solid wall bents or multi-column interior bents, with
pile supported footings. IDOT provided soil boring data at the bridge sites. For appropriate
comparison, the substructures of all bridges are also redesigned according to the Division 1A of
the AASHTO Specifications with exception of the St. Clair County bridge which was designed
in 2000, where the adequacy of the substructure bents is checked according to the AASHTO



Specifications. It is also noted that for comparison purposes in all Illinois bridges investigated,
similar earthquake resisting systems are used in the NCHRP design as in the AASHTO design,
as requested by the project TRP.

To obtain the third objective of this study, the acceleration coefficients at four sites in the State
of Hlinois for both bedrock and ground surface levels are regenerated using existing source paths
and site models, and attenuation relationships supplemented by new developments to produce
synthetic time histories, response spectra values at frequencies of interest, uniform hazard
spectra, and site amplification factors.

1.3 Overview of the Report

This written report includes seven chapters and seven appendices. In the following chapter
(Chapter 2), a brief overview of the proposed NCHRP Specification for the seismic design of
highway bridges and the outline of the procedure used to independently obtain ground motion
accelerations comparable to the USGS values are presented. The results of analysis and design
of the first three Illinois bridges using the seismic provisions of both the AASHTO and the
proposed NCHRP specifications and the corresponding cost impact analysis are presented in the
following three chapters (Chapters 3-5). The results of a similar study for the fourth Illinois
bridge (currently in progress) will be submitted to the project Technical Review Panel as an
addendum report due to the time limitation imposed on the project as a result of elimination of
state funding for the ITRC in FY 2005. The seismic ground motion study conducted at four
Illinois bridge sites is presented in Chapter 6, where the results are compared with the USGS
acceleration used in obtaining the MCE in the proposed NCHRP Specification. The conclusions
of the research project are summarized in Chapter 7. The detailed engineering computations
used in Chapters 3 - 5 are presented in Appendices A - F, and the corresponding soil profiles

constructed based on the provided soil boring data are given in Appendix G.
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Figure 1.1 — Location of the Southern Illinois Bridge Sites Investigated



2. METHODOLOGY

2.1 Introduction

Highway bridges in different countries have had less than satisfactory performance in recent
earthquakes, e.g., in 1989 Loma Prieta, 1994 Northridge, and 1995 Kobe earthquakes as reported
by the Earthquake Engineering Research Institute reconnaissance reports (EERI 1990, 1995a,
1995b). Significant structural damage in such bridges have resulted in full or partial failures
with considerable economic losses. The current bridge seismic design specifications in the
AASHTO LRFD Bridge Design Specifications (AASHTO 1998) are based on Division I-A of the
AASHTO Standard Specifications for Highway Bridges (AASHTO 1996) which in turn were
based on essentially the seismic design guidelines published over two decades ago by the
Applied Technology Council (ATC 1981). Thus, the current LRFD Specifications use at least 20
years of out-of-date seismic design criteria and detailing provisions. To address this weakness,
in 1998, The National Cooperative Highway Research Program (NCHRP) initiated a study
entitled “Comprehensive Specifications for the Seismic Design of Bridges (NCHRP Project 12-
49)” to develop new seismic design provisions for highway bridges that reflect the latest research
findings, design philosophies, and design approaches for possible incorporation into the future
AASHTO LRFD bridge design specifications. As a result of this project, a standalone
recommended LRFD guideline for seismic design of highway bridges was completed by a joint
venture of the ATC and the Multidisciplinary Center for Earthquake Engineering Research in
2002 (ATC/MCEER 2002).

In the following section, a brief overview of the proposed NCHRP Specification (ATC/MCEER
2002) used to design the lllinois bridges in this study is presented. In Section 2.3, the
methodology used in the ground motion study at the bridge sites to independently obtain seismic

spectral accelerations comparable to the ones used the proposed NCHRP Specification.



2.2 The Proposed NCHRP Specification for Seismic Design of Highway Bridges

The philosophy of the proposed NCHRP Specification (ATC/MCEER 2002) can be summarized

as the following:

Minimized loss of life and serious injuries due to unacceptable performance.

Low probabilities of collapse due to earthquake motions.

Essential bridges should stay functional even after major earthquake.

Upper level event ground motions used in design should have a low probability of being
exceeded during the approximate 75-year design life of the bridge.

The provision should be applicable to all regions of the United States.

The designer should not be restricted from considering and employing new and

innovative design approaches and details.

New concepts and major modifications of the proposed NCHRP Specification are listed below:

e New U.S. Geological Survey (USGS) Map (1996)

e Performance objectives design earthquake

e Fault distance zone effect (vertical acceleration effect)

¢ Nonlinear static displacement capacity verification (pushover) analysis method
e Increasing the reduction factor by pushover analysis

e No analysis design concept for regular bridges in the lower seismic hazard area
e Earthquake Resisting Systems and Elements (ERS and ERE)

e New soil factors

e New spectral shapes

e New concepts of spring constant for foundations

e Liquefaction effects

e Steel, concrete, and bearing design requirements

e Seismic isolation provisions

e New “40% combination rule” (Qx+0.4Qy and 0.4Q4+1.0Qy)



e Modeling of soil-structure interaction and structural discontinuities at expansion

joints

The following levels of design forces and the corresponding expected structural damages have

been introduced in the proposed NCHRP Specification:

1- Frequent Earthquake (50% probability of exceedance in 75 years): This is the

design level under which the bridge should remain essentially elastic. This will
result in a performance that is equivalent to an elastic (no damage) design for an
expected earthquake with an approximate 100-year return period.

2- Rare Earthquake (3% probability of exceedance in 75 years/1.5 median

deterministic): This design level is recommended in order to assure that a no-
collapse performance for the Maximum Considered Earthquake (MCE) is
satisfied where two performance objective levels are considered in rare
earthquakes with a 2500-year return period — Life Safety (significant damage) and
Operational (minimal damage), as given in Table 2.1. There are a number of
design approaches that can be used to achieve the desired performance objectives

as shown in Figure 2.1

Design response spectra for the rare earthquake (MCE) and expected earthquake (FE) are
constructed using the 0.2 and 1.0 seconds spectral accelerations obtained from the USGS maps.
Figures 2.2 and 2.3 show the corresponding values in the Central U.S. region for the MCE. The
base curve constructed with these values is then modified according to the short (F;) and long
period (F,) site coefficients determined based on the Site Classification and mapped spectral
acceleration (see Figure 2.4). Based on Performance Objective Level of the bridge (i.e., Life
Safety or Operational as given in Table 2.1) and the Seismic Hazard Level (as given in Table
2.2), Seismic Design and Analysis Procedure (SDAP) and Seismic Detailing Requirement (SDR)
are specified (see Table 2.3).

In Capacity Spectrum Analysis Approach the bridge is considered as a single degree of freedom
system. Elastic Response Spectrum Analysis (ERSA) is used for bridges with a regular



configuration. Displacement Capacity Verification (DCV) requires nonlinear static pushover
analysis. ERSA is combined with DCV only in bridges with SDAP of “E”. Nonlinear Dynamic
Analysis is required for structures with a eismic isolation system with an effective vibration
period greater than 3 seconds or effective damping greater than 30 percent. The result of the
analysis is divided by the response modification factors as given in Table 2.5 for various
substructure elements to account for inelastic behavior of such elements. Based on the type of
foundation used and the SDAP of the bridge, NCHRP provisions allow the foundation to be
modeled as a rigid support, or a flexible spring, or be fixed at an estimated depth. A summary
flowchart of the seismic design process of the proposed NCHRP Specifications is shown in

Figure 2.5.

2.3 Ground Motion Study

To evaluate the realism of the USGS map accelerations used in the computation of design
spectrum in the proposed NCHRP Specification, the following steps are identified to

independently obtain similar accelerations for the bridge sites studied in Illinois:

Step 1 - Develop procedures to generate horizontal bedrock motions at the bridge sites in
Illinois, from a seismologically based model, due mainly to shear waves generated from
seismic sources affecting the sites of interest. The seismologically-based model will
include effects of attenuation (Atkinson and Boore 1995; Toro et al. 1997; Frankel, et
al. 1996; Pezeshk, et al., 1998; Somerville, et al., 2001; and Campbell and Bozorgnia,
2003), characteristics of the source zone, recurrence interval (1000 and 2500 years),
and seismotectonic setting of the New Madrid seismic zone, Wabash zone, and other
potential seismic sources in the region. Recurrence intervals of 1000 and 2500 years
were considered based on the information from the “Federal Highway Administration
(FHWA) Mid-America Ground Motion Workshop in Collinsville, Illinois” that
suggested 1000 year return periods be considered as options in replacing the current
2500 year return period.

Step 2 - Generate peak ground accelerations, 1-second response spectrum accelerations, and
0.2-second response spectrum accelerations for the selected four sites by transmitting
the seismic waves at the bedrock through soil.

Each step includes several tasks as described in more detail in Chapter 6.
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Figure 2.1 — NCHRP Design Approaches (ATC/MCEER 2002)
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Table 2.1 — NCHRP Performance Objectives (ATC/MCEER 2002)

Probability of Exceedance for Design Earthquake Performance Objective Level
Ground Motions Life Safety Operational
Rare Earthquake 3% in Service Significant Disruption | Immediate

75 years/1.5 Median Deterministic Damage Significant Minimal
Expected Earthquake Service Immediate Immediate

50% in 75 Years Damage Minimal Minimal to none

Table 2.2 — NCHRP Seismic hazard Level (ATC/MCEER 2002)

Seismic Hazard Level Value of F,S; Value of F,S,
| F,S, <0.15 F,S, <0.15
I 0.15<F,5, <025 | 015<F,S, <0.35
1l 0.25<F5, <040 | 035<F,S, <060
v 0.40<FS, 0.60 < F,S,

Table 2.3 — NCHRP Seismic Design and Analysis Procedure (SDAP) and
Seismic Detailing Requirement (SDR) (ATC/MCEER 2002)

Seismic Hazard Life Safety Operational
Level SDAP SDR SDAP SDR
I Al 1 A2 2
I A2 2 C/DIE 3
il B/C/D/E 3 CI/DIE 5
v C/DIE 4 C/D/E 6

Table 2.4 — NCHRP Minimum Analysis Requirements

SDAP A B C D E

Minimum Analysis Not Not CSDA | ERSA | ERSA with DCV
Requirement Required | Required

where: CSDA= Capacity Spectrum Design Approach, ERSA= Elastic Response Spectrum Analysis,
and DCV= Displacement Capacity Verification
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Table 2.5 - NCHRP Response Modification Factors (ATC/MCEER 2002)

Performance Objective

Life Safety Operational
Substructure Element SDAP | SDAP | SDAP | SDAP

D E D E
Wall Piers-larger dimension 2 3 1 15
Columns — Single and Multiple 4 6 1.5 2.5
Pile Bents and Drilled Shafts — Vertical Piles — above ground 4 6 15 2.5
Pile Bents and Drilled Shafts — Vertical Piles — 2 diameters

1 15 1 1
below ground
Pile Bents and Drilled Shafts — Vertical Piles — in ground N/A 2.5 N/A 15
Pile Bents with Batter Piles N/A 2 N/A 15
Seismically Isolated Structures 1.5 15 1 15
Steel Braced Frame — Ductile Components 3 4.5 1 15
Steel Brace Frame — Nominally Ductile Components 15 2 1 1
All Elements for Expected Earthquake 1.3 1.3 0.9 0.9
Connections (superstructure to abutment; joints within 0.8 08 08 08
superstructure; column to cap beam; column to foundation) ' ' ) )
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3. SEISMIC ANALYSIS AND DESIGN INVESTIGATION OF
JOHNSON COUNTY BRIDGE

3.1 Introduction

The main purpose of this investigation is to provide the Illinois Department of Transportation
(IDOT) with adequate information to assess the impact of the proposed NCHRP Specification on
the seismic design of the Johnson County Bridge in Southern Illinois. The bridge substructure
piers are redesigned for earthquake loads using both the seismic provisions given in Division 1A
of the AASHTO Specifications (AASHTO 1996) and the proposed NCHRP Specification
(MCEER 2001) where the “Operational” performance objective is specified. Detailed
computations for design and analysis of this bridge according to the proposed NCHRP

Specification and the AASHTO Specifications are given in Appendices A and B, respectively.

3.2 Existing Structure

The existing three span bridge with span lengths of 30°-11.5”, 46’- 6”, and 30’-11.5” was
designed in 1970. The superstructure consists of an 8” thick (42” wide) reinforced concrete slab
supported on six hot rolled W 27x94 steel girders spaced at 7’- 2”. The superstructure is fixed in
both longitudinal and transverse directions at the first pier by bolsters, and it is attached by
rockers to the second pier and the non-integral abutments allowing it to move freely in
longitudinal direction while it is restrained in the transverse direction. Both piers consist of 25’-
8” wide 2’-2” thick reinforced concrete walls supported on 2°-3" thick footing and two rows of

battered H piles. Existing bridge geometry is shown in Figure 3.1.

3.3 SAP Modeling and Basic Seismic Parameters

The bridge is modeled using SAP 2000 beam elements (CSI 1998). The model is a “stick figure”
model, where the stiffnesses and masses of the members of the superstructure and substructure,
are converted into equivalent beam elements. The foundation of the bridge is modeled using
springs, whose stiffnesses are calculated based on the pile stiffnesses. Note that the foundation
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model requires iteration, since the piles are not designed initially and the spring stiffnesses, and
hence the finite element analysis, has to be updated throughout the design phase.

According to the proposed NCHRP Specification and with the provided geotechnical
information at the bridge site (See Appendix G), the Johnson Country Bridge site is classified as
Site Class “D” with Seismic Hazard Level of 1V where Seismic Design and Analysis Procedure
(SDAP) “D” and Seismic Detailing Requirements (SDR) of 6 are used to obtain the
“Operational” performance objective. No potential for liquefaction exists at the given site. The
Elastic Response Spectrum Method is required. Thus, the SAP model is analyzed using modal
analysis, and then the response spectrum procedure is used to distribute the required seismic
forces and displacements throughout the structure. The structure is analyzed independently in
both the longitudinal and transverse directions where an adequate number of modes is included

in each direction to obtain at least 90% mass participation.

According to the AASHTO Specifications, Division 1A, the Seismic Performance Category
(SPC) of “B” is selected where the Soil Profile Type | with Site Coefficient of S = 1.0 and the
Acceleration Coefficient of A = 0.15g are used.

For the Johnson County bridge, design earthquake response spectra for both NCHRP 100-year
and 2500-year events (Frequent Earthquake, FE, and Maximum Considered Earthquake, MCE,
respectively) are compared with the AASHTO design earthquake response spectrum (500-year

event) in Figure 3.2.

For NCHRP and AASHTO bridge models, the results of free vibration analysis are summarized

in Tables 3.3 and 3.4, respectively, where the main mode shapes are shown.

3.4 Substructure Design Forces

To obtain the design member forces according to the proposed NCHRP Specification, 100%
earthquake forces in one direction are combined with 40% earthquake forces in the other
direction (instead of 30% used in the AASHTO Specifications), and then they are reduced by the
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appropriate Response Modification factors (R-factors) which depend on not only the type of
substructure element (as in the AASHTO Specification) but also on the performance level,
SDAP, and period of the structure (e.g., R of 1 and 0.9 are used in the wall piers for the MCE

and FE, respectively, in comparison to an R of 2 given in the AASHTO Specifications).

The summary of the design forces and moments in the fixed and expansion piers are given in
Figures 3.1 and 3.2 for the proposed NCHRP Specification and the AASHTO Specifications,
respectively. It is noted that the results for the MCE are considerably larger than the

corresponding values for the FE, thus, the MCE design forces control the final design.

3.5 Wall Design

The walls are designed considering moment and axial force interaction effects, using the PCA
column design program (PCA 1999). The superstructure model is considered pinned at the top
of one pier, and free to move longitudinally at the top of the expansion pier. This results in

moments on the fixed pier being larger than those on the expansion pier.

When designed according to the AASHTO Specifications, both piers are designed to have the
same wall thickness (26 inches). The vertical reinforcing for the fixed pier is 2.27 times heavier
(46 # 9) than the expansion pier (46 #6) due to the higher moments. Transverse reinforcement is
similar (#6 @ 12”) for both piers.

When designed according to the NCHRP provisions, the fixed pier wall thickness is 10" thicker
than the wall in the expansion pier (36” vs. 26”), and the vertical reinforcing for the fixed pier is
almost 2.5 times more that of the expansion pier (2.5% vs 1.01%) due to the higher moments.
For the fixed pier the transverse reinforcement in the strong direction is 1.55 times than that of
the expansion piers (#4 and #5 at 5’’spacing, respectively). The transverse reinforcing steel used
in the weak direction at the plastic hinge regions (about 6° from the bottom of the wall) is
extensive. For the fixed bent, the first layer consists of 82 legs #5 rebars (anti-buckling
reinforcement) while the second layer consists of 41 legs #4 rebars with 4” spacing used between
the layers. For the expansion bent, the first layer consists of 29 legs #4 rebars (anti-buckling
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reinforcement) while the second layer consists of 19 legs #3 rebars with 4” spacing used between
the layers.

Figures 3.5-6 and Figures 3.7-8 provide design detail summaries for the walls at the fixed and
expansion piers designed according to the AASHTO Specifications and the proposed NCHRP

Specification, respectively.

3.6 Foundation Design

Circular cast-in-place drilled shafts are used as piles. Individual pile stiffness is calculated based
on results from the computer program LPILE. Pile load-deformation plots are produced and pile
properties are based on a secant stiffness calculation. Group effects are only considered in the
design of the foundation according to the proposed NCHRP Specification where pile centers
have to be as close as 3D apart using the P-multiplier method specified by the IDOT Technical
Review Panel (Walsh et al. 2000). The group effects are not used in this design according to the
AASHTO Specifications since pile centers could be reasonably placed at 5D apart. Piles were
design based on the forces obtained from the finite element analysis. PCA Column software was

used to verify the design adequacy of the pile vertical rebars selected.

When designed according to the AASHTO Specifications, eight 18” piles are used for both piers.
However, twelve and six 36” diameter piles are used at the fixed bent and the expansion bent,
respectively, when designed according to the proposed NCHRP Specification.

Figures 3.9, and Figures 3.10-11 provide foundations design detail summaries for the piles, pile

caps, and connections at the fixed and expansion piers designed according to the AASHTO
Specifications and the proposed NCHRP Specification, respectively.
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3.7 Material and Cost Comparisons

Figures 3.12 and 3.13 show a detailed comparison of the amount of concrete and steel used in the
design of substructures of the Johnson County bridge using the AASHTO Specifications and the
proposed NCHRP Specification.

Concrete volume and reinforcing steel weight needed for the substructures designed according to
proposed NCHRP provision are 3.16 and 2.39 times the corresponding values obtained using
AASHTO Standard Specifications. It is noted that the main contributors to the significant
increase in concrete use is the increased size of the foundations used (number of piles, diameter
of the piles, and the size of the pile caps) while the primary contributors to the significant
increase in using steel are the increased amount of reinforcement in the piles and the transverse

reinforcement in the walls when designed according to the NCHRP provisions.

The cost comparisons of the substructure (interior bents) designed according to the AASHTO
and the proposed NCHRP Specifications based on estimated quantities and the unit costs

obtained from the 2002 Means Heavy Construction Data and IDOT bid tabulations are given

below.

AASHTO NCHRP
Concrete: $81,450 $141,480
Epoxy Coated Rebars: $28,500 $68,310
Drilled CIP Piles: $13,980 $33,860
TotalCost: 12890 $243650

It is observed that the estimated total construction cost of using the proposed NCHRP

Specification is 1.97 times the value obtained using the AASHTO Specifications.
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Mode Shape 2 (UY: 23%)
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MODAL PARTICIPATING MASS RATIOS

With Spring for the MCE
MODE | PERIOD INDIVIDUAL MODE (%)
UX Uy Uz

1 0.4035 68.93 0.00 0.00
2 0.2898 0.00 22.88 0.00
3 0.2067 0.00 77.00 0.00
4 0.1683 18.24 0.00 0.00
5 0.1292 0.98 0.00 4.36
6 0.1133 6.83 0.00 0.54
7 0.0884 5.02 0.00 0.00
8 0.0687 0.00 0.00 0.25
9 0.0612 0.00 0.00 4232
10 0.0431 0.00 0.07 0.00
11 0.0392 0.00 0.00 0.45
12 0.0389 0.00 0.00 0.00
13 0.0303 0.00 0.05 0.00
14 0.0289 0.00 0.00 25.51
15 0.0242 0.00 0.00 9.92
16 0.0239 0.00 0.00 9.35
17 0.0210 0.00 0.00 0.81
18 0.0181 0.00 0.00 0.09
19 0.0178 0.00 0.00 0.00
20 0.0171 0.00 0.00 0.00

100.00 | 100.00 93.61

Figure 3.3 — Free Vibration Results (NCHRP MCE Model)
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Mode Shape 4 (UX: 18%)

MODAL PARTICIPATING MASS RATIOS

With Spring for the MCE
MODE | PERIOD INDIVIDUAL MODE (%)
UX Uy Uz

1 0.4035 68.93 0.00 0.00
2 0.2898 0.00 22.88 0.00
3 0.2067 0.00 77.00 0.00
4 0.1683 18.24 0.00 0.00
5 0.1292 0.98 0.00 4.36
6 0.1133 6.83 0.00 0.54
7 0.0884 5.02 0.00 0.00
8 0.0687 0.00 0.00 0.25
9 0.0612 0.00 0.00 42.32
10 0.0431 0.00 0.07 0.00
11 0.0392 0.00 0.00 0.45
12 0.0389 0.00 0.00 0.00
13 0.0303 0.00 0.05 0.00
14 0.0289 0.00 0.00 25.51
15 0.0242 0.00 0.00 9.92
16 0.0239 0.00 0.00 9.35
17 0.0210 0.00 0.00 0.81
18 0.0181 0.00 0.00 0.09
19 0.0178 0.00 0.00 0.00
20 0.0171 0.00 0.00 0.00

100.00 100.00 93.61
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Detail of Wall of Expansion Pier
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Figure 3.6 — AASHTO Wall Design Details for Expansion Bent

27



Detail of wall pier
ot fixed bent o
—3
5 {s' B ser
-4 cl—y T
Detail #1
C C 1*1 # o ED% 6H#Il each side
; <
oo 4" 9 layer @ 8 N
e b SRR LTI
5 loDyeetrC)H@ ;ﬁ” A = Tolfs*/w 8245
[ ! ' |
@ ey 7\}75#7 legs S@Dcettig‘ri #Céc
| . |
cane ‘ 9jsw clamp <@’ tall 4846 #5@4” eoch side
a7’ 4144
ANl
258"
Detail #1

Section B—-B

Figure 3.7 — NCHRP Wall Design Details for Fixed Bent

28




Detail of wall pier
at expansion bent

B B
1 Cl—=
Detail #1
I
9 layer @ 8° 4 9 layer @ 8
o5 Detail #2 t Detail #1
THS
4 layer @ 6° 4 Ler
Detail #1 |
o - f iz - - ;
3 %;\\\\\\\\
L ‘L 2247 legs ,
> |
ki i ~
1 9'8”
4846 1147 clamp @ talb —
18’

Section A-A

3

27"

38#9 eac

pni
el LB CCLTLLETTTTETTY

29+#4
Detail #2
Section C-C

#4@4" each side
1944

E[[[[W[E[MR’

Figure 3.8 — NCHRP Wall Design Details for Expansion Bent

29




26’
. . 18”7
Detail of PFile Group
76l 117
i L
|
2’6"
HA4RE L 26’
— ¢ E——
— — i j—
— — —
— — —
— — |5 °F
1 1 [ {|3"pitch
— — —
— — —
— — —
— —
in
| I 775 se — —
L L L
— #o@3”
—1 —1 38 —
— — —
— — —
— — —
37 Cl —=f f=—o
i - | e
T — 11| 2° of
#5237 | | || 3"pitch
— — —

Figure 3.9 — AASHTO Foundation Design Details for Fixed and Expansion Bents

30




36

)

Detail of group piles

o O
ot fixed wentT Iﬁ
. O

—~ O
—~ O

ﬁ f

7#5 each interior

sides of the pile T
—

Il

n

o
S
o
0

e

7#S ’\ 3’
2 #5@3.5"

#583.5”
| = f=—t18” |

36’ /

\
7 e ¢
t “xé% = ==t | 1 l % Il =

\ \ - —— |
\ r \ 1 B \ 2
L~ [ I
3%8
I [ I [
N— N—
/\25#9 /\25#9 [— [
— #S5R6”
I [ I [
— #5R&”
L— L— L— 38 L—
[ I [ I
I [ I [
[ I [ I
2/ Cl —=d fmr
I [ I [
[ I [ I
3 3 3 3

Figure 3.10 - NCHRP Foundation Design Details for Fixed Bent

31




Detail of group piles

ot expansion kbenT

.

TT

H4RB6Y 27

— i —
[ - —
o
— — —
— — —
N— N—
L 1949 [ 1949 [
H4@6"
— — :E —
H#H4RE”
I T |
— — —
— — —
— — —
27 Cl—=tf=—
- - -
— — —
3’ 3

Figure 3.11 — NCHRP Foundation Design Details for Expansion Bent

32




Comparison of Concrete Volume
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Figure 3.12 — Concrete Volume Comparison (AASHTO vs. NCHRP)
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Figure 3.13 — Reinforcing Steel Weight Comparison (AASHTO vs. NCHRP)
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Table 3.1 — NCHRP Seismic Design Force and Displacement Result Summary

. Longitudinal | T
Displacement P EVRA
Divection (in) | Direction (in})
Top 311 095
LCE Bottom Fior 1.18 0.77
Bottom Exp 0235 089
Top 023 0.0t
FE Bottom Fior 00z 0.0z
Bottom Exp 0.09 0.0z
MCE Final Dresign Forces & Moments (EQ + DL
Transwerse Longitudinal
. Shear 2| Shear 3 | Moment 3 | Motment 2| Axial | Shear 3 | Shear 2 |Moment 2 | Moment 3| Aoxial
{1 Support / Location . . ) . i ] . ) . .
kips | kips kip-ft kip-ft kips | kips kips kip-ft kip-ft kips
|Fix Pier ToP| 510 | 1283 . 2900 | gp | 13 | 1ove | 1994 0 57T
Bottotm Sa0z2 21825 Srad 21E04
{Exp Pier ToP| o5 | evs 0 P77 1 510 | 271 | 246 7ol © 546
Bottomm 1220 12780 B112 2050
FE Final Design Forces & Moment: (EQ + DL
Transverse Longitudinal
, Shear 2 [Shear 3 | Moment 3 [MMoment 2| Axial | Shear 3 | Shear 2 | Motment 2 |Motment 3 Axial
Support / Location _ _ _ _ _ _ ] _ _ _
kips kips kip-ft kip-ft | kips | kips kips kip-ft kip-ft [ kips
Fix Pier Top| g5 11 0 234 gar | g 137 o4 0 541
Baottom 240 S 138 2350
Exp Pier Topl 14 | 11 0 9 g | 4 26 o2 0 494
EBattotm 174 R22 203 433
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Table 3.2 — AASHTO Seismic Design Force and Displacement Result Summary

Displacement Longitudinal Transverse Max (in)
Direction {in} Direction {in)

Bearing of Fixed Pier 1.16924 0.04026
Top of Fixed Pier 1.10282 0.04102

Bottom of Fixed Pier File Cap 0.18865 0.05776 0.19¢
Bearing of Expansion Fier 1.17857 0.03341
Top of Expansion FPier 0.2202 0.03352

Bottom of Expansion Fier Pile Cap 0.02509 0.03356 0.045

Forces & Moments - Load Case 1

DIVISION 1-A (1.00"Etans + 0. 30"Ediang) + 170L
Support / Location chear 2 | Shear3 |Moment 3 |Moment 2| Axial
kips kip kip-ft kip-ft kips
Fix Pier Top 32 ath; 29 265 307
Bottom a4 27 o443 431 ARY
Exp Pier Top 1 B Q 445 310
Bottom =) 20 12 144 481
Forces & Moments - Load Case 2
DIVISION 1-A (1.00"Edigng + 0.30"Etmns=) + 170L
Support 7 Location shearZ2 | Shear3 |Moment 3 |Moment 2 Axial
kips kip kip-ft kip-ft kips
Fix Pier Top 105 17 o5 al Ak
Bottom 115 8 1810 129 AR5
Exp Pler Top 3 2 ] 134 305
Bottom a0 8 375 43 475
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4. SEISMIC ANALYSIS AND DESIGN INVESTIGATION OF
ST. CLAIR COUNTY BRIDGE

4.1 Introduction

The main purpose of this investigation is to provide the Illinois Department of Transportation
(IDOT) with data to assess the impact of the proposed NCHRP Specification on the seismic
design of the St. Clair County bridge in southern Illinois. The bridge substructure pier is
redesigned for earthquake loads using the proposed NCHRP Specification where the
“Operational” performance objective is selected. Since the existing bridge was designed in 1999
according to the AASHTO Specifications, only the strength adequacy of the existing bridge is
checked, and substructure cost comparison between the two designs is presented. Detailed
computations for design and analysis of this bridge according to the proposed NCHRP
Specification and the analysis and design check according to the AASHTO Specifications are

given in Appendices C and D, respectively.

4.2 Existing Structure

The existing two-span bridge with equal span lengths of 41.50 m (136 ft). The superstructure
consists of a 195 mm (7.7 in.) thick and 20.8 m (64 ft) wide reinforced concrete slab supported
on eleven 1.372 m (48 in.) deep plate girders spaced at 1.905 m (6.25 ft). The superstructure is
fixed in both longitudinal and transverse directions at the interior bent. However, the
superstructure is only fixed in the transverse direction at the abutments (free to move in the
longitudinal direction by Type | elastometric expansion bearings). In addition, the bridge has an
overall skew of 26.53° at the abutments and interior bent. The abutments are non-integral and
are supported by two rows of piles arranged in nine alternate spaces of 2.5 m (8.2 ft). The front

row piles are battered. The 4.7 m (15.4 ft) long wing walls are laid along the skew.
The interior bent consists of five tapered reinforced concrete columns with cross-sectional

dimensions of 1.75 m (5.74 ft) wide at the top and 1.125 m (3.69 ft) wide at the bottom, and
0.9m (2.95 ft) thick along the column height supported on 2.9 m (9.5 ft) wide, 10.195 m (33.5 ft)
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long, and 0.9 m (2.95 ft.) thick footing with three rows of H plies (36 HP 12x53 piles) of which
two rows are battered. Existing bridge geometry is shown in Figures 4.1 and 4.2.

4.3 SAP Modeling and Basic Seismic Parameters

The bridge is modeled using SAP 2000 beam elements. The model is a “stick figure” model,
where the stiffnesses and masses of the members of the superstructure and substructure, are
converted into equivalent beam elements. The foundation of the bridge is modeled using
springs, whose stiffnesses are calculated based on the pile stiffnesses. The existing foundation
configuration is used in the AASHTO model. However, the foundation model used in the
NCHRP model requires iterations since the piles are not designed initially and the spring
stiffnesses, and hence the finite element analysis, has to be updated throughout the design phase.
Steel piles are used for the analysis. Concrete with a compressive strength of 24 MPa (3500 psi)
and reinforcing steel with yield strength of 400 MPa (58,000 psi) are used.

According to the proposed NCHRP Specifications and with the provided geotechnical
information at the bridge site (the soil profile used at the bridge site was produced using the
available boring logs is given in Appendix G), the St. Clair Country Bridge site is classified as
Site Class “D” with Seismic Hazard Level of 1V where Seismic Design and Analysis Procedure
(SDAP) “D” and Seismic Detailing Requirements (SDR) of 6 are used to obtain the
“Operational” performance objective. No potential for liquefaction exists at the given site. The
Elastic Response Spectrum Method is required. Thus, the SAP model is analyzed using modal
analysis, and then the response spectrum procedure is used to distribute the required seismic
forces and displacements throughout the structure. The structure is analyzed independently in
both the longitudinal and transverse directions where an adequate number of modes is included

in each direction to obtain at least 90% mass participation.
According to the AASHTO Specifications, Division 1A, Seismic Performance Category (SPC)

of “B” is used with the Soil Profile Type Il with Site Coefficient of S = 1.5 and the Acceleration
Coefficient of A =0.1125 g.

38



For the St. Clair County Bridge, design earthquake response spectra for both NCHRP 100-year
and 2500-year events (Frequent Earthquake and Maximum Considered Earthquake, respectively)
are compared with the AASHTO design earthquake response spectrum (500-year event) in
Figure 4.3. For NCHRP and AASHTO bridge models, the results of free vibration analysis are
summarized in Figures 4.4 and 4.5, respectively, where the main mode shapes are shown.

4.4 Substructure Design Forces

To obtain the design member forces according to the proposed NCHRP Specification, 100%
earthquake forces in one direction are combined with 40% earthquake forces in the other
direction (instead of 30% used in Division 1-A of the AASHTO Specifications), and then they
are reduced by the appropriate Response Modification factors (R-factors) which depend not only
the type of substructure element (as in the AASHTO Specifications) but also on the performance
level, SDAP, and period of the structure (e.g., R of 1.5 and 0.849 are used in the multi column
bent for the MCE and FE, respectively, in comparison to an R of 5 given in the AASHTO
Specification).

The summary of the design forces and moments in the interior bent are given in Tables 4.1 and
4.2 for the proposed NCHRP Specification and the AASHTO Specifications, respectively. It is
noted that the results for the MCE are considerably larger than the corresponding values for the

FE, thus, the MCE design forces control the final design.

4.5 Reinforced Concrete Column Design and Connections

The reinforced concrete columns in the interior bent are designed considering moment and axial
force interaction effects, using the PCA column design program. The reinforcing steel ratios
used in the existing columns are 0.92% and 1.44% at the top and bottom of the columns,
respectively, are found adequate to resist the AASHTO design moments and axial forces. The
column shear capacities are found to be adequate with use of minimum shear reinforcement.

since the factored shear forces are less than twice the provided design capacities.
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When designed according to the proposed NCHRP Specification, the column dimensions need to
be increased considerably at the bottom to 56”x 35 and slightly at the top to 70”x 35 and the
reinforcing steel ratios increase to 2.64% at the top and 3.31% at the top. Anti-buckling steel

(No. 6 at 4 in. spacing) governs the design of transverse steel in plastic hinge regions.

Column to cap beam and column to crash wall connections at the interior fixed bent are detailed
according to the NCHRP provisions. No special connection detailing is required for this design
under AASHTO Division I-A. Standard splices, hooks, tension development, etc. are detailed as
required by normal design practice. Figures 4.6a-b show the overall geometry and the design
details for the interior bent designed according to the proposed NCHRP Specification.

4.6 Foundation Design

In the existing structure, 36 HP 12 x 53 are used in three rows (24 of which are battered).
Approximate length of each pile in place is 78°. The piles are analyzed using the combined
moment and axial force obtained from a combination of the LPILE results and the response
spectrum analysis. The worst case pile is determined to be loaded approximately 17% over the
design capacity from the AASHTO interaction equation. Since this number is not unreasonably
high, the existing pile configuration is used in the cost comparisons. The abutments are

restrained in the transverse direction and free in the longitudinal direction.

The substructure foundation design was investigated for several abutment lateral-resisting
options (roller, pin, springs with soil resistance, springs without soil resistance in transverse
direction) for the MCE per request from the TRP. It was found that it was more economical not
to rely on the abutments to resist the earthquake load in the transverse direction. Thus, the
abutments were idealized as rollers in the SAP model (the results were presented to TRP in the

June 2003 meeting).
For the NCHRP design, five rows of driven vertical steel piles (HP 14 x 117) spaced at 6.25 ft.

are found necessary to resist the design forces (105 piles total) as shown in Figure 4.7. The

footing length and width are increased to 131.25 ft and 31.25 ft. Individual pile stiffness is
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calculated based on results from the computer program LPILE. Pile load-deformation plots are
produced and pile properties are based on a secant stiffness calculation. The group effects are

not used in either AASHTO or NCHRP designs since pile spacing is greater than 5d.

4.7 Material and Cost Comparisons

Figures 4.8, 4.9, and 4.10 show a detailed comparison of the amount of concrete, steel and the
total length of driven steel piles used in the design of substructures of the St. Clair County Bridge
using the AASHTO Specifications and the proposed NCHRP Specification.

Concrete volume and reinforcing steel weight needed for the substructures designed according to
the proposed NCHRP Specification are 3.65 and 4.3 times the corresponding values obtained
using the AASHTO Specifications. It is noted that the main contributors to the significant
increase in concrete use is the increased size of the footing while the primary contributors for
using more reinforcing steel are the increased amount of reinforcement in the footing and the

columns.

The cost comparisons based on estimated quantities and the unit costs obtained from the 2002
Means Heavy Construction Data and IDOT bid tabulations of the substructure (interior bent)

designed according to the AASHTO and the proposed NCHRP Specifications are given below.

AASHTO NCHRP
Concrete: $69,890 $255,300
Epoxy Coated Rebars: $31,300 $134,800
HP Piles: $66,830 $489,000
TotalCost:  se8020 $879.100

It is observed that the estimated NCHRP substructure interior bent construction cost is 5.23 times

more than the value obtained using the AASHTO Specifications.
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Figure 4.1 — St. Clair County Existing Bridge Geometry -- Side View and Superstructure
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Figure 4.3 — Design Earthquake Response Spectrum for the St. Clair County Bridge
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TABLE: Modal Participating Mass Ratios

With Spring for MCE

Mode Period Individual Mode (%)
UX [6)4 Uz
1 0.772195 42.89 11.59 0.00
2 0.596676 1.70 0.65 0.00
3 0.557558 19.43 72.53 0.00
4 0.360047 0.00 0.00 32.08
5 0.233051 0.05 10.19 0.00
6 0.22987 35.92 5.03 0.00
Mode Shape 1 Mode Shape 5 7 0.198011 0.00 0.00 0.00
8 0.152639 0.00 0.00 0.00
9 0.148196 0.00 0.00 0.00
10 0.118068 0.00 0.00 6.12
11 0.1008 0.00 0.00 0.00
12 0.073461 0.00 0.00 52.36
13 0.070734 0.00 0.00 0.00
14 0.0583 0.00 0.00 9.27
15 0.050561 0.00 0.00 0.00
; 16 0.048321 0.00 0.00 0.00
s . 17 0.030654 0.00 0.00 0.00
' 18 0.028907 0.00 0.00 0.00
19 0.027706 0.00 0.00 0.00
20 0.025344 0.00 0.00 0.16
100.00 100.00 99.99

Mode Shape 3

Mode Shape 6

Figure 4.4 — Free Vibration Results (NCHRP MCE Model)
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TABLE: Modal Participating Mass Ratios

Mode Shape 1 Mode Shape 2

Mode Period UX uy uz
Number [Sec % % %

1 1.0392 40.16 0.45 0
2 0.6622 34.43 8.99 0
3 0.6434 0 0 98.66
4 0.6002 2.08 0.07 0
5 0.4894 0 0 0
6 0.3609 16.02 49.67 0
7 0.3214 0 0 0.24
8 0.3168 7.30 30.02 0
9 0.1644 0.01 7.00 0
10 0.1482 0 0 0
11 0.1115 0 0 1.00
12 0.0707 0 0 0
13 0.0613 0 0 0.10
14 0.0506 0 0 0
15 0.0359 0 0 0
16 0.0305 0 0.03 0
17 0.0289 0 0.05 0
18 0.0271 0 2.69 0
19 0.0259 0 0 0
20 0.0246 0 0 0
21 0.0243 0 0.17 0
22 0.0237 0 0.06 0
23 0.0230 0 0 0
24 0.0225 0 0.03 0
25 0.0205 0 0 0
100.00 99.23 100.00

Mode Shape 6 Mode Shape 8

Figure 4.5 — Free Vibration Results (AASHTO Model)
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Figure 4.7 — NCHRP Interior Bent Footing Geometry (Piles Used: 105 HP 14x117)
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Comparison of Concrete Volume

O AASHTO
m NCHRP

600

500

400

300

200

100

0 —am [

Footing (\le;laas”h Columns BC;Z?n Total
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Figure 4.8 — Concrete Volume Comparison (AASHTO vs. NCHRP)
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Figure 4.9 — Reinforcing Steel Weight Comparison (AASHTO vs. NCHRP)
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Figure 4.10 — Pile Length Comparison (AASHTO vs. NCHRP)
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Table 4.1 — NCHRP Seismic Design Force Result Summary

Final Design Forces and Moments (EQ+DL) By R=1.5

NCHRP - MCE -
Transwers Longitudinal
_ Shear2 | Shear3 |Moment2 [Moment3| Axial | Shear2 | Shear3 |Moment2 |Moment3| Axial
Location Kips kipp | kipft | kipft | kis | kips | kips | kipft | kipft | kips
_ top 21 206 | 3%9 | 96 | w012 | 2304 07 | 254 | 1311 | 9%
Berior Column 1= rom [ 23 49 | 155 | 389 | w0 | 307 37 | 129 | 5088 | 964
_ top 21 57 | 4893 | 997 79 304 399 | 309 | 1314 | 726
Midde Column 1= om [ 288 540 | 1681 | 3860 | 82 | 307 | 49 | 172 | 584 | 74
top 21 541 | 500 | 997 517 304 100 | a4 | B4 | s
Central Column = om [ 258 553 | 1335 | 3716 | 5% | 307 | 40 | 1001 | 4% | 56
NCHRP - FE Final Design Forces and Moments (EQ+DL) By R=0.849. .
Transwerse Longitudinal
, Shear2 | Shear3 |Moment2 [ Moment3| Axial Shear2 | Shear3 |Moment2 [ Moment3| Axial
Location kipp | kis | kipft | kipft | kis | kips | kips | kipft | kipft | Kips
_ top 18 37 21 77 567 % m 368 15 574
Beerior Column = om |18 40 161 168 505 % 15 187 254 602
_ top 18 19 465 77 542 % 57 535 154 546
Midde Column = om [ 18 51 159 309 570 % 58 184 608 574
top 18 50 182 77 517 3 59 54 154 517
Central Column = om |18 53 158 9 | 55 % 50 183 508 545

Longitudinal Combination - 100% load in X direction + 40% load in Y direction + Dead load

Transverse Combination - 100% load in Y direction + 40% load in X direction + Dead load
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Table 4.2 — AASHTO Seismic Design Force Result Summary

Final Design Forces and Moments

AASHTO
Load Combination 1 - (1.0*EQL + 0.3*EQT)+DL Load Combination 2 - (0.3*EQL + 1.0*EQT)+DL
Longitudinal (R =3) Transverse (R =5) Longitudinal (R =3) Transverse (R =5)
Location Shear 3 Moment 2 Shear 2 Moment 3 Axial Shear 3 Moment 2 Shear 2 Moment 3 Axial
kips kip-ft kips kip-ft kips kips kip-ft kips kip-ft kips
. top 42 347 35 151 335 40 323 19 82 346
Exterior Column
bottom 42 172 35 581 365 40 161 19 312 377
. top 54 489 35 151 420 50 457 19 82 425
Middle Column 1= om [ 54 173 35 581 249 50 163 19 312 454
Central Column top 55 507 35 151 503 52 474 19 82 503
bottom 55 173 35 581 530 52 163 19 312 530

R = 3.0 (Single Columns); (Substructure)
R = 5.0 (Multiple column bent); (Substructure)

COMDL1 - 100% load in X (longitudinal) direction + 30% load in Y (transverse) direction + Dead load
COMD?2 - 100% load in Y (transverse) direction + 30% load in X (longitudinal) direction + Dead load
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5. SEISMIC ANALYSIS AND DESIGN INVESTIGATION OF
PULASKI COUNTY BRIDGE

5.1 Introduction

The main purpose of this investigation is to provide the Illinois Department of Transportation
(IDOT) with adequate information to assess the impact of the proposed NCHRP Specification on
the seismic design of the Pulaski County bridge in Southern Illinois. The bridge substructure
piers are redesigned for earthquake loads using both the seismic provisions given in Division 1A
of the AASHTO Specifications and the proposed NCHRP Specification where the “Operational”
performance objective is specified. Detailed computations for design and analysis of this bridge
according to the proposed NCHRP Specifications and the AASHTO Specification are given in
Appendices E and F, respectively.

5.2 Existing Structure

The existing four-span bridge with span lengths of 40’- 87, 73’- 3”7, 73’ -3”, and 40’- 8” was
designed in 1965. Its superstructure consists of a 6.5 thick (30° wide) reinforced concrete slab
supported on five W 33x130 steel girders spaced at 6°- 6” (0.c.). The superstructure is fixed in
both longitudinal and transverse directions at the second pier by bolsters, and it is attached by
rockers to the other piers and the non-integral abutments allowing it to move freely in the
longitudinal direction while it is restrained in the transverse direction. All interior bents consist
of hammerhead piers (15°- 6” wide at the bottom, 12°- 00” wide at the narrow section at the top,
2’-6” thick reinforced concrete walls) supported on 2’-3"" thick footings and two rows of

battered H piles. EXxisting bridge geometry is shown in Figures 5.1-3.

5.3 SAP Modeling and Basic Seismic Parameters

The bridge is modeled using SAP 2000 beam elements. The model is a “stick figure” model,
where the stiffnesses and masses of the members of the superstructure and substructure are
converted into equivalent beam elements. The foundation of the bridge is modeled using
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springs, whose stiffnesses are calculated based on the pile stiffnesses. Note that the foundation
model requires iteration, since the piles are not designed initially and the spring stiffnesses, and
hence the finite element analysis, has to be updated throughout the design phase. Steel piles are

used for analysis.

Several individual models of the hammerhead piers were considered to verify that the stick
model is capturing the dynamic behavior of piers. After some finite element studies of varying
complexity, it was determined that the stick model would properly model the piers as long as the

rotational inertia of the deck was considered in the model.

According to the proposed NCHRP Specification and with the provided geotechnical
information at the bridge site (see Appendix G), the Pulaski Country Bridge site is classified as
Site Class “D” with Seismic Hazard Level of 1V where Seismic Design and Analysis Procedure
(SDAP) “D” and Seismic Detailing Requirements (SDR) of 6 are used to obtain the
“Operational” performance objective. No potential for liquefaction exists at the given site. The
Elastic Response Spectrum Method is required. Thus, the SAP model is analyzed using modal
analysis, and then the response spectrum procedure is used to distribute the required seismic
forces and displacements throughout the structure. The structure is analyzed independently in
both the longitudinal and transverse directions where an adequate number of modes is included

in each direction to obtain at least 90% mass participation.

According to the AASHTO Specifications, Division 1A, Seismic Performance Category (SPC)
of “C” is selected where the Soil Profile Type Il with Site Coefficient of S = 1.5 and the

Acceleration Coefficient of A = 0.22g are used.

For the Pulaski County Bridge, design earthquake response spectra for both NCHRP 100-year
and 2500-year events (Frequent Earthquake and Maximum Considered Earthquake, respectively)
are compared with the AASHTO design earthquake response spectrum (500-year event) in

Figure 5.4.
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For NCHRP and AASHTO bridge models, the results of free vibration analysis are summarized

in Figures 5.5 and 5.6, respectively, where the significant mode shapes are shown.

5.4 Substructure Design Forces

To obtain the design member forces according to the proposed NCHRP Specification, 100%
earthquake forces in one direction are combined with 40% earthquake forces in the other
direction (instead of 30% used in Division 1-A of the AASHTO Specifications), and then they
are reduced by the appropriate Response Modification factors (R-factors) which depend not only
the type of substructure element (as in the AASHTO Specifications) but also on the performance
level, SDAP, and period of the structure. For example, R of 1 and 1.5 are used in the piers acting
as a wall pier in the strong direction and a single column in the week direction, respectively, for
the MCE, and R of 0.76 is used for the FE in comparison to R of 2 and 1.0 used for flexure and
shear, respectively, in the AASHTO Specifications.

After several trials due to the high intensity of the seismic design forces in fixed bent in case of
NCHRP design, it was decided to redesign the other two expansion bents as fixed bents. The
summary of the design forces and moments in the three piers are shown in Table 5.1 and 5.2 for
the proposed NCHRP Specification and the AASHTO Specifications, respectively. It was found
that the design forces obtained for the MCE were considerably larger than the corresponding
values for the FE, thus, the substructure design is governed by the MCE design forces (see
Appendix E).

5.5 Wall Design in Hammerhead Piers

The walls are designed considering moment and axial force interaction effects using the PCA
column design program. The superstructure model is considered pinned at the top of fixed pier,

and free to move longitudinally at the top of the expansion piers.

When designed according to the AASHTO specification, fixed and expansion piers are designed
to have the same wall thickness (30°" and 48’ respectively), however, the bottom dimension of
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the hammerhead pier at the fixed bent is increased by 6°’ (from 15’ — 6” to 16’). For ease of
comparison, the same pier dimensions are used in the NCHRP design for the interior bents as
used in the AASHTO design.

The vertical reinforcing steel in the middle pier (bent 2) designed according to NCHRP
provisions (196 #11) is 1.44 times the steel used in other piers (136 #11 in bents 1 or 3) where
the transverse reinforcement is similar for both all interior bents. The transverse steel in the
weak direction at the plastic hinge regions at the bottom of the piers (70 legs #5 rebars, used as
anti-buckling reinforcement) is extensive compared to the ones used at the top of the piers (24
legs of #4 rebars).

When designed according to the AASHTO specifications, the vertical reinforcing used in the
fixed pier is almost similar to the one used in the expansion piers (44 #11 vs 42 #11,
respectively) where the transverse reinforcement is similar for both types of bents.

Figures 5.7 a-b and Figures 5.8 a-b provide design detail summaries for the hammerhead walls
at the fixed and expansion piers designed according to the NCHRP provisions and the AASHTO
specifications, respectively, where special detailing required for the wall to footing connections
by the NCHRP provision are also shown.

5.6 Foundation Design

For the NCHRP design, 40 driven vertical steel HP 14 x 117 piles (in four rows spaced at 70 in.
o0.c.) are found necessary to resist the design forces at each fixed pier (bents 1, 2, and 3 --120
piles total). For the AASHTO design, 15 HP 14 x 89 piles (in three rows of 5) and 10 HP 14 x
89 piles (in two rows of 5) are used in the fixed pier (bent 2) and expansion piers (bents 1 and 3),

respectively (35 plies total), where all piles are spaced at 6 ft. (0.c.).
Overall dimensions of the footings for NCHRP and AASHTO designs are given in Figures 5.7¢

and Figures 5.8 c-d, respectively. In both designs, the footing length and width are increased to
accommodate the piles. The group effects are not used in either AASHTO or NCHRP designs
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since pile spacing is greater than 5d (Walsh et al. 2000). Individual pile stiffness is calculated
based on results from the computer program LPILE. Pile load-deformation plots are produced

and pile properties are based on a secant stiffness calculation.

5.7 Material and Cost Comparisons

Figures 5.9, 5.10 and 5.11 show a detailed comparison of the amount of concrete, steel and the
total length of driven steel piles used in the design of substructures of the Pulaski County Bridge
using the AASHTO Specifications and the proposed NCHRP Specification.

Concrete volume and reinforcing steel weight needed for the substructures designed according to
the proposed NCHRP Specification are 4.88 and 5.61 times the corresponding values obtained
using AASHTO Specifications. It is noted that the main contributors to the significant increase
in concrete use is the increased size of the footing while the primary contributors for using more

reinforcing steel are the increased amount of reinforcement in the walls.

The cost comparisons of the substructure (interior bents) designed according to the AASHTO
and the proposed NCHRP Specifications based on estimated quantities and the unit costs
obtained from the 2002 Means Heavy Construction Data and IDOT bid tabulations are given

below.

AASHTO NCHRP
Concrete: $73,790 $359,450
Epoxy Coated Rebars: $21,700 $121,730
HP Piles: $69,850 $417,240
TotalCost:  s1530 $808420

It is noted that the estimated total construction cost of using the proposed NCHRP Specification
is 5.43 times the value obtained using the AASHTO Specifications.
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Figure 5.4 — Design Earthquake Response Spectrum for Pulaski County Bridge
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Mode Shape 1- (UX- 46%)

Modal Participating Mass Ratios
1 With Spring for MCE
Mode Period INDIVIDUAL MODE(%)
d UX uy | uz
| 1 0.485747 | 4594 | 0.00 | 0.00
2 0.267381 0.45| 0.00| 0.00
3 0.221216 0.00 | 0.00 | 0.00
4 0.213759 0.00 | 68.76 | 0.00
5 0.186965 0.00 | 0.00 | 13.77
6 0.175687 0.00| 9.61| 0.00
7 0.149138 2.64 | 0.00| 0.00
Mode Shape 4- (UY- 67%) 8 0.149138 | 16.32 | 0.00| 0.00
9 0.14573 0.00 | 20.79 | 0.00
10 0.12624 0.00 | 0.00 | 0.00
11 0.099286 0.00 | 0.08 | 0.00
12 0.096843 | 18.23 | 0.00 | 0.00
13 0.093833 0.00 | 0.00 | 0.00
14 0.092676 448 | 0.00| 0.00
15 0.092676 | 11.22 | 0.00 | 0.00
16 0.091418 0.69 | 0.00| 0.00
17 0.085216 0.00 | 0.00 | 20.20
50 0.021368 0.00 | 0.00 | 0.00
99.96 | 99.25 | 33.96

Mode Shape 8- (UX- 17%)

Mode Shape 9- (UY- 21%)

Figure 5.5 — Free Vibration Results (NCHRP MCE Model)
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Modal Participating Mass Ratios
Step Period UX uy uz
No. Sec % % %
1 0.947 68.06 | 0.00 0.00
2 0.293 0.00 17.44 | 0.00
3 0.270 0.03 0.00 0.00
4 0.226 0.00 0.00 0.00
5 0.189 0.00 0.00 23.80
6 0.179 5.44 0.00 0.00
7 0.158 0.00 12.86 | 0.00
8 0.114 0.00 0.00 0.00
9 0.102 0.00 41.93 | 0.00
10 0.093 0.00 0.00 0.00
11 0.088 0.00 0.00 34.78
12 0.076 0.00 2.15 0.00
13 0.075 0.01 0.00 0.00
14 0.068 0.00 0.00 241
15 0.058 0.00 6.24 0.00
16 0.057 0.00 3.74 0.00
17 0.048 0.00 0.00 0.00
18 0.046 0.00 0.00 34.45
19 0.045 4.26 0.00 0.00
20 0.044 2.85 0.00 0.00
21 0.044 0.00 4.99 0.00
22 0.039 0.00 0.00 0.00
23 0.037 0.00 0.15 0.00
24 0.036 0.08 0.00 0.00
25 0.035 0.00 4.15 0.00
26 0.035 9.00 0.00 0.00
Mode Shape 8 (UY- 13%) Mode Shape 9 (UY - 43%) > o oo Toee 1o
29 0.028 0.00 0.55 0.00
Total 89.74 96.87 97.31
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Figure 5.6 — Free Vibration Results (AASHTO Model)
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Cubic Yards of Concrete

Comparison of Concrete Volume

@ AASHTO
m NCHRP

800

600 -

400 -

200 -

, B e
Pile cap (CY) Wall (CY) Total (CY)

@ AASHTO 70 85 155
m NCHRP 605 151 756

Figure 5.9 — Concrete Volume Comparison (AASHTO vs. NCHRP)
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Steel Weight (Kips)

Comparison of Steel Weight

@ AASHTO
m NCHRP

200
150
100
50
0 ,A :. 44
Pile cap Pile cap Wall long | Wall trans Total
long trans
@ AASHTO 8.77 6.43 11.86 2.27 29.33
m NCHRP 28.91 52.88 48.92 33.79 164.5

Figure 5.10 — Reinforcing Steel Weight Comparison (AASHTO vs. NCHRP)
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Figure 5.11 — Pile Length Comparison (AASHTO vs. NCHRP)
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Table 5.1 — NCHRP Seismic Design Force Result Summary

MCE Final Design Forces & Moments {(EQ/ R)+ DL}
Transverse Longitudinal
i Shear 2 | Shear 3 [ Moment 3| Moment 2| Axial | Shear 3 | Shear 2 [ Moment 2|Moment 3| Axial
Support / Location _ _ . , , , _ : . :
kips kips kip-ft kip-ft kips | Kkips kips kip-ft kip-ft kips
Pier 2 Topl 350 | 1146 0 28687 1 519 | 458 | srs | 1M 0 519
Bottom 5431 37284 14914 13578
Pier 1&3 ToPl 465 | 1601 0 16116+ 470 | sa0 | 1163 | OMO 0 544
Bottom 6111 31133 12453 15277

Longitudinal Combination - 100% load in X direction + 40% load in Y direction + Dead load

Transverse Combination - 100% load in Y direction + 40% load in X direction + Dead load
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Table 5.2 — AASHTO Seismic Design Force Result Summary

Final Design Forces & Moments (AASHTO

Pier Location Joint | Loead Case Shear 2 Shear 3 Axial Moment2 | Moment 3

Mo, kip kip kip kap-ft ap-ft
DEAD 0.0 0.0 -352.2 0.0 0.0
1 At "Rleck! 4 COmAD 21.0 16.4 -335.6 3782 256
Exp COomD2 G.3 54.8 -347 2 1260.8 77
0.0 0.0
DEAD 0.0 0.0 -352.2 0.0 0.0
3 At "Heck" 40 CORADN 21.0 16.4 -335.6 3782 256
Exp ComDz2 6.3 54.8 -347 .2 1260.8 77
0.0 0.0
DEAD 0.0 0.0 -4231 0.0 0.0
1 At Bottam 5 COmADM 3.7 18.0 -A06. 4 327 5 2045
Exp CompD2 9.5 B0.1 -418.1 1051.8 G1.4
] ]
DEAD 0.0 0.0 -4231 0.0 0.0
3 At Bottam 30 COmAD 3.7 18.0 -406. 4 327 A 2045
Exp CompD2 9.5 B0 -418.1 1051.8 G1.4

I

DEAD 0.0 0.0 427 B 0.0 0.0
2 At "Rleck! 23 COmAD 430 4 34.8 427 B 317 .2 1306.5
Fix ComrD2 144 1 116.1 427 B 1057 .5 3920
0.0 0.0
2 At Bottam DEAD 0.0 0.0 -514.8 0.0 0.0
Fix 14 CORADN 4919 392 -514.8 517 B 53385
ComDz2 147 6 130.7 -514.8 17253 1601.5

COMDL1 - 100% load in X (longitudinal) direction + 30% load in Y (transverse) direction + Dead load
COMD?2 - 100% load in Y (transverse) direction + 30% load in X (longitudinal) direction + Dead load
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6. GROUND MOTION INVESTIGATION AT SOUTHERN ILLINOIS BRIDGE SITES

6.1 Introduction

Adoption of the proposed NCHRP Specification may result in a significant increase in the level
of earthquake forces for bridges located in the Central United States as opposed to the current
AASHTO Specifications. Comparison of the design earthquake response spectrum for the 2500-
year event, 3% probability of exceedance in 75 years (the Maximum Considered Earthquake
which controlled the NCHRP design forces and moments in substructure members in all three
bridges investigated), indicates that the peak values of the spectrum are significantly higher (2.9
to 5.7 times) than the corresponding values obtained from the AASHTO design earthquake
response spectrum corresponding to a 475 year event (15% probability of exceedance in 75
years) at the bridge sites given in three southern Illinois counties (Johnson County, St. Clair
County, and Pulaski County).

The purpose of this investigation is to obtain acceleration coefficients at the four sites in southern
Illinois for both bedrock and ground surface levels using existing source paths and site models,
and attenuation relationships supplemented by new developments to produce synthetic time
histories, response spectra values at frequencies of interest, uniform hazard spectra, and site

amplification factors.

To accomplish the objectives of this study, as stated in Section 2.3, two major tasks are
identified: 1) development of horizontal bedrock motion, and 2) site response analysis. Detailed
descriptions of these tasks are given in the Sections 6.2 and 6.3, and the summary of the results is

presented n Section 6.4.

6.2 Task 1 - Development of Horizontal Bedrock Motions

Task 1 consists of development of procedures to generate horizontal bedrock motions for four
bridge sites in southern Illinois based on the latest available information. This task includes

three sub-tasks as briefly described below.
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Task 1A - Identification of Seismic Source Zones: A detailed literature search was performed to

identify seismic sources that will be used to characterize seismicity in the New Madrid region
and any other potential seismic sources in the region including the Wabash region. The research
publication by Van Arsdale and Johnston (1999) was used to define seismic sources. In addition,
the report by Toro and Silva (2001) was used to identify seismic sources and to quantify the rates
of occurrence and maximum magnitude for various sources. Recent and ongoing research under
the auspices of the Mid-America Earthquake Center (MAEC) was considered with specific

attention to seismic sources and parameters that are relevant to Illinois.

We believe that the parameters used by Toro and Silva (2001) and Van Arsdale and Johnston
(1999) are more suitable for the study region (see Figure 6.1). The focus of this project was the
State of Illinois; therefore, attentions were focused on seismic sources and parameters that are
prevalent to Illinois. Figure 6.1 shows the New Madrid seismic zone and other seismic sources
used by Toro Silva (2001) and also used in this study. Figure 6.2 shows the background seismic
sources used by Toro and Silva (2001) which were also included in this study. Figure 6.3 shows
the three zones used in this study to represent the Wabash seismic zone (adopted from Toro
Silva, 2001).

Task 1B - Evaluation of Attenuation Relationships and Occurrence Rates: Seismic attenuation

relationships and occurrence rates are key input parameters for generation of bedrock ground
motions. The following attenuation equations were used using equal weights: Atkinson and
Boore (1995); Toro et al. (1997); Frankel et al. (1996); Pezeshk, et al. (1998); and Campbell and
Bozorgnia (2003).

Task 1C - Generation of Artificial Earthquakes and Bedrock Motions: In this task, maps of

appropriate scales were used to determine the seismic hazard and the probabilistic consistent
magnitude and epicentral distance. The consistent magnitude and epicentral distance as well as
attenuation relationships and occurrence rates determined in Task 1B were used to generate
artificial earthquakes with a corresponding bedrock time history at each of the four sites
considered. The computer program SMSIM (Boore 2003) was used to generate artificial time
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histories for this study. Spectral values were generated for 5 Hz (0.2 seconds), 1 Hz (1 second),

and peak rock accelerations for return periods of 1000 and 2500 years at the selected four sites.

6.3 Task 2 - Site Response Analysis

Task 2 consists of generating peak ground accelerations, 1-second response spectrum
accelerations, and 0.2-second response spectrum accelerations for the selected four sites by
transmitting the seismic waves at the bedrock through soil. This task includes two sub-tasks as

briefly described below.

Task 2A — Site Studied: Site-specific studies were performed for four bridge sites in Illinois:

. Bridge 1. Located in Johnson County (37.433°N, 88.869°W)

. Bridge 2. Located in St. Clair County (38.588°N, 89.912°W)

. Bridge 3. Located in Pulaski County (37.200°N, 89.152°W)

. Bridge 4. Madison County bridge related in Pulaski County (37.283°N, 89.150°W)
Locations of these bridge sites are shown in Figure 6.4 and Figure 6.5.

Task 2B — Determination of Acceleration Coefficients: Site response analyses were performed to

obtain representative response spectra at the ground surface based on the propagated NEHRP B-
C boundary time histories and soil properties obtained from soil boring information at each
bridge. The shear wave velocities for the upper soil strata were obtained from the standard
penetration test (SPT) using the procedure outlined in Pezeshk, et al. (1998) and Wei, et al.
(1999). The shear wave velocities for the remaining depth of soil/rock to the bottom of the soil
boring were determined based on the shear wave velocity profile as outlined in Pezeshk, et al.
(1998) and Romero and Rix (2001). The shear modulus, Gnax, corresponding to a very small
shear strain (lower than about 3 x 10™ percent) was determined based on the in-situ shear wave
velocities. The shear modulus degradation curves and damping ratio curves used were taken
from Pezeshk, et al. (1998).

To determine a better estimate of site characterization for Bridges 3 and 4, Mr. Bob Bauer of

Illinois Geological Survey was contacted. Mr. Bauer identified the Weldon Wells borehole (SS#

79



13430) in Section 15 of T15S, R1W closest to Bridge 3 and Bridge 4 sites. For Bridges 3 and 4,
the boring logs provided at the bridge site were used for the upper strata. The Weldon Wells
borehole is used for the remaining depth of soil/rock to the bottom of the soil boring at the bridge
sites.

Once the required input data were collected, site response analyses were performed for the four
selected sites using commercial site response software. Utilizing these data, the program
SHAKE91 (Idriss and Sun, 1992) was used to conduct equivalent linear seismic response
analyses of the assumed horizontally layered soil deposits. The information produced by
SHAKED9L1 included the relevant data for this study which consisted of the response spectra at the
surface for the 0.2 second and 1.0 second spectral accelerations and the surface time histories.

The spectral accelerations at 0.2 second and 1.0 second were determined from the appropriate
response spectrum based on the attenuation equations used in the probabilistic seismic hazard
analysis (PSHA). Using these values, the smooth, uniform hazard response spectrum at the
ground surface was generated for design ground motions with 1,000 and 2,500 year-return

periods and damping of 5 percent.

6.4 Results

Table 6.1 and Figures 6.4 and 6.5 provide three sets of acceleration coefficients: (1) USGS 1996
acceleration coefficients, (2) Toro and Silva (2001) acceleration coefficients, and (3) acceleration
coefficients from this study. Also, the site amplification factors for 0.2-second and 1.0-second
spectral for the MCE (2% probability of exceedance in 50 years) are provided in Table 6.1. Itis
observed that the USGS 1996 and this study have comparable acceleration coefficients when a
2500-year return period is considered, with a slightly lower acceleration coefficient found in the
study for Bridges 1, 3, and 4 and slightly higher PGA found in this study for Bridge 2.
Furthermore, Toro and Silva acceleration coefficients, which are for rock sites, are much smaller
than the other two studies. In general, this study results in higher acceleration coefficients than
USGS 1996 acceleration coefficients for a 1000-year return period ground motions. Per request
from the Technical Review Panel, the latest USGS acceleration coefficients made available in
2002 are also given in Table 6.1. However, there has been no attempt to compare the results of
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this study with the 2002 USGS acceleration coefficients because the seismic response spectra in
the proposed NCHRP Specification are based on the 1996 USGS hazard maps (not 2002).

81



+ + * *

+ -+ o i

(~ +

+ + + + + + +

|
Legend

R —
- Fault 0 50 100
D GSSZ

Figure 6.1 — The New Madrid Seismic Zone and Other Seismic Sources Used by Toro Silva (2001)
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Figure 6.2 — Background Seismic Sources (Adopted from Toro and Silva, 2001).
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Figure 6.3 — Three Zones Used to Represent Wabash Seismic Zone (Adopted from Toro and Silva, 2001).
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Figure 6.4 — Locations of bridges studied and the corresponding 0.2-second, 1-second spectral accelerations, and PGA comparisons
with the USGS 1996 hazard maps, Toro and Silva (2001) for a return period of 2500 years.
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Figure 6.5 — Locations of bridges studied and the corresponding 0.2-second, 1-second spectral accelerations, and PGA comparisons
with the USGS 1996 hazard maps for a return period of 1000 years.
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Table 6.1 — Summary of Results of the Ground Motion Study at Four Southern Illinois Bridge Sites

Return Period Coordinates National Hazard Maps Toro and Silva (2001) This Study
(Years) Latitude |Longitude|] PGA | 0.2sec | 1sec PGA | 0.2sec| 1sec PGA | 0.2sec | 1sec
2500 - USGS 1996 37.433 88.869 0.921 | 1.750 | 0.506 0.330 | 0.600 | 0.180 0.835 1.685 0.331
2500 - USGS 2002 0.955 | 1.766 | 0.486
Bridge 1 1000 0.420 | 0.847 | 0.203 0.530 0.909 0.210
Site Coefficient 1.000 | 1.300 1.390 1.169
Ground Surface 1.750 | 0.658 2.342 0.387
2500 - USGS 1996 38.588 89.912 0.327 | 0.626 | 0.192 0.170 | 0.330 | 0.075 0.374 0.579 0.148
2500 - USGS 2002 0.334 | 0.640 | 0.181
Bridge 2 1000 0.184 | 0.376 | 0.103 0.177 0.370 0.069
Site Coefficient 1337 | 2.161 0.694 2.865
Ground Surface 0.837 | 0.415 0.402 0.424
2500 - USGS 1996 37.2 89.152 1533 | 3.161 | 0.919 0.450 | 0.900 | 0.250 1.320 2.434 0.607
2500 - USGS 2002 1.737 | 3.330 | 1.114
Bridge 3 1000 0.555 | 1.102 | 0.264 0.886 1.542 0.460
Site Coefficient 1.000 | 1.500 1.031 2.756
Ground Surface 3.161 | 1.379 2.510 1.673
2500 - USGS 1996 37.283 89.150 1433 | 2.655 | 0.769 0.450 | 0.900 | 0.250 1.290 2.153 0.508
2500 - USGS 2002 1592 | 2.930 | 0.887
Bridge 4 1000 0.555 | 1.110 | 0.264 0.880 1.338 0.377
Site Coefficient 1.000 | 1.500 0.688 2.598
Ground Surface 2.655 | 1.154 1.480 1.320
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7. SUMMARY AND CONCLUSIONS

7.1 Summary

The technical basis of the seismic provisions within both the American Association of State
Highway and Transportation Officials (AASHTO) Standard Specifications for Highway Bridges
(AASHTO 1996) and the AASHTO LRFD Bridge Design Specifications (AASHTO 1998) are
essentially the same as that of the seismic design guidelines published over two decades ago by
the Applied Technology Council (ATC 1981). In 1998, the National Cooperative Highway
Research Program initiated a study to develop a new set of seismic design provisions for
highway bridges (NCHRP Project 12-49) for possible incorporation into the future AASHTO
LRFD bridge design specifications. The recommended specification provided the technical basis
for a stand-alone set of provisions entitled “Recommended LRFD Guidelines for the Seismic
Design of Highway Bridges” developed by a joint venture of the ATC and the Multidisciplinary
Center for Earthquake Engineering Research, MCEER (ATC/MCEER 2002). The primary
objective of the Guidelines was to develop seismic design provisions that reflect the latest
research findings, design philosophies, and design approaches.

In comparison with the AASHTO Specifications, the proposed NCHRP Specification has
adopted a dual-criteria strategy of two-level design earthquakes. One based on an expected or
Frequent Earthquake (FE) with a 50% probability of exceedance in the 75-year design life of a
bridge (with a return period of 108 years), and the second based on a rare or Maximum
Considered Earthquake (MCE) with a 3% probability of exceedance in 75 years (with an
approximate return period of 2500 years). Current AASHTO Specifications consider a single-
level earthquake with a 10% probability of exceedance in 50 years (with a return period of 475
years). Also, the proposed NCHRP Specification defines two seismic performance levels in
terms of the anticipated performance of the bridge in the rare earthquake event: Life Safety —
which means the bridge should not collapse (partial or complete replacement may be required)
and serious personal injury or loss of life should be avoided, and Operational — which means the
bridge will be functional immediately after a rare earthquake. New US Geological Survey
(USGS) maps developed by A.D. Frankel and E.V. Leyendecker (2000) are used in the proposed
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NCHRP Specification instead of the USGS maps developed for the 1988 NEHRP provisions
used in the current AASHTO specifications (AASHTO 1996 and 1998). The seismic design

procedure used in the proposed NCHRP Specification is summarized in Chapter 2.

As a part of a research project sponsored by Illinois Transportation Research Center (ITRC), the
substructures of four existing bridges in southern Illinois were redesigned according to the
proposed NCHRP Specification (ATC/MCEER 2002) and the AASHTO Specifications
(AASHTO 1996). The results of the design of first three bridges located in Johnson County, St.
Clair County, and Pulaski County are presented in Chapters 3, 4, and 5, respectively, where the
impact of using the new proposed NCHRP Specification on the materials and construction costs
are also included. The corresponding engineering computations are given in Appendices A
through F. The result of a similar study for the fourth bridge (currently in progress) will be
submitted to the project Technical Review Panel (TRP) as an addendum report due to
termination of the project effective June 30, 2004, as a result of both the appropriation and re-
appropriation of the ITRC not being included in the Illinois Department of Transportation
(IDOT) budget for FY 2005.

According to the current AASHTO Specifications, Division 1A, the Seismic Performance
Category (SPC) of the Johnson County bridge (originally designed in 1970) and St. Clair County
bridge (originally designed in 2000) are specified as “B” where the Acceleration Coefficient (A)
of 0.15g and 0.1125g and Soil Profile Type of | and Ill, Site Coefficient (S) of 1.0 and 1.5 are
used, respectively. For the Pulaski County bridge (originally designed in 1965) with Site Soil
Profile Type Ill (S=1.5), the SPC of “C” is selected where A = 0.22g. It is noted that since the
St. Clair County bridge was recently designed according to the AASHTO Specification, its

substructure members were only checked for strength adequacy.

According to the proposed NCHRP Specification and with the provided geotechnical
information, the bridge sites in Johnson County, St. Clair County, and Pulaski County are
classified as Site Class “D” with Seismic Hazard Level of IV where Seismic Design and

Analysis Procedure (SDAP) “D” and Seismic Detailing Requirements (SDR) of 6 are used to
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obtain the “Operational” performance objective. No potential for liquefaction exists at the given
sites.

For both AASHTO design and NCHRP design, the bridges are idealized as a “stick figure”
model using SAP 2000 beam elements (CSI 1998), where the stiffnesses and masses of the
members of the superstructure and substructure are converted into equivalent beam elements.
Cracked section properties are used for substructure elements. The foundation of the bridge is
modeled using springs, whose stiffnesses are calculated based on the pile stiffnesses. Note that
the foundation model requires iteration, since the piles are not designed initially and the spring
stiffnesses, and hence the finite element analysis, has to be updated throughout the design phase.
The structure is analyzed independently in both the longitudinal and transverse directions where
an adequate number of modes are included in each direction to obtain at least 90% mass

participation.

The substructures of these bridges consisted of interior bents comprised of reinforced concrete
solid walls or multi-column piers, and non-integral reinforced concrete abutments. The
foundations consisted of concrete or steel piles. It is noted that for comparison purposes in all
Illinois bridges investigated, similar earthquake resisting systems are used in the NCHRP design
as in the AASHTO design, as requested by the project TRP. The superstructures of these bridges
consisted of reinforced concrete slabs supported on two-, three-, and four-span continuous steel

wide flange beams or plate girders.

Since using the proposed NCHRP Specification can result in a significant increase in the level of
earthquake forces in southern Illinois (as opposed to the current AASHTO Specifications), the
realism of the new USGS accelerations for the four bridge sites in southern Illinois was also
evaluated in this study. The acceleration coefficients for both bedrock and ground surface levels
were regenerated where at each bridge site by an independent procedure using existing source
paths and site models, and attenuation relationships supplemented by new developments to
produce synthetic time histories, response spectra values at frequencies of interest, uniform
hazard spectra, and site amplification factors. The ground motion acceleration results are
presented and compared with the USGS values in Chapter 7.
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7.2 Observations and Concluding Remarks

AASHTO seismic forces are uniformly based on a “Life Safety” design philosophy. The
NCHRP guidelines are based on a two-tier approach, allowing the bridge owners to choose a
“Life Safety” or an “Operational” level of performance, depending on how critical the roadway
is in terms of emergency response, economic recovery, and other intangible factors. In this
research, as requested by IDOT, the AASHTO Specifications were compared to an
“Operational” NCHRP performance level. Thus, it is expected that the seismic forces obtained
from the AASHTO Specifications in Illinois bridges would be lower than those obtained from
the proposed NCHRP Specification when this approach is used.

Comparison of the design earthquake response spectrum for the MCE, which governs the
NCHRP design forces and moments in substructure members in cases investigated, indicates that
the peak values of the spectrum are significantly higher (2.9 to 5.7 times) than the corresponding
values obtained from the AASHTO design earthquake response spectrum at the bridge sites
given in three southern Illinois counties (see Figures 3.2, 4.3, and 5.4). Also, the AASHTO
response modification factors for all bridges investigated were significantly larger (2.0 to 3.3
times) than the corresponding values used in the NCHRP designs for the MCE since the
“Operational” performance objective was specified for the NCHRP design.

Due to the above reasons, the NCHRP design forces and moments for the substructure elements
and foundations were significantly higher than the corresponding values used in AASHTO
Specifications (see Tables 3.1, 3.2, 4.1, 4.2, 5.1, and 5.2). Consequently, larger amounts of
reinforcing steel and/or concrete were used in the NCHRP wall or multi-column bents where an
extensive number of reinforced concrete or steel H piles were needed in the foundations in
comparison to the AASHTO design (see Figures 3.12, 3.13, 4.8, 4.9, 4.10,5. 9, 5.10, and 5.11).

More specifically, the concrete volume and reinforcing steel weight required in the NCHRP

design are 3.16 and 2.39 times the corresponding values obtained using AASHTO Specifications
in the Johnson County bridge while it is estimated that the total cost of the interior bents
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designed using the NCHRP Specification is 1.96 times the value obtained using the AASHTO
Specifications.

For the St. Clair County Bridge, the concrete volume and reinforcing steel weight needed for the
substructures designed according to the proposed NCHRP Specification are 3.65 and 4.30 times
the corresponding values obtained using AASHTO Specifications while it is observed that the
NCHRP substructure bent design cost is 5.23 times the corresponding value obtained in the
AASHTO design.

In the Pulaski County bridge, the concrete volume and reinforcing steel weight needed for the
substructures designed according to the proposed NCHRP Specification are 4.88 and 5.61 times
the corresponding values obtained using AASHTO Specifications while it is observed that the
NCHRP substructure bent design cost is 5.43 times the corresponding value obtained in the
AASHTO design. It is noted that the construction cost impact of using the proposed NCHRP
Specification is higher in the case of the Pulaski County bridge in comparison with the St. Clair
County bridge (5.43 vs 5.23) both with similar the AASHTO Site Soil Profile Type Il and the
NCHRP Site Class of “D” while the product of the maximum spectrum acceleration coefficient
ratio of Samax (mce)/ Samax (aasHto) and the response modification factor ratio of Raaskto / R mce

is also higher in the case of the Pulaski County bridge.

The size of the footings and number of piles needed for the NCHRP designed substructure in this
study are obviously impractical to actually incorporate into the final design plans. These were
shown for comparison of like foundation types. It is recommended that in practical design the
bridge engineer take advantage of the flexibility provided by the proposed NCHRP Specification
by using other methods of handling the increased seismic demand on the substructure such as the
use of seismic isolation bearings, seismic lock-up devices, or a change in the earthquake resisting
system and the foundation type when necessary.

Comparison of the ground motion accelerations obtained in this study with the ones obtained

from the USGS maps (1996) indicates that they are comparable when a 2500-year return period
is considered. Slightly lower acceleration coefficients were found in the study for the Bridges 1,
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3, and 4 and a slightly higher acceleration coefficient was found for Bridge 2 (see Figure 6.4 and
Table 6.1 for bridge locations and summary of the ground motion results).

7.3 Future Research

For further study of the impact of construction cost on southern Illinois highway bridges using
the proposed NCHRP Specification, we propose that several additional cases be considered
where the added flexibility provided in the proposed NCHRP Specifications is fully utilized by
investigating more innovative methods of handling the increased seismic demands such as using
lead rubber seismic isolators (Arab et al. 2004); or changing the earthquake resisting systems
such as using more flexible piers to reduce the seismic loads (by increasing the fundamental
period of the bridge) or using integral abutments to resist the seismic loads where appropriate
(Emami and Panahshahi 2004). Also, additional investigations can be conducted using the 1000-
year seismic event as the MCE instead of the 2500-year event used in the proposed NCHRP
Specifications. Future research using NCHRP “Life Safety” performance objective could also
provide valuable information for cost impact study of nonessential Illinois bridges.

For the ground motion study of the southern Illinois region, another software packages named
DEEPSOIL has been recently developed by Professor Hashash of the University of Illinois and
his students (Hashash and Park, 2001; Hashash and Park, 2002). The software package
DEEPSOIL, which considers the full nonlinear behavior of soil, is based on new research being
conducted for the Mid-America Earthquake Center (MAEC). For future ground motion research
in southern Illinois, we propose further investigation is done using the computer package
DEEPSOIL and compare the results with SHAKE91 results.
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Superstructure Section Properties

Rolled beam 27W94

Lbrldge = 109.33 ft
.2
Agirder = 27.7 In
dgirder = 26.9 in
.4
ly = 3270 in
. 3
Sy i= 243 in
.4
Iy =124 in
. 3
Sy =248 in

Length of the bridge
Area of the girders

Depth of the girders
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6 girder at 7' 2"
Slab thickness = 8"
Hung = 1"

N:= 8 Number of longitudinal reinforcements
hung =1 in

bslab = 42-12

bslab = 504 in

Effective width of the composite section (AASHTO LRFD 4.6.2.6.2)

L= 32-E 1/4 of the span length
4

Ly=96 in

Ly:=7.16-12 Girder spacing

L, = 85.92 in

L3:= 812 + max(.49,.5-.745)

L3 = 96.49 in

befrective = mi”('—l» Lo, LS)

beffective = 85-92 in Effective width of the slab in composite section
hglap = 8 in Thickness of the slab
hslab

A = Dejapr——
slab slab N

.2
Aslab =504 In
3

| - Nslab
x_slab = Fslab™ 5

3 .
Ix_slab = 2.688 x 10 In

hslab

Y = —
slab 2
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Yslap = 4 in
d.:
girder
[Aslab'Yslab + 6Agirder'( 5 2-Yglap * hungj
Y =
x_comp *
—comp (GAgirder + Aslab)
Yy comp = 8575 in  Fromtop
2

d "
girder 2
I _comp = Blx+ Ix slap * 6'Agirder'( > 2-Ygjap + hung — Yx_comp) + Aslab'(YsIab - Yx_comp)

| —6485x 100 int

X_comp
. x_comp
Sx_comp = v
X_comp
3 .4
Sx_comp = 7563 % 10 in
Acomp = Agirder ® + Aslab
.2
Acomp = 6702 in
_ x_comp
= |[———
Acomp
f = 9.837 in
3
_ bsjab
Iy_slab = Ngjap 12.N
7 .4
Iy_slab = 1.067 x 10 In
| = 61 2-A (3 582 10 742 17 92) |
y _comp = Oly * £ Agirder\3-90 + V.14 + 109+ ly glab
~1069x 10" in®

Iy_comp

S _ Iy_comp
y_COmP ™ 4. 5.12

A-7



SjU
Civil Engineering

Southern Tinois University

SHEEINO_ 6 (F

JOBNO

044-0041

SUBJECT FILE

Ldwardsville Evaluation of Comprehensive Seismic Design of Bridges
www.siue.edu (LRFED) in Ilinois
SIUE.e Edwardsville, IL. 62026
(618) 650-2533 @ Fax: (618) 650-2555
TITLE: BY DATE CHECKED DATE
Johnson County Bridge BE 02/18/03
4 . 3
Sy_comp = 4244 x 10 in
Iy_com p
fy= |=——
Acomp
ry = 126.32 in

Ashear = 0-8-Acomp

2
Agpear = 536.16 i

3 3
hslab bslab

Ji= Dopap——— + Nefap———
slab™ 15 N slab™ 15

J=1.067x 10

=S 5

Sx_plastic = Sx_comp 1

4 .
Sx_plastic =1.134x 10 In

Sy plastic = Sy comp'1-

Sy plastic = 6-366 % 10" in

Mass Calculation

8 I-bridge
12

Wslab = 42. 15

Wqqp = 459.186 kips

94
Wgirders = 1000'6'Lbridge'1'15

Wiirders = 70911 kips

Bar := 5.2 Lbrldge 15
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Bar = 85.277 kips
35
FWS = m'd'o'l-bridge
FWS = 153.062 kips Feature wearing surface
Wiotal = Wslab + Wyirders + Bar + FWS

Wigiq) = 768.437 kips

w _ Wtotal
total ™~ 109 33

Wpilecap = 7.5-27.5-3..15
Whilecap = 92813 kips

According to the section properties calculation, the finite element model of the bridge is completed

by SAP2000. Figure 4 presents the finite element model of the bridge. In this model the bottom of
wall piers are fixed and according to the base shears in this analysis, the final model contains springs
at the bottom of walls.

Fig 2. First Mode Shape (T=0.4902 Sec)
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Joint Displacement |

Joint 1D 21
1 2 3
3.74682 0.00000 0.00000
5.10GE-04 0.00000

Fig 3. Displacement Diagram for MCE

Ay

Fig 4. Finite element model of the bridge
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Table 1. Periods of the bridge

MODAL PARTICIPATING MASS RATIOS
With Fix Base
MODE | PERIOD INDIVIDUAL MODE (%)
UX Uy uz

1 0.4902 67.52 0.00 0.00
2 0.1288 0.02 0.00 5.94
3 0.1245 8.80 0.00 0.00
4 0.0703 0.00 044 0.00
5 0.0692 0.01 0.00 0.00
6 0.0625 0.00 0.00 44,02
7 0.0555 0.00 62.10 0.00
8 0.0398 0.01 0.00 0.00
9 0.0362 0.00 13.44 0.00
10 0.0262 2.29 0.00 0.02
11 0.0228 0.00 0.00 7.30
12 0.0223 0.62 0.00 0.30
13 0.0219 0.08 0.00 0.03
14 0.0215 0.27 0.00 0.22
15 0.0186 2.60 0.00 0.00
16 0.0184 0.00 0.00 0.00
17 0.0135 0.00 2.54 0.00
18 0.0134 0.00 0.00 0.22
19 0.0132 0.00 0.00 8.24
100 0.0007 0.00 0.53 0.00
99.54 99.07 98.21
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Spring Stiffness based on Design Example 8 and Transportation Research Record 1736 (State of
Practice for Design of Group of Laterally Loaded Drilled Shafts).

In this step, stiffness of the piles will be claculated based on P-multipliers curves with the coefficients
of FHWA.

Lpile =450 in Length of the pile
D=3 ft Diameter of the piles
n:=38 Ratio of Es/Ec

Nfjy == 18 Number of rebar at each pile (fix pier)

Noo. = 14 Number of rebar at each pile (expansion pier)

Ap=1 Area of longitudinal rebar

3.14) 2
Aaxial = (_ D

4 )

2
Agxial = 7-065 ft
|_ .
Lo pile
12
L=375 ft

E; := 3600-144 ksf

E, = 5.184x 10°

E
Cc .
Kaxial = AaxiaI'T (Guide Spec. 8.4.3.3)
K — 9.767 x 10*
axial = 9.767 x 10 -
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25’
Group pile stiffness 36"
for expansion bent
X
D )
9 16’
Y

SRS

\

X
T
3 o o
Y (3" Thick Pile Cap>
Fig 5. Pile group at the expansion bent
Shear Force {kips)
-80 -0 -40 -20 1) 20 140

Depth (ft)

Case &1 821
Case 56185
Caze 7884

Case 96.004
Case 109.33
Case 1182

Case 12555
Case 13095

Fig 6. P-multipiler = 0.3 for the third row (shear vs. depth of the pile)

-120

Shear Force (kips)

-100 -0 -fill -40 -20 1]

20 160

0

Depth (ft)

Case 51 861
Caze 65333
Case 02782
Case 113.25
__|case 12845
Case 13673
Case 144.98
Case 15038
Case 15314
Case 15317

a0

Fig 7. P-multipiler = 0.4 for the second row (shear vs. depth of the pile)
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Shear Force (kips)

Gﬂ[ll] -140 -100 -40 i} 50 100 150 200 250 300

Depth (ft)

Caze 51 a1
Case 94.407
Case 136.85
Case 166.72
Case 184.24
Case 19567
Case 202.84
Case 210.27
Case 217.33
Case 219.37

30
T

Fig 8. P-multipiler = 0.8 for the leading row (shear vs. depth of the pile)

400

350 -

300 -

250

— — P(0.8)
200 - - - - -.P(0.9)

150 y — P total
100—// P

50 {7 °

0 T T T T T
0 0.5 1 15 2 2.5 3

Fig 9. P-multiplier curve for longitudinal direction of bridge (displacement vs. shear)

600

500 -

400 - .- P08
— — P(0.4

300 o4

P(0.3)
200 P(total)
100 -
0 T T T T T
0 0.5 1 1.5 2 25 3

Fig 10. P-multiplier curve for transverse direction of bridge (displacement vs. shear)
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.283 . . . N . .
Ay = ? Ay =0.024 ft  Displacement of the pile cap in longitudinal direction
Fy := 200 Kips Shear from Fig 9 for 0.283" displacement of the pile cap in longitudinal
direction
My =2 Rows of piles in longitudinal direction
o X
pilex =
Ayny
;3 K
Kpilex =424 x 10 ft
K _ 2366 k From Fig 10 and the 0.71" displacement of the pile cap in
piley = H transverse direction (average of 3 pile)
_ (Kpilex + Kpiley)
KpiIe = 2
3 k
Npile =6 Number of the piles
D:=3 ft
n:=38
Nexp =14 Number of longitudinal reinforcement
Ab =1
3.14) 2 Ap
Aovial = | —— 1D + (N = )Ngypy——
axial ( 4 ) ( ) eXp 144
2
Agxial = 7-746 ft
|_ .
L= —Ile
12
L=375 ft

E; := 3600-144 ksf

E, = 5.184x 10°
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DATE
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DATE

E
A C

K . e —
axial L

axial ==

5
Kaxial = 1.071x 10

Kx_total = Npile Kpilex

Ky total = Npile Kpiley

Kaxial = Npile Kaxial

K, = 6K, yi-4.5°
r_y = “Paxial™

K, = 4K 92
r_x -~ "axial

K ;= Kp”e~(6~4.52 + 4-92)

4 k
Kx_total = 2544 x 10 E

Ky total = 142 x 10" f—kt
Kaxial = 6424 x 10° f—kt
Ky x= 2.082x 10° f—kt
Ky y = 7.806x 107 f—kt
K, 7 = 1472 10° f—kt
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Group pile stiffness 34
for fixed bent ¥ —
& @ O
| () ® ® @ | &
X
L
A A
) D ® @ Ga
s et
=Y (3" Thick Pile Cap>
Fig 11. Pile group at the fixed bent
Shear Force (kips)
\:]EDD 150 -100 a0 1) 200 250 ano
e |
T S, T
LT i
L Case 180.25
= N N S S - W SO S SRR SR Case 20239
N Case 216.22
L Case 224 69
[ Case 231 35
Case 23508
= [ Case 23969

Fig 12.P-multiplier = 0.8 for the leading row (shear vs. depth of the pile)

Shear Force (kips)

-200 -180 -160 -140 -120 -100 -BO0 -BO -40 -20 1} 20 40 B0

Sl RN R R R AN RE RN R R RS ARR R TTTTTT
o
& L
= L
2 o
& &
= F
F Caze &1 b6
L Case b6 B84
L Case 98.502
= Case 1207
L Case 13773
L Case 15042
i Case 15884
Case 1685 68
i Case 16381
o
S

Fig 13. P-multiplier = 0.4 for the second row (shear vs. depth of the pile)
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Shear Force {kips)

\

Depth (f

Case &1 Ba1
Caze 5852
Case 53487

Case 10232
Case 11727
Case 12856
Casze 13654
oL : Case 14395

Fig 14. P-multiplier = 0.3 for the third row (shear vs. depth of the pile)

800

700

600

P(0.8)
— - -P(0.9)
400

- = =.P(0.3)
300 | / P(0.3)
- — P(total)
200
/

500

e —— —— = —

100 - -

Fig 15. P-multiplier curve for transverse direction of bridge (displacement vs. shear)

600

500

400 -

- --.P0.8)
— —P(0.4
300 + ©.4)
P(0.3)
200 - P(total)
100 -
0 T T T T T
0 0.5 1 15 2 2.5 3

Fig 16. P-multiplier curve for longitudinal direction of bridge (displacement vs. shear)
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k
Kpilex = 1670 _t
k
_ (Kpilex + Kpiley)
KpiIe = 5
3 k
Kplle = 2025 X 10 E
Nplle = 12
D=3 ft for the piles
n:=2=8
Nfix = 18
Ab = 1
3.14) 2 A
Aaxial —( )'D + (0= DNfiy 142
A 7.94 ft2
axial = /-9
|_ .
Lo ile
12
L=2375 ft

E; := 3600-144 ksf

E, = 5.184x 10°

E
A C

K I
axial L

axial ==
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From Fig 16 and the 1.27" displacement of the pile cap in
longitudinal direction (average of 3 pile)

From Fig 15 and the 0.63" displacement of the pile cap in
transverse direction (average of 4 pile)
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5
KaXIa' = 1.098 x 10

Kx_total = Npile Kpilex

Ky total = Npile'Kpiley

Kaxial = Npile Kaxial
K, = 8K,y i.-9°
ry-— 8Kaxial ®
2 2
Kr x = 6-Kaxia|~(13.5 +45)

2 2 2
Ky 7= Kp”e~(8~9 + 6135 + 6.45)

4

Ky total = 2856 % 10* f_kt
Kaxial = 1.317 x 10° f_kt
Kr_x =1.6x 109 f_kt
Kr_y = 8.535 x 108 f_kt
Kr_z = 3.773 x 106 f_kt
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Table 2. Periods of the bridge: (a) MCE (b) FE
(a) (b)
MODAL PARTICIPATING MASS RATIOS MODAL PARTICIPATING MASS RATIOS
With Spring for the MCE With Spring for the FE
MODE | PERIOD INDIVIDUAL MODE (%) MODE | PERIOD INDIVIDUAL MODE (%)
UX 185 Uz UX Uy Uz

1 0.4035 68.93 0.00 0.00 1 0.4035 68.93 0.00 0.00
2 0.2898 0.00 22.88 0.00 2 0.1683 18.24 0.00 0.00
3 0.2067 0.00 77.00 0.00 3 0.1292 0.98 0.00 436
4 0.1683 18.24 0.00 0.00 4 0.1133 6.83 0.00 0.54
5 0.1292 0.98 0.00 4.36 5 0.1118 0.00 9245 0.00
6 0.1133 6.83 0.00 0.54 6 0.0884 5.02 0.00 0.00
7 0.0884 5.02 0.00 0.00 7 0.0687 0.00 0.00 0.25
8 0.0687 0.00 0.00 0.25 8 0.0612 0.00 0.00 4232
9 0.0612 0.00 0.00 4232 9 0.0566 0.00 0.08 0.00
10 0.0431 0.00 0.07 0.00 10 0.0392 0.00 0.00 0.45
11 0.0392 0.00 0.00 0.45 11 0.0313 0.00 0.02 0.00
12 0.0389 0.00 0.00 0.00 12 0.0289 0.00 0.00 25.51
13 0.0303 0.00 0.05 0.00 13 0.0242 0.00 0.00 9.92
14 0.0289 0.00 0.00 2551 14 0.0239 0.00 0.00 9.35
15 0.0242 0.00 0.00 9.92 15 0.0210 0.00 0.00 0.81
16 0.0239 0.00 0.00 9.35 16 0.0205 0.00 0.04 0.00
17 0.0210 0.00 0.00 0.81 17 0.0181 0.00 0.00 0.09
18 0.0181 0.00 0.00 0.09 18 0.0178 0.00 0.00 0.00
19 0.0178 0.00 0.00 0.00 19 0.0167 0.00 0.00 0.26
20 0.0171 0.00 0.00 0.00 20 0.0161 0.00 3.90 0.00

100.00 100.00 93.61 100.00 96.48 93.88
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MCEER Guide Spec. Table 4.7-1

Base Response Modification Factor (Rg) SDAP D Operational Performance

Single column 15
Wall pier 1.0
Vertical pile 1

All elements for FE 0.9
Superstructure to abutment 0.8
Column and pile to cap beam 0.8

TS =0.434 Sec

T := .4035 Sec

Reol = 1+ (15~ 1).(12;T j
' S

Reol = 1372 < 1.5

RW&“ =1+ (1— 1)(

R

)

1.25.T |

wall = 1
)

Rpgi= 1+ (0.9-1
FE ( )(1.25~TS)

Rpp = 0926  >0.9

MCEER Guide Spec. 4.7

RFE =09

Response Modification Factor (R) SDAP D Operational Performance
Single column 1.37

Wall pier 1.0
Vertical pile 1

All elements for FE 0.9
Superstructure to abutment 0.8
Column and pile to cap beam 0.8

Dead Load
Location A?ual
kips
Fix Pier 534

Exp Pier 486
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MCE Forces & Moments - EQy.ans
Transverse
. Shear3 [Moment2|[Moment3| Axial
Support / Location ) . . .
kips kip-ft kip-ft kips
Fix Pier Top 1283 2660 0 0
Bottom 21677 0
Exp Pier Top 678 1977 0 0
Bottom 12817 0
MCE Forces & Moments - EQjqqg
Longitudinal
. Shear2 [Moment2|[Moment3| Axial
Support / Location ; ) ) ]
kips kip-ft kip-ft kips
Fix Pier Top| 4750 0 0 59
Bottom 0 29504
Exp Pier Top| 337 0 0 83
Bottom 0 4185
100% + 40% Forces & Moments - EQ
MCE —
Transverse Longitudinal
S Shear | Shear | Moment | Moment . Shear | Shear | Moment | Moment .
upport / Axial Axial
Location 2 3 3 2 3 2 2 3
kips | Kkips kip-ft kip-ft kips | kips | kips Kip-ft Kip-ft kips
Fix | TP o0y ogs |0 2000 1 oy | 513 | ams0 | 00 0 59
Pier | Bottom 11802 21835 8734 29504
Exp Top 0 1977 791 0
. 1 7 271 7
Pier | Bottom 3 678 1674 12780 33 3 5112 4185 83
Factored Forces & Moments - EQ by R
MCE —
Transverse Longitudinal
S Shear | Shear | Moment | Moment . Shear | Shear | Moment | Moment .
upport / Axial Axial
Location 2 3 3 2 3 2 2 X
kips | kips kip-ft kip-ft kips | kips | Kkips Kip-ft Kip-ft kips
Fix Top 0 2660 1064 0
. 510 | 1283 17 513 | 1276 43
Pier | Bottom 8602 21835 8734 21504
Exp | Top | g5 | ¢78 0 Y77 oy | 271 | 246 | 71 0 60
Pier | Bottom 1220 12780 5112 3050
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Final Design Forces & Moments (EQ + DL)
MCE VIET
Transverse Longitudinal
Shear | Shear | Moment | Moment . Shear | Shear | Moment | Moment .
Support / Axial Axial
Location 2 3 3 2 3 2 2 3
kips | Kkips kip-ft kip-ft kips | kips | kips kip-ft kip-ft kips
Fix Top 0 2660 1064 0
Pier | Bottom 510 1283 8602 21835 51 513 1276 8734 21504 >77
Exp Top 0 1977 791 0
Pier | Bottom % 678 1220 12780 510 271 246 5112 3050 546
FE Forces & Moments - EQy.ans
Transverse
. Shear3 [Moment2|[Moment3| Axial
Support / Location ; ) ) ]
kips kip-ft kip-ft kips
Fix Pier Topl 1o 211 0 0
Bottom 311 0
Exp Pier Top 10 140 0 0
Bottom 470 0
FE Forces & Moments - EQjqqg
Longitudinal
. Shear2 [Moment2|[Moment3| Axial
Support / Location ; ) ) ]
kips kip-ft kip-ft kips
Fix Pier Top| o3 0 0 6
Bottom 0 2115
Exp Pier Top 32 0 0 7
Bottom 0 395
FE 100% + 40% Forces & Moments - EQ
Transverse Longitudinal
Shear | Shear | Moment | Moment . Shear | Shear | Moment | Moment .
Support / Axial Axial
Location 2 3 3 2 3 2 2 3
kips | Kkips kip-ft kip-ft kips | kips | kips kip-ft kip-ft kips
Fix Top 0 211 84 0
Pier | Bottom 49 10 846 311 2 4 123 124 2115 6
Exp Top 0 140 56 0
. 13 10 3 4 32 7
Pier | Bottom 158 470 188 395
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FE Factored Forces & Moments - EQ by R
Transverse Longitudinal
S Shear | Shear | Moment | Moment . Shear | Shear | Moment | Moment .
upport / Axial Axial
Location 2 5 3 2 5 2 2 3
kips | kips kip-ft kip-ft kips | kips | kips kip-ft kip-ft kips
Fix Top 0 234 94 0
. 55 11 3 4 137 7
Pier | Bottom 940 346 138 2350
Exp Top 0 156 62 0
. 14 11 3 4 36 8
Pier | Bottom 176 522 209 439
FE Final Design Forces & Moments (EQ + DL)
Transverse Longitudinal
Shear | Shear | Moment | Moment . Shear | Shear | Moment | Moment .
Support / Axial Axial
Location 2 3 3 2 3 2 2 3
kips | Kkips kip-ft kip-ft kips | kips | kips kip-ft kip-ft kips
Fix Top 0 234 94 0
Pier | Bottom > 1 940 346 537 4 137 138 2350 >4l
Exp Top 0 156 62 0
Pier | Bottom 14 1 176 522 489 4 36 209 439 494
. Longitudinal | Transwerse
D |splace ment Direction (in) | Direction (in)
Top 3.11 0.95
MCE Bottom Fix 1.16 0.77
Bottom BExp 0.25 0.89
Top 0.23 0.01
FE Bottom Fix 0.03 0.02
Bottom BExp 0.09 0.02
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Johnson County Bridge

BY

BE

DATE
02/16/03

CHECKED

DATE

308x 36 in
2.53% reinf.
f'c = 3.5 ksi =
Ec = 337217 ksi
fc = 2.975 ksi
Betal = 0.85
fy = 60 ksi
Es = 29000 ksi

SECTION:

Ag = 11088 in"2

Ix =1.1975e+006 in"4
ly = 8.76543e+007 in“4
Xo =0in

Yo =0in

REINFORCEMENT:

180 #11 bars @ 2.532%

As = 280.8 in"2 -
Confinement: Other

Clear Cover = 2.00033 in

Soacino = 2.23632 in -

-20000

Fig 17: Interaction diagram for the fixed pier

308 x 25.66 in
0.70% reinf.

f'c=3 ksi a
Ec = 3122.02 ksi
fc = 2.55 ksi
Betal = 0.85
fy = 60 ksi
Es = 29000 ksi

SECTION:

Ag =7903.28 in"2

Ix = 433650 in~4

ly =6.24781e+007 in"4
Xo=10in

Yo=0in

REINFORCEMENT:

70 48 bars @ 0.700%

As =55.3in"2 -
Confinement: Other

Clear Cover =2.37354 in

Soacina = 5.63374 in -

35000
M (227 k-A)

-4000

14000
M (53 (k)

Fig 18: Interaction diagram for the expansion pier
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Fixed pier

In this step the maximum displacement of the top of the piles (from the SAP2000 model) are applied to

the pile in L-pile program

A:=12in displacement of the pile (includes the combination of 100% + 40%)

Depth (ft)
10

20

eli]

Lateral Deflection {in)

01 i 01 0.2 0.3 0.4 0.5 0.6 07 0.8 0.9 1 1.1

rrrryrrrrjrrrryrrrryrrrr[rrrr[rrrrr1rr1r[rrr 1t [ T T 1T T[T T T T [ T 1T T T[T
R e . —_—_—A O oI
r E Case 51 551

40

Fig 19. Displacement diagram of the pile

Shear Force (kips)

-0 -80 -60 -40 -20 1] 20 40 B0 B8O 100 120 140 180 180 200 220 240 260 280 300
=

Depth (ft)

40

ECase 1.5

Fig 20. Shear diagram of the pile
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TITLE:

Johnson County Bri

Bending Moment (in-kips)

-1.2E4 -1E4 -a000 -G000 -4000 -2000 1] 2000 4000 g000 2000

-1.4E4

Fig 21. Bending moment diagram of the pile

Axial Load 100

3L

(sdy

oong 0009

uil wawowm Buipuag

ooor

20.00020.000:0.00030.0004

0.00020.000:0.000

0.00020.000%

E

2E-5 4E-% BE-5 8E-5 0.0000.00010.00010.00010.00010.000:0.000

]

Bending Curvature (rad/in)
Fig 22. Curvature diagram of the pile (using 18#9)

Figure 22 shows that by using 18#9 longitudinal reinforcement the pile will be in plastic

range so we will increase the reinforcement to 26#9.
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i

i

u
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E Wpr-mreoooe
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5000

||||i||||i||||i||||i||||i||||i||||i||||i||||i||||i||||i||||i||||i||||i||||i||IIiIIIEAXIalLoau'1DD

0 2E-5 4E-5 BE-5 B8E-50.0000.00010.00010.00010.00010.000:0.00020.00020.00020.00020.000:0.00020.00020.00020.00030.0004

Bending Curvature {rad/in)

Fig 23. Curvature diagram of the pile (using 18#9)

Figure 23 indicates that by using 26#9 (2.5%) longitudinal reinforcement, pile will
remain in elastic range under the MCE.

36 in diam.
2.55% reinf.
f'c = 3.5 ksi =
Ec=3372.17 ksi
fc = 2.975 ksi
Betal = 0.85
fy = 60 ksi
Es = 29000 ksi

SECTION:
Ag=1017.88 in"2
Ix = 82448 in"4
ly = 82448 in"4
Xo=0in
Yo=0in

REINFORCEMENT:

26 #9 bars @ 2.554%

As = 26 in"2 .
Confinement: Other

Clear Cover = 1.875in

Spacina = 2.62334 in =

-2000

F fkip)
5000

Fig 24 : Interaction diagram of the pile
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Expansion pier

In this step the maximum displacement of the top of the piles (from the SAP2000 model) are applied to

the pile in L-pile program

A = .89 in displacement of the pile (includes the combination of 100% + 40%)
Shear Force (kips)
-60 -40 -20 0 20 40 G0 a0 100 120 140 160 180 200
|||||||||||||||||||||||||||||||||\|||||||||\|||||||||\|||||||I|||
e
:
g A
= -
- 0 ECase 51 551
Fig 25. Shear diagram of the pile
Bending Moment (in-kips)
::1'.4E4 -1.2E4 -1E4 -8000 -6000 -4000 -2000 0 2000 4000 6000

Depth (ft)

ECase 31 a1

40

Fig 26. Bending moment diagram of the pile
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Bending Moment {in-kips)

Bending Moment (in-kips)

1.2E4 1.4E4 1EGE4

2000 4000 6000 8000 1E4

i]

2000 4000 gooo 8000 1E4 1.2E4

0

H H H H H H H EAxiaI Load 100
NN T T T [T T T T T T T T T T T N N [ O T A T O T

0 5E-5 0.0001 0.00014 0.00o02 0.00025 0.0002 0.00024 0.0004 0.00045

Bending Curvature {rad/in)

Fig 27. Curvature diagram of the pile using 14 # 9 (1.38%)

__________ [ T R
v h h
' ' '
'

H H H ' ' ' ' ' ! EAxiaI Loz 100

]

2E-5 4E-5 GE-5 8E-5 0.0000.00010.00010.00010.0001 0.000:0.000%0.00020.00020.00020.000:0.00020.00030.00030.00030.0004

Bending Curvature (rad/in)

Fig 28. Curvature diagram of the pile using 19 # 9 (1.87%)

Figure 28 shows that by using 14#9 longitudinal reinforcement the pile will remain in
elastic range under the MCE.
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P [kip)

36 in diam.
1.87% reinf.
f'c = 3.5 ksi =
Ec=13372.17 ksi
fc = 2.975 ksi
Betal = 0.85
fy = 60 ksi
Es = 29000 ksi

SECTION:

Ag =1017.88 in"2
Ix = 82448 in“4
ly =82448 in“4
Xo =0in
Yo=10in

REINFORCEMENT:

19 #9 bars @ 1.867%

As=19in"2 -
Confinement: Other

Clear Cover =1.875in

Spacina = 3.99451 in =

4500

-1500

Fig 29 : Interaction diagram of the pile
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Johnson County Bridge BE 02/16/03
Pile transverse reinforcement (fix bent)
L=37.5' D=3' 26#9 p=2.5%
R:=0.8 Response modification factor for the connection (MCEER Guide Spec. Table 4.7-2)
ey = .00207
D:=36 in Diameter of the pile
cover:= 15 in Clear cover
ds := .625 in Diameter of spirals
dg:=1.128 in Diameter of longitudinal reinforments

d
Dp:=D - 2-(cover +dg + —9\ Circle diameter of longitudinal reinforcement (see Design Example 8
2 ) design step 8.2.1)

Dp =30.622 in

ds
Dpp =D - 2| cover + —

2)

Spiral diameter

Dpp = 32.375 in

L:= 375-12 Length of the pile
L =450 in

Ap=1 in’ Longitudinal rebar diameter

A =2 fixed - fixed fixity factor for circle section (MCEER Guide Spec. 8.8.2.3.a)

Pq:=T78 Kips Axial dead load of the pile
Per:= 0 kips for earthquake effect in longitudinal direction
3.14
Ag = _D2
4
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Ag = 1.017 x 103 in2

see Design Example 8 design step 8.2.3

for circle section MCEER Guide Spec. 8.8.2.3.a

3.14 2
A= —D
cc = T, Ppp
.2
Acc = 822.79 in
Kshape := -32
V= 225 kips ~ Shear of the pile
fc := 3500 psi f'c of concrete
fyh == 60 ksi for steel
Ay = 8Ag Shear area of concrete

A, - 813888  in°

0S:=15 Over strength factor
¢ = .85 for shear
o:=25 degree MCEER Guide Spec. 8.8.5.2
tano .= .466
Hc:= 36 in thickness of the pile cap
N:= 26 number of rebars in pile
Ap
pti=N—
Ag
pt = 0.026
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Method 2: Explicit Approach MCEER Guide Spec. 8.8.2.3

L = 450 in

Dp = 30.622

Dp = 30.622 n

D

—L _0.068

L

tana = 0.466

Pe := .8Pyg Effect dead load with the effect of uplift
A Dp I .

Vp = —-Po— The contribution due to arch action
2 L

Vp = 4.246 kips

¢ =0.85

ACC

Vo= (] 1505

Ve=97.354  kips

Vv

Vy=—

TR
Vy = 281.25 kips

Vu
Vs_rq = |:? - (Vp + Vc):|
Vs_rq = 229282 kIpS

Kshape =0.32
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fsu = 15fyh
fsu = 90 kSI

.2
A, = 813.888 in
pt = 0.026

s:=6 in < 6 Maximum spacing (NCHRP 5.10.6.2) OK
. 2
Agh =31 in~ #5

Agh

Pv_pr=2
s:Dpp

py pr=3192x 107 °

.25
Ay )

A'pt'Ag)

tano := (16 pv_pr'

tan6 = 0.532

tand = max(tane, .466)

tan® = 0.532
vy o 324 A0 Opp
2 S tan®
Vs pr = 296.342 kips
Vs rq = 229.282 kips oK
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Method 1: Implicit Shear Detailing Approach MCEER Guide Spec.8.8.2.3

s=6 in
Agh = 0.31 in’
pt f
Pv rq = KshapeA_ﬂﬁtanatane
B o fyn Ay
3

pv_rq = 8.94 x 10_

Je

1000fyp

Pv_rg_nonplastic = Pv_rq — 2

-3
Pv_rq_nonplastic = 6.968 x 10

py pr=3192x 107 °

Ash_methodl =31

Ash_methodl

Smethod1 = 2-
pp°Pv_rqg_nonplastic

Smethod1 = 2.748 in

p
VPl — 0.458

Pv_rg_nonplastic

Summery of transverse reinforcement
Use #5@6" spiral
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Pile transverse reinforcement (expansion bent)

L=37.5' D=3' 19#9 p=1.87%

dg:=5

dg:=1.128 in

dg )

Dy:= D - 2-| cover + dg + —
P ( Y

Dp=30.872 in

dg
Dpp =D- 2(cover + —\

2)

V=190 kips

N:= 19 number of rebars in pile
Ap

pti=N—
Ag

pt = 0.019
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Method 2: Explicit Approach

\%

Vy=—

YR
Vy = 2375 kips

Y,
Vs rq = {?” —(Vp + vc)}

Vs_rq = 177812 kIpS
pt = 0.019
s:=6 in
Agh = 2 > #4
Agh
=2
Pv_pr S'Dpp
-3
pv_pr = 2051 X 10
.25
Ay )
tan@ = 16pV pr'—
T AprAg)

tan6 = 0.515

tand = max(tane, .466)

tan® = 0.515

vy o 324 A0 Opp
2 S tan®

Vs pr = 198.19 kips

Vs rq = 177.812 kips

< 6 Maximum spacing (NCHRP 5.10.6.2) OK

OK
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Method 1: Implicit Shear Detailing Approach

s=6 in
.2
Agh = 0.2 in”  #4
pt f
Pv rq = Kshape/\_ﬂﬁtanatane
B o fyn Ay

Py rq = 6:326x 107 °

Je

1000fyp

Pv_rg_nonplastic = Pv_rq — 2

-3
Pv_rq_nonplastic = 4.354 x 10

Py pr=2051x 107 °

Ash_methodl =2

Ash_methodl

Smethod1 = 2
pp°Pv_rqg_nonplastic

Smethod1 = 2.826 in

PV ount

Pv_rg_nonplastic

< Method 2, use Method 2

Use #4@6" spiral

Summery of transverse reinforcement
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Joint transverse reinforcement for the expansion bent

L=37.5' D=3' 19#9 p=1.87%

HC = 36 in

R=08

gy =207x 10 3

D=236 in

pt=0.019

L =450

Ap=1 in’ Longitudinal rebar diameter

A =2 fixed - fixed
Pqg=178 kips

Dp = 30.872 in

¢ = 0.85

Ag = 1.017 x 103 in2
.2

A, = 813.888 in

fyh = 60 ksi

fsu = 15fyh

fo=35x 10° psi
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Pmax = Pd + Per

Pmax = 78 kips
Asc == N-Ap

Agc = 19 in

Kshape = 0.32

Mp:= 1110 k- ft

A-42
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Explicit approach for joint design

fh:=0
Pmax = 78 kIpS
Mp = OSMn
0S=15
3
Mp = 1.11 x 10 k- ft
3

Mp:1.665>< 10 k- ft
bp := 12.5-12 in
D= 36 in
Lmid_dept_jt:= D+ Hc
Lmid_dept_jt = 72 in
Amid = bpLmid_dept_jt
Amid = 1.08 x 104 in2

. Pmax
V=

Anmid

fy=7.222% 107 ° ksi
hp := H
hp = 36 in
hc = D
he = 36 in
bje = V2:D
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Ps_min = 1000 fyh

ps min=3451x 10" OK

Agh = .2

Ash
Smax =4
Dpp Ps_min
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bje = 50.912 in
Mp-12
Vhy = —————
hb hC bJe
Vhy = 0.202 ksi
2
s hef) - W) 2
T2 2 v
py = —0.198
35
= —— /T
Pt_max 1000 \/_c
Pt_max = 0.207 OK, No extra reinforcement is necessary
2
o e ®) -6
c - 2 2 hv
pc = 0.206
0 25 ‘
c_max = o0t
Pc_max = 0.875 OK, No extra reinforcement is necessary
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Joint transverse reinforcement for the fixed bent

L=37.5' D=3' 26#9 p=2.5%

HC = 36 in

R=08

gy =207x 10 3

D =36 in

pt:= .0255

L =450

Ap=1 in Longitudinal rebar diameter
A =2 fixed - fixed

Pqg=178 kips

Dp = 30.872 in

¢ = 0.85

Ag = 1.017 x 103 in2
.2

A, = 813.888 in

fyh = 60 ksi

fsu = 15fyh

fo=35x 10° psi
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Pmax = Pd + Per

Pmax = 78 kIpS

N:= 26

Agc = N-Ap

Agc = 26 in
Kshape = 0.32

Mp:= 1340 k- ft

Longitudinal reinforcement in pile
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Explicit approach for joint design

fh:=0
Pmax = 78 kIpS
Mp = OSMn
0S=15
3
Mp = 1.34 x 10 k- ft
3
Mp:2.01>< 10 k- ft
bp := 12.5.12 in
D=236 in
Lmid_dept_jt:= D+ Hc
Lmid_dept_jt = 72 in
Amid = bb'Lmid_dept_jt
Amid = 1.08 x 104 in2
) Pmax
V=
Anmid
-3 )
fy = 7.222x 10 Ksi
hp == Hc
hp = 36 in
hc = D
hc = 36 In
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bje = 50.912 in
Mp-12

Vhy = ————

hb . hc' bJe
Vhy = 0.244 ksi

N UEL j{(fh_ fV)T+ Vo

pt=-0.24

35

Pt_max = m c

pt_max = 0207

Extra reinforcement is required

SRLEL Y [T

2 2

be = 0.247
25

1000 °©

Pc_max =

pc_max = 0875 OK

Ajv = '16ASC
Ajy = 4.16 in’

Use #5

Vertical reinforcement (Stirrups) (Guide Spec. 8.8.4.3.2)

Ajv

7#5 vertical legs in (development length) each side|

— = 13419
31
Aclamp = .08-Agc

Aclamp = 2.08

Vertical reinforcement (Clamping reinforcement) (Guide Spec. 8.8.4.3.2)
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Acl
A _671  [#5in 36" of the joint]
31
fi
lgg = 63-1.—2 Development length for #9 (AASHTO LRFD 5.11.2.2.1-1)
fC
1000

0.3-1.128-fyy = 20.304 in

lgg = 20.205 in
Asc . . .

Ap = 0.08~% Horizontal reinforcement (Guide Spec. 8.8.4.3.3)
Ap = 2.633 B#8 in 40" length each side |

fyh
lgg := 1.25-1.128 —~

fc

1000

lgo = 45.221 n

4-1.41fyp = 33.84

A
ps = .4—5(; Hoops (Guide Spec. 8.8.4.3.4)

ldo

-3
ps = 5.086 x 10
35

Ps_min = % 500" fyn Minimum required horizontal reinforcement (Guide Spec. 8.8.4.2.
ps min=3451x 10" OK
A= 31 in°
s=6 in

2Ash
Smax ‘=

DppPs

Smax =3.751 se #5@3.5
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Deep beam design (Source: Reinforcement concrete, Nawy, 3rd edition, section 6.9)

Shear design (fixed pier)

fc == 3500 psi

fy := 60000 psi

h:= 25.66 ft
b:=3 ft
d:=.9-h

d = 23.094 ft

.= 17.75 ft

I

i 0.769

® = 0.85 for shear

V= 1276 kips

M := 21504 K- ft

@-(s-ﬁ.b-d-ﬂ\ ~ 4014 x 10°

1000 )
M
A= —
17V
A1 =0.73
M
Ay := 35— 2.5.—
V-d

<5 so design antology applys

kips ®Vn
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Ao = 1676 A2<3.5 OK
p :=.0253
V¢ = Ay-| 1.9- /¢ + 2500 V—.d\bdﬂ
A G "M )7 1000
V¢ = 3.328 x 103 kips
144
V = 6/fe-b-d———
cmax \/_c 1000

chax = 3.541 x 103

Ve = Vemax

Ve = 3541 x 103 kips

\Y%
VS = - q)VC
()

< Vc (controls)

Vg = —1.509 x 103 Shear reinforcement is not required
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Flexure design for deep beam

D=1
4
M = 2.15 x 10 k- ft
|
— =0.692
h
()
J==
j=0.461
j-d=10.65 fit
A M-lZO(_)O
®-bfy-j-d
As = 134.61

f
Asmin = max(3-#'b~d-144,200- b-——

y

Asmin = 33.255

<1 sojd=0.6l

<274.56in2 OK

4144 )
fy

< 274.56 in2 OK
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Deep beam design (Source: Reinforcement concrete, Nawy, 3rd edition, section 6.9)

Shear design (expansion pier)

fc == 3500 psi

fy := 60000 psi

h:= 25.66 ft

b:=3 ft

d:=.9h

d = 23.094 ft

= 17.75 ft

é — 0.769 <1 so design antology applys

d = 0.85 for shear
V:= 678 kips

M := 12780 k- ft

( \/_de— — 4014x 10°

M
A=

1=V
Aq = 0.816

M
A= 35— 25—
V-d

kips

A-53
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Ag = 1.459

p = .0062

Ve = 1913 x 103 kips

144

Vemax = 6'\/f_c'b'd'TOO

chax = 3.541 x 103

Ve = 1913 x 103 kips

\Y%
VS = - q)VC
()

Vs = -828.574

A2<35 OK

V-d 144
Vei= A2~(1.9- fo + 2500-p~v\~b-d Suna

1000

>Vc so use Vc

Shear reinforcement is not required
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Flexure design for deep beam

O:=1
4
M=1278x 10 k- ft
| =17.75 ft
% 0692 <1 s0jd=0.6l
()
J= q
j=0.461
j-d = 10.65 ft
M-12000
Ag= ————
®-b-fy j-d
Aq = 80 in>  >50.56in2, sowe use 8049 (1% steel, As=80.01 in?)
f d-144)
fy fy
Agmin = 33.255 in”  <80in? OK
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For the fixed bent

Plastic hinge zone length (this length will modify after the reinforcement design)

MCEER Guide Spec. 4.9.1

h:= 36 in

1-

D=h-3 in
D=233 in

2.

H:= 201 in

1

—H=335 in

6

3.

18 in

4-

gy = 0.00207

dp:= 141 in for #11
M := 21504 k- ft
V= 1276 k

1.5 0.08-M-E + 4400-¢ 'db\ =43.531 in
Vv y

)

thickness of the wall

A-56
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Wall pier transverse reinforcement
Method 2: Explicit Approach

(Guide Spec 8.8.2.3)

Fixed pier

308"X36" (2.53% steel, 84#11 at top and 6#11 each side)
N := 180 number of longitudinal reinforcement
R:=08 R-factor for joint (table 3.1-2)

L= 201 in Height of the pier

Ap = 1.56 in®  Area of rebars for longitudinal rebar

For longitudinal case which is govern for this bridge. For transverse

A=1 fixed-free direction, value of 2 is used for the case of fixed - fixed.

Pq:= 534 kips  Axial dead load in the pier
Pe:= 59 kips Axial earthquake force
MigpL = 0 k- ft

MpotL == M

0S:=15 Over strength factor

Mp_topL := OS-MtopL

Mp_topL = 0 k - ft

Mp_botL = OS-MpotL
Mp_botL = 3.226 x 104 k- ft

(Mp_topL + Mp_botL)'12
L-R

VuL =
3 .
VyL = 2407 x 10 kips

\Y% .
Vu_analysis = R kips
Vy = max(VuL,Vu_anaIysis)

Vy=2407x 10°  kips
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fc == 3500 psi
by := 308 in
d:=D in
h:= 36 in
d
Ve = .6//(fc)|-byw—— Shear resistance in the end regions (plastic hinge zone
c [\/( c)] bw 1000 g (p g )
V.= 360.786  Kips
L =201 in
Dp:=36-5 Width of the column core
Dp =31 in
D
2 _ 0154
L
A Dp
Vpy = —-Po-—
p €L
Vp = 4.55 kips Contribution due to arch action
¢ := 0.85 For shear
Vy = 2.407x 10°  kips
Vu
VS = - (Vp + Vc)
¢
3 .
Vg = 2.467 x 10~ Kips
Kshape = -5 For wall in weak axis (MCEER 8.8.2.3)
fyh =60  ksi For the transverse and longitudinal steel
fsu = 1.5-fyn Ultimate tensile stress of the longitudinal reinforcement

fsu = 90 kSI
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Ay = by-d Shear area

Ay = 1.016 x 104 in2

Longitudinal reinforcement ratio

<4" OK (MCEER 8.8.2.4) for plastic hinge zone

Area of transverse reinforcement (ties)

pt:= .0248
s:=4 in
Agh = .2 #4
legs := 17 Number of legs
— logs S
Pv_pr: byys
3

pv pr=276x 10

Ag = bvvh
Ag=1109x 10°  in®
.25
Ay )

tane = 16pv pr'

- A'Pt'Ag)
tan6 = 0.636
Dpp = h - 4

Vs
Ays = s -tan®
fyh-Dpp

A
¥ _0192 in®  <Ash OK
legs

Width of the perimeter transverse direction

Method 1: Implicit Shear Detailing Approach

(Guide Spec. 8.8.2.3)

pv = Kshape'2A-—-—:

py=4.68x 10

For fixed - fixed case of transverse direction
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Ays = py-by:s
legs_new := 30
Avs .2 .
— =0.192 in < Ash provided OK
legs_new

Outside the plastic hinge zone
Method 2: Explicit Approach

8.8.2.3
legs_outplastic := 14
Ve = 2~\/f_c- bWFC:)O Shear resistance of concrete out side of the plastic hinge zone

Ve = 1.203x 10° iips
Vp = 455
Vu
VS = = (Vp + Vc)
¢
3 .
Vs = 1625 x 10 Kips

Sm:=16 in Maximum spacing (MCEER 8.8.2.6)

Aghm =2  #4

pv_pr = legs_outplastic-

-3
pv_pr = 1515 X 10
4
Ag=1109x 10
.25
Ay )
tane = 16pv pr'—
T AprAg)
tan6 = 0.547
Vs
Ays = Sm -tan®
fyh-Dpp
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A
0198 in®  <Ash OK

legs_outplastic -

Method 1: Implicit Shear Detailing Approach

legs_new := 26
fyh = 60
2.[fc
Pvstar == Pv — fyh~1000
Pvstar = 2.708 x 10_ 3
Ashm
ppr = legs_new-

ppr=2.814x 10 3

Use method 2

Transverse reinforcement for confinement at plastic hinges (Pmax column)

(Guide Spec. 8.8.2.4)

legs = 17
fyh = 60 ksi

Usf == 15.95  ksi Strain energy capacity

Agh = 0.2 in’

Ac:= (bw - 6)-(h - 6)

Ac=9.06x10°  in?

s:=4 in <4"OK (MCEER 8.8.2.4)

Agh

ps1 = legs:
Dpp-s

ps1 = 0.027

pt = 0.025
Ag= 1109 x 10°
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fo= 35x 10°
Pe = Pd + Pe
Pe = 593 kips Factored axial load include seismic effect
f 1000P,  1000-fy1 )2 (Ag)?
ps2 := 0.008- ¢ 15 s Pt 2t
1000U5f chg fc ) ch
psp =5895x 10 °  OK
Dp =31
legs = 17
legs_pmax := 17
legs_pmax-Asp Include the area of total legs in both direction of cross section
— =0.027 .
s-Dp (Guide Spec. 8.8.2.4)
Ash
Smax = legs_pmax:
Dppps2
Smax = 18024 in OK

ps = maX(PslaPsz)
Ps = 0.027

s=4 in

Explicit Shear Detailing Approach (Pmin Column)

(Guide Spec. 8.8.2.3)
In longitudinal direction
Pq = 534 kips

PeminL = Pd8 kIpS

For the uplift effect
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Mp_top =0 k- ft

4
Mpotl. = 2.15 x 10 k - ft
0S=15

Pel = Pg + OS'(F’eminL - Pd)
PeL = 373.8  Kips
Mp_bot = OS-MpotL

a M p_bot' 12
L-R

V= 2.407 x 103 ips

A, = 1.016 x 10

A
Ve = 06T 10(‘)’0

V¢ = 360.786 kips

V, by P
= A-PeL—

Vp=28825  kips

Vu
VS::F—VC—Vp

Vg = 2.442 x 10°

s:=4 in
Ash=0.2 in
Ash

py = legs-——
‘S
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py=276x 10 3

AV .25
tano := 16pV(A—Ag>
.pt.
tan6 = 0.636
D
tana := P
L

tano = 0.154 OK

A
— =019 OK <Ash OK

Anti buckling steel
(Guide Spec. 8.8.2.5)

legs_antibuckling := 82

dp=141 in Diameter of longitudinal rebars

Snew = 6-dy Maximum spacing of ties

Shew = 8.46 in Required spacing of anti-buckling

s=4 in
Agh := .31 #5
Ap = 1.56-N

60
Aph := Ap-0.09-—
bh b 60

A
o308
legs_antibuckling
Smax = .25-60
Smax = 15 OK
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Final check for the plastic hinge zone
(Guide Spec. 4.9.1)

tan6 = 0.636

h—4) (1
Lp:= ( )- — + .5-tane\
12 \tano )

Lp=5043 ft
3
Vy = 2.407 x 10
4
Mp_botL = 3.226x 10" k- ft

VyL = 2407 x 10 kips

Mp potL 15
PO 1 - g5 )|_ss0r & controls
u IV'p_botL
15 12Mp potL
=2.| 4400-gy-dp + o PMobot) o,
12 Vy

Summery of transverse reinforcement for central column
#5@4" with 82 legs in 6' of top, #4@6" with 14 legs in the rest of the wall

Shear design in transverse direction
MCEER Guide Spec. 8.8.3

Phmin := -0025

Ash rq = thin'(bw - 4)'h

Ash_rq = 27.36 |n2

Agh = 0.31 #5
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A,
N_h:= Tshorq
Ash
N_h= 88.258 Number of horizontal reinforcement
Sh:= 4 in
V= ——Jf - 3)-h
™ 1000 o{bw -3)
Vi = 1.949 x 103 kips
h
Vi = ¢-(.756-Tc + phmin-fyn-1000)- (b — 3) ——
1000
Vp = 1.817 x 103 kips
V= min(Vp, Vi)
3 .
V =1.817x 10 kips
Viq := 1379 kips (So minimum horizontal reinforcement is adequate for this pier)
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For the expansion bent

Plastic hinge zone length (this length will modify after the reinforcement design)

MCEER Guide Spec. 4.91

h:= 26 in

1-

D:=h-3 in
D=23 in

2.

H:= 213 in

1

—-H=355 in

6

3.

18 in

4-

ey := 0.00207
dp:=1 in for#8
M := 3050 k- ft
V=271 k

1.5 0.08-M-E + 4400-¢ -db\ = 29.869 in
Vv y

)

thickness of the wall

A-67
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Wall pier transverse reinforcement

Method 2: Explicit Approach (Guide Spec 8.8.2.3)
Fixed pier

308"X26" (1.01% steel, 38#9 at top and 2#9 each side)

N:= 80 number of longitudinal reinforcement
R:=08 R-factor for joint (table 3.1-2)

L= 213 in Height of the pier

Ap=1 in®  Area of rebars for longitudinal rebar

For longitudinal case which is govern for this bridge. For transverse

Ai=1  fixed-free direction, value of 2 is used for the case of fixed - fixed.

Pq:= 487 kips  Axial dead load in the pier
Pe = 60 kips Axial earthquake force
MigpL = 0 k- ft

MpotL == M

0S:=15 Over strength factor
Mp_topL := OS-MtopL

Mp_topL = 0 k - ft

Mp_botL := OS-MpotL

Mp_botL = 4.575 x 100 k-ft

(Mp_topL + Mp_botL)'12
L-R
VL = 322.183 kips

VuL =

\Y% .
Vu_analysis = R kips
Vy = max(VuL,Vu_anaIysis)

Vy = 338.75 kips
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fc == 3500 psi
by = 308 in
d:=D
d=23 in
h=26 in
d
Ve = .6//(fc) |- by —— Shear resistance in the end regions (plastic hinge zone
c [\/( c)] bw 1000 g (p g )
V¢ = 251457  Kips
L =213 in
Dp:=h-5 Width of the column core
Dp =21 in
D
—2 _ 0.099
L
A Dp
Vp = —-Po-—
Pm L
Vp = 2.958 kips Contribution due to arch action
¢ := 0.85 For shear
V= 338.75 kips
Vu
VS = - (Vp + Vc)
¢
Vg = 144.115 kips
Kshape = -5 For wall in weak axis (MCEER 8.8.2.3)
fyh =60  ksi For the transverse and longitudinal steel
fsu = 1.5-fyn Ultimate tensile stress of the longitudinal reinforcement

fsu = 90 kSI
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Ay = by-d Shear area

Ay = 7.084x 10°  in?

Longitudinal reinforcement ratio

<4" OK (MCEER 8.8.2.4) for plastic hinge zone

Area of transverse reinforcement (ties)

pt:=.0101

si=4 in

Agh = .11 #3

legs := 3 Number of legs
Ash

= legs-——
Pv_pr g oS

pv pr=2.679x 10 4
Ag = bvvh
Ag=8.008x 10°  in®
25
Ay )

tane = 16pv pr'

- A'Pt'Ag)
tan® = 0.44
Dpp = h -4

Vs
Ays = s -tan®
fyh-Dpp

A
V5 _0064 in> <Ash OK
legs

Width of the perimeter transverse direction

Method 1: Implicit Shear Detailing Approach

(Guide Spec. 8.8.2.3)

pt fsu Ag Dp
py = Kshapezl\——__

4

-tand

py=8.744x 10

For fixed - fixed case of transverse direction
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Ays = py-by:s
legs_new := 10
Avs .2 .
— =0.108 in < Ash provided OK
legs_new

Outside the plastic hinge zone
Method 2: Explicit Approach

8.8.2.3
legs_outplastic := 2
Ve = 2~\/f_c- bWFC:)O Shear resistance of concrete out side of the plastic hinge zone

Ve=83819  kips
Vp = 2.958

v
Vg i= F” — (Vp+ Vo)

Vs = —442.619 kips

Sm:=16 in Maximum spacing (MCEER 8.8.2.6)
Ashm =.11 #3

pv_pr = legs_outplastic-

-4
pv_pr = 119 X 10
3
Ag = 8.008 x 10
.25
Ay )
tane = 16pv pr'
T AprAg)
tan6 = 0.359
Vs
Ays = Sm -tan®
fyh-Dpp
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AVS

VS _ 0382 in?
legs_outplastic

Method 1: Implicit Shear Detailing Approach

legs_new := 2
fyh = 60

2.[fc
"~ fyh-1000
3

Pvstar = Pv

Pvstar = —1.098 x 10_
Ashm

ppr = legs_new-

ppr=119x 10" 4

No reinforcement is required

No reinforcement is required

Transverse reinforcement for confinement at plastic hinges (Pmax column)

(Guide Spec. 8.8.2.4)
legs =3
fyh = 60 ksi

Ugf .= 15.95  ksi  Strain energy capacity

Agh = 0.11 in’
Ac:= (bw - 6)-(h - 6)
Ac=604x10°  in?

s=4 in

= legs Ash
Psl - D

<4"OK (MCEER 8.8.2.4)

pp'S

sl =375x 10 °

pt=0.01
Aq = 8.008 x 10°
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fo= 35x 10°

Pe = Pd + Pe

Pe = 547 kips Factored axial load include seismic effect

£ 1000P,  1000-fyn ) (Ag)°
ps2 := 0.008 || 15- + pt = -1
1000U5f chg fc ) ch

ps2 = —3.741x 10 % No reinforcement is required

Dp =21

legs =3

legs_pmax := 17

legs_pmax:Agp

N 0.022 Include the area of total legs in both direction of cross section (Guide ¢

S-
p
Ash

Smax = legs_pmax:
DppPs2

Smax = —2.272x 10° 1 OK

ps = maX(Pslzpsz)
ps=375x 10 °
s=4 in
Explicit Shear Detailing Approach (Pmin Column)

(Guide Spec. 8.8.2.3)
In longitudinal direction

Py = 487 kips

PeminL = Pd8 kIpS
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BE 02/16/03
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PeminL = 389.6 kIpS
Mp_top =0

3
MpotL = 3.05 x 10

0Ss=15

k - ft

PeL = Pg+ OS'(F’eminL - Pd)

PeL = 3409  Kips

M p_bot = OS-MpotL

Mp pot-12
vy Mp_bor2
L-R
V, =322.183  Kkips

A, = 7.084 x 10°

Ay
Ve i= 06T 000
V¢ = 251.457  Kips
Dp
Vp = A-PeL-B
Vp = 16.805 kips

Vu
VS::F—VC—Vp

Vs = 110.777

s:=4 in
Ash = 0.11 in
py = Iegs-A—ShS

A-74




Civil Engineering

SjU

SHEEINO__ 72 OF

JOBNO

044-0041

SUBJECT FILE
Southern Tlinpis Universicy

Ldwardsville Evaluation of Comprehensive Seismic Design of Bridges
www.siue.edu (LRFD) in Illinois

SIUE.e Edwardsville, IT. 62026
(618) 630-2533 ® Fax: (618) 650-2555

TITLE:

BY DATE
Johnson County Bridge BE 02/16/03

CHECKED

DATE

py=2679x 10 4

A 15
tand := | 1.6-py ————

(A-prAg)
tano = 0.44

D
tana := L
L

tano = 0.099 OK

A
23 0049 OK <Ash OK

Anti buckling steel
(Guide Spec. 8.8.2.5)

legs_antibuckling := 29

dp:= 1.128 in Diameter of longitudinal rebars

Snew = 6-dy Maximum spacing of ties

Snew = 6.768 in Required spacing for antibuckling reinforcement

Agh = .2 #4
Ap:= 0.79:N

60
Aph := Ap-0.09-—
bh b 60

Aph
— =0.196
legs_antibuckling
Smax = .25-60
Smax = 15 OK
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CHECKED

DATE

Final check for the plastic hinge zone
(Guide Spec. 4.9.1)

tan® = 0.44

h—4) (1
Lp:= ( )- — + .5-tan6\
12 \tano )

Lp=4569  ft

Mp_botL = 4.575 x 10° k- ft

VyL = 322.183 Kips

(Mp_botL\\

15
11— .85-—) = 6.153 ft controls
Vu IV'p_botL

M p_botL

15 12Mp_potl
=1 4400-5-dp + op PMpbott) ) oo
12 v,

u

Summery of transverse reinforcement for central column
#4@4" with 29 legs in 6.2' of bottom of the wall

Shear design in transverse direction
MCEER Guide Spec. 8.8.3

Phmin := -0025

Ash rq = thin'(bw - 4)'h
.2

Ash_rq = 1976 In

Agh = 0.2
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A,
N_h:= Tshrg
Ash
N h=988 Number of horizontal reinforcement
Sh:=4 in
3
Vi = —Jf — 4)-h
™ 1000 obw - 4)

3 .

V= 1403 x 10 kips
h
Vi = ¢+(.756-Tc + phmin-fyn-1000)- (b — 4) ——
1000

V= 1308x 105 kips
V = min(Vp, Vy)

3 .
V =1.308 x 10 kips
Viq = 811 kips (So minimum horizontal reinforcement is adequate for this pier)

A-77




Civil Engineering

S|U

SHEEINO__75  OF

JOBNO  (44-0041

SUBJECT FILE
Southern Minois University
Edwardsville

Evaluation of Comprehensive Seismic Design of Bridges

www.siue.edu (LRFD) in Tlinois
SIUE.e Edwardsville, I1. 62026
(618) 650-2533 @ Fax: (618) 650-2555
TITLE: BY DATE CHECKED DATE
Johnson County Bridge BE 02/16/03

Fixed Bent

Wall pier connection design

Method 1: Implicit Shear Detailing Approach
(Guide spec. 8.8.4.1, 8.8.2.3, 8.8.2.4)

Fixed pier

308"X36" (2.53% steel, 84#11 at top and 6#11 each side)

N := 180 number of longitudinal reinforcement
by = 36 in Height of pile cap

Hc:= 36 in Height of the joint

h:= 36 in  Dimension of the column
Di=h-3 in

D=33 in

R:=08 R-factor for joint (table 3.1-2)

ey = .00207 For the longitudinal steel

L:= 201 in Height of the pier

Ap = 1.56 in2

Pq:= 534 kips  Axial dead load in the pier
Pe:= 59 Kips Axial earthquake force
MpotL == 21504 k- ft

0S:=15 Over strength factor

Mp_botL := OS-MpotL

Mp_botL = 3.226 x 10" k-t

A-78
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fc == 3500 psi
by := 308 in
d=D in
L =201 in
Dp:=36-4 Width of the column core
Dp = 32 in
¢:= 0.85 For shear
fyh =60  ksi For the transverse and longitudinal steel
fsu = 1.5-fyn Ultimate tensile stress of the longitudinal reinforcement
fsu = 90 kSI
Ay = by-d Shear area
Ay = 1.016 x 10* in?
pt:= .0253 Longitudinal reinforcement ratio
s:=4 in  <4"OK (MCEER 8.8.2.4) for plastic hinge zone
Agh = .2 #4  Area of transverse reinforcement (ties)
legs := 16 Number of legs

— logs S
Pv_pr: byy's

Py pr = 2597x 107 °

Ag = b\Nh

Ag=1109x 10°  in®
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L =201 in  Length of the column

Ap = 1.56 in’ For longitudinal rebar

Dp =32 in Width of the column core

¢ := 0.85 For shear
Ay = Dp2 Shear area Av=bw*d
Ag = D2
fyh == 60 ksi
fsu = 15fyh

Dpp =31 Core dimension of tied column in the direction under construction
Agc := N-Ap Longitudinal reinforcement in column
.2

ASC = 2808 n
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Explicit approach for joint design
(Guide Spec. 8.8.4.2, C8.8.4.2, 8.8.4.2.2,8.8.4.3.1, 8.8.4.3.2, 8.8.4.3.3)

Bottom of the wall in longitudinal direction

fh:=0
P:=Pg+ Pe
P =593

Mp_botL = 3.226 x 10*

bp == 25-12

Lmid_dept_jt:= D+ Hc
Lmid_dept_jt = 69

Amid = bb'Lmid_dept_jt

Amid = 2.07 x 104

)
fV = ©
Amid
-3
fy =2.85x 10
hp == Hc
hp = 36
hc = D
he =33
bje == 2h¢
bje = 66

Average axial stress in the horizontal direction

kips Maximum axial force include earthquake effect
k- ft  From push over analysis
in Width of pile cap
in
.2
in
Average axial stress in the vertical direction
ksi
Joint depth
in

Dimension of column
in
effective joint width for shear stress calculations

in
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— Mp_botL'12
™ hyhebie

Vhy = 4.937 Ksi

Joint shear stress

2
(fh+f) [[(fh-1) 2
pt = - + Vhy Principal tension stress

2 2
pt = —4.935
3.5
= ——/f
Pt_max 1000 \/_c
pt_max = 0207

2 2

Maximum tension stress

2
(fa+f) |[(fa- 1) 2 . .
Pe = + + Vhy Principal compression stress

Pe = 4.938

.25
1000
pc_max = 0875 OK

Pc_max = c
Ajv =. 16ASC

Ajy = 44.928 in

Use #7

Maximum compression stress

Not OK, we should provide some horizontal reinforcement

Vertical reinforcement (Stirrups) (Guide Spec. 8.8.4.3.2)

A
N 7488
6

V5#7 vertical legs in (development length) each side|

Aclamp = -08-Agc

Aclamp = 22.464

AC'Zmp _ 37.44

B8#7 in 36" of the joint|

A-82
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g := .63-1.128- Development length for #9 (AASHTO LRFD 5.11.2.2.1-1)
fe
1000

0.3-1.128-fyn = 20.304 in

lgo = 22.791 in
Ap = 0.08-Agc Horizontal reinforcement (Guide Spec. 8.8.4.3.3)
Ap = 22.464 P3#9 in 40" length each side |

fyh
lg11 := 1.25-1.56. —

fc

1000

lg11 = 62.539

4-1.41fyp = 33.84

A,
pgi=.4 SC2 Hoops (Guide Spec. 8.8.4.3.4)
ld11
pg = 0.029
35
Ps_min = %500 fyn Minimum required horizontal reinforcement (Guide Spec. 8.8.4.2.2)
ps min=3451x 10" OK
Agh = .2 in2
s=4 in
legs := 41
Ash
Smax = legs-
Dpp-Ps
Smax = 9.211 Use #4@6" with 41 legs|
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Expansion Bent

Wall pier connection design
Method 1: Implicit Shear Detailing Approach
(Guide spec. 8.8.4.1, 8.8.2.3, 8.8.2.4)

308"X26" (1.01% steel, 38#9 at top and 2#9 each side)

N:= 80 number of longitudinal reinforcement

by = 36 in Height of pile cap

Hc:= 36 in Height of the joint

h:= 26 in  Dimension of the column

D=h-3 in

D=23 in

R:=08 R-factor for joint (table 3.1-2)

ey = .00207 For the longitudinal steel

L= 213 in Height of the pier

Ap=1 in>  Area of rebars for longitudinal rebar

A—1 fixed - free F9r lo.ngitudinal case' which is govern for th.is bridge. For transverse
direction, value of 2 is used for the case of fixed - fixed.

Pq := 486 kips  Axial dead load in the pier

Pe = 60 kips Axial earthquake force

MypotL = 3050 k- ft

0S:=15 Over strength factor

Mp_botL := OS-MpotL

Mp_botL = 4.575 x 100 k-ft
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fc == 3500 psi
by := 308 in
d=D in
L =213 in
Dp:=h-4 Width of the column core
Dp = 22 in
¢:= 0.85 For shear
fyh =60  ksi For the transverse and longitudinal steel
fsu = 1.5-fyn Ultimate tensile stress of the longitudinal reinforcement
fsu =90  Kksi
Ay = by-d Shear area
Ay = 7.084x 10°  in?
pt:=.0101 Longitudinal reinforcement ratio
s:=4 in  <4"OK (MCEER 8.8.2.4) for plastic hinge zone
Agh = .2 #4  Area of transverse reinforcement (ties)
legs := 16 Number of legs

oy o legs
v_pr: b

Py pr = 2597x 107 °

Ag = b\Nh

Ag=8.008x 10° in®
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L =213 in  Length of the column

Ap=1 in’ For longitudinal rebar
Dp =22 in Width of the column core

¢ := 0.85 For shear

Ay = Dp2 Shear area Av=bw*d

Ag =D
fyh == 60 ksi

fsu = 15fyh

Dpp =h-5 Core dimension of tied column in the direction under construction

Agc := N-Ap Longitudinal reinforcement in column

ASC = 80 in
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Explicit approach for joint design
(Guide Spec. 8.8.4.2, C8.8.4.2, 8.8.4.2.2,8.8.4.3.1, 8.8.4.3.2, 8.8.4.3.3)

Bottom of the column in longitudinal direction

fh:=0
P:=Pg+ Pe
P = 546

Mp_botL = 4.575 x 103
bp == 25-12

Lmid_dept_jt:= D+ Hc
Lmid_dept_jt = 59
Amid = bb'Lmid_dept_jt

Amid = 1.77 x 104

fy = i
Amid
fy=339x 10 °
hp == Hc
hp = 36
he:=D
he = 23
bje == 2h¢
bje =46

Average axial stress in the horizontal direction

kips Maximum axial force include earthquake effect
k- ft  From push over analysis
in Width of pile cap
in
.2
in
Average axial stress in the vertical direction
ksi
Joint depth
in

Dimension of column
in
effective joint width for shear stress calculations

in

A-87




SHEETNO_ 85 0OF JOBNO 044-0041

Civil Engineering -~

Southern TMinois University
Edvwardsville Evaluation of Comprehensive Seismic Design of Bridges
www.siue.edu (LRFD) in Ilinois
SIUE. e Edwardsville, I 62026
(618) 650-2533 @ Fax: (618) 650-2555

TITLE: BY DATE CHECKED DATE
Johnson County Bridge BE 02/16/03

Mp_botL-12

Vhy = —Po o Joint shear stress
hb hC bJe
Vhy = 1.441 ksi
2
(h+f) [[(f=f) 2 L |

pt = > - > + Vhy Principal tension stress
pt = —1.44

385
Pt_max = 1000 V' ¢ Maximum tension stress
Pt_max = 0.207 Not OK, we should provide some horizontal reinforcement

2
(fn+ %) j{(fh—m} , |
Pc:= + + Vhy Principal compression stress

2 2
pc = 1.443
P S f Maximum compression stress
c_max = o000t p
pc_max = 0875 OK
A'V = '16ASC . . . .
1 Vertical reinforcement (Stirrups) (Guide Spec. 8.8.4.3.2)
Ajv = 12.8 in2
Use #7
Ajv
% 21.333 P2#7 vertical legs in (development length) each side|

Aclamp = -08-Agc Vertical reinforcement (Clamping reinforcement) (Guide Spec. 8.8.4.3.2)
Aclamp = 6.4

Aclamp
6

=10.667  [L1#7 in 36" of the joint]|
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g := .63-1.128- Development length for #9 (AASHTO LRFD 5.11.2.2.1-1)
fe
1000

0.3-1.128-fyn = 20.304 in

lgo = 22.791 in
Ap = 0.08-Agc Horizontal reinforcement (Guide Spec. 8.8.4.3.3)
Ap =64 7#9 in 40" length each side |

fyh
lg11 := 1.25-1.56. —

fc

1000

lg11 = 62.539

4-1.41fyp = 33.84

A,
pgi=.4 SC2 Hoops (Guide Spec. 8.8.4.3.4)
ld11
-3
ps = 8.182x 10
35
Ps_min = %500 fyn Minimum required horizontal reinforcement (Guide Spec. 8.8.4.2.2)
ps min=3451x 10" OK
Agh = .11 in2
$S:=06 in
legs := 19
Ash
Smax = legs-
Dpp-Ps
Smax = 12.164 Use #3@6" with 19 legs|
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P-A Requirements
Guide Spec. 8.3.4

Fix Pier

W := 400 kips
V= 1283 kips
H=16.75 ft

\
Ci=—

w
C =3.208

Alimit == .25-C-H
Alimit = 13.431  ft

A= .28 ft < Alimit OK
Expansion Pier
W := 400 Kips
V= 678 Kips
_ 201
12

H=16.75 ft

\Y/
Ci=—

W
C =169

Alimit == .25-C-H

Alimit = 7.098 ft

A= .28 ft < Alimit OK

Average axial force at column

Average axial force at column
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Minimum seat requirement

L := 109.33-.3048

L = 33.324 m Length of bridge

213
= ——-.3048
12

H=541 m Heigth of the tallest pier

B := 42..3048

B = 12.802 m Width of superstructure

FV = 15

S1:=.759

a:=0

2
N:=| .1+ .0017-L + .007-H + .05+/H- [1+ (2-5\ }-(1 + 1.25-F-Sg)

L)

N = 0.827 m
N

"~ 3048

N = 2712 ft B3" Minimum seat width|
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Pile cap design procedure for Johnson County bridge

Fc == 4000
Fy := 60000

psi
psi

Moments and Forces acting on piles:

Axial (kips) |M (kip-ft) Trans (casel)| M (kip-ft) Long (case?2)
Fixed Long. 1014 8602 21504
Pier Trans. 988 21835 8734
Exp. Long. 764 1220 3050
Pier Trans. 728 12780 5112

Dimensions of Fixed pier

W= 2.17 Width of Wall (ft)
L := 25.67 Length of wall (ft)
T:=3 Thickness of pile cap (ft)
- A
T ‘ SN
oo oo ar y
e e e s e W N ol i i B e
% T A S L | ]
N e e NNIBIN u | u
Al 1 ‘ 1 1 A ‘ ‘ | | \
s SECTION AZA SECTION B-B

PILECAP (fIXED PIER)

s:=9
ml:=3 Number of rows
Number of piles in the rows
nl:=4
sd 52 1 ( 12 1) 1 Sum of the squares of the distances to each pile from
- E'n AL = UM he center or gravity of piles
2 2
sdl = 1.215 x 103 ft2 >dl:=6-13.5" + 6:4.5
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n2:=3 Number of rows
m2:= 4 Number of piles in the rows
82 2 2
Xd2 = E~n2~(n2 - 1)-m2 xd2:= 89
= Or
>d2 = 648 ft2
M1 := 21504 kip — ft
M2 = 8734 kip —ft
V:= 1014
Piles Coordinates:
x1:= 135 x5:=9 x9:= 135
] yl:= y5:=0 y9:=-9
; ~4.5#—9,0——’-4.5’~4.5ﬁ——9.o—-"4‘5‘
i x2:= 45 X6 := 4.5 x10:= 4.5
H e & o O
9.0 y2 =9 y6 =0 le =-9
2 8 7 6 5
=45 X7 := —45 x11:= —45
e o ® =9 y7:=0 yll = -9
i
1 = —135 X8 := —13.5 x12 = ~13.5
y4:=9 y8:=0 y12 := -9
A:=81 ft Area for each pile
kip Soil unit weight
§:=0.12 3
ft
b ft soil hight
p:=A3d-h
p=19.44 kips Soil pressure for each pile
n:=12 Number of piles in the group
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Evaluation of Comprehensive Seismic Design of Bridges

(LRFD) in Tllinois

Johnson County Bridge

BY DATE

03/11/03

CHECKED

DATE

v 1 1
PLi= ~ 4 ML2= + M2L= 4+ p
n zdl >d2

P1 = 464.179

v 2 2
ANV I RACIY v W R
n >di >d2

P2 .=

P2 = 304.89

P3 = 145.601

v 4 4
P4 = ~ 4 ML+ M2 4 p
n zdl

P4 = -13.688

5 YoM M g
n zdl >d2

P5 = 263.229
\Y X6 y6

P6:=— + Ml-— + M2.—— +p
n zdl >d2

P6 = 183.584

v 7 7
P7:= ~ 4+ ML M2 2L 4 p

n zdl >d2
P7 = 24.296
\Y X8 y8

P§:=— + Ml-— + M2.— +p
n zdl >d2

kips

kips

kips

kips

kips
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TITLE:

Johnson County Bridge

BY DATE

03/11/03

CHECKED

DATE

P8 = —134.993

po = YoM v Ly
n zdl >d2

P9 = 221.568

Vv 10 10
AN VT P V7 I A
n >dl xd2

P10 =

P10 = 62.279

Vv 11 11
P11 = — + ML= + M2 2= 4 p

n >d1 >d2

P11 =-97.01

Vv 12 12
P12 := ~ + ML2=2 + M2 222 4 p

n >d1 >d2

P12 = —256.299

Pile punching shear check:
Vu:= P1
Vu = 464.179

d:=33

b:= 69n
Ve = 4\/F_Cbi

' 1000

Ve = 1.81 x 103

¢:=0.85

Vu

? = 546.093 wu <Vc

kips

kips

kips

kips

kips

kips

OK
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One way shear Check:
V1:=Pl+ P2+ P3+P4
V1 = 900.982 Kips

b2 = 432 n

Ve2 = 4 b2.——
\/_ 1000

VC2 = 3.607 x 10°

M o106x10° 2 over
¢ ¢

OK

Flexure bending design:  Only in one direction

Mu := (P1 + P2 + P3 + P4)-1000-7.92

Mu = 7.136 x 106 ®:=09
M
As = —U
@-Fy-0.9.d

As = 4.449 in2
Asmin := 0.0018-36-432
Asmin = 27.994
In long Direction : 64 # 6

Asmin := 0.0018-36-324

Asmin = 20.995
In short direction: 48 # 6

Minimum Reinforcement will apply in both directiot
Asmin is divided in two part for top and bottom of |

A-96
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T
I
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Bottom o ottomn o 6010 geeio
Reinforcement
42‘5{?01,2 = 8#6@10” 8#6@10” 446@10”
Bottom Bottom

Reinforcement




S[U

SHEEINO_ 94 oF

JOBNO (440041

Civil Engineering
Southern MMinois University
Lewardsville

www.siue.edu

SUBJECT FILE.

Evaluation of Comprehensive Seismic Design of Bridges

(LRFD) in Illinois
SIUE.e Edwardsville, TT. 62026
(618) 650-2533 ® Fax: (618) 650-2555
TITLE: BY DATE CHECKED DATE
Johnson County Bridge NA 03/11/03
Dimensions of Exp. pier
W= 217 Width of Wall (ft)
L := 25.67 Length of wall (ft)
T=3 Thickness of pile cap (ft)
w:= 18 Pile cap width (ft)
.= 27 Pile cap Length (ft)
Axial (kips) |M (kip-ft) Trans (casel)| M (kip-ft) Long (case?2)
Fixed Long. 1014 8602 21504
Pier Trans. 988 21835 8734
Exp. Long. 764 1220 3050
Pier Trans. 728 12780 5112
. /%
js | 3.0| @
~< "A.s-‘——s.u ~4.5-‘

s
ob

C i
<o
PILECAP (EXP PIER)
ml=2 n=6
nl:=3
2

Sdl = %~n1~(n12 1) mt

>dl = 324
m2:=3
n2:.= 2

Xd2 = i—i~n2~(n22 - 1)-m2

¥d2 = 121.5

TION C-C

$dl = 4.9°
ft2

$d2 = 6.4.5°

ft2
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M1 := 12780 kip — ft
M2 := 1220 kip — Tt
V= 764 kip
Piles Coordinates:
x1:=9 x4:=9
1
T yl:=45 y4 .= -4.5
4.5
AZ
T @ @ X2:=0 X5:= 0
2 9.0 y2:=45 y5:= 45
TL 5 — _
5 ® - s
3:=45
45 9.0 | 9.0 45 Y y6:= —4.5
1
1= Y v v 4
n zdl >d2
P1 = 546.959 kips
2= Y oM v Y 4
n zdl >d2
P2 = 191.959 kips
3= Y vt v
n zdl >d2
P3 = -163.041 kips
pa- Y im 2t o v Lp
n zdl >d2
P4 = 456.588 kips
5= Y M1 M2 4
n zdl >d2
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DATE
03/11/03

BY

CHECKED

DATE

P5 = 101.588

vl v Y,
d1 wd2

v
n

P6 =
P6 = —253.412

Pile punching shear check:
Vu:= P1
Vu = 546.959

d:=33

b:= 69n

d
Ve = 4+[Fc-b——
1000

Ve = 1.81x 103

¢:=0.85

Vu

? = 643.481 AL <Vc

d:= 45

One way shear Check:
V1:= (Pl + P2 + P3)-0.74

V1 = 426.148 Kips

b2 .= 324 n

d
Vc2 = 4~\/ Fc-b2.——
1000
VC2 = 3.688 x 10°

V1

— =501.35 M cve2
¢ ¢

kips

kips

kips

)

K

—d=2.75

OK
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Flexure bending design:  Only in one directio
| 2446614 |
Mu := (P1 + P2 + P3)-1000-3.32 ‘ ‘ |
» \ \ \
Mu = 1.912 x 10° o e e | dls
Mu ®:=0.9 \ \ \
As:= —— \ \ \
®-Fy-0.9-d
As = 0.874 in’ Reinforcement
Asmin := 0.0018-36-324 Fq
| |
Asmin = 20.995 i |
In Long Direction : 48 # 6 4§6,?1°” 446010"
oftom Bottom

Asmin := 0.0018-36-216
Asmin = 13.997
In short Direction : 32 # 6

Minimum Reinforcement will apply in both directions

I I
\ \
T || 8#6@10" |_ |
| Bottom |
\ \
\ \

SECTION D-D

Asmin is divided in two part for top and bottom of pile cap

Due to having uplift in some piles, it is necessary to check the uplift capacity for piles.
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TITLE:

Johnson County Bridge

BY DATE
NA 03/11/03

CHECKED DATE

Axial Capacity for uplift:

Ds:=3 ft

L1:=4 ft

L2:=24 ft
L:=375 ft

382000  psi
144
50-2000
144

qul:

qu2:

fl:

2.54/qul

f2:

2.54/qu2

n-Ds-L1-f1-144

ul:=
Q 1000

n-Ds-L2-f2-144

uz2:=
Q 1000

Wpile := .150-&.052\4_

)

f1=57434  psi

f2= 65881  psi

qul = 527.778

psi qu2 = 694.444

Less than 15-qul = 79.167  psi

less than .158qu2 = 109.722  psi

Qul = 311.788 kips

Qu2=2146x 10°  kips

While = 39.761 kips

Qallow := 1.

Qallow = 1.608 x 10°

Qallowuplift := 1.33

33. (Qul + Qu2 — While)

kips

(0.7Qul + 0.7Qu2 + Whpile)

Qallowuplift = 1.17 x 103

kips
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Total settlement of Drilled shaft:
Ac = %-Dsz Ac=7069  ft
Ec:= 144-57-\/3500 Ec — 4856 x 105 ks
Ecorel := 144-57-\/695 Ecorel = 2.164 x 105
ksf
Ecore2 := 144-57-\/625 Ecore2 = 2.052 x 105
ksf
Emassl := 0.2-Ecorel Emassl = 4.328 x 104 ksf
Emass2 := 0.4-Ecore2 Emass2 = 8.208 x 104 ksf
E E
C _1122 ¢ _ 5916 If = 0.4
Emassl Emass2
ol (Quil-L1) N (Qui-If) 12 _
(Ac-Ec) (Ds-Emass1) s1=0.016 in
e (Qu2-L2) N (Qu2-If) 12 _
(Ac-Ec) (Ds-Emass?) s2=0222 in
S:=51+82
S =0.238 in Total settlement
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Appendix B -- Detailed Computations for Seismic Analysis and Design of the
Johnson County Bridge Using AASHTO Specifications
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Table of contents of Appendix- B

Overview of SAP 2000 Model........cooeeie e
LPILE Graphs

Spring Calculations

SAP Model Output

Pile Design

Wall Pier Design

Pile cap

Summary of Reinforcement
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Section 4.5.4: minimum number of modes equals three times number of spans,

or 9 modes this bridge; maximum number of modes equals 25.

View of SAP2000 Model (with concrete extrusions shown):
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Enlarged View of Translational and Rotational Springs:
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Mode Shape 1 — Period = .6981 seconds

Mode Shape 2 — Period = .1915 seconds
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Mode Shape 3 — Period = .1416 seconds

Mode Shape 5 — Period = .1073 seconds
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£
£
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Piles Springs For Fixed Pier

Pile Information
for L-Pile input:

¢:=18 in A=

clearcover ;= 3 in

205 in
(to spiral edge)

6 #8 bars for vertical reinforcement

Results from L-Pile: M, .= —— M

450

Spring Stiffness:

D:=18 in

A

Lile = 12 Lpile

pile = T144

u=" u=96 k- ft

=375 ft

Apile = 1.767 ft

E:= (57-/3500)-144 E = 485591.8  ksf

E

c
Kaxial = Apile' 7
pile
Using shear:= 31.5 kips
LPile: .
A :=.205 in
12shear
Kiateral = A

Lateral Springs:

Kx=Ky=> Kx = 8-Kateral

Kaxial = 8-Kaxial

4
kaX|aI = 2.288x 10

3
klateral =1.844x 10

Ky = 1.475 x 10*

5
Kaxial =1.831x 10

B-9
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Rotational Springs:

Kpy = (kaxia|)-[8-(3.752ﬂ

Kry = (kaxia|)-[[4.(3.752)] +lal(12.25)]]

Kpg = (k|atera|)-[4-(11.8592) + 2(5.3089) |

Piles Springs For Expansion Pier

Pile Information
for L-Pile input:

¢:=18 in A :=.205 in

clearcover:= 3 in (to spiral edge)

6 #8 bars for vertical reinforcement

. 550
Results from L-Pile: My=— M, = 46 k- ft
12
. . 450
Sprlng Stiffness: Lplle = E Lplle =375 ft
D:= 18 in
A = —4) A = 1.767 ft2
pile = 144 pile = 6

E:= (57-/3500)-144 E = 485591.8  ksf

EC .
kaxial = Apile'L__ kaxial =2.288x 10 -
pile
Using shear := 17.7¢kips
LPile: _
A = .05 in
12shear 3
Kiateral = — Kiateral = 4.26 x 10°  —
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Lateral Springs:

Kx=Ky=> K= 8Kateral Ky = 3.408 x 10* %
Kaxial = 8 Kaxial Kaxial = 1.831 x 10° %
Rotational Springs:
Kpy = (kaxia|)-[8-(3.752ﬂ Kpy = 2574 % 10°
Kry = (kaxia|)-[[4.(3.752)] +[af11257)]] Kry = 1.287 x 10’
Kyy = (k|atera|)-[4-(11.8592) + o(5.3082) | Ky, = 2.636 x 10°
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MODAL PARTICIPATING MASS RATIO
S
With Springs for Division 1-A
MODE PERIOD INDIVIDUAL MODE (%)
uXx 9)1 uz

1 0.6981 66.18 0.00 0.00
2 0.1915 13.23 0.00 0.00
3 0.1416 12.81 0.00 0.37
4 0.1304 0.48 0.00 | 10.35
5 0.1073 0.00 | 87.50 0.00
6 0.0741 0.00 0.00 | 15.84
7 0.0719 0.00 0.00 | 61.08
8 0.0714 7.24 0.00 0.00
9 0.0666 0.00 4.01 0.00
10 0.0559 0.00 0.00 0.01
11 0.0530 0.00 0.27 0.00
12 0.0439 0.00 0.00 9.79
13 0.0326 0.00 0.00 0.06
14 0.0306 0.01 0.00 0.00
15 0.0263 0.00 0.01 0.00
16 0.0229 0.00 0.00 0.00
17 0.0217 0.05 0.00 0.00
18 0.0207 0.00 0.00 0.76
19 0.0183 0.00 0.00 0.00
20 0.0166 0.00 4.06 0.00
21 0.0162 0.00 0.00 0.96
22 0.0118 0.00 0.00 0.00
23 0.0117 0.00 0.00 0.00
24 0.0115 0.00 0.00 0.00
25 0.0108 0.00 0.00 0.00
100.00 | 95.85| 99.22
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Forces & Moments - EQ;ans

DIVISION 1-A Transverse
Support / Location Shear 3 | Moment 2| Moment 3 Axial
PP kips Kip-ft Kip-ft kips
. . Top 115 535 0 0
Fix Pler 4 om 54 862 0 0
. Top 15 890 0 0
EXp Pler g iom 56 288 0 0
DIVISION 1-A Forces & Moments - EQjong
Longitudinal
. Shear 2 | Moment 2| Moment 3 Axial
S t/ Locat ) . . .
tpport /-ocaton kips kip-ft kip-ft Kips
A Top 210 0 190 7
Fix Pier 5 tom 229 0 3619 8
. Top 5 0 0 11
Exp Pler 4 iom 60 0 749 11
DIVISION 1-A Forces & Moments - EQyans / R

Transverse
Support / Location Shear 3 | Moment 2| Moment 3 Axial
kips Kip-ft Kip-ft kips
. . Top 57.5 268 0 0
FiX Pler 5 tom 27 431 0 0
. Top 7.5 445 0 0
EXp Pler 4 iom 28 144 0 0
DIVISION 1-A Forces & Moments - EQjong / R
Longitudinal
Support / Location Shear 2 [ Moment 2| Moment 3 Axial
PP kips Kip-ft Kip-ft Kips
A Top 105 0 95 4
FixX Pler g o 115 0 1810 2
. Top 3 0 0 6
EXp Pler 5 tom 30 0 375 6

B-13
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Forces & Moments - Load Case 1
DIVISION 1-A (1.00*EQyans + 0.30*Eq|ong) + 1*DL
Support / Location Shear 2 | Shear 3 MomentS Moment 2|  Axial
kips kip kip-ft kip-ft kips
Fix Pier Top 32 58 29 268 307
Bottom 34 27 543 431 469
Exp Pier Top 1 8 0 445 310
Bottom 9 28 112 144 481
Forces & Moments - Load Case 2
DIVISION 1-A (1.00*Ediong + 0.30*EQyans) + 1*DL
Support / Location Shear 2 | Shear 3 |Moment 3| Moment 2| Axial
Kips kip Kip-ft Kip-ft Kips
Fix Pier Top 105 17 95 80 306
Bottom 115 8 1810 129 468
Exp Pier Top 3 2 0 134 308
Bottom 30 8 375 43 479
Displacement Longitudinal Transverse Max (in)
Direction (in) Direction (in)
Bearing of Fixed Pier 1.16924 0.04026
Top of Fixed Pier 1.10282 0.04102
Bottom of Fixed Pier Pile Cap 0.18865 0.05776 0.197
Bearing of Expansion Pier 1.17857 0.03341
Top of Expansion Pier 0.2202 0.03352
Bottom of Expansion Pier Pile Cap 0.02909 0.03396 0.045
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Axial Capacity (Side Resistance) of Limestone and Shale:
By:=15 ft Ly:=5 ft(Shale)

Ly = 11.5t (Hard Limestone w/ occasional shale seams)

2000
COl =3.8—— COl = 52.778 pSI
144 (tons / ft°2)(1 ft*2 / 144 in~2)(2000 Ib / ton) = psi
C 50. 2200 Cpo = 694.444 psi
=50-—— = 694. [
02 144 02 p

From Figure 4.6.5.3.1A:

Ogr1 =0 dgr2 = 75 psi
Q B,Ly 0t Qer =0  kips
= . . 0. — = |
sr1= TPt 000 srl p
144 _
Qgr2 = 7T'Br'LZ'qer'm Qsrp =585 kips

2)

T .
Wplle = 150(2 -Br )375 Wp"e =99 klpS

Note: 1.33 increase in allowable load; Factor of Safety = 2.5 (AASHTO 4.6.5.4)

(erz - Wpile)
Qallow = 1-33'T
Qgllow = 306 kips (Allowable Downward Force)
( 7Qgrp + Wplle)
QaIIowup =133 55
Qallowup = 223 kips (Allowable Uplift Force)

Note: Q.ult = Q.s + Q.t - W.self (Compression) and .7*Q.s + W (uplift);
Q.allow = Q.ult/ FS
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Total Settlement of a Drilled Shaft (4.6.5.5.2):

Q := 240kips

|pS = .55

B,=15 ft

E_ 410024
m - 1000

Ep, = 5.76x 10° ksf

2

A=—-15 A=1767 ft2

~la

D, := 37.5ft

144
E..:= 57000/ 3500- ——
¢ 1000

E. = 485592 ksf
os ) (D)
pg=Q- +
S BrEm) (AEc

Value of E(m) is approximate

pg = 0.01064 ft 12.pg = 0.128

Under the ultmiate load of 236 kips (118 tons), we will easily be

under .4": Thus the shaft does not experience excessive settlement.
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Axial Force On A Pile (Fixed Pier):

Pw:= 712 kips

Megq

|= 4260 k-ft Mg

gti= 251 k- ft

dl:=3.75 d2:= 3.75 d3:= 11.25

(distant from center of pile group to center of closest pile center)

sd1 = 8.(d1?)

sz = 4.(d2?) + 4.(03?)

2

¥dl= 1125 ft (weak axis)

2

$d2 = 562.5 ft (strong axis)

(Sum of squares of the distances to each pile from the center of the pile group)

Piles Loads:
. Pw) d1 ) d3 )

Fpile1:= 8 ) + eql'ﬁ) Meqt'ﬁ) Fpile1 = 236
. Pw) d1 ) d3 )

Fpile4 = 8 ) + Meql'ﬁ) - Meqt'ﬁ) Fpileq = 226
. Pw) d1 ) d3 )

Fpile5 = ?) - eql'ﬁ) Meqt'ﬁ) Fpile5 =48
. Pw) d1 ) d3 )

Fpile8 = ?) - eql'ﬁ) Meqt'ﬁ) Fpile8 =58

n 2
Fpiledeadload = -150'(]1-5 }'37-5 Fpiledeadload = 10

Note: Q.ult = Q.s + Q.t - W.self (Compression) and .7*Q.s + W (uplift);

Q.allow = Q.ult/ FS
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Axial Force On A Pile (Expansion Pier):
Pw:=1619  Kips

=942 k-ft  Mgg=41 k- ft

Meq eq

dl1:=375 d2:=3.75 d3:= 11.25
(distant from center of pile group to center of closest pile center)

Xdl:= 8-(d12) >dl= 1125 ft2 (weak axis)

sd2 = 4.(d2?) + 4.(a3?) $d2 = 5625  ft° (strong axis)

(Sum of squares of the distances to each pile from the center of the pile group)

Piles Loads:

Pu) d1 ) d3 ) .

FpilEl = ?) + M 2d1) Meq Zd2} Fpilel =110 Kips
P ) d1 ) d3 ) .

p|Ie4 = ?) + M 2d1) - Meqt'ﬁ) Fpile4 =108 kips
Pw) d1 ) d3 ) .

Fpiles = 8 ) Meq 2d1) + | Meq ¥d2) Fpiles = 47 kips
Pw) d1 ) d3 ) .

Fpileg = ?) Meq 2d1) - Meqt'ﬁ) Fpileg = 49 kips
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PCACOL Output. Piles

F [kip]
800

18 in diam.
1.38% reinf.
MATERIAL: -
f'c = 3.5 ksi
Ec=3372.17 ksi
fc = 2.975 ksi
Betal = 0.85
fy = 60 ksi
Es = 29000 ksi

SECTION:

Ag = 254.469 in"2
Ix =5153 in™4

ly =5153in"4 t t t t +

Xo=0in 120
Yo=10in

M [k-H]

REINFORCEMENT:

8 #6 bars @ 1.383%

As = 3.52in"2

Confinement: Spiral

Clear Cover = 3.625in =

-200
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Important Quantities:

fC =

fS =

35 ki Eg=1820([Tg) Ec=3405x 10%ksi  f= 24 [T)
60 ksi  Eg:= 29000 ksi Es

Division 1-A: Section 3

3.4
3.9

acceleration equals .15g

n:.= n = 8517

Ec

f,=0.449 ksi

SPC is category B (IC can belorll)
Load Case 1. 100% Longitudinal + 30% Transverse

Load Case 2: 30% Longitudinal + 100% Transverse

Division 1-A: Section 6

6.2.1
6.3.1

6.6.2

Group Load equals 1.0(D + B + SF + E + EQM)

Design Displacements

L:=465 H:=1775 S:=0

This is the Required Length
N:= (8+ 0.02-L+ 0.08~H)-(1 + 0.000125-32) N =10.35 of Seat per side in Inches

Available Seat Width for entire expansion Pier (Pier 2 on each bridge) equals 26 inches

Special Requirments when designed as Columns ( N/A if designed as pier )

Can use 7.6.3 as a suggested minimum for vertical and horizantal reinforcement of .25%.

Wall Design for Seismic:

From SAP2000 Model (fixed pier forces only):

Py =472 Axial Load on pier for LC1

Myy1 := 1810 Moment about strong axis (bending in weak direction) of wall for LC1
Mgq == 129 Moment about weak axis (bending in strong direction) of wall for LC1
Po = 470 Axial Load on pier for LC2

M2 == 543 Moment about strong axis of wall for LC2

Mgy = 431 Moment about weak axis of wall for LC2
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Division 1: Section 8 8.16 Strength Design Method
8.16.1.2.2
Calculation of the ¢ factor: 3
fo=35 Ag = 308-26 Ag =8.008 x 10
Py
P = 473 P =Py d:=.9- 2-f A ¢ =0.87
c'g
8.16.5 Slenderness Effects in Compression Members
r:=.3.26 r=7.8 in 8.16.5.2.2
k:=2 8.16.5.2.3
ly=(@+2+11)-12+9 Iy, =201 in
I
u e :
slenderness := k-— slenderness = 51.538 Moment Magnifier is required.
r
2 3
8.16.5.2.7 Bg=1 Ig:= (,79.9 ).50 lg=32x10
o1 3 _ 5
l,:=—-308-26 l,=4511x 10
97 12 9
(Eclg) o
5 T -s'ls
El .= El = 199994062
1+ Bd

Po= ” P.= 12214
(2.|u)
OPc=¢-Pg P = 10581
P, = 4735
1
By = ——— 8, = 1.05
Pu
1 o
P
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IU
1500 - 0.13 In definition of M.2s; so it has appreciable sidesway

since:
Largest Deflection according to SAP2000 model is around 1.17".

dgi=—— oo = 1.047
S p S

Since the moment due to gravity load (m.2b) is zero,8.b moment
magnifier does not apply to this pier.

Fix Pier: Expansion pier:
3
Mew1 = 85 Myw1 Mew1 = 1.895x 10 1.05-374 = 393
Mcg1 = 85'Mg1 Mg = 135.043 1.05-43 = 45.15
Mow2 = 85" M2 Mcw2 = 568.439 1.05-112 = 117.6
Mcg2 = 85-Mgo Mcgp = 451.192 1.05-144 = 151.2

Minimum Steel Required:

Using Division 1-A (7.6.3): Piers must have a p(min) = .0025 for both p.h and p.n
(.0025)(308-26) = 20.02 in2 (minimum amount of vertical steel)

Using PCACOL:

vertical reinforcement is 46 #9 for .57%. 22 bars spaced evenly along each long
face, with one additional vertical bar placed in the center on each short side.

Expansion: vertical reinforcement is 46 #6 for .25%. 22 bars spaced evenly along each long
face, with one additional vertical bar placed in the center on each short side.

Clear cover of 3" was used for each wall, measured to side of transverse rebars, assuming
#6 bars were the appropriate size for transverse reinforcement.
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P (kip)
20000

308 x 26 in
0.572% reinf.
MATERIAL: B
f'c = 3.5 ksi
Ec = 337217 ksi
fc = 2.975 ksi
Betal = 0.85
ty = 60 ksi
Es = 29000 ksi

SECTION:

Ag = 8008 in"2

Ix = 451117 in"4

ly =6.33059e+007 in"“4
%o =0in I h, | I | i
Yo =0in E000
M (4] (kA1)

REINFORCEMENT:

46 #9 bars @ 0.574%

As = 46 in"2

Confinement: Tied

Clear Caver = TAQTR in -

-4000

P (kip)
20000

308 x 26 in
0.572% reinf.
MATERIAL: B
f'c = 3.5 ksi
Ec=3372.17 ksi
fc = 2.975 ksi
Betal = 0.85
fy = 60 ksi
Es = 29000 ksi

SECTION:

g = 8008 in"2

Ix = 451117 in"4

Iy = 6.33059e+007 in"4
o acl : f . . :

Yo =10in 7000
M (38) 1)

REINFORCEMENT:

46 #9 bars @ 0.574%

As = 46 in"2

Confinement: Tied

Clear Cover = 3.74976 in 2
= —

-4000

Johnson County Bridge — Fixed Pier
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P [kip]
18000

308 x 26 in
0.25% reinf.
MATERIAL: -
f'c = 3.5 ksi
Ec=3372.17 ksi
fc = 2.975 ksi
Betal = 0.85
fy = 60 ksi
Es = 29000 ksi

SECTION:

Ag = 8008 in"2

Ix = 451117 in*4

ly =6.33059e¢+007 in*4
Xo=0in

Yo =0in

REINFORCEMENT: ||
46 16 bars @ 0.253% /
As = 20.24 in"2

Confinement: Tied

Claar Caver =2 7ENTA in -

|
E000
M (7] [k-At)

-2000

P [kip)
18000

308 x 26 in
0.25% reinf.
MATERIAL: -
f'c = 3.5 ksi
Ec=3372.17 ksi
fc = 2.975 ksi
Betal = 0.85
fy = 60 ksi
Es = 29000 ksi

SECTION:

Ag = 8008 in"2

Ix = 451117 in*4

ly =6.33059e+007 in"4
Xo=0in

Yo =0in

REINFORCEMENT: L 1
46 #6 bars @ 0.253% 8000
As = 20.24 in"2 M (527 (k)
Confinement: Tied

Clear Cover = 3.75074 in hd

-2000

Johnson County Bridge — Expansion Pier
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8.16.2.3.1 - Transverse Reinforcement:

.2
ph=0025  Ap:=pp-12-26 Ap=078 in
Ap
Ap = .79 S:= 12.2.A— s = 24.308 Spacing for #8 bars.
h
Ap
Ap = .60 S:= 12-2-A— s = 18.462 Spacing for #7 bars.
h
Ap
Ap = 44 s:=12-2.—  s=13.538 Spacing for #6 bars;
Ah Use these at 12" o.c.
Ap
Ap:= 31 S:= 12-2-A— s = 9.538 Spacing for #5 bars.
h
A ~—122'44 A, =0.88 = Ah = 0.0028
h=2ep Sh=o Ph= 1  Ph™%

8.18.2.3.4: spacing for "cross ties" can not be more than 24"

Cross ties will restraint the width of the wall at every third vertical in the fixed pier and
every other vertical in the expansion pier. Every other row as you go up the height of the
wall will be restrained in this manner. Since all bars are #10 or smaller, #4 ties are the
appropriate size. The ties will have a 90 deg. hook on one end and a 180 deg. hook on
the other; the ties will be continuous through the width of the pier and will alternate hook
types as you go along the width or height of the wall.

An additional note: all transverse reinforcement will have a U-shaped piece spliced to
each end to go around the short ends of each wall. These bars will be of the same
size and spacing as the horizontal bars, and will have appropriate splice lengths.

8.25.1:

8.27.3:

8.23.2:

60000
1/ 3500

Iy = 1.7-(.04..44-

g = 30.344

Use 31" for development length of U's

Use 31" for splice length of horizontal #6's

Hooks should have a diameter of 9" for #9 bars and 4.5" for #6 bars; these will

be used with the appropriate development length to create dowels for vertical

rebars
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8.25.1:
#8 bar hook.

8.23.1:

8.16.6.2.2 Shear Strength
R=10

fo = 3500 pp = -003

DiV1A(7.63):  vg:=2.[f Ve =118

Fix Pier: Vi1 = 105 Weak direction shear for LC1

Vg1 =8 Strong direction shear for LC1

V2 = 315 Weak direction shear for LC2

Vgp =27 Strong direction shear for LC2

2 2
VR1 =4y Vw1 *Vs1

Vpy =105  kip

' 2 2 .
VR2 = VW2 + VSZ VR2 =41 klp

Expansion Pier:

Use 18" development length for a #6 bar hook, and 41" development length for

Extension at free end of standard hook is 13.5" for #8 bar, and 9" for #6 bar

:= 60000

psi

We are using the same minimum amount of horizontal steel for the fixed

pier as for the expansion pier; the fixed pier has higher shear forces, so this
design will work for both piers.

V11000
Vr =
308-26

V=13 psi

applied shear stress at wall/pilecap

connection

dve == .85V, ¢vo =101 psi

Concrete is adequate for applied shear force in the pier wall.
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Foundation Design for Seismic:

Design of Piles (using the max deflection of cap under fixed pier):

Using SAP2000 Model we have these given deflections (inches) at the tops of the piles
due to loading:

2 2 .
Alzz .189 A2:: .058 Amax:: / Al i+ A2 AmaX:0.198 inches

From LPile: Vmax = 31.5

Vmax 1000

Shear Stress: Vstress = (18.14125) 33 Vstress = 93153 psi

ve = (.95-/3500) Ve = 56.203 psi
The Pile requires shear reinforcement since V.stress is more thanV.c
9 .
@7:  Ts1= (Vstress vc)-ls-E fgg = 19310  psi
The limit for f.s = 24000 psi; so 9" pitch on a #5 spiral will work.

(18-14.125)

Vnoshear = ( 'Vc) 1000 Vnoshear = / kips

At around 7 kips (13 feet below the cap), the concrete alone can handle the shear, so no
shear reinforcement will be needed below that point, just a minimum required for adequate
lateral reinforcement, spacing will be 9" (See Division 1-A, 6.4.2(C) ).

Using LPile, the forces due to the deflections were:
M:=97 kip-ft
Using PCACOL.: a 18" diameter column bent about one axis, with the given loading needs:

8 #6's for vertical reinforcement which has a p = .00138; minimum is .5% (D1-A, 6.4.2(C) ).
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Required Pitch Spacing with #5 bars:

(8.18.2.2):
agi= 31 dy==.625 Dg:= 18- (3-2) D, = 12
A :En18\ A nD\ f . := 3500 f.,:= 60000
9 c) et %
(minimum) = 45. fe
Ps = B pg = 0.0328
(#2506 - Use #5 bars at pitch of 3"
Smax > Smax =299 se ars at pitcn o .
(o -ps)

(Above equation comes from Nawy page 347; it uses that fact that p.s is actually the volume
of the spiral divided by the volume of the core concrete.)

Use a #5 sprial with a 3" pitch for the first 13' of the pile below the cap and the bottom 2
feet of the pile; also continue spiral up into the cap and terminate at the tops of the
verticals with an appropriate hook

Spiral Laps: 48-dp, = 30 in (controls)
-or- 12 in
Use a 30" lap splice to connect two pieces of spiral together.

(8.24): Development Lengths:

for flexure:  effective depth = 14.125" (controls)
15*d.b =11.25"

The cap is 3' thick. The pile longitudinal reinforcement will go up into the cap for a distance
of 14", then the ends of the #6 bars will have 90 degree hooks with 9" extensions.
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Pile cap: Moment:

M, = 3465 k- ft

beff = (.8-2.67) + 3.75
- (My-12000)
(9.26-12.32%)
(60000\
o= .0025| ——
3500 )

IDOT Bridge Manual 3.7.5
botr= 589 ft ( J )
(actual spacing = 7.5"; so 5.89' controls)
R =145 psi
Ry = ®-3500-(1 - .59-0) Ry = 146.207 psi
.2

Ag:= (.0025-12-32) Ag = 0.96 % of footing (transverse steel)
t

Transverse rebar for footing is chosen to be #6 bars @ 5.5" o.c.

8.17.1.1:
fo:=75+/3500 f =444  psi lg = 12-(12-beff)~363 Iy = 39544879 in*
yp:=18 in
ool
(frlg) 1
Mgy = 1.2-Mg ) —— = 9747 k—f
cr (yt) ( Cf) 12000 47 t
(1.2Mgy) _
Repi= —m—————— Rgr = 4068  psi

(9-26.12.32)

This number is off the charts; but it is permissible to waive this requirement if a 33%
increase in the required area of steel is provided.

Ag = (.0025-12-32)-1.33

Ag):= (.0018-12-32)

.2
Ao =1.277 n
ST ft
Use # 6 bars at 4" o.c. for transverse reinforcement
.2
Ao = 0.691 n
sl : ft

Use #6 bars at 7.5" o.c. for longitudinal reinforcement
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Shear: One-Way (8.15.5.6):

(4.4.11.3): d=32" dp=18"

Location of critical section
with respect to pile center:

log = (375-12) =13 -32  1,g=0.0 in

Pile center is located directly over critical section; thus according to
4.4.11.3.2: we use interpolation and find that 1/2 of reaction is used

in this shear check.

(8.155) & v (2236:1000) 1 Ve 39
(8.15.5.6): (12-begr32) 133
ve = (.94/3500) V.- 53

Pile cap works in one-way shear.

Two-Way (8.15.5.6):
by = m-2:(9 + 16) b, = 157 in

(236-1000) 1

Voway = T aav Taa Voway = 35 si
2way (bo-32) 1.33 2way p

Ve =53 psi

Pile cap works in two-way shear.
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Pullout of Piles in Tension:
A.:=8-44 A.=352 i 2
g= 8-. g = 3.5 in

fy:: 24000

FS:=2 (Also: 33% increase in allowable stresses)

1.33(As-fy).i

1000 =56 kips (Allowable Uplift of a Single Pile)
FS
58 Divide Ultimate Load by R = .8 f ti
Fuplift = n (Divide Ultimate Load by R = .8 for connections)
Fuplift =73 kips (Largest Uplift Force on a Single Pile)

2
Agp:=11-44  Agp=484 in

(Asz 'fy) 1 .
138 ——— =77 kips
FS 1000

We need 3 (or 4) #6 bar dowels of appropriate length to resist pullout failure
8.25.1:

60000
4/ 3500

Iy = .04-.44- lg=17.85 in

8.25.3.3:

75-14 = 13.387 Use a development length of 13.5" into the
main part of the pile for the #6 dowels

8.29.2:

Ihb = 1200-
4/ 3500

Ihb = 15.213 in

The #6 dowels and #6 verticals will terminate in the slab with an L(hb)
8.29.3.2: 7-Ihp = 10.649 of 11", and a 90 degree hook with a 9" extension.
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Shear at the Connection (assume concrete is cracked):

315

From LPile: V, 5 (Use R factor of .8 for connections)

max =
Vmax 1000

Shear Stress: Vstress = (18-14.125) 1.33 Vstress

= 116.442 psi

(Use 33% increase in allowable stresses)

3 .
(8-7): fg:= (Vstress)'lg'z fg = 20283 psi

The limit for f(s) = 24000 psi; so 3" pitch on a #5 spiral will work
when no concrete shear strength is apparent.

Summary of Reinforcement

Pile Cap
Longitudinal (Strong Axis) - #6 bars @ 7.5” o.c. =18
Transverse (Weak Axis) - #6 bars @ 4” o.c. =78

Piles
Vertical — 8 #6 bars + 4 #6 dowels
Lateral - #5 bar (16.5’ at 3” pitch; 22.5" at 9” pitch)

Fixed Pier
Verticals — 46 #9 bars (22 per long side; 1 per short side)
Transverse - #6 bars @ 12" centers = 12

- #6 U-bars @ 12" centers = 24

Cross Ties - #4 bars (every other row; and at ever third vertical) = 42
Expansion Pier
Verticals — 46 #6 bars (22 per long side; 1 per short side)
Transverse - #6 bars @ 12" centers = 13

- #6 U-bars @ 12" centers = 26

Cross Ties - #4 bars (every other row; and at every other vertical) = 66
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Appendix C -- Detailed Computations for Seismic Analysis and Design of the
St. Clair County Bridge using Proposed NCHRP Specification
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Pertinent Information about Materials used, etc. :

pconv := (1.45 x 10 4)

feet := 1 feet = 3.281 This is the meter to feet conversion.
.3048
inch := feet-12 inch = 39.37 This will convert meters to inches.
. 24(109) f.= 34
c =24 -pconv ¢ = 3480.000
( 6) 4 . :
fy := 400-110")-pconv fy =58x 10 (Reinforcement) (psi)
Foq = 345(10°) Fuq = 5.003x 10%  (Structural) (psi
yl= -pconv y1 = 5.003x (Structural) (psi)
Fy, = 25010%) F, = 3.625x 10°  (Structural) (psi
y2 = 250 -pconv y2 = 3.625x (Structural) (psi)
E, = 57000 [T;) E, = 3.363x 10°
E := 29000000 Eg=29x 10’
Es
n=— n=8.624 Modular Ratio
Ec
boltD := 24-(10_ 3)~inch boltD = 0.945 Bolt Diameter (in.)
31 40
Skew := 26 + (—\ + ( \ Skew = 26.528 Skew Angle (degrees)

3600 )

60 )

This is the N/m”2 to psi conversion factor.

Calculations for Moment of Inertia for Superstructure

Leff := 41.50-inch

tavg :=.195-inch
ty = .014-inch

bfl :=.300-inch
bf2 :=.600-inch

gspace := 1.905-inch

Modulus of Elasticity of concrete.

Modulus of Elasticity of steel.

Leff = 1.634 x 103 Effective length of a span (in)

tavg
ty = 0551

bg = 11.811
bgy = 23.622
gspace = 75

C-3

= 7.677 Slab thickness (in)
Web thickness (in)

Girderline spacing (in)

Top flange width outerline (in)

Top flange width innerline (in)
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1. Effective Flange Width of interior maybe be taken as least of:

efwy = .25-Logs efwy = 408.465

efwy = (12tgy) + ty efw, = 92.677

efwg = (12t5) + (5brg)  efwg=98.031 (outer)

efwgy, = (12:t5y9) + (5bp)  efwgy = 103.937 (inner)

efw, := gspace efwy =75 This controls
EFWinSide = gspace EFWinSide =75

2. Effective Flange Width of exterior maybe be taken as .5 EFW plus least of:

1
efwg = < Leff

efwg = (Btayg) + (-5tw)

efwg = 204.232

efwg = 46.339

efwy = (Btyyq) + (25bgy)  efwy = 49.016

efwg = (Btayq) + (25:bpp)  efwg = 51.969

ohw := .925-inch

EFW,ytside = (.5~EFW-nSide) + ohw EFW

ohw = 36.417 This controls

outside = 73917

We can use all of the slab for moment of inertia.

For Moment of Inertia Calculations of the superstructure.

lyy

1:=36.2084 |, = 36765792

lyyp = 614485 1,5, := 5343.1700

c4
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Girder Sizes:

Middle Portion of each line: (45x600>+(1312x14>+(45x600>
Outer Portion of each line: (20x300>+(1312x14>+(20x600>

-~ 195

1.905 m
625 fto

104 m
(34 £t

Fig.1. Cross-section of superstructure

Torsional Properties:

We assume only the deck will resist torsion.

bdeck := 20.8-feet bdeck = 68.241 (ft)

hgeck == -195-feet hgeck = 0.64 (ft)
(hdeck>3 4

Ji= (bdeck)'T J = 5.956 (ft )

Cross-Sectional Area of Superstructure:

feet
bslab = 20.8'7

byjap = 7913

hslab = .195-feet

hslab =0.64 areas|ab = hslab'bslab areas|ab = 5.062
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areagjrder1 ‘= 11-[(.02-.3) + (.02-.6) + (1.372-.014)]-feet-feet aredgirger = 4.406

areagjrderp ‘= 11-[(.045-.6) + (.045-.6) + (1.372-.014)]-feet-feet aredgirderp = 8.668
2
areagner1 = (areas|ab + areagirderl) areagnorq = 9468 ft
2
areag nero = (areas|ab + areagirderz) areagnerp = 1373 ft

areapgyrier -= [(-2:.535) + (.065-.535) + (.320-.330) + (.5-.180-.330)]-feet-feet areay iy = 2.982

(1.3 + 1.236)
aredmedian = [.150-[f -feet-feet areamedian = 2-047

Loads :

Dead Loads of the superstructure

Wharrier = 2-aré@paprigr 150 =895

Wharrier pIf

Wqjap = (19.05-feet)-(.195-feet)- 150 Wqjapp = 5998 pif

Wgirder1 ‘= 11[ (1.372-feet)-(.014-feet) + (.020-feet)-(.900-feet) ]-490
Wgirder2 = 11] (1.372-feet)(.014-feet) + (.045-feet)-(1.200-feet) ]-490
ngrderl = 2159 p|f

ngrderz = 4247 p|f

Whedian = 2®median’-190 =0.389

Wmedian pIf

Interior Cross-frames: 2 - L4x4x5/16 @ 2546 mm
1 - L4x4x5/16 @ 1904 mm
weight(lb.) per linear foot = 8.16
10 spaces underneath bridge

13 cross frames per length total number = 130
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8.16
Weframe = 13-10-[(2:546 + 2546 + 1.904) fee:——  Wgframe = 89516  plf

Future Wearing Surface was 2.4 KN/m”~2 or about 50 psf.
Whridge = (83+4.2+ .3+ 39+ 4.2+ 3)-feet Whridge = 61.024 ft

3
Wiys = 2.4:1000-pconv-144- Wi Wpyys = 3.058 x 10° f
Adding the individual pieces together we get:
Wouter = Wharrier ¥ Wmedian * Wcframe * Wslab T Wgirderl T Wfws Wouter = 12199 plf

Winner = Wbarrier ¥ Wmedian * Wcframe * Wslab * Wgirder2 * Wfws Winner = 14288 plf

W(outer) is the uniform dead load along the superstructure from the abutments to the
place where the field splices are located. W(inner) occupy the center of each
girderline which are the continuous part over the central pier.
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Response Spectrum:

Site Class = Medium Stiff Clay

Site Class D

SDR =6

SDAP =D

(MCEER Guide Spec. 3.4.2.1)

Type Il per AASHTO Spec.

s:=15 AASHTO Table 3.5.1

- Design Response Spectrum Development - MCE

Using USGS website to find probalistic ground motion values, in %g, at nearest grid point area
(2% PE in 50 year):

Sq = 0.6261940
Sq = 0.196946

F,=13

a

F, =20

v
Sps = Fa'Ss

Spg = 0.814

SDl = Fvsl
Spy = 0.394

0.4-Spg = 0.326

0.2-second period spectral acceleration
1-second period spectral acceleration
Site coefficient for short period

Site coefficient for long period

Design earthquake response spectral acceleration at short period

Design earthquake response spectral acceleration at long period

Period at the end of construction design spectral acceleration plateau
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TS =0.484 Sec

Top:=02Tg Period at the beginning of construction design spectral acceleration plateau

TO =0.097 Sec

F,-Sg = 0.814 0.6<Fa.Ss

Seismic Hazard Level IV (Guide Spec. Table 3.7-1)

- Design Response Spectrum Development - FE

- Design Response Spectrum Development - MCE

Using USGS website to find probalistic ground motion values, in %g, at nearest grid point area

(2% PE in 50 year):

Ss fe := 0.06763  0.2-second period spectral acceleration

S1 fe:=0.01485 1-second period spectral acceleration

F

Sps_fe = Fa_fe'Ss_fe

Sps fe = 0.108  Design earthquake response spectral acceleration at short period

Sp1_fe= Fv fe'S1_fe

Sp1 fe = 0.036 Design earthquake response spectral acceleration at long period

04:Spg g = 0.043

a_fe'= 1.6 Site coefficient for short period

v fe = 2.4 Site coefficient for long period
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Sp1 fe
Sps_fe
TS_fe = 0.329 Sec

TS fe =

Period at the end of construction design spectral acceleration plateau

To fe:= 0.2 Tg g Period at the beginning of construction design spectral acceleration plateau

TO_fe = 0.066 Sec

Fa_fe'Ss_fe =0.108

Fv_fe'Sl_fe = 0.036

Fa fe'Ss fe < 0.15

Fv_fe'Sl_fe <0.15

Seismic Hazard Level I (Guide Spec. Table 3.7-1)

0.9
0.8 -
0.7 -
0.6 -
0.5 -
0.4 -
0.3 -
0.2 -
0.1 |

Response spectrum (Fraction of g)

Period (T)

Graph 1. response Spectrum (MCE and FE)
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Response Modification Factor for MCE:

Tg=0.484
T:=0.7720 Period of vibration of Bridge
Rg:=15 Base Response Madification Factor for substructure

[MCEER Giude Spec. (Table 4.7.1)]

T Response Modification Factor for substructure

Req:= 1+ (Rg — 1
col - B
( )1-25-Ts [MCEER Giude Spec.(4.7.1)]

Reol = 1638 < Rg

So RCO| =15

Response Modification Factor for FE:

Tg:=0.329
T := 0.62169 Period of vibration of Bridge
Rg:=09 Base Response Madification Factor for substructure

[MCEER Giude Spec. (Table 4.7.1)]

T

Response Modification Factor for substructure

Req:i= 1+ (Rg - 1
col - B
( )1-25-Ts [MCEER Giude Spec.(4.7.1)]

Reol = 0849 < Rp ok

SO Rgg) = 0.849
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SAP 2000 model:

Fig.2.SAP modeling of Saint Clair Bridge with section extrution.

Fig.3.First Mode shape, longitudinal direction ( T=0.77220 Sec)
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Fig.4.Third Mode shape, Transvers direction ( T=0.55756 sec)

TABLE: Modal Participating Mass Ratios
OutputCase @ StepType StepNum Period UX uy uz UXx uy uz
Text Text Unitless Sec Unitless Unitless Unitless  Percentage  Unitless Unitless
EIGENMODES: Mode 1 0.772195 0.4289 0.1159 1.62E-18 42.89 11.59 0.00
EIGENMODES: Mode 2 0.596676 0.017 0.0066 3.524E-19 170 0.66 0.00
EIGENMODES: Mode 3 0.557558 0.1943 0.7253 9.831E-17 19.43 72.53 0.00
EIGENMODES: Mode 4 0.360047 : 3.623E-17 2.49E-16 0.3208 0.00 0.00 32.08
EIGENMODES: Mode 5 0.233051: 0.000544 0.1019 3.783E-18 0.05 10.19 0.00
EIGENMODES: Mode 6 0.22987 0.3592 0.0503 4.816E-19 35.92 5.03 0.00
EIGENMODES: Mode 7 0.198011: 2.469E-16 9.885E-17 147E-16 0.00 0.00 0.00
EIGENMODES: Mode 8 0.152639: 7.672E-20 4.402E-20 6.566E-19 0.00 0.00 0.00
EIGENMODES: Mode 9 0.148196 : 0.00002595 : 0.000006588: 3.132E-16 0.00 0.00 0.00
EIGENMODES: Mode 10 0.118068: 1.01E-17 1.422E-17 0.0612 0.00 0.00 6.12
EIGENMODES: Mode 11 0.1008 : 0.000000403: 0.00004337 : 7.727E-15 0.00 0.00 0.00
EIGENMODES: Mode 12 0.073461: 1.26E-15 6.781E-16 0.5236 0.00 0.00 52.36
EIGENMODES: Mode 13 0.070734: 1663E-07 : 3.788E-08 : 5.893E-13 0.00 0.00 0.00
EIGENMODES: Mode 14 0.0583 1.18E-16 2.771E-17 0.0927 0.00 0.00 9.27
EIGENMODES: Mode 15 0.050561: 3.263E-16 : 1.444F-16 : 0.00002029 0.00 0.00 0.00
EIGENMODES: Mode 16 0.048321: 4.589E-12 1.788E-08 2.25E-12 0.00 0.00 0.00
EIGENMODES: Mode 17 0.030654 : 0.000000766: 1.412E-07 3.277E-11 0.00 0.00 0.00
EIGENMODES: Mode 18 0.028907 : 1.235E-09 1.008E-09 8.313E-14 0.00 0.00 0.00
EIGENMODES: Mode 19 0.027706: 9.583E-16 7.176E-16 6.679E-13 0.00 0.00 0.00
EIGENMODES: Mode 20 0.025344: 1.781E-17 4.69E-16 0.0016 0.00 0.00 0.16
100.00 100.01 99.99

Table.1.Modal Participating Mass Ratios
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Group Pile Spring Stiffness (roller at abutments in transverse direction)

Maximum Allowable Driving Loads (driven piles)

AASHTO LRFD, 10.7.1.16

Compression 9-¢-F

y Ay
Tension .9~c1>-Fy-An

Compressive resistance
AASHTO LRFD, 6.9.2.1&2

dc = 09

AASHTO LRFD 6.5.4.2

Use HP 14X117 for the NCHRP design

12 1.4

A=34.4 in"2
Ixx=1220 in"4 Zxx=194 in"3
lyy=443 in"4 Zyy=91.4 in"3
Depth=14.2 in
Width=14.9 in
£ 29000000-144 Ksf
1000
N := 105 R1X5 (75" in long and 75" spacing in transverse direction)
12
Klong_single = 45'_6
' P-Y Curve (Kips vs.inches)
KIong_single = 900 80
70 -
Kx = Klong_single'N 60
50 -
4 k 40
Ky = 9.45 x 10 o 30
L= 80417 ft 207
10 -
12 0 ‘
Ktran_single = 51'5 0 0.2 0.4 0.6 0.8
Ktran_single = 437.143
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Ky = Kiran_single’N
K, = 459 x 10* =
y " x P-Y Curve (Kips vs. inches)
34.4
=— 60
144
50
2
A =0.239 ft 40 -
£ 30 |
K,yial = A—
axial L 20 |
‘ 10 -
4
Kaxial =1.241x 10 E 0 ‘ ‘ ‘
0 0.2 0.4 0.6 0.8 1.2 1.4
Kz = KaxjarN
k
K, = 1.303x 10° =
ft
10 [ 2 2 2 2 2 2 2 2 2 2]
1= T (1-75)° + (275)" + (3-75) + (475)" + (5:75) + (6:75)" + (7-75)" + (8:75)° + (9-75)° + (10-75)
2 N 2 2
Kiy == Kaxial S1 Sy = —4-?(1-75 +275 )
Kry = Kaxial'S2
Koo e Krx \+ Kry \ (Klong_singIeJr Ktran_single)
rz-— ’
Kaxial) Kaxial) 2
Ky = 9.45 x 10"
K, = 459 x 10%

y

K, = 1303 x 10°
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9
Ky = 1.866 x 10
Kpy = 6.106 x 107
ry = 6.106 x 10

8
Ky, = 1.038 x 10

Total DL = 3295 kips
Axial capacity (IDOT Bridge Manual 3.8.1) = 9000 psi
Cap := A-9000
3 .
Cap=2.15x% 10 kips

N =105

V= 3295 kips

Mlong = 57415 k- ft
Miran = 81932 k- ft
\Y 2-75 10-75

Pp=—+M —t My ——

17N long 12S, tran 12:S,
Py =211.246 kips
Pa = A9-144
P, = 309.6 kips Almost equal to P1 say OK
Dis|_:=.5 in M, := 2830 k—in
Dist:= 1.18 in Mj:= 2950 k- in
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EQ in transverse direction

Migng = 43800 k- ft
Miran := 107000 k- ft
\Y 2.75 10-75
Pyi= — + Mg —— + M- ——
2" lon tran
N 9 125, 128,
P, = 187.087 kips
E{ I I I I I I I I I I I I ]F ]F I I I
[R—
Fig 5. Piles Arrangement
Dis|_:=.39 in Mg:= 2350 k- in
Disy = 1.55 in My:= 3560 k=1in
P M My )
L + § L + 2 = 0.978
0.85-50-34.4 9\ 50-194 50-91.4)
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036

) g M3 My
+ —- —+ = .
0.85-50-34.4 9\ 50-194 50.91.4)

Bending Moment (in-kips)
-4000 -32800 -3600 -3400 -3200 -3000 -2800 -2600 -2400 -2200 -2000 -1800 -1600 -1400 -1200 1000 -800 -600  -400 -200 a 200 400 G000 200 1000
I N S T L0 ) L L L O B

r PSSt
N

e

T~ e

ip-in for Displacement=0.39 in \ 77777777777777777 ﬂﬁ?& 777777
= jMoment= 2830 kip-in for Displacement =0.50 in (a/,sr"”e(

2 /1
!

10

im\Mlomelnt=2

Zoee 18258
Case 24 435
= | case 36038
Case 41.087

Depth (ft)

a0

Bending Moment (in-kips)

-4000-3800-3600-3400-3200-3000-2800-2600-2400-2200-2000-1800-1600-1400-1200-1000 -800 -600 -400 -200 0 200 400 600 8500 1000 12001400 16001800 2000
= TR T e L L L B L I B L R R R N M e R S R R R R R RN LY R

r G e

e
L ; el
=L i) \ _____ [ \\ _____ B T P R T e [T T
[ N |t
=L [ BN R S S N S S [ o e U O S S
ol \\ < e
o ‘Moment: 2950 kip-in for Displacement=1.18 in §
i [Moment= 3560 kip-in for Displacement=1.65in |~ i iR T T T T T T T
S ][ NN SN NN NN SN SN NNV NN SN N SO : SN NS AN IS SN RS ANNOIN: BUINE NN NS NN SN SN NN SN W SN S
b= L
= F Tase 15255
£ L Case 24.423
=T Case 46.903
| R R - R R R R R CaseSama | TTTETTTIRTTIIATII I IIAT T
o) SN S NN AV O : N : N : S : - M AV - S : N : I - NN O AV SN - N : S : A N : S A SN : MO AN : I
2
S5 S NN AV N : N : N : S : - M A N S : NN : I - NN NS AV NN NS : S : A N : A SN : MO AN : I
2
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Forces and Moments from SAP2000 (MCE):

Forces & Moments-Trans(Y) EQ

NCHRP
100%Trans+40%Long
. Shear 2 Shear 3 | Moment 2| Moment 3 Axial
Location Kips Kips kipft | Kip-ft Kips
_ top 347 609 5053 1494 833
Exterior Column 1= o | 350 628 2572 5788 833
_ top 347 790 7339 1496 416
Middle Column - = 350 810 2521 5790 416
top 347 811 7605 1496 0
Central Column = om 350 830 2002 5574 0

Forces & Moments-Long(X) EQ

NCHRP
100%Long+40%Trans
L ocation Shear 2 Shear 3 | Moment 2 | Moment 3 Axial
kips kips kip-ft kip-ft kips
Exterior Col top 456 461 3831 1967 628
xterior Lolumn = o 460 476 1949 7624 628
Middle Col top 456 599 5564 1971 314
adie Lolumn - ttom 460 614 1911 7626 314
top 456 615 5766 1971 0
Central Column
bottom 460 630 1517 7342 0

Final Forces and Moments due to MCE and DL by appliving Reduction Factor of 1.5 for
designing columns:

NCHRP - MCE Final Design Forces and Moments (EQ+DL) By R=1.5 __

Transvers Longitudinal
Location Shear 2 Shear 3 | Moment 2| Moment 3|  Axial Shear2 | Shear3 [Moment2| Moment3| Axial
kips kips kip-ft kip-ft kips kips kips kip-ft kip-ft kips
_ top 231 406 3369 996 1072 304 307 2554 1311 936
Bxterior Column = om 233 419 715 | 3859 1100 307 37 1299 5083 964
_ top 231 527 4893 997 794 04 399 3709 1314 726
Middle Column 1= o 233 540 1681 3860 822 307 409 1274 5084 754
top 231 541 5070 997 517 304 410 3844 1314 517
Central Column 1= o 233 553 1335 | 3716 545 307 420 011 | 48% 545
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Forces and Moments from SAP2000 (FE):

Forces & Moments-Trans(Y) EQ
NCHRP - FE
100%Trans+40%Long

. Shear 2 Shear 3 | Moment 2| Moment 3 Axial

Location Kips Kips kipft | Kip-ft Kips
. top 16 32 273 65 43
Exterior Column = om 16 34 137 143 43
. top 16 41 395 65 22
Middle Column 1= om 16 43 135 263 22
top 16 43 409 65 0
Central Column 1= om 16 45 134 263 0

NCHRP - FE Forces & Moments-Long(X) EQ
100%Long+40%Trans

. Shear 2 Shear 3 | Moment 2| Moment 3|  Axial

Location Kips Kips kip-ft | Kip-ft Kips
. top 31 37 312 131 48
Exterior Column = om 31 38 159 216 48
. top 31 48 455 131 25
Middle Column 1= om 31 29 156 516 25
top 31 50 470 131 0
Central Column 1= om 31 51 155 516 0

Final Forces and Moments due to FE and DL by appliyving Reduction Factor of 0.849 for

designing columns:

NCHRP - FE Final Design Forces and Moments (EQ+DL) By R:O.849' :
Transverse Longitudinal

i Shear 2 | Shear 3 [ Moment 2| Moment 3| Axial Shear2 | Shear3 | Moment 2| Moment 3| Axial

Location Kips Kips kipft | kipft | kips Kips kips | kipft | kipft | Kips

_ top 18 37 321 77 567 % m 368 154 574
Exterior Column = o 18 20 161 168 595 3% %5 187 254 602
, top 18 49 465 77 542 % 57 535 154 546
Middle Column = 18 51 159 300 570 % 58 184 608 572
top 18 50 482 77 517 % 59 554 154 517

Central Column 1= om 18 53 158 309 545 3% 60 183 608 545
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Design of Columns using PCACOL:

Forces taken from table above.

- Bottom of column: M2= 1299 k-ft, M3= 5083 k-ft, Axial Load=964 kip

- Top of Column: M2=5070 k-ft, M3= 997 k-ft, Axial Load=517 kip

e ¢is 1 for column design

e Sections after trial and error process are : (56 x 35.4 for Bottom of Column) and (70 x 35.4 for
top of the column)

e Ratio of longitudinal reinforcement in columns for 42#11 rebars are: (3.31% for Bottom section)
and (2.64% for Top section)

Bottom Section:

P (kip]
10000

LR A R

* e e
e b e e

D A

56 x 35.4 in
3.31% reinf.
MATERIAL: -
'c = 3.48 ksi
Ec = 3362.52 ksi
fc = 2.958 ksi
Betal = 0.85
fy = 60 ksi

Es = 29000 ksi /

SECTION: . + + + + ]
Ag = 1982.4 in"2 L
bx = 207022 in*4 W13 (k]
Iy = 518067 in*4
o =0in
Yo=0in

REINFORCEMENT:

42 #11 bars @ 3.305%
As = 65.52 in"2
Confinement: Other
Clear Cover =2.5in ;I

-4000
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Top Section:

70 % 35.4in
2.64% reinf.

MATERIAL:

ty = 60 ksi

SECTION:

%o =0in
Yo =0in

Clear Cover

f'c = 3.48 ksi
Ec = 3362.52 ksi
fc = 2.958 ksi
Betal = 0.85

Es = 29000 ksi

Ag = 2478 in"2
Ix = 258778 in*4
Iy =1.01185¢+006 in*4

REINFORCEMENT:

42 #11 bars @ 2.644%
As = 65.52 in"2
Confinement: Other
=25in

P [kip)

12000

-4000

s000
M (70°) (k)

Transverse Reinforcement In coloumns:

Method 1: Implicit Shear Detailing Approach [ Guide Spec, Article 8.8.2.3]

(56 X 35.4 in ratio=3.31%)|

Kshape := 0-375

A=1

pt = 0.0331
¢:=0.9

fyh := 60000

psi

Rectangular Section

Fixity Factor

Longitudinal Steel Content

Strength Reduction

Yeild Strength of Ties
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fSU = 15fyh
L := 147.6 in
D, := 354 — 2|2+ 141
p 2 )
d:=56-2
_Dp _
o=— a = 0.203
L
-3
tan(a-deg) = 3.546 x 10
Ag = 35.4-56
Ay = 1982 100 in’
bwzz 35.4
AV = bW~d
3
AV: 1.912 x 10 .2
in
b:= 35.4 n
h:= 56 n
Try  s:= min 10’—m|n(b,h)\
2 )

Ag=2031 in°  No5

fo, = 9x 10" psi

Column Height

The distance b/w the outer layers of the longitudinal steel.

Geometric aspect ratio

Gross Section Area

Shear Area of Concrete
Width of column section

Hight of column section

s=10 in
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o Ash
AVARE
bW-s
-3
py = 1.751x 10

0.25
L6pyA,)
tan@ .= | ———

Aprhg )
Pt fu Ag
py = Kepape' A — ——-tan
P ¢ fyh Ay
Agh = by sy
Agp, = 0.014

Ratio of Transvers Reinforcement ( 8.8.2.3-2)

tano = 0.535
(a-deg)-tane Ratio of Transvers Reinforcement ( 8.8.2.3-1)
-5
py = 4.067 x 10

use No 5 @10 in for plastic hinge zone|

Outside the plastic hinge zone, the amount reinforcement can be reduced to account for
some contribution of concrete in shear resistance.

fo:=34810°  psi

Vg = 2-\/f_c

Ve =117.983  ksi

I

p:=py-017—
fyh

Compressive Strength of Concrete

Shear Strength of Concrete

Ratio of tensverse reinforcement outside the potential
plastic hinge zone ( 8.8.2.3-5)
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0= -1265x 10

Because the amount is negative the contribution of concrete is more
than enough to carry the shear.

No. 5 at 10 inches would be adequate to satisfy the implicit detailing
in the plastic hinge zoneonly. As will be seen, the confinement and
anti buckling provisions will control over the shear requirement.

Method 2: Explicit Approach [ Guide Spec, Article 8.8.2.3]

L:= 1476 in

Ap=156  in’

Column Height

Area of rebars for Long reinforcement

Aproximate the overstrength effects simply as 1.5 times the forces from the verification.

Pq:= 538 kips
0S:=15

Pe:=750  kips

Pe =Py + os-(Pe - Pd)

P, = 856

My top = 5070

My pot = 5083
Mp_top = OS'Mp_top
Mp_bot = OS'Mp_bot

Axial load

Overstrength Factor

Axial load due to EQ

Axial load due to EQ

kips
kip — ft Moment at the bottom of column
kip — ft Moment at the top of column
My oo = 7.605 x 10° kip - f
p_top = /609 Ip -1t
My o = 7.625 x 10° kip — f
p_bot_ .625x 10 p - t
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L
12

L:=

L =12.

3

(M p bot* M p_top)

Vu =

L

V,=1238x10° kip

Ay
V.= 0.6 _[f.——
¢ ¢ 1000
V, = 67.661 kip
A-Pe-tan(oc~deg)
Vp =
2
V= 1518 kip
¢:=0.9
V= Yu V.-V
s— " Vc~©
o p
3 .
Vg = 1.307 x 10 kip
Guess s:=10 in
.
NE
s-bW
-3
py=1.751x 10

tand = (

Aprhg )

0.25
1.6:p-A )

ft

Hieght of column

Ultimate shear strength

Shear strength of Concrete

The contribution due to arch action ( 8.8.2.3-7)

Shear resistance provided by transvers reinfocement

Agp = 0312 2 legs No. 5

A =062  in’

Ratio of Transvers Reinforcement ( 8.8.2.3-2)

(8.8.2.3-4)
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tan6 = 0.535

Because tang is greater than tane, use tano to find Ash:

Vs

-tan®
fyh'

-3
Ays = 3.288 x 10

Use #5 @ 10 in. |

(8.8.2.3-17)

Transvers Reinforcement for confinement at plastic hinge Pmax column [Guide Spec,

Article 8.8.2.4]

fy =60  ksi

Ugf := 15.95  ksi

Agp = 312 2legsNo .5

h:= 54 in
A;=(b-5):(h-5)

3 .
A, = 1.49 x 10 in

f
pg = 0.008

yeild strength of reinforcing bars

Strain energy capacity (module of toughness) of the

transverese reinforcement

Height of section

Area of column core concrete

Ug¢-1000

pg = 0.021

legs .= 4

+pt

2 2
P,-1000 f,1000\" (A4

€ _l15 2 A 12 -1
foAg

fC ) Ac )

The volumetric ratio
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legs-Agp,
§i= ——
pgb
s =3.395 s max=3in

(8.8.2.3-2)

OK

[No.5 @3 in for confinment in the end region of the Pmax column.|

Method 2: Explicit Shear detailing approach- Pmin Column [Guide Spec, Article 8.8.2.3]

L:= 147.6
Ap=156  in’
Pq:= 517 kips

Pe =314 kips

Po =Py + os-(Pe - Pd)

Pe=2125 kips

Mp top = 341 kip — ft

Mp pot = 853 kip — ft

0S:=15

Mp_top = 0S: Mp_top

Mp ot = OS-My pot

Column Hieght

Area of rebars for Long reinforcement

Axial load

Axial load due to EQ (Lower Compression)

Axial load due to EQ

Moment at the bottom of column

Moment at the top of column

My top = 5115

3
My pot = 1:28 x 10
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(M p bot* M p_top)

V,, =
u L
V, = 14561 kip
A
\Y;
V.= 0.6 _[f.——
¢ ¢ 1000
V, = 67.661
A-Pe-tan(oc~deg)
Vp= —————
2
V= 0377 kip
¢:=10
. Vu
Vg = ? - V-V,
Vg = 77.572
Guess s:=10
_ 2As
Py Sby,
-3
py=1.243x 10

0.25
1.6:p-A )
tan@ .= | ———

Aprhg )

tan® = 0.491

Ultimate shear strength

Shear strength of Concrete

The contribution due to arch action ( 8.8.2.3-7)

Shear resistance provided by transvers reinfocement

Agp:=0112 No3

(8.8.2.3-4)

Because tan@ is greater than tane, use tano to find Ash:
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—4
Ay = 1.792x 10

(8.8.2.3-17)

Use 2#3 @ 10 in. it is more than required|

Transvers reinforcement for confinment at plastic hinges Pmin Column [Guide Spec,

Article 8.8.2.4]:

fy =60  ksi

Ugf := 15.95  ksi

Agp = 0.31:2 No.5

h:=5 in
Ag:= (b—-5)-(h-5)

A.=155x10° i

py = 0.0331

yeild strength of reinforcing bars

Strain energy capacity (module of toughness) of the
transverese reinforcement

Height of section

Area of column core concrete

The volumetric ratio

fC
pg = 0.008 |15
Ugg-1000

pg = 0.014

legs := 3

2 2
Po-1000 f,-1000) . ﬁ\ .
foAg

+ pt

fC )

AC)
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legs-Agp,
S:=
Ps by
s=3.824 s max=4 in

(8.8.2.3-2)

B No.5 @4 in for confinment in the end region of the Pmin column.|

Anti-Buckling steel [Guide Spec, Article 8.8.2.5]:

dy:= 141 in bar diameter for No. 11

Snew = G-db

Snew = 8.46 in

s:=8.46 in
Ay = 1.56-42
fy
Abh = 0.09-Ab-f—
yh
1000
App = 5.897

legs_antibuckling := 8

Aph
legs_antibuckling-2

S=4 in

=0.369

Required spacing of anti-buckling

(8.8.2.5-3)

Legs required for anti buckling

Use No.6 @ 4 in for anti buckling|
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Extend of Shear Steel, Confinement and Anti-buckling Steel [Guide Spec, Article

8.8.2.6 and 4.9]:

h-4
Di=——— D=4333 ft
12
Mu := 5058 kip — ft
Mp pot = 8418 kip — ft
Vv, = 145.61 kip
0.85-M
p_bot .
M, = ——————— kip — ft
y 15 P
dp:= 141 in
g,, .= 0.00207 in

y

Ll:= D(L + 0.5-tan9\
tan® )

My db
L2:=1.5- 0.08-V— + 4400-¢,,—

U Y12
M My )
13:= — 1 —
Vu Mp_bot )

L == max(L1,L2,L3)

L = 15.053 ft

Plastic zone length= 15 ft|

Maximum cross-sectional dimantion of column

Maximum Column Moment

Column plastic overstrength moment

Maximum column shear

Column yield moment

Longitudinal bar diameter

Yield strain of the longitudinal Reinforcement

L1 = 9.896 ft

L2 =5.774 ft

L3 = 15.053 ft
Controls
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Connections:

a) Connection at the top of columns to Cap beam:

(70 X 35.4 in ratio=2.64%)|

a) Confinement reinforcement per Guide Spec 8.8.2.4.

No.5 @ 3in

b) Anti Buckling reinforcement per Guide spec 8.8.2.5.

No.6 @ 4 in

c¢) Shear Reinforement per Guide Spec 8.8.2.3.

Bl:= 354 -5-0.625 Bl = 29.775
D1:=70-5-0.625 D1 = 64.375
B2:=354-5-20625 B2=29.15
D2:=70-5-20.625 D2 = 63.75

¢ := 0.90

fyh := 60000 psi

4 .
fou = 1.5-fyh fqu=9%x10" psi
pt = 0.0264

Ag :=70-354 Ag = 2478 x 103 in

A=BLDl A, =1917x10° in’

D:=354 in

Hg:= 433 in

C-33

Strength Reduction Factor for shear

Yeild Strength of Ties

Longitudinal Steel Content

Cross-Sectional Area of Columns

Cross-Sectional Area of Column core

Width of the column framing into the joint

Height of the cap beam
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Explicit Approach for the joint Design [Guide Spec, Article 8.8.4.2]:

Case 1: from the transverse displacement capacity verification with overstrenght:

fh=0 ksi Average axial stress in the horizontal direction
Pmax = 943 kip At mid-depth of joint

Mp := 5330 kip — ft At mid-depth of joint

by, := 39.37 in Width of the Cap Beam

He = 43.3 in

Hight of the joint

Lo =D+ H
mid_depth_jt ¢ Amid_depth_jt = Po'Lmid_depth_jt

Lmi =787
mid_depth_jt .
Amid_depth_jt = 3:098x 10" in

C-34
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D
tana := —
He
Bl
— + 05 ppfy, A 2
D1 D) - :
p = 1.2 BL . H_) For a rectangular column, minimum ratio
== 4+ 2.0 c
2=+ 20fypA
p =0.011
Agp = 2-31 6 legs
= ﬁ s = 1865 maximum
p-B2
[No.5 @ 2 in |
se No.5@ 3
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P

max
fy=—""
A . .
mid_depth_jt
f, = 0.304 ksi
hp == 43.3 in
bje = bb
he =70
Wy = Mp-12
v
hb'hc'bje
Viy = 0.536  ksi
fo:=348 ksi
2
- (farfy) [T -
(i 2 2 } hv
p; = —0.405 ksi

fC
P — 35 | ——
tL_max 1000

Pt max=0206  ksi <

Average axial stress in the horizontal direction

Cap beam Depth
The effective joint width

The column lateral dimention

The average shear stress within the plane of the connection.

Compressive Strength of Concrete

Principle tention stress (8.8.4.2-1).

Maximum tention stress

Therfore must use Guide spec 8.8.4.3.

2
(fhtf)  |(fh—1f)
o=+
. = 0.709 ksi

> ) +th

2 Principle compression stress (8.8.4.2-2).
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Pc_max = 0.25-f; Maximum Compression stress [Guide spec, Article 8.8.4.2.3]
Pc_max = 0.87 ksi > Pe OK
Case 2:
Prmin = 341 kip
My = 3216 kip - ft

Obviously it will produce amaller principle srtesses than Casel.

Case 3:
PpL =570 kip Axial Load due to Dead Load
. In the longitudinal direction
Mp:= 4258 kip - ft

By inspection, this will produce smaller principal stresses than Case 1.

design Reinforcement for joint force transfer Guide Spec (8.8.4.3)
Stirrup Guide Spec (8.8.4.3.2)

Column =42 # 11 N := 42

Apar = 1.56 in2 Area of one longitudinal reinforcement
Agt = N-Apar Total Area pf Longitudinal steel

.2
Agt = 65.52 in
A = 016.A Area of the steel located within the distance 0.5D or 0.5h from the

jv T S st column or pier wall face.

in2

Ajv =10.483
.2 . .

Astirrup_leg :=2031 in Using 2 legs No. 5 Stirrups
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A

Astirrup_leg

= 16.908

Aclamp = 0:08-Agt

Aclamp

Astirrup_leg

= 8.454

9 No.5 Stirrups on Each Side

Clamping Guide Spec (8.8.4.3.2)

9 # 5 legs required in joint core

Horizontal reinforcement Guide Spec (8.8.4.3.2)

Ap = 0.08-Ag
Apy =10 in ’

bar -~ = n Using No.9 bars, ;

Al dy, == 1.128
—— =5.242 | 6 # 9 in bottom cap beam | b=~
Apar

fy Ld = 0.4-f,d
Ly:= 1.25-Apgp—= Ty
\/f_c No more than
Ld = 27.072
Ly = 40.204

f, = 60

Hoop Reinforcement Guide Spec (8.8.4.3.4)

fy=60 ki
fo:=348  ksi

2
Apgr = 156 in

fy
|y 1= 1.25 Ay —L

—
o

in
loc = 62.719

Cross-Section Area of bar #11

C-37
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in for No. 9
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_pa St
Ps= " T, Guide Spec (8.8.4.3-1)
lac
-3
pg = 6.663 x 10
Ahoop = 0.31-2 in2 2 legs No.5 for hoops
A
5= 4, _hoop
pgD2
s =5.839

[2 No. 5 @ 5 3/4 in pitch required in the joint |

b) Connection at the bottom of columns to Footing:

(56 X 35.4 in ratio=3.31%)|

a) Confinement reinforcement per Guide Spec 8.8.2.4.

No.5 @ 3in
b) Anti Buckling reinforcement per Guide spec 8.8.2.5.
No.6 @ 4 in

c¢) Shear Reinforement per Guide Spec 8.8.2.3.

Bl:= 354 -5-0.625B1 = 29.775 in

D1:=56-5-0.625 D1 =50.375 in

B2:= 354 - 5- 2.0.625 B2 = 29.15 in
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D2 := 56 — 5— 2:0.625
¢ := 0.90

fyh := 60000 psi

f y

py = 0.0331

A= 56354 A= 10982x 10°

g g

Ac=B2D2 A, =145x10°

4 .
o= 15f, fou=9x10" psi

D\Z

D:=354 in
HC = 66.9%in
D
tana .= —
HC
B1
E + O's.pt.fSU.Ag
p:=12 ~ .
-3
p =6.329x 10
Ash =2-31
Ash
Si=— s=3.361
p-B2

PNo5@31/4in |

Use No. 5 @ 3 in|

D2 = 49.75

Strength Reduction Factor for shear

Yeild Strength of Ties

Longitudinal Steel Content

in2 Cross-Sectional Area of Columns

in Cross-Sectional Area of Column core
Width of the column framing into the joint

Height of the Pile cap

For a rectangular column, minimum ratio

He )

maximum
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Explicit Approach for the joint Design [Guide Spec, Article 8.8.4.2]:

Case 1: from the transverse displacement capacity verification with overstrenght:
flo=0 ksi Average axial stress in the horizontal direction

Prax:= 962 kip

At mid-depth of joint

Mp:= 5058 kip — ft

by, := 39.37 in Width of the pile Cap
H := 66.93 in Hight of the joint
Lrmid_depth_jt== D+ Hc

Lmid_depth_jt: 102.33 in

Amid_depth_jt = Po'Lmid_depth_jt

3 .2
Amid_depth_jt =4.029x 10 In
. Pmax
V7T AL . Average axial stress in the horizontal direction
mid_depth_jt

f, = 0.239 ksi

hp == 43.3 in Pile Cap Depth

bje = by The effective joint width

The column lateral dimention
he == 56
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M,-12
Vhy = P The average shear stress within the plane of the connection.
hy hc'bje
Viy = 0.636  ksi
f.:=3.48 ksi Compressive Strength of Concrete
fotf f 2
( ht v) h™ v\ 2 Principle tention stress (8.8.4.2-1).
Py = - + Vhy
2 2 )
p; = —0.528 ksi
f Maximum tention stress
P o= 35 |——
t_max 1000
P o = 0.206 ki < P
t max = ¥

Therefore must use Guide spec 8.8.4.3.

2
(fh + fv) fh - v\ 2 Principle compression stress (8.8.4.2-2).
Pc = + + Vhy
2 2 )

pc = 0.766 ksi

Pe max = 0-25-f; Maximum Compression stress [Guide spec, Article 8.8.4.2.3]

Pc max = 0-87 ksi > Pe OK
Case 2:

Pmin := 359 kip

My = 3778 kip -t

Obviously it will produce amaller principle srtesses than Casel.
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Case 3:
Mp = 853 kip — ft

Axial Load due to Dead Load

In the longitudinal direction

By inspection, this will produce smaller principal stresses than Case 1.

design Reinforcement for joint force transfer Guide Spec (8.8.4.3)

Stirrup Guide Spec (8.8.4.3.2)

Column=42# 11 N := 42

2
Apgr = 156 i

Ast = N-Apgr
Ag = 65.52 in”
Ajy = 0.16-Ag

in
Ajy = 10.483

.2
Astirrup_leg :=0.31-2 in

A.
— N 16908

Astirrup_leg

Aclamp = 0:08-Agt

Aclamp

Astirrup_leg

= 8.454

Area of one longitudinal reinforcement

Total Area pf Longitudinal steel

Area of the steel located within the distance 0.5D or 0.5h from the
column or pier wall face.

Using No. 5 Stirrups

9 #5 legs requied

Clamping Guide Spec (8.8.4.3.2)

9 #5 legs required in joint core
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Horizontal reinforcement Guide Spec (8.8.4.3.2)

Ap = 0.08-Ag

Abar =1.0 in

A
—h =5.242
Abar

f

y
Ld = 1.25-Abar-—

Ly = 40.204

fy = 60
Using No.9 bars,
sing No.9 bars P
[6#9in footing | dp:= 1.128

Ld:= 0.4~fy-db
No more than
Ld = 27.072

Hoop Reinforcement Guide Spec (8.8.4.3.4)

fy=60 ki
fo:=348 ks

2
Apgr = 156 in

fy
|y 1= 1.25 Ay —L

Jk

loc = 62719 in
A
St
pg= 04—
| 2
ac
-3
pg = 6.663 x 10
.2
Ahoop :=0.31-2 in
An
6. 4._noop
pgD2
s =7.482

Cross-Section Area of bar #11

ksi

ksi

in for No. 9

Development length of # 11 per AASHTO LRFD 5.11.2.1

Guide Spec (8.8.4.3-1)

2 legs No.5 for hoops

[2 No. 5 @ 7 1/4 in pitch required in the joint |
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Footing design procedure for St. Clair County bridge

Fc:= 3480 psi
Fy := 60000  psi

Moments and Forces acting on piles:

M1 := 25116
M2 := 29260
V = 2987

Dimensions of pier

W .= 3.28
L := 64.08
T:=4

kip — ft Monent in Transvers direction
kip — ft Monent in Longitudinal direction
kip Monent in Transvers direction

Width of Wall (ft)
Length of wall (ft)

Thickness of pile cap (ft)
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s:=6.25 ft
ml:=5
nl:=21

2

st = St (m? -
12

Sd1 = 1.504 x 10°
m2:= 21

n2:=5

52 2
Xd2 = —~n2~(n2 -
12

$d2 = 8.203 x 10°

M1 := 25116
M2 := 29260
V = 2987

Piles Coordinates:

1st row

x1:= 62.5 x4 := 43.75
yl:= 125 y4 = 125

X2:=5625  X5:= 375
y2:= 125 y5:= 125

Distance between piles

Number of rows

Number of piles in the rows

1)-m1 Sum of the squares of the distances to each pile from the center
or gravity of piles
pileft?
Number of rows
Number of piles in the rows
1)-m2
pileft?
kip — ft
kip — ft
kip
X7 := 25 x10 := 6.25 x13:=-125 x16:=-31.25 x19:= -50
y7:= 125 y10:= 125 y13:= 125 y16 := 12.5 y19 := 125
x8 := 18.75 x11:=0 x14 := -18.75 17 = _375 %20 = —56.25
y8:= 125 yll:= 125 yl4 := 125

yl7 = 12,5 y20 = 12,5
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x3:= 50
y3:= 125
2nd row
x22 := 62.5
y22 .= 6.25
x23:= 56.25
y23 = 6.25
Xx24 := 50
y24 .= 6.25
3rd row
x43:= 62.5
y43:=0
x44 .= 56.25
y44 := 0
x45 := 50
y45:=0
4th row
x64 := 62.5
y64 .= —6.25
X65 := 56.25
y65 ;= —6.25

X6 := 31.25
y6 = 12.5
x25:= 43.75
y25 := 6.25
X26 := 37.5
y26 := 6.25
x27 := 31.25
y27 := 6.25
X46 := 43.75
y46 := 0
X47 := 375
ya7 =0
x48 := 31.25
y48 := 0
X67 := 43.75
y67 := —6.25
x68 := 37.5
y68 := —6.25

x9:= 125
y9:= 125
x28 := 25
y28 .= 6.25
x29:= 18.75
y29 = 6.25
x30:= 125
y30 := 6.25
x49 := 25
y49 := 0
x50 := 18.75
y50:=0
x51:= 125
y51:=0
X70:= 25
y70 .= —6.25
X71:= 18.75
y7l .= —-6.25

x12 := -6.25

yl2 .= 125
x31:= 6.25
y31l:=6.25
X32 :=
y32 .= 6.25
x33:= —6.25
y33 := 6.25
x52 := 6.25
y52:=0
x53:= 0
y53:=0
x54 .= —6.25
y54 .= 0
X73:= 6.25
y73 .= —6.25

X74:=0

y74 .= —6.25

C-46

x15:= -25
y15:= 125
X34 := -12.5
y34 .= 6.25
x35:= —-18.75
y35 := 6.25
x36 := —25
y36 := 6.25
x55:= -12.5
y55:=0
x56 := —18.75
y56 =0
x57:= -25
y57 =0
X76:= -12.5
y76 .= —6.25
X77 := -18.75
y77 .= —6.25

x18 := —43.75

y18 := 125
x37 := ~31.25
y37 := 6.25
x38 := —37.5
y38 := 6.25
X39 1= —43.75
y39 := 6.25
X58 1= —31.25
y58 := 0
X59 := —37.5
y59 := 0
X60 := —43.75
y60 := 0
X79 := ~31.25
y79 == —6.25
x80 := —37.5
y80 := —6.25

x21:= —62.5
y21:= 125
x40 := -50
y40 := 6.25
x41 := -56.2!
y41 := 6.25
x42 := —62.5
y42 := 6.25
x61 := -50
y61:= 0

x62 := -56.2!
y62 := 0
x63:= —62.5
y63:= 0

x82 := -50
y82 := —6.25
x83 := -56.2!
y83 := —6.25
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X66 := 50 X69:= 3125 x72:=125 X75:=-6.25 Xx78:=-25 x81:= —43.75 x84 := —62.5
y66 ;= 6.25 Vy69:=-6.25 y72:=-625 y75:=-625 y78:=-6.25 y8l:= 6.25 y84:=-6.25
5th row
x85:= 625 x88:=43.75 x91:= 25 x94 := 6.25 x97:=-125 x100:= -31.25 x103:= -50
y85 := —12.5 y88:= —125  y9l:=-125 y94:=-125 y97:=-125 y100:=-125 y103:= 12!
x86 := 56.25 x89:= 37.5 x92:=1875 x95:=0 x98 := -18.75 ¥101 = —-375  x104 = —56.
y86 = -12.5 y89:= -125 y92 = -125 y95:=-125 y98:=-125 y101:= —125  y104 = —12.
x87 := 50 x90 := 31.25 x93:= 125 X96:= —6.25 x99:= -25 x102 := -43.75 x105:= -62.!
y87 .= -125 y90:= -125 y93:=-125 y96:=-125 y99:=-125 y102:=-125 y105:=-12!
A:=6.25-6.25 Tributary Area for each pile
2
A = 39.063 ft
5= 012 I%J Soil unit weight
ft
hee 2 ft soil hight
p:=Adh
p=9.375 kips Soil pressure for each pile
n:= 105 Number of piles in the group
Axial forces in each pile
\Y x1 yl
_ v X Y v 2 2
P1: n+MlZd1+M22d2+p P2::—+M1-X—+M2-y—+p
n >dl >d2
P1 = 92.847 kips P2 = 91.803 kips
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\Y% X3 y3

VIR YN £ Vv 4 4
P3: n+MlZd1+M22d2+p P4::—+M1-X—+M2-y—+p
n zdl >d2
P3 = 90.76 Kips P4 = 80.716
5 YoM M g o= YoMl v Ly
n d1 Sd2 n d1 Sd2
P5 = 88.672 Kips P6 = 87.628
7= YoMl v Yy g YoM vy
n d1 Sd2 n d1 Sd2
P7 = 86.584 Kips P8 = 85.541
v 9 9 v 10
PO = ~ 4+ ML= + M2 4 p P10 = — + ML2= + M2 2= 4 p
n d1 Sd2 n Sd2
PO = 84.497 Kips P10 = 83.453
P11 := v + Ml-X—11 + M2-E +p P12 := v + ML — + M2-E +p
n d1 Sd2 n Sd2
P11 = 82.409 Kips P12 = 81.366
v 13 v 14
P13:= — 4+ ML= + M2.2= 4 Pl4:= ~ 4+ ML= 4+ M2. 22 4 p
n d1 Sd2 n Sd2
Kips P14 = 79.278
P13 = 80.322
v 15 v 16
P15:= ~ 4+ ML= + M2.2=2 4 p P16:= — + ML= + M2.2= 4 p
n d1 Sd2 n Sd2
Kips P16 = 77.19
P15 = 78.234
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\Y

x17

y17

P17:=— + Ml.— + M2-— +p
n zd1 zd2
kips
P17 = 76.147
P19 := v + Ml-X—19 + M2-m +p
n zd1 zd2
kips
P19 = 74.059
P21 := v + Ml-ﬁ + M2-E +p
n zd1 zd2
kips
P21 =71.971
P23 = v + Ml-X—23 + M2-E +p
n zd1 zd2
kips
P23 = 69.51
P25 := v + Ml-X—25 + M2-E +p
n zd1 zd2
P25 = 67.422 kips
P27 = v + Ml-X—27 + M2-E +p
n zd1 zd2
kips
P27 = 65.335
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\Y

P18:= — + Ml.— + M2-— +p
n zd1 zd2
P18 = 75.103
P20 = v + Ml-ﬂ + M2-ﬂ +p
n zd1 zd2
P20 = 73.015
P22 = v + Ml-X—22 + M2-E +p
n zd1 zd2
P22 = 70.554
P24 := v + Ml-X—24 + M2-ﬁ +p
n zd1 zd2
P24 = 68.466
P26 = v + Ml-X—26 + M2-ﬁ +p
n zd1 zd2
P26 = 66.379
P28 = v + Ml-X—28 + M2-ﬁ +p
n zd1 zd2
P28 = 64.291

x18

y18
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P29 = v + Ml-X—29 +
n zd1l
P29 = 63.247
P31 := v + Ml-ﬂ +
n zd1l
P31 = 61.16
P33 := v + Ml-X—33 +
n zd1l
P33 = 59.072
P35 := v + Ml-X—35 +
n zd1l
P35 = 56.985
P37 = v + Ml-X—37
n zd1l
P37 = 54.897
P39 = ~ + M1
n zd1l
P39 = 52.809

M2-ﬁ +p
>d2

kips

M2-E +p
>d2

kips

M2-E +p
>d2

kips

M2-ﬁ +p
>d2

kips

y37

+ M2.-— +p

>d2

kips

y39

+ M2.— +p

>d2

kips

C-50

P30 := v + Ml-ﬂ + M2-ﬂ +p
n zd1 zd2
P30 = 62.204
P32 := v + Ml-X—32 + M2-E +p
n zd1 zd2
P32 = 60.116
P34 := v + Ml-X—34 + M2-ﬁ +p
n zd1 zd2
P34 = 58.028
P36 = v + Ml-X—36 + M2-ﬂ +p
n zd1 zd2
P36 = 55.941
P38 = v + Ml-X—38 + M2-ﬁ +p
n zd1 zd2
P38 = 53.853
pao = Y o 1. X80 w2 ¥,
n zd1 zd2
P40 = 51.766
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par = ¥, mp X4

n zdl

P41 = 50.722

paz— ¥, M1 X8
n zdl

P43 = 48.26

pas— ¥, mp. X%
n zdl

P45 = 46.173

pa7 = ¥ o M1 XY
n zdl

P47 = 44.085

pag— ¥, M1 X%
n zdl

P49 = 41.998

ps1 = ¥, M1 2oL
n zdl

P51 = 39.91

p53= ¥ 4 M1 23
n zdl

+ M2-ﬂ +p P42 .= X + M1-
>d2 n
kips
P42 = 49.678
+ M2-ﬂ +p P44 := v + M1.—
>d2 n
kips
P44 = 47.217
+ M2-ﬂ +p P46 := v + M1.—
>d2 n
kips
P46 = 45.129
47 \
vl P48 = ~ + M1
>d2 n
kips
P48 = 43.042
49 \
M2y P50 := ~ + ML-
>d2 n
kips
P50 = 40.954
51 v
M2 g P52:= ~ 1 ML
>d2 n
kips
P52 = 38.866
53 v
M2 P54 1= ~ 1+ ML
>d2 n
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42
zdl

x44
>d1

Xx46
>d1

48
zdl

x50
zdl

52
zdl

x54
>d1

+ M2-ﬂ +p
>d2

kips

+ M2-m +p
>d2

kips

+ M2-ﬂ +p
>d2

kips

+ M2-ﬂ +p
>d2

kips

+ M2-ﬂ +p
>d2

kips

+ M2-E +p
>d2

kips

+ M2-ﬁ +p
>d2
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P53 = 37.823 kips
P54 = 36.779
P55 := v + Ml-X—S5 + M2-E +p P56 := v + M1.—
n zd1 >d2 n
_ kips
P55 = 35.735 P56 — 34601
p57= Yo M 20 M2 2L L psg .= Y o ML
n zd1 >d2 n
_ kips
P57 = 33.647 P58 = 32,604
P59 := v + Ml-X—59 + M2-ﬂ +p P60 := v + M1
n zd1 >d2 n
P59 = 31.56 kips
P60 = 30.516
P <+ M1 X8 w2 YL L 62— Y 1 ML
n zd1 >d2 n
P61 = 29.472 kips
P62 = 28.429
P63 := v + Ml-X—63 + M2-ﬂ +p P64 := v + M1
n zd1 >d2 n
P63 = 27.385 kips
P64 = 25.967
P65 := v + Ml-X—65 + M2-ﬂ +p P66 := v + M1
n zd1 >d2 n
_ kips
P65 = 24.923 P66 = 23.88
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x56
>d1

58
zdl

60
zdl

62
zdl

64
zdl

66
zdl

+ M2-

¥56

>d2

y58

kips

kips

+ M2.— +p

+ M2-

+ M2-

>d2

¥60

>d2

y62

>d2

y64

kips

+Pp

kips

+Pp

kips

+ M2.-— +p

+ M2-

>d2

¥66

>d2

kips

+Pp

kips




OUT=3FR 1 00 LT RRSITY
- -

SUBJECT FILE: BY:

- -
Civil Engineerin : : NA
Engin 9 Evaluation of Comprehensive
www.siue.edu/civil A . . . CHECKED:
SIUE, Edwardsville, IL 62025-1800 Seismic Design of Bridges AAA
(618)650-2533 Fax: (618)650-2555 (LRFD) in Hlinois
DATE:
TITLE: o 6/22/2004
Saint Clair County Bridge NCHRP Guidelines
Sheet No: 53 of
P67 = v + Ml-X—67 + M2-ﬂ +p P68 = v + Ml-X—68 + M2-ﬁ +p
n zd1 zd2 n zd1 zd2
_ Kips
P67 = 22.836 P68 = 21.792 kips
P69 = v + Ml-X—69 + M2-ﬂ +p P70 := v + Ml-ﬂ + M2-ﬂ +p
n zd1 zd2 n zd1 »d2
P69 = 20.748 kips
P70 = 19.704 kips
P71 := v + Ml-ﬂ + M2-ﬂ +p P72 := v + Ml-X—72 + M2-ﬂ +p
n zd1 zd2 n zd1 »d2
P71 = 18.661 kips Kins
P72 = 17.617 P
P73 := v + Ml-X—73 + M2-E +p P74 = v + Ml-X—74 + M2-ﬂ +p
n zd1 zd2 n zd1 zd2
P73 = 16.573 kips
P74 = 15,529 kips
v 75 75 v 76 76
P75:= — 4+ ML= + M2.X2 4 p P76:= — + ML= + M2.22 4 p
n zd1 zd2 n zd1 »d2
_ Kips
P75 = 14.486 P76 = 13.442 kips
\Y 77 77 v 78 78
P77 = — + ML2L ¢ M2 XL 4 p P78:= — + ML + M2 22 4 p
n zd1 zd2 n zd1 »d2
_ Kips
P77 = 12.398 P78 = 11.354 kips
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pro= Yo X2 s 2 Y2 L p0 = < + M1 280, M2 X80
n sd1 zd2 n sd1 zd2
P79 = 10.31 kips
P80 = 9.267 kips
per = o w28 w2 8L L pg2 = ¥+ M1 282 M2 Y82 L,
n zd1 zd2 n zd1 zd2
P81 = 8.223 kips ins
P82 = 7.179 P
P83 := v + Ml-X—83 + M2-ﬁ +p P84 .= v + |\/|1.X_84 + Mg.ﬁ +p
n zd1 zd2 n zd1 zd2
P83 = 6.135 kips
P84 = 5.091 kips
P85 := v + Ml-X—85 + M2-ﬁ +p P86 := v T |\/|1.X_86 + Mg.ﬁ +p
n zd1 zd2 n zd1 zd2
_ kips
Pe> = 3674 P86 = 2.63 kips
ps7 =~ + M1l s M2 B8 L pgg = ~ + M1228 , M2 Y88 L,
n zd1 zd2 n zd1 zd2
_ kips
POT= 1,586 P88 = 0.542 kips
P89 := v + Ml-X—89 + M2-ﬁ +p P90 := v T Ml.ﬂ + Mg.ﬂ +p
n zd1 zd2 n zd1 zd2
P89 = —0.501 kips P90 = —1.545 kips
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\Y

y91

P9l:=— + Ml.— + M2-— +p
n zd2
P91 = —2.589 kips
P93 = v + ML — + M2-ﬁ +p
n zd2
P93 = -4.676 kips
\% y95

PSS :=— + Ml.— + M2-— +p

n >d2
P95 = —6.764 kips
P97 = v + ML — + M2-ﬂ +p

n >d2
P97 = —8.852 kips
P99 = v + ML — + M2-ﬁ +p

n >d2
P99 = -10.939 kips
p101:= ¥ o w1 X% v YL

n zdl zd2

P101 = -13.027 kips

C-55

\Y x92

P92 := — + M1l.-— +
n >d1
P92 = -3.633
P94 = v + Ml-LM +
n >d1
P94 = —5.72
P96 = v + Ml-LSG +
n >d1
P96 = —-7.808
P98 = v + Ml-LSB +
n >d1
P98 = —9.895
P100 = < + m1. 220
n >d1
P100 = -11.983
p102 = ¥ 4 M1 X102
n >d1
P102 = -14.071

Mz-ﬂ +p
>d2

kips

M2-ﬁ +p
>d2

kips

M2-ﬁ +p
>d2

kips

M2-ﬁ +p
>d2

kips

100
+ M2~y— +p

>d2

kips

y102

+ M2.—— +p

>d2

kips
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V 103 103 V 104 104
P103 = — + ML.2= 1+ M2. L= 4 p P104 = — + ML-2 1 M2 X222 4 p
n zdl >d2 n zdl >d2
P103 = -15.114 kips P104 = —-16.158 kips
p105:= ¥ o M1 |\ Y1
n >dl >d2
P105 = -17.202 kips
Pile punching shear check:
Vu:= P1
Vu = 92.847 Kips Maximum axial load in piles
d:= 45 in Concrete slab thickness for 3 ft footing
b:= 1916 in Perimeter acting in punching shear
d
Ve = 4+[Fcb—— Shear strength

1000
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Ve=2034x10°  kips

¢:=0.85
% = 109.232 MU Ve

One way shear Check:

Strength reduction factor

OK

131'-3

31'-3

I

I I I I I I I I I I I I I
V1:= 2.933-103 Kips V1 is equale to sum of P1 to P42
V2= 549.898 Kips V2 is equale to sum of P43 to P105
b2 := 1575 in Length of pilecap

d
Vc2 = 4-\/ Fc-b2.——
1000
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Ve2 = 1.672 x 107

V1

M sas1x10® 2 cve oK
¢ ¢

131-3"

31-3" I I I I I T I T I T I I I I T I‘

vl:= (P1 + P2 + P3 + P4 + P5)

v2:= (P22 + P23 + P24 + P25 + P26)
V3 := (P43 + P44 + P45 + P46 + PA7)

v4 .= (P64 + P65 + P66 + P67 + P68)
v5 := (P85 + P86 + P87 + P88 + P89)
Vi=Vv1l+vVv2+vVv3+Vvd+vh

v=1154x 10°

C-58




et

FOUT=3FE 00 U I RRSITY

et

SUBJECT FILE: BY:

r -
NA

Cmsigg}cgﬁerlng Evaluation of Comprehensive

siue. . . . CHECKED:
SIUE, Edwardsville, IL 62025-1800 Seismic Design of Bridges AAA
(618)650-2533 Fax: (618)650-2555 (LRFD) in Hlinois

DATE:

TITLE: o 6/22/2004
Saint Clair County Bridge NCHRP Guidelines

Sheet No: 59 of

Y _1358x 10°

b3 := 375 0.85
Fc := 3480
d:= 36

d
V3 = 4+Fc-b3-———
VFe 1000

V3 = 3186 x 10°

Y v OK
0.85

Two-way shear check:

V= V1 + V2

V, = 3483 10°
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b := 801.91-72.37

b = 5.803x 10"

Perimter of inside rectangular

V= 4+[Fc-byd
8
Ve =493x 10
¢ = 0.85 Strength reduction factor
\Y/
u
Y 4008x 10° < v ok
d) C
Elexure bending design:
/\
1
:B I T T I T
I I I I I
I I I I I
.
(i
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SECTION A-A

M1 := (P17 + P38 + P59 + P80 + P101)-66-1000

M2 := (P18 + P39 + P60 + P81 + P102)-141-1000

M3 := (P19 + P40 + P61 + P82 + P103)-216-1000

M4 := (P20 + P41 + P62 + P83 + P104)-291-1000

M5 := (P21 + P42 + P63 + P84 + P105)-366-1000
Mu:= M1 + M2 + M3 + M4 + M5
8 .
Mu = 1.552 x 10 Ib—-in
®:=09 Strength reduction factor
As = L Area of steel
@-Fy-0.9-d
.2
As = 88.727 in
Asmin := 0.0018-45-375 Minimum reinfocement
Asmin = 30.375 in2 lessthan As OK

In long Direction : 90#9

Use 31 # 9 in long direction at the top of footing|
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SECTION B-B
Vq:= 1.731-103
3
Vy:=1.262-10

M1 := (V4)-55-1000
M2 := (V)-130-1000

Mu:= M1 + M2

Mu = 2.593 x 10°

Mu

Asi= ————
®-Fy-0.9-d

As = 148.185

Asmin := 0.0018-45-1575

Asmin = 127.575
Asmin = 127.575

In short direction: 149 # 9 |

V1 is equal to sumation of P1 to P21

V2 is equal to sumation of P22 to P42

Ib —in

Strength reduction factor

Area of steel

Minimum reinfocement

in2 less than As

Use 103 # 9 in short direction at the top of footing|

C-62

OK



OUT=3FR 1 00 LT RRSITY
- -

Civil Englneerlnﬁ

www.siue.edu/civil
SIUE, Edwardsville, IL 62025-1800
(618)650-2533 Fax: (618)650-2555

TITLE:

Saint Clair County Bridge

SUBJECT FILE:

Evaluation of Comprehensive
Seismic Design of Bridges
(LRFD) in Hlinois

NCHRP Guidelines

BY:
NA

CHECKED:
AAA

DATE:

6/22/2004

Sheet No: 63 of

CAP Beam Design:

For Cap-beam design, a simple 2D model under developed. (11 concentrated loads applying on the

beam as shown below).

C-63

N T N T T T T T T
N (4] @
Fig.4. 2D model of Cap-beam
Forces & Moments-dead load
NCHRP
Location Shear 2 Shear 3 | Moment 2| Moment 3
i
kips kips kip-ft kip-ft
Beam 49 0 0 208
Forces & Moments-Trans(Y) EQ
NCHRP
100%Trans+40%L.ong
Location Shear 2 Shear 3 | Moment 2| Moment 3
i
kips kips kip-ft kip-ft
Beam 593 5 8 5522
Forces & Moments-Long(X) EQ
NCHRP
100%Long+40%Trans
Location Shear 2 Shear 3 | Moment 2| Moment 3
i
kips kips kip-ft kip-ft
Beam 783 6 11 4186
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Final Design Forces and Moments:

Reinforcement Design for continuous deep beam:

Final design Forces and Moments (EQ+DL)
NCHRP —
Transvers Longitudinal
L ocation Shear 2 | Shear 3 | Moment2| Moment 3| Shear2 | Shear3 | Moment 2| Moment 3
kips kips kip-ft kip-ft kips kips kip-ft kip-ft
Beam 642 5 8 5730 832 6 11 4394
Table1

Deep beam design (Source: Reinforcement concrete, Nawy, 3rd edition, section 6.9)

Shear reinforcement:

fo == 3480 psi

f,, := 60000 psi

y

1:=17519  in
l:= 105.2 in
h:= 56.5 in

by, := 39.37 in
d:= 0.9-h

d = 50.85 in

Compressive Strength of Concrete

Yield strength of reinforcing bars

span

clear span

Hight of the beam

Width of beam
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|
2 2069
d

0.15-1,= 1578 in

V= 642 Kip

Vil 0.15.
V= — - v
2 12

Vv, =3292x 10  kip

¢ = 0.85
V= ¢-8 \/f_c-bw-d

oV, =8.031x 10°  kip

<5, hence treat as a deep beam

Distance of the critical section (6.17a)

Design shear force from table 1

Strength reduction factor

factored shear force (6-18a)

>\Vu OK

In ) o.15|n\2
- ‘) (2o {2
um 2 U2 ) 2

M, = 3.145x 10°

MU
35— 2.5—— = 3495
v, d
9079
Pwi= g
-3
Py = 3552 % 10

>25 Use 2.5

Steel Ratio in tension (9 No0.8)
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V,-d

wd)
Vg i= 2.5(1.9- Jie+ 2500~pW-M—)-bW~d

V, = 2.421x 10'

u

Vo= 6 [fob,d= (7.086 X 105) Controls

Assume No.5 bars placed both horizontally and vertically on both faces

Ve

1000

V.=

Yu
s
¢

V, = 3.803 x 10°

A= 314 4 No. 5
Ayp = 6:0.44 6 No.6 in horizontal position
Ayp = 2.64
Try S1:=18
| )
U T L
% d vh d |
Vgi=| — .fy.d
S; 12 S1 12 )

Vg = 3.868 x 10°

= 10.17 or 18 in

o la

Maximum Spacing
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16.95 or 18 in

wla

S:=10 Controls
A, = 0.0015-b, S

A, = 0.501

Ay = 0.0025:b,,S

Ayp, = 0.984

Flexural Steel:
M := 5370 kip — ft

¢:=09

M

M::—u
o

n

jd = 0.2(1 + 1.5:h)

jd = 51.988 in
M,-12000
SR
y!

Ag= 13445  in®

Minimum reinforcement

less than Av=0.62 ok

Minimum reinforcement

less than Avh=3.52. ok

Strength reduction factor

Lever arm

Area of tension steel
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200-b,,,d
f
y
Agy = 6.673

As_min= maX(Asl’ASZ)

2
As min=6673 in

Ag = 13.445 in2

Agp = 5.905 Controls

less than As OK

Use 14 # 9 as flexural reinforcement]

Checks:

AASHTO LRFD SEC.5.7.3.3.2:

1)
. fC
Pmin = 0.03'f—
y
—174x 10" °
Pmin =+ /%X
A
pmin ;= ——
byy-d
3

pmin = 6.716 x 10

pmMIn > pin OK
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2)
Fr=175 \/f_c
byh’
= ——
9 12
y —_— E
t
[
Fr._g
M Tt
12000
Mg = 772.291
f

a:= As—y
0.85-f, by,

a=6.927

ay_1

M, = ¢-Acf [ d— =L
u=o Sy( 2) 12000

M, = 2.867 x 10°

My > 1.2-Mg,

Moment of Inertia

Cracking Moment

OK
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76-8"

12

131-3"

Fig.5. bent front view with dimensions

oS
49"
—— = 2n11t
T
5-7"
; +
| | 7
1 313 |

Fig.6. bent side view with dimensions
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9#5 Clamp .
9 #5 at each side 16£5@30n
\\ 7 Ah=6#9
Al -
| ]
42#11
<z 7 sahoahedoodaad 2272
A A Plasllc mnge zone
3646 @4in
Ao SECTION A-A

Half of the Maximum
Cross section Dimension=35 in

* _103#9

loa#11

MMMMHMMML\MH

Fig.7. Reinforcement details for Columns, Footing and Cap beam (front view)

3-3"
28#9 28#9
No.5 @ 10
QG No.5 @ 10
/ 0.
4'-9" 646
—— f— 2'-11"

Cap beam Cross-section

_25#9

R ‘

Qi

Fig.8. Reinforcement details for Footing and Cap beam (Side view)
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SAP 2000 Model

View of SAP 2000 Model (with concrete extrusion shown):
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Enlarged View of Translational and Rotational Springs:
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Deformed shape; Mode 1 -

1.0392 sec.

Deformed shape; Mode 2 - 0.6622 sec.
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Deformed shape; Mode 6 - 0.3609 sec.

Deformed shape; Mode 8 - 0.3168 sec.
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TABLE: Modal Participating Mass Ratios

Mode Period UX uy uz
Number |Sec % % %

1 1.0392 40.16 0.45 0
2 0.6622 34.43 8.99 0
3 0.6434 0 0 98.66
4 0.6002 2.08 0.07 0
5 0.4894 0 0 0
6 0.3609 16.02 49.67 0
7 0.3214 0 0 0.24
8 0.3168 7.30 30.02 0
9 0.1644 0.01 7.00 0
10 0.1482 0 0 0
11 0.1115 0 0 1.00
12 0.0707 0 0 0
13 0.0613 0 0 0.10
14 0.0506 0 0 0
15 0.0359 0 0 0
16 0.0305 0 0.03 0
17 0.0289 0 0.05 0
18 0.0271 0 2.69 0
19 0.0259 0 0 0
20 0.0246 0 0 0
21 0.0243 0 0.17 0
22 0.0237 0 0.06 0
23 0.0230 0 0 0
24 0.0225 0 0.03 0
25 0.0205 0 0 0
100.00 99.23 100.00
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Piles (L-pile results)

Longitudinal direction of the bridge:

T

‘-:|17UEI -1600 -1500 -1400 -1300 -1200 -1100 -1000 -900 -800 -700 -600 -500 -400
T T

Bending Moment (in-kips)

-300 200 -100

Depth ift)

a0

400 50
T

Shear Force (kips)

Depth (fY

a0

| [Cose B4R
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Transverse direction of the bridge:

Bending Moment (in-kips)

\-:EUUU -800 -200 -700 -G00 -500 -400 -300 -200 -100 0
T T

100 200 30

20

Depth (f)
40

50
i

B0

70
T
4

a0

Shear Force (kips)

Depth (ft)
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Assumed location of Global and Local coordinate systems

(due to the skew of the Pier):

X global

Longitudinal - X axis direction;
Transverse - Y axis direction.

\ Y glokal
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Axial Force On A Pile :

¢ := 26.528 degrees

Rsc =5

RI’ = RSC-O.S
21913

Myglob = R

r

Mylocaly = MyglobSin(¢)

Mxlocay = Myglob-c0S(¢)

Mxlocalx = MxglobSin(¢)

Mylocax = Mxglob-c0S(¢)

Megl = Myiocaly + Mylocax

Meqt = Mxiocay + Mxiocalx

Py = 3291 kips

Skew of the bridge

3
MYg'Ob = 8.765x 10 k — ft

3
Myocaly = 8:631x 10° k- ft

3
Myglob = 2212 10° k- ft

3
MxlocaY =1531x 10 k — ft

3
Megl = 9:017 x 10° k- ft

3
Megt = 3709 x 10° k - ft

The distance from center line of foundation to center of pile (ft):

dl:= 3.281 d2 := 3.002

d3:= 9.006

D-11

d4:= 14.747 d5:= 20.488

Response Modification Factor for a pile bent:

Reduced Response Modification Factor (AASHTO article 6.6.2)

Longitudinal

Transverse

longitudinal

transverse

d6:= 26.229 d7:= 31.97




OUT=3FR 1 00 LT RRSITY BY
- - )

) » SUBJECT FILE: G.V.l.
Civil Engineering : : :

W Siue edu/civil Evaliuat!on of _Comprehenswe CHECKED:
SIUE, Edwardsville, IL 62025-1800 Seismic Design of Bridges W.NM
(618)650-2533 Fax: (618)650-2555 (LRFD) in Hlinois T

DATE:
6/24/2004
TITLE:
AASHTO

St. Clair County Bridge Standard Specifications Sheet No: 12 of 33

Sum of squares of the distances to each pile from the center line of the foundation:
2 2 I
>dl:= 24-(d1 ) >dl = 258.359 ft (longitudinal)

sd2 = 6.(d2?) + 6-(03%) + 6.(d4?) + 6.(a5?) + 6.(c6?) + 6.(07?)

Td2 = 1462 x 10%  ft (transverse)

Piles Loads:
Py ) d1 ) d7 ) _
Fpile1 = {35 )+ Meal Tq7 ) * (Meat Tgz ) Fpile1 = 214 kips
Py d1 ) d7 ) _
Fpile12= | 35 )+ Meql'ﬁ) - Meqt-ﬁ} Fpile12 = 197.82  kips
P ) d1 ) d7) _
Fp||925 = %} - lﬁ) + Meqt-ﬁ) Fpl|925 =-1498 Kkips
Py d1 ) d7 ) _
Fpile36 = 36 ) I'ﬁ) - Meqt'ﬁ) Fpilezs = —31.2  kips

Note: Q.ult = Q.s + Q.t - W.self (Compression) and .7*Q.s + W (uplift);
Q.allow = Q.ult/ FS

Forces from SAP2000 model:  COMB 1: F(longitud.) = 1367.04 kips, F(transverse) = 1327.71 kips,
M(longitud.) = 5530.71 k-ft, M(transverse) = 21912.78 k-ft

COMB 2: F(longitud.) = 1148.89 kips, F(transverse) = 1021.76 kips,
M(longitud.) = 2988.43 k-ft, M(transverse) = 11482.57 k-ft
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Combined axial load and bending (AASHTO sixteenth edition):
Article 10.54.2.1; equation 10-156.

HP 12 x 53 pile properties:

Fy =36 ksi

.2
Aplle =155 n

S,=211

X in
Sy = 66.7 in
Z, =74 in
2,:= 322 in®
Mpx = Fy-Zy

p

Mpy = Fy-Zy

M., = 1.159 x 10° k-in

py

Pplle =214 k

Mpy = 2664 x 10° k-in

full plastic moment about X-axis

full plastic moment about Y-axis

axial load at top of pile

LPile output (local coordinates):

Mxlplle = 1623 k-in
Mylpile :=948.2 k-in
Vxlplle = 35.7 k

Vylplle = 27.8 k

moment about X-axis(single pile)
moment about Y-axis (single pile)
longitudinal lateral load (single pile)

transverse lateral load (single pile)
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Capacity of the piles (deflection limited to 0.5in):

=36

np =

Vxfull = Vxipile Mp

3
VXfU” = 1285 X 10 k
Vyfull = Vylpile Mp

3
Vqu” = 1.001x 10 k

number of piles

longitudinal direction

transverse direction

Maximum Loads (SAP 2000 Model output):

¢ := 26.528 degrees

nglob = 1367 k

VYg'Ob = 1327 k

skew of the bridge

Converting loads from Global to Local coordinate system:

VXlocalY = Vyglob c0S($)
V¥localy = Vyglob Sin(¢)
VXlocalx = Vxglob Sin(¢)

V¥localx = Vxglob c0S($)

Vxmax = YXlocaly + VXlocalx

Vymax = Vviocaly *+ VYlocalx

Vlocaly = 231.744 k X component (local coord. syst.) of
transverse load in global coord. syst.

Vylocaly = 1-307 x 103 k Y component (local coord. syst.) of
transverse load in global coord. syst.

Vlocalx = 1.346 x 103 k X component (local coord. syst.) of
longitudinal load in global coord. syst.

Vylocalx = 238.729 k Y component (local coord. syst.) of
longitudinal load in global coord. syst.

VXmax

VYmax

D-14

= 1.578 x 103 k  transverse load (local coordinates)

= 1.545 x 103 k longitudinal load (local coordinates)
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R.:=5 Response Modification Factor (R) for vertical piles (AASHTO Division Al, table 3.7)

Rpm = Rp
M VXmax\
xlpile”
PR Vet
MX::
R
pm
VYmax\
IVlylpile' v
Yfull )
My =
Rpm

PpiIe \ 8 Mx\
0.85-Anije Fy | ) Mpx J

N (&q — 1.166
Mpy )

.0.5 Response Madification Factor (R) with factor of 0.5 applied:

My = 796971  kiin

My = 585.647 k-in

Can be increased by factor of 0.5 (Article 6.2.2 Design forces for foundations)

In order to satisfy AASHTO design

requirements the resultant of this equation

must be less than or equal 1.

* We used 5 here because AASHTO recommends R=5 for a multi-column bent. To be
conservative, a 3 could be used, if the bent considered a single column for X-axis bending.
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Springs (at bottom of foundation)

Actual L-Pile input - output information is given in the Appendix A.

Pile Information for L-Pile input:

HP 12x53 - piles

Lp”e :=936-in Lp”e
: 2 2

Ap”e = 15.5-in Ap”e = 0.108ft
Ib Ib

Es := 29000000-— Eg = 4176000000 —
.2 2
in ft

A = 05-in top of pile displacement limit.

Results from L-Pile (displacement is limited to 0.5 in):

M — 9.482-10°Ib-in

utrans -

Y, — 2.7803-10"b

utrans -
M — 1.623-10%Ib-in
ulong =

4
Vilong = 3:5646-10°1b

Spring Stiffness:

Es
Kaxial = Apile’ T
pile
K _ Vulong
long -~ A
K _ Vutrans
trans -~ A

Mytrans = 7-902 x 104Ib-ft Transverse
Vitrans = 2:78 x 1O4Ib Transverse
Mylong = 1353 x 10°Ib-ft Longitudinal
Vulong = 3565 x 10*1b Longitudinal
6 Ib )
kaX|aI = 5763 x 10 F Axial
5 b L
klong = 8.555x 10 F Longitudinal
5lb
ktrans = 6.673x 10 F Transverse

D-16
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Lateral Springs:

3 1b
hongB :=173.8-10 &

Kiong = 24'(klongB + I(Iong) + 12Kong

Ktrans = 36-Kirans

Axial Springs:

K 6-k

axial = 36-Kaxial

Rotational Springs:

for battered pile

Ky = 2402 x 10

Kg = 2.075x 10°.

Ky = 3497 x 10

Distance Distance Distance
between between between
piles footing C.L. piles
(transverse) and (longitudinal)
piles C.L.
. . . . 2 2
1 := 3.002-ft dq := 3.002-ft w:= 3.28-ft Ng=,dy +w
. . . 2 2
l5 := 6.004-ft d, := 9.006-ft No:= [dy + W
. . . 2 2
. . . 2 2
4= 5.741-ft dy = 20.488-ft Ng=,dg +Ww
. . . 2 2
|5 := 5.741-ft dg := 26.229-ft Ng:=,dg +W
. . . 2 2
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=N

=N

=N

Distance
from center
of footing to
center of
piles

ny = 4.4461t
ny = 9.585ft

ng = 15107t

ny = 20.749t

ng = 26.433t

ng = 32.138 ft
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Krx = kaxial'e'[(dl)2 + (d2)2 + (d3)2 + (d4)2 + (d5)2 * (d6)2J

K,q := 8.428 x 107.E about X axis
rl ft

2 9 -1
Kry = Kgxigl-33-3.28 Kry = 2.046 x 10” mass length

K, = 2455 x 106.E about Y axis
r2 ft

Kez = Kong]| 4] (n1)2+ (n2)? + (na)? + (na)? + (ng)? + (ng)?] -

+ 2.[((11)2 + (d2)2 + (d3)2 + (d4)2 + (d5)2 + (dﬁﬂ

K. := 1273 x 107.E about Z axis
r3 ft
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Substructure

Supports (both abutments): Longitudinal - Roller ; Transverse - Pin

Forces and Moments - Load Combination 1 - (1.0*EQL + 0.3*EQT)
Longitudinal (Weak Direction of Pier) Transverse (Strong Direction of Pier) Axial
Support/Location Shear X (kips) V3 | Moment Y (kip-ft) M2| Shear Y (kips) V2 | Moment X (kip-ft) M3 (kips)
Top of Cap Beam
1(external) 80.00 26.67 285.00 95.00 150.00 30.00 534.00 106.80 23.00
3(middle) 199.00 66.33 708.00 236.00 172.00 34.40 613.00 122.60 0.00
Top of column
1(external) 127.00 42.33] 1041.00 347.00 174.00 34.80 754.00 150.80 168.00
3(middle) 166.00 55.33] 1521.00 507.00 174.00 34.80 754.00 150.80 0.00
Bottom of column
1(external) 127.00 42.33 515.00 171.67 175.00 35.00] 2903.00 580.60 163.00
3(middle) 166.00 55.33 518.00 172.67 175.00 35.00] 2903.00 580.60 0.00
Bottom of wall
1(external) 127.00 42.33| 1244.00 414.67 174.00 34.80] 3913.00 782.60 161.00
3(middle) 167.00 55.67| 1478.00 492.67 175.00 35.00] 3912.00 782.40 0.00
R = 2.0 (Wall-type Pier); (Substructure)
R = 3.0 (Single Columns); (Substructure)
R = 5.0 (Multiple column bent); (Substructure)
R = 1.0 (Columns, piers or pile bents to cap beam or superstructure); (Connections)
R = 0.8 (Superstructure to abutment); (Connections)
Forces and Moments - Load Combination 2 - (0.3*EQL + 1.0*EQT)
Longitudinal (Weak Direction of Pier) Transverse (Strong Direction of Pier) Axial
Support/Location Shear X (kips) V3 | Moment Y (kip-ft) M2|  Shear Y (kips) V2 | Moment X (kip-ft) M3 (Kips)
Top of Cap Beam
1(external) 46.00 15.33 162.00 54.00 82.00 16.40 292.00 58.40 14.00
3(middle) 175.00 58.33 620.00 206.67 123.00 24.60 437.00 87.40 0.00
Top of column
1(external) 120.00 40.00 970.00 323.33 95.00 19.00 410.00 82.00 157.00
3(middle) 157.00 52.33] 1422.00 474.00 95.00 19.00 410.00 82.00 0.00
Bottom of column
1(external) 177.00 59.00 483.00 161.00 93.00 18.60] 1560.00 312.00 153.00
3(middle) 155.00 51.67 489.00 163.00 93.00 18.60] 1560.00 312.00 0.00
Bottom of wall
1(external) 116.00 38.67| 1155.00 385.00 92.00 18.40] 2090.00 418.00 151.00
3(middle) 154.00 51.33] 1376.00 458.67 92.00 18.40| 2089.00 417.80 0.00
Forces and Moments - Dead Loads
Longitudinal (Weak Direction of Pier) Transverse (Strong Direction of Pier) Axial
Support/Location Shear X (kips) | Moment Y (kip-ft) Shear Y (kips) | Moment X (kip-ft) (Kips)
Top of column
1 0.17 3.23 0 0 516
3 0.17 3.23 0 0 516
Bottom of column
1 0.9 4.5 0 0 542
3 0 0 0 0 542
Bottom of wall 0.9 0.7 0 0 551
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TABLE: Joint Displacements
Joint [OutputCase| CaseType |StepType Ul u2 U3 R1 R2 R3
Text Text Text Text in in in Radians | Radians | Radians
1 COMB1 Combination |Max 0.4749 0.5925| -0.6920 0.0037 0.0003 0.0000
1 COMB2 Combination |Max 0.3950 0.4745] -1.2310 0.0020 0.0001 0.0000
2 COMB1 Combination |Max 0.4749 0.5923| -0.8226 0.0037 0.0003 0.0000
2 COMB2 Combination |Max 0.3950 0.4744] -1.3017 0.0020 0.0001 0.0000
3 COMBL1 Combination |Max 0.4749 0.5922] -0.9536 0.0037 0.0003 0.0000
3 COMB2 Combination |Max 0.3950 0.4744] -1.3727 0.0020 0.0001 0.0000
4 COMB1 Combination |Max 0.4749 0.5921] -1.0841 0.0037 0.0003 0.0000
4 COMB2 Combination |Max 0.3950 0.4743] -1.4433 0.0020 0.0001 0.0000
5 COMBL1 Combination |Max 0.4749 0.5920| -1.3435 0.0037 0.0003 0.0000
5 COMB2 Combination |Max 0.3950 0.4743| -1.5830 0.0020 0.0001 0.0000
TABLE: Base Reactions
Number |OutputCase| CaseType |StepType|GlobalFX|GlobalFY | GlobalFZ|GlobalMX|GlobalMY|GlobalMZ
Text Text Text Kip Kip Kip Kip-ft Kip-ft Kip-ft
DEAD LinStatic 0 0 4545 0 0 0
COMB1 Combination |Max 1393 1183 4545 30459 27144 0
COMB2 Combination |Max 1076 1750 4545 31323 13564 0
TABLE: Joint Reactions - Spring Forces
Joint |OutputCase| CaseType |[StepType Ul u2 u3 R1 R2 R3
Text Text Text Text Kip Kip Kip Kip-ft Kip-ft Kip-ft
J3 DEAD LinStatic 0 0 3225 0 0 0
J3 COMB1 Combination |Max 1367 1328 3225 5531 21913 0
J3 COMB2 Combination |Max 1149 1022 3225 2988 11483 0
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Top of a typical column

Ag=2411.5in"2
Ix = 246174 in*4
Iy =953992 in*4
Xo=0in
Yo=10in

REINFORCEMENT:

28 #8 bars @ 0.917%

As =22.12 in"2
Confinement: Tied

Clear Cover = 3.49854 in

¥
+x
68.9x 35 in
0.92% reinf.
MATERIAL: =
f'c = 3.5 ksi
Ec=3372.17 ksi
fc = 2.975 ksi
Betal = 0.85
fy = 60 ksi
Es = 29000 ksi
SECTION:

F (ko)
BO00 T

-2000 -+

D-21
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Bottom of a typical column

S

44 % 35 in

1.44% reinf.
MATERIAL: -
f'c = 3.5 ksi
Ec=3372.17 ksi
fc = 2.975 ksi
Betal = 0.85
fy = 60 ksi
Es = 29000 ksi

SECTION:

Ag =1540 in*2
Ix = 157208 in"4
ly = 248453 in*4
Xo=0in
Yo=0in

REINFORCEMENT:

28 #8 bars @ 1.436%

As=22.12in"2

Confinement: Tied

Clear Cover = 349864 in -

F [kip]
4500 T

1500 -+
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Bottom of Crash Wall

39 x 769 in
0.38% reinf.

MATERIAL:

f'c = 3.5 ksi
Ec=3372.17 ksi
fc = 2.975 ksi
Betal = 0.85

fy = 60 ksi

Es = 29000 ksi

| v

SECTION:

Ag = 29991 in"2

Ix =1.47796e+009 in*4
ly =3.80136e+006 in*4
Xo=0in

Yo =0in

REINFORCEMENT:
262 #6 bars @ 0.384%
As =115.28 in"2
Confinement: Tied

Clear Cover = 3 75074 in -

P (kip]
70000+
-+
35000
bt [54°7 [k-ft)
-100an -+
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Section Properties of Superstructure

Pertinent Information about Materials used, etc. :

pconv := (1.45 x 10 4)

1
feet .= —— feet = 3.281
.3048
inch := feet-12 inch = 39.37

fo= 24-(106) -pconv

fy = 400-(108)-peonv

Fyp = 345(108) - peonv

Fyo = 250-(108) - peonv

E = 57000-(,[T;)

E := 29000000

Es
ni=—
Ec

boltD = 24.(10™ 3)inch

Skew := 26 + (ﬂ\ + (ﬂ\

60) \3600)

N/m”2 to psi conversion factor.

meter to feet conversion.

meter to inches conversion.

fc = 3480.000

fy =58x 104 (Reinforcement)(psi)

4

Fy1 = 5.003x 10

F.. = 3.625x 10
y2 = 2oex

E. = 3.363 x 10°

Eq=29x 10

n = 8.624

boltD = 0.945

Skew = 26.528
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(Structural)

(Structural)

Modular Ratio

Bolt Diameter (in.)

Modulus of Elasticity of concrete.

Modulus of Elasticity of steel.

Skew Angle (degrees)
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Calculations for Moment of Inertia for Superstructure

Leff = 41.50-inch Logr= 1634x 103 Effective length of a span (in)
tavg = .195-inch tavg = 7.677 Slab thickness (in)

t = -014-inch t,, = 0.551 Web thickness (in)

bgq == .300-inch by = 11.811 Top flange width outerline (in)
bg, == .600-inch bgy = 23.622 Top flange width innerline (in)
gspace := 1.905-inch gspace = 75 Girderline spacing (in)

Effective Flange Width of interior maybe be taken as least of (in inches):

efwy = .25-Log efwy = 408.465

efwy = (12-tayg) + ty efw, = 92.677

efwg = (12tayg) + (5-bfg)  efwg = 98.031 (outer)

efwgy, = (12-tayg) + (5:brp)  efwgy, = 103937 (inner)

efw, = gspace efw, = 75 This controls
EFWinside = gspace EFWinside =75

Effective Flange Width of exterior maybe be taken as .5 EFW plus least of (in inches):

efwg = = Lgff efwg = 204.232

efw6 =

|
—_

(2]
QJH
<
(o]

+
—_

o1

—
\é_/

) efwg = 46.339
efwy = (6-tayg) + (25:bg)  efwy = 49.016
)

efwg = (6-tayg) + (25-bp)  efwg = 51.969
ohw = 36.417 This controls

>

ohw := .925-inc

EFWoutside = ('S'EFWinside) + ohw EFWoutside = 73-917
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We can use all of the slab for moment of inertia.
'yyl = 36.2084 l,71 = 3676.5792

lyyp = 614485 15 = 53431700

Torsional Properties:

We assume only the deck will resist torsion.

bdeck = 20.8-feet bdeck =68.241 ft

hdeck = .195-feet hdeck = 0.64 ft
(hdeck)3 4

3= (bdeck)'T J=5.956 ft

Cross-Sectional Area of Superstructure:

feet

bslab = 20.8.—
n
bgjgp = 7-913 ft

hslab = .195-feet

hgjap = 0.64 ft areag|ap = Nsjab Psjab

arédgirder1 = 11-[(.02-.3) + (.02-.6) + (1.372-.014)] -feet-feet

areagirgern = 11-[(.045-6) + (.045-6) + (1.372-.014)] feet-feet

aréagper1 = (areas|ab + areagirderl)

aréagper2 = (areas|ab + areagirderz)
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areag|gp = 5.062
areagirderl = 4.406

areagirderz = 8.668

areasuperl = 0.468

areasuperz =13.73
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areay rir = [(-2-535) + (.065-.535) + (.320-.330) + (.5-.180-.330)] -feet-feet

(1.3 + 1.236) aredpyprigr = 2982 ft
aredmedian = | -190- f -feet-feet

aredmedian = 2:047 ft
Loads :
Dead Loads of the superstructure

Wharrier = 2-ar€apayrigy- 150 Wharrier = 895 plf

Wqlap = (19.05-feet)-(.195 feet) 150 Wqqp = 5998 pif

Wyirderl = 11 (1.372-feet)-(.014-feet) + (.020-feet)-(.900-feet) ]-490 Wyirderl = 2159  plf

Wyirder2 = 11] (1.372-feet)(.014-feet) + (.045-feet)-(1.200-feet) ]-490 Wyirder2 = 4247 p

=

Wmedian = 3€8median"-190 Wmedian = 0-389  plf

Interior Cross-frames: 2 - L4x4x5/16 @ 2546 mm
1 - L4x4x5/16 @ 1904 mm
weight(lb.) per linear foot = 8.16

10 spaces underneath bridge 13 cross frames per length total number = 130

8.16
Weframe = 13:10-[(25546 + 2.546 + 1.904) feet] —— Wegrame = 89.516  plf

Future Wearing Surface was 2.4 kKN/m”"2 or about 50 psf.

Wpridge = (3+42+ 3+39+4.2+ 3)-feet

Wiy = 2'4'1000'pC°nV'144'Wbridge
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Wbrldge =61.024 ft

3
Wpyg = 3.058 x 10° plif
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Adding the individual pieces together we get:

Wouter = Wbarrier ¥ Wmedian * Weframe * Wslab * Wgirderl * Wiws Wouter = 12199 plf

Winner = Woarrier ¥ Wmedian * Weframe * Wslab * Wgirder2 * Wiws Winner = 14288 plf

W(outer) is the uniform dead load along the superstructure from the abutments to the
place where the field splices are located. W(inner) occupy the center of each girder
line which are the continuous part over the central pier.

Pier Column Dimensions and properties:

b = 1.75-feet bcoltop =5.741 ft

coltop *

bCO|bOt = 1.125-feet bCO|bOt = 3.691 ft
ICO| = 3.75-feet ICO| = 12.303 ft
Weg| = .90-feet Weo| = 2.953 ft

number of column increments used: incrCOI =5

Icol

length of column increments: liner= —— lincr = 2461 ft
increg)

Dimensions used to model:

columnl.. a Peoolq = 1.75-feet by = 5741 ft
column2.. u Pegl2 = 1.625-feet byyp = 5331 ft
column3.. a Peoiz = 1.5-feet by 3=4.921 ft
column4 .. a Peolg = 1.375-feet by = 4511 ft

column5.. » bco|5 = 1.25-feet bcol5 = 4.101

column6.. » bco|6 = 1.125-feet bcol6 = 3.691

All columns are a width of 2.953 ft over their entire length.

Columns designed as non-prismatic sections in SAP-2000.
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Pier Cap Dimensions and properties:

984
23.36~.984-T} +2:(.5-1.905-.3)-(.984 + .1) + (19.55-.3)-

3)
984 + — | |-feet

2)

Ybar =

[(23.36-.984) + 2-(.5-1.905-.3) + (19.55-.3)]

Ypar = 2072 ft

Section taken in middle of cap:
bcap = 1-feet bcap =3.281 ft

heap = feet(:984 + 300)  hegp=4.213 ft

Section taken at end of cap:
hcapend = .984 -feet hcapend =3.228 ft

Width is constant across the cap.
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Saint Clair County Bridge - AASHTO Division 1-A - Design Checks

Earthqguake Data:

Seismic Performance Category (SPC) is B

Bedrock Acceleration Coefficient (A) is .1125g a:=.1125
Site Coefficient is 1.5 sc.=15
Since A is between 0.09 and 0.19, we are in Seismic Zone 2.

Thus, the Soil Profile Type is Ill.

Response Spectrum — Division 1-A

0.30
0.25 -
0.20 -
0.15 -
0.10

0.05 -

Response Spectral Acceleration
(fraction of g)

O-OO T T T T T
0.0 0.5 1.0 1.5 2.0 2.5 3.0

Period (seconds)
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Moment - Columns

R is equal to 3 in weak axis of central pier (centerline of deck + skew)
R is equal to 5 in strong axis of central pier (perpendicular to weak axis)

Moment at bottom of column is okay according to PCA Column

Moment at top of column is okay according to PCA Column

*** Note that top uses exception in Article 8.18.2.1 on the use of a minimum of steel that is
less than the typical 1% for longitudinal reinforcement

Moment - Crashwall
R is equal to 2 in both strong and weak axis of pier

Moment at bottom of crashwall is okay according to PCA Column; Use 8.18.2.1 exception

Shear - Columns (8.16.6.2.2)

593000 ) 5
Vo= 2 1+ ——— 1./3500.44.32 V.= 198672 Ibs 85-V, = 1.680 x 10
c ( 2000-44-35 ) c c *
5
Vo i= 2+/3500-44-32 Vo = 1666 10° Ibs

Use value of 168 kips since it takes into account the axial load that is present.

2 2 .
Veoll = \ 537+ 29 Veol1 = 60415 <ips
— \/ 26 + 24.5° — 35725 i
VCO|2 = + . VCO|2 = . <ps

Applied shear is less than 2x V.c, thus column satisfies
requirements for shear with only minimum reinforcement
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Shear - Crashwall

6
Vg := 2+/3500-769-36.4 Vg = 3312 x 10 lbs

85-Vgg = 2815x 10°  Ibs

Use value of 2815 kips

2 2 .

Vyyaliy = V 7957 + 72.6 Vyyally = 107.6€kips
[ 002 2 oL

VW&”Z = 39" + 61 VW&”Z = 72.402 kIpS

Applied shear is less than 2x V.c, thus wall satisfies
requirements for shear with only minimum reinforcement

Slenderness Effects (8.16.5)

r:=.3-35.4 r=10.6:in k=2
lU
Iu = 147.6 in slenderness = k-— slenderness = 27.8
r
My, == —236 k — ft
Moy, = 471 k — ft
M1p)
By:=1 E.:= 18204/3500  Eg:= 29000 Cpyi= 6+ .4 —
M
2b )
1 =
| = —.443.35.4° | = 1.638x 10° in* Cm =04
g 12 g
lg A
Ecms
25) 9
El= —"2 El = 3.527 x 10
(1 + Bd)
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(TEZ-E|) 5
Pei= Pc=3994x 10 k
2
(2.|u)
d:=.9-2 >67 ¢ = 0.693 Use ¢ equals .70 (pure compression)
o 3.5-44.3-35.4 o '
5
¢-Po=277x10 k
S : 4 8, = 0.4 Use &b equals 1.0
b- 567 b= ™ ' '
276960
Use values obtain from SAP2000 with their respective R factors
d5:= 1.0 as the design moments

AASHTO Division 1-A; Section 6; SPC (B); Checklist

6.3.1 N := (203 + 1.67-83 + 6.66-6.72)-(1 + .000125-26.528-26.528)
N
N =420.353 mm —— =16.549 in
254

The distance from centerline of bearing to backwall is 474 mm, so the overall seat
width is around 950 mm; the seat is adequate.
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Site Class = Medium Stiff Clay

Site Class D MCEER Guide Spec. 3.4.2.1
Type Il per AASHTO Spec.

s:=15 AASHTO Table 3.5.1

A:=022g

- Design Response Spectrum Development - MCE

Sg:=3.16 0.2-second period spectral acceleration

S1:=0.919 1-second period spectral acceleration

a=1 Site coefficient for short period (MCEER Table 3.4.2.3-1)
Fy=15 Site coefficient for long period (MCEER Table 3.4.2.3-2)
Sps = Fa'Ss

Spg = 3.16  Design earthquake response spectral acceleration at short period
Sp1=FySy

Spp = 1.379 Design earthquake response spectral acceleration at long period

0.4-Spg = 1.264

Tg:=—— Period at the end of construction design spectral acceleration plateau

TS =0.436 Sec

Top:=02Tg Period at the beginning of construction design spectral acceleration plateau

TO =0.087 Sec

Fa'Sg = 3.16 >0.6
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Seismic Hazard Level IV (Guide Spec. Table 3.7-2)
SDAP D, SDR 6

- Design Response Spectrum Development - FE

Sq = 0.1026 0.2-second period spectral acceleration
S, = 0.0200 1-second period spectral acceleration

F

F

Sps = Fa'Ss

Spg = 0.164 Design earthquake response spectral acceleration at short period

Sp1=FySy

Spp = 0.048 Design earthquake response spectral acceleration at long period

0.4-Spg = 0.066

a:=16 Site coefficient for short period (MCEER Table 3.4.2.3-1)

v =24 Site coefficient for long period (MCEER Table 3.4.2.3-2)

Tg:=—— Period at the end of construction design spectral acceleration plateau

TS =0.292 Sec

Top:=02Tg Period at the beginning of construction design spectral acceleration plateau

TO =0.058 Sec
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Response Spectrum
35
=
o
c 37
IS MCE
o
©
L 25
c
)
©
& 2
9]
o
(&)
< 15
[
©
[}
& 1
° D I-A
(%]
S ... .. /
%05— ’,¢' el .
@ ,’ FE ...............
o "i ------------------------
0 ‘ ‘ ‘ |
. o5 L 15 25
Period (Sec)

Superstructure Section Properties

33W130
Lbrldge = 232
.2
Agirder = 38.3 In
dgirder =331 in
.4
ly == 6710 in
.3
S, = 406 in
.4
Iy =218 in
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S, = 37.9 in>

y

5 girder at 6' 6"
Slab thickness = 6.5

Hung = 1"

N:=8

hung =1 in
bgjap = 30-12
bgjap = 360 in

Effective width of the composite section (AASHTO LRFD 4.6.2.6.2)

12
Ly == 40.66-—

4
L;=12198  in
Ly = 6.512

L,=78 in

Lg:= 6.5-12 + max(.58,.5-.855)

Ly=7858  in
befrective = mi”('—l» Lo, LS)
b

effective = /8 in

hslab =6.5 in

h
slab
Aslab = Dslab N

.2
Aslab = 2925 In

1/4 of the span length

Girder spacing
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3
| - Nslab
x_slab =~ Fslab™ 5

3 .4
Ix_slab =1.03x 10 In

hslab

Y, =
slab 2

Yslab =3.25 in

d

girder
[Aslab'Yslab + 5Agirder‘(T +2-Yglap + hungj
Y =
x_comp -
—om (5Agirder * Aslab)
Yy comp = 1148 in From top

dgirder

2
I _comp = lx+ Ix slab * 5'Agirder'( > 2-Ygjap + hung — Yx_comp} + Aslab'(YsIab - Yx_comp)

4 .4
Ix_comp = 8:465x 10" i

x_comp

x_comp = Yy_comp

S

3
Sx_comp = 7374 x 10 in

Acomp = Agirder® * Aslab

2
Acomp = 484 in

. x_comp

=
Acomp
Iy = 13.225 in
3

_ bsjab
Iy_slab = Ngjap 12.N
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ly sla = 3159 x 10° in*

2 2
Iy_comp =5 |y + 2Ag|rder(65 + 13 ) + Iy_slab
6 .4
ly comp = 3176 x 10 in

S _ Iy_comp
y_COmP ™ 4. 5.12

4 .
Sy _comp = 1:26 x 10 in

Iy_comp

ry = |
Acomp

ry =81.01 in

Ashear = 0-8-Acomp

2
Agpear = 3872 i

3 3
h b
Jo b slab slab

slab 5 + slab "5 N
J=316x 10°

Sx_plastic = Sx_comp'1-®
Sx_plastic = 1106 x 10* ind
Sy_plastic = Sy_comp'1-5

4 .3
Sy_plastic =1.891x 10 In
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Mass Calculation

6.5- Ly
bridge 15

W, = 30-
slab 12

Wslab = 565.5 kips

130

Wgirders = 1000'5'|-bridge'1'15

Wiirders = 17342 kips

Bar := 5.2 Lbrldge 15

Bar = 180.96 kips

35
FWS i= ——24-Lpridge

FWS = 194.88 kips

Wiotal = Wslab + Wyirders

3 .
Wiptal = 1.115x 10°  Kips

Wiotal

Wotal = T
bridge

Wiotg) = 4805 KIf

+ Bar + FWS
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Finite Element Model with fix base
Period = 0.874 Sec
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MODAL PARTICIPATING MASS RATIOS

With fixed base
MODE | PERIOD INDIVIDUAL MODE (%)
UX UY uz

1 0.8738 65.68 0.00 0.00
2 0.2681 0.03 0.00 0.00
3 0.2116 0.00 14.74 0.00
4 0.1859 0.00 0.00 19.70
5 0.1594 0.00 0.00 0.00
6 0.1396 0.00 452 0.00
7 0.1219 6.32 0.00 0.00
8 0.1219 1.89 0.00 0.00
9 0.1025 0.00 0.00 0.00
10 0.0915 0.00 0.00 0.00
11 0.0857 0.00 4.45 0.00
12 0.0856 0.00 0.00 0.00
13 0.0840 0.00 0.00 22.44
14 0.0764 0.00 35.69 0.00
15 0.0683 0.00 0.00 0.00
16 0.0672 0.00 0.00 0.00
17 0.0612 0.00 3.64 0.00
18 0.0602 0.00 0.00 2.67
19 0.0527 0.00 0.00 0.00
50 0.0133 0.00 0.00 8.64

78.09 76.59 61.99

Center of gravity on top of the hammer head:

Y:

_ [(2.25-5 + 2.25)-(30-2.25) + (2.25-5)-(12-2.25) + 2(2.25-.66)-(5-9-2.25)]

(30-2.25 + 9-2.25 + 12-2.25)

Y = 2512 ft from the bottom
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—

First main mode shape First main mode shape
T=0.0226 Sec T=0.0209 Sec

H

L.,

Second main mode shape
T=0.0060 Sec

Second main mode shape
T=0.0059 Sec
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—r
-

Third main mode shape
T=0.0034 Sec

Fourth main mode shape
T=0.0024 Sec

E-13

Third main mode shape

T=0.0035 Sec

L

Fourth main mode shape
T=0.0029 Sec
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Fifth main mode shape Fifth main mode shape
T=0.0022 Sec T=0.0022 Sec

Sixth main mode shape
T=0.0019 Sec

Sixth main mode shape
T=0.0020 Sec
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Bearing
alerment

Stiff elerment from the top of
the bearing to the center of
gravity of the superstructure

toment released in the
longitudinal direction

<3l

PIER 1&3
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2D Model of Intermediate Bent With Masses at Real Location of Girders

2D Model of Intermediate Bent With Single Vertical Column
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T—)Y T_H T_”
With Rotational With Masses at Without Rotational
. . Mass
Mass Location of Girders M = 2120 k-ft
M = 2780 k-ft M = 2804 k-ft -
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Group Pile Stiffness At Fixed Bent:

Use HP 14X117 for the NCHRP design

A=34.4in"2
Ixx=1220 in"4 Zxx=194 in"3
lyy=443 in"4 Zyy=91.4 in"3
Depth=14.2 in
Width=14.9 in
E.c 29000000-144 ksf
1000
N := 40 #X10 (70" in long and 70" spacing in transverse direction)

Results from L-pile:

A =0.56in

long

Atrans = 0.71in

Results from SAP mc

Vlong_single = 96 Kips

Vtrans_single = 74 Kip

\Y
long_s

Klong_single = Al
or

12
Klong_single = 96'%

KIong_single

pa—
- | .
1 I I I T r T I T
r 1T T I T ‘ r 1T I I T
3 +
— R Y10 VA
L r 1T T I T ‘ r 1T I I T
r I I I I ‘ r 1 I T I
| _
J35”L L70’J ‘ L35’J

_2057x 103 X
fi
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K

Ky = 8229 10"

x = Klong_single'N

L:=60 ft
V .
K — trans_single
tran_single ~
-SIng Atrans
12
Ktran_single = 74'H
K =1.251 103
tran_single = 42+ %
K

Ky = 5.003 x 10*

34.4

144
A = 0.239 ft

E
A

Kiyial = A—
axial L

4
KaXIa' = 1.663x 10

K K

7 = Kaxial'N

K, = 6.651 x 10°

Sy = %-[(.570)2 + (1570)2 + (2570)% + (3570) + (45.70)° ]

_ 2
144

%)
N
|

N4

y = Ktran_single’N

= | x

= | x

K
ft

[ (57024 (1570)%]
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K

rx = Kaxial'S1

Kn, = K

ry axial 52

Kz = (Klong_single'sl + Ktran_single'SZ)
K, = 8.229 x 104 X
X fit

K -5003x 10% X
y ft

K. = 6.651x 10° X
z ft

ft — Kips

8
K,, = 1.867 x 10
rx rad

ft — Kips

7
K., = 2.829 x 10
ry rad

ft — Kips

7
K., = 2523 x 10
rz rad

Total DL = 1109 kips

Axial capacity (IDOT Bridge Manual 3.8.1) = 9000 psi

Pcap = A159144 A is area of cross-section of single pile
Pcap = 464.4  Kips Ultimate axial capacity of pile
N = 40 No of piles used

V= 1109 kips
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Results from SAP :

Mlong = 46161 k- ft Miran = 15526 k- ft
\Y 1575 45.75
Pi=—+Mpgpg—— + —_—
17N long 12S, tran 12:S,
P4 = 320.969 kips
Pl < Pcap Ok

Results from L-pile:
Dis|_:= .39 in M := 4080 k—in

DIST :

.23 in M, := 1800 k- in

Compressive Resistance (Combined axial compression and flexure)

Py 8[ My My )

+ = +
0.85-50-34.4 9 \ 50-194 50-91.4)

0944 <1 OK fy =50ksi for steel pile

EQ in transverse direction

Results from SAP :

Mjong := 18646 k- ft Miran = 38811 k- ft

. N M 1.5-75 N 4575
2~ N long 125, tran 125,

Pp= 227676  kips <P, OK

Results from L-pile:
Dis|_:= .15 in Mg:= 2230 Kk-in

Disy == 57 in My:= 3055 k=in
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) M3

Mg

+
0.85-50-34.4

8
[R—— +
9 E5o-194 50-91.4 )

=0.954 <10K

Spring Stiffness at Expansion Bent

N:= 24

K — 2,057 x 10°
long_single = <Y1 %

K

x = Klong_single'N
4
Ky = 4.937 x 10

L:=60 ft

3
Ktran_single = 1.251x 10

Ky = Kiran_single’N

Ky = 3.002 x 10*

=|x

34.4

144

A=10.239 ft

E
A

Kygial = A—
axial L

4
KaXIa' = 1.663x 10

=|x

Kz = Kaxial'N

(AASHTO LRFD6.9.2.2 — 2)

BX8 (70" spacing in both direction)|

K
ft

Ry

210"

_ I
H
H
H
H
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K, = 3.99 x 10°
5.~ 2 (5702 + (1570)2 + (2570) + (35.70)° Sy =4287x 10° ft°
1= (5707 + (15707 + 2570)° + (3570) | - 4287 x

Sy = ﬁ-g-(mz)

=K

rX axial 51

Kn, = K

ry axial 52

K

6
K., = 9.501 x 10
rz rad

K
Ky=4937x 10" =

K. =3002x 10¢ K
y ft

K
K,=399x 10° =
ft

ft — Kip

7
K. = 7.129x 10
rx rad

ft — Kip

6
K,, = 9.052 x 10
ry rad

ft - Ki
K,, = 9501 x 10° 2P
rad

Total DL = 820 kips

ft — Kip

S, = 544,444 ft°

rz= S1'Klong_single + Sy Ktran_single

Axial capacity (IDOT Bridge Manual 3.8.1) = 9000 psi
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Pcap =A159144 A is area of cross-section of single pile

Pcap = 464.4  Kips Ultimate axial capacity of pile

N = 24 No of piles used

V= 820 kips Axial load
Results from SAP:

Mjong = 8243 k- ft

Miran = 15508 k- ft

\Y/ 1.75 3.5.75
Pi=—+M —— 4+ My ———
1 N long 12S, tran 12:,

Py =207.915 kips
Pl < Pcap Ok

Results from L-pile:

Dis, :=.28 in Myp:=3350 k- in

Dis := .39 in Mj:= 2500 K- in
Compressive Resistance ( Combined axial compression and flexure)

P1 s M My
_— +
50-194  50-91.4 )

+ =0.935<1 Ok
0.85-50-344 9

Earthquake in transverse direction:

Results from SAP Model:
Mlong = 3298 k- ft

Miran = 38766 k- ft

E-24
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\ 1.75
N

Pyi=—+M — +M
2" lon
9 125,

Py = 269.812 kips

Results from L-pile:

DisL =.11 in

Dis-|- =.75 in

Compressive Resistance ( Combined axial compression and flexure)

3.5:75

< Pcap OK

Mg:= 1700 k- in

My:=3380 k-—in

)

Mg

g M3
+ = +
0.85-50-34.4 9 E50-194

=0998 1 Ok
50-91.4 )
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MCEER Guide Spec. Table 4.7-1

Base Response Modification Factor (Rg) SDAP D Operational Performance

Single column

15

Wall pier

1.0

Vertical pile

1

All elements for FE

0.9

Superstructure to abutment

0.8

Column and pile to cap beam

0.8

TS = .436 Sec

T:=.874 Sec

T
Reol = 1+ (15~ 1).(

Rgo = 1.802 <15

RW&“ =14+ (1 — 1)(
Ryall = 1
Sec

Tg = 292

T:=.874 Sec

RFE =1+ (09 - 1)(
Rpg=0761  >0.9

RFE =0.9

\ MCEER Guide Spec. 4.7

1.25.T |

T )

1.25.T |

)

1.25.T |

Response Modification Factor (R) SDAP D Operational Performance

Dead Load

Single column

1.50

Wall pier

1.0

Axial
kips

Location

Vertical pile

1

All elements for FE

0.76

Fix Pier

515

Superstructure to abutment

0.8

Column and pile to cap beam

0.8

Exp Pier

424
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MCE Forces & Moments - EQy.ans
Transverse
. Shear3 [Moment2|[Moment3| Axial
Support / Location ] ) ) i
kips kip-ft kip-ft kips
Fix Pier Top| 1139 | 24709 0 0
Bottom 35753 0
Exp Pier Top 1510 11777 0 0
Bottom 33204 0
MCE Forces & Moments - EQjqqg
Longitudinal
. Shear2 [Moment2|[Moment3| Axial
Support / Location ; ) ) i
kips kip-ft kip-ft kips
Fix Pier Top| 1854 0 0 0
Bottom 0 40481
Exp Pier Top| 460 0 0 68
Bottom 0 6494
MCE 100% + 40% Forces & Moments - EQ
Transverse Longitudinal
. [Shear 2Shear 3[Moment 3Moment 2| Axial |Shear 3 [Shear 2| Moment 2[Moment 3 Axial
Support / Location| ) ) ) : ) ) . . :
kips | kips | kip-ft kip-ft | kips | kips | kips kip-ft kip-ft | kips
Fix Pier TPl 740 [ 1130 | O | 24709 1 | 456 | 1854 | 7884 0 0
Bottom 16192 | 35753 14301 40481
ExpPier | %Pl 185 |1510 | O | 11777 | 27 | 604 | 462 | 471 01 68
Bottom 2598 33204 13282 6494
MCE Factored Forces & Moments - EQ by R
Transverse Longitudinal
) Shear 2|Shear 3|[Moment 3| Moment 2| Axial | Shear 3 [ Shear 2 [Moment 2[Moment 3[ Axial
Support / Location | | | ] , . . . . . . .
kips | kips kip-ft kip-ft | kips | kips kips kip-ft kip-ft kips
Fix Pier TP 494 | 1139 0 24709 1o | 456 | 1236 | 004 0 0
Bottom 10795 35753 14301 | 26987
Exp Pier Top 193 1510 U771 18 | 604 | 308 | M 0 45
Bottom 1732 33204 13282 4329
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MCE Final Design Forces & Moments (EQ + DL)
Transverse Longitudinal
. |Shear 2|Shear 3|Moment 3Moment 2| Axial | Shear 3| Shear 2 |Moment 2Moment 3 Axial
Support / Location | ] . . . . . . . .
kips | kips | kip-ft kip-ft | kips | kips | kips | kip-ft | kip-ft | kips
Fix Pier Top 4oy f1139| O | 24799 1570 | use | 1236 | 7% | 0 1 5p0
Bottom 10795 | 35753 14301 | 26987
Exp Pier Topl 153 1510 | O | 11777 | 48| 604 | 308 | 1 0 | 515
Bottom 1732 33204 13282 4329
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P ki)
45000

192 x 48 in

3.32% reinf.

Fc=3.5ksi -
Fc=3372.17 ksi

fc = 2.975 ksi

Betal = 0.65

fy = 60 ksi

Es = 29000 ksi

SECTION: } 1 t +

Ag = 9216 in"2

Ix =1.76947e+006 in"4
ly = 2.83116e+007 in"4
Mo =0in

o =0in

REINFORCEMENT:

196 #11 bars @ 3.318%

s = 305.76 in"2 -
Confinement: Other

Clear Cover =2.00033 in

= -

-20000 -

45000
I [267] [k-ft)

Interaction diagram for the fixed bent. As the thickness of the wall was inadequate for

the maximum moment, the thickness of the wall has been increased to 4'
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Frame Element [T

43

Maximum moment at the bottom of pier based on 2.5' thick wall.

Frame Element 1D

2 Moment 3-3 Diag

43

End]|

kel o

End.

distance |0 value 79810.09

wer diagram for values

The finite element model was run for the 4' thick pier. In this analysis moment has increased by

100% by using 48" thick wall and the pier can not be design for this moment. So all of three pier
will be considered fixed in longitudinal direction of the

bridge.
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Group Pile Stiffness (All Bents Fixed)

E:= 29000000-ﬂ
1000

E - 4176 x 10° Ksf

N := 40 #X10 (70" in long and 70" spacing in transverse direction)

Results from SAP model:

V . = 74Kips
long_single

Vtrans_single =75 Kips

Results from L-pile:

A = 0.24in

long

Atrans = 0.66in

\Y .
long_single

Klong_single = Along

12

K ; = 74—
long_single 24

Shear Force (kips)

-10 a 10 20 30 40 50 60 70 )
L e e e LA E B o B s T T T T T = T T

3 k
Klong_single = 37 * 10 T

10

Kx = Klong_single'N

20

___________________________________________________________________________________________________________

Depth (ft)
30

k
Ky=148x10°  —
fi

L:= 60 ft
V, .
trans_single -

K ; =
tran_single
->Ing Atrans
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12
Ktran_single = 75'5
Ktran_single = 1.364 x 10
Ky = Kiran_single’N
S
K, = 5.455 x 10" | ?
y = a <
- _
34.4 vt 1 1 1 tl1 T T
144 I I I I T ‘ I I I
4***7*#******%#
A= 0239 2 Lit 1 1 1 I‘I I I
c I I I I T | I I T
Koyial = A— ! o
axial L Josrl [ ‘ s
Koying = 1663 x 107 | ot |
axial = 099 %
Kz = KaxjarN

K. - 6651x 10° =
z ft

1

6
Sqi= —.
17 14

144
2

s
27 14

D
N4

Krx = Kaxial S1

Kry = Kaxial'S2

(570)% + (1570)2 + (2570)° + (3570) + (4570)° ]

[ (57024 (1570)%]

rz= (Klong_single'sl + Ktran_single'sz)
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k
5 —
Ky=1.48x 10 ft
4 K
Ky =5.455x 10 ft
5 K
K, = 6.651 x 10 ft
g k- ft
er =14x 10 rad
; k- ft
Kry =2.829x 10 rad
k- ft
Kyz = 3.348 x 107
rad

Total DL = 1065 kips

Axial capacity (IDOT Bridge Manual 3.8.1) = 9000 psi

Pcap =A159144 A is area of cross-section of single pile
Pcap = 464.4  Kips Ultimate axial capacity of pile
N = 40 No of piles used

V = 1065 Kips

Results from SAP:

Mlong := 31836 k- ft
Miran = 17848 k- ft
\Y 1570 4.5.70
Pii=—+Mpgpg—— + —_—
17N long 12S, tran 12:S,
Pq = 245.983 kips
Pl < Pcap Ok
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Results from L-pile:
Dis| :=.24 in Mg :=3055 k- in
Disp:=.20 in M, := 1660 k- in
Compressive Resistance (Combined axial compression and flexure)
Py g Mg M)
+— + =0771.<1 OK (AASHTO LRFD6.9.2.2 — 2)
0.85-50-34.4 9 \ 50-194 50-91.4}

EQ in transverse direction

Results from SAP:

Mjong = 12746 k- ft
Myyqn = 44615 k- ft
V 1575 4.5.75
Pyi= — + e My ——
2 lon tran
N 9 125, 128,
P, = 245.851 kips < Pgap  OK
Results from L-pile:
Dis_:=.097 in Mg:= 1640 k- in
Disy = 51 in My:= 2890 k=in

Compressive Resistance (Combined axial compression and flexure)

P2 g Ms Mg )
_— +
50-194  50-91.4 )

+ =0.88.<1 OK
0.85-50-34.4 9
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MCEER Guide Spec. Table 4.7-1

Base Response Modification Factor (Rg) SDAP D Operational Performance
Single column 1.5
Wall pier 1.0
Vertical pile 1
All elements for FE 0.9
Superstructure to abutment 0.8
Column and pile to cap beam 0.8

TS = 0436 Sec

T:=.8738 Sec

\ MCEER Guide Spec. 4.7

Reol = 1+ (15— 1)-
col (5= (1.25-T5)

Rgo = 1.802 <15

T
RW&“ =1+ (1— 1)(1 25T j
' S

Ryall = 1

' S

Rpg=0.84 >0.9

Rpg =09

Response Modification Factor (R) SDAP D Operational Performance
Single column 1.50

Wall pier 1.0
Vertical pile 1

All elements for FE 0.9
Superstructure to abutment 0.8
Column and pile to cap beam 0.8

E-35




FOUT=3FE 00 U I RRSITY

- -

L » SUBJECT FILE: BY:
Civil Engineering : . NA
: - Evaluation of Comprehensive
www.siue.edu/civil . . . . CHECKED:
SIUE, Edwardsville, IL 62025-1800 Siesmic Design of Bridges AAA
(618)650-2533 Fax: (618)650-2555 (LRFD) in Hlinois
DATE:
6/22/2004
NCHRP Guidelines
Title: Pulaski County Bridge Sheet No: 36
Forces & Moments - EQy;ans
MCE T Qu Dead Load
ransverse |
. Shear3 [Moment2|Moment3| Axial . X1a
Location
Support / Location kips kip-ft kip-ft kips kips
Bottom 41430 0 Pier2 570
. To 16116 0
Pier 1&3 Pl 1651 0 .
Bottom 39190 0 Pier 1&3 470
MCE Forces & quepts - EQiong
Longitudinal
. Shear2 [Moment2|Moment3| Axial
Support / Location ) ) ) i
kips kip-ft kip-ft kips
Pier 2 Top| 1342 0 0 0
Bottom 0 27654
Pier 1&3 Top| 1758 0 0 184
Bottom 0 32521
MCE 100% + 40% Forces & Moments - EQ
Transverse Longitudinal
S rt / Location Shear 2 | Shear 3| Moment 3 | Moment 2 | Axial | Shear 3 | Shear 2 | Moment 2 | Moment 3| Axial
HPPO a kips kips kip-ft kip-ft kips kips kips kip-ft kip-ft kips
. Top 0 28687 11475 0
Pier2 Bottom| 27 | M| 11062 | mazo | O | B | B2 165 | omesa | °
Pier 1&3 ToPl 703 | 1651 0 16116 oy | gg0 | 178 | OM© 0 184
Bottom| 13008 39190 15676 32521
Factored Forces & Moments - EQ by R
MCE —
Transverse Longitudinal
. Shear 2[Shear 3| Moment 3|Moment 2| Axial | Shear 3| Shear 2 |Moment 2[Moment 3 Axial
Support / Location |~ " . . . . . . . ) .
kips | kips | kip-ft kipft | kips [ kips | kips kip-ft kip-ft | kips
Pier 2 Top| 358 [1199 [ O 28687 | o | 480 | 895 [ 11475 0 0
g s s
R op
Pier 1&3 Bottom 469 | 1651 8672 39190 49 660 1172 15676 21681 123
MCE Final Design Forces & Moments (EQ + DL)
Transverse Longitudinal
. |Shear 2|Shear 3|Moment 3{Moment 2| Axial | Shear 3 | Shear 2 |Moment 2Moment 3 Axial
Support / Location | . . . . . . . . . .
kips | kips | kip-ft kipft | kips | kips | kips | kip-ft | kip-ft | kips
Pier 2 ToP| 358 1199 | © 28687 1 570 | a0 | o5 | 470 0 570
Bottom| 7374 41430 16572 18436
Pier 1&3 ToPl 469 | 1651 0 16116 | 519 | 660 | 1172 | 0446 0 593
Bottom 8672 39190 15676 | 21681
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FE Forces & Moments- EQtrans
Transverse
Support,/ Location Shear3 [Moment2|Moment3 |[Axial
PP Kips Kip-ft Kip-ft Kips
. Top 393 0
Pier 2
Bottom 30 703 0 0
. Top 245 0
Pier 1&3
Bottom 17 359 0 0
Forces & Moments- EQlong
FE Longitudinal
Shear2 |Moment2(Moment3 |Axial
Support/Location |Kips Kip-ft Kip-ft Kips
. Top 0 0
Pier 2
ter Bottom 36 0 753 0
. Top 0 0
Pier 1&3
ter Bottom 51 0 942 4
FE 100% + 40% Forces & Moments - EQ
Transverse Longitudinal
L . _|Shear 2 [Shear 3|]Moment 2[Moment 3| Axial|{Shear 2|Shear 3 | Moment 2|Moment 3| Axial
Support / Locatior] ™ . . . . . . . . .
kips | kips | kip-ft kip-ft |kips| kips | kips kip-ft kip-ft | kips
Pier 2 Topl 44 | 30 393 0 0| 36 12 157 0 0
Bottom 703 301 281 753
Pier1&3|  °P| 21 17 245 0 2 | 51 7 %8 0 4
Bottom 359 377 144 942
FE Factored Forces & Moments - EQ/R
Transverse Longitudinal
L . |Shear 2 [Shear 3|]Moment 2[Moment 3| Axial[|Shear 2|Shear 3 [Moment 2|[Moment 3| Axial
bupport / Locatior] ) ) A . . . A A .
kips | kips kip-ft kip-ft |[kips | kips kips kip-ft kip-ft | kips
Pier 2 Topl 46 34 437 0 0 40 14 175 0 0
Bottom 781 335 312 837
Pier1&3|  [°P| 24 19 272 0 2 57 8 109 0 5
Bottom 399 419 160 1047
FE Final Design Forces & Moments - (EQ/R+DL)
Transverse Longitudinal
L . |Shear 2 |[Shear 3|Moment 2[Moment 3| Axial|Shear 2|Shear 3 [Moment 2 |Moment 3| Axial
bupport / Locatior] ™ . . . . . . . . .
kips | kips kip-ft kip-ft | kips | kips kips kip-ft kip-ft | kips
Pier 2 Top| 46 34 437 0 570 | 40 14 175 0 570
Bottom 781 335 312 837
Pier1&3| 1°P| o4 19 272 0 472 | 57 8 109 0 475
Bottom 399 419 160 1047
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Therefore, MCE design forces govern.

192 x 48 in

3.32% reinf.

MATERIAL: -
'c = 3.5 ksi

Fc=3372.17 ksi

ic = 2.975 ksi

Betal = 0.85

Fy = 60 ksi

Es = 29000 ksi

ISECTION:

g = 9216 in"2

x =1.76947e+006 in~4
y = 2.63116e+007 in"4
o =0in

REINFORCEMENT:
196 #11 bars @ 3.318% | |
Ws = 305.76 in"2

Konfinement: Other

P (ki)
45000

45000
M (287 (k)

192 x 48 in
3.32% reinf.

2000007 My (kA)

, , , |

M [k-ft]

MATERIAL:

e = 3.5 ksi
Fc=3372.17 ksi
c = 2.975 ksi
Betal = 0.85

Fy = 60 ksi

Es = 29000 ksi

|»

[SECTION:

hg = 9216 in"2

x =1.76947¢+006 in"4
y =2.63116e+007 in"4
0 =0in

Yo =10in

REINFORCEMENT:

196 #11 bars @ 3.318% L
As = 305.76 in"2

Confinement: Other

-200000

-200000

B oE70L

200000
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Forces & Moments - EQ
Forces at 5.5' from the bottom MCE = fan
of the pier. Reinforcement due ransverse _
to this design will be used for the | Support / Location Sh‘?ar 3 Mofnent 2 Mofnent3 Af‘lal
upper part of the piers kips kip-ft kip-ft kips
Pier 2 Top| 1146 28687 0 0
Bottom 37284 0
Pier 1&3 Top 1601 16116 0 0
Bottom 31133 0
Dead Load_ MCE Forces & Moments - EQjqng
Location | @l Longitudinal
kips . Shear2 |Moment2|Moment3| Axial
. Support / Location ; . . :
Pier 2 519 kips kip-ft kip-ft kips
Pier 2 Topl 4315 0 0 0
Pier 1&3 421 Bottom 0 20367
Pier 1&3 Topl 1745 0 0 184
Bottom 0 22915
MCE 100% + 40% Forces & Moments - EQ
Transverse Longitudinal
. Shear 2| Shear 3| Moment 3 | Moment 2 | Axial | Shear 3 | Shear 2 | Moment 2 | Moment 3| Axial
Support / Location . ] ) ) ] ] . . . ]
kips kips kip-ft kip-ft kips kips kips kip-ft kip-ft kips
. Top 0 28687 11475 0
Pier 2 525 | 1146 0 458 1312 0
et Bottom 8147 | 37284 14914 | 20367
Pier 1&3 Top| 698 | 1601 0 16116 oy | ea0 | 1745 | OO 0 184
Bottom| 9166 31133 12453 22915
MCE Factored Forces & Moments - EQ by R
Transverse Longitudinal
. Shear 2|Shear 3|[Moment 3|Moment 2| Axial | Shear 3 | Shear 2 |Moment 2[Moment 3| Axial
Support / Location | ) . . . . . . . .
kips | Kkips kip-ft kip-ft kips | Kkips kips kip-ft kip-ft kips
Pier 2 Top| 350 | 1146 0 28687 1 o | 458 | 875 | L1475 0 0
Bottom 5431 37284 14914 13578
Pier 1&3 Tor 465 | 1601 0 16116 1 49 | 640 | 1163 | 6446 0 123
Bottom 6111 31133 12453 15277
MCE Final Design Forces & Moments (EQ + DL)
Transverse Longitudinal
. Shear 2|Shear 3([Moment 3|Moment 2| Axial [ Shear 3 [ Shear 2 [Moment 2Moment 3 Axial
Support / Location | . . . . . . . . . .
kips [ kips kip-ft kip-ft | kips | kips kips kip-ft kip-ft | kips
Pier 2 Top| 350 [ 1146 0 28687 | 519 | 458 | g75 | L1470 0 519
Bottom 5431 37284 14914 13578
Pier 1&3 Topl 465 | 1601 0 16116 4 yog | 640 | 1163 | 0440 0 544
Bottom 6111 31133 12453 15277
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177.6 x 48 in
2.49% reinf.

MATERIAL:

'c = 3.5 ksi
Fc=337217 ksi
= 2,975 ksi
Betal = 0.85

Ky = 60 ksi

Es = 29000 ksi

[SECTION:

g = 8524.8 in"2

x =1.63676e+006 in"4
ly = 2.24073e+007 in"4
o =0in

Yo =0in

REINFORCEMENT:

[136 #11 bars @ 2.489%
Bs =212.16in"2
Confinement: Other

P [kip)
40000

40000
M (317 (kA1)

177.6 x 48 in
2.49% reinf.

100000 7 My (k-]

Mz [k-ft])

MATERIAL:

'c = 3.5 ksi
Ec=337217 ksi
c = 2.975 ksi
Betal = 0.65

Ky = 60 ksi

Es = 29000 ksi

[SECTION:

g = 8524.8 in"2

x =1.63676e+006 in*4
ly = 2.24073e+007 in"4
o=10in

Vo =0in

REINFORCEMENT:

136 #11 bars @ 2.489%
hs = 212.16 in"2
Confinement: Other

| v

I
-100000

100000

DoE1g9l

100000
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Transverse Reinforcement Design

For the Pier 2

Plastic hinge zone length (this length will modify after the reinforcement design)
MCEER Guide Spec. 4.9.1

h:= 48 in thickness of the wall
1-

D=h-3 in
D:= 48 in
2-

H:= 256.25 in
E~H =42.708 n
6

3-

18 in
4-

gy = 0.00207

dy:= 141 in for #11

M := 24711 k- ft

V= 1199 k

1.5(0.08-M-1—V2 + 4400-¢

\ =48.941 in

E-41

Controls but last check should be done after design
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Wall pier transverse reinforcement
Method 2: Explicit Approach

(Guide Spec 8.8.2.3)
Pier 2

192"X48" (3.32% steel, 86#11 in two layers at top and 12#11 each side)

N := 196
R:=0.8
L:=H in

Ap=156  in’
A:=1 fixed - free
Pq:=570  Kips
Pe=0 kips
MtOpL =0 k- ft

MpotL = 24711 k- ft

number of longitudinal reinforcement
R-factor for joint (table 3.1-2)
Height of the pier

Area of rebars for longitudinal rebar

For longitudinal case which is govern for this bridge. For transverse

direction, value of 2 is used for the case of fixed - fixed.

Axial dead load in the pier

Axial earthquake force

0S:=15 Over strength factor

Mp topL = OS-Migp

M  topL = 0

Mp botL = OS-Mpot
4

Mp_potl_ = 3707 x 10

VLZ:

k - ft

(Mp_topL + Mp_botL)' 12

u L-R

3
VL = 217x 10

V

v
u_analysis = kips

kips

E-42
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Vy = max(Vy .V,
V,=217x 10°
fo := 3500 psi
by == 192 in
d:=D in
h=48 in

d
Ve = 8fTTc] [ ow 1o

V. =327.136  Kips

L = 256.25 in

V,=0 kips
¢ := 0.90 For shear

V,=217x10°  Kips

VU
\% ::?_(V + Ve)

S p

Vg =2.084x 10> Kips

Kshape :

u_analysis)

Width of the column core

Contribution due to arch action

=5 For wall in weak axis (MCEER 8.8.2.3)

E-43

Shear resistance in the end regions (plastic hinge zone)
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fyh =60 Kksi For the transverse and longitudinal steel

fou = 1.5-fyh Ultimate tensile stress of the longitudinal reinforcement
fou =90  ksi

Ay = by, d Shear area

Ay = 9.216 x 103 in2

pyi= 0332 Longitudinal reinforcement ratio
s:=4 in <4"OK (MCEER 8.8.2.4) for plastic hinge zone
Agp = 2 #4 Area of transverse reinforcement (ties)
legs := 10 Number of legs
p = legs il
v_pr-— N <
_P bW.S

-3
Py_pr = 2604 x 10

Ag = byh 5 ,
3 ) A, =7.812x 10 in
Ag =90.216x 10 in
.25
A )
tand := | 1.6-p,, pr
= Aprfyg)
tano = 0.595
Dpp =h-4 Width of the perimeter transverse direction
Vs
Ayg =S -tano
fyn D
yh™=pp
A
% _o188 in®  <Ash OK
legs

A= (bw - 6)~(h - 6) Area of column core concrete

E-44
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Method 1: Implicit Shear Detailing Approach
(Guide Spec. 8.8.2.3)

Pt fu Ag Dp . . N

Py = Kshape-ZA-—-—~—-—-tan9 For fixed - fixed case of transverse direction
¢ yh Ac L

py=652x 10 °

Avs = Py by

legs_new := 26

Avs 2
—  -0.193 in < Ash provided OK
legs_new

Outside the plastic hinge zone
Method 2: Explicit Approach
8.8.2.3

legs_outplastic := 9

d
V.:=2 |[f..b, —
¢ ¢ "W 1000

V. =1.09x 10° Kips

Vp =0
u
Vgi= — - (vp+ VC)
¢
3 .
Vg=132x 10 kips
Sm =6 in Maximum spacing (MCEER 8.8.2.6)
Aghm = -2 #4
p := legs_outplastic Fshm
v_pr -~ 1S9 :
_p bW.Sm

-3
Py_pr = 1.563 x 10

E-45

Shear resistance of concrete out side of the plastic hinge zone
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Ag = 0.216 x 103

tano := (1.6~pv pr

tan® = 0.524

Dpp =44 in

A e = S -tan®
VS m
fyh‘ Dpp

AVS

—  =0.175
legs_outplastic

25
A )

Aprhg)

in°  <Ash OK

Method 1: Implicit Shear Detailing Approach

legs_new := 25

fyp = 60
2 [t
Pvstar = Py ~
fyp-1000
-3
Pystar = 4-548 x 10
Ashm
Py = legs_new-
pr s
wSm
3

ppr=434x10

Transverse reinforcement for confinement at plastic hinges (Pmax column)

(Guide Spec. 8.8.2.4)
legs = 10

fyp = 60 ksi

Use method 2

Ugs = 1595  ksi Strain energy capacity

E-46
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Agpy = 0.2 in”

Ac = (by — 6)-(h~6)

A = 7.812x 103 in2

s:=4 in <4"OK (MCEER 8.8.2.4)

Ash

psy = legs: S
pp

pgp = 0.011
py = 0.033

Ag = 0.216 x 103

fo=35x 10°
Pe = Pg+ Pg
Pe =570 kips Factored axial load include seismic effect

f £ 2 2

c 1000P, 1000-fyp )" ((Ag)
pgp = 0.008: || 15- + Py 14— =1

1000U4¢ fc'Ag fe ) Ag )
psp = 0.011 OK
Dp =43
legs = 10
legs_pmax := 10
legs_pmax-Agp, 0012 Include the area of total legs in both direction of cross section
5D, e (Guide Spec. 8.8.2.4)
Ash
Smax = legs_pmax-
Dpp Ps2
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Smax = 4-184 in  OK

Pg = max(psl,psz)
pg = 0.011

s=4 in

Explicit Shear Detailing Approach (Pmin Column)

(Guide Spec. 8.8.2.3)
In longitudinal direction

Pq=570 kips

PeminL == Pg-8  Kips For the uplift effect

PeminL = 456 kips

M_tOp::O k—ft

M =2471 14 k- ft
botL = 2:471x 10 -

0S=15

PeL=Pg+ OS'(PeminL - Pd)

Pel =399 kips

Mp_bot = OS-Mpgy

My ot 12
V= ————
L-R

V, =217 x 10° Kips

A, = 9.216 x 10°

E-48
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AV
V.= 06 [f.—
¢ ¢ 1000

V. =327.136  Kips
D

p
V= APy -——
p eL L.2
V) = 33477 kips
V= Yu V.-V
s— " Vc~©
o p
3
Vg =205x 10
s:=4 in
Ag =02 in’
py = legs Fsh
vi= 0
bW-s
-3
py = 2.604 x 10
25
Ay
tano := | 1.6-p,, ——
(A-prAy)
tan6 = 0.595
D
tano = P
L

tano = 0.168 OK

s-tan®

As = Vs-

fyh'Dpp

ﬁ =0185 OK <Ash OK

legs

E-49
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Anti buckling steel
(Guide Spec. 8.8.2.5)

legs_antibuckling := 70

d,=141 in Diameter of longitudinal rebars

Snew = 60y Maximum spacing of ties

Snew = 8:46 in Required spacing of anti-buckling

Ag = 0.4 #6
Ap:= 156:N

60
A = AL 0.09-—
bh b 60

Aph

legs_antibuckling
Smax = -25:60

Smax = 15 OK

=0.393

2
in“ <Ay,  OK

Final check for the plastic hinge zone

(Guide Spec. 4.9.1)
tan® = 0.595

P 12

L= M(L + .5-tane\

tano®

Lp =7.252 ft

V, = 217 x 10°

Mo botl = 3707 10* Kk~ ft

Vy =217x10°  Kips

E-50
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M (
—pbotl |y ge

vy M

15
E-(4400~gy-db + .08

M

p_botL\
15
—) = 7.403 ft controls
p_botL
12M A
ZTp btk e
u

Summary of transverse reinforcement pier 2
#6@8" with 70 legs in 7.5' of bottom

#4@8" with 23 legs in 7.5' of bottom

#4@6" with 23 legs in the rest of the wall

Deep beam design (Source: Reinforcement concrete, Nawy, 3rd edition, section 6.9)

Shear design (pier 2)

fo == 3500 psi

f,, := 60000 psi

y
h:= 16 ft
b:=14 ft
d:= .9-h
d= 144 ft
| = ﬂ ft
12
| =21.354 ft
é = 1.483 <5 so design anthology applies
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® = 0.90 for shear
3 .
V=1.199 x 10 kips

M = 41430 k- ft
® 8\/f_bdﬂ\—3533x103
€ " 1000)

M
17 v

Ap =24

M
V-d
Ay = -2.499 A2<35
But A2<1 Hence use A2 =

Ayi=35-25

py = 0.033

Vg i= A2~(1.9- Jie+ 25oo-pt-vv'd)

Ve =1.219x 103 kips

144
Vemax = G'Jf_c'b'd'm

V = 2.944 x 103

cmax
= min(V V )

C> “Ccmax

V. = 1219 x 103 kips

\Y
V, ::——d)-VC
O]

kips ®Vn

OK
1

144

-b-d-
1000

E-52
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Vg = 234.91 kips

(12-2)
30575 d)

4.5 12

1 .

V1000
K2 =

fy-d-12

[2.79.(1 ; gﬂ

Svi= [12(K; - K]

Sy = L\-(Kl— Ky)
2.79-1+ —

d)

S, = 249.571 in

Symax = min(l& %}

Svmax =16 in

Flexure design for deep beam

=1
4
M = 4.143x 10 k- ft
% =1.335 >1 sojd=0.6l
j= 2 (I+ 2-h)
d
j=0.741

Shear reinforcement is not required

E-53




FOUT=3FE 00 U I RRSITY

et

et

- -

Civil Engineering
www.siue.edu/civil

SIUE, Edwardsville, IL 62025-1800

(618)650-2533 Fax: (618)650-2555

Title: Pulaski County Bridge

SUBJECT FILE:

Evaluation of Comprehensive
Siesmic Design of Bridges
(LRFD) in Hlinois

NCHRP Guidelines

BY:
NA

CHECKED:
AAA

DATE:
6/22/2004

Sheet No: 54

j-d=10.671 ft
M-12000
S .
©-f,j-d-12
A, = 64.709

I

Agmin = max[ < bd144,200b——

y

Agmin = 27.648

<307.75in2 OK
d.144)
y )

< 305.75in2 OK b:=2512

Shear design in transverse direction

MCEER Guide Spec. 8.8.3
h:= 48

Phmin = .0025

Ash rq = phmin'(bw - 4)'h

2
Ash rq = 2256 in

A = 0.44 2 #6
N h:= Ash_rq
Ash
N _h=51.273 Number of horizontal reinforcement
Sh =4 in
3

Vi Toos fe(bw — 3)h

V, = 161 x 10° kips
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h
Vn = ¢~(.756~\/f_c + phmin~fyh-1000)~(bw - 3)@
V,=159x10°  Kips
V= min(Vp, V)
3 .
V = 1.59 x 10 kips
qu = 1651 kips (So minimum horizontal reinforcement is not adequate for this pier)
pp = -0029

Ash_rq = ph'(bw - 4)'h
.2
Ash rq = 2617 in

Ag = 0.88 2 #6

N _h=29.738 Number of horizontal reinforcement

Sh =4 in

h
Vi = ¢-(:756- [T + piy fyy-1000)-(byy - 3 To0
V= 1786x 105 Kips

qu = 1.651 x 103 kips (So use 34#8 horizontal reinforcement)
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Transverse Reinforcement Design
For the Pier 1&3

Plastic hinge zone length (this length will modify after the reinforcement design)
MCEER Guide Spec. 4.9.1

h:= 48 in thickness of the wall
1-

D=h-3 in

D:= 48 in

2-

H:= 256.25 in

E~H =42.708 n

6

3-

18 in

4-

gy = 0.00207

dy:= 141 in for #11

M := 29060 k- ft
V= 1651 k

15{0.08-M-22 + 2400 dy
Vv yv)

E-56
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Wall pier transverse reinforcement
Method 2: Explicit Approach

(Guide Spec 8.8.2.3)

Pier 1&3

192"X48" (3.32% steel, 86#11 in two layers at top and 12#11 each side)
N:= 196 number of longitudinal reinforcement
R:=08 R-factor for joint (table 3.1-2)

L=H in Height of the pier

Ap = 1.56 in’ Area of rebars for longitudinal rebar

A:=1 fixed - free

Pq:= 470 kips Axial dead load in the pier
P := 164 kips Axial earthquake force
MtOpL =0 k - ft

MpotL = M

0S:=15 Over strength factor

Mp_topL:: OS'MtopL

Mp botL = OS-Mpot

Mo potl = 4359 10°  k—ft

(Mp_topL + Mp_botL)' 12
L-R

VuL =
3 i
VyL = 2.552x 10 ips

Vv .
Vu_analysis = R kips

E-57

For longitudinal case which is govern for this bridge. For transverse
direction, value of 2 is used for the case of fixed - fixed.
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Vy = max(Vy .V,

V,=2552x 10°  kips

fo := 3500 psi
by == 192 in
d:=D in
h=48 in

d
Ve = 6fTTc] [ ow T

Ve =327.136  Kips

L := 2535 in

Dp =h-5
Dp =43 in
% =0.17
D
Vp = %'Pe'Tp
Vp = 13.909 kips
¢ := 0.90 For shear

V,=2552x 10°  Kips

Vu

V= e (Vp+ Ve)

Vg = 2494 10° Kips

Kshape :

u_analysis)

Shear resistance in the end regions (plastic hinge zone)

Width of the column core

Contribution due to arch action

=5 For wall in weak axis (MCEER 8.8.2.3)
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fyh =60 Kksi For the transverse and longitudinal steel
fou = 1.5-fyh Ultimate tensile stress of the longitudinal reinforcement
fou =90  ksi
Ay = by, d Shear area
A, = 9.216 x 10°  in?
py = 0332 Longitudinal reinforcement ratio
s:=4 in <4"OK (MCEER 8.8.2.4) for plastic hinge zone
Agp = 2 #4 Area of transverse reinforcement (ties)
legs := 13 Number of legs
p = legs il

v_pr-— N e

_P bW.S
-3
Py pr=3385x10
Ag = byh
Ag = 9216 x 10° in’
A VP
tan® := 1.6~pv_pr-ﬁ
Priy)
tan6 = 0.636
Dpp =h-4 Width of the perimeter transverse direction
Vs
Ayg = s 5 -tand
yh™=pp

A
B _0185 in®  <Ash OK
legs
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Method 1: Implicit Shear Detailing Approach
(Guide Spec. 8.8.2.3)

Pt fu Ag Dp . . N

Py = Kshape-ZA-—-—~—-—-tan9 For fixed - fixed case of transverse direction
¢ yh Ay L

py = 5965 10 °

Avs = Py bys

legs_new := 26

Avs 2
— - 0176 in < Ash provided OK
legs_new

Outside the plastic hinge zone
Method 2: Explicit Approach
8.8.2.3

legs_outplastic := 13

d
V. =2 [f b, ——
¢ ¢ "W 1000

V. =1.09x 10° Kips

Vp = 13.909
Vy
Vgi=— - (vp+ VC)
3 .
Vg = 1.731x 10 kips
Sm =6 in Maximum spacing (MCEER 8.8.2.6)

A= 2  #4

Ashm

Py pri= legs_outplastic- By S

-3
Py _pr=2:257x 10

E-60
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Ag = 0.216 x 103

.25
Ay )
tan6 := | 1.6-p,, pr
- AerAyg)
tan6 = 0.574

Dpp =44 in

A e = S -tan®
VS m
fyh‘ Dpp

AVS

— =0.174 in2 < Ash OK
legs_outplastic

Method 1: Implicit Shear Detailing Approach
legs_new := 27

fyp = 60

2 [t
Pvstar = Py ~
fyh 1000

— 3
Pystar = 3-993 x 10
] Ashm
Ppr= legs_new:- S
W >m
— 3
Ppr = 4.688 x 10 Use method 2

Transverse reinforcement for confinement at plastic hinges (Pmax column)
(Guide Spec. 8.8.2.4)

legs = 13
fyh = 60 ksi

Ugs = 1595  ksi Strain energy capacity
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Agpy = 0.2 in”

Ac = (by — 6)-(h—6)

AC =7.812 x 103 in2
s:=4 in <4" OK (MCEER 8.8.2.4)
Ash
pg1 = legs: S
pp
pgy = 0.015
pt = 0.033
3
Ag =9.216x 10
fo=35x 10°
Pei=Py+ Pg
P = 634 kips Factored axial load include seismic effect
f 1000P 1000-f, 1.\ 2
c e ’ yh\ Ag\
pgp = 0.008- .| 15 +py = -1
1000U4¢ fc'Ag fe ) Ag )
psp = 0.011 OK
Dp =43
legs = 13

legs_pmax := 10

legs_pmax-Agp,

5D, = 0.012 (Guide Spec. 8.8.2.4)
Ash
Smax = legs_pmax-
DppPs2
Smax = 4151 in  OK

E-62
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Pg = max(psl,psz)
ps = 0015

s=4 in

Explicit Shear Detailing Approach (Pmin Column)
(Guide Spec. 8.8.2.3)
In longitudinal direction

Pq=470 kips

PeminL == Pg-8  Kips For the uplift effect

PeminL = 376 kips

Mp_top =0 k- ft

4
Mpgt, = 2.906 x 10 k- ft
0S=15

PeL=Pg+ OS'(PeminL - Pd)

PeL = 329 kips

Mp_bot = 0S-Mpgr
My pot 12
V= ————
L-R
3.
Vu =2579% 10" ips

A, = 9.216x 10°

Ay

V.= 06 [f.—
¢ ¢ 1000

V. =327.136  Kips
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D

) p
Vp = A'PeL'E
Vp = 27.903 kips
Vu
Vg = I -V, - Vp
3
Vg =2511x 10
s:=4 in
Agny=02 in
p legs Fsh
vi= —
bys
-3
py = 3.385x 10

25
Ay
tand = |:16pvm:|

tan6 = 0.636

D
tana ;= P
L

tano = 0.17 OK

s-tan®
s= Vg

As

— =018 OK <Ash OK
legs

fyh'Dpp

Anti buckling steel
(Guide Spec. 8.8.2.5)

legs_antibuckling := 70

d,=141 in Diameter of longitudinal rebars
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Snew = 60y Maximum spacing of ties

Snew = 8:46 in Required spacing of anti-buckling
s=4 in

Agp = 44 #6

Ap = 1.56:N

60
A = AL 0.09-—
bh b 60

Aph

—  -10.393 <Ash OK
legs_antibuckling
Smax = -25:60

Smax = 15 OK

Final check for the plastic hinge zone
(Guide Spec. 4.9.1)

tan6 = 0.636

h—4) (1
Lp = u — + .5-tane\
12 \tano )

L,=693 ft
3
V, = 2579 % 10
M _4 10 k- ft
o potl = 4359 10" k-

V| =2552x 10°  Kips

( Mp_botL\

Mp botL 15

P_bo 1- .85 ' ) =7.323 ft controls
Vu Mp_botL
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12M A

15 botL_

=2.| 440020 + 08 —F=—"— "~ 3,633
12 y Y

u

Summary of transverse reinforcement pier 1 & 3
#6@6" with 70 legs in 7.3' of bottom

#4@4" with 23 legs in 7.3' of bottom

#4@6" with 23 legs in the rest of the wall

Deep beam design (Source: Reinforcement concrete, Nawy, 3rd edition, section 6.9)

Shear design (pier 1&3)
fo == 3500 psi

f,, := 60000 psi

y

h:= 16 ft

b:=4 ft

d:=.9-h

d=144 ft

| .= i ft

| =21.125 ft

é = 1.467 <5 so design anthology applies

®d = 0.90 for shear
3 .
V =1.651x 10 Kips

M := 39190 k - ft
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144 3 _

®-| 8 [f.-bd——)=3533x 10 kips ®Vn

( T ) P
M=V
Aq = 1.648

M
A2 =35- 25%
A, = -0.621 A2<35 OK
p; = 0.033
V) 144
Vg i= A2~(1.9- Jie+ 2500-p—-= ).b.d.m
V. = -838.372 kips useO
144

Vemax = G'Jf_c'b'd'm
\Y; — 2944 x 10°

cmax = 9% %
Ve = min(VC,chaX)
Ve=0 Kips

\%
Vs =— - d)-VC
)

V.= 1834x10°  kips

11 - i)
305.75 d)
Kl = .
45 12
V1000
2=
y ¢

Shear reinforcement is not required
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201 M

v [12-(K1—K2)]

Sy = L\-(Kl— K2)
2791+ —

d)

S, = 248.883 in

: b-12)
Symax = mm(l& —

3 )

Svmax =16 in

Flexure design for deep beam

d:=1
M = 3.919 x 10° K- ft
% =132 >1 sojd=0.6l
(R L)
d
j=0738
j-d = 10.625 fit
A M:12000
-, 012
A = 61475 in2  <307.75in2 OK
f 144)
Aqmin = max[ -ﬂ-b-d-144, 2005 3144
f f
y y )
2 -
Aqmin = 27.648 in <305.75in2 OK
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Shear design in transverse direction

MCEER Guide Spec. 8.8.3

h:= 48

Phmin = .0025

Ash rq = phmin'(bw - 4)'h

A =22 in’

sh_rq = .56 In
Agp = 0.44 2 #6
N h = Ash_rq
Ash

N _h=51.273 Number of horizontal reinforcement

Sh =4 in

Vo= f( 3) h

1= Tooo Vel
3 .
V,=161x10 kips
h

Vn = ¢~(.756~\/f_c + phmin~fyh-1000)~(bw - 3)@

V,=159x10°  Kips

V= min(Vp, V)

3 .
V =159 x 10 kips
qu = 1651 kips (So minimum horizontal reinforcement is not adequate for this pier)
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pp = 0029
Ash_rq = ph'(bw - 4)'h

Ash rq= 2617 in

Agp, = 0.88 2 #6
N b JShra
Ash
N _h=29.738 Number of horizontal reinforcement
Sh =4 in

Vi = ¢-(:756- [T + ppy Ty 1000)-(by, - 3)

V= 1786x 105 Kips

_h
1000

qu = 1.651 x 103 kips (So use 60#6 horizontal reinforcement)
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Pier 2

Wall pier connection design

Method 1: Implicit Shear Detailing Approach

(Guide spec. 8.8.4.1, 8.8.2.3, 8.8.2.4)

192"X48" (3.32% steel, 86#11 in two layers at top and 12#11 each side)

N:= 196 number of longitudinal reinforcement
by, = 48 in Height of pile cap

Ho:=48 in Height of the joint

h:= 48 in  Dimension of the column
D:=h-3 in

D=45 in

R:=08 R-factor for joint (table 3.1-2)
gy 1= .00207 For the longitudinal steel

L:=256.25 in Height of the pier

Ap = 1.56 in>  Area of rebars for longitudinal rebar

Pq:= 570 kips  Axial dead load in the pier

P.:=0 Kips Axial earthquake force

e

Mpor = 24711 k- ft

0S:=15 Over strength factor

Mp botL = OS-Mpot

Mo potl = 3707 10*  k—ft
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fo := 3500 psi
bwzz 192 in
d=D in

L = 256.25 in

Dp =h-4 Width of the column core

Dp = 44 in

¢ := 0.90 For shear

fyh =60 Kksi For the transverse and longitudinal steel

fou = 1.5-fyh Ultimate tensile stress of the longitudinal reinforcement
fou =90  ksi

Ay = by, d Shear area

A, =864x 100 in

pt = .0332 Longitudinal reinforcement ratio
s:=4 in  <4"OK (MCEER 8.8.2.4) for plastic hinge zone
Agp = 2 #4  Area of transverse reinforcement (ties)
legs := 16 Number of legs
p = legs il

v_pr-— N <

_P bW.S
-3

Py pr=4167x 10
Ag = byh
Ag = 9216 x 103 in’
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L=256.25 in Length of the column

Ap=156  in’

For longitudinal rebar

Dp =44 in Width of the column core

¢ := 0.90 For shear

Ay = Dp2 Shear area Av=bw*d

Ag = D2

fyh = 60 ksi

fou = 1.5-fyh

Dpp =31 Core dimension of tied column in the direction under construction
Agc = N-A, Longitudinal reinforcement in column

. 2
Ay =305.76 in

Explicit approach for joint design
(Guide Spec. 8.8.4.2, C8.8.4.2, 8.8.4.2.2,8.8.4.3.1, 8.8.4.3.2, 8.8.4.3.3)

Bottom of the wall in longi

fh =0
Pi=Py+ Py
P =570

My, potL = 3.707 x 10°

by, := 20-12

tudinal direction

Average axial stress in the horizontal direction

kips Maximum axial force include earthquake effect

k- ft  From push over analysis
in Width of pile cap
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Limid_dept jt:== P+ He

Lmid_dept_jt= 93 in

Amid = Py'Lmid_dept _jt

Amig = 2:232 x 10° in”
[
v Amid Average axial stress in the vertical direction
fy,=0 ksi
hp == H¢ Joint depth
hb =48 In
he:=D Dimension of column
he = 45 in
bje = 2h; effective joint width for shear stress calculations
bje =90 in
M -12
Vhy = —p_botl 7 Joint shear stress
hy: hc'bje
Vi = 2.288 ksi
fiy+ i — ) T
(fr®) [N 2
Pt = > - > + Vhy Principal tension stress
pt = —2288
3.5
Pt_max = 1000 \/_C Maximum tension stress

E-74




FOUT=3FE 00 U I RRSITY
=

et

Civil Engineerl

www.siue.edu/civil

SIUE, Edwardsville, IL 62025-1800
(618)650-2533 Fax: (618)650-

Title: Pulaski County

C, SUBJECT FILE: BY:
ng _ _ NA
Evaluation of Comprehensive
Siesmic Design of Bridges CHECKAEA[X
2555 (LRFD) in Hlinois
DATE:
6/22/2004
NCHRP Guidelines

Bridge Sheet No: 75

Not OK, we should provide some horizontal reinforcement

fh_ fv

pe = 2.288
25
Pe_max = 7500 "'c

Pc_max = 0-875

A

jvi= 16Ag

Ajy = 48.922

Use #7
A.

' _ 81536
6

Aclamp = 08-Age

Aclamp = 24461

2
) 2 .
> :| + Vhy Principal compression stress

Maximum compression stress
Not OK, we should provide some horizontal reinforcement

Vertical reinforcement (Stirrups) (Guide Spec. 8.8.4.3.2)

2#7 vertical legs in (development length) each side|

Vertical reinforcement (Clamping reinforcement) (Guide Spec. 8.8.4.3.2)

Aclamp

= 40.768

B1#7 in 36" of the joint|

lgg = -63-1.128

fc

1000

0.3-1.128~fy

lgg = 22.791

Ap = 0.08- Ay

Ap, = 24.461

h = 20.304

Development length for #9 (AASHTO LRFD 5.11.2.2.1-1)

Horizontal reinforcement (Guide Spec. 8.8.4.3.3)

P5#9 in 40" length each side |
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fyn
lgyq = 1.25-1.56-—
o
1000
l4y = 625539
41419, = 3384
A
SC
pg=4
|2
di1
pg = 0.031

3.5 ﬂ

Ps min=

- 1000 f,
ps min=3451x 10 > OK
ASh = .2 in2
s=4 in<4in OK

legs .= 23
Ash

Smax = legs-
Dpp-Ps

Hoops (Guide Spec. 8.8.4.3.4)

(MCEERS.8.2.4)

Smax = 4-745 Use #4@4" with 23 legs|

E-76
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Pier 1&3

Wall pier connection design
Method 1: Implicit Shear Detailing Approach
(Guide spec. 8.8.4.1, 8.8.2.3, 8.8.2.4)

192"X48" (3.32% steel, 86#11 in two layers at top and 12#11 each side)

N = 196 number of longitudinal reinforcement
by, = 48 in Height of pile cap

H c= 48 in Height of the joint

h=48 in  Dimension of the column

D:=h-3 in

D=45 in

R:=08 R-factor for joint (table 3.1-2)

gy 1= .00207 For the longitudinal steel

L := 253.5 in Height of the pier

Ap=1 in>  Area of rebars for longitudinal rebar

A =1 fixed - free
Pq:= 470 kips  Axial dead load in the pier

P, := 164 Kips Axial earthquake force

e

MpotL = 29060 Kk — ft

0S:=15 Over strength factor

Mp botL = OS-Mpot

M - 4359x 10* k- ft
p_botL = 4-359x 10 -

E-77
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fo := 3500 psi

by, = 196 in

d=D in

L = 2535 in

Dp =h-4 Width of the column core

Dp =44 in

¢:= 0.85 For shear

fyh =60 Kksi For the transverse and longitudinal steel
fou = 1.5-fyh Ultimate tensile stress of the longitudinal reinforcement
fou =90  ksi

Ay = bW~d Shear area

A, =882x 100 in®

py = 0.033 Longitudinal reinforcement ratio
s:=4 in  <4"OK (MCEER 8.8.2.4) for plastic hinge zone
Agp = 2 #4  Area of transverse reinforcement (ties)
legs := 16 Number of legs
— legeh
Py_pr byyS
- 4.082x 10 °
Py_pr = &8 x
Ag = byh
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A =0408x 10°  in°

g

L =2535 in  Length of the column

Ap=1 in’ For longitudinal rebar
Dp =44 in Width of the column core
¢ := 0.85 For shear
Ay = Dp2 Shear area Av=bw*d
2
Ag =D
fyh =60 ksi
fu = 1.5-fyh
Dpp =h-5 Core dimension of tied column in the direction under construction
ASC = N-Ab Longitudinal reinforcement in column
.2
Agc = 196 in
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Explicit approach for joint design
(Guide Spec. 8.8.4.2, C8.8.4.2, 8.8.4.2.2,8.8.4.3.1, 8.8.4.3.2, 8.8.4.3.3)

Bottom of the column in longitudinal direction

fh =0
Pi=Py+ Py
P = 634

4
My potL = 4359 x 10
by, := 2512

Limid_dept jt== P+ He
Limid_dept_jt= 93

Amid = Py'Lmid_dept _jt

4
Amld =279%x 10

P

fV:: €

Anmid
f,—5878x 10 °
v =0 x 10
hb = HC
hy = 48
he:==D
he = 45
bje = 2h,

Average axial stress in the horizontal direction

kips Maximum axial force include earthquake effect
k- ft  From push over analysis
in Width of pile cap
in
in2
Average axial stress in the vertical direction
ksi
Joint depth
in

Dimension of column

effective joint width for shear stress calculations
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bje =90 in
M -12
Vhy = —p_botl 7 Joint shear stress
hy hc'bje
Vhy = 2.691 ksi
fiy+ i — 1) T
(fr®) [N 2 . .
Pt = > - > + Vhy Principal tension stress
p; = —2.688
35
Pt_max = 1000 \/_C Maximum tension stress
Pt max = 0-207 Not OK, we should provide some horizontal reinforcement
2
(farfy)  [[(fa— 1) 2 .
Pe = > + > + Vhy Principal compression stress
pe = 2.694
P -l f Maximum compression stress
c_max-~ 4p00 ©
Pc max = 0-875 Not OK, we should provide some horizontal reinforcement
Ay, = .16A . . . .
v sC Vertical reinforcement (Stirrups) (Guide Spec. 8.8.4.3.2)
A, =31 in’
v = 31.36 in
Use #7
Ajv
o 52.267 B3#7 vertical legs in (development length) each side|

Al amp = 08-Ag Vertical reinforcement (Clamping reinforcement) (Guide Spec. 8.8.4.3.2)

Aclamp = 15.68
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A
ClAMP _ 6133 B7#7in 36" of the joint]
fuh
lgg == 63-1.128. Development length for #9 (AASHTO LRFD 5.11.2.2.1-1)
e
1000
0.31128fy, = 20304  in
lgg = 22.791 in
Ap = 0.08-Ag, Horizontal reinforcement (Guide Spec. 8.8.4.3.3)
Ay, = 15.68 [16#9 in 40" length each side |
fyh
lgyq = 1.25-1.56-—
e
1000
411 = 62.539
41415, = 33.84
ASC .
pg =4 . Hoops (Guide Spec. 8.8.4.3.4)
lg11
pg = 0.02

3.5 ﬂ

1000 fy,

-3
Ps min = 3451 x 10 OK

Ps min=

ASh = .2 in2

s:=4 in
legs .= 23
Ash
Smax = 1egs o
pp'Ps

Smax = 5-337 in

Use #4@4" with 23 legs |

E-82
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P-A Requirements
(Guide Spec. 8.3.4)

Pier 2
Average axial force at wall (Axial load taken from mid hight of

W= 525+ 2.308 Kips Pier 2=525 kips +Axial load at top of Pier 1&3 =308 kip)

V := 3636 Kips from SAP model

_ 256.25
12

H:

H=21.354 ft

\
Ci=—

w
C =3.187

Alimit = .25-C-H

Alimit= 17.012  ft

A= 52 ft<Alimit OK Displacement of 0.52 ft is taken from SAP model

Pier 1&3
Average axial force at column

W= 1197 Kips (Axial load taken from mid hight of Pier 1,2&3= 1197 KIPS)

V = 2448 kips

L
12

H:=

H=21.125 ft

\%
Ci=—

w
C =2.045

Alimit = .25-C-H
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Alimit = 10.801  ft
A = 0.122 ft < Alimit OK Displacement of 0.122 ft is taken from SAP model

Minimum seat requirement

L := 232..3048

L=70.714 m
= %-.3048

H = 6.439 m

B := 30-.3048

B=9144 m

Fy=15

Sq:=.919

a:=0

Length of bridge

Height of the tallest pier

Width of superstructure

2
N:=| .1+ .0017-L +.007-H+ .05/H- |1+ (2-5\ }(1 + 1.25.F,Sg)

N = 1.079 m
N

"~ 3048

N = 3.541 ft

L)

#3" Minimum seat width|
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Moment check at the cantilever part of the wall pier

Mogi=99 k- ft

MDLZ: 495 k—ft

R:=1.0
M
M = % + MpL
M = 594 k- ft
b:=412 in
h:=45.12
d=h-4
A:=hb Section area at hammer part of the wall pier

A=2592x10° in

1 The existing ratio of steel has increased by the ratio of new wall (4' thick) to

4
p = (E)'(lo)'x the existing wall thickness (2.5")

p=6.173x 10 °

M-12000
R .= 20
b-d?

R =594

Prqi= 0025 <p OK
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Pile cap design procedure for Pulasky County bridge

fo := 3500 psi
Fy := 60000  psi

Pile punching shear check:

Paxial = 245  kips  (from sheet 30)

VU = Payial

Vu = 245

d:= 45

b= (14.2 + d)-4
b-d

Ve = 4\/f_cm

Ve = 2.522x 10°

¢:=09

U _ 272222 M ve
¢

One way shear Check:

V1= 10Paxial

V1 =245x% 103 Kips

b2 := 55-12 in
b2 = 660 in
d

ve2 = 4 [fob2——

1000

VC2 = 7.028 x 10°

V1

M am2x100 2 cve
¢ ¢

kips

OK

OK
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Flexure bending design:  Only in one direction
Mu := 10-P ;41 1000-(1.5:70)
Mu=2572x 10° Ib—in @ := 09 Yi = d;?’ yp=24 in
fri=75[f f, = 443.706
b2-(d + 3)° 6 4
lyi= ———— l,=6.083x 10 in
g 12 g
fr"g 8
Mgy = — Mg = 1.125x 100 Ib—in
Yt
Mu > 1.2M, OK
M
Asi= ———
®-Fy-0.9-d

As = 117.627 in2
Asmin := 0.0018-(d + 3)-b2
Asmin = 57.024 in2

_As
L™ 79
N, = 148.895

In short Direction : 149 # 8
Asmin := 0.0018-(d + 3)-280

Asmin = 24.192 in2

_ Asmin
LAY
Ny = 54.982

In long direction: 55 # 6
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Axial Capacity for uplift:

Sy 1= 11230
S, := 1361

Mjong := 31836 k- ft

Mgy = 17848 k- ft

N := 40
V= 1065 Kips

v 70 70
Puplift ™= ~ Mlong'1'5'TSZ - tran'4'5'Tsl

Pupllft =-219.771 kIpS

(1422+1492) .

Lpija =
pile 12

Lpile =485 Area of the pile

L1:=4 ft
L2:=41 ft
L:= 45 ft length of the pile

38-2000 i
qul:= ——— pst

144
qul = 527.778
quz:= 302000
144
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qu2 = 694.444
f1:= 2.5+/qul f1=57434  psi
f2:= 2.5+/qu2 f2=65881  psi

 Lpjjet1f1144

Qul o Qul = 160.446

Qu2 = %0?144 Qu2 = 1.886 x 10°
Wpile - .490~(%}-L Wpile = 5.268
Qallow = 1,33 QUL+ Q”22 — Wile)

Qallow = 1.358 x 10° kips

Qallowuplift := 1.33

(0.7Qul + 0.7Qu2 + Whpile)

2
Qallowuplift = 956.336 kips

Flexural Design for uplift:

Mu = 2.308-10° Ib — in

® =09
fri=75[f f, = 443.706
b2:(d + 3)° 6
lgi= ———— I, = 6.083 x 10
9 12 9

E-89
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r
Mer = —2
Yt
Mu > 1.2MCr
Mu
As= ——
®-Fy-0.9-d

As= 105533 in°

M, =1125x 10°  Ib—in

OK

Asmin := 0.0018-(d + 3)-b2

Asmin = 57.024
_As
L™ 79
N = 133.586

In short Direction : 134 # 8

Asmin := 0.0018-(d + 3)-280

Asmin = 24.192
_ Asmin
LAY
Nt = 54.982

In long direction: 55 # 6
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SAP 2000 Model

View of SAP 2000 Model (with concrete extrusion shown):
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Enlarged View of Translational and Rotational Springs:
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Deformed Shape. Mode # 2. Period - 0.293 sec.
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TABLE: Modal Participating Mass Ratios
StepNum  Period UX uy uz
Unitless Sec % % %

1 0.947 68.06 0.00 0.00
2 0.293 0.00 17.44 0.00
3 0.270 0.03 0.00 0.00
4 0.226 0.00 0.00 0.00
5 0.189 0.00 0.00 23.80
6 0.179 5.44 0.00 0.00
7 0.158 0.00 12.86 0.00
8 0.114 0.00 0.00 0.00
9 0.102 0.00 41.93 0.00
10 0.093 0.00 0.00 0.00
11 0.088 0.00 0.00 34.78
12 0.076 0.00 2.15 0.00
13 0.075 0.01 0.00 0.00
14 0.068 0.00 0.00 2.41
15 0.058 0.00 6.24 0.00
16 0.057 0.00 3.74 0.00
17 0.048 0.00 0.00 0.00
18 0.046 0.00 0.00 34.45
19 0.045 4.26 0.00 0.00
20 0.044 2.85 0.00 0.00
21 0.044 0.00 4.99 0.00
22 0.039 0.00 0.00 0.00
23 0.037 0.00 0.15 0.00
24 0.036 0.08 0.00 0.00
25 0.035 0.00 4.15 0.00
26 0.035 9.00 0.00 0.00
27 0.031 0.00 2.68 0.00
28 0.031 0.00 0.00 1.87
29 0.028 0.00 0.55 0.00
Total 89.74 96.87 97.31
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Pulaski County Bridge - AASHTO Division 1-A

Earthqguake Data:

Seismic Performance Category (SPC) - C
Bedrock Acceleration Coefficient (A) - 0.22*g A:=022

Soil Profile Type - Il

Site Coefficient (S) - 1.5 Sc:=15

Response Spectrum

0.00 T T T T T

Response Spectral Acceleration, Cs(fraction of

0.0 0.5 1.0 15 2.0 2.5 3.0

Period, Tm(seconds)

3.5

Tm Cs
0.000 0.176
0.300 0.440
0.300 0.440
0.300 0.550
0.300 0.550
0.611 0.550
0.600 0.550
0.650 0.528
0.700 0.502
0.800 0.460
0.900 0.425
1.000 0.396
1.250 0.341
1.500 0.302
1.750 0.273
2.000 0.249
2.250 0.231
2.500 0.215
2.750 0.202
3.000 0.190

—e— Division 1-A
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Load Combinations

COMBL - 100% load in X (longitudinal) direction + 30% load in Y (transverse) direction

COMB2 - 100% load in Y (transverse) direction + 30% load in X (longitudinal) direction

COMD1 - COMB1 + Dead Load

COMD2 - COMB2 + Dead Load
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Depth ift)

Piles (L-pile results)

Longitudinal direction of the bridge: (expansion pier)

-0001 -0.0008 -0.0006 -0.0004 -0.0002 o
L e e

Lateral Deflection (in)

Depth ift)

a0

00002 0.0004 00006 00008 0.001 0.0012 0.0014 00016 00018 0.002 0.0022 00024 00026 00028
L L T

Case 275.79

12 14
T

Shear Force (kips)

16 18 z
T

50

3 32 34 36 33
T T 3 T
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Transverse direction of the bridge: (expansion pier)

Lateral Deflection (in)

0.0001 0.0002 0.0003 0.0004 0.0005 0.0006 0.0007 0.000% 0.0009 0001 0.0011 00012 0.0013 0.0014 0.0015 0.0016 0.0017 0.0018 0.0018
TTT T T T TT T

-0o00L 0
ST

18

20

Depth (ft)

25

30

35
T

40

45

50

Shear Force (kips)

o7
TTTTT

08 ik} 1 11
T

20

Depth (ft)
248

30

Case 27571

35

40

45

50
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Longitudinal direction of the bridge: (fixed pier)

-0.0003
=TT

Lateral Deflection {in)

0 00004 0.001 00014 0.002 0.0024 0.003 00035 0.004 0.00454 0.005 0.0055 0.006 0.0085 0.007 00075 0.008 0.0085 0.009 00095 00

20

Depth (ft)
248

30

35

40

45

50

20

Depth (ft)

25

30

35

40

45

a0

F-12




OUT=3FR 1 00 LT RRSITY
- -

- -

Civil Engineering
www.siue.edu/civil

SIUE, Edwardsville, IL 62025-1800

(618)650-2533 Fax: (618)650-2555

TITLE:

Pulaski County Bridge

SUBJECT FILE:

Evaluation of Comprehensive
Seismic Design of Bridges
(LRFD) in Hlinois

AASHTO
Standard Specifications

BY:
G.V.l.

CHECKED:

W.N.M.

DATE:
6/24/2004

Sheet No: 13 of 68

Transverse direction of the bridge: (fixed pier)

Lateral Deflection (in)

0004 0.006 0007 0.008 0003 0.01 0.011 0.012 0.013 0.014
T

10

15

20

Depth (ft)
24

3o

Case 275.79

a5

40

5
T
e

50

20

Depth (ft)

25

a0

a5

40

45

50
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Pile Capacity:

.2
Aplle = 26.1 n

Qpile = 9-Apile 15

Group effect

d

Cross sectional area of HP14x89 pile

Qpile =352.35 kip Pile Capacity

pile = 14 in Diameter of HP 14x89 pile

In order to avoid a group effect in the foundation the distance between piles must be:

- no less than:
Dp.pile = 5 Apile
Dbplle =70 in

-no larger than: 8 ft.

Set Db.pile equal to 6 ft

- Distance between piles (on center)
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Axial force on a pile.

Pier #1 & #3 (expansion)

$:=0 degrees Skew of the bridge
R:=1 Response Modification Factor (applied in both directions)

Load Combination COMD1

Myunf. := 646.0 k- ft Longitudinal (unfactored)

Myunf. = 480.1 k- ft Transverse (unfactored)
P:=516.1 kips  Axial load
M
= yunf. M,, = 480.1 k — ft Longitudinal (factored)
y R y
M
= Xunf. M, = 646 k — ft Transverse (factored)
R
Pier# 1 & #3 (expantion) X L= 265 ft
T W:=85 ft
4 !E ! 7 ! 8 ! g !10
T . o
| I |

n3 I
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The distance from center line of foundation to center of pile (ft):
Distance between piles is set to avoid group effect

dl =12 d2 =6

d31= 0

n3:= 3

Sum of squares of the distances to each pile from the center line of the foundation:

Zdl = 10(n32)

Sdy = 4-(d22) ; 4-(d12)

Piles Loads:
. Py d
a1 = — + My—— + My-——
Plel ™30 * ™¥'sd; T X xd,
. Py d
a5 = — + My,—— — M- ——
PleS ™ 30 © Y 54, =d,
F My 4 Mt
ag = — — My—— + My-——
Ple6 = 30 = W'zd; T X xd,
F LV B
plel0 =10 = "¥'zd; " X'zd,

Sdy=90  ft

Sdy=720  ft

F-16
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Fpilel =784

Fpiles = 56.85

Foile6 = 46.37

FpilelO =24.84

(longitudinal)

(transverse)

kips

kips

kips

kips

Pile Capacity is 352.35 kips
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Load Combination COMD2

Myynf. = 2153.4 k- ft

Longitudinal (unfactored)

Myynf, == 1440 k- ft Transverse (unfactored)

P .= 504.2
M,, = Myunf. M,, = 144
y R y—
qunf.
X = R M, = 2.153 x

kips  Axial load

k — ft Longitudinal (factored)

103 k — ft Transverse (factored)

The distance from center line of foundation to center of pile (ft):
Distance between piles is set to avoid group effect

dl =12 d2 =6 d3 =0 ng:=3

Sum of squares of the distances to each pile from the center line of the foundation:

Zdl = 10(n32)

Sdy = 4-(d22) " 4-(d12)

Piles Loads:

P n3 d

Fpile1 = + My — + My
plel ™30 © ™¥'zd; T X xd,

P n3 d

Fpiles = — + My—— — M,
PleS ™30 © Wzd; X xd,

n3 d
Fpileg = — — My—— + My-——
Ple6 = 30 = W'zd; T X xd,

ULV BV
plel0 =10 = "¥'zd; " X'zd,

dp = 90

=d, = 720

Fpilel =911

Fpiles = 19.33

Fpile = 8151

Fpile10 = 973

F-17

ft2

kips

kips

kips

kips

(longitudinal)

(transverse)

Capacity is 352.35 kips
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Axial Force on a Pile.

Pier #2 (fixed)

degrees

Load Combination COMD1

Skew of the bridge

Response Modification Factor (applied in both directions)

(from SAP 2000; file: (FINAL) springs4

My ynf. = 1108.4

k — ft

Longitudinal (unfactored)

_’."\'

Myunf. = 11784.1 k- ft Transverse (unfactored)
P := 646.9 kips  Axial load
M
|\/|y = yunf. My: 1.178 x 104 k — ft Longitudinal (factored)
R
M
. xunf M, = 1.108 x 103 k — ft Transverse (factored)
R
X
Pier# 2 ifixed T
I _iﬂ tr:z 13 iﬂ fs
n3 6 17 I8 g 110
w {-E-——E— ol L —F—-T
n3 |1 3 | 3 |4 |5
| L e Sl AR
T

T T

F-18
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The distance from center line of foundation to center of pile (ft):
Distance between piles is set to avoid group effect

dl =12 d2 =6 d3 =0 ng:=6

Sum of squares of the distances to each pile from the center line of the foundation:

dy = 10.(n32) 3dy = 360 #  (longitudinal)
2dy = 6-(d22) + 6-(d12) Zdp = 720 # (transverse)
Piles Loads:
F = P M —n3 M —dl F = 273.4 ki
pilel = 79 T My’ xd, + My xd, pilel = ¢/°- Ips
F = P M —n3 M —dl F = 248.78 ki
pile5= 79 T My’ xd, - My xd, pile5 = &40 Ips
n3 dp
o e M M Friaqr = 1194  Kips
pile1l = 75 Y3d, X 3d, pile1l p
n3 dp
Fo e e Mo My Foile1s = —144.027 kips
pile15 = 75 Y3d, X 3d, pilel5 p

Pile Capacity is 352.35Kkips

(Fpilel + FpiIeS)

Fplle3 = > Fplle3 = 261.092 kIpS
(FpiIeS + Fpilel) _

Fplle2 = > Fplle2 = 267.249 kIpS
(FpiIeS + FpiIeS) _

Fp||e4 = > Fp||e4 = 254.934 kIpS
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Load Combination COMD2

(from SAP 2000; file: (FINAL) springs4

My unf. := 3694.7 k — ft Longitudinal (unfactored)

Myunf. = 3535.2 k — ft Transverse (unfactored)

P := 646.9 kips  Axial load

B Myunf.

y R y
B qunf.

X R

The distance from center line

M,, = 3.5635 x 103 k — ft Longitudinal (factored)

M, = 3.695 x 103 k- ft Transverse (factored)

of foundation to center of pile (ft):

Distance between piles is set to avoid group effect

dl =12 d2 =6

d31=0 n3::6

Sum of squares of the distances to each pile from the center line of the foundation:

Zdl = 10(n32)

Sdy = 6-(d22) " 6-(d12)

sdy =360

sdy = 1.08 x 1(ff

Piles Loads:
. P w2y % F 164.7
. = — 4+ —_— —_— . — X
pilel = g y zdq X zd, pilel
. P F 82.56
hog = — + My, —— - M, —— 0o = 82.
pile5~ g y zdq X zd, pile5
n3 dl
= = M., — + M, —— Fpi = 46.82
pilell -~ g y zdq X zd, pilell
n3 dl
E . = M.,— — M, —— Fpi = —35.282
pilel5 -~ g y zdq X zd, pilel5

F-20
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kips
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Combined axial load and bending (AASHTO sixteenth edition):

(Article 10.54.2.1 Maximum Capacity; equation 10-156, p.330)

HP 14x89 pile properties:

Fy =36 ksi

.2
Aplle =26.1 in
.3
Z, =677 in

Z,,:=146.0 in3

y

Mox = Fy Zy

M. = 2.437x 10°  k-in
px = %

Mpy = Fy-Zy

_ 3 ki
Mpy =5256x 10 k-in

All axes are Global to SAP 2000 model

e.g.. designation "longitudinal" and "transverse" refer to location of

Global coordinate system in SAP model.

full plastic moment about X-axis (transverse)

full plastic moment about Y-axis (longitudinal)
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Pier #1 & #3 (expansion)

Load combination: COMD 1

Maximum axial force on a pile:

(as determined in "Axial force on a pile")

P.=784 k axial load (single pile)

Maximum Loads (from LPILE output):

MpriIe =327 k-in moment about X-axis(single pile)

MpriIe = 84.0 k-in moment about Y-axis (single pile)

Rp .= 1 Response Modification Factor for piles (SPC - C)

=0.128

requirements the resultant of this

( P A . [Mprile\\ N (Mprile\ In order to satisfy AASHTO design

Mpx ) Mpy )

equation must be less than or equal 1.
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Pier #1 & #3 (expansion)

Load combination: COMD 2

Maximum axial force on a pile:

(as determined in "Axial force on a pile")

P:=911 k axial load (single pile)

Maximum Loads (from LPILE output):

MpriIe =327 k-in moment about X-axis(single pile)

MpriIe = 84.0 k-in moment about Y-axis (single pile)

Rp .= 1 Response Modification Factor for piles (SPC - C)

P A MpriIe\\ MpriIe\ 0143 In order to satisfy AASHTO design
0.85-Anija-F )+ M ) * M ) e requirements the resultant of this
pie "y pX Py equation must be less than or equal 1.
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Pier #2 (fixed)

Load combination: COMD 1

Maximum axial force on a pile:

(as determined in "Axial force on a pile")

P .= 2734 k axial load (single pile)

Maximum Loads (from LPILE output):

MpriIe = 205.4 k-in moment about X-axis(single pile)

MpriIe = 251.6 k-in moment about Y-axis (single pile)

Rp .= 1 Response Modification Factor for piles (SPC - C)

( P \ . [MpriIe\\ . (Mprile\ 0474 In order to satisfy AASHTO design
A o requirements the resultant of this
0.85 Aplle Fy) Mpx ) Mpy )

equation must be less than or equal 1.
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Pier #2 (fixed)

Load combination: COMD 2

Maximum axial force on a pile:

(as determined in "Axial force on a pile")

P := 164.7 k

axial load (single pile)

Maximum Loads (from LPILE output):

MpriIe = 2054 k-in

MprI'e = 251.6 k-in

moment about X-axis(single pile)

moment about Y-axis (single pile)

R.:= 1 Response Maodification Factor for piles (SPC - C)

p

( P \ . [MpriIe\\ .

Mpx )

=0.338

MpriIe\ In order to satisfy AASHTO design
requirements the resultant of this

Mpy )

equation must be less than or equal 1.
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Springs

Pier #1 & #3 (expansion)

Pile Information for L-Pile input:

HP 14x89 - piles

Lpile :

Apile *

= 540

=261

in

.2
In

Ib

Es:= 29000000 —

Results from L-Pile:

.2
In

Piers #1 & #3 Long.HP 14x89 (iteration3).Ipd
Piers #1 & #3 Trans.HP 14x89 (iteration3).lpd

At = 0.002 in Displacement (transverse)
A):= 0.003 in Displacement (longitudinal)
Vitrans = 1864.3 Ib Transverse

Vulong = 3712.2 Ib Longitudinal

Spring Stiffness (per one pile):

k

Ktrans =

I‘Iong =

axial = Apile’

Eg 6
—. kaX|aI = 1402 X 10
pile
Vutrans 5
Kirans = 9-322x 10
Vulong

6
Kiong = 1237 x 10

F-26
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Lateral Springs:

7 |Ib .
== 10- = — Along X axis
Kiong = 10-Kiong Kiong = 1237 x 10" — g (Ku)
g Ib .
Ktrans = 10-Kyrans Kirans = 9-322x 10 E Along Y axis (Kuz)
Axial Springs:
7 Ib .
Kaxial = 10-Kaxial Kaxial = 1402 10 in Along Z axis (Ku3)
Pier #1 & # 3 (expantion) t
N, L
A :
J
n3
W v
A
n3
\
Y

|

NOTE: Distance between piles is set to avoid group effect

F-27




et

FOUT=3FE 00 U I RRSITY
=1

BY:

L » SUBJECT FILE: G.V.I.
Civil Engineering : .
CHECKED:
WWw.Sie.edu/civil Evaliuat!on of _Comprehenswe
SIUE, Edwardsville, IL 62025-1800 Seismic Design of Bridges W.NM
(618)650-2533 Fax: (618)650-2555 (LRFD) in Hlinois T
DATE:
TITLE: 6/24/2004

Pulaski County Bridge

AASHTO

Standard Specifications

Sheet No: 28 of 68

Rotational Springs:

Distance Distance
between between
piles footing C.L.
(transverse) and
inches piles C.L.
(transverse)
inches
l1p:=T72 dq = 144
|23 = 72 d2 = 72
d3 =0

Krx = kaxial'[”"(dl)2 + 4(d2)2J

2
Kry = kaX|aI 10n3

Distance
between
footing C.L.
and

piles C.L.
(longitudinal)
inches

w:= 36

11
Ky = 1.453 x 10

10
Kpy = 1817 x 10

2 2 2
Ky = k|0ng-(4-d1 +4-dy ) + ktrans.(mng)

11
K, = 2.491 x 10

F-28

Distance
from center
of footing to
center of
piles; inches

Ny = dl + W

Ny = d22 + W

HEN

Ng:= d32 + W

Ib-in
_ about X axis

rad (Krl)
Ib-in
_ about Y axis

rad (Krz)
Ib-in

- about Z axis

rad (Krs)
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Pier #2 (fixed)

Pile Information for L-Pile input:

HP 14x89 - piles

Lp”e =540 in
.2

Aplle = 26.1 n
Ib

Es := 29000000 -
in

Results from L-Pile:

Pier #2 Long.HP 14x89 (iteration4).Ipd
Pier #2 Trans.HP 14x89 (iteration4).Ipd

A¢ = 0.015 in Displacement (transverse)
A= 0.01 in Displacement (longitudinal)
Vitrans = 10250.2 Ib Transverse

Vulong = 10248.6 Ib Longitudinal

Spring Stiffness (per one pile):

Es .
Kaxial = Apile ™ Kaxial = 1-402 x 10
pile
Vutrans 5
Krans = — Kirans = 6-833 x 10
t
Vulong 6
Kong = a Kiong = 1025 x 10
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Lateral Springs:
Kiann = 15-k K — 1537x 10° 1b Along X axis (K )
long - long long = — in ul
7 Ib Along Y axis K
Kirans = 15-Kirans Ktrans = 1.025 x 10 in ( u2)
Axial Springs:
7 Ib Al 7 axi
Kaxial = 15-Kaxial Kaial = 2103 107 — ong Zaxis  (Kyg)
Pier # 2 (fixed) T
i

Y \
 J

 J

NOTE: Distance between piles is set to avoid group effect
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Rotational Springs:

Distance Distance
between between
piles footing C.L.
(transverse) and
inches piles C.L.
(transverse)
inches
l1p:=T72 dq = 144
|23 = 72 d2 = 72
d3 =0

Krx = kaxial'[s'(dl)2 + G(dZ)ZJ

2
Kry = kaX|aI 10n3

Distance
between
footing C.L.
and

piles C.L.
(longitudinal)
inches

w:= 72

11
Kpy = 2.18 x 10

10
Kpy = 7266 x 10

2 2 2
Krz = I(Iong'(e'dl +6-dy ) + I‘trans'(lor‘:%)

11
Kyz = 5.136 x 10

F-31

Distance

from center
of footing to

center of

piles; inches

nl = dl + W nl = 160.997

n2 = d22 + W n2 =101.823

HEN

n3 = d32 + W n3 =72

Ib-in
rad

Ib-in
rad

Ib-in
rad

about X axis (Krl)

about Y axis (Krz)

about Z axis (KrS)
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Displacements at bottom of foundation

SAP 2000 File: (FINAL)springs5

TABLE: Joint Displacements
Joint |OutputCase Ul uz2 U3 R1 R2 R3
Text Text in in in Radians | Radians | Radians
66 DEAD 0.000 0.000 -0.036 0.000 0.000 0.000
COMD1 0.003 0.002 -0.034 0.000 0.000 0.000
COMD2 0.001 0.007 -0.035 0.000 0.000 0.000
70 DEAD 0.000 0.000 -0.036 0.000 0.000 0.000
COMD1 0.003 0.002 -0.034 0.000 0.000 0.000
COMD2 0.001 0.007 -0.035 0.000 0.000 0.000
74 DEAD 0.000 0.000 -0.031 0.000 0.000 0.000
COMD1 0.032 0.004 -0.031 0.000 0.002 0.000
COMD2 0.010 0.014 -0.031 0.000 0.001 0.000

Joint # 66- bottom of Pier # 1
Joint # 70- bottom of Pier # 3
Joint # 74- bottom of Pier # 2

Displacements are approximately equal to those obtained from LPILE:

Files:

Piers #1 & #3 Long.HP 14x89 _(iteration3).lpd
Piers #1 & #3 Trans.HP 14x89_(iteration3).Ipd

Pier #2 Long.HP 14x89 (iteration4).lpd
Pier #2 Trans.HP 14x89 (iteration4).Ipd
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LPile output See Appendices for actual LPile output

Path to file locations:  Z:\ITRC research\Pulaski C.B\Lpile\Design\
Name of input data file:  Piers #1 & #3 Long.HP 14x89 _(iteration3).lpd

BC Boundary Boundary  Axial Pile Head Maximum Maximum
Type Condition Condition Load Deflection Moment  Shear
1 2 Ibs in in-lbs  Ibs

5 y= .003000 S= 0.000 51597.0000 .003000 -84023.6868 3712.2222

Path to file locations: ~ Z:\ITRC research\Pulaski C.B\Lpile\Design\
Name of input data file:  Piers #1 & #3 Trans.HP 14x89_(iteration3).Ipd

BC Boundary Boundary  Axial PileHead Maximum Maximum
Type Condition Condition Load Deflection Moment  Shear
1 2 Ibs in in-lbs  Ibs

5 y= .002000 S= 0.000 51597.0000 .002000 -32745.3507 1864.3300

Path to file locations: ~ Z:\ITRC research\Pulaski C.B\Lpile\Design\
Name of input data file:  Pier #2 Long.HP 14x89_(iteration4).lpd

BC Boundary Boundary  Axial PileHead Maximum Maximum
Type Condition Condition Load Deflection Moment  Shear
1 2 Ibs in in-lbs  Ibs

5 y= .010000 S= 0.000 43126.0000 .010000 -2.516E+05 10248.6469

Path to file locations: ~ Z:\ITRC research\Pulaski C.B\Lpile\Design\
Name of input data file:  Pier #2 Trans.HP 14x89_(iteration4).Ipd

BC Boundary Boundary  Axial Pile Head Maximum Maximum
Type Condition Condition Load Deflection Moment  Shear
1 2 Ibs in in-1bs Ibs

5 y= .015000 S= 0.000 43126.0000 .015000 -2.054E+05 10250.2109
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Forces in substructure

SAP 2000 model: (FINAL)springs4
Without Response Modification Factor

Pulaski County (Pier #1 & #3 at neck Joints #4 & #40; at bottom Joints #5 and #30)

TABLE: Element Joint Forces - Frames V2 [v3 |P [m2 [M3 [M1
Frame FrameElem Joint | OutputCase F1 F2 F3 M1 M2 M3
Text Text Text Text Kip Kip Kip Kip-ft Kip-ft Kip-ft

33 8 4 DEAD 0.0 0.0 -352.2 0.0 0.0 0.0
COMD1 21.0 16.4 -335.6 756.5 51.2 6.4
COMD2 6.3 54.8 -347.2 2521.5 15.3 21.3

42 25 40 DEAD 0.0 0.0 -352.2 0.0 0.0 0.0
COMD1 21.0 16.4 -335.6 756.5 51.2 6.4
COMD2 6.3 54.8 -347.2 2521.5 15.3 21.3

45 28 5 DEAD 0.0 0.0 -423.1 0.0 0.0 0.0
COMD1 31.7 18.0 -406.4 655.1 409.1 6.4
COMD2 9.5 60.1 -418.1 2183.6 122.7 21.3

70 32 30 DEAD 0.0 0.0 -423.1 0.0 0.0 0.0
COMD1 31.7 18.0 -406.4 655.1 409.1 6.4
COMD2 9.5 60.1 -418.1 2183.6 122.7 21.3

Pulaski County (Pier #2 at neck Joint # 23; at bottom Joint #14)

20 11 23 DEAD 0.0 0.0 427.6 0.0 0.0 0.0
COMD1 480.4 34.8 427.6 634.5 2613.0 0.0
COMD2 144.1 116.1 427.6 2115.0 783.9 0.0

75 36 14 DEAD 0.0 0.0 -514.8 0.0 0.0 0.0
COMD1 491.9 39.2 -514.8 1035.2| 10676.9 0.0
COMD2 147.6 130.7 -514.8 3450.6 3203.1 0.0
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With Response Modification Factor

Pulaski County (Pier #1 & #3 at neck Joints #4 & #40; at bottom Joints #5 and #30)

TABLE: Element Joint Forces - Frames v2 [v3 |p [m2 [M3 [M1
Frame FrameEler Joint | OutputCase F1 F2 F3 M1 M2 M3
Text Text Text Text Kip Kip Kip Kip-ft Kip-ft Kip-ft
33 8 4 DEAD 0.0 0.0 -352.2 0.0 0.0 0.0
COMD1 21.0 16.4 -335.6 378.2 25.6 6.4
COMD2 6.3 54.8 -347.2 1260.8 7.7 21.3
0.0 0.0
42 25 40 DEAD 0.0 0.0 -352.2 0.0 0.0 0.0
COMD1 21.0 16.4 -335.6 378.2 25.6 6.4
COMD2 6.3 54.8 -347.2 1260.8 7.7 21.3
0.0 0.0
45 28 5 DEAD 0.0 0.0 -423.1 0.0 0.0 0.0
COMD1 31.7 18.0 -406.4 327.5 204.5 6.4
COMD?2 9.5 60.1 -418.1 1091.8 61.4 21.3
0 0
70 32 30 DEAD 0.0 0.0 -423.1 0.0 0.0 0.0
COMD1 31.7 18.0 -406.4 327.5 204.5 6.4
COMD?2 9.5 60.1 -418.1 1091.8 61.4 21.3
Pulaski County (Pier #2 at neck Joint # 23; at bottom Joint #14)
20 11 23 DEAD 0.0 0.0 427.6 0.0 0.0 0.0
COMD1 480.4 34.8 427.6 317.2 1306.5 0.0
COMD2 144.1 116.1 427.6 1057.5 392.0 0.0
0.0 0.0
75 36 14 DEAD 0.0 0.0 -514.8 0.0 0.0 0.0
COMD1 491.9 39.2 -514.8 517.6 5338.5 0.0
COMD?2 147.6 130.7 -514.8 1725.3 1601.5 0.0
Response Modification Factors:
Piers:
R=1 Shear
R=2 Flexure
Piles:
R=1 longitudinal and transverse
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Spring Forces

SAP 2000 File: (FINAL)springs4

TABLE: Joint Reactions - Spring Forces
Joint  OutputCase Ul u2 U3 R1 R2 R3
Text Text Kip Kip Kip Kip-ft Kip-ft Kip-ft
66 DEAD 0.0 0.0 499.1 0.0 0.0 0.0
COMD1 36.1 19.4 516.1 646.0 480.1 6.4
COMD?2 10.8 64.6 504.2 2153.4 144.0 21.3
70 DEAD 0.0 0.0 499.1 0.0 0.0 0.0
COMD1 36.1 194 516.1 646.0 480.1 6.4
COMD2 10.8 64.6 504.2 2153.4 144.0 21.3
74 DEAD 0.0 0.0 646.9 0.0 0.0 0.0
COMD1 493.2 42.2 646.9 1108.4] 11784.1 0.0
COMD2 148.0 140.8 646.9 3694.7 3535.2 0.0

Joint # 66- bottom of Pier # 1
Joint # 70- bottom of Pier # 3
Joint # 74- bottom of Pier # 2
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Design checks for Pier # 1 and # 3 (expantion)

Load Combination COMD2

Deep beam design

(Reinforcement concrete, Nawy, 4rd edition, section 6.9)

Shear design for pier #1& #3 (expansion)

fo == 3500 psi
fy := 60000 psi
h:= 155 ft
b:=25 ft

-Depth of beam

-Width of beam

d:=0.95-h (assumed)

d=14.725 ft
[:=18.25 ft
® :=0.85

V:=60.1 k

My = 2183.6 k- ft

R:=2

Mun
M:= —
R

-Distance from reinforcement to extreme compression fiber
-Hight of beam

(for shear)

unfactored

factored
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I
d
For -
d

V= cb-(s-\/f’(:.b-d)-%

Vy=2133x10° kK

=1239 <25 -criteria determining Deep Beam

<20 - use following eq.

-Factored shear force

V=601 k < V,=2133x 103 k OK

Vo= 2~(ﬁ)-b~d-%

V= 627.223 k

144

V _
1000

cmax = 6/ fe-b-d-

Vv - 1.882x 10° K

cmax

®-V,, = 533.139 k

-Nominal shear resisting force (controls)

-Maximum nominal shear resisting force

V= 2133 x 103 must be less or equal than 10)) '(Vc + Vs)

V- @V <®Vy

Vi

Vo=

—_V
ST o

C

Vg=1882x 10° kK

-Shear reinforcement is required
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Agy =156 in’

Cross sectional area of # 11 rebar

A=A i A = 0.022 ft2 Area of trans. rebars placed at distance s

| sl 144 | tr
Agtr = 0.44 in2 Cross sectional area of # 6 rebar

2 -3 .2 i
A str' 72z Ay =6.111x 10 ft“ Area of long. rebars placed at distance S|
d . .
Strmax = T Strmax = 2-945 ft .-MaX|mum dlstgncg between rebars
in transverse direction (on center)
orl5 ft -use this value
shi=15 ft -Distance between horizontal (transverse) rebars (on center)
tp:=1044 in -Clear spacing between rebars;
(tr + 1.56)
A————
12
sy:= 1.0 ft  -Distance between vertical rebars (on center);PCACOL (file:#11BOT13)
M [ h)
1+|— 11-| =
At [ (dj al [ (dj
_ = | + - = =~ 7= fyd = VS
Sh ) 12 i Sy } 12
h)]
1+ =

o [A) [ (d)_

s Ky = 6.969x 10 4

K, = 0.018
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(Kl + KZ)'fy'd'm —2374% 10° must be equal or greater than Vv = 1.882 x 10° oK

Check for minimum steel: (pier # 1 & # 3)

Rebars # 6 placed in transverse direction on both faces of the pier

Ay = 6.111x 10 3 ft2 - transverse

Atrmin = 0.0015-b-s,

-3 2
Atrmin = 5625 x 10 ft
Ay = 6.111x 1072 2
Atrmin < Atr -Condition is satisfied, hence Sh -distance between horizontal # 6 rebars = 1.5 ft

Rebars # 11 placed in longitudinal direction on both faces of the pier

A| = 0.022 ft - longitudinal
Almln = 00025bSh
-3 2
Almin = 9-375x 10 ft
2
A| = 0.022 ft
Almin <A| -Condition is satisfied, hence s, -distance between vertical rebars

doesn't need to exceed = 1.5 ft (actual s, is 12in)
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Flexure design for deep beam (pier # 1 & # 3)
® =09 - for flexure
M =1.002x 10° < ft

% - 1177  >1 so0jd=0.2*(+2h)

I+ 2-h
ji= _zu
d
j = 0.669
j-d=9.85 ft

Minimum reinforcement area

A M-144 )
S 144 Ag = 2.053 in
Y7 1000
fe ) ,
Agmin = max 3-f—-b~d-144 Agmin1 = 15681 in
y
d-144 2 ol
Asmin2 = 200-b-f— Asmin2 = 17.67 In -controls
y
y:= 0.25-h - 0.05
y=2963 ft -Depth over which flex. reinf. is to be distributed (in transverse direction)
_1q i -Distance between vertical rebars (on center)
Sv= as acquired from PCACOL design (file:#11TBOT13)
ntr = l 2 + 2
Sy
Ny = 7.925 -number of rebars resisting tension (in transverse dir.) as acquired from

PCACOL design (file:#11BOT13)
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Agq = 1.56 in2 -cross section area of # 11 rebar
Ag = Agq Ny Ag = 12.363 in2 -Total cross section area of rebars available to resist flexure

Ag = 12.363 in"2 must be equal or greater than A .o = 17.67 in"3 not satisfactory

Ag1 = 1.56 in2 -cross section area of #11 rebar
N Asmin2
req -~
9 Ag

Nreq = 11.327 -number of #11bars to be placed within distance y = 2.963 ft from extreme tension fiber
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Pile cap design Pier # 1 & # 3 (expansion)

fo == 3500 psi

fy := 60000 psi

Paxial = 911 k -Vertical force at top of most loaded pile
dparg = 1.0 in -Diameter of # 8 bar

aparg = 0.79 in” -Area of # 8 bar

fpar1 = 156 in° - Area of #11 bar

dp = 1383 in -Cross sectional dimensions of HP 14x89
b¢ := 14.695 in

bpc = 26.5-12 in - Length of pile cap

Wpe = 8.5-12 in - Width of pile cap

h:= 36 in -Thickness of the pile cap

demb = 12 in -Depth of pile embedment

daver:= h =3 - dyarg

dayer = 32 in -Average depth of the footing slab (from top to bottom reinforcement)
¢ :=0.85 - for shear
®:=09 - for flexure
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Pile punching shear check:

VU = Payial

Vu =911 k

bo = (dp + daver)~2 + (bf + daver)~2

by = 185.05 in

B = 1.063

47
Ve1 = (2 + B_j '\/‘Tc'bo'daver

C
V.4 =2019x 10° k
cl :

a:=20

6
Vep = 1.912x 10°  k

b,-d
0 ~aver
\Y =4 [f—
C.max C 1000

Ve max = 1401 x 10% ¢

c.m

Vu
T =107.176 k

T <Vemax 9K

-Perimeter of critical cross section

-Nominal shear strength

-Nominal shear strength

-Maximum nominal shear strength
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One way shear check:

P 911 k

axial =
Vu = SPaxial

V, = 4555 k

aver
Cl _2\/TC pC 1000

9-Vgp = 1.023x 10° Kk

0-Ver > Vy OK

Two way shear check:

Vu1 = 10Payial

Vi1 = 911 k

bg:= 2:(155 + 2.5)-12 + d

b, = 464

daver
Vc:=4. [f b0
1000

Ve = 3514 x 10°

$-Vc = 2.987 x 10°

6-Ve> Vg

aver

in

k

OK

in - Perimeter of the failure plane
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Flexure bending design:
My = 5+(Paxial)-18-1000

M, = 8.199x 10° b —in

o (200-bpd
smin -~
y

A aver)

2
Agmin = 33.92 in

a:=025d

My

<D-fy-a

Ag=18979  in’

(Asmin'fy)

085-f¢-byc

AS:

a=2151 in

My, = 6.294 x 107 Ib -

®-M,=5664x 10" b

®-Mp > M, OK

daver

2

fr= 75T
3

L |Opc'daver
9 12

Yi =

a)

Mp = Asmin'fy'(daver - E}

(longitudinal direction;short bars)

d:=09

aver (assumed)

in

in

f, = 443.706 psi

I = 8.684 x 10° in
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frg
Yt

Mer =

7
Mg, = 2.408 x 10

®-Mj, = 5664 x 10"

.
1.2Mg, = 2.89 x 10

®-Mp, > L2M,

Asmin

N, =
L .
3harg

Ny = 42.937

Ib—in

Ib—in

Ib—in

OK

- Number of short bars
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Flexure bending design:
M, = 2:P gig4-25-12-1000

My = 9.292 x 10°

(ZOO'Wpc'daver)
Asmin = f
y
A =1 in?
smin = 10.88 in
a:= 0.25-dgy g
My
Ag =
s
<D-fy-a
A.= 2151 in?
s= 5 in
0.85-fc-wiye
a=4.253 in
a)
My, = 40-fy~ daver — E}
M, = 7.17 x 10
n= " X
®-Mj, = 6453 x 10’
()] 'Mn > Mu
_ daver
Yt = >
fr= 75T
3
L |Opc'daver
g 12

(transverse direction; long bars)

Ib —in ®:=09
(assumed)

—governs

Ib —in

Ib —in

OK

f, = 443.706 psi
lg = 8.684 x 10° in®
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fl
r
Mer = -3
Yt
My = 2408x 107 Ib - in
®-M,=6453x 10" Ib—in
12Mg, = 289x 10’ b —in
®-Mp, > 1.2Mg, OK
N AS
L=
3hars
N, = 27.227 - Number of short bars Long Bars use: 28 # 8

Top reinforcement

There is no uplift force on piles at Pier #1 and #3 (expension),
therefore shrinkage reinforcement is sufficient

bpc = 26.5-12 in
WpC =8.5-12 in
h:= 36 in
Agl = bpc-h
Agminl = 0.0018-Agl

Asmini
Nshort = a

bar8

- Length of pile cap bpc = 318

- Width of pile cap Wpe = 102

-Thickness of the pile cap

Agp=1145x 10" in’

2
Agmin = 20606 in

Ngport = 26.084

Provide 27 # 8 bars at 11.5 in (on center) along short direction.
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3 2
Aga=Wpeh  Agp=3672x10° in

Asming = 0:0018-Agp

.2
Agminz = 661 in
Asmin2
Nlong = m Nlong = 8.367

Provide 9 # 8 bars at 12 in (on center) along short direction.
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Design checks for Pier # 2 (fixed)

Deep beam design  (Reinforced concrete, Nawy, 4rd edition, section 6.9)

Load Combination COMD2

fo = 3500 psi
fy := 60000 psi
h:=16.5 ft -Depth of beam
b:=25 ft -Width of beam

d:= 0.95-h (assumed)

d = 15.675 ft -Distance from reinforcement to extreme compression fiber
=21 ft -Hight of beam
® = 0.85 - for shear

Vi=1307  k
My, = 3450.6 k - ft

R:=2

factored

Mun
M= —
R
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o|—

For — <20

V= cb-(s-\/f’(:.b-d)-%

Vy=227x10° Kk

=134 <25 -criteria determining Deep Beam

- use following eq.

-Factored shear force

V=130.7k < V,=227x 103 k OK

Vo= 2~(ﬁ)-b~d-%

V. = 667.689 k

144
6. [fo-b-d-—x
1000

Vemax =

Vv -2003x 103  k

cmax

®-V,, = 567.535 k

Vi, =227x 103 must be less or equal than

V- @V <®Vy

Vi

Vo=

—_V
ST o

C

Vg=2003x 10° Kk

-Nominal shear resisting force (controls)

-Maximum nominal shear resisting force

(Vg + V)

-Shear reinforcement is required
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Ag1 = 1.56 in2 Cross sectional area of # 11 rebar
A=A l.i Ay = 0.022 ft2 Area of trans. rebars placed at distance St
S1 144 r

Agtr = 0.44 in2 Cross sectional area of # 6 rebar

2 -3 .2 i
Ay = Astr'm Ay =6.111x 10 ft Area of long. rebars placed at distance S|
d Maxi dist bet b
Strmax = 5 Strmax = 3135 ft  -Maximum distance between rebars
in transverse direction (on center)
orl5 ft -use this value
sp:=15 ft -Distance between horizontal (transverse) rebars (on center)
tp:=10.44 in -Clear spacing between rebars;
(tr + 1.56)
—==1 ft
12

sy:= 1.0 ft  -Distance between vertical rebars (on center);PCACOL (file:#11BOT2)

sh) 12 sv) 12 y S

[@ﬂ

Sh) 12 Ky = 6.969x 10 4
h
o [-[6)
12 Ko = 0.018
Sv) 12
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(Kl + KZ)'fy'd'm = 2527 x 103 must be equal or greater than Vg = 2.003 x 103 OK

Check for minimum steel: (pier # 2)

Rebars # 6 placed in transverse direction on both faces of the pier

3 2

Ay = 6.111x 10 ft - transverse
Atymin = 0.0015-b-sp,
-3 2
Atrmin = 5625 x 10 ft
Ay = 6.111x 1072 2
Atrmin < Atr -Condition is satisfied, hence Sh -distance between horizontal # 6 rebars = 1.5 ft

Rebars # 11 placed in longitudinal direction on both faces of the pier

A| = 0.022 ft2 - longitudinal
Almln = 00025bSh
-3 2
Almin = 9-375x 10 ft
2
A| = 0.022 ft
Almin <A| -Condition is satisfied, hence s, -distance between vertical rebars

doesn't need to exceed = 1.5 ft (actual s, is 12in)
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Flexure design for deep beam (pier # 2)
®:=09
M= 1.725x 10° - ft
% =1.273 >1 s0jd=0.2*(+2h)
I+ 2:h
jm 242N
d
j=0.689
j-d =10.8 ft
Minimum reinforcement area
A = M-144 )
S 144 Ag = 2.958 in
Y™ 1000
fe ) ,
Agminy := Max| 3-=—-b-d-144 Agmin1 = 16.692 in
y
d-144 2 ol
Asmin2 = 200-b-—f Agmin2 = 1881 in -controls
y

y:= 0.25-h — 0.05-|

y=3.075 ft

sy=1 ft

Ny = l-2+2
Sy

Ng = 8.15

-Depth over which flex. reinf. is to be distributed (in transverse direction)

-Distance between vertical rebars (on center)
as acquired from PCACOL design (file:#11BOT2)

-number of rebars resisting tension (in transverse dir.) as acquired
from PCACOL design (file:#11BOT2)
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Ag1 = 1.56 in2 -cross section area of # 11 rebar

Ag = Agq Ny Ag=12.714 in2 -Total cross section area of rebars available to resist flexure

Ag = 12.714 in"2 must be equal or greater than Ag i = 18.81 in"Z not satisfactory

Number of rebars required for flexure:

Asmin2

Nreq o

As1

Nreq =12.058 -number of #11bars to be placed within distance y = 3.075 ft from extreme tension fiber

F-56




et

FOUT=3FE 00 U I RRSITY
=1

Civil Englneerlnﬁ

www.siue.edu/civil

SIUE, Edwardsville, IL 62025-1800
(618)650-2533 Fax: (618)650-2555

TITLE:

Pulaski County Bridge

SUBJECT FILE:

Evaluation of Comprehensive
Seismic Design of Bridges
(LRFD) in Hlinois

AASHTO
Standard Specifications

BY:
G.V.l.

CHECKED:

W.N.M.

DATE:
6/24/2004

Sheet No: 57 of 68

Pile cap design Pier # 2 (fixed)

fo == 3500 psi
fy := 60000 psi
Paxial = 2734 k
dpgr = 1.0 in
apgr = 0.79 in?
dp = 13.83 in
by := 14.695 in
h:= 46 in
by = 27.0-12 in
Wpg = 145-12 in
demb =12 in
daver = h =3 - dpg
daver =42 in
¢ :=0.85

d:=0.9

-Vertical force at top of most loaded pile

-Diameter of # 8 bar

-Area of # 8 bar

-Cross sectional dimensions of HP 14x89

-Thickness of the pile cap
- Length of pile cap
- Width of pile cap

-Depth of pile embedment

-Average depth of the footing slab (from top to bottom reinforcement)

- for shear

- for flexure
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Pile punching shear check:

Vu = 2734 k

bo = (dp + dayer)-2 + (bf + d

bg = 225.05 in
Be: i
cT 4

dp

aver) 2

-Perimeter of critical cross section

B = 1.063

4
Ver= (2 + 4 '\/‘Tc'bo'daver
Bc)

6
Ve = 3.223x 107 k

a:=20

-Nominal shear strength

O"daver\
Veo = (2 + b—) '\/‘Tc'bo'daver

(¢}

6
Ve = 3206x 10°  k

b,-d
0 ~aver
Vv =4 [f—
C.max C 1000

3
Ve max = 2:237x 10° <

Vu
T = 321.647 k

-Nominal shear strength

-Maximum nominal shear strength

— <V

C.max

F-58
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One way shear check:

Paxial = 2734 k

Vu = SPaxial

V= 1367x10° Kk
aver
Cl - 2\/TC pc’ 1000
$-Vgp = 1.369 x 10° k

o-Ve1 >Vy OK
Two way shear check:

Vil = 2'(G'Paxial)

3
V1 =3281x 10°  k
bg:= 2:(16 + 2.5)-12 + d

by = 486 in

Ve:=4- [f.-b Gaver
o €70 1000

Ve = 483 x 10°

0-Vc=4106x 10° Kk
$-Ve >V OK

Flexure bending design:

My = (5Paxial)-1000-57

M= 7.792x 10" b -

aver

d =42 in

aver

in - Perimeter of the failure plane

(longitudinal direction;short bars)
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(200-bpc

smin -~
fy

daver)

A

A = 4536 in?

smin
a:= 0.25-d

My
AS:

<D-fy-a

Ag = 137423 in2

0.85-5bye
a=8.554 in

a)

Mp = As'fy'(daver - E)

Mp, = 3.11 x 10° Ib - in

®-Mj, = 2.799 x 10°

®-Mp > M, OK

fr= 75T
3
L |Opc'daver

g 12

frlg
Yt

Mer =

Mo = 4.227x 107 Ib—in

aver (assumed)

Ib—in

f = 443.706 psi
~ 2% 10° in*
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®-Mj, = 2.799 x 10°

12Mg = 5.072x 10" b - in

Ib—in

@My > 12M, OK
N Asmin
L=
3harg
N, =57.418 - Number of short bars Short Bars use:

Flexure bending design:

My = 3-Paxia

My = 4.183 x 107

(200-wp.

-1000-4.2512

ave r)

Acmin ==
smin f

y

A = 24.36

smin
a:= 0.25-d
M

aver

u
AS:

<D-fy-a

Ag = 73.775 in’

(Asy)

085-fc- Wy

a= 8551 in

in

(transverse direction; long bars)

Ib—in ®:=09

(assumed)

—governs
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a)

My, = 40-fy~(daver - E}
,

Mp = 9.054 x 10

®-M,, = 8148 x 10’

o-M

n u
_ daver
Yi = >
fr= 75T
3
L |Opc'daver
9 12
f-l
r
My = —3
Yt

Ib—in

Ib—in

OK

f, = 443.706 psi
~ 6 4

Ig =2x10 in

Mo = 4.227x 107 Ib—in

®-M,=8148x 10’ b in

12Mg = 5.072x 10" b - in

®-Mp, > 1.2M¢, oK
N Asmin
L=
3harg
N, = 30.835 - Number of short bars

F-62
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Top reinforcement

FlJp'”t::: 144u0 k

- Uplift force on a single pile (Fixed pier ; load combination COMD1)

n=>5 - Number of piles
Marm := 4.75 ft - Moment arm
f =35x 10° psi
c=3
daver = 42 in -Average depth of the footing slab (from top to bottom reinforcement)
©:=09 - for flexure
h:= 46 in -Thickness of the pile cap
bpc = 27.0-12 in - Length of pile cap bpc =324 in
Wpe = 145-12 in - Width of pile cap Wy = 174 in
t
} } I I I
| I l 13 ! 14 l
11 12 15
B ____i_ _________ 1': __________ jl: _________ :t __________ :lt _____ I >
e | I Lz | 8 g | 40
= 1 _ . _ I ______ .:__I __________ L~ I ._._: ..... I_ ..... — 2U5 I — Y
g-0" ! N I' ________ }r___ T
i 1 'I 2 i 3 I 4 I' 5
i i | i |
} } I |

270
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Mult = nFup“ft Marm-1000-12

Myjt = 4104x 10 Ib—in

fr= 75T

f, = 443.706 psi

Opc| (daver)]

g 12
B 6 4
lg=2x 10 in
_h
yt_2

Cr yt
M ' Mult
nom -— )
®M.=4104x 10’
‘Mpom = #-U% X

n

12-M, = 4631x 10" Ib—in

®-Mpom < 1.2-Mg,

Ag1 = bpeh

A 1 = 0.0018-A

smin gl

Asmin1
Nshort = a
bar8

sminl

in

Mp = 3.859x 107 Ib - in

Ib—in

~149x 10 in®

~ 26827  in°

along short direction.

F-64
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Agz = WpCh

Asming = 0:0018-Agp

smin2 = 14.407
N Asmin2

long =
g ar8

Agp=8004x10° in’

.2
In

NIong

= 18.237

Provide 19 # 8 bars at 9.5 in (on center) along short direction.
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PCACOL Output
Piers # 1 & # 3 (fixed). At base for load combination COMB1

P (kip)
4000

30 x 186 in
1.01% reinf.
MATERIAL: =
f'c = 3.5 ksi
Ec =3372.17 ksi
fc = 2.975 ksi
Betal = 0.85
fy = 60 ksi
Es = 29000 ksi

SECTION:

Ag = 5580 in"2 +
Ix =1.60871e+007 in*4 i
ly = 418500 in*4 12000
Xo=0in M (22 (koA
Yo=0in

REINFORCEMENT:

36 #11 bars @ 1.006%

As =56.16in"2

Confinement: Tied

Clear Cover = 1.50033 in -

-4000

Piers # 1 & # 3 (fixed). At base for load combination COMB2

P [kip]
14000

30 x186in
1.01% reinf.
MATERIAL: =
f'c = 3.5 ksi
Ec=3372.17 ksi
fc=2.975 ksi
Betal = 0.85
fy = 60 ksi
Es = 29000 ksi

SECTION:
Ag = 5580 in"2 +
Ix =1.60871e+007 in"4

ly = 418500 in“4 30000
Xo=0in M (2 1)
Yo=0in

REINFORCEMENT:

36 #11 bars @ 1.006%
As = 56.16 in"2
Confinement: Tied
Clear Cover = 1.50033 in - -4

F-66




FOUT=3FE 00 U I RRSITY

B B BY:
L » SUBJECT FILE: G.V.I.
Civil Engineering : .
CHECKED:
WWw.Sie.edu/civil Evaliuat!on of _Comprehenswe
SIUE, Edwardsville, IL 62025-1800 Seismic Design of Bridges W.NM
(618)650-2533 Fax: (618)650-2555 (LRFD) in Hlinois T
DATE:
TITLE: 6/24/2004

AASHTO
Pulaski County Bridge Standard Specifications

Sheet No: 67 of 68

Pier # 2 (fixed). At base for load combination COMB1

..... —
16000

30x192in
1.082% reinf.
MATERIAL: B
f'c = 3.5 ksi
Ec=3372.17 ksi
fc = 2.975 ksi
Betal = 0.85
fy = 60 ksi
Es = 29000 ksi

SECTION:

Ag = 5760 in"2

Ix =1.76947e+007 in"4
ly = 432000 in“4

Xo =0in

Yo=0in

10000
M3 )

REINFORCEMENT:
40 #11 bars @ 1.083%

As = 62.4in"2
Confinement: Tied
Clear Cover = 1.50033 in - 4000

Pier # 2 (fixed). At base for load combination COMB2

..... —
16000

30x192in
1.08% reinf.
MATERIAL: B
f'c= 3.5 ksi
Ec=3372.17 ksi
fc = 2.975 ksi
Betal = 0.85
fy = 60 ksi
Es = 29000 ksi

SECTION:

Ag = 5760 in“2

Ix =1.76947e+007 in*4
Iy = 432000 in*4

o =0in

Yo=10in

10000
M (35°) ()

REINFORCEMENT:
40 #11 bars @ 1.083%

As = 62.4in"2
Confinement: Tied
Clear Cover = 1.50033 in - 4000
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Minimum seat width

For Seismic Performance Category C

L:=2365 ft - Length of bridge
H:= 23 ft - Height of the tallest pier
S=0 - Angle of skew

N:= (12 + 0.03-L + 0.12~H)-(1 + 0.000125-82)

N = 21.855 in

- Minimum width of support

F-68
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Boring 55 (N. Abut.)

Johnson County Bridge Soil Profile

Boring 65 (N. Pier)

Boring 75 (S. Pier)

Boring 85 (N. Pier)

Sta. 408+06 Sta. 408+39 Sta. 408+85 Sta. 409+19
Elev. 379.4 ft. Elev. 379.0 ft. Elev. 381.4 ft. Elev. 381.7 ft.
0 20 40 60 80 100
IIII|IIIIIIII|IIIIIIII|IIIIIIII|IIIIIIII|IIIIIIII|
Approx. Elev. at Approx. Elev. al — 400
bottom of Abut. Cap bottom of Abut. Cap \ —
~ Medium stiff to stiff, —_— —_
N moist to very moist _
. silty CLAY to stiff tc —
o very stiff CLAY (2) — 390
\\\ Medium stiff Medium stiff, _
N ot qity moist silt i —
Fill added after moist silty CLAY SO]}I Fill added after =
Soil Exploration CLAY to soft Soil Exploration —
CLAY (1) CLAY (1) —
< - =\ — 380
___________________ I _
Medium stiff, moist silty CLAY to ~ 31§38~ \ _____ —
2 3 soft CLAY (1) BN ---""" —
6 T aeemmrT ’3 Stiff to Hard 249 —
13 Medumstifftosiff, N, - SANDSTONE 2N -- =370
moist to very moist Medium stiff to stiff, 265 Withclay bindei __f- oy
12 silty CLAY tostiffto 54812 moist to very moist ,/’ —
tiff CLAY (2 i i e 15 =424 —
9 very sti @ 51N silty CLAY to stiff to 1N15 L -
Stiff to Hard 18Ry 12 very stiff CLAY (2) N ooemmmTT 19H33 ~ —
10 SANDSTONEwith Y ~ __o-=-- 222577 15Elso —
30 ‘; ~-.Claybinder (4) 23§15 = __---""" 1196 Stiff to hard, clay & — 360
6T A 1624 ---"" —{100/6" SHALE (3) H100/3"  —
Stiff to hard, clay 144100 Stiff to hard, clay SHALE (3) —100/5" = —
100 SHALE (3) — — v =—_— 100/6" -
" = W e mmmmmm T 100/1" -4--- —
100/3" === q= === === - 100/5" —p----- —
92% —
REFUSAL occasional shale seams (5) REFUSAL
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St. Clair County Bridge Soil Profile
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Pulaski County Bridge Soil Profile
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Madison-Pulaski County Bridge Soil Profile
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