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EXECUTIVE SUMMARY 

 

 

ESPAN140 PERFORMANCE ASSESSMENT: 

V-65 JESUP SOUTH BRIDGE (BUCHANAN COUNTY, IOWA) 

 

 

 

 

The Short Span Steel Bridge Alliance (SSSBA) is a group of bridge and culvert industry leaders 

(including steel manufacturers, fabricators, service centers, coaters, researchers, and 

representatives of related associations and government organizations) who have joined together 

to provide educational information on the design and construction of short span steel bridges in 

installations up to 140 feet in length.  Arguably, one of the crowning achievements of SSSBA is 

the development and implementation of a series of short-span steel bridge design standards.   

eSPAN140 is a complimentary web-based design tool which provides customized steel solutions 

for bridges up to 140 feet.   

 

Working with the authors and with members of SSSBA, the Secondary Roads Department of 

Buchanan County, Iowa, headed by Brian Keierlieber, P.E., agreed to be the first owner agency 

to utilize eSPAN140 to design and construct a short span steel bridge, specifically the new V-65 

Jesup South Bridge in Jesup, Iowa.  Various members of SSSBA volunteered time, materials, 

and expertise to assist in delivering the first documented short-span bridge designed using 

eSPAN140.  In addition, the demonstration served significant research objectives:  data collected 

from field investigations during deck casting as well as during live load testing will serve as 

analytical benchmarks for future analytical studies in short-span steel bridge behavior. 

 

The scope of this report is to discuss the development of eSPAN140 and its associated design 

standards along with how eSPAN140 was utilized during its first documented application, the V-

65 Jesup South Bridge.  In addition, a comprehensive overview of the experimental and 

analytical testing program is provided, along with a presentation of testing results.  As discussed 

in the report, it is clear that eSPAN140 is quite capable of producing efficient and economical 

solutions in the short-span range.  For this project, eSPAN140 provided all the necessary 

parameters for county engineers to refine and synthesize an effective short-span steel bridge 

design. 
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CHAPTER 1:  INTRODUCTION 

 

1.1 BACKGROUND / OVERVIEW 

 

The Short Span Steel Bridge Alliance (SSSBA) is a group of bridge and culvert industry 

leaders (including steel manufacturers, fabricators, service centers, coaters, researchers, and 

representatives of related associations and government organizations) who have joined together 

to provide educational information on the design and construction of short span steel bridges in 

installations up to 140 feet in length.  Arguably, one of the crowning achievements of SSSBA is 

the development and implementation of a series of short-span steel bridge design standards.   

eSPAN140 is a complimentary web-based design tool which provides customized steel solutions 

for bridges up to 140 feet.   

 Working with the authors and with members of SSSBA, the Secondary Roads 

Department of Buchanan County, Iowa, headed by Brian Keierlieber, P.E., agreed to be the first 

owner agency to utilize eSPAN140 to design and construct a short span steel bridge, specifically 

the new V-65 Jesup South Bridge in Jesup, Iowa.  Various members of SSSBA volunteered time, 

materials, and expertise to assist in delivering the first documented short-span bridge designed 

using eSPAN140.  In addition, the demonstration served significant research objectives:  data 

collected from field investigations during deck casting as well as during live load testing will 

serve as analytical benchmarks for future analytical studies in short-span steel bridge behavior. 

 

1.2 REPORT SCOPE & OBJECTIVES 

 

The scope of this report is to: 

 

 Discuss the development of eSPAN140 and its associated design standards 

 Provide an overview of the design of the V-65 Jesup South Bridge 

 Describe the research methods and field tests conducted on the V-65 Jesup South 

Bridge   
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1.3 ORGANIZATION 

 

A brief overview of the organization of this report is as follows: 

 

 Chapter 2 

o This chapter provides an overview of the development of eSPAN140, 

detailing the design methodologies employed as well as the user interface 

within the web-based design tool. 

 Chapter 3 

o This chapter briefly summarizes the design of the new V-65 Jesup South 

Bridge and outlines a comparison between eSPAN140 output and actual 

design parameters. 

 Chapter 4 

o The experimental and analytical methods used for this research is discussed in 

this chapter.  Specifically, the chapter focuses on the testing program and 

instrumentation as well as finite element modeling and data reduction 

techniques. 

 Chapter 5 

o This chapter provides a summary of the two field investigations performed on 

the V-65 Jesup South Bridge as well as an evaluation of experimentally-

obtained test data using finite element analyses. 

 Chapter 6 

o This chapter provides a summary of the scope of work conducted for this 

study and highlights the key findings. 
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CHAPTER 2:  OVERVIEW OF ESPAN140 DEVELOPMENT 

 

2.1 INTRODUCTION 

 

 There are a large number of bridges in the United States that are considered structurally 

deficient or functionally obsolete. In response to the deteriorating infrastructure, the Federal 

Highway Association (FHWA) has introduced an initiative titled Highways for LIFE in an effort 

to help in reducing these issues. This FHWA focus area promotes the development of bridge 

design and construction that leads to Long-lasting bridges that are Innovative, have Fast 

construction times, and are economically Efficient. This research, performed in conjunction with 

the Short Span Steel Bridge Alliance (SSSBA) of the American Iron and Steel Institute (AISI), 

has taken these principles into account and has looked into methods of increasing the efficiency 

of steel girder bridge design through the use of stockpiled common steel plate sizes and a limited 

suite of rolled steel girders. 

 This chapter will summarize the efforts of Bridge Technology Center researchers over 

several years to develop (in conjunction with SSSBA) a series of economical steel solutions for 

use in the short span bridge market.  Specifically, the types of girders designed along with design 

assumptions and standardization principles will be discussed.  In addition, an overview of 

eSPAN140, the chief online resource for the dissemination of these standards, is provided. 

 

2.3 GOALS OF STEEL BRIDGE STANDARD DEVELOPMENT  

 

The goal of this effort was to develop a set of standardized designs that increase the 

design efficiency of short-span steel bridge designs.  The standardized designs were developed 

based on optimized girder designs, which employ different bridge parameters and design 

approaches.  There are four major sets of bridge designs in this work: “limited depth” rolled 

beam sections, “lightest weight” rolled beam sections, homogeneous plate girder sections, and 

hybrid plate girder sections.  From the optimized rolled girder designs, limited suites of rolled 

steel girder sections were selected to investigate the efficiency of using stockpiled girder sections 
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for short span steel bridges.  Also, the benefits of stockpiling common steel plate sizes were 

investigated in the design of steel plate girders. 

The scope of this work was to develop optimized steel girder designs for bridges with 

spans between 40 and 140 feet.  The girders designed to make up this wide range of bridge spans 

were designed for all spans between 40 and 140 feet in 5 foot increments.  To develop a wide 

variety of steel girders that encompass the different bridge design parameters and practices of 

practicing bridge engineers, four different girder spacings and four different girder design 

approaches were investigated.  Based on the designs developed for the different bridge spans, 

girder spacings, and design approaches, an analysis of efficiency gained from using stockpiled 

common steel plate sizes and available rolled sections was performed. 

 

2.3 BRIEF OVERVIEW OF ALTERNATIVE STANDARD STEEL BRIDGE DESIGNS  

 

In these design efforts, other sets of state bridge design standards were investigated for 

comparative purposes: 

 

 Oklahoma had one set of steel girder designs for bridges with span lengths between 

30 and 100 feet, roadway width of 40 feet and a girder spacing of 11 ft. – 10 in. 

 Texas has three sets of standard girder designs with bridge span lengths between 30 

and 120 feet.  Each of these sets has a different overall roadway width and girder 

spacing: 24 foot roadway width with 7 ft. – 4 in. spacing, 28 foot roadway width with 

8 ft. – 8 in. spacing and 30 foot roadway width with 7 ft. spacing. 

 Virginia had a large design aid package of pre-designed steel girder bridges that have 

become outdated.  This design package considered a wide variety of bridge span 

lengths, girder spacings, roadway widths, and bridge skew angles. 

 In addition, AISI published a series of standard designs for short-span steel bridges in 

1994.  These standards served as a benchmark for comparisons with the suite of 

girders designed in this study. 

 

For a more in-depth review of previously published steel bridge standards, the reader is 

referred to Nagy (2008). 



5 

 

2.4 GIRDER DESIGN PROCEDURE  

 

The short-span steel girders in this effort were designed in accordance with the 5th 

Edition of the AASHTO LRFD Bridge Design Specifications (AASHTO, 2010) and evaluated 

using Version 6.5 of MDX’s Line Girder Rating Software (MDX Software, 2009), a popular 

steel girder design and rating package used by many state DOTs in the United States. 

 

2.4.1 Rolled Beam Designs 

 

 The rolled beam sections were designed using two different design approaches, termed 

“limited depth” and “lightest weight”.  The “limited depth” rolled girder sections were designed 

to meet a target L/D (Length/Depth) ratio of 25.  Wide-flange sections of the given depth were 

evaluated until the most economic section for the given span length and girder spacing was 

found.  The “lightest weight” rolled girder sections were developed in the same manner, however 

without the restriction on the L/D ratio. 

 

2.4.2 Plate Girder Designs 

 

The plate girder sections were designed using two different material configurations: 

homogeneous and hybrid.  For both material configurations target L/D ratios were used to 

determine the depth of the web plate.  Web thickness was determined to optimize web stiffener 

requirements.  The compression and tension flanges were selected to create the trial section to 

begin the evaluation process.  Based on the evaluation of the section, dimensions of the flange 

plates were modified to find a girder section that was both adequate and economical. 

In designing the steel plate girder sections, a limited selection of common steel plate 

dimensions were used to take advantage of stockpiling materials.  In addition, to account for 

flame cutting/torching of plates, all plate depths/widths selected for design were reduced by 1/4 

inch during design.  The following dimensions were employed for the steel plates: 
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 Web plates: 

o Depths:  24 in., 32 in., 40 in., 46 in., 48 in., and 54 in. 

o Thicknesses:  all web plates are 1/2 in. thick. 

 Flange plates: 

o Widths:  12 in., 14 in., 16 in., 18 in., and 20 in. 

o Thicknesses:  3/4 in., 1 in., 1 1/2 in., and 2 in. 

 

A typical girder elevation is shown in Figure 2.1, where L is the span length, C represents 

the cross-brace spacing and the lengths of the bottom flange transitions are presented.  Interior 

girders were designed for the girder spacing arrangements of 6 feet, 7 feet – 6 inches, 9 feet and 

10 feet – 6 inches.  In the designs, it was assumed that there were 5 girders in the bridge system 

and that the bridge deck consisted of 3 lanes.  The typical interior girder cross-section layout is 

shown in Figure 2.2, and the typical bridge cross-section layout is shown in Figure 2.3.  Full 

composite action between the designed steel girder sections and the concrete slab was assumed 

to be created through the use of headed shear studs. 

 

 

Figure 2.1: Typical Plate Girder Elevation 
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Figure 2.2: Typical Interior Plate Girder Cross-Section 

 

 

Figure 2.3: Typical Bridge Cross-Section 

 

2.4.3 Common Design Parameters 

 

The rolled beam sections and the homogeneous plate girder sections in these designs 

employ 50-ksi steel.  The hybrid steel plate girder sections have 50-ksi steel in the compression 

flange and web plates and 70-ksi steel in the tension flange plate.  For all girder sections, 

excluding the rolled beam sections of the “lightest weight” suite of girders, an L/D 

(Length/Depth) ratio of 25 was assumed.  The depth in this ratio includes the entire depth of the 

bridge superstructure (i.e. bridge deck depth plus the concrete haunch thickness plus the girder 

depth).  The concrete haunch is defined as the distance from the bottom of the compression 

flange to the bottom of the concrete deck.  
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The following parameters were assumed for each bridge girder design: 

 

 Steel stay-in-place (SIP) formwork unit weight: 15 psf 

 Future wearing surface: 25 psf 

 Concrete barriers: 305 lbs/ft. 

 Miscellaneous steel weight increase: 5% 

 Compressive strength of concrete: 4,000 psi 

 Concrete unit weight: 150 pcf 

 Steel unit weight: 490 pcf 

 Concrete haunch thickness: 2 in 

 Concrete deck thickness: 8.25 in (including a 0.25 in sacrificial wearing surface) 

 Constant flange width 

 Constant web height 

 

2.5 RESULTS OF GIRDER DESIGNS  

 

Figure 2.4 shows a comparison of the design results of the four previously mentioned 

design methods (homogeneous plate, hybrid plate, limited depth rolled, and lightest weight 

rolled) for a 9 ft. girder spacing.  As shown, in the higher span ranges, the economy of rolled 

beam solution is diminished.  This is due to the discrete number of rolled beams available; in the 

higher span ranges, the discrete range of rolled beams causes the weight of the girders to increase 

whereas, for plate girders, the sizes of the individual plates can be tailored to meet a given span 

requirement.  Therefore, in the final set of solutions selected, rolled beam solutions are only 

provided for span lengths from 40 feet to 100 feet.  For plate girder solutions, homogeneous 

girders are provided for span lengths from 60 feet to 140 feet and hybrid girders are provided for 

span lengths from 80 feet to 140 feet.  These limitation ranges were selected by the members of 

the SSSBA technical working group (a group of fabricators, engineers, plate producers, service 

centers, and researchers within SSSBA) to deliver the most economical solutions possible from 

the suite of designed girders. 
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Figure 2.4: Comparison of Design Alternative (9’-0” Girder Spacing) 

 

2.5.1 Results of Rolled Beam Designs 

 

 Tables 2.1 and 2.2 show the selected rolled beam sections for the lightest weight and 

limited depth configurations, respectively.  The tables provide a selected rolled shape for each 5 

foot increment in span lengths between 40 and 100 feet for each of the girder spacings employed.  

Additionally, the right hand column provides a section selected to meet the requirements for a 

given span length for all girder spacings.  For example, for a 50 ft. span length, the W30×108 in 

Table 2.1 would be satisfactory for all girder spacings from 6 feet to 10.5 feet.  Ongoing efforts 

are focused on collaboration with steel mills to provide more rapid availability of these sections, 

thus better insuring the success of time-sensitive projects.  It should also be noted, for example, 

that at the 50 foot span range with a 6 foot girder spacing, a W27×84 could be employed, 

whereas the section that fits all girder spacings in the 50 ft. span is a W30×108, or a per foot 

weight difference of 24 pounds. 
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Table 2.1: Lightest Weight Rolled Beam Designs 

L, ft 
Girder Spacing Selected 

Section 6’-0” 7’-6” 9’-0” 10’-6” 

40 W21×62 W21×73 W24×76 W24×84 W24×84 

45 W24×68 W21×101 W27×84 W30×90 W30×90 

50 W27×84 W21×111 W30×99 W30×108 W30×108 

55 W30×90 W24×117 W30×116 W33×118 W33×118 

60 W30×108 W27×129 W33×118 W36×135 W36×135 

65 W33×118 W30×132 W36×135 W40×149 W40×149 

70 W33×130 W30×148 W40×149 W40×167 W40×167 

75 W36×135 W36×150 W40×167 W36×182 W36×210 

80 W40×149 W36×160 W36×182 W36×210 W36×210 

85 W40×167 W36×182 W36×210 W36×231 W36×247 

90 W40×183 W40×183 W40×211 W36×247 W36×247 

95 W40×211 W40×199 W40×235 W40×249 W44×262 

100 W44×230 W40×211 W40×249 W44×262 W44×262 
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Table 2.2: Limited Depth Rolled Beam Designs 

L, ft 
Girder Spacing Selected 

Section 6’-0” 7’-6” 9’-0” 10’-6” 

40 W21×62 W21×73 W21×83 W21×93 W21×93 

45 W21×83 W21×101 W21×101 W21×111 W21×111 

50 W21×111 W21×111 W21×122 W21×132 W21×132 

55 W24×117 W24×117 W24×131 W24×146 W24×146 

60 W24×162 W27×129 W24×146 W24×162 W24×162 

65 W24×192 W30×132 W24×176 W24×192 W24×192 

70 W27×194 W30×148 W27×178 W27×194 W27×194 

75 W27×217 W36×150 W27×194 W27×217 W27×217 

80 W30×211 W36×160 W30×211 W30×235 W30×235 

85 W33×221 W36×182 W33×221 W33×241 W33×241 

90 W33×241 W40×183 W33×241 W33×291 W33×291 

95 W36×247 W40×199 W36×247 W36×282 W36×282 

100 W36×282 W40×211 W36×262 W36×302 W36×302 

 

2.5.2 Results of Plate Girder Designs 

 

Previous design studies (Morgan, 2010) have shown that the use of a reduced readily 

available set of plate sizes, as opposed to the use of the exhaustive set of possible plates, has a 

minimal impact on final girder weight.  For specific dimensions of the selected plate girders the 

reader is referred to Nagy (2008).  A plot of the final weight versus span length for both the 

hybrid and homogeneous sections for each of the girder spacings is provided in Figure 2.5.  

Several key observations can be made from this figure: 

 

 There is little difference, particularly in the shorter span ranges, in total girder weight 

as a function of girder spacing. 

 In the shorter span ranges there is little benefit provided by the use of hybrid 

configurations.  This is due to the fact that many of the sections start to be controlled 
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as a function of minimum allowable plate dimensions as opposed to various design 

limit states. 

 For the longer span lengths (particularly for the wider girder spacings) the hybrid 

girder configuration does provide some weight benefit. 

 

 

Figure 2.5: Plate Girder Weights 

 

2.6 COMPARISONS WITH OTHER STANDARDS  

 

Figures 2.6 through 2.8 detail comparisons with the standard designs developed in this 

study with those from the standards discussed earlier.  It should be noted that, since these 

standard designs incorporate rolled beam solutions, the comparisons in these figures are for 

rolled beams only.  As shown, the proposed solutions are competitive with other standardized 

steel bridge designs. 
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Figure 2.6: Comparison with AISI Standard Designs for a 9’-0” Girder Spacing 

 

 

Figure 2.7: Comparison with OklaDOT Standard Designs for an 11’-10” Girder Spacing 

 

0

2

4

6

8

10

12

14

16

18

0 20 40 60 80 100 120

W
ei

g
h

t 
(t

o
n

) 

Span Length (ft) 

Lightest Weight (9'-0")

Limited Depth (9'-0")

AISI (9'-0")

0

2

4

6

8

10

12

14

16

18

0 20 40 60 80 100 120

W
ei

g
h

t 
(t

o
n

) 

Span Length (ft) 

Lightest Weight (10'-6")

Limited Depth (10'-6")

OklaDOT (11'-10")



14 

 

 

Figure 2.8: Comparison with TxDOT Standard Designs for an 8’-8” Girder Spacing 

 

2.7 ESPAN140:  INTERACTIVE WEB-BASED DESIGN TOOL  

 

In order to ease the process of steel girder selection and provide state DOTs and owners 

with a more efficient means of conducting preliminary designs of short-span steel bridges, the 

authors, along with the SSSBA technical working group, the Steel Market Development Institute 

(SMDI), the National Association of County Engineers (NACE) Structures Committee, FHWA, 

and the AASHTO T-14 Technical Committee for Structural Steel Design, have developed 

eSPAN140, an interactive web-based design tool.  eSPAN140 is a free, easy-to-use application 

which generates a customized Solutions Book (in .pdf format) for a given set of bridge 

parameters, complete with girder dimensions, cross-section information, and associated details. 

To begin to use eSPAN140, all the user has to do is go to http://www.eSPAN140.com/ 

and create a free user’s account.  Once an account is created, the user will have the ability to 

edit/review/duplicate previous projects as well as to share previously-generated Solutions Books 

with colleagues. 
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To begin a new project, the user logs into his/her eSPAN140 account.  There, the user 

will find a list of all of the previous projects the user has completed, along with a “Start New 

Project” button.  Clicking this button will open up eSPAN140’s data entry screen, where the user 

inputs various parameters necessary to define a given project.  Figure 2.9 shows a typical data 

input screen in eSPAN140.  In addition, eSPAN140 will display Figure 2.10, which defines the 

range of solutions available in eSPAN140.  It should be noted that eSPAN140 will also generate 

corrugated steel plate solutions along with a series of fabricator and manufacturer solutions. 

 

 

Figure 2.9: eSPAN140 Typical Data Input Window 

 

 

Figure 2.10: eSPAN140 Range of Solutions 
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A project is defined in three steps.  The first step is where the user defines general project 

information.  Specifically, the user must input the following parameters: 

 

 Project Name 

 City/County 

 State/Province 

 Roadway Name 

 Span Length 

o It should be noted that eSPAN140 will round the span length value to the next 

highest 5 foot increment (U.S.C.S. units are listed since these are the units that 

eSPAN140 employs) and report the girder solution for this rounded value.  

For example, if the user specifies a span length of 82 feet and 4 inches, 

eSPAN140 will generate a Solutions Book containing designs for a span 

length of 85 feet. 

o It should also be noted that, if the user specifies a span length longer than 140 

feet, the generated Solutions Book will not include steel girder designs since 

the girder designs are only valid for span lengths up to 140 feet. 

 

After this, the user advances to step two, where details regarding the bridge cross-section are 

input.  These details are described graphically in Figure 2.11.  Specifically, the user must input 

the following parameters: 

 

 Number of Striped Traffic Lanes 

 Roadway Width 

 Individual Parapet Width 

 Individual Deck Overhang Width  
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Figure 2.11: eSPAN140 Bridge Cross-Section View 

 

In addition, the user can specify whether sidewalks are present; the user simply has to 

indicate the number of sidewalks and their individual widths.  Once these cross-sectional 

parameters are defined, the user has to input three last parameters: 

 

 Skew Angle 

o It should be noted that, if the user specifies a skew angle larger than 20°, the 

generated Solutions Book will not include steel girder designs since the girder 

designs are only valid for skew angles up to 20°. 

 Average Daily Traffic, selected from the following: 

o “1 – 500” 

o “501 – 2000” 

o “Over 2000” 

 Design Speed, selected from the following (it should be noted that U.S.C.S. units are 

listed since these list entries are taken directly from eSPAN140): 

o “0 – 45 mph” 

o “46+ mph” 
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o “Don’t know” 

o “Not applicable” 

 

The user then advances to step three, where the user inputs data related to corrugated 

steel plate solutions.  Specifically, the user has to input the waterway area and height of cover, or 

the distance from the top of the corrugated steel plate to the bottom of the layer of pavement. 

After these three steps, eSPAN140 will generate a customized Solutions Book (in .pdf 

form).  To generate a girder design, eSPAN140 will calculate the out-to-out width between 

exterior girders (using data input for the cross-section) and then iterate even spaces between 

exterior girders in order to generate a valid design (i.e. a design with a girder spacing less than 

10’-6” as this is the maximum girder spacing employed in the standards) with the fewest number 

of girder lines.  eSPAN140 then reports the details and dimensions for the girder designed for the 

next highest girder spacing.  For example, if eSPAN140 calculates an interior girder spacing of 

8’-10”, it will report girder designs for a girder spacing of 9’-0”. 

In addition to the details regarding girder sizes, all of the details necessary to fabricate 

and erect a short-span steel bridge superstructure are included in the eSPAN140-generated 

Solutions Book.  These include: 

 

 Cambers (both for steel dead weight and total dead weight) 

 Stiffener sizes and spacings 

 Shear stud layouts 

 Individual girder weight 

 Girder fabrication details, including weld sizes 

 Diaphragm sizes and details 

 Framing plan 

 Typical cross-section details 

 Rebar layout for deck design 

 Elastomeric bearing pad details and steel plate sizes 

 Customized manufacturer solutions and contact information for SSSBA members 
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The Solutions Book also provides contact information for The Bridge Technology 

Center.  The Bridge Technology Center is a complimentary resource available for questions 

specific to standard design and detail solutions of short-span steel bridges. It is a resource 

provided by West Virginia University, the University of Wyoming, and Marshall University. 

 

2.8 CONCLUSIONS  

 

The efforts of the authors in conjunction with the AISI Short Span Steel Bridge Alliance 

have great promise for improved economy and competitiveness of steel alternatives in the short-

span bridge market.  This work has provided an overview of the objectives and design process 

employed for the development of standard plate girder and rolled beam designs for span lengths 

between 40 and 140 feet.  With preselected members and details, the design process may be 

expedited, and a more streamlined process for shop drawing review may be created, thus 

eliminating many weeks in the timeline of a given bridge project. 
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CHAPTER 3:  DESIGN OF NEW V-65 JESUP SOUTH BRIDGE 

 

3.1 INTRODUCTION 

 

The following chapter discusses the design of the new V-65 Jesup South Bridge in 

Buchanan County, Iowa.  Specifically, a discussion of the previous structure, along with a 

comparison of eSPAN140 output and as-built conditions is provided. 

 

3.2 MOTIVATION FOR BRIDGE REPLACEMENT 

 

The old Jesup South Bridge, located on Buchanan County V65 (located at approximately 

42°23’17” N, 92°03’21” W and shown in Figure 3.1), carried traffic (over 2000 ADT) on one of 

the busiest roads in Buchanan County, Iowa.  With a sufficiency rating of 49, this bridge was a 

prime candidate for replacement.  County engineers sought to replace the existing 22-foot-wide 

bridge with a modern 40-foot-wide bridge with galvanized steel rolled beams and galvanized 

rebar. 

 

 

Figure 3.1: Old Jesup South Bridge, Constructed in 1947 (Case Study) 
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The newer Jesup South Bridge design, as shown in Figure 3.2, includes a 63-foot span, 

with two striped traffic lanes, that is supported by five girders.  The beams were delivered to the 

bridge construction site and set on October 2, 2013.  The completed Jesup South Bridge opened 

to traffic on November 19, 2013. 

 

 

Figure 3.2: Newly-Completed Jesup South Bridge, Constructed in 2013 (Case Study) 

 

The authors acknowledge the support of the following organizations who contributed to 

the construction of the V-65 Jesup South Bridge: 

 AZZ Galvanizing Services (Galvanizing) 

 BlueArc Stud Welding (Shear Studs) 

 D-MAC Industries (Steel Bridge Form) 

 Gerdau-Memphis (Reinforcing Steel: Rebar) 

 Nucor Fastener/Ziegler Bolt & Part Co. (Fasteners) 

 Nucor-Yamato Steel Company (Rolled Beams) 

 Skyline Steel (H-Piles) 

 St. Louis Screw & Bolt (Shear Studs) 

 U.S. Bridge (Fabrication Railing Materials, Steel Detailing) 
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3.3 COMPARISON OF PRODUCED BRIDGE DESIGNS 

 

Utilizing eSPAN140, county engineers were able to generate a Customized Steel Bridge 

Solutions Book containing all necessary information to fabricate and construct the new Jesup 

South Bridge.  A comparison of relevant eSPAN140 output and final design parameters is 

presented in Table 3.1. 

 

Table 3.1: Comparison of Bridge Design Parameters 

Design Parameter eSPAN140 Iowa DOT 

Roadway Width 39’-5” 40’-0” 

Girder Spacing 8’-8.4” 8’-8.5” 

Overhang Width 2’-7.2” 2’-7” 

Bearing Selections 
(Substructure) 

Elastomeric Bearings 
(Traditional Abutment) 

Rocker Bearings 
(Integral Abutment) 

Beam Selections 
(Design Suite) 

W40×149 
(Selected Sections) 

W36×135 
(Lightest Weight Sections, S=9’) 

Diaphragm Spacing Even (e.g. 21’-21’-21’) 21.5’-20’-21.5’ 

Connection Plate PL5×1/2 PL5×1/2 

Total Camber 
(Location Found) 

1.983” 
(eSPAN140 .pdf) 

2” 
(Shop Drawings) 

Shear Studs 
(Longitudinal Spacing) 

3 studs per row 
(Variable Spacing) 

2 studs per row 
(Constant 11” Spacing) 

Total Deck Thickness 8.25” 8.50” 

Deck Reinforcement 
(Top Transverse Layer) 

(Top Longitudinal Layer) 

(Bottom Transverse Layer) 

(Bottom Longitudinal Layer) 

#6 Rebar 
(18” Spacing) 

(8” Spacing) 

(18” Spacing) 

(8” Spacing) 

#6 Rebar 
(9” Spacing) 

(8.75” Spacing) 

(9” Spacing) 

(8.75” Spacing) 
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In regards to the data presented in Table 3.1: 

 Parameters describing the bridge’s cross-section show no major deviation in 

dimensions or details.  

 Since Buchanan County engineers decided to employ an integral abutment in lieu of a 

traditional abutment with elastomeric bearings, it was decided that a small S-shape 

was to be used as a rocker bearing. 

o Due to this decision, the diaphragm spacing was slightly altered to account for 

the clear span length between the faces of each abutment. 

 In lieu of using the all girder spacing envelope section reported by eSPAN140, 

Buchanan County engineers elected to use the lightest weight girder option for a 9 ft. 

girder spacing. 

o Utilizing a different girder resulted in different dead loads and different 

section properties, thereby slightly altering applied cambers. 

 In addition, due to altered loads and section properties, a revised shear 

stud layout was employed (an independent design check, conducted by 

the authors, validated this design). 

 Buchanan County engineers also elected to utilize a deck reinforcement pattern that 

incorporated a slightly larger amount of steel reinforcement. 

 

3.4 CONCLUSIONS 

 

The preceding chapter discusses the design of the new V-65 Jesup South Bridge in 

Buchanan County, Iowa.  Using eSPAN140 as a valid preliminary design, the Buchanan County 

engineers applied their local customization practices to develop the final design to be 

constructed.  The remaining chapters of this report will discuss the research program conducted 

by the authors on the behavior of this bridge under construction and live loading conditions. 
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CHAPTER 4:  RESEARCH METHODS 

 

4.1 INTRODUCTION 

 

Contained in this chapter is an overview of the experimental and analytical methods used 

to assess the V-65 Jesup South Bridge.  Specifically, an overview of the testing equipment and 

finite element modeling techniques used to validate physical test data is discussed. 

 

4.2 EXPERIMENTAL TESTING EQUIPMENT 

 

 The following section contains an overview of the equipment used to perform field 

investigations of the V-65 Jesup South Bridge. 

 

4.2.1 STS-WiFi Data Acquisition System 

 

Strains were collected and recorded by a suite of wireless instruments, devices, and 

software from Bridge Diagnostics, Incorporated (BDI).  The BDI wireless system can 

accommodate several different types of instruments and incorporates 4-channel nodes and a 

wireless base station.  Each instrument generally comes equipped with BDI's “Intelliducer” chip 

that allows it to identify itself within the software.  This eliminates confusion during post-

processing when trying to distinguish between data collected by various gages.  The instruments 

used during this field test were BDI strain transducers (see Sections 4.2.2). 

The wireless base station shown in Figure 4.1 is used to monitor real-time wireless 

broadband signals that are transmitted over several hundred feet from the 4-channel nodes 

(shown in Figure 4.2).  The nodes also monitor and power the instruments when online.  The 

base station is capable of taking readings at 500 samples per second (500 Hz) and has an 

expandable channel capacity ranging from 4 to 128 channels (in multiples of four). 
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Figure 4.1: STS WiFi Wireless Base Station (BDI) 

 

 

Figure 4.2: STS WiFi 4-Channel Node (BDI) 

 

This test system saves significant time during testing because it requires no wiring 

between the base station and the instruments.  The nodes and base station are powered by 

rechargeable 9.6V Makita Ni-MH batteries that can last up to six hours under continuous use.  

The BDI software also has a standby function that allows users to put all or some of the nodes 

into a hibernation mode for a given amount of time.  This allows users to run tests all day on a 

single battery charge without having to spend valuable time retrieving the nodes to replace 

batteries. 
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4.2.2 BDI Strain Transducers 

 

The strain gages selected for the field test were BDI's re-usable strain transducers (Figure 

4.3).  They are ideal for field-testing because they require minimal surface preparation and take 

very little time to install.  The gages have a temperature range of -60˚F to +250˚F and connect to 

the nodes with military style quick connect plugs requiring no solder.  Each gage has a range of 

±2000 με with an accuracy of ±2 percent.  Reusable mounting studs are glued to the bridge with 

an instant adhesive and mounted with a jig to ensure proper stud spacing.  The jig also reduces 

the risk of damaging the gages while tightening the nuts.  The mounting studs fit through two 

holes on either end of the gage and are tightened with two 7/16-in. nuts.  The recommended 

adhesive is Loctite 410 Black Toughened Adhesive.  The gage locations are first marked using 

black permanent markers and then prepped with a hand grinder to remove galvanization and any 

corrosion present.  The adhesive is then applied to the bottom of the transducer tabs and pressed 

against the member at the marked locations and held in place for approximately one minute until 

secure. 

 

 

Figure 4.3: BDI Strain Transducer 

 

4.3.4 Load Truck & Wheel Scales 

 

A tri-axle dump truck was used to simulate live loading during in-service testing.  The 

truck was loaded with shale for additional weight to induce various structural behaviors (see 

Figure 4.4).  The truck was weighed with Intercomp Wheel Load Weigher scales on the day of 

the test (see Figure 4.5). 
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Figure 4.4: Tri-Axle Load Truck 

 

 

Figure 4.5: Wheel Load Weigher (Intercomp) 
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4.3 FINITE ELEMENT MODELING TECHNIQUES 

 

 Abaqus 6.10-1/CAE (Dassault Systèmes, 2014) was used for the modeling and analysis 

of the V-65 Jesup South Bridge in this project.  The appropriate elements, mesh densities, and 

other associated model parameters (boundary conditions, material definitions, etc.) were adapted 

from previous research to achieve accurate results (Galindez, 2009).  Loads applied are 

representative of typical construction sequences, including overhangs, formwork, screed/rail, 

walkway, and the finishing machine. 

 A parametric algorithm was formulated in MATLAB that develops finite element meshes 

using input parameters defined by a user.  Using the appropriate input data, the algorithm 

calculates loads, assigns node and element information associated with the bridge's geometry, 

and generates a .inp file necessary for analysis in ABAQUS.  Once the .inp file is generated and 

analyzed using ABAQUS/Standard, the algorithm post-processes the results of the finite element 

analysis and computes the bridge response (including primary and lateral flange bending) from 

finite element analysis as well as the associated AASHTO approximations. 

 

4.3.1 Material Definitions 

 

 The incorporation of nonlinear behavior would create difficulties in predicting live load 

distribution and behavior during construction since strain values would be somewhat 

unpredictable once stresses breached the yield point. Therefore, all materials were only modeled 

as linear, elastic, isotropic mediums. It should also be noted that the maximum stress values for 

both the steel and concrete in all of the models once analyzed were found to be well below the 

yield stress for steel or the compressive strength of concrete, respectively, indicating that the 

modeling of the materials as linear elastic mediums was sound. This conclusion has also been 

made by other researchers. Eom and Nowak (2001) concluded, after testing 17 steel I-girder 

bridges in Michigan, that the observed response of these bridges under the application of live 

load was linear throughout their study. 

Specifically, the following material properties were employed: 

 For reinforced concrete, which was taken to have a compressive strength of 4.0 ksi, 

according to the previsions of AASHTO LRFD Section 5.4.2.4, the modulus of 
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elasticity of concrete was determined to be 3640 ksi. Also, according to AASHTO 

LRFD Section 5.4.2.5, Poisson’s ratio was taken to be 0.2. 

 For steel, which was taken to have a yield strength of 50 ksi, according to the 

previsions of AASHTO LRFD Section 6.4.1, the modulus of elasticity of steel was 

taken to be 29000 ksi. Also, Poisson’s ratio was taken to be 0.3. 

4.3.2 Element Selections 

 

Element selection for the finite element models included a 4-node, doubly-curved, finite-

membrane-strain, general-purpose shell with reduced integration (known in the Abaqus/Standard 

User’s Manual as an S4R element) and a 2-node linear beam in space (known in the 

Abaqus/Standard User’s Manual as a B31 element). S4R elements were used to simulate the 

concrete deck, the girder webs, and the girder flanges; B31 elements were used to simulate the 

diaphragm members. To model the composite action between both the girders and the deck, 

node-to-node multiple point constraints were used such that the degrees of freedom between 

nodes were restrained (these constraints are known in the Abaqus/Standard User’s Manual as an 

MPC Beam). 

 

4.3.3 Mesh Discretization 

 

AASHTO LRFD Section 4.6.3.3 describes certain guidelines that should be adhered to 

with modeling beam-slab bridges.  For example, the aspect ratio of finite elements should not 

exceed 5.0.  Also, for finite element analyses involving plate and beam elements, it is preferable 

to maintain the relative vertical distances between various elements. 

The mesh discretization for the finite element models was designed both to attain 

accurate results as well as to adhere with AASHTO LRFD specifications.  For the bridges 

modeled in this study, mesh discretization of the girders consisted of six elements along the 

flanges and eight elements along the web.  For the deck, the mesh was discretized such that 

elements were approximately 8 to 10 inches long transversely.  As for discretization along the 

longitudinal axis, all elements were discretized to be one foot long, i.e. one element per foot of 
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span length. This scheme of discretization ensured that all of the AASHTO specifications were 

met as well as that the results that were attained were accurate. 

4.3.4 Boundary Conditions and Multiple-Point Constraints 

 

Boundary conditions on the models represented common “hinge-roller” conditions.  Also, 

as is common with bridge construction, the girder ends were also restrained from lateral 

movement as well. These boundary conditions were placed on the nodes along the edges of the 

bottom flange of each girder. 

 

4.3.5 Application of Construction Loading 

 

Loads were applied to the model’s construction loading to mimic the stresses acting on 

the girders during a deck casting sequence. These loads consist of permanent dead loads and 

construction loads. The permanent loads consisted of the self-weight of the structural member 

system; whereas additional construction loads consisted of the following loads, taken from 

NSBA (2012): 

 Overhang Brackets : 50 lbs each on 3 ft spacing 

 Formworks: 10 lb/ft
2
 

 Screed Rail: 85 lb/ft
2
 

 Railing: 25 lb/ft
2
  

 Walkway: 50 lb/ft
2
 

 

4.3.6 Application of Live Loading 

 

Once the load truck placement position was determined for the experimental testing (see 

Section 5.3.3), the wheel point loads on the elements were linearly distributed to the neighboring 

nodes. A schematic of this loading is shown in Figure 4.6. Also, Equations 4.1 through 4.4 

describe the nodal loads shown in Figure 4.6. 
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Figure 4.6: Schematic of Nodal Distribution of Point Loads (Michaelson, 2010) 
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According to AASHTO LRFD Section 4.6.3.3.1, nodal loads shall be statically 

equivalent to the actual loads being applied.  It can be easily shown that the equations 

corresponding to Figure 4.6, once summed, will equal the applied point load. 
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4.4 DATA REDUCTION METHODS 

 

 Using data from both the physical field tests of the V-65 Jesup South Bridge as well the 

analysis of finite element models simulating the experiments, a series of standardized bridge 

responses were assessed.  This section describes the methods behind the calculation of those 

responses. 

 

4.4.1 Computation of Lateral Flange Bending Stresses (Construction Loading) 

 

Galindez (2009) proposed a simplified method for isolating the lateral flange bending 

stresses present in steel I-girder bridges. This method utilizes stresses measured on either side of 

the flange (i.e. f1 and f2) to compute both major-axis bending stress (fbu) and lateral flange 

bending stress (fℓ).  The plan view of the bottom flange in Figure 4.7 and Equations 4.5 through 

4.6 illustrate these calculations. 

 

 

Figure 4.7: Schematic of Nodal Distribution of Point Loads (Galindez, 2009) 
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4.4.2 Computation of Bending Moment & Live Load Distribution Factors (Live Loading) 

 

In order to calculate the bending moment in the girder, the relationship shown in Figure 

4.8 and in Equation 4.7 was employed.  This relationship is adopted from bridge field testing 

research by Barker et al. (1999). The total moment in the girder is separated into a pure steel 

girder couple, ML, a pure concrete deck couple, MU, and a couple moment between the two that 

represents the composite action, MA. 

 

 

Figure 4.8: Total Girder Moment and Discretized Components (Michaelson, 2010) 

 

 L U AM M M M          Eq. 4.7 

 

To adequately represent the stress profile of the composite section, three bending stress 

quantities were measured: 1) at the bottom of the bottom flange, 2) at a quarter of the web depth, 

and 3) at half of the web depth.  For the finite element analysis, the linear profile of stress along 

the depth of the girder can be determined.  Knowing the stress profile from either experimental 

tests or finite element analysis, Barker et al. (1999) presents the moment components with 

Equations 4.8 through 4.10: 
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For these equations: 

 Ssteel = section modulus of the steel girder 

 EIslab = flexural stiffness of the concrete slab 

 EIsteel = flexural stiffness of the steel girder 

 Asteel = cross-sectional area of the steel girder 

 dsteel = depth of the steel girder 

 haunch = distance between steel girder and concrete slab 

 tslab = thickness of concrete slab 

 

When calculating distribution factors, as demonstrated by Michaelson (2010), the 

simplest approach is to divide the moment in the beam in question by the sum of the moments in 

all the beams for a given bridge. This method will be referred to hereafter as the Stallings/Yoo 

method, as it is presented in their research (Stallings & Yoo, 1993), and is presented in Equation 

4.11, where Mi is the bending moment in the i
th

 girder and Nb is the number of girders. 
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4.5 CONCLUSIONS 

 

 The preceding chapter outlined the experimental and analytical techniques used for this 

research project. Specifically, details such as equipment selection and finite element modeling 

parameters were discussed.  These techniques were used to collect and assess data from field 

tests of the V-65 Jesup South Bridge, discussed in Chapter 5.  
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CHAPTER 5:  FIELD TESTING OF V-65 JESUP SOUTH BRIDGE 

 

5.1 INTRODUCTION 

 

 In addition to assisting with design efforts, the Bridge Technology Center (led by the 

authors), in conjunction with SSSBA, conducted field testing and finite element modeling stress 

monitoring of the V-65 Jesup South demonstration bridge.  The following chapter details two 

separate field tests performed on the V-65 Jesup South Bridge.  The first test focused on 

monitoring the behavior of the structure during placement of the concrete deck.  The second test 

focuses on assessing the structures in-service performance using vehicular live loading. 

 

5.2 ASSESSMENT OF CONSTRUCTION BEHAVIOR 

 

 Described in this section is an overview of the field test performed on the structure on 

October 24, 2013.  The focus of the field test was to assess the structure’s performance during 

the placement of the concrete deck. 

 

5.2.1 Motivation 

 

Lateral flange bending (LFB) is a torsional effect in flanges of an I-section that is caused 

by lateral loading on the flange and results from cross-section warping.  Since the St. Venant 

torsional stiffness for an open cross-section is low, torsional loads are resisted by the 

development of LFB stresses in the girder flanges. AASHTO LRFD Specifications use a fixed-

end moment approximation to account for LFB in the design phase, as described in Equations 

5.1 and 5.2, where Lb is the distance between diaphragms, wℓ is the distributed load acting along 

Lb, Fℓ is the concentrated load acting along Lb, and Mℓ is the LFB moment resulting from these 

applied loads. 
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Previous studies (Galindez, 2009; Jackson, 2013) have shown that the AASHTO 

approximation for lateral flange bending can significantly overestimate these stresses during 

deck placement.  However, these studies are largely analytical in nature.  Due to a lack of 

experimental data to validate these studies, the focus of this research effort is to assess LFB 

stresses during the deck placement of a typical simply-supported steel I-girder bridge. 

 

5.2.2 Instrumentation Plan 

 

The first field test of the V-65 Jesup South Bridge consisted of two days of preparation 

and one day of physical testing.  During the first two days on location, the main task was to 

measure and mark out the locations for each strain gage to be placed on the W36×135 girders 

along with adhering reusable tabs to the girders at the gage locations.  This also included the 

necessary surface preparation required to adhere the aforementioned reusable tabs (i.e. grinding 

away galvanizing and surface roughness).  The third day consisted of installing the strain 

indicators onto the reusable tabs, collecting strain data during the placement of the concrete deck, 

and removing instrumentation after deck placement was complete. 

In total, 14 independent gage locations were chosen for physical investigation. Gages 

were placed along the western exterior girder between the southern abutment and the first 

diaphragm location.  Specifically, seven gages were placed along a cross-section 10 feet from the 

face of the southern abutment and seven gages were placed 1 foot south of the first diaphragm 

location.  This was chosen as it was the locations determined by analytical studies to generate the 

largest magnitudes of LFB stresses present during deck casting while simultaneously eliminating 

stress concentrations at connection regions. 

For each cross-section, three gages were placed along the bottom flange (one at the center 

and one at each end), two gages were placed along the web (one on either side) at a distance d/4 
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from the bottom flange, where d is the girder depth, and two gages were placed along the web 

(one on either side) at a distance d/4 from the top flange.  This instrumentation pattern was 

chosen to measure both major-axis bending as well as lateral flange bending stresses while 

providing redundant data readings for all critical values.  All gages were oriented to measure 

stress along the girder’s longitudinal axes.  Instrumentation locations are shown in Figures 5.1 

through 5.4. 

 

 

Figure 5.1: Gage Locations along Girder Cross-Section 

 

 

Figure 5.2: Longitudinal Placement of Strain Gages 
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Figure 5.3: Bottom Flange Gage Locations (10’ from Abutment Face) 

 

 

Figure 5.4: Web Gage Locations (10’ from Abutment Face, Exterior Gages Visible) 
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5.2.3 Deck Placement 

 

Deck placement began on the north abutment and proceeded south along the span.  A 

concrete conveyor truck was used to transport concrete (delivered to the southern end of the 

span) to the northern end during deck placement.  During a placement, a crew of approximately 

12 county workers utilized a Morrison Super Screed Rail, bull floats, concrete vibrators, and 

other tools to assist in properly placing the concrete deck (Figure 5.5). 

 

 

Figure 5.5: Placement of Concrete Deck 

 

During data collection, initial readings were taken before deck placement was started and 

after deck placement was completed.  The difference between these readings indicate the change 

in stress/strain caused by the placement of the concrete deck.  Utilizing the data reduction 

methods discussed in Chapter 4, the reduced readings in Table 5.1 were obtained.  Cross sections 

referred to in Table 5.1 are described in Figure 5.2.  Note that due to the instrumentation plan 

selected, both major axis bending and lateral flange bending readings were obtained. 

  



41 

 

Table 5.1: Data Obtained from Deck Placement 

Cross Section Major-Axis Bending Stress Lateral Flange Bending Stress 

Section 1-1 + 4.99 ksi + 1.80 ksi 

Section 2-2 + 8.97 ksi − 2.20 ksi 

 

5.2.4 Finite Element Modeling 

 

Using the finite element modeling techniques discussed in Chapter 4, a finite element 

model simulating the construction loading of the V-65 Jesup South Bridge was created and 

analyzed.  Figure 5.6 illustrates the results of the analysis (specifically longitudinal bending 

stress) on the exterior girder that was instrumented.  Note the variation present in the stress 

contours along the flanges; this indicates the presence of lateral flange bending. 

 

 

Figure 5.6: Finite Element Modeling Results of Construction Loading 

 

Variation in 

flange stress 
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Utilizing the data reduction methods discussed in Chapter 4, a comparison of the 

experimentally-obtained data from the field test along with the results of the aforementioned 

finite element model are plotted in Figure 5.7.  In addition, the AASHTO LRFD approximation 

for LFB is plotted.  As shown, experimentally-obtained data and finite element results correlate 

quite well.  In addition, the comparison of AASHTO and finite element LFB stresses reiterates 

the need for improved approximations for lateral flange bending effects in steel I-girders. 

 

 

Figure 5.7: Results from Construction Loading Assessment 

 

5.3 ASSESSMENT OF IN-SERVICE PERFORMANCE 

 

 Described in this section is an overview of the field test performed on the structure on 

July 16, 2014.  The focus of the field test was to assess the structure’s performance during its in-

service state (i.e. under vehicular live load). 
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5.3.1 Motivation 

 

In lieu of a complex three-dimensional analysis, live load distribution factors are 

commonly employed by bridge engineers to simplify the analysis of a bridge system. 

Specifically, instead of looking at the bridge system as a whole, these factors allow for a designer 

or analyst to consider bridge girders individually by determining the maximum number of trucks 

that may act on a given girder.  The development of the relatively new distribution factors for 

beam-and-slab bridges incorporated in AASHTO LRFD Specifications are primarily the result of 

NCHRP Report 12-26 (Nutt, Schamber, & Zokaie, 1988). This report, however, does not take 

into account the different live load responses of interior and exterior girders. Numerous research 

studies have shown that the distribution of live load in a bridge system differs between interior 

girders and exterior girders.  In addition, there is little research on the live load distribution to 

exterior girders on steel I-girder bridges with integral-cast abutments.  Therefore, the focus of 

this research effort is to assess live load distribution characteristics of a typical simply-supported 

steel I-girder bridge with an integral abutment. 

 

5.3.2 Instrumentation Plan 

 

The second field test of the V-65 Jesup South Bridge consisted of two days of preparation 

and one day of physical testing.  During the first two days on location, the main task was to 

measure and mark out the locations for each strain gage to be placed on the W36×135 girders 

along with adhering reusable tabs to the girders at the gage locations.  This also included the 

necessary surface preparation required to adhere the aforementioned reusable tabs (i.e. grinding 

away galvanizing and surface roughness).  The third day consisted of installing the strain 

indicators onto the reusable tabs, collecting strain data during live load testing, and removing 

instrumentation after the live load tests were complete. 

In total, 15 independent gage locations were chosen for physical investigation. Gages 

were placed along each girder 1 foot south of the first diaphragm location from the southern 

abutment.  This was chosen since it used tab locations from the previous field test.  Specifically, 

three gages were placed along each girder:  one gage along the center of the bottom flange, one 

along the web at a distance d/4 from the bottom flange, where d is the girder depth, and one gage 
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along the web at a distance d/2 from the bottom flange.  This instrumentation pattern was chosen 

to measure major-axis bending in all of the girders while providing redundant data readings for 

all critical values.  All gages were oriented to measure stress along the girder’s longitudinal axes.  

Instrumentation locations are shown in Figures 5.8 and 5.9. 

 

 

Figure 5.8: Gage Locations along Bridge Cross-Section (Looking North) 

 

 

Figure 5.9: Gage Locations (1’ from South Diaphragm) 
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5.3.3 Live Load Placement 

 

The live load used for testing was a tri-axle dump truck made available by the Buchanan 

County Secondary Roads Department.  The truck was weighed and measured with wheel-load 

scales and a tape measure. The truck is shown in Figure 5.10, and dimensions and wheel weights 

are shown in Figure 5.11. 

 

 

Figure 5.10: Tri-Axle Load Truck 

 

Figure 5.11: Truck Dimensions and Wheel Loads 
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The truck placements used during physical testing were intended to generate the 

maximum response in each girder with the fewest number of runs while also exploiting 

symmetry (since the bridge has no skew angle).  By taking advantage of symmetry, it was 

determined that only five truck runs needed to be completed.  Those truck runs are detailed in 

Figure 5.12. 

 

 

Figure 5.12: Live Load Truck Placements (Looking North) 

 

For each truck run, the truck was driven at a crawl speed, and then stopped with the 

center axle resting at a given cross-section. The resulting racking and induced vibrations were 

allowed to settle to obtain a “pseudo-static” reading from each gage. This is desirable both from 

a design standpoint (current design methods use static analyses to obtain live load envelopes) and 

from a modeling standpoint (the proposed modeling technique assumed static behavior).  For 

each run, the truck was stopped at two locations: 

 19 feet from the southern abutment (to maximize bending moment at the gage 

locations). 

 Midspan (to generate maximum bending moment in the girders) 
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During data collection, initial readings were taken before truck placement was started and 

after each truck placement was completed.  The difference between these readings indicate the 

change in stress/strain caused by the placement of the vehicular live load.  Utilizing the data 

reduction methods discussed in Chapter 4, the reduced readings in Table 5.2 were obtained.  

Truck runs referred to in Table 5.2 are described in Figure 5.12.  Note that, due to the loading 

plan selected, both moments with the truck at the gage location and at midspan were obtained. 

 

Table 5.2: Experimental Bending Moments Obtained from Live Load Placement (ft-kip) 

Truck Run Truck Location MG1 MG2 MG3 MG4 MG5 

Run 1 
L = 19 ft 129.4 88.3 30.5 12.4 8.5 

Midspan 71.7 50.2 24.1 9.7 13.3 

Run 2 
L = 19 ft 104.0 101.2 37.8 13.8 19.8 

Midspan 62.0 48.1 26.1 10.8 16.8 

Run 3 
L = 19 ft 77.2 105.1 47.7 16.1 20.2 

Midspan 50.8 48.5 26.8 11.6 67.0 

Run 4 
L = 19 ft 35.6 85.2 79.7 31.7 36.6 

Midspan 29.2 47.0 32.0 20.7 37.8 

Run 5 
L = 19 ft 18.0 58.7 84.5 50.6 49.7 

Midspan 15.4 40.5 32.0 23.9 48.5 

 

5.3.4 Finite Element Modeling 

 

Using the finite element modeling techniques discussed in Chapter 4, a finite element 

model simulating the live loading of the V-65 Jesup South Bridge was created and analyzed.  

Figure 5.13 illustrates the model used to simulate live loading on the structure. 
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Figure 5.13: Finite Element Modeling Results of Live Loading 

 

Utilizing the data reduction methods discussed in Chapter 4, a comparison of the 

experimentally-obtained data from the field test along with the results of the aforementioned 

finite element model are plotted in Figure 5.14.  Specifically, a comparison of experimentally-

computed distribution factors and those reduced from finite element analyses are plotted.  As 

shown, there is good correlation between the experimental and analytical results. 
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Figure 5.14: Results from Live Loading Assessment 

 

5.4 CONCLUSION  

 

 The contents of this chapter have detailed two separate field tests conducted on the V-65 

Jesup South Bridge.  The accuracy of this data has been benchmarked against analytical 

investigations using methods discussed in Chapter 4.  The results of these assessments show that 

the data generated from the field tests is quite accurate and will prove invaluable in future 

analytical studies on short-span steel bridge behavior. 
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CHAPTER 6:  SUMMARY & CONCLUDING REMARKS 

 

6.1 PROJECT SUMMARY 

 

The scope of this report was to discuss the development of eSPAN140 and its associated 

design standards along with how eSPAN140 was utilized during its first documented application, 

the V-65 Jesup South Bridge.  As discussed in the report, it is clear that eSPAN140 is quite 

capable of producing efficient and economical solutions in the short-span range.  For this project, 

eSPAN140 provided all the necessary parameters for county engineers to refine and synthesize 

an effective short-span steel bridge design. 

 

6.2 RECOMMENDATIONS FOR CONTINUED WORK 

 

 The authors recommend the following tasks for future work: 

 Deliver presentations summarizing this project at technical meetings and 

conferences, including SSSBA semiannual meetings, state/county engineering 

conferences, and other appropriate venues. 

 Utilize experimental data obtained in this research to conduct future analytical 

studies in various aspects of short-span steel bridge behavior, such as: 

o Lateral flange bending in steel I-girder bridges 

o Live load distribution in steel I-girder bridges 

o Etc. 
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Appendix A:  eSPAN140 Output 

 

The following appendix includes the eSPAN140 output for the V-65 Jesup South Bridge.  

It should be noted that some of the final design parameters were altered from the eSPAN140 

output and verified by the authors. 
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Appendix B:  V-65 Jesup South Bridge Plans 

 

The following appendix includes the plans for the V-65 Jesup South Bridge.  It should be 

noted that the plans have been scaled down from their original 11×17 format to 8½×11. 
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Appendix C:  AASHTO Design Calculations 

 

The following appendix includes the AASHTO Design Calculations for the V-65 Jesup 

South Bridge. 
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Section C1: Design Parameters 

 

C1.1 INTRODUCTION 

 

 Contained in this chapter is an overview of the layout of the V-65 Jesup South Bridge 

assessed in this design evaluation.  In addition, a comprehensive overview of loads, load 

combinations, and limit states employed are included.  Finally, a discussion of parameters and 

calculations are presented. 

 

C1.2 BRIDGE LAYOUT 

 

 As shown in the figure below, the bridge in this design evaluation is designed for two 12 

foot travel lanes and two 7.5 foot shoulders.  The bridge has two guardrails that are mounted to 

the edges of the deck.  To accommodate the lanes and shoulders, the bridge consists of 5 girders 

spaced at 8.71 feet with 2.58-foot-wide overhangs.  An 8.5-inch-thick concrete deck is 

employed, which includes a ½ inch sacrificial wearing surface (also referred to as an integral 

wearing surface, or IWS) and 2-inch haunch (measured from the bottom of the top flange to the 

bottom of the deck).  In addition, this bridge is designed for a simple span of 63 feet with 

diaphragms spaced at 21.5 feet from each end.  No skew is present in this girder layout. 

 

 

Figure C1.1: V-65 Jesup South Bridge Cross Section 
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C1.3 DESIGN PARAMETERS 

 

 The V-65 Jesup South Bridge has been designed according to the fifth edition of the 

AASHTO LRFD Bridge Design Specifications (2010).  All Articles referred to hereafter will 

refer directly to the AASHTO Specifications.  Contained in this section is a description of the 

loads and load combinations employed, the limits states assessed in this design evaluation, and 

the loads used throughout this design process. 

 

C1.3.1 Loads & Load Combinations 

 

 For this set of design evaluations, the following permanent and transient loads are 

evaluated: 

 DC = dead load of structural components and nonstructural attachments 

o Divided into two components:  DC1 (applied to the noncomposite section) 

and DC2 (applied to the composite section) 

 DW = dead load of wearing surface and utilities 

 IM = vehicular dynamic load allowance 

o Serves to amplify the vehicular components of the HL-93 live load (i.e. 

the truck and tandem) 

o For the fatigue limit state, IM = 15% (Article 3.6.2) 

o For all other limit states, IM = 33% (Article 3.6.2) 

 LL = vehicular live load 

o The HL-93 vehicular live load as defined in Article 3.6.1.2. 

 Combination of either design truck + design lane or the design 

tandem + design lane (whichever yields the largest force effect). 

o Note that for the fatigue limit state, the fatigue load consists of only one 

design truck with a fixed rear axle spacing of 30 feet (Article 3.6.1.4.1) 
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Using these specified loads, the following load combinations are assessed (values for 

load factors were derived from Tables 3.4.1-1 and 3.4.1-2 unless otherwise specified).  For this 

set of design calculations, D  (ductility factor), R  (redundancy factor), and I  (operational 

importance factor) are all taken to be 1.00. 

 Strength I:  basic load combination relating to the normal vehicular use of the 

bridge without wind 

o 1.25 DC + 1.50 DW + 1.75 (LL + IM) 

o In addition, for evaluating the constructability requirements of Article 

6.10.3, according to Article 3.4.2, all load factors associated with 

construction loads were taken to be 1.50. 

 Strength IV:  load combination relating to very high dead to live load force effect 

ratios 

o 1.50 DC + 1.50 DW 

 Service I:  load combination associated with evaluation of live load deflections 

(Article 3.4.2.2) 

o 1.00 (LL + IM) 

 Service II:  load combination intended to control yielding of steel structures 

o 1.00 DC + 1.00 DW + 1.30 (LL + IM) 

 Fatigue I:  fatigue load combination related to infinite load-induced fatigue life 

(see 2.4.3 for evaluation) 

o 1.50 (LL + IM) 

 

The following loads were taken for all of the calculations in this design evaluation: 

 Unit weight of concrete = 150 pcf 

 Compressive strength of concrete = 4000 psi 

o These values correspond to normal weight concrete.  For normal weight 

concrete, according to the provisions of Article C6.10.1.1.1b, this yields a 

modular ratio, n, of 8. 

 Unit weight of steel = 490 pcf 

 Steel stay-in-place formwork (SIP) unit weight = 15 psf 

 Future wearing surface = 25 psf 
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 To account for miscellaneous steel details, such as diaphragms and connection 

stiffeners, the weight of the steel girders was increased by 5%. 

 Construction loads: 

o Overhang deck forms = 40 lb/ft 

o Screed rail = 85 lb/ft 

o Railing = 25 lb/ft 

o Walkway = 125 lb/ft 

o Finishing machine = 3000 lb 

 

C1.3.2 Limit States Evaluated 

 

 The limit states that pertain to the performance of the girders are discussed in this section.  

It should be noted that, for all limit states, according to Article 6.5.4.2, the resistance factor for 

flexure, ϕf, and for shear, ϕv, are both taken to be 1.00.  In addition, since both girders are fully 

comprised of 50-ksi steel, the hybrid factor, Rh, is taken as 1.0. 

 

C1.3.2.1 Cross-Section Proportion Limits (Article 6.10.2) 

 

The girders in this design evaluation were evaluated to meet the cross-section proportion 

limits of Article 6.10.2.  These limits are divided into two main categories:  flange proportions 

and web proportions. 

For webs without longitudinal stiffeners, the following limit is employed from Article 

6.10.2.1.1. 

 

150
wt

D
 Eq. 6.10.2.1.1-1 
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The following limits are employed for flange proportions.  In addition to the limits set 

forth in Article 6.10.2.2, Article C6.10.3.4 specifies an additional limit to prevent out-of-plane 

distortions of the girder compression flanges and web during construction, which is also 

employed throughout this design evaluation. 

 

 

C1.3.2.2 Constructibility (Article 6.10.3) 

 

Article 2.5.3 requires that bridges should be designed in a manner such that 

fabrication/erection can be performed without undue difficulty or distress and that locked-in 

construction force effects are within tolerable limits.  To meet this requirement, the provisions of 

Article 6.10.3 are employed.  Article 6.10.3 outlines several provisions for limiting stress in 

discretely-braced compression and tension flanges related to yielding of the flanges, flexural 

resistance of the compression flange, and web bend-buckling resistance, and are as follows.  

Details regarding the computation of the flexural resistance of the compression flange, Fnc, and 

the web bend-buckling resistance, Fcrw, are reserved for Section C2. 
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 Eq. 6.10.2.2-1 
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b f   Eq. 6.10.2.2-2 

wf tt 1.1  Eq. 6.10.2.2-3 
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 Eq. 6.10.2.2-4 
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L
b fc   Eq. C6.10.3.4-1 
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ychflbu FRff   Eq. 6.10.3.2.1-1 

ncflbu Fff 
3

1
 Eq. 6.10.3.2.1-2 

crwfbu Ff   Eq. 6.10.3.2.1-3 

ythflbu FRff   Eq. 6.10.3.2.2-1 

 

To determine the stresses resulting from lateral loads during construction, an 

approximation for lateral moments is specified Article C6.10.3.4, which idealizes the girder as a 

fixed beam between lateral bracing elements.  Lateral bending moments are approximated as 

shown for statically equivalent uniform loads, Fl, and concentrated loads, Pl.  For this bridge, 

constructibility requirements are evaluated at the middle unbraced segment, which has an 

unbraced length, Lb, of 20 feet. 

 

12

2

bl
l

LF
M   Eq. C6.10.3.4-2 

8

bl
l

LP
M   Eq. C6.10.3.4-3 

  

In addition to this approximation, Article 6.10.1.6 specifies that a second-order analysis 

must be performed for lateral flange bending stresses in the compression flange if the unbraced 

length violates the limit set forth in Eq. 6.10.1.6-3.  If this limit is not satisfied, an approximation 

is provided which amplifies first-order lateral flange bending stresses, fl1, as a function of the 

major-axis bending stress and the elastic lateral torsional buckling stress, Fcr. 
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In lieu of performing a deck casting sequence analysis, since this bridge layout is a 

simple span, the deck is conservatively assumed to be cast in one pour.  Therefore, the major-

axis bending stress, fbu, is that from the total noncomposite dead load, or DC1.  Also, when 

checking constructibility, the web load-shedding factor, Rb, is taken as 1.0, according to Article 

6.10.1.10.2. 

 It should be noted that Article 6.10.3 also specifies that the webs shall satisfy a capacity 

requirement during construction.  However, as the construction shear loads in this design 

evaluation are lower than the shear loads the girder must withstand at the strength limit state, this 

requirement is not explicitly evaluated here; instead, this is evaluated at the strength limit state 

(see C1.3.2.5). 

 

C1.3.2.3 Service Limit State (Article 6.10.4) 

 

The intent of the service limit state is to limit stresses and deformations under regular 

operating conditions.  This is accomplished by limiting the levels of stress that the member 

experiences in order to prevent localized yielding.  This is shown in the equations below.  Note 

that for the girders in the design evaluation, no lateral stresses are considered at service 

conditions. 

 

FOR THE TOP STEEL FLANGE OF COMPOSITE SECTIONS 

yfhf FRf 95.0  Eq. 6.10.4.2.2-1 

 

FOR THE BOTTOM STEEL FLANGE OF COMPOSITE SECTIONS 

yfh
l

f FR
f

f 95.0
2
  Eq. 6.10.4.2.2-2 

  

In addition to the limit set forth for permanent deformations, many state DOTs and owner 

agencies choose to invoke optional live load deflection criteria which are meant to ensure user 

comfort.  This optional limit is also evaluated.  Article 2.5.2.6.2 specifies deflection criteria that 

may be used; for bridges subjected to vehicular loads only, a limit of L/800 is specified.  

Therefore, for a span length of 63 ft, this equates to a live load deflection limit of 0.945 inches. 
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C1.3.2.4 Fatigue Limit State (Article 6.10.5) 

 

The intent of the fatigue limit state is to control crack growth under cyclic loading 

conditions by limiting the range of live load stress, Δf, that steel members are subjected to.  

Specifically, load induced fatigue categories must satisfy the limit below.  For the limit state, the 

load factor, γ, and the nominal fatigue resistance, (ΔF)n, associated with the fatigue limit state are 

a function of the number of stress cycles the girder is subjected to.  This is discussed explicitly in 

C1.4.3. 

 

   NFf   Eq. 6.6.1.2.2-1 

  

Article 6.10.5 also specifies a special fatigue requirement for webs with interior 

transverse shear stiffeners.  For this bridge, the webs are unstiffened by transverse shear 

stiffeners.  Therefore, the special web fatigue requirement specified in Article 6.10.5.3 does not 

need to be evaluated for this design. 

 

C1.3.2.5 Strength Limit State (Article 6.10.6) 

 

The intent of the strength limit state is to ensure that the structure has adequate strength 

and stability when subjected to maximum factored loads.  For composite sections in positive 

flexure, sections must meet flexural resistance requirements as well as a ductility requirement as 

specified in Article 6.10.7.3.  In addition, the section must also have adequate shear capacity 

under maximum factored loads.  The computation of the girders’ flexural resistance, shear 

resistance, and ductility are discussed in the next section, along with the factored loads and force 

effects that the girder must withstand. 

 

C1.4 COMMON PARAMETERS & CALCULATIONS 

 

 Contained herein is a brief description of parameters and values that are used for the 

rolled beam solution used for this design evaluation.  
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C1.4.1 Section Properties 

 

As stated in Article 6.10.1.1.1, stresses in a composite section due to applied loads shall 

be the sum of stresses applied separately to the noncomposite (or steel) section, the short-term 

composite section, and the long-term composite section.  For calculating flexural stresses, the 

concrete deck is transformed to an equivalent area of steel through the use of the modular ratio, 

n.  As stated in C1.3.1, for these bridges, n = 8.  For loads applied to the short-term composite 

section (i.e. LL + IM), the concrete is transformed by dividing the concrete’s effective flange 

width by n; for loads applied to the long-term composite section (i.e. DC2 and DW), the concrete 

is transformed by dividing the concrete’s effective flange width by 3n. 

To compute the effective flange width, Article 4.6.2.6 states that the effective flange 

width of a concrete deck shall be taken as the tributary width.  Therefore, for the bridge layout in 

this evaluation, for interior and exterior girders, the effective flange width is 104.5 inches and 

83.25 inches, respectively. 

 

C1.4.2 Multiple Presence Factors & Live Load Distribution Factors 

 

Multiple presence factors account for the probability of coincident live loadings, and are 

listed in Article 3.6.1.1.2.  These factors have already been included in the empirical equations 

listed in Article 4.6.2.2.  However, when employing the lever rule or special analysis, the 

engineer must apply these factors.  For the reader’s convenience, these factors are listed in Table 

C1.1.  It should be noted that multiple presence factors are not applied when evaluating the 

fatigue limit state. 

 

Table C1.1: Multiple Presence Factors 

Number of Lanes Loaded m 

One Lane Loaded 1.20 

Two Lanes Loaded 1.00 

Three Lanes Loaded 0.85 

More Than Three Lanes Loaded 0.65 
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In lieu of a complex three-dimensional analysis, live load distribution factors were 

employed to determine live loads on individual girders.  As stated in Article 4.6.2.2, these factors 

are only applicable if the bridge falls within a certain range of parameters. 

Parameters for this set of bridges as well as their specified limits in Article 4.6.2.2 are 

listed.  As shown, all parameters are within the specified limits.  Note that the limit for Kg is not 

explicitly evaluated here and will be discussed later. 

 3.5 ≤ S ≤ 16.0 

o S = girder spacing (ft) = 8.67 

 4.5 ≤ ts ≤ 16 

o ts = structural slab thickness (in) = 8.00 

 20 ≤ L ≤ 240 

o L = span length (ft) = 63 

 Nb ≥ 4 

o Nb = number of bridge girders = 5 

 -1.0 ≤ de ≤ 5.5 

o de = distance from the centerline of the exterior girder’s web to the edge of 

the deck (ft) = 2.58 

 10,000 ≤ Kg ≤ 7,000,000 

 

As previously stated, any of the distribution factors in Article 4.6.2.2 are a function of a 

longitudinal stiffness parameter, Kg, which is found as follows. 

 

 2

gg AeInK   Eq. 4.6.2.2.1-1 

 

Once the longitudinal stiffness parameter is found, the distribution factors used in these 

analyses are found as follows: 

 

BENDING MOMENT FOR AN INTERIOR GIRDER, ONE LANE LOADED 
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BENDING MOMENT FOR AN INTERIOR GIRDER, MULTIPLE LANES LOADED 
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SHEAR FOR AN INTERIOR GIRDER, ONE LANE LOADED 

0.25
36.0

S
g   Tab. 4.6.2.2.3a-1 

 

SHEAR FOR AN INTERIOR GIRDER, MULTIPLE LANES LOADED 
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g  Tab. 4.6.2.2.2d-1 

 

BENDING MOMENT FOR AN EXTERIOR GIRDER, ONE LANE LOADED 

Use of the Lever Rule is employed (Tab. 4.6.2.2.2d-1) 

 

BENDING MOMENT FOR AN EXTERIOR GIRDER, MULTIPLE LANES LOADED 

interior
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SHEAR FOR AN EXTERIOR GIRDER, ONE LANE LOADED 

Use of the Lever Rule is employed (Tab. 4.6.2.2.3b-1) 

 

SHEAR FOR AN EXTERIOR GIRDER, MULTIPLE LANES LOADED 

interior
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According to Article C4.6.2.2.2d, an additional investigation is required for steel slab-on-

beam bridges, which assumes the entire cross-section rotates as a rigid body about the 

longitudinal centerline of the bridge.  Additional distribution factors for bending moment and 

shear for exterior girders are computed according to the following formula. 
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 Eq. C4.6.2.2.2d-1 

 

To determine the distribution of live load deflections, according to Article 2.5.5.6.2, all 

design lanes should be loaded, and all supporting components should be assumed to deflect 

equally.  In addition, it is stated that the appropriate multiple presence factor shall be applied.  

This is described mathematically in the formula below. 

 

b

L

N

N
mg   Art. 2.5.2.6.2 

  

C1.4.2.1 Lever Rule Analysis 

 

To determine the live load distribution of moment and shear in exterior beams for one 

lane loaded scenarios, the Specifications state that the lever rule shall be employed.  A diagram 

showing the placement of the truck for the Lever Rule is shown in the Figure C1.2.  According to 

Article 3.6.1.3.1, for the design of all bridge components other than the deck overhang, the 

design vehicle is to be positioned transversely such that the center of any wheel load is not closer 

than 2.0 feet from the edge of the design lane.  Therefore, to produce the extreme force effect in 

the exterior girder, the truck is placed as close to the edge of the bridge as possible, i.e. 2 feet 

from the barrier or curb.  To determine the distribution factor, moments are summed at the 

assumed hinge at the adjacent interior girder to determine the percentage of load resisted by the 

exterior girder. 
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Figure C1.2: Lever Rule Truck Placement 

 

Therefore, the lever rule analysis is as follows: 

 

   0.5 8.79 0.5 2.79
Lever Rule Analysis 0.665

8.71


   

 

To obtain the resulting distribution factor, this value is simply multiplied by the 

appropriate multiple presence factor for one-lane-loaded scenarios, or 1.20. 

 

 1.20 0.665 0.798g  

 
 

C1.4.2.2 Special Analysis (Article C4.6.2.2.2d) 

 

As stated, an additional investigation is required which assumes the entire cross-section 

rotates as a rigid body about the longitudinal centerline of the bridge.  When applying Special 

Analysis, the process is iterated for as many design vehicles that can fit onto the bridge cross-

section. Also, it is the responsibility of the designer or analyst to apply the appropriate multiple 

presence factors to the derived reactions. 

 



124 

 

The first step is determining the eccentricities of the girders from the center-of-gravity of 

the girder group (x values) and the squares of those values.  These values are listed in the table 

below. 

 

Table C1.2: Girder Eccentricities 

Girder x (ft) x² (ft²) 

1 -17.42 303.34 

2 -8.71 75.84 

3 0 0 

4 

5 

8.71 

17.42 

75.84 

303.34 

 

Σ = 758.64 

 

Therefore, 
2 2758.64 ft

bN

x  . 

 

The next step is to determine the placement of trucks and the eccentricity of these trucks 

from the center-of-gravity of the girder group (e values).  This step is shown graphically in the 

figure below.   

 

 

Figure C1.3: Special Analysis Truck Placement 
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Therefore, for this truck placement scheme, the eccentricities, and their sums are as 

follows: 

 

1 14.5 ft,e 

 

14.5 ft
LN

e 
 

2 2.5 ft,e 

 

14.5 ft 2.5 ft 17 ft
LN

e     

2 9.5 ft,e  

 

 14.5 ft 2.5 ft 9.5 ft 7.5 ft
LN

e       

 

Employing these values and the appropriate multiple presence factors (Article 3.6.1.1.2), 

special analysis distribution factors can then be calculated.  For these calculations, Xext is simply 

the distance from the center-of-gravity of the girder group to the exterior girder, or 17.42 feet. 

 

  
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1.20 0.640
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 
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 
 

  
2 2

17.42 ft 17 ft2
1.00 0.790

5 758.64 ft
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 
   

 
 

  
3 2

17.42 ft 7.5 ft3
0.85 0.656

5 758.64 ft
R

 
   

 
 

 

C1.4.2.3 Distribution Factor for Live Load Deflection (Article 2.5.2.6.2) 

 

To determine the distribution factor for live load deflections, all girders are assumed to 

deflect equally as previously stated, and the appropriate multiple presence factor shall be applied.  

For this bridge, with a clear roadway width of 39 feet, this equates to three design lanes (Article 

3.6.1.1.1).  Therefore, with a multiple presence factor of 0.85 for three loaded lanes (Article 

3.6.1.1.2), the distribution factor is as follows: 

 

3
0.85 0.51

5
g

 
  
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C1.4.3 Nominal Fatigue Resistance 

 

Article 6.10.5.1 requires that fatigue be investigated in accordance with Article 6.6.1, 

which states that the live load stress range be less than the fatigue resistance.  The fatigue 

resistance (ΔF)n varies based on the fatigue category to which a particular member or detail 

belongs.  The nominal fatigue resistance is taken as follows: 

 

For the Fatigue I load combination (infinite life): 

   THn FF   Eq. 6.6.1.2.5-1 

 

For the Fatigue II load combination (finite life): 

 
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
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


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N

A
F n  Eq. 6.6.1.2.5-2 

     SLADTTnN 75365  Eq. 6.6.1.2.5-3 

 

For this design evaluation, the detail chosen for evaluation is the base metal at the weld 

joining the lateral bracing connection plates at interior diaphragms.  According to Table 

6.6.1.2.3-1, this detail is listed with a fatigue category C’.  For a C’ fatigue category, a constant 

amplitude fatigue threshold,  THF = 12 ksi (Table 6.6.1.2.5-3) is obtained. 

Values for n, or the cycles per truck passage, are listed in Table 6.6.1.2.5-2.  For a 

simple-span girder with a span length larger than 40 feet, n is taken as 1.0. 

To determine the single-lane average daily truck traffic, (ADTT)SL, a value of the average 

daily truck traffic , ADTT, must be assumed.  For this example, an ADTT of 4000 trucks per day 

was assumed.  Table 3.6.1.4.2-1 list p values, which are fractions of ADTT that can be expected 

in a single lane.  For a two-lane bridge, p = 0.85.  Therefore, according to Equation 3.6.1.4.2-1, 

(ADTT)SL can be easily evaluated. 

 

      trucks/day3400trucks/day400085.0  ADTTpADTT SL  

 



127 

 

Table 6.6.1.2.3-2 lists average daily truck traffic values which are equivalent to infinite 

life.  Specifically, Article 6.6.1.2.3 states that when the actual (ADTT)SL value is larger than that 

listed in the Table, the detail in question shall be designed for the Fatigue I load combination for 

infinite life.  For a fatigue category C’, a value of 745 trucks/day is listed.  Therefore, the detail 

chosen for this design evaluation is evaluated for the Fatigue I load combination for infinite life. 

 

C1.5 SUMMARY 

 

This section contained an overview of the layout of the V-65 Jesup South Bridge assessed 

in this design evaluation.  In addition, a comprehensive overview of loads, load combinations, 

and limit states employed were included.  Finally, a discussion of parameters and calculations 

was presented.  These parameters will be used to evaluate the girder solution in the following 

section. 
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Section C2:  Design Assessment 

 

C2.1 INTRODUCTION 

 

Contained in this section is a design assessment according to current AASHTO LRFD 

Specifications of a rolled beam selected from the V-65 Jesup South Bridge.  In this design 

assessment, an evaluation of the girder at the strength, service, and fatigue limit states is 

conducted.  Additionally, an analysis is conducted to determine whether the girder meets 

constructibility requirements under typical construction loads as specified in Article 6.10.3. 

 

C2.2 GIRDER GEOMETRY 

 

 The rolled beams used in the V-65 Jesup South Bridge were comprised of ASTM A709 

Grade 50 steel (Fy = 50 ksi).  The properties of this selection, a W36×135, were obtained from 

the current edition of the AISC Steel Construction Manual, and are listed below: 
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C2.2.1 Section Properties 

 

Section properties for the girder are listed on the following pages.  For these calculations, 

all “y” distances are taken from the bottom of the bottom flange.  Section properties are 

calculated for short-term composite sections (dividing the effective flange width by n) and long-

term composite sections (dividing the effective flange width by 3n).  As stated in Section C1, the 

modular ratio, n, for this bridge is taken as 8, and the effective flange widths are as follows. 

 For interior girders, 104.5 inches 

 For exterior girders, 83.25 inches 

 

Shape A (in²) y (in) Ay (in³) I₀ (in⁴) d (in) I (in⁴)

Girder 39.9 17.80 710.2 7800.0 9.44 11354.6

Slab 27.8 40.81 1132.5 148.0 -13.57 5259.0

Σ 67.7 1842.7 16613.7

Shape A (in²) y (in) Ay (in³) I₀ (in⁴) d (in) I (in⁴)

Girder 39.9 17.80 710.2 7800.0 15.55 17454.0

Slab 83.3 40.81 3397.4 444.0 -7.46 5070.9

Σ 123.2 4107.7 22524.9

Shape A (in²) y (in) Ay (in³) I₀ (in⁴) d (in) I (in⁴)

Girder 39.9 17.80 710.2 7800.0 10.73 12389.5

Slab 34.8 40.81 1421.5 185.8 -12.29 5442.9

Σ 74.7 2131.8 17832.4

Shape A (in²) y (in) Ay (in³) I₀ (in⁴) d (in) I (in⁴)

Girder 39.9 17.80 710.2 7800.0 16.65 18863.8

Slab 104.5 40.81 4264.6 557.3 -6.36 4781.7

Σ 144.4 4974.9 23645.5

Long Term Composite Section (Exterior Girder)

Short Term Composite Section (Exterior Girder)

Long Term Composite Section (Interior Girder)

Short Term Composite Section (Interior Girder)
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C2.2.2 Cross-Section Proportion Limits 

 

The girder in this design evaluation was evaluated to meet the cross-section proportion 

limits of Article 6.10.2.  For webs without longitudinal stiffeners, the following limit is 

employed from Article 6.10.2.1.1. 

 

150
wt

D
 Eq. 6.10.2.1.1-1

 

 35.6 2 0.79
150

0.600




 

56.7 150 OK 

 
 

As previously stated, the following limits are employed for flange proportions.  In 

addition to the limits set forth in Article 6.10.2.2, Article C6.10.3.4 specifies an additional limit 

for the compression flange, and is presented below.  For this evaluation, the results show that the 

girder meets all applicable cross-section proportion limits. 

 

0.12
2


f

f

t

b
  Eq. 6.10.2.2-1

 

7.56 12.0 OK 

 
 

6

D
b f   Eq. 6.10.2.2-2

 

 35.6 2 0.79
12.0

6




 

12.0 5.67 OK 
 

 

wf tt 1.1   Eq. 6.10.2.2-3
 

 0.79 1.1 0.600
 

0.79 0.66 OK 
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101.0 
yt

yc

I

I
  Eq. 6.10.2.2-3

 

  
  

3

3

0.79 12.0 /12
0.1 10

0.79 12.0 /12
 

 

OK 100.11.0

 
 

85

L
b fc    Eq. C6.10.3.4-1

 

 63 12
12.0

85


 

12.0 8.89 OK   

 

C2.3 DEAD LOADS 

 

 The dead loads computed for this girder consist of the component and attachment dead 

load (DC) and the wearing surface dead load (DW) and are described herein. 

 

C2.3.1 Component and Attachment Dead Load (DC) 

 

The dead load of structural components and nonstructural attachments are computed as 

follows.  As previously stated, the DC load is divided into two components, the load applied to 

the noncomposite section (DC1) and the load applied to the long-term composite section (DC2).  

Loads such as the slab, overhang tapers, the guardrail, and the SIP formwork are assumed to be 

equally distributed to all of the girders. 
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NONCOMPOSITE DEAD LOAD (DC1): 

 
0.150 8.5

Slab 40
5 12

  
   

  
 0.850 kip/ft 

12 2.0 0.79
Haunch 0.150

12 12

    
    

   
 0.015 kip/ft 

2 2.0 0.79 31 12 2
Taper 0.150

5 12 12

       
      

     
 0.013 kip/ft 

0.015 12
SIP 4 8.71

5 12

 
  

 
 0.093 kip/ft 

Girder W36 135   0.135 kip/ft 

Misc. Details 5%  0.007 kip/ft 

 1.113 kip/ft 

 

COMPOSITE DEAD LOAD (DC2): 

 
2

Guardrail 0.100
5

  0.040 kip/ft 

 0.040 kip/ft 

 

C2.3.2 Wearing Surface Dead Load (DW) 

 

The dead load of the future wearing surface is applied across the clear roadway width of 

39 feet.  Like DC1 and DC2, loads are assumed to be equally distributed to all of the girders. 

 

 WEARING SURFACE DEAD LOAD (DW): 

 
0.025

Wearing Surface 39
5

  0.195 kip/ft 

 0.195 kip/ft 
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C2.4 STRUCTURAL ANALYSIS 

 

For this design evaluation, an approximate analysis is conducted which employs a line-

girder analysis model.  Dead loads, as stated earlier, are assumed to be evenly distributed to all 

girders.  For live loads, live load distribution factors are used to distribute the vehicular live load 

to the line-girder model. 

 

C2.4.1 Live Load Distribution Factors (Article 4.6.2.2) 

 

As previously stated, many of the bending moment distribution factors specified in 

Article 4.6.2.2 are a function of Kg, a longitudinal stiffness parameter.  Kg is computed according 

to Eq. 4.6.2.2.1-1, and is shown below for an interior girder.  Note that Kg does not need to be 

calculated for exterior girders since the lever rule, special analysis, and modified interior 

distribution factors serve as the exterior girder moment distribution factors.  In addition, as 

previously stated, Kg must lie between 10,000 in
4
 and 7,000,000 in

4
 for the application of these 

distribution factors to be valid; as shown, this limit is clearly met. 

 

 2

gg AeInK 
 

   
2

35.6 8.0
8 7800 39.9 2.0 0.79

2 2
gK

  
      

   
 

4231,404 ingK   

 

C2.4.1.1 General Live Load Distribution Factors 

 

Using the formulas and methods discussed in C1.4.2, moment and shear distribution 

factors for the strength and service limit states are calculated and listed as follows.  Note that 

many of the values are repeated as the lever rule and special analysis apply to both moment and 

shear distribution. 
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STRENGTH AND SERVICE LIMIT STATE 

Bending Moment - Interior Girder  

     One Lane Loaded 0.494 

     Multiple Lanes Loaded 0.682 

Shear - Interior Girder 
 

     One Lane Loaded 0.708 

     Multiple Lanes Loaded 0.864 

Bending Moment - Exterior Girder 
 

     One Lane Loaded 0.798 

     Multiple Lanes Loaded 0.716 

     Special Analysis (1 Lane) 0.64 

     Special Analysis (2 Lanes) 

     Special Analysis (3 Lanes) 

0.79 

0.659 

Shear - Exterior Girder 
 

     One Lane Loaded 0.798 

     Multiple Lanes Loaded 0.682 

     Special Analysis (1 Lane) 0.64 

     Special Analysis (2 Lanes) 

     Special Analysis (3 Lanes) 

0.79 

0.659 

 

C2.4.1.2 Fatigue Live Load Distribution Factors 

 

Using the formulas and methods discussed in C1.4.2, live load distribution factors for the 

fatigue limit state are calculated and listed below. To obtain these values, the previously 

computed distribution factors for one-lane-loaded scenarios (chosen since the fatigue loading 

consists of only one design truck) are divided by 1.20, the multiple presence factor for one lane 

loaded (as previously stated, multiple presence factors are not applied at the fatigue limit state). 
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FATIGUE LIMIT STATE 

Bending Moment - Interior Girder  

     One Lane Loaded 0.412 

Bending Moment - Exterior Girder  

     One Lane Loaded 0.665 

     Special Analysis (1 Lane) 0.533 

   

C2.4.1.3 Live Load Distribution Factor Summary 

 

Governing distribution factors are listed below for interior and exterior girders.  As 

shown, distribution factors for exterior girders, on average, exceed those for interior girders.  

Also, the distribution factor for deflection (computed earlier) is also presented. 

 

SUMMARY Interior Exterior 

     Moment 0.682 0.798 

     Shear  0.864 0.798 

     Fatigue Moment 0.412 0.665 

     Deflection 0.510 0.510 

 

C2.5 ANALYSIS RESULTS 

 

The tables in this section contain the moments, shears, and deflections resulting from 

structural analysis of the girder.  Analyses were generated using the commercial software 

package LEAP CONSYS (2008), which idealizes the structure as a continuous line-girder.  For 

these analyses, properties from the exterior girder were utilized for the stiffness of the line-girder 

model.  This was due to the reduced section properties (due to a smaller effective flange width) 

and the increased live load distribution factors.  An exception to this, however, is the set of 

distributed shears, which are distributed according to the interior girder (chosen for its high live 

load distribution factor). 
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Unfactored/Undistributed Moments (ft-kip) 

x/L DC1 DC2 DW 
Truck Lane Tandem Fatigue Truck 

(+) (−) (+) (−) (+) (−) (+) (−) 

0 0.0 0.0 0.0 0 0 0 0 0 0 0 0 

0.1 199.7 7.1 34.8 341.0 0 114.3 0 273.5 0 277.0 0 

0.2 355.0 12.7 61.9 591.4 0 203.2 0 484 0 463.4 0 

0.3 465.9 16.7 81.3 751.0 0 266.7 0 631.5 0 586.2 0 

0.4 532.5 19.1 92.9 842.2 0 304.8 0 716 0 637.4 0 

0.5 554.7 19.8 96.7 854.0 0 317.5 0 737.5 0 598.0 0 

0.6 532.5 19.1 92.9 842.2 0 304.8 0 716 0 637.4 0 

0.7 465.9 16.7 81.3 751.0 0 266.7 0 631.5 0 586.2 0 

0.8 355.0 12.7 61.9 591.4 0 203.2 0 484 0 463.4 0 

0.9 199.7 7.1 34.8 341.0 0 114.3 0 273.5 0 277.0 0 

1 0.0 0.0 0.0 0 0 0 0 0 0 0 0 

 

Unfactored/Undistributed Shears (kip) 

x/L DC1 DC2 DW 
Truck Lane Tandem 

(+) (−) (+) (−) (+) (−) 

0 35.2 1.3 6.1 61.3 0.0 20.2 0 48.4 0 

0.1 28.2 1.0 4.9 54.1 -3.2 16.3 -0.2 43.4 -3.4 

0.2 21.1 0.8 3.7 46.9 -6.4 12.9 -0.8 38.4 -8.4 

0.3 14.1 0.5 2.5 39.7 -12.1 9.9 -1.8 33.4 -13.4 

0.4 7.0 0.3 1.2 32.5 -18.5 7.3 -3.2 28.4 -18.4 

0.5 0.0 0.0 0.0 25.3 -25.3 5.0 -5.0 23.4 -23.4 

0.6 -7.0 -0.3 -1.2 18.5 -32.5 3.2 -7.3 18.4 -28.4 

0.7 -14.1 -0.5 -2.5 12.1 -39.7 1.8 -9.9 13.4 -33.4 

0.8 -21.1 -0.8 -3.7 6.4 -46.9 0.8 -12.9 8.4 -38.4 

0.9 -28.2 -1.0 -4.9 3.2 -54.1 0.2 -16.3 3.4 -43.4 

1 -35.2 -1.3 -6.1 0 -61.3 0.0 -20.2 0 -48.4 
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Unfactored/Undistributed Deflections (in) 

x/L 
Truck Lane 

(+) (−) (+) (−) 

0 0 0 0 0 

0.1 0.21 0 0.11 0 

0.2 0.4 0 0.21 0 

0.3 0.55 0 0.28 0 

0.4 0.65 0 0.33 0 

0.5 0.68 0 0.35 0 

0.6 0.65 0 0.33 0 

0.7 0.55 0 0.28 0 

0.8 0.4 0 0.21 0 

0.9 0.21 0 0.11 0 

1 0 0 0 0 

 

Unfactored/Distributed Moments (ft-kip) 

x/L 
1.33 Truck + Lane 1.33 Tandem + Lane 

DF 
LL + IM 

(+) (−) (+) (−) (+) (−) 

0 0 0 0 0 0.798 0 0 

0.1 568 0 478 0 0.798 453.2 0 

0.2 990 0 847 0 0.798 789.8 0 

0.3 1265 0 1107 0 0.798 1009.9 0 

0.4 1425 0 1257 0 0.798 1137.1 0 

0.5 1453 0 1298 0 0.798 1159.8 0 

0.6 1425 0 1257 0 0.798 1137.1 0 

0.7 1265 0 1107 0 0.798 1009.9 0 

0.8 990 0 847 0 0.798 789.8 0 

0.9 568 0 478 0 0.798 453.2 0 

1 0 0 0 0 0.798 0 0 
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Unfactored/Distributed Shears (kip) 

x/L 
1.33 Truck + Lane 1.33 Tandem + Lane 

DF 
LL + IM 

(+) (−) (+) (−) (+) (−) 

0 101.6 0.0 84.5 0.0 0.864 87.8 0 

0.1 88.3 -4.5 74.1 -4.7 0.864 76.3 -4.1 

0.2 75.3 -9.3 64.0 -12.0 0.864 65.1 -10.4 

0.3 62.7 -17.9 54.3 -19.7 0.864 54.2 -17.0 

0.4 50.5 -27.8 45.0 -27.7 0.864 43.7 -24.0 

0.5 38.7 -38.7 36.2 -36.2 0.864 33.5 -33.5 

0.6 27.8 -50.5 27.7 -45.0 0.864 24.0 -43.7 

0.7 17.9 -62.7 19.7 -54.3 0.864 17.0 -54.2 

0.8 9.3 -75.3 12.0 -64.0 0.864 10.4 -65.1 

0.9 4.5 -88.3 4.7 -74.1 0.864 4.1 -76.3 

1 0.0 -101.6 0.0 -84.5 0.864 0 -87.8 

 

Strength I Moments (ft-kip) 

x/L 1.25 DC1 1.25 DC2 1.50 DW 
1.75 LL + IM Strength I 

(+) (−) (+) (−) 

0 0 0 0 0 0 0 0 

0.1 249.6 8.9 52.2 793.1 0 1103.8 310.8 

0.2 443.7 15.9 92.9 1382.1 0 1934.6 552.5 

0.3 582.4 20.8 121.9 1767.3 0 2492.4 725.1 

0.4 665.6 23.8 139.3 1990.0 0 2818.7 828.7 

0.5 693.3 24.8 145.1 2029.6 0 2892.8 863.3 

0.6 665.6 23.8 139.3 1990.0 0 2818.7 828.7 

0.7 582.4 20.8 121.9 1767.3 0 2492.4 725.1 

0.8 443.7 15.9 92.9 1382.1 0 1934.6 552.5 

0.9 249.6 8.9 52.2 793.1 0 1103.8 310.8 

1 0 0 0 0 0 0 0 
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Strength I Shears (kip) 

x/L 1.25 DC1 1.25 DC2 1.50 DW 
1.75 LL + IM Strength I 

(+) (−) (+) (−) 

0 44.0 1.6 9.2 153.7 0 208.5 54.8 

0.1 35.2 1.3 7.4 133.6 -7.2 177.4 36.7 

0.2 26.4 0.9 5.5 113.9 -18.1 146.8 14.7 

0.3 17.6 0.6 3.7 94.8 -29.7 116.8 -7.8 

0.4 8.8 0.3 1.8 76.4 -42.1 87.4 -31.1 

0.5 0 0 0 58.6 -58.6 58.6 -58.6 

0.6 -8.8 -0.3 -1.8 42.1 -76.4 31.1 -87.4 

0.7 -17.6 -0.6 -3.7 29.7 -94.8 7.8 -116.8 

0.8 -26.4 -0.9 -5.5 18.1 -113.9 -14.7 -146.8 

0.9 -35.2 -1.3 -7.4 7.2 -133.6 -36.7 -177.4 

1 -44.0 -1.6 -9.2 0 -153.7 -54.8 -208.5 

 

Service II Moments (ft-kip) 

x/L 1.00 DC1 1.00 DC2 1.00 DW 
1.30 LL + IM Service II 

(+) (−) (+) (−) 

0 0 0 0 0 0 0 0 

0.1 199.7 7.1 34.8 589.1 0 830.8 241.7 

0.2 355.0 12.7 61.9 1026.7 0 1456.3 429.6 

0.3 465.9 16.7 81.3 1312.8 0 1876.7 563.9 

0.4 532.5 19.1 92.9 1478.3 0 2122.7 644.4 

0.5 554.7 19.8 96.7 1507.7 0 2179.0 671.3 

0.6 532.5 19.1 92.9 1478.3 0 2122.7 644.4 

0.7 465.9 16.7 81.3 1312.8 0 1876.7 563.9 

0.8 355.0 12.7 61.9 1026.7 0 1456.3 429.6 

0.9 199.7 7.1 34.8 589.1 0 830.8 241.7 

1 0 0 0 0 0 0 0 
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Service I Deflections (in) 

x/L 
Truck 0.25 Truck + Lane 

DF 
Service I 

(+) (−) (+) (−) (+) (−) 

0 0 0 0 0 0.510 0 0 

0.1 0.28 0 0.18 0 0.510 0.14 0 

0.2 0.53 0 0.34 0 0.510 0.27 0 

0.3 0.73 0 0.46 0 0.510 0.37 0 

0.4 0.86 0 0.55 0 0.510 0.44 0 

0.5 0.90 0 0.58 0 0.510 0.461 0 

0.6 0.86 0 0.55 0 0.510 0.44 0 

0.7 0.73 0 0.46 0 0.510 0.37 0 

0.8 0.53 0 0.34 0 0.510 0.27 0 

0.9 0.28 0 0.18 0 0.510 0.14 0 

1 0 0 0 0 0.510 0 0 

 

Fatigue Moments (ft-kip) 

x/L 
LL + IM 

DF 
1.50 (LL + IM) 

(+) (−) (+) (−) 

0 0 0 0.665 0 0 

0.1 318.6 0 0.665 317.8 0 

0.2 532.9 0 0.665 531.5 0 

0.3 674.1 0 0.665 672.4 0 

0.4 733.1 0 0.665 731.2 0 

0.5 687.7 0 0.665 686.0 0 

0.6 733.1 0 0.665 731.2 0 

0.7 674.1 0 0.665 672.4 0 

0.8 532.9 0 0.665 531.5 0 

0.9 318.6 0 0.665 317.8 0 

1 0 0 0.665 0 0 
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C2.6 LIMIT STATE EVALUATIONS 

 

 Presented in this section is an evaluation of an exterior girder for the V-65 Jesup South 

Bridge.  The exterior girder was chosen due to the reduced section properties (due to a smaller 

effective flange width) and the increased live load distribution factors.  In this evaluation, all of 

the aforementioned limit states, including strength, service, and fatigue are assessed.  In addition, 

a constructibility evaluation is also performed. 

 

C2.6.1 Constructibility 

 

 The provisions of Article 6.10.3 are employed to ensure adequate performance related to 

yielding of the flanges, flexural resistance of the compression flange, and web bend-buckling 

resistance during stages of construction.  During construction, the noncomposite girder must 

have sufficient capacity to resist construction force effects.  Therefore, the capacity of the 

noncomposite girder must be evaluated. 

 

C2.6.1.1 Compression Flange Resistance 

 

The first step is determining which Article is applicable in determining the flexural 

capacity of the noncomposite girder.  Article 6.10.6.2.3 states that Appendix A6 may be 

employed if the girder meets certain limits.  This is preferable, as Appendix A6 allows the 

girder’s noncomposite capacity to exceed the yield moment.  For Appendix A6 to be applicable, 

the flanges’ yield strengths must not exceed 70.0 ksi (this limit is met since Fy = 50 ksi), the 

skew must not exceed 20° (no skew is present) and two additional limits must be met. 

 

ycw

c

F

E

t

D
7.5

2
  Eq. 6.10.6.2.3-1 

3.0
yt

yc

I

I
 Eq. 6.10.6.2.3-2 
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The depth of the web in compression of the noncomposite girder in the elastic range, Dc, 

is the distance from the top of the web to the neutral axis of the girder.  In addition, Iyc and Iyt 

have already been determined for this girder (see C2.2.2).  Therefore, the evaluation of these 

limits is as follows. 

 

 35.6 2 0.79
17.01in

2
cD


 

 

ycw

c

F

E

t

D
7.5

2


 

 2 17.01 29000
5.7

0.600 50


 

56.7 137.27 OK   

 

3.0
yt

yc

I

I

 

OK 3.00.1  

 

Therefore, Appendix A6 may be employed.  To employ Appendix A6, the yield moment, 

My, and the plastic moment, Mp, of the noncomposite girder must be computed.  The yield 

moment of the girder is simply the yield stress, Fy, multiplied by the section modulus, Sx.  The 

plastic moment of the girder is simply the yield stress, Fy, multiplied by the plastic section 

modulus, Zx. 

 

xyy SFM 
 

  50 439

12
yM 

 

1829.2 ft­kipyM 
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xyp ZFM 
 

  50 509

12
pM 

 

2120.8 ft­kippM   

 

The first step in employing Appendix A6 is to determine whether the section is a compact 

web section or a noncompact web section.  Compact web sections are those that meet the 

following requirements. 

 

 cpDpw

w

cp

t

D


2
 Eq. A6.2.1-1 

 

Dcp is the depth of the web in compression at the plastic moment.  Since the plastic 

neutral axis of a rolled beam is at the same location as the elastic neutral axis, this value is the 

same as Dc, or 17.01 inches.   cpDpw  is then computed as follows. 
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7.5  Eq. A6.2.1-3 
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 Eq. A6.2.1-2 
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 
83.8 137.24

cppw D
     

 
83.8

cppw D
    

 

Therefore, as shown below, the girder qualifies as a compact web section.  

 

 cpDpw

w

cp

t

D


2

 

 2 17.01
83.8

0.600
  

56.7 83.8 Web is compact   

 

 To determine the flexural capacity of the compression flange for a compact web section, 

a web plastification factor for the compression flange, Rpc, must be determined.  This essentially 

determines how much the girder’s flexural capacity can exceed My.  In addition, they can account 

for the influence of web slenderness on the maximum potential flexural resistance.  The web 

plastification factor is computed as follows. 

 

yc

p

pc
M

M
R   Eq. A6.2.1-4 

2120.8

1829.2
pcR    

159.1pcR  

 
 

The flexural capacity of the compression flange is a function of the slenderness ratio of 

the flange and whether or not the flange is classified as compact.  The web plastification factor 

computed earlier is then used to compute the section’s flexural capacity.  For flanges to be 

classified as compact, the slenderness ratio for the flange, λf, must be less than a limiting value, 

λpf.  As shown, the flange meets the requirements for compactness. 
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fc

fc

f
t

b

2
  Eq. A6.3.2-3 

7.56f    

 

y

pf
F

E
38.0  Eq. A6.3.2-4 

50

29000
38.0pf   

15.9pf   

 

compact is Flange pff   

 

Therefore, the flexural capacity of the compression flange is computed as follows.  

Equation A6.3.2-1 yields the flexural capacity in terms of the girder’s overall capacity, not the 

flange’s capacity.  To obtain the capacity of the flange, in accordance with Article 6.10.3.2.1, the 

flange’s capacity can be computed by dividing the girder’s capacity by Sxc.

 
 

ycpcnc MRM   Eq. A6.3.2-1 

  1.159 1829.2ncM    

2120 ft­kipncM    

 

xc

nc
nc

S

M
F 

 

 2120 12

439
ncF 

 

57.95 ksincF 
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C2.6.1.2 Major Axis and Lateral Flange Bending Stresses 

 

The next step in performing this constructability analysis is to determine the major axis 

and lateral flange bending stresses that the girder will be subjected to during construction.  First, 

major-axis bending stresses will be computed.  As previously stated, the deck is assumed to be 

cast in one pour; therefore, major axis bending stresses will be computed according to DC1.  

From analysis results, the unfactored DC1 moment was found to be 554.7 ft-kip.  Therefore, 

major axis bending stresses are as follows.  For this computation, the Strength IV load 

combination is employed in addition to Strength I.  This is because, during construction, the 

bridge is subjected to very high dead to live load force effect ratios.  In addition, since this 

section is a symmetric rolled beam, the top flange stresses during construction will be equal (in 

magnitude) to the bottom flange stresses.

 
 

STRENGTH I: 

  1.25 554.7 12
18.95 ksi

439
buf    

 

STRENGTH IV: 

  1.50 554.7 12
22.74 ksi

439
buf    

 

Next, stresses due to lateral flange bending forces from construction loads must be 

computed. Before calculating lateral flange bending stresses, a determination must be made 

regarding whether or not a second-order analysis must be carried out for compressive stresses.  

To make this determination, a number of variables must be computed, including the effective 

radius of gyration for lateral torsional buckling, rt, and the limiting unbraced length to achieve 

the maximum flexural resistance, Lp.  For rolled beams, the AISC Steel Construction Manual 

provides a value for rt (or rts as it is listed); for a W36×135, the value is 2.99 inches. 
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yc

tp
F

E
rL 0.1  Eq. 6.10.8.2.3-4 

 
29000

1.0 2.99
50

pL    

72.0 inpL   

 
 

A moment gradient modifier, Cb, must then be computed in order to determine whether or 

not a second-order analysis must be carried out.  Cb is a coefficient which accounts for different 

moment gradients on lateral torsional buckling.

 
It was previously determined that Appendix A6 was applicable for this noncomposite 

girder.  Therefore, to compute Cb, moments must be found at various lengths along the unbraced 

segment of interest.  For this structure, the unbraced length, Lb, is simply the spacing of 

diaphragms, or 20 feet. 

From analysis results (interpolating between tenth points), the following unfactored 

moments were obtained for the unbraced segment at midspan.  It should be noted that since deck 

casting moments will result solely from DC1, this calculation for Cb will be valid for both 

Strength I and Strength IV load combinations.  

 

Mmid = major-axis bending moment at the middle of the unbraced length = 554.7 ft-kip 

M0 = major-axis bending moment at one end of the unbraced segment = 493.4 ft-kip 

M2 = major-axis bending moment at the other end of the unbraced segment = 493.4 ft-kip 

 

Cb equals 1.0 (since Mmid/M2 is greater than 1.0)  Eq. A6.3.3-6 

 

The limit for first-order elastic analyses can now be computed as follows. 

 

ycu

bb
pb

MM

RC
LL

/
2.1  Eq. 6.10.1.6-3 
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STRENGTH I: 

 
  

 

1.0 1.0
240 1.2 72

1.25 554.7 /1829.2


 

240 140.33 Not Satisfied 

  

STRENGTH IV: 

 
  

 

1.0 1.0
240 1.2 72

1.50 554.7 /1829.2


 

240 128.11 Not Satisfied   

 

It should be noted that if the unbraced length was taken as 21.5 ft, a distance from one 

end of the bridge to the diaphragm, the limit would also not be met. 

 

Therefore, a second-order analysis must be performed for the Strength I and Strength IV 

load combinations.  Article 6.10.1.6 provides an approximate method for computing second-

order compression-flange lateral bending stresses by multiplying first-order values by an 

amplification factor (this calculation is not required for tensile stresses).  This amplification 

factor is a function of the compression flange’s elastic lateral torsional buckling stress, Fcr.  To 

compute Fcr, the height between the centerline of the flanges, h, and the St. Venant torsional 

constant, J, must be calculated.  The AISC Steel Construction Manual provides these values for 

rolled shapes.  For a W36×135: 

 h = ho = 34.8 in. 

 J = 7.0 in
4
 

   

Fcr is then computed as follows according to the provisions for Appendix A6.  It should 

be noted that, according to Article C6.10.1.6, Fcr is not limited to RbRhFyc. 
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2

2

2

078.01 





















t

b

xc

t

b

b
cr

r

L

hS

J

r

L

EC
F


 

Eq. A6.3.3-8 

   

  

2 2

2

1.0 29000 7.0 240
1 0.078

439 34.8 2.99240

2.99

crF
  

   
  

 
 

 
 

49.27 ksicrF    

 

The amplification factor for first-order lateral flange bending stresses is as follows. 

 

xccr

u

SF

M
AF





1

85.0
 

Eq. 6.10.1.6-5 

 

STRENGTH I:  
  

  

0.85
1.38

1.25 554.7 12
1

49.27 439

AF  


 

STRENGTH IV:  
  

  

0.85
1.58

1.50 554.7 12
1

49.27 439

AF  



 

 

To compute deck overhang loads, lateral forces are computed by determining the force 

statically equivalent to the couple resulting from the eccentric vertical loads.  This computation 

involves the angle, α, between the overhang bracket and the web of the girder.  The bracket is 

assumed to extend from the end of the overhang to the web-bottom flange junction.  The angle 

between the web of the girder and the bracket, along with the lateral force relation, are as 

follows. 
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 tanFFl   

 
1 31.0

tan 42.34
35.6 2 0.79

 
 

   
 

 

 

In addition, half of the wet concrete overhang load is assumed to act on the overhang 

bracket, and is computed as follows. 

 

      
150 1 1 12 12 lb

8.5 31.0 31.0 2.0 2.0 0.79 154
2 144 2 2 2 ft

      
          

      
 

 

The lateral forces, bending moments, and lateral stresses are summarized as follows.  

Lateral bending moments are computed according to the approximations discussed in C1.3.2.2.  

To compute lateral stresses from lateral bending moments, moments are divided by the major-

axis section modulus of the flange, or (tf)(bf)²/6. 

 

Lateral Flange Bending Moments & First-Order Stresses 

Components   F / P tan(α) Fl / Pl Lb (ft) Ml ("k) Sl (in³) fl (ksi) 

Deck Weight (lb/ft) 

 

154 0.911 140.3 20 56.13 18.96 2.96 

Overhang Deck Forms (lb/ft) 40 0.911 36.4 20 14.58 18.96 0.77 

Screed Rail (lb/ft) 

 

85 0.911 77.5 20 30.98 18.96 1.63 

Railing (lb/ft) 

 

25 0.911 22.8 20 9.11 18.96 0.48 

Walkway (lb.ft) 

 

125 0.911 113.9 20 45.56 18.96 2.40 

Finishing Machine (lb)   3000 0.911 2733.7 20 82.01 18.96 4.33 

 

Factored lateral flange bending stresses are computed below.  Note that, for the Strength 

IV load combination, no live loads are considered; therefore the finishing machine load is 

neglected.  Also, the limit specified in Equation 6.10.1.6-1, which limits lateral flange bending 

stresses to 60% of Fy, is also met. 
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Factored First-Order Lateral Flange Bending Stresses 

Components 
Strength I Strength IV 

γi fl (ksi) γi fl (ksi) 

Deck Weight (lb/ft) 

 

1.25 3.70 1.50 4.44 

Overhang Deck Forms (lb/ft) 1.50 1.15 1.50 1.15 

Screed Rail (lb/ft) 

 

1.50 2.45 1.50 2.45 

Railing (lb/ft) 

 

1.50 0.72 1.50 0.72 

Walkway (lb.ft) 

 

1.50 3.60 1.50 3.60 

Finishing Machine (lb)   1.50 6.49 - - 

    

18.12 

 

12.37 

 

C2.6.1.3 Limit State Evaluation 

 

 The nominal bend-buckling resistance, Fcrw, shall be calculated as follows.  Note that Fcrw 

shall not exceed the smaller of RhFyc (50 ksi) or Fyw/0.7 (71.4 ksi). 

 

 2/

9

DD
k

c

  Eq. 6.10.1.9.1-2 

 
2

9

17.01/ 34.02
k    

0.36k   

 

 2/

9.0

w

crw
tD

Ek
F   Eq. 6.10.1.9.1-1 

  

 
2

0.9 29000 36.0

34.02 / 0.600
crwF    

292.3 ksi 50 ksicrwF     

ksi50crwF

 

 

 

The limit states are evaluated as follows.  As shown, the girder performs satisfactorily 

under all applicable constructibility limit states.  Note that the second order amplification factor 

is not applied to tensile stresses. 
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COMPRESSION FLANGE YIELDING 

ychflbu FRff    

Strength I:        18.95 1.38 18.12 1.00 1.0 50 Ratio 0.879OK   
 

Strength IV:        22.74 1.58 12.37 1.00 1.0 50 Ratio 0.846OK     

 

COMPRESSION FLANGE FLEXURAL RESISTANCE 

ncflbu Fff 
3

1
  

Strength I: 
 

    
1.38 18.12

18.95 1.00 57.97 Ratio 0.471
3

OK   
 

Strength IV: 
 

    
1.58 12.37

22.74 1.00 57.97 Ratio 0.505
3

OK   
 

 

WEB BEND-BUCKLING RESISTANCE 

crwfbu Ff    

Strength I:     18.95 1.00 50 Ratio 0.379OK  
 

Strength IV:     22.74 1.00 50 Ratio 0.455OK  
 

 

TENSION FLANGE YIELDING 

ythflbu FRff    

Strength I:      18.95 18.12 1.00 1.0 50 Ratio 0.741OK   
 

Strength IV:      22.74 12.37 1.00 1.0 50 Ratio 0.702OK     

 

C2.6.2 Service Limit State 

 

 The service limit state is evaluated according to the provisions of Articles 6.10.4.1 

(governing elastic deformations) and 6.10.4.2 (governing permanent deformations). 
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C2.6.2.1 Elastic Deformations 

 

The elastic deformation limit state, as previously stated, is evaluated against a maximum 

deformation of L/800, or 0.945 inches.  From the analysis results, a maximum live load 

deflection of 0.461 inches was determined.  Therefore, this meets elastic deformation 

requirements (Ratio = 0.488). 

 

C2.6.2.2 Permanent Deformations 

 

The first step in evaluating the girder’s performance under permanent deformation limits 

is to determine the girder’s service level stresses.  This will be derived solely from gravity and 

vehicular loadings, as lateral loads are not being considered at the service limit state in this 

design evaluation. 

 

From the analysis results, the following Service II moments were found. 

 

11.00 554.7 ft­kipDCM 
 

21.00 19.8 ft­kipDCM 
 

1.00 96.7 ft­kipDWM 
 

1.30 1507.7ft­kipLL IMM  
 

 

Using these moments, Service II stresses for the top and bottom flange are found as 

follows.  Therefore, according to Equations 6.10.4.2.2-1 and 6.10.4.2.2-2, respectively, the 

flanges are shown to meet the requirements for permanent deformations at the service limit state. 
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TOP FLANGE: 

        554.7 12 19.8 96.7 12 1507.7 12
17.67 ksi

439 1986.97 10032.8
ff


   

 

yfhf FRf 95.0
 

    17.67 0.95 1.0 50 Ratio 0.372OK  
 

 

BOTTOM FLANGE: 

        554.7 12 19.8 96.7 12 1507.7 12
44.25 ksi

439 609.93 675.31
ff


     

yfh
l

f FR
f

f 95.0
2


 

    
0

44.25 0.95 1.0 50 Ratio 0.931
2

OK     

 

C2.6.3 Fatigue Limit State 

 

 As previously discussed, the detail chosen for these design evaluations is the base metal 

at the weld joining the lateral bracing connection plates at interior diaphragms.  These details are 

evaluated for the Fatigue I load combination for infinite life, with a nominal fatigue resistance of 

12.0 ksi, previously determined as the constant amplitude fatigue threshold. 

 From the previously determined factored fatigue moments, a fatigue moment of 686.0 ft-

kip was determined (see C2.5) at the diaphragm location at midspan.  Since this is a simple-span 

bridge, a minimum fatigue moment of zero was found.  Therefore, a fatigue stress range can be 

found for both the top flange and bottom flange by determining the stress resulting from the 

calculated moment.  As shown, this detail performs satisfactorily. 

 

TOP FLANGE 

 
  686.0 12 1.46

0.534 ksi
22524.9

f     

 0.534 ksi 12.0 ksi Ratio 0.045OK  
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BOTTOM FLANGE 

 
  686.0 12 32.56

11.90 ksi
22524.9

f     

 11.90 ksi 12.0 ksi Ratio 0.992OK    

 

C2.6.4 Strength Limit State 

 

 At the strength limit state, as specified in Article 6.10.6, the girder must meet 

requirements for flexure and shear as well as a ductility requirement.  Each of these criteria will 

be evaluated. 

 

C2.6.4.1 Flexure 

 

For flexure, in order to determine a section’s capacity, a determination must be made 

regarding whether the section is classified as compact or noncompact.  For this determination, 

the section’s plastic moment capacity must be calculated.  For this evaluation, the reinforcement 

in the concrete slab is conservatively neglected. 

 The first step in determining the section’s plastic moment capacity is to determine the 

plastic forces in each of the section’s components. 

 

   0.85 ' 0.85 4 83.25 8.0 2264.4 kips c s sP f b t    

   50 12 0.79 474 kipt c y f fP P F b t   
 

      2 50 39.9 2 474 1047 kipw y g tP F A P      

 

 Next, the location of the plastic neutral axis (PNA) must be determined. 

 

Case I

1521 2738.4 PNA is not in the web

t w c sP P P P  

 
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Case II

1995 2264.4 PNA is not in the top flange

t w c sP P P P  

 

 

 

Therefore, the PNA is in the concrete deck (measured from the top of the concrete deck) 

and Y is computed using the following equation derived from that provided in Table D6.1-1. 

 

 

 
1995

8.0 7.05 in
2264.4

c w t
s

s

P P P
Y t

P

Y

  
  

 

 
  

 

 

 

Next, the distances of the individual components from the location of PNA are computed. 

 

 
0.79

8.0 7.05 2 2.56 in
2

cfd     

 

 
 35.6 2 0.79

8.0 7.05 2 19.96 in
2

wd
 

    

 

 
0.79

8.0 7.05 2 (35.6 2 0.79) 37.365 in
2

tfd          

 

The plastic moment of the composite section, Mp, can now be evaluated. 

 

 

 

2

2

2

7.05 2264.4
474 2.56 1047 19.96 474 37.365

2 8

12

3904.7 kip-ft

s
p c c w w t t

s

p

p

Y P
M P d P d Pd

t

M

M

 
    
  

 
      

 


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For a composite section in positive flexure to be considered compact, according to Article 

6.10.6.2.2, the section must meet three requirements.  The first states that the minimum yield 

strengths of the flanges must not exceed 70.0 ksi, which is met since 50 ksi steel is used.  The 

second is that the web satisfies the requirement of Article 6.10.2.1.1, which was evaluated earlier 

(see C2.2.2).  The third is that the section satisfies the following web slenderness limit, where 

Dcp is the depth of the web in compression at the plastic moment. 

 

ycw

cp

F

E

t

D
76.3

2
  Eq. 6.10.6.2.2-1 

 

It was previously determined that the plastic neutral axis was in the concrete deck.  

Therefore, Dcp = 0, and this third requirement is met.  Since all of the aforementioned 

requirements have been met, this section is classified as compact. 

For compact composite sections in positive flexure, Article 6.10.7.1.2 states that the 

nominal flexural resistance, Mn, is computed as follows. 

 

If Dp ≤ 0.1 Dt, then: 

pn MM   Eq. 6.10.7.1.2-1 

 

Otherwise: 











t

p

pn
D

D
MM 7.007.1  Eq. 6.10.7.1.2-2 

 

Dp, the distance from the top of the concrete deck to the plastic neutral axis, and Dt, the 

total depth of the composite section, are as follows: 

 

7.05 inpD   

8.0 (2.0 0.79) 35.6 44.81intD       

0.1 4.48 intD   

tp DD 1.0  
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Therefore: 

7.05
3904.7 1.07 0.7 3748.0 ft­kip

44.81
nM

 
   

 
 

 

 To satisfy strength limit state requirements, the section must satisfy the following 

relation. 

 

nfxtlu MSfM 
3

1
 Eq.A 6.1.2-1 

 

 For this relation, fl = 0 as wind forces and other lateral loads are being neglected at the 

finished state.  From the moments generated for this girder, a maximum Strength I bending 

moment of 2892.8 ft-kip was found (see C2.5), indicating that this girder meets strength limit 

state requirements for flexure. 

 

nfu MM 

 
   2892.8 ft­kip 1.00 3748.0 ft­kip Ratio 0.772OK    

 

C2.6.4.2 Shear 

 

 The provisions of Article 6.10.9 are applied to determine whether sections meet strength 

limit state requirements for shear.  As previously stated, the distributed shear forces were based 

on the interior girder distribution factor.  Therefore, the shear capacity of an interior girder is 

computed.  However, since the interior and exterior girders are the same, their shear capacities 

will be identical. 

The first step is to determine the plastic shear capacity of the web, which is found as 

follows.   
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wywp DtFV 58.0  Eq. 6.10.9.2-2 

   0.58 50 34.02 0.600 591.95 kippV    

 
 

 The plastic shear capacity of the web is then modified by a value, C, to obtain the 

nominal shear resistance.  C is simply the ratio of the shear-buckling resistance to the shear yield 

strength and is a function of the slenderness of the web.  For this computation, a shear buckling 

coefficient, k, is introduced.  However, as this web is unstiffened, the value of k is taken as a 

constant value of 5.0.  Therefore, C is determined as follows. 

 

yww F

Ek

t

D
12.1

 

  

 

29000 5.034.02
1.12

0.600 50


 

56.7 60.3

 
 

Therefore:

 

0.1C  Eq. 6.10.9.3.2-4 

 

The nominal shear capacity of the web can now be determined. 

 

pcrn CVVV   Eq. 6.10.9.2-1 

  1.0 591.95 591.95 kipnV     

 

From the shears generated for this girder, a maximum Strength I shear of 208.5 kip was 

found (see C2.5), indicating that this girder meets strength limit state requirements for shear. 

 

nvu VV   Eq. 6.10.9.1-1 

    208.5 kip 1.0 591.95 kip Ratio 0.352OK     
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C2.6.4.3 Ductility 

 

 An additional ductility requirement is placed on composite sections in positive flexure.  

Specifically, sections shall meet the requirements in the relation below.  For this requirement, as 

shown, the section performs satisfactorily. 

 

tp DD 42.0  Eq. 6.10.7.3-1 

  7.05 0.42 44.81   

 7.05 in 18.82 in Ratio 0.375OK     

 

C2.7 PERFORMANCE SUMMARY 

 

 A tabulated summary of all of the girder’s performance ratios is presented below.  As 

shown, the girder performs satisfactorily under all evaluated design checks, with bottom flange 

base metal at connection plate weld at the fatigue limit state governing (Ratio = 0.992). 
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CONSTRUCTIBILITY 

      Compression Flange Yielding 

           Strength I 0.879 

          Strength IV 0.846 

     Compression Flange Flexural Resistance 

           Strength I 0.471 

          Strength IV 0.505 

     Web Bend Buckling 

           Strength I 0.379 

          Strength IV 0.455 

     Tension Flange Yielding 

           Strength I 0.741 

          Strength IV 0.702 

  SERVICE LIMIT STATE 

      Elastic Deformations 0.488 

     Permanent Deformations 

           Top Flange 0.372 

          Bottom Flange 0.931 

  FATIGUE LIMIT STATE 

      Base Metal at Connection Plate Weld 

           Top Flange 0.045 

          Bottom Flange 0.992 

  STRENGTH LIMIT STATE 

      Moment 0.772 

     Shear 0.352 

     Ductility 0.375 

 


