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Abstract 

The Federal Highway Administration’s National Bridge Index consists of over 600,000 bridges.  
Of these bridges, over 25% are considered either structurally deficient or functionally obsolete. While 
several state bridge departments have standard designs for bridge components in order to speed up the 
design process in replacing these bridges, few have standard designs for the bridge superstructure.   

This work investigates current practices and trends in the design of short span bridges through the 
use of a survey.  The survey was presented to the bridge department of every state in the country and 
responses were collected from 86% of these states. Based on the responses to these surveys, two courses 
were pursued in this work: the research and grading of both existing and developing modular bridge 
technologies that have application in short span steel bridges and the development of standard short span 
steel bridge superstructures using conventional design approaches.  

In collaboration with the American Iron and Steel Institute’s Short Span Steel Bridge Alliance 
and other professionals in the bridge industry, a collection of modular bridge systems and elements were 
compiled and researched.  Based on the Federal Highway Administration’s Highways for LIFE initiative, 
which promotes the development of 2ong-lasting highway infrastructure using 3nnovations to accomplish 
4ast construction of �fficient and safe highways and bridges, a grading system was developed for 
professionals in the industry to grade the major modular bridge systems researched.  Based on the grading 
of these systems, a system will be further developed into a set of standardized short span bridge designs. 

 Second, standard short span steel bridge designs were developed to create a design aid for bridge 
engineers.  In these designs, bridges with spans ranging from 40 feet to 140 feet in 5 foot increments were 
developed for rolled steel sections, homogeneous steel plate girder sections and hybrid steel plate girder 
sections.  The rolled sections were designed using two design approaches: the lightest weight possible and 
the lightest weight possible with a limited section depth.  Based on these designs, a suite of rolled sections 
were selected to be efficient sections of larger span ranges.  This limited suite provides the opportunity for 
stock piling common rolled steel girder sections.  Without needing to order the fabrication of the rolled 
girder sections, a more efficient transition from design to construction can be achieved. The plate girder 
sections were designed with a limited depth and utilizing a set of limited plate sizes to allow for the stock 
piling of common steel plate sizes.  These designs will also act as a framework for future design plans 
using a modular bridge system.
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Notation 
A  = detail category constant for fatigue resistance; total gross cross-sectional 

   area of the member (in.2) 

ADTT  = average daily truck traffic over the design life

ADTTSL = single lane ADTT

Aft  = sum of the flange area and the area of any cover plates on the side of the 

   neutral axis corresponding to Dn (in.2) 

awc  = ratio of two times the web area in compression to the area of the 

   compression flange

bf  = full width of the flange (in.)

bfc  = full width of the compression flange (in.) 

bft  = full width of the tension flange (in.) 

bs  = effective width of concrete deck (in.)

C  = ratio of the shear-buckling resistance to the shear yield strength

Cb  = moment gradient modifier 

D  = web depth (in.) 

Dc  = depth of the web in compression in the elastic range (in.)

Dcp  = depth of the web in compression at the plastic moment (in.)

Dn  = larger of the distances from the elastic neutral axis of the cross-section to 

   the inside face either flange (in.)

Dp  = distance from the top of the concrete deck to the neutral axis of the  

   composite section at the plastic moment (in.)

Dt  = total depth of the composite section (in.)
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d  = total depth of the steel section (in.)

de  =  horizontal distance from the centerline of the exterior web of exterior  

   beam at deck level to the interior edge of curb or traffic barrier (ft)

d0  = transverse stiffener spacing (in.)

ds  = distance from the centerline of the closest plate longitudinal stiffener or 

   from the gage line of the closest angle longitudinal stiffener to the inner 

   surface or leg of the compression-flange element (in.)

E  = modulus of elasticity of steel (ksi) 

EB  = modulus of elasticity of beam material (ksi) 

ED  = modulus of elasticity of deck material (ksi)

Fyc  = specified minimum yield strength of a compression flange (ksi)

e  = eccentricity of a design truck or a design lane load from the center of 

   gravity of the pattern of girders (ft)

eg  = distance between centers of gravity of the basic beam and deck (in.)

Fcrw  = nominal bend-buckling resistance for webs (ksi)

Fnc  = nominal flexural resistance of the compression flange (ksi)

Fnt  =  nominal flexural resistance of the tension flange (ksi)

Fyc  = specified minimum yield strength of a compression flange (ksi)

Fyf  = specified minimum yield strength of a flange (ksi)

Fyr  = compression-flange stress at the onset of nominal yielding with the cross- 

   section, including residual stress effects, but not including compression- 

   flange lateral bending (ksi)

Fyt  = specified minimum yield strength of a tension flange (ksi)

Fyw  = specified minimum yield strength of a web (ksi)
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fbu  = flange stress calculated without consideration of flange lateral bending  

   (ksi)

fc  = sum of the compression stresses caused by the different loads (ksi)

fDC1  = compression flange stress at the section under of consideration,   

   calculated without consideration of flange lateral bending and caused by  

   the factored permanent dead load applied before the concrete deck has 

   hardened or is made composite (ksi).

ff  = flange stress due to the Service II loads calculated without consideration  

   of flange lateral bending (ksi) 

fl  = flange lateral bending stress (ksi)

ft  = sum of the tension stresses caused by the different loads

I  = moment of inertia of beam (in.4) 

IM  = dynamic load allowance 

Iyc  = moment of inertia of the compression flange of a steel section about the 

   vertical axis in the plane of the web (in.4) 

Iyt  = moment of inertia of the tension flange of a steel section about the  

   vertical axis in the plane of the web (in.4) 

Kg  = longitudinal stiffness parameter (in.4) 

k  = bend-buckling coefficient for webs with longitudinal stiffeners 

L  = span of beam (ft) 

Lb  = unbraced length (in.)

Lp  = limited unbraced length to achieve the nominal flexural resistance of 

   RbRhFyc under uniform bending (in.) 

Lr  = limited unbraced length to achieve the onset of nominal yielding in either 

   flange under uniform bending with consideration of compression-flange 

   residual stress effects (in.)
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Mn  = nominal flexural resistance of the section (kip-in.) 

Mp  = plastic moment of the composite section (kip-in.) 

Mu  = bending moment about the major-axis of the cross-section (kip-in.) 

My  = yield moment (kip-in.) 

m  = multiple presence factor

NB  = number of beams, stringers or girders

NL  = number of design lands as specified in Article 3.6.1.1.1 

n  = number of stress range cycles per truck passage

Qi  = force effect  

Rb  = web load-shedding factor as specified in Article 6.10.1.10.2 

Rh  = hybrid factor determined as specified in Article 6.10.1.10.1 

Rn  = nominal resistance 

Rr   = factored resistance: �Rm 

rt  = effective radius of gyration for lateral torsional buckling (in.) 

S  = spacing of beams or webs (ft) 

Sxt  = elastic section modulus about the major axis of the section to the tension  

   flange (in.3) 

tf  = flange thickness (in.)

tfc  = thickness of the compression flange (in.)

tft  = thickness of the tension flange (in.) 

ts  = depth of concrete slab (in.)

tw  = web thickness (in.)

Vcr  = shear-buckling resistance (kip)
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Vn  = nominal shear resistance (kip)

Vp  = plastic shear force (kip)

Vu  = shear in the web at the section under consideration due to the factored  

   loads (kip) 

Xext  = horizontal distance from the center of gravity of the pattern of girders to  

   the exterior girder (ft) 

x  = horizontal distance from the center of gravity of the pattern of girders to 

   each girder (ft)

hi  = load modifier: a factor relating to ductility, redundancy and operational  

   classification

hD  = a factor relating to ductility, as specified in Article 1.3.3

hI  = a factor relating to operational classification, as specified in Article 1.3.5 

hR  = a factor relating to redundancy, as specified in Article 1.3.4 

�i  = load factor: a statistically based multiplier applied to force effects

�p  = load factor for permanent loading

(DF)n  = nominal fatigue resistance (ksi)

(Df)  = force effect, live load stress range due to the passage of the fatigue load 

   (ksi)

�f  = slenderness ratio for the compression flange

�pf  = limiting slenderness ratio for a compact flange

�rf  = limiting slenderness ratio for a noncompact flange

�rw  = limiting slenderness ratio for a noncompact web
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�  = resistance factor: a statistically based multiplier applied to nominal  

   resistance

�f  = resistance factor for flexure

�v  = resistance factor for shear
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Chapter 1: Introduction 

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

deficient or functionally obsolete.  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 2ong lasting 

bridges that are 3nnovative, have 4ast construction times and are economically �fficient.  This 

thesis takes these principles and looks into possible bridge alternatives that have not been fully 

embraced by the bridge community, specifically modular steel bridges, which may provide a 

solution for some of the short span bridges that need replaced.  

1.2 Scope 
The focus of this research is to find a steel-based alternative for short span bridge design

that can meet the expectations of the Federal Highway Association’s Highways for LIFE 

initiative. In order to see the current practices and preferences for the design of short span 

bridges in the United States, a survey was developed and distributed to each state’s department of 

transportation.   

Based on the principles of the Highways for LIFE initiative and the low use of steel for 

short span bridges, the Short Span Steel Bridge Alliance was looking for a way to find a 

marketable steel product that can be used in the short span bridge range. Modular bridges were 

researched to see what opportunities exist in making a quickly constructible short span steel 

bridge.  Once a large collection of modular bridge technologies were found and analyzed, a 

grading system was developed to allow professionals in the bridge community to determine 

which modular bridge options can be efficiently integrated with current bridge design practices. 

The second approach pursued to create a more efficient bridge design process was the 

development of a collection of standardized steel bridge superstructures using conventional steel 

girder systems.  Girder sections were developed using rolled steel girder sections and steel plate 

girder sections.  The steel plate girder systems were designed using a series of limited plate sizes 

to take advantage of the benefits of stock piling plates of common sizes.  The number of rolled 

steel girder sections was narrowed to develop a suite of girder sections that were found to be 

adequate over a large variety of bridge scenarios. 



www.manaraa.com

2

1.3 Organization of Thesis 
This research is separated into seven chapters and one appendix.  Chapter Two discusses 

the background that led to the work in this thesis.  It provides information for the Federal 

Highways Association’s initiative titled Highways for LIFE, the development of Accelerated 

Bridge Construction practices and an overview of the steel bridge design process as specified in 

the 5th Edition (2010) of the AASHTO LRFD Bridge Design Specifications (AASHTO 

Specifications).

Chapter Three presents the Short Span Bridge Survey developed in association with the 

Short Span Steel Bridge Alliance.  This chapter presents the survey as it was sent to each state’s 

department of transportation and then provides explanation for each question and the results as 

found from responses.

Chapter Four presents an overview of modular bridge technology that is being developed 

or already in use.  The chapter is split into the modular substructures, superstructures, deck 

systems and overall modular systems.  Also, provided in this chapter is an overview of secondary 

bridge elements such as traffic barriers and cross-frames for bridges and an overview of a specific

modular construction process that involves the use of Self-Propelled Modular Transporters. 

Chapter Five discusses the grading system used to evaluate which modular bridge system 

is the most beneficial to pursue as a short span bridge alternative at this time. The grading system 

was developed to follow the principles of the Highways for Life initiative presented in Chapter 

Two.  This chapter explains the grading system and categories as well as describing the category 

weights.  Lastly, it provides an example of the grading tables presented to the engineers who took 

part in the survey and an overview of the results to the grading survey.

Chapter Six presents a set of predesigned steel girder sections that have been developed 

as a design aid for engineers in designing short span steel bridges. This chapter explains the 

methods and assumptions made in the design process and presents the tables of sections that were 

designed. The tables of this chapter provide steel girder designs that were developed for four 

different girder spacing arrangements and with span lengths ranging from 40 to 140 feet in 5 foot 

increments.  These tables are intended to begin establishing a framework for how the modular 

bridge design aid can be organized in order to provide an efficient design tool for bridge 

engineers. 
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Chapter Seven presents an overview of the results of this research. It provides 

concluding remarks and recommendations for future research projects. 
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Chapter 2: Background 

2.1 Federal Highway Administration Highways for LIFE 
In response to the deteriorating infrastructure of the United States, the Federal Highway 

Administration began an initiative that they have named Highways for LIFE.  The purpose of this 

initiative is “to advance 2ong-lasting highway infrastructure using 3nnovations to accomplish 

4ast construction of �fficient and safe highways and bridges.” [17] The following three 

objectives are also listed for this initiative: 

� Improve safety during and after construction, 

� Reduce congestion caused by construction and

� Improve the quality of the highway infrastructure. 

For the initiative to make the required change in the highway community’s attitude, a

combination of research, education and encouragement are to be applied. By finding the best, 

innovative highway technologies and publicizing them, educating those involved in the 

application of these innovations and convincing the bridge community through rewards to apply 

them, the organization intends to change the attitudes of bridge engineers towards application of

innovative bridge systems. [17] 

The organization has partnered with several technologies in order to refine and accelerate 

the adoption of promising highway innovations.  Examples of technologies that have been aided 

by the Highways for LIFE initiative include: an All-Weather Pavement Marking System, Fully 

Precast Bridge Bents for Use in Seismic Regions and Full Depth Ultra High Performance 

Concrete Waffle Bridge Panels. [17]

Highways for LIFE has also developed a collection of informational material that 

promotes the use of innovative highway practices and publicizes the bridges that have applied 

these innovations.  Through the articles published and the seminars presented by the organization, 

innovative highway practices are receiving more overall publicity. These materials and seminars 

also educate engineers in the proper application of innovative highway technologies. [17] 

There are also a number of demonstration projects from twenty different states that 

display different highway innovations in use.  These projects have been developed into videos 
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and presentations to provide visual displays of innovative highway projects that are currently in 

progress or have been completed.  These presentations provide the engineer with evidence that 

innovative bridge technologies can be applied to actual designs and can be beneficial to the 

design and construction processes. [17]

2.2 Accelerated Bridge Construction 
Rapid bridge construction concepts have been used in the railroad industry for several 

years in order to avoid service interruptions.  In the highway bridge system, these innovations 

have been limited.  The main cause for this trend is that as the country’s infrastructure system was 

developed, new bridges and roads were constructed with no pressure due to construction time.  

With several bridges nearing the end of their design lives and traffic volumes ever increasing, 

urgency has developed to find ways to replace bridges without greatly disrupting traffic. Several 

states have developed standard bridge elements, but little effort has been devoted to standardized, 

modular bridge systems. The three major applications of modular steel bridge systems can be 

classified as Temporary Bridges, Emergency Bridges and Permanent Bridges. [42]

Temporary bridges are used as a method to divert traffic during bridge repair, 

rehabilitation, construction or replacement.  These bridges can be installed for short periods of 

time and later disassembled and stored until needed again.  This provides an alternative to costly 

detours, traffic maintenance and increased traffic volumes. [42] 

Emergency bridges are a form of temporary bridge that is intended to take the place of a 

bridge that may become unusable due to incidents, natural disasters or pre-meditated attacks.  

Installation of a bridge that needs replaced without notice can be very difficult using traditional 

methods, but a bridge that is already constructed and stored can quickly restore passage to the 

travel-way. [42] 

Permanent bridges are required by the AASHTO Specifications to have a design service 

life of 75 years.  Through the use of mass production and an inherent reduction in on-site 

construction time, benefits can be found in the bridge construction process when using 

prefabricated bridge elements.  Different designers around the world have been developing 

modular bridge concepts which include prefabricated sections of the bridge with elements already 

assembled off-site. These sections assembled off-site can either be fabricated in a controlled 

manufacturing location or adjacent to the bridge site to be later installed. [42]
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The first modular prefabricated steel bridge systems were developed in the 1930’s to 

meet the needs of the British military in remote environments.  These systems were composed of 

prefabricated panels that could be bolted together on-site to create truss sections for a bridge.  A 

combination of floor beams and steel decking could then be connected to create the deck of the 

bridge.  The second type of prefabricated steel bridge systems developed were first used in the 

1950’s as a way to replace timber bridges that were deteriorating.  This system was comprised of 

either prefabricated steel plate girders or full-length truss members with a steel decking system 

placed on top of the prefabricated structural members. [42] 

Several variations of each of these two early modular bridge systems have been developed 

and researched since their first applications.  Some of the more successful variations are 

discussed later in Chapter Four.  

2.3 Overview of Steel Bridge Design Standards 
Several states have standards and recommendations for bridge design.  These design aids 

range from pre-designed bridge elements to recommended bridge dimensions.  Chapter Three has 

a section that summarizes the design aids provided in state survey responses and the additional 

design aids found through further review of the state bridge department websites.

2.4 Overview of Steel Bridge Design 

2.4.1 Introduction 

This section presents an overview of the specifications for steel bridge design as 

presented in the 5th Edition (2010) of the AASHTO LRFD Bridge Design Specifications.  

2.4.2 Effective Width – Article 4.6.2.6 

The term effective width refers to the width of the concrete slab, assumed to have a 

uniform stress distribution, which contributes to the section properties of the girder being 

analyzed.  For an interior girder, the effective deck width is to be taken as one-half the distance to 

the adjacent girder on each side.  For an exterior girder, the effective deck width is to be taken as 

one-half the distance to the adjacent girder plus the full overhang width. [2]

2.4.3 Loads – Section 3 

There are two major classifications for bridge design loads: permanent and transient.  The 

permanent (or dead) loads are assumed to be either constant after the completion of construction 

or varying only over a long period of time; these loads are made up of the bridge elements 
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themselves and thus are generally present throughout the life of the bridge.  The transient (or live) 

loads can vary over a short period of time with respect to the overall lifetime of the bridge.  

Descriptions of both types of loads are presented below. [2] 

2.4.3.1 Dead Loads – Article 3.5.1 

Generally, dead loads are broken into the two categories of non-composite dead loads 

(DC1) and composite dead loads (DC2 and DW).  DC1 represents the loads that are present on the 

bridge girders before composite action has taken place between the girders and the deck; this is 

generally due to the concrete deck not fully hardening. For a typical I-girder bridge with a 

concrete deck, these loads will include the weight of the steel girders, the concrete deck, the stay-

in-place formwork, the concrete haunches, the concrete overhang tapers and the steel diaphragms.  

It is assumed that these loads are only acting on the steel girders before the deck has been able to 

reach 75 percent of its compressive strength.  DC2 represents the loads that act on the composite 

girder section including the hardened concrete deck; these loads include the weights of the curbs, 

the traffic barriers, the sidewalks, the bridge railings, etc.  DW represents the weight of future 

wearing surfaces that may be applied to the bridge over its lifetime. [2] 

2.4.3.2 Live Loads – Article 3.6 

The design vehicular live load applied to the bridge is designated as the HL-93 by Article 

3.6.1.2.1 of the AASHTO Design Specifications.  The definition of the load is described as a 

combination of the design truck, or tandem, and the design lane load.  Article 3.6.1.2.2 presents 

the design truck as consisting of a 72-kip truck with an 8-kip front axle and two 32-kip rear axles.  

The distance between the front axle and the first rear axle is fixed at 14 ft, but the distance 

between the two rear axles can vary between 14 and 30 feet.  Transversely, the wheels of the 

design truck are spaced 6 ft apart.  Article 3.6.1.2.3 describes the design tandem as a pair of 25-

kip axles spaced 4 ft apart with a transverse distance of 6 ft.  Article 3.6.1.2.4 describes the design 

lane load as a 0.64 klf uniformly distributed load with a transverse width of 10 ft. [2]
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2.4.3.3 Construction Loads – Article 2.5.3 

Construction loads are modeled for the bridge in order to check the bridge’s resistance to 

stresses caused by the construction process.  The loads generally checked as contributing to the 

lateral stresses of the girders include the overhang deck forms, the concrete deck overhangs, the 

screed rails, the railings, the walkways and the finishing machine.  Typical weight of the deck 

overhang is assumed to be partially supported by the exterior girder.  The bridge deck is cast in a 

sequence, to minimize cracking, where generally the positive bending regions are cast first and 

allowed to harden before the negative bending regions are cast. [2]

2.4.4 Load Combinations – Article 3.4.1 

In order to account for the statistic probability of different loads occurring

simultaneously, the AASHTO LRFD Bridge Specifications provides different load combinations 

to apply to the bridge being analyzed.  The equation provided in the specifications showing limit 

states is as shown:

� �� rniii RRQ ��� Eq. 2.1 

The factors used in this equation are provided in Tables 3.4.1-1 and 3.4.1-2 of the 

AASHTO Specifications.  The following sections will describe each load combination. [2]
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2.4.4.1 Strength Load Combinations  

The strength limit state is to be checked in order to ensure that strength and stability are 

provided to resist the specified load combinations.  The design live load, described in Section 

2.4.3.2 of this thesis, is applied to the bridge during the strength limit state. [2]

The Strength I load combination is used as a basic load combination relating to the 

normal vehicular use of the bridge.  This load combination neglects the effects of wind on the 

bridge.  The load factors of 1.25 for the non composite dead load (DC1), 1.5 for the composite

dead load (DC2) and 1.75 for the live loads (LL) are applied for this load combination. [2]

The Strength II load combination is related to the use of the bridge by Owner-specified 

special design vehicles, evaluation permit vehicles or both vehicles with no wind load.  The load 

factors of Strength I are applied to Strength II except that the LL factor is reduced to 1.35. [2]

The Strength III load combination is related to the bridge being exposed to wind 

velocities exceeding 55 mph.  The load factors used for Strength I for the dead loads remain the 

same.  The live load is neglected for this load combination and the wind load has a load factor of 

1.4 for this load combination. [2] 

The Strength IV load combination relates to structures with a very high dead load to live 

load force effects ratio.  For this load combination all permanent loads are factored by 1.5.  This 

combination neglects the effects of live and wind loads on the structure.  This load combination 

can control during certain stages of construction. [2]

The Strength V load combination is related to the bridge being subjected to 55 mph 

winds and normal vehicular use.  This load combination used the same load factors as the 

Strength II load combination except that the wind load is reduced to 0.40. [2]

The strength load factors described in this section can be seen in Table 2-1, and the load factors 

applied to the different dead loads can be seen in Table 2-2, below:	
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DC
DD
DW
EH
EV LL
ES IM
EL CE

Load PS BR
Combination CR PL
Limit State SH LS WA WS WL FR TU TG SE

STRENGTH I p� 35.1 00.1 - - 00.1 20.1/50.0 TG� SE�
(unless noted)

STRENGTH II p� 35.1 00.1 - - 00.1 20.1/50.0 TG� SE�

STRENGTH III p� - 00.1 40.1 - 00.1 20.1/50.0 TG� SE�

STRENGTH IV p� - 00.1 - - 00.1 20.1/50.0 - - 

STRENGTH V p� 35.1 00.1 40.0 00.1 00.1 20.1/50.0 TG� SE�

�����	-?-	2���	4��
���	���	(�������
	2����'	 p� 		

Type of Load, Foundation Type, and Load Factor
Method Used to Calculate Downdrag Maximum Minimum

DC: Component and Attachments 1.25 0.90
DC: Strength IV only 1.50 0.90
DD: Downdrag ������	
	��������	������ 1.40 0.25

������	�	������ 1.05 0.30
Drilled shafts, O'Neill and Reese (1999) Method 1.25 0.35

DW: Wearing Surfaces and Utilities 1.50 0.65
EH: Horizontal Earth Pressure
� Active 1.50 0.90
� At-Rest 1.35 0.90 
� AEP for anchored walls 1.35 N/A
EL: Locked-in Construction Stresses 1.00 1.00
EV: Vertical Earth Pressure
� Overall Stability 1.00 N/A
� Retaining Walls and Abutments 1.35 1.00
� Rigid Buried Structure 1.30 0.90
� Rigid Frames 1.35 0.90
� Flexible Buried Structures other than Metal Box Culverts 1.95 0.90
� Flexible Metal Box Culverts and Structural Plate Culverts with Deep 

Corrugations 1.50 0.90
ES: Earth Surcharge 1.50 0.75
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2.4.4.2 Service Load Combinations 

The Service Limit state is used to reduce the amount of cracking in the concrete portions 

of the bridge due to service level stresses and deflections.  The stresses being analyzed are 

generally caused by large permanent and/or elastic deformations. [2]

The Service I load combination is related to the normal operational use of the bridge with 

an applied wind velocity of 55 mph and all loads taken at their normal values.   This load 

combination uses a load factor of 1.0 for all loads except for the applied wind load, which has a 

factor of 0.3.  In this load combination, the owner has the option to enforce the optional live load 

deflection criteria specified in Article 2.5.2.6.2.  This article provides a maximum deflection to be 

compared with the larger deflection due to the two loading scenarios provided in Article 

3.6.1.3.2: the design truck alone or 25 percent of the design truck plus one full design lane load. 

[2] 

The Service II load combination is used to control yielding of steel structures.  The load 

factors are 1.0 for all dead loads and 1.3 for all live loads.  The Service III and Service IV load 

combinations are only applicable to prestressed concrete members so they are not analyzed in this 

thesis.  Table 2-3 below presents the load factors for the service limit states. [2]

�����	-?8	�������	2���
	�
�
�	2���	4��
���	

DC
DD
DW
EH
EV LL
ES IM
EL CE

Load PS BR
Combination CR PL
Limit State SH LS WA WS WL FR TU TG SE

Service I 1 1.00 1.00 0.3 1.0 1.00 1.00/1.20 �TG �SE

Service II 1 1.30 1.00 - - 1.00 1.00/1.20 - -

2.4.4.3 Fatigue Load Combination 

The fatigue limit state is used to limit the growth of cracks caused by repetitive loadings 

over the life of the bridge.  These cracks could eventually lead to fracture and failure of a specific 

part of the bridge.  The Fatigue I load combination is meant to represent the infinite load-induced 

fatigue life of the bridge, while the Fatigue II load combination represents the finite load-induced 
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fatigue life.  The live load vehicle used for both of these load combinations is similar to the 

design truck described in Section 2.4.3.2 of this thesis except that the distance between the rear 

axles is fixed at 30 ft.  The dynamic load allowance is specified as 15% for the fatigue limit state 

as opposed to 33% as specified for all other limit states.  The live load is the only load applied to 

the bridge in fatigue analysis and the factors applied to the loads are 1.50 and 0.75 for Fatigue I 

and Fatigue II, respectively. [2] 

2.4.5 Load Modifiers 

Load modifiers are factors that account for ductility, redundancy and the operational 

classification of the bridge and make up the i� portion of equation 2.1.  The three values are 

multiplied by one another to make up one load modification factor, i� . [2] 

2.4.5.1 Ductility  

Article 1.3.3 specifies the load modification factor applied to loadings to account for the 

ductility of the bridge.  This requirement is important in ensuring that visible inelastic 

deformations occur before failure at the strength and extreme event limit states. The values for 

this modification factor are provided in Table 2-4. [2] 

2.4.5.2 Redundancy  

Article 1.3.4 specifies the load modification factor applied to loads to account for the 

redundancy of the structure.  This requirement is important in ensuring that the failure of one

element of the bridge does not lead to catastrophic failure of the whole system.  The values of this 

modification factor are provided in Table 2-4. [2] 

2.4.5.3 Operational Importance 

Article 1.3.5 specifies the load modification factor applied to loads to account for the 

operational importance of the bridge.  This requirement provides higher resistance to bridges that 

have higher operational importance (emergency roadways, national security impact, etc.).  The 

values of this modification factor are provided in Table 2-4. [2] 
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Ductility Factors

Nonductile components and connections 05.1	D�

Conventional designs and details 00.1�D�

Components with more ductility 95.0	D�

Redundancy Factors

Nonredundant members 05.1	R�

Conventional levels of redundancy 00.1�R�

Exceptional levels of redundancy 95.0	R�

Operational Importance Factors

Critical or essential bridges 05.1	I�

Typical bridges 00.1�I�

Relatively less important bridges 95.0	I�

  

The modification factors provided in Table 2-4 apply to the strength limit state only, all 

other limit states use a factor of 1.0. [2]

2.4.6 Distribution Factors 

Article 4.6.2.2 of the AASHTO Specification provides the means to reduce three-

dimensional analysis down to two-dimensional analysis by the means of distribution factors.  The 

equations used to calculate these distribution factors are provided in the following sections. [2]

2.4.6.1 Interior Girder Distribution Factors 

The equations for the distribution factors for the moment of an interior girder are 

provided in Table 4.6.2.2.2b-1 of the AASHTO Specifications and are presented below: 

For one lane loaded: 

1.0

3

3.04.0

0.1214
06.0 



�

�

�

�


�
�


�
�



�
�


�
���

s

g
OneLane Lt

K
L
SSDF

where:  � �2
gg AeInK ��
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D

B

E
En �

For two or more lanes loaded: 

1.0

3

2.06.0

0.125.9
075.0 



�

�

�

�


�
�


�
�



�
�


�
���

s

g
MultiLane Lt

K
L
SSDF

The equations for the distribution factors for the shear of an interior girder are provided 

in Table 4.6.2.2.3a-1 of the AASHTO Specifications and are presented below:

For one lane loaded: 

0.25
36.0 SDFOneLane ��

For two or more lanes loaded: 

0.2

3512
2.0 


�
�


�
����

SSDFMultiLane

These equations are applicable when the following are within range: 

o 0.165.3 �� S (ft)

o 0.125.4 �� st (in)

o 24020 �� L (ft)

o 4	bN

o 000,000,7000,10 �� gK (moment distribution factors only)

In the equations for interior girders, multiple presence factors have already been applied; 

therefore need not be applied again. However, it is still necessary to divide by the multiple 

presence factors for the fatigue limit state. [2]
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2.4.6.2 Exterior Girder Distribution Factors 

The equations for the distribution factors for the moment and shear of an exterior girder 

are provided in Table 4.6.2.2.2d-1 and Table 4.6.2.2.3b-1 of the AASHTO Specifications,

respectively.  For one design lane loaded, the distribution factors are to be determined by the use 

of the Lever Rule.  To perform the Lever Rule, it is assumed that the deck is simply-supported 

between adjacent girders, and the distribution factor is determined by summing the moments 

about the interior girder directly adjacent to the exterior girder being investigated.  The 

distribution factors for two or more lanes loaded are found by multiplying a correction factor to 

the corresponding interior girder factors.  The equations for the correction factors are shown 

below:

1.9
77.0 e

moment
d

e ��

10
6.0 e

shear
d

e ��

The commentary for Article 4.6.2.2.2d provides an additional investigation that must be 

checked since cross-frames and diaphragms are not considered in the distribution factor equations 

above.  The equation is considered interim for now as research is being performed to develop a 

more representative factor.  The equation is given as follows:

�

�
��

b

L

N

N

ext

b

L

x

eX

N
NR

2
Eq. 2.2 

To find the correct distribution factors using this equation, multiple presence factors must 

be applied to the result. [2] 

2.4.6.3 Fatigue Distribution Factors 

Article 3.6.1.4.3b of the AASHTO Specifications states that the distribution factors for 

the fatigue limit state must only consider one design truck.  To achieve this, the distribution

factors for one lane loaded situations only, calculated earlier for the interior and exterior girders 

must be divided by the appropriate multiple presence factors. [2]
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2.4.6.4 Live Load Deflection Distribution Factor 

Article 2.5.2.6.2 of the AASTHTO Specifications describes the criteria to be followed 

when investigating the optional live load deflection check.  The maximum deflection is 

determined by loading all of the design lanes of the bridge and assuming that all components will 

deflect equally.  The distribution factor used for this test is as shown below: 

b

L

N
NmDF � Eq. 2.3 

2.4.7 Other Factors 

To account for the movement of the design vehicle and the variability of how the vehicle 

can react to the driving surface and the effects that that can have on the bridge structure, dynamic 

load allowances, also called impact factors, are applied to the live load on the bridge.  The 

dynamic load allowances vary based on the limit state being checked as can be seen in Table 2-5.

[2] 

�����	-?9	$�����	2���	���������'	3�	

Component IM

Deck Joints – All Limit States 75%

All Other Components

� Fatigue and Fracture Limit State 15%

� All Other Limit States 33%

  

The other factors, mentioned several times in the sections on distribution factors, are 

called multiple presence factors.  These factors account for the probability of multiple design 

lanes being loaded at the same time.  The values of the different multiple presence factors are 

presented in Table 2-6 below:
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Multiple Presence

Number of Loaded Lanes Factors, m

1 1.20

2 1.00

3 0.85

>3 0.65

2.4.8 Summary of Article 6.10 of the 5th Edition AASHTO LRFD Specifications 

2.4.8.1 Cross Section Proportion Limits 

After years of construction and fabrication experience, cross section proportional limits 

have been developed as seen in Article 6.10.2 of the AASHTO Specifications.  These limits were 

developed to restrict pre-service damage to components and as precautionary measures to protect 

against damage during handling, distortion caused by welding and other adverse structural 

behavior. [2]

2.4.8.1.1 Web Proportions 

During construction, it is difficult to handle girders with large profiles and thin webs, 

therefore, Articles 6.10.2.1.1 and 6.10.2.1.2 limit the ratio of girder depth to thickness to: 

Webs without Longitudinal Stiffeners 

150�
wt

D
Eq. 2.4 

Webs with Longitudinal Stiffeners

300�
wt

D
Eq. 2.5 

2.4.8.1.2 Flange Proportions 

Article 6.10.2.2 of the AASTHO Specifications states that compression and tension 

flanges shall be proportioned such that: 
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0.12
2

�
f

f

t
b

Eq. 2.6 

which provides a practical upper limit to ensure that the flange will not distort 

excessively when welded to the web,

6/Db f 	 Eq. 2.7 

which ensures that post-buckling shear resistance can be developed due to tension-field 

 action, 

wf tt 1.1	 Eq. 2.8 

which ensures that some restraint will be provided by the flanges against web shear 

buckling and that the juncture between web bend-buckling and compression flange local 

buckling correspond with the equations provided in the AASHTO Specifications, and

101.0 ��
yt

yc

I
I

Eq. 2.9 

which ensures more efficient flange proportions and prevents the use of sections that may 

be difficult to handle during construction. 

2.4.8.2 Strength Limit State – Section 6.10.6 

The strength limit state ensures that the bridge can provide adequate resistance to applied 

moments and shears that may occur over the design life of the bridge.  The following sections 

will present the equations and processes as shown in the AASHTO Specifications. [2] 

2.4.8.2.1 Positive Flexural Capacity 

Article 6.10.6.2.2 of the AASHTO Specifications provides the requirements for the 

section in positive flexure to be considered compact.  The article specifies the following limits:

� Minimum yield strength of the flanges less than 70.0 ksi 

� Web satisfies proportion limit of: 150�
wt

D
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� Section satisfies the web slenderness limit of: 
ycw

cp

F
E

t
D

76.3
2

� Eq. 2.10 

Article 6.10.7.3 of the AASHTO Specifications provides the Ductility Requirement that 

both compact and non-compact sections must meet.  The requirement is specified as being: 

tp DD 42.0� Eq. 2.11 

2.4.8.2.2 Compact Sections 

The equations of Article 6.10.7.1 provide the checks required for flexural resistance of 

compact sections in positive flexure.  The defining equation of this section is as follows:

nfxtlu MSfM ���
3
1

Eq. 2.12 

At the strength limit state, the effects of the lateral flange bending are effectively 

neglected because it is assumed that the deck will resist all lateral forces.  The ultimate moment 

of the equation is found through structural analysis of the bridge, while the nominal flexural 

resistance is found using the equations of Article 6.10.7.1.2. [2]

To protect the concrete deck from prematurely crushing, the following check is 

performed comparing the depth of the plastic neutral axis and the total depth of the girder from 

the top of the deck.  If this check is satisfied the nominal flexural resistance is simply the plastic 

moment of the section as shown: 

If tp DD 1.0�

pn MM � Eq. 2.13 

If the above check is not satisfied, the following equation is used to calculate the nominal 

flexural resistance: 




�

�

�

�
��

t

p
pn D

D
MM 7.007.1 Eq. 2.14 
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The nominal flexural resistance of girders for continuous spans must also satisfy the 

following equation except when all sections satisfy the section proportion that will be described 

in a later section. [2]

yhn MRM 3.1� Eq. 2.15 

2.4.8.2.3 Noncompact Sections 

The nominal flexural resistance for composite noncompact sections is provided by the 

following equation: 

Compression Flange:

ncfbu Ff �� Eq. 2.16 

Tension Flange: 

ntflbu Fff ���
3
1

Eq. 2.17 

The equations for the nominal flexural resistance of the compression and tension flanges 

are calculated as follows:

ychbnc FRRF � Eq. 2.18 

ythnt FRF � Eq. 2.19 

The web load-shedding factor, Rb, used in the equation for nominal flexural resistance of 

the compression flange can be found as: 

0.1�bR

when the section is composite and is in positive flexure and the web of the section

satisfies:

150�
wt

D
Eq. 2.20 

or when one or more longitudinal stiffeners are provided  and the section satisfies: 
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ycw F
Ek

t
D 95.0� Eq. 2.21 

or the web satisfies:

rw
w

c

t
D

��
2

Eq. 2.22 

When none of the previously stated criteria are met, the following equation is used for Rb: 

0.1
2

3001200
1 �



�

�

�

�
�



�

�

�

�
�

�� rw
w

c

wc

wc
b t

D
a

a
R � Eq. 2.23 

in which 

yc
rw F

E7.5�� Eq. 2.24 

where:

fcfc

wc
wc tb

tD
a

2
� Eq. 2.25 

for all sections except composite longitudinally-stiffened sections in positive flexure, 

where:

� � nFftbtb
tD

a
ycDCssfcfc

wc
wc 31

2

1��
� Eq. 2.26 

and if: 

4.0	
c

s

D
d

then: 

� � � �22

917.5
DDDd

k
cs

	� Eq. 2.27 
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otherwise: 

2

64.11



�
�


�
� �

�

D
dD

k
sc Eq. 2.28 

Article D6.3.1 of the AASHTO Specifications provides the equation for Dc of composite 

sections, as shown:

0	�



�

�


�

�

�
�

� fc
tc

c
c td

ff
f

D Eq. 2.29 

For homogeneous cross-sections, the hybrid factor, Rh, can be taken to equal 1.0.  For all 

hybrid girders the following equation from Article 6.10.1.10.1 applies: 

� �
�
���

212
312 3

�
��

�hR Eq. 2.30 

in which: 

fn

wn

A
tD2

�� Eq. 2.31 

where:  r = the smaller of Fyw/fn  and 1.0 [2]

2.4.8.2.4 Negative Flexural Capacity 

Article 6.10.6.2.3 of the AASHTO Specifications provides the proportional limits that 

determine whether the section is considered compact or not compact.  If the following 

requirements are met, the section is considered compact:

� Specified minimum yield strengths of the flanges do not exceed 70.0 ksi 

� The web satisfies the noncompact slenderness limit:

ycw

c

F
E

t
D

7.5
2

� Eq. 2.32 

� The flanges satisfy the following ratio: 
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3.0	
yt

yc

I
I

Eq. 2.33 

The negative flexural capacity can be calculated using Article 6.10.8 or Appendix A of 

Chapter 6.  For this description, the design process of Article 6.10.8 will be presented. Discretely 

braced flanges at the strength limit state must satisfy the following inequalities:

Compression Flange 

ncflbu Fff ���
3
1

Eq. 2.34 

Tension Flange 

ntflbu Fff ���
3
1

Eq. 2.35 

Continuously braced flanges at the strength limit state must satisfy the following inequality: 

yfhfbu FRf �� Eq. 2.36 

To determine the flexural resistance of the compression flange, the minimum is taken of 

the flange local buckling (FLB) strength and the lateral-torsional buckling (LTB) strengths that 

are calculated using Articles 6.10.8.2.2 and 6.10.8.2.3. [2] 

2.4.8.2.4.1 Flange Local Buckling 

Article 6.10.8.2.2 of the AASHTO Specifications provides the equation for the flange 

local buckling resistance of the compression flange. [2]

If: pff �� �

ychbFLBnc FRRF �)( Eq. 2.37 

Otherwise:

ychb
pfrf

pff

ych

yr
FLBnc FRR

FR
F

F
�
�
�

�

�
�
�

�




�

�


�

�

�

�




�

�


�

�
���

��
��

11)( Eq. 2.38 

In which: 
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fc

fc
f t

b
2

�� Eq. 2.39 

yc
pf F

E38.0�� Eq. 2.40 

yr
rf F

E56.0�� Eq. 2.41 

2.4.8.2.4.2 Lateral-Torsional Buckling 

The equations for lateral torsional buckling resistance are provided in Article 6.10.8.2.3 

of the AASHTO Specifications and are provided below: 

If pb LL �

ychbLTBnc FRRF �)( Eq. 2.42 

If rbp LLL ��

ychbychb
pr

pb

ych

yr
bLTBnc FRRFRR

LL
LL

FR
F

CF �
�
�
�

�

�
�
�

�




�

�


�

�

�

�




�

�


�

�
��� 11)( Eq. 2.43 

If rb LL �

ychbcrLTBnc FRRFF ��)( Eq. 2.44 

In which: 

yc
tp F

ErL 0.1� Eq. 2.45 

yr
tr F

ErL �� Eq. 2.46 

The value of the moment gradient modifier, Cb, is calculated according to the following 

equations: 
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For unbraced cantilevers and for members where 1/ 2 �ffmid  or 02 �f

0.1�bC Eq. 2.47 

For all other cases:

3.23.005.175.1
2

2

1

2

1 �


�

�

�

�
�


�

�

�

�
��

f
f

f
fCb Eq. 2.48 

The value of the elastic lateral-torsional buckling stress is found using: 

2

2




�

�

�

�
�

t

b

bb
cr

r
L

ERC
F

�

Eq. 2.49 

And the value for the effective radius of gyration for lateral-torsional buckling is found 

using: 





�

�


�

�
�

�

fcfc

wc

fc
t

tb
tD

b
r

3
1112

Eq. 2.50 

2.4.8.2.4.3 Flexural Resistance of Tension Flange 

The flexural resistance of the tension flange is found using Article 6.10.8.3 of the 

AASHTO Specifications.  The equation is as follows

ythnt FRF � Eq. 2.51 

2.4.8.2.5 Shear 

For the strength limit state, Article 6.10.9.1 provides the equation that defines the 

necessary check for the shear resistance of the bridge girder.  The limit is presented below:

nvu VV �� Eq. 2.52 
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To determine the nominal resistance of the web panels to shear, the web must be 

classified as either stiffened or unstiffened.  Article 6.10.9.1 defines the web as being considered 

stiffened if the web is: 

� Without a longitudinal stiffener and with a transverse stiffener spacing not exceeding 3D, 

or 

� With one or more longitudinal stiffeners and with a transverse stiffener spacing not 

exceeding 1.5D 

For sections that are not considered stiffened, Article 6.10.9.2 of the AASHTO Specifications 

provides the following equation for the nominal shear resistance: 

pcrn CVVV �� Eq. 2.53 

Where: 

wywp DtFV 58.0� Eq. 2.54 

To calculate the value for C, a ratio between shear buckling resistance and shear yield 

strength, Article 6.10.9.3.2 provides three possible equations that are used as follows:

If: 
yww F

Ek
t
D 12.1�

0.1�C Eq. 2.55

If: 
ywwyw F

Ek
t
D

F
Ek 40.112.1 ��

yw

w

F
Ek

t
D

C 12.1
�

Eq. 2.56 

If: 
yww F

Ek
t
D 40.1�
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�

�


�

�




�

�

�

�
�

yw

w

F
Ek

t
D

C 2

57.1
Eq. 2.57 

In which:  

2
0

55



�
�


�
�

��

D
d

k
Eq. 2.58 

For webs that are considered stiffened, Article 6.10.9.3.2 provides the equations for the 

shear resistance of the section.  For an interior panel, the following requirements must be met:

� � 5.2
2

�
� ftftfcfc

w

tbtb
Dt

Eq. 2.59 

� �

�
�
�
�
�

�

�

�
�
�
�
�

�

�



�
�


�
��

�
��

2
01

187.0

D
d

CCVV pn Eq. 2.60 

In which: 

wywp DtFV 58.0� Eq. 2.61 

For the nominal shear resistance of an end web panel, the same equations that were 

presented earlier for an unstiffened web panel are followed. [2]

2.4.8.3 Constructability 

Article 6.10.3 of the AASHTO Specifications provides the limiting equations used to 

determine if adequate resistance is provided for to the girders during the construction process of 

the bridge.  The proper load factors for construction are specified by Article 3.4.2 and are applied 

to the construction loads while checking the three constructability checks specified.  This section 

will provide the equations to check for flange nominal yielding, flexural resistance and web-bend 

buckling.  For discreetly braced compression flanges must meet the following limits:
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Flange Nominal Yielding

ychflbu FRff ��� Eq. 2.62 

Flexural Resistance

ncflbu Fff ���
3
1

Eq. 2.63 

and Web Bend-Buckling 

crwfbu Ff �� Eq. 2.64 

ycl Ff 6.0� Eq. 2.65 

Tension flanges that are discreetly or continuously braced must also satisfy the following 

limits provided in Articles 6.10.3.2.2 and 6.10.3.2.3: 

Discretely Braced Tension Flange Article 6.10.3.2.2 

ythflbu FRff ��� Eq. 2.66 

Continuously Braced Tension Flange Article 6.10.3.2.3 

ythfbu FRf �� Eq. 2.67 

2.4.8.4  Service Limit State 

The service limit state is used to preserve the concrete bridge deck so that acceptable 

levels of rideability for the user and minimal deck deterioration over the service life of the bridge 

are provided.  In situations that decks are subjected to permanent deformations and/or cracks, the 

service life of the bridge will be reduced and rapid deterioration of the bridge can occur.  Web 

yielding and bend-buckling capacities are checked in order to protect the deck from premature 

failure.  Elastic deformations of the bridge can also be checked at the owner’s decision. [2]

2.4.8.4.1 Permanent Deformations  

Lateral flange bending effects are applied to both the top and bottom flanges of the girder 

at the Service II limit state.  Assuming that the concrete bridge deck is fully effective for both 

positive and negative flexure, the Service II load combination is applied to both the short-term
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and long-term composite sections as appropriate.  Stresses are then found based on the composite 

section properties and the load factors that were described earlier.  In order to prevent web 

yielding and bend-buckling from occurring prior to flange strength development, the flanges must 

satisfy the following equations provided in Article 6.10.4.2.2. [2] 

Top Steel Flange of Composite Sections: 

yfhf FRf 95.0� Eq. 2.68 

Bottom Steel Flange of Composite Sections: 

yfh
l

f FR
f

f 95.0
2
�� Eq. 2.69 

Both flanges of Composite Sections:

yfh
l

f FR
f

f 80.0
2
�� Eq. 2.70 

2.4.8.4.2 Elastic Deformations Article 6.10.4.1 

As of the 5th edition of the AASHTO Specifications, the limit for live load deflection is 

an option that the owner has the choice to have checked as a part of the bridge design.  The 

suggested limits are presented in Article 2.5.2.6 of the AASHTO Specifications.  For checking 

the live load deflection, the larger deflection will be used as caused by: 

- the design truck plus impact or 

- 25 % of the design truck with impact plus the design lane load. 

In performing this check, it is assumed that all of the components of the bridge deflect 

equally and that all design lanes are to be loaded equally.  Along with any structurally continuous 

parts of the bridge, the short-term composite section is used as the stiffness of the structure when 

analyzing deflection.  The suggested elastic deformation limits from Article 2.5.2.6 are provided 

below in Table 2-7. [2] 
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Vehicular loads only Span/800

Vehicular and/or pedestrian load Span/1000

Vehicular loads on cantilever arm Span/300

Vehicular and/or pedestrian loads on cantilever arms Span/375

2.4.8.4.3 Web Requirements 

One cause for accelerated deck deterioration and possible rupture due to plastic 

deformations is web bend-buckling.  To check if the girder webs meet the required resistance to 

web bend-buckling, the following equation is to be satisfied for the Service II load combination.

[2] 

crwc Ff � Eq. 2.71 

where: 

2
9.0




�

�

�

�
�

w

crw

t
D

EkF
Eq. 2.72 

2.4.8.5 Fatigue and Fracture Limit State 

Articles 6.6.1.2 and 6.6.1.3 of the AASHTO Specifications outline load-induced and 

distortion-induced fatigue.  Connection details are to be checked in these regards as described and 

illustrated in Table 6.6.1.2.3-1, Table 6.6.1.2.3-2 and Figure 6.6.1.2.3-1.  The limit state for 

fatigue is based on the design life of the bridge and limits the live load stress ranges of each detail 

to prevent the growth of cracks. [2] 

2.4.8.5.1 Load Induced Fatigue 

The stress range caused by live loads can be computed for flexural members by using the 

short-term composite section, if shear connectors are provided throughout the length of the 

flexural member, assuming that the concrete deck is effective in both the positive and negative 

bending regions of the bridge.  When determining stress ranges, residual stresses are not 

considered, and these provisions will be applied to only the details of the girder subjected to a net 

applied stress.  Fatigue will only be considered in regions where permanent loads produce 
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compression if the compression stresses are less than twice the maximum tensile stresses caused 

by the live loads of the fatigue limit state.  Article 6.6.1.2.2 of the AASHTO Specifications 

provides the equation that each detail must follow for load-induced fatigue: 

� � � �nFf  � � Eq. 2.73 

Fatigue II Load and finite life: 

� � 3
1



�
�


�
�� 

N
AF n

Eq. 2.74 

In which: 

� �� � � �SLADTTnN 75365� Eq. 2.75 

2.4.8.5.2 Distortion Induced Fatigue  

To satisfy distortion induced fatigue requirements, Article 6.6.1.3 of the AASHTO 

Specifications provides the guidelines that must be met.  The details for connections are 

established so that sufficient load paths exist to properly transmit all intended and unintended 

forces through transverse, lateral and longitudinal members.  These load paths are established 

through the use of welding or bolting of the compression and tension flanges of the girder cross-

sections where:

- connecting diaphragms or cross-frames,  

- internal or external diaphragms or cross-frames,

- or floorbeams or strengers 

are attached to transverse connection plates or to transverse stiffeners acting as connection plates.  

When better information is not available, the welded or bolted connections of straight, non-

skewed bridges should be designed to resist a lateral load of at least 20.0 kips.  Article 6.10.5.3 of 

the AASHTO Specifications provides the following limit in order to control buckling and elastic 

flexing of the web. [2]

cru VV � Eq. 2.76 
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2.4.8.5.3 Fracture 

Article 6.6.2 of the AASHTO Specifications states that primary longitudinal members 

that are subjected to tension forces under the strength limit state must meet the Charpy V-notch 

toughness requirements.  The Charpy V-notch toughness requirements must also be applied to 

structural members that are considered fracture critical.  Table 6.6.2-1 provides minimum service 

temperatures for different temperature zones, and Table 6.6.2-2 provides the Charpy V-notch 

requirements for each service temperature. [2] 
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Eq. 2.1 1.3.2.1-1
Eq. 2.2 C4.6.2.2.2d-1
Eq. 2.3 2.5.2.6.2
Eq. 2.4 6.10.2.1.1-1
Eq. 2.5 6.10.2.1.2-1
Eq. 2.6 6.10.2.2-1
Eq. 2.7 6.10.2.2-2
Eq. 2.8 6.10.2.2-3
Eq. 2.9 6.10.2.2-4
Eq. 2.10 6.10.6.2.2-1
Eq. 2.11 6.10.7.3-1
Eq. 2.12 6.10.7.1.1-1
Eq. 2.13 6.10.7.1.2-1
Eq. 2.14 6.10.7.1.2-2
Eq. 2.15 6.10.7.1.2-3
Eq. 2.16 6.10.7.2.1-1
Eq. 2.17 6.10.7.2.1-2
Eq. 2.18 6.10.7.2.2-1
Eq. 2.19 6.10.7.2.2-2
Eq. 2.20 6.10.2.1.1-1
Eq. 2.21 6.10.1.10.2-1
Eq. 2.22 6.10.1.10.2-2
Eq. 2.23 6.10.1.10.2-3
Eq. 2.24 6.10.1.10.2-4
Eq. 2.25 6.10.1.10.2-5
Eq. 2.26 6.10.1.10.2-6
Eq. 2.27 6.10.1.9.2-1
Eq. 2.28 6.10.1.9.2-2
Eq. 2.29 D6.3.1-1
Eq. 2.30 6.10.1.10.1-1
Eq. 2.31 6.10.1.10.1-2
Eq. 2.32 6.10.6.2.3-1
Eq. 2.33 6.10.6.2.3-2
Eq. 2.34 6.10.8.1.1-1
Eq. 2.35 6.10.8.1.2-1
Eq. 2.36 6.10.8.1.3-1
Eq. 2.37 6.10.8.2.2-1
Eq. 2.38 6.10.8.2.2-2
Eq. 2.39 6.10.8.2.2-3
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Eq. 2.40 6.10.8.2.2-4
Eq. 2.41 6.10.8.2.2-5
Eq. 2.42 6.10.8.2.3-1
Eq. 2.43 6.10.8.2.3-2
Eq. 2.44 6.10.8.2.3-3
Eq. 2.45 6.10.8.2.3-4
Eq. 2.46 6.10.8.2.3-5
Eq. 2.47 6.10.8.2.3-6
Eq. 2.48 6.10.8.2.3-7
Eq. 2.49 6.10.8.2.3-8
Eq. 2.50 6.10.8.2.3-9
Eq. 2.51 6.10.8.3-1
Eq. 2.52 6.10.9.1-1
Eq. 2.53 6.10.9.2-1
Eq. 2.54 6.10.9.2-2
Eq. 2.55 6.10.9.3.2-4
Eq. 2.56 6.10.9.3.2-5
Eq. 2.57 6.10.9.3.2-6
Eq. 2.58 6.10.9.3.2-7
Eq. 2.59 6.10.9.3.2-1
Eq. 2.60 6.10.9.3.2-2
Eq. 2.61 6.10.9.3.2-3
Eq. 2.62 6.10.3.2.1-1
Eq. 2.63 6.10.3.2.1-2
Eq. 2.64 6.10.3.2.1-3
Eq. 2.65 6.10.1.6-1
Eq. 2.66 6.10.3.2.2-1
Eq. 2.67 6.10.3.2.3-1
Eq. 2.68 6.10.4.2.2-1
Eq. 2.69 6.10.4.2.2-2
Eq. 2.70 6.10.4.2.2-3
Eq. 2.71 6.10.4.2.2-4
Eq. 2.72 6.10.1.9.1-1
Eq. 2.73 6.6.1.2.2-1
Eq. 2.74 6.6.1.2.5-2
Eq. 2.75 6.6.1.2.5-3
Eq. 2.76 6.10.5.3-1
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Chapter 3: Steel Bridge Survey 

3.1 Introduction 
A survey was developed at West Virginia University in association with the Short Span 

Steel Bridge Alliance in order to obtain information about the practices and trends of state 

transportation departments with respect to the design and construction of short span bridges.  Of 

the fifty states queried, survey responses were received from 43 different states providing an 

overall response rate of 86. 

The questions of the survey ranged from the material used for bridge superstructures in

the last year to the use of bridge design standards and recommendations for bridge design.  

Appendix A provides a copy of the survey and copies of all received survey responses.  The 

following sections present an overview of the questions and responses.

3.2 Questions 1 and 2: Recent Short Span Bridges Constructed 
The first two questions of the survey focused on recent short span bridge projects 

constructed in each state.  Of the states that responded to the survey, several provided either direct 

values or a collection of data that would yield trends in short span bridges built in the last year.  

The data was separated into categories of superstructure material and span length.  Table 3-1 and 

Table 3-2 below provide a summary of the construction trends of the United States in the area of 

short span bridges. Due to the large amount of skew caused by the state of California, the 

percentages are provided for all states that responded and for all states that responded excluding 

California.
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< 40 ft 1418 7%
40 – 60 ft 723 5%
60 – 80 ft 788 4%
80 – 100 ft 872 5%

100 – 120 ft 935 5%
120 – 140 ft 1146 6%

Total 5882 4%
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< 40 ft 300 9%
40 – 60 ft 180 14%
60 – 80 ft 168 11%
80 – 100 ft 139 17%

100 – 120 ft 157 15%
120 – 140 ft 150 21%

Total 1094 14%

3.3 Question 3: Preferred/Specified Types of Design 
The third question of the survey related to each state’s bridge design practices.  Where 

the first questions asked for the trends of superstructure material use in different spans of bridges, 

this question focuses on design choices that each state makes when designing various

components.  For the first element of the question, options were given to help the engineer 

understand the types of answers expected.  This section provides an overview of responses for 

each bridge component queried in the question. 

3.3.1 Decking Systems 

The first design preference questioned was the decking systems used on bridges.  The 

question specifically asked about the preferences in regards to cast-in-place concrete, precast 

concrete panels and steel stay-in-place formwork where the engineer could list all of the systems 

that they apply.  In response to which systems the states use: over 90% of states responded cast-

in-place concrete, 50% stated stay-in-place formwork and approximately 26% responded with 

precast concrete panels.  Approximately one-third of the states that responded, stated not using 

steel stay-in-place formwork, approximately 19% stated that they do not use at one form of 

precast concrete deck panels (full-depth or partial-depth are both discussed in Chapter Four) and 

approximately 5% of states mentioned that they do not utilize timber decks on short span bridges. 

3.3.2 Railing/Guardrail Systems 

The second design preference that was questioned was the railing and guardrail systems 

used for bridges.  Over 77% of states that responded to this question listed concrete traffic 

barriers, primarily New Jersey and F-Shape barriers (explained in Chapter Four).  Approximately 

10% specifically mentioned steel railings as being used by their state.  Very few states specified 

railing systems that their state disapproved the use of.
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3.3.3 Topping and Wearing Surface 

The topping and wearing surfaces that were queried in the third part of the question 

referred to the preference of each state on what method they chose to apply to the top surface of 

the bridge deck to account for damages caused by vehicular traffic.  Approximately 68% replied 

that concrete was the only decking material used in their bridge design.  Another 24% refer to the 

use of either latex or epoxy as being used as part of the wearing surface (sometimes in 

combination with either cast-in-place concrete or hot mix asphalt).  Few states referred to the use 

of hot mix asphalt or an additional concrete overlay as the wearing surface.  Approximately 19% 

of states responded that they do not allow the use of hot-mix-asphalt (either with or without latex 

membrane) on their bridge decks.

3.3.4 Bridge Superstructures 

This part of the question asked the engineer performing the survey to specify what type 

of bridge superstructures that their state preferred to use in their bridge designs. Approximately 

68% of states mentioned at least one form of prestressed and/or precast concrete girder system for 

the superstructure preference.  Also, approximately 38% of states referred to steel girders as one 

of their preferred superstructure options for short span bridges.  Few states mentioned 

superstructure systems that their state disapproved of, but the systems that were mentioned 

include: fracture critical steel sections, conventional reinforced concrete and timber 

superstructures.

3.3.5 Abutments 

The next section of the question asked the engineer for their state’s preferences in bridge 

abutments.  Approximately 81% of states responded with a concrete abutment system, most of 

which referred to either integral or semi-integral abutment systems (described in Chapter Four).  

Most of the other states referred to either a stub abutment, sheet pile wall system or mechanically 

stabilized earth systems.  Only one state responded that they disapprove of mechanically 

stabilized earth wall systems when there is pile cap on piles to support the bridge.

3.3.6 Pier Systems 

The last section of Question Three asks the engineer to describe their state’s preferences in 

regards to pier systems for bridges.  Approximately 58% of states mentioned reinforced concrete 

as making up all or at least part of their pier systems.  Specific designs that were mentioned 

include pile bent, or multi-column, systems (48%) and hammerhead, or T-Pier, systems (12%).  
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Few states provided pier systems that their state disapproved of, but the systems that were 

mentioned include timber piles and concrete pier systems.

3.4 Question 4: Typical Cross-Sections and Girder Spacings 
This question of the survey focused on state’s bridge design aids that they employ in 

practice.  The question was looking for pre-designed bridge cross-sections or details used to make 

a standard cross- section (girder spacing, lane width, etc).  This section describes the answers 

received for this question and provides examples where applicable.

�������	

Mr. John Black, State Bridge Engineer at the Alabama Department of Transportation, 

responded in the survey that the state of Alabama uses standard gutter to gutter dimensions with 

corresponding girder spacings depending on the intended number of lanes on the bridge.  His 

response stated:

� For 2 lane bridges, 40’ gutter to gutter, 7 foot girder spacing 

� For 4 lane bridges, 44’ gutter to gutter, 8 foot girder spacing 

Reviewing the Alabama Department of Transportation Bridge Bureau Structures Design 

and Detail Manual, a design aid for designing the deck was provided.  This design aid gives a 

minimum deck thickness and a steel reinforcing design based on the girder spacing.  This design 

aid can be seen in Figure 3-1.
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Mr. Jiten Soneji, a Bridge Design Engineer at the Delaware Department of 

Transportation, responded in the survey that the Delaware “Bridge Design Manual gives ranges 

for what is acceptable” when it comes to cross-section dimensions.  Reviewing the Delaware 

Department of Transportation Bridge Design Manual, recommended girder spacing ranges were 

found.  The Manual suggested: 

� Minimum Steel Beam Spacing: 8’-0” 

� Desirable Steel Beam Spacing: 9’-0” 

� Maximum Steel Beam Spacing: 10’-0” 

The Manual includes an exception that in cases “where vertical clearance is not a 

problem, a wider maximum spacing (up to 12’-6”) may be justified with the approval of the 

Bridge Design Engineer on a case-by-case basis.”

&�����	

Mr. John Jones, a Manuals, Modeling and Policy Engineer at the Kansas Department of 

Transportation, referenced the Kansas Department of Transportation Design Manual as his 

response for this question.  Reviewing Volume III of the Design Manual (Bridge Section), figures 

providing standard deck slabs for steel girder bridges were provided.  These figures provide 

railing-to-railing (barrier-to-barrier) dimensions, girder spacings, overhang dimensions and 

typical decking designs.  Another design aid was found that provides the designer with a figure

that helps in determining the amount of reinforcing steel required for a bridge deck design.  These 

design aids are provided in Figure 3-2 and Figure 3-3.	
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Mr. Steven Beck, a Bridge Design Supervising Engineer at the Michigan Department of 

Transportation, provided a link to a design aid used for designing the cross-section of bridges.  

Reviewing this design aid, it provides the designer with the means to determine the barrier-to-

barrier distance of the bridge deck.  This includes providing for lanes, shoulders and auxiliary 

lanes.  An example of this design aid is provided in Figure 3-4. 
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Mr. Kent Barnes, a Bridge Engineer at the Montana Department of Transportation, 

responded to the survey stating that the state of Montana has standard roadway widths for bridge 

design.  Reviewing the Bridge Design Standards for the National Highway System (Interstate) 

posted on the Montana Department of Transportation web site; it provides a preferred roadway 

width of 38 feet for new bridges; this is comprised of: 
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� One 4.0 ft inside shoulder 

� Two 12.0 ft lanes, and 

� One 10.0 ft outside shoulder. 

In Chapter 18 (Structural Steel Superstructures) of the Montana Structures Manual, it 

provides a recommended range for steel girder spacing.  It states that the Montana Department of 

Transportation “uses girder spacings between 1.5 m (~4.92 ft) and 4.5 m (~14.76 ft) for most 

typical muli-girder steel bridges.”

6�����	

Mr. Todd Stefonowicz of the Structures Division of the Nevada Department of 

Transportation responded to the survey stating that Nevada uses standard girder spacings when 

designing bridges.  The table that Mr. Stefonowicz referenced from the Nevada Structures 

Manual Chapter 11 (Preliminary Design) provided the following girder spacing ranges: 

� Composite Steel Plate I-Girders: 8’ – 14’

� Composite Steel Rolled Beams: 6’ – 10’

� Composite Steel Tub Girders Web-to-Web spacing: 8’ - 12’ 

6��
�	�+�
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Mr. Terrence Underland, State Bridge Engineer at the North Dakota Department of 

Transportation, stated in his survey response that North Dakota’s practice is to consider ADT and 

Roadway Classification when determining the roadway width.  Further research into North 

Dakota’s LRFD Bridge Design Manual provided the specific standards used for roadway widths.  

They specifically reference Exhibit 6-5 and Exhibit 6-6 from AASHTO’s “A Policy on 

Geometric Design of Highways and Streets” with the exception of having a minimum road width 

of 40’ for mainline interstate and railroad overheads.  This 40’ roadway provides for two 12’ 

lanes, a 6’ left shoulder, and a 12’ right shoulder.  A summary of the two referenced tables are 

provided in Table 3-3 and Table 3-4. 
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Minimum width of travelway (ft) for specified design volume (veh/day)a

Design Speed (mph) Under 400 400 to 1500 1500 to 2000 Over 2000
20 20b 20 22 24
25 20b 20 22 24
30 20b 20 22 24
35 20b 22 22 24
40 20b 22 22 24
45 20 22 22 24
50 20 22 22 24
55 22 22 24 24
60 22 22 24 24

Width of shoulder on each side of road (ft)
All Speeds 2.0 5.0c 6.0 8.0

a On roadways to be reconstructed, a 22-ft traveled way may be retained where the 
alignment and safety records  are satisfactory.

b  A 18-ft minimum width may be used for roadways with design volumes under 250 

veh/day.

c Shoulder width may be reduced for design speeds greater than 30 mph as long as a 
 minimum roadway width of 30 ft is maintained. 
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Design Volume 
(veh/day)

Minimum clear roadway width for 
bridgesa 

Design loading structural 
capacity

400 and under Traveled way + 2 ft (each side) HS 20
400 to 1500 Traveled way + 3 ft (each side) HS 20
1500 to 2000 Traveled way + 4 ft (each side)b HS 20

Over 2000 Approach roadway (width)b HS 20

a Where the approach roadway width (traveled way plus shoulders) is surfaced, that 
surface width should be carried across the structures.

b For bridges in excess of 100 ft in length, the minimum width of traveled way plus 3 ft on 
each side is acceptable.
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Mr. Jack Schmeidel, Acting Assistant Division Engineer at the Oklahoma Department of 

Transportation, responded to the survey stating that the state of Oklahoma has a standard cross-

section and a design aid that provides a specific rolled W-section for different span lengths.  The 

standard cross-section is provided in Figure 3-5.
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Mr. Bruce Johnson, State Bridge Engineer at the Oregon Department of Transportation, 

stated in the survey that the state of Oregon uses the recommendations of:

� Girder spacing for bridge spans less than 140’: 10’ – 12’

� Girder spacing for bridge spans larger than 140’: 11’ – 14’ 

(����$������	

Mr. Tom Macioce, Chief Bridge Engineer at the Pennsylvania Department of 

Transportation, responded to the survey saying that Pennsylvania does not have any standard 

designs for bridge cross-section.  He did continue by stating that typically, the range of girder 

spacings used by the state of Pennsylvania is between 10’ and 14’. 
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Mr. Barry Bowers, a Structural Design Support Engineer at the South Carolina 

Department of Transportation, provided a reference to the South Carolina Department of 

Transportation Bridge Design Manual in his survey response.  Reviewing the referenced section, 

it states that “the typical girder spacing for SCDOT bridges is 7 ½ ft to 10 ft.  The maximum 

spacing shall not exceed 10 ½ ft.”  

��5��	

Mr. David Hohmann, Director of the Bridge Division at the Texas Department of 

Transportation, provided in his survey response links to standard cross-sections and design aids 

for superstructure selection that the state of Texas uses for bridge design.  An example of one of 

their standard cross-sections is provided in Figure 3-6.
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Mr. Gregg Fredrick, State Bridge Engineer at the Wyoming Department of 

Transportation, provided a table in his survey response that provides several dimensions of the 

bridge cross-section based on the roadway width.  A summary of this table is provided in Table 

3-5. 
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Table of Girder Spacing
Clear 

Roadway 
Width

Out-Out 
Width

Number of Girders Girder Spacing (C-C) Cantilever
Wide 

Flange
Welded 

Plate
Wide 

Flange
Welded 

Plate
Wide 

Flange
Welded 

Plate

26.00 ft 29.33 ft 4 4 8.00 ft 7.50 ft 2.67 ft 3.42 ft
28.00 ft 31.33 ft 4 4 8.50 ft 8.00 ft 2.92 ft 3.67 ft
30.00 ft 33.33 ft 4 4 9.25 ft 8.50 ft 2.79 ft 3.92 ft
32.00 ft 35.33 ft 5 4 7.50 ft 9.50 ft 2.67 ft 3.42 ft
34.00 ft 37.33 ft 5 5 8.00 ft 7.50 ft 2.67 ft 3.67 ft
36.00 ft 39.33 ft 5 5 8.50 ft 8.00 ft 2.67 ft 3.67 ft
38.00 ft 41.33 ft 5 5 9.00 ft 8.50 ft 2.67 ft 3.67 ft
40.00 ft 43.33 ft 5 5 9.50 ft 9.00 ft 2.67 ft 3.67 ft
42.00 ft 45.33 ft 6 5 8.00 ft 9.50 ft 2.67 ft 3.67 ft

3.5 Question 5: Low-Volume Road Standards 
Continuing the questioning on bridge design practices, the fifth question of the survey 

asked the engineer if their state has standards or design methods specifically for bridges built on 

low-volume roads.  Of the states that responded to this question, over 52% said that they did not 

have any standards or design methods specifically for low-volume road bridges.  Of the states that 

said that there were differences in how they design these types of bridges, 60% specifically 

mention that there are differences in the geometry of the bridge and roadway.  Another 20% 

specifically mention differences in traffic barriers or wearing surfaces used on these bridges.  The 

rest of the responses either refer to specific types of bridges, the use of the AASHTO design 

guide or variations in the design process of these bridges (importance factor, do not employ 

overload vehicle, etc.) 

3.6 Question 6: Analysis and Design Software 
Question 6 of the survey asks the engineer what analysis and design software they 

employ in their bridge design process.  Each state provided a list of programs that they use.  

Provided below are the top five most commonly used software packages with descriptions of each 

program.  

The most common software company listed was Bentley with over 51% of responding 

states listing at least one Bentley program utilized for bridge designs.  The comprehensive 

software package of LEAP Bridge is composed of several component design programs including:

CONSPAN, CONBOX, RC-PIER and CONSYS.  Each of these software packages provide 

analysis and design aids for different specific components of a bridge.  CONSPAN aids in 
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analyzing and designing simple-span and multiple-span prestressed beams for bridges; CONBOX 

aids in analyzing and designing post-tensioned and cast-in-place reinforced concrete box girder 

and slab bridges; RC-PIER aids in the analysis and design of reinforced concrete substructures; 

and CONSYS aids in LRFD live load and static load analysis of a bridge.  

 The next two most common software aids listed in survey responses had an equal number 

of references in survey results.  The first software aid listed was in-house programs with over 

38% of responding states answering with this response.  These analysis and design tools are 

composed of programs developed for the specific bridge office using tools such as Microsoft 

Excel, MathCAD, Visual Basic, etc. With these programming tools, several calculation sets can 

be performed efficiently and are fully customizable for the needs and preferences of a specific 

office.

Merlin-Dash had an equal number of responses as in-house programs. Merlin-Dash is an 

overall design/analysis software program which has the ability to aid in dead load and live load 

analysis, determination of structural member size, check of AASHTO codes for all members, 

inventory and operating rating of all beam components and a total dead load pouring sequence 

stage analysis.

The next most common software mentioned in survey responses was the MDX Software

package. This tool is able to aid the engineer in analyzing and/or designing straight or curved 

steel girder bridges according to ASD, LFD or LRFD specifications. It allows the engineer to 

specify hand-calculated loads or input parameters to allow the program to determine loads for the 

analysis of the bridge. The program selects steel member sizes based on user specifications and 

provides a rating of the girder selected.  It can be used to analyze either a single girder or the 

entire girder system of a bridge.

The fifth most common software package mentioned in the survey results was the 

AASHTOWare programs of Virtis and/or Opis with over 25% of responding states listing these 

as design aids.  The two programs provide the engineer the ability to analyze reinforced concrete 

(both prestressed and non-prestressed) and steel girder bridges. Virtis provides the engineer with 

a means to analyze and rate these bridges using LFD and ASD ratings.  Opis, using similar 

technologies, aids the engineer in the design of these bridges by providing AASHTO LRFD 

ratings and several other design tools.  
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3.7 Question 7: Design/Component Standards 
Several states have predesigned bridge components that are regularly used in the overall 

bridge design process including: substructure elements, superstructure elements, traffic barriers, 

etc.  This section focuses on the superstructure design aids found for each state. 

@+������	

Mr. Jack Schmeidel, Acting Assistant Division Engineer at the Oklahoma Department of 

Transportation, responded to the survey stating that the state of Oklahoma has a standard cross-

section and a design aid that provides a specific rolled W-section for different span lengths.  The 

standard cross-section is shown in Figure 3-5, page 46, and a summary of the design table is 

provided in Table 3-6 below: 

�����	8?<	������$	��	@+������	�����	��	(�������
��	 �����	���
����	

Rolled Sections
Span Length Rolled Section

30 ft W27x84
35 ft W30x90
40 ft W30x99
45 ft W30x116
50 ft W33x130
55 ft W36x135
60 ft W36x150
65 ft W40x167
70 ft W40x183
75 ft W40x199
80 ft W40x215
85 ft W40x249
90 ft W40x277
95 ft W40x297
100 ft W40x324
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Mr. Barry Bowers, a Structural Design Support Engineer at the South Carolina 

Department of Transportation, provided a reference to the South Carolina Department of 

Transportation Bridge Design Manual in his survey response.  Reviewing the referenced section 

of the manual, a table is provided relating the depth of the beam to the maximum deck overhang 

of the bridge deck.  A summary of the table is provided in Table 3-7. 
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Depth of Beam1 Maximum Deck Overhang
<36 in Depth of Beam

36 in – 48 in 42 in
>48 in 45 in

1 For structural steel plate girders, the web depth shall be used as the depth of beam.

	

��5��	

Mr. David Hohmann, Director of the Bridge Division at the Texas Department of 

Transportation, provided in his survey response links to standard cross-sections and design aids 

for superstructure selection that the state of Texas uses for bridge design.  An example of their 

standard cross-sections was provided in Figure 3-6, page 47, and a summary of the superstructure 

selection design aid for the pre-designed cross-sections is provided in Table 3-8. 
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Rolled Section
Span Length 24 ft Cross-Section 28 ft Cross-Section 30 ft Cross-Section

30 ft 

W18x130 W18x130 W18x130
W21x122 W21x132 W21x111
W24x104 W24x117 W24x104
W27x146 W27x146 W27x146
W30x173 W30x173 W30x173
W33x118 W33x118 W33x118
W36x135 W36x135 W36x135
W40x149 W40x149 W40x149

35 ft 

W18x130 W18x130 W18x130
W21x122 W21x132 W21x111
W24x104 W24x117 W24x104
W27x146 W27x146 W27x146
W30x173 W30x173 W30x173
W33x118 W33x118 W33x118
W36x135 W36x135 W36x135
W40x149 W40x149 W40x149

40 ft 

W18x130 W18x130 W18x130
W21x122 W21x132 W21x111
W24x104 W24x117 W24x104
W27x146 W27x146 W27x146
W30x173 W30x173 W30x173
W33x118 W33x118 W33x118
W36x135 W36x135 W36x135
W40x149 W40x149 W40x149

45 ft 

W18x130 W18x130 W18x130
W21x122 W21x132 W21x111
W24x104 W24x117 W24x104
W27x146 W27x146 W27x146
W30x173 W30x173 W30x173
W33x118 W33x118 W33x118
W36x135 W36x135 W36x135
W40x149 W40x149 W40x149

50 ft 

W18x130 W18x130 W18x130
W21x122 W21x132 W21x111
W24x104 W24x117 W24x104
W27x146 W27x146 W27x146
W30x173 W30x173 W30x173
W33x118 W33x118 W33x118
W36x135 W36x135 W36x135
W40x149 W40x149 W40x149
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Span Length 24 ft Cross-Section 28 ft Cross-Section 30 ft Cross-Section

55 ft 

W21x147 W21x132 W21x111
W24x117 W24x117 W24x104
W27x146 W27x146 W27x146
W30x173 W30x173 W30x173
W33x118 W33x118 W33x118
W36x135 W36x135 W36x135
W40x149 W40x149 W40x149

60 ft 

W21x166 W21x166 W21x132
W24x146 W24x131 W24x117
W27x146 W27x146 W27x146
W30x173 W30x173 W30x173
W33x118 W33x118 W33x118
W36x135 W36x135 W36x135
W40x149 W40x149 W40x149

65 ft 

W21x166
W24x176 W24x162 W24x131
W27x146 W27x146 W27x146
W30x173 W30x173 W30x173
W33x118 W33x130 W33x118
W36x135 W36x135 W36x135
W40x149 W40x149 W40x149

70 ft 

W24x207 W24x207 W24x162
W27x178 W27x178 W27x146
W30x173 W30x173 W30x173
W33x130 W33x141 W33x118
W36x135 W36x135 W36x135
W40x149 W40x149 W40x149

75 ft 

W24x192
W27x194 W27x217 W27x161
W30x173 W30x191 W30x173
W33x141 W33x169 W33x118
W36x150 W36x160 W36x135
W40x149 W40x149 W40x149

80 ft 

W24x229
W27x235 W27x235 W27x194
W30x211 W30x191 W30x173
W33x169 W33x201 W33x152
W36x150 W36x170 W36x150
W40x149 W40x167 W40x149

85 ft 

W27x235
W30x235 W30x235 W30x191
W33x201 W33x221 W33x169
W36x170 W36x194 W36x160
W40x183 W40x183 W40x167
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90 ft 

W27x258
W30x261 W30x261 W30x211
W33x221 W33x241 W33x201
W36x231 W36x231 W36x231
W40x199 W40x199 W40x199

95 ft W36x231 W36x231 W36x231
W40x215 W40x215 W40x199

100 ft 
W33x291 W33x291 W33x241
W36x262 W36x231 W36x231
W40x215 W40x2115 W40x199

105 ft 
W33x263

W36x302 W36x247 W36x231
W40x249 W40x249 W40x215

110 ft 
W33x291
W36x262

W40x277 W40x277 W40x249

115 ft W36x302
W40x324 W40x297 W40x249

120 ft W40x362 W40x324 W40x277 

	

"�������	

Mr. Julius Volgyi, Assistant State Structure and Bridge Engineer at the Virginia 

Department of Transportation, referenced a design aid in his survey response that the state of 

Virginia uses for the design of bridge superstructures with timber decks.  Mr. Volgyi also made 

mention of an outdated design aid for steel beam bridges with concrete decks.  This second 

design aid helps the engineer determine several parameters of the bridge including: cross-section 

dimensions, girder dimensions, estimated quantities, etc.   

3.8 Question 8: Modular Bridge Use 
Question 8 of the survey asks the engineer if their state employs modular bridge systems.  

This refers to the use of modular bridge technology for temporary and/or permanent bridges.  Of 

the states that responded to this question of the survey, over 47% stated that there state has not yet 

used modular bridges.  Of the remaining states, about 41% referred to using modular bridges for 

emergencies, detours or other temporary bridge replacement situations.  Another 9% specified 

only using modular bridges for research purposes at this time.   
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3.9 Question 9: Expectations of a Best Practices Manual 
Question 9 is the first of two questions that specifically refer to a Best Practices Manual 

that was the anticipated result of this research.  The question introduces the manual that the Short 

Span Steel Bridge Alliance intended to develop and asks each engineer to describe any and all 

components that they feel would be beneficial to include in the manual.  Most of the states 

provided varying responses of what they would like to see in the manual.  Common responses for 

the manual included: pre-selected steel beam shapes, connection details and interaction between 

the substructure and superstructure of the bridge.  Other less common requests included:

substructure units, details for simple for dead/continuous for live load design and plans for 

emergency bridge replacement using modular bridges.

3.10 Question 10: AASHTO LRFD Load Factors/Combinations 
Question 10 of the survey asked the engineer what design loads and combinations their 

state uses in the bridge design process. This question asked if the loads and load combinations 

specified in the AASHTO Specifications are the only ones used in bridge design or if the state has 

any specific changes that they make. Of the states that responded to the question, one state 

mentioned that they have not fully implemented Load and Resistance Factor Design into their 

regular bridge design practices.  About 79% of the states that responded stated that they use 

LRFD design with no variation.  Another 16% utilize LRFD but have made alterations specific 

for their state.  These changes typically involved either increasing the design truck or live load 

factors.  Also, some states have specific design vehicles and load cases that they also apply to the 

bridge in designing bridges. 

3.11 Question 11: Pre-Selected Steel Beam Table 
One of the recommendations mentioned in Question 9 for the Best Practices Manual was 

tables of pre-selected steel girders.  Question 11 of the survey asks the engineer specifically if 

they believe that these tables being available could be useful for the bridge design process.  Of the 

states that responded to this question, approximately 61% responded that they foresaw these 

tables being useful in aiding in the design of short span bridges.  Of the states that said that they 

saw these tables as being useful, several mentioned that it would be useful in selecting a

preliminary section to begin the analysis of the bridge.

3.12 Question 12: Preferred Material Choice 
This question asks the bridge engineer if their state preferred certain superstructure 

material over alternatives and the reasoning behind this preference.  Trends can be found based 
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on the answers to earlier questions of the survey, but this question specifically asks for an

explanation for this preference.  The responses to this question did show a similar trend to the 

first two questions of the survey in that approximately 81 % of states responded that they prefer 

concrete superstructures for bridges in the span ranges being studied.  Only 5% of states actually 

specified their material preference to be steel.  The remaining 14% stated that their states do not 

have a preference on material and generally use whichever is most cost efficient for the situation.  

A majority of the states referred to cost when describing the reason for their preference in 

material; another important reasoning for the state’s preference was directly related to the

availability of specific materials.   

3.13 Question 13: Additional Comments 
This question provides the engineer an opportunity to provide any additional opinions 

they would like to mention.  Responses to this question varied greatly between topics such as 

general comments about the bridge industry, recommended research topics and comments about

previous responses to the survey. 

3.14 Question 14:  Information Sources 
The final question of the survey asked the engineer to provide the sources where they 

receive bridge design and construction technical information and industry news.  A collection of 

example publications, newsletters and websites were provided to allow the engineer to select 

sources from the lists.  The opportunity for the engineer to write in responses was also provided 

for each type of source.  For publications as information sources, 58% of states responded Roads 

and Bridges Magazine, 52% responded Engineering News-Record Magazine, 42% responded 

Better Roads Magazine and 10% responded Civil Engineering Magazine. For conferences as 

information sources, 30% of states responded that they attend AASHTO conferences, 21% 

responded with National Steel Bridge Alliance conferences and 18% responded with 

Precast/Prestressed Concrete Institute conferences.  Few states responded that organization 

newsletters are important information sources.  The two most common sources of this medium 

were 15% of states responding that the National Steel Bridge Alliance newsletter is an important 

information source and 9% responded that the Precast/Prestressed Concrete Institute newsletter is 

an important information source for their department.  In the area of websites as an important 

source of information, 52% of states responded the Federal Highway Administration’s website, 

30% responded the American Iron and Steel Institute’s website and 27% responded the National 

Steel Bridge Alliance’s website.  Based on these responses, it can be seen which news sources the 

country’s bridge departments are using to stay current with design and construction practices.
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Chapter 4: Modular Bridge Components and Systems 

4.1 Introduction 
The Short Span Steel Bridge Alliance is a group comprised of manufacturers, fabricators 

and representatives of related government organizations and associations who are stake holders in 

short span steel bridges.  The main focus of the group is to increase awareness of the unique 

benefits, cost-competitiveness and safety facts involved with the use of short span steel bridges 

for spans of up to 140 feet. [5]

The Short Span Steel Bridge Alliance promotes short span steel bridges that can be built 

quickly, using local crews and often can be designed with prefabricated elements which provide a 

simpler installation and cost savings.  A figure from a Short Span Steel Bridge Alliance brochure, 

provided in Figure 4-1, presents a summary of the types of steel superstructures that can be 

applied to various bridge spans within the short span range. [5] 
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The Federal Highway Administration (FHWA) has recently developed a program that 

they have titled Highways for LIFE with the word “LIFE” being an acronym for: 

Long Lasting 
Innovative 
Fast Construction 
Efficient 

 
The Highways for Life program has the motto of “Get In, Get Out, and Stay Out”.  This

motto reinforces the idea of quickly constructing quality bridges that are sound enough to not 

need extensive attention throughout the remainder of its life span.  Modular Bridge Technology is 

one solution that can aid in reaching these goals of overall better bridge design and construction. 

[14]

Several methods of Modular Bridge Technology are currently in use to build better 

quality bridges faster.  The use of these different methods applies to all of the different sectors of 

bridge design and construction.  Modular Bridge Technology has been applied to the 

substructure, superstructure and deck systems of constructed bridges with positive results.  Some 

may not know all of the applications that have been used and tested. [14] 

The use of Modular Bridge Technology is more than just a way to improve the efficiency 

of bridge design and construction.  There are also the added benefits of: improving bridge site 

safety, lessening the disruption of traffic during construction, improving the quality of 

construction and reducing environmental impacts and life cycle costs. [14] 

At the suggestion of the Federal Highway Administration, a technical working group was 

established to review the various options available for short span modular steel bridge 

construction.  The Technical Working Group consists of representatives from industry 

associations (including the Short Span Steel Bridge Alliance), steel bridge fabricators, university 

faculty members, steel manufacturers, state departments of transportation representatives and 

government organizations (FHWA).

4.2 Overview 
 The approach of Modular Bridge Technology has been applied in multiple ways to 

increase the efficiency of the design and construction of different bridge elements.  These 

applications have been used for the different parts of bridges including: substructure, 

superstructure and decking.  There are also Modular Bridge Systems in use that combine multiple 

bridge elements (ex. superstructure and decking).  This type of system may include a section of 
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bridge that can be installed that provides normally separate parts of a bridge already assembled.  

An example of this would be an element that is transported to the bridge site and makes up both 

the superstructure and decking surface of the bridge.  In constructing modular bridges, equipment 

has been developed specifically to transport and install prefabricated bridge sections.

This chapter covers several different Modular Bridge applications that are being used in 

bridge design and construction today, specifically in the field of short span steel bridges.  The 

report will provide description, illustration, and evaluation of each of these methods, allowing the 

reader to become more aware of the overall benefit of using Modular Bridge Technology.

4.3 Short Span Steel Bridge Substructure 
 The substructure of the bridge consists of the portion of the bridge that supports the entire 

structure on the given soil and/or bedrock of the bridge-site.  The design of the substructure can 

be varying especially due to the different soil conditions for each bridge-site and the weights of 

the structures differing for each project.  Despite the great variance possibilities, some 

applications of Modular Bridge Technology have been developed.  This section describes some of 

these applications, provide illustrations and evaluate the application to short span modular steel 

bridges. 

4.3.1 Precast Concrete Cap Beam 

4.3.1.1 Description 

Precast concrete cap beams are the most common prefabricated elements in bridge 

substructures.  These are generally the most difficult elements to construct on site using cast-in-

place concrete, where shoring and forming can be extensive.  Precast concrete cap beams have 

the benefits of the element being prefabricated off-site and only needing to be transported and 

installed on-site.  An example of a precast concrete cap beam is shown in Figure 4-2. [14] 
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4.3.1.2 Application 

Precast concrete cap beams connect to the tops of the piles/columns of the bridge 

substructure and support the bridge deck. [14] 

4.3.1.3 Constructability 

Due to the tolerance of cast-in-place columns and piers, large blockouts in the pier caps 

have been used successfully.  Another type of connection used for this situation is large grouted 

pockets to develop semi-moment connections.  Simple bolted connections can be used as well as 

a pinned connection. [14] 

4.3.1.4 Evaluation 

Due to the time and difficulty involved in the placement of a cast-in-place concrete cap 

beam, a prefabricated element is an efficient alternative worth considering; it is easier and faster 

to transport and connect the element than it is to cast the element on-site. 
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4.3.1.5 Research Needed 

There is still research that is required in the area of connection details.   

4.3.2 Precast Concrete Integral Abutments 

4.3.2.1 Description 

Standard abutment construction can be a long process; therefore prefabrication can 

provide an excellent opportunity to reduce the overall construction time of a bridge project.  With

integral abutments, the structure of the abutment is made integral with the elements of the 

superstructure.  The advantages of the integral abutment include: a reduction in bridge deck joints 

(a common area of deterioration in bridges) and the forces of the soil are transferred into the 

bridge superstructure, reducing the need for spread footings or multiple rows of piles.  These 

types of abutments can be separated into two categories: fully-integral abutments and semi-

integral abutments.  Fully-integral abutments are more common and involve the connection 

between the abutment and the superstructure being a full moment connection.  The connection 

between the semi-integral abutment structure and the bridge superstructure are pinned 

connections that allow for rotation at the ends of the superstructure.  An example of a precast 

concrete abutment is shown in Figure 4-3 and a diagram of this modular bridge element working 

with a steel superstructure is shown in Figure 4-4. [14] 
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4.3.2.2 Application 

This system is installed to the top of the piles of the bridge substructure to support the 

ends of the bridge while also laterally supporting the adjacent soil from movement. [14] 

4.3.2.3 Constructability 

The connection between the abutment stem and steel piles can be accomplished using 

anchored steel plates that can be field welded or embedding the piles in large pockets to later be 

grouted or sealed with concrete.  To connect the abutment to the concrete piles, grouted tube 

couplers can be used with reinforcing bars of the two elements.  Similar to the steel piles, pockets 

and grouting can be used to connect the stems with concrete piles.  To connect the adjacent stems, 

post-tensioning or small closure pours can be used. [14] 

4.3.2.4 Evaluation 

Prefabricating an integral abutment can save time in a bridge construction.  Using these 

integral abutments, deck joints can be eliminated preventing problem areas for deterioration.  

This system can also reduce the need for a spread footing or multiple rows of piles.

4.3.2.5 Research Needed 

Connections between the piling and footing and the connections between the adjacent 

stem elements are still the subject of ongoing research.

4.3.3 Modular Precast Wall Systems 

4.3.3.1 Description 

Prefabricated wall panels can be assembled and connected on-site to create modular 

precast wall systems.  The two common forms of this modular bridge technology include 

mechanically stabilized earth wall systems and modular block systems.  In the first form, 

mechanically stabilized earth systems, thin wall panels are placed and anchored to the adjacent

soil.  The devices used to anchor the wall panels engage the soil mass behind the wall panels to 

create a soil mass gravity wall.  The process of installing this type of wall abutment can progress 

rapidly because the system is built while the soil is still being filled in behind the wall.  In the 

latter system, modular block system, modular reinforced concrete modules are interconnected to 

build a soil gravity wall.   An example of a mechanically stabilized earth wing wall is shown in 

Figure 4-5. [14] 
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4.3.3.2 Application 

Mechanically stabilized earth systems are anchored to the soil to help support the soil and 

support the bridge superstructure.  Similarly, modular block systems are gravity walls, in that 

their weight prevents soil movement, placed against the soil to meet the same objectives. [14] 

4.3.3.3 Constructability 

Modular block systems interlock with each other as they are constructed into a wall.  The 

mechanically-stabilized earth system panels are anchored to the adjacent soil during the 

construction of the wall. [14]

4.3.3.4 Evaluation 

These wall systems provide an efficient construction process.  While the fill soil is being 

placed, either, the wall and its anchorages are placed within the adjacent fill soil, or the wall is 

built using reinforced concrete modules.  This system can be constructed faster than 

geosynthetically confined soil wall abutments.  Mechanically stabilized earth walls do have the 

downside of a failure rate of approximately 2-10%. [19] 

4.3.3.5 Research Needed 

Research is needed for reducing the failure rate of this type of bridge abutment. 
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4.3.4 Geosynthetically Confined Soil Wall Abutment 

4.3.4.1 Description 

Geosynthetically confined soil wall abutments are systems that connect the wall and the 

soil to create a composite structure.  To keep the structure internally stable, fabric sheets are used 

to connect the wall with the soil behind it in the form of a friction connection.  Similar to the 

mechanically stabilized earth systems, these walls are assembled with fabrics being placed within 

the soil while the backfill material is placed in layers.  An example of a geosynthetically confined 

soil wall being installed is shown in Figure 4-6 and an example of a geosynthetically confined 

soil abutment is shown in Figure 4-7. [19] 
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4.3.4.2 Application 

Geosynthetically confined soil bridge abutments attach to the adjacent soil to prevent soil

movement and to support the bridge superstructure. [19] 

4.3.4.3 Constructability 

The blocks of the geosynthetically confined soil abutments are installed in rows while the 

fabric is applied between the blocks and the soil.  This binding to the soil helps connect and 

stabilize the wall as a whole. [19] 

4.3.4.4 Evaluation 

This system is more stable and has a higher safety factor than mechanically stabilized 

earth systems.  The fabric inclusions are lightweight and the installation process is not difficult.

4.3.4.5 Research Needed 

 No research needs were found for this modular element. 
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4.3.5 T-WALL® Retaining Wall System 

4.3.5.1 Description 

The T-WALL® retaining wall system, provided by the Neel Company, combines the 

design principles of precast concrete modular walls with the gravity wall.  The precast concrete, 

T-shaped wall segments that make up the retaining wall are designed to stack and interlock to 

create the wall surface.  The stems of the “T’s” have a friction interaction with the soil backfill 

placed behind the wall.  This method causes the system to act as a stable gravity wall.  An image 

showing the installation of the T-WALL® system is provided in Figure 4-8 and an image of a 

bridge where these elements have been installed is provided in Figure 4-9. [33]
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4.3.5.2 Application 

The T-WALL® modules are stacked and arranged to create an earth retaining wall for the 

substructure of the bridge. [33] 

4.3.5.3 Constructability 

The modules are stacked and connected using locking elements.  The weight of the 

modules and the friction between the wall stems and the soil hold them in place. [33] 

4.3.5.4 Evaluation 

This system combines the ideas behind the modular precast wall and the geosynthetically 

confined soil wall.  Construction of this system is simplified in that only the modules and the 

backfill need placed sequentially.

4.3.5.5 Research Needed 

 No research needs were found for this modular element. 

4.3.6 Precast Concrete Footing 

4.3.6.1 Description 

Few states have worked with precast footings in bridge projects.  The difficulty in 

effectively using this application of modular bridge technology is insuring adequate seating on 

the subgrade.  If the seating is inadequate, rocking of the footings and settlement of the 

foundation are possible results.  In consideration of this issue, one can apply flowable concrete or 

grout under the footing. The grout can either be a flowable fill or a low grade concrete.  The 

strength of the flowable material is not of great importance since the material is simply being 

used as a filler material.  An example of a plan for a precast footing is provided in Figure 4-10.

[14] 
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4.3.6.2 Application 

Precast footings are installed on the soil to support the substructure and superstructure of 

the bridge.  These are used when soil conditions are adequate to not require piles. [14] 

4.3.6.3 Constructability 

For the connection between the precast footing and the subgrade, flowable concrete or 

grout is used to create adequate seating.  One state has used grouted shear key connections to 

connect adjacent precast footings.  A small closure pour can be used as well to connect the 

footing sections.  Due to continuing research, connection between the footing and the piles is 

specific to the situation. [14] 

4.3.6.4 Evaluation 

This system is appropriate when the engineer has confidence in the soil subgrade’s ability 

to support the precast footing.  While a filler material can be used, the possibilities of settlement 

or rocking can be an important issue.  This system can work well, but it should only be used when 

it is safe for the structure.  
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4.3.6.5 Research Needed 

This prefabricated element is still being researched.  Very few states actually have 

experimented with this technique.  More research will take place before precast footings are used 

more frequently. [14] 

4.3.7 Precast Concrete Pile 

4.3.7.1 Description 

Precast piles are used more commonly than precast footings. Normally, these piles have a 

square, round or octagonal cross-sectional shape.  Precast concrete pile companies have 

developed standard details for their product.  An example of a precast pile is shown in Figure 

4-11. [14] 
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4.3.7.2 Application 

Precast concrete piles are used when soil conditions are not adequate for spread footings.  

The piles are used to support the bridge structure on the soil and/or bedrock. [14] 

4.3.7.3 Constructability 

The PCI manual “Precast Prestressed Concrete Piles” (BM-20-04) gives details for 

splicing precast concrete piles.  One state has developed a detail for splicing hollow square piles 

using a reinforced concrete closure pour. [14] 
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4.3.7.4 Evaluation 

This system provides a driven pile instead of a cast-in-place concrete pile.  Cast-in-place 

piles require more time and preparation. 

4.3.7.5 Research Needed 

Research may be needed to investigate the ductility of precast piles with integral 

abutments.   

4.3.8 Driven Steel Piles 

4.3.8.1 Description 

Similar to precast concrete piles, driven steel piles have been used to make up the 

abutments and/or piers of short span modular steel bridges.  These piles are driven to the required 

depth in order to provide support the required loads and a pile bent is installed along the top of 

the piles to support the bridge superstructure.  Examples of these types of piers are provided in 

Figure 4-12 and Figure 4-13. [14] 
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4.3.8.2 Application 

Steel piles are driven to the required depth to support the structure.  The portion above 

ground is braced and topped with a pier cap to create a pile bent that supports the superstructure 

on. [14] 

4.3.8.3 Constructability 

Some states connect the steel piles to the pier cap by welding the tops of the piles to steel 

plates.  Other states have used piles that are hollow with precast pier caps; an anchor system is 

established between the cap and piles with a closure pour used to finalize the connection.  [14] 

4.3.8.4 Evaluation 

This system employs a driven pile instead of a cast-in-place concrete pile.  Cast-in-place 

piles require more time and preparation.

4.3.8.5 Research Needed 

No research needs were found for this modular element. 
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4.3.9 Modular Steel Piers 

4.3.9.1 Description 

Modular steel piers are prefabricated braced frame structures based on systems developed 

initially for offshore platforms.  These piers resist lateral forces more efficiently that concrete 

piers.  Installation of this type of pier can be performed in days instead of months required for 

cast-in-place concrete piers.  An example of modular steel piers used in a bridge structure is 

provided in Figure 4-14. [40] 
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4.3.9.2 Application 

Modular steel piers are used to support the bridge superstructure at intermediate support 

points along the bridge. [40]

4.3.9.3 Constructability 

 No information of constructability of this modular element was found. 

4.3.9.4 Evaluation 

This system is more structurally efficient than concrete piers in that it resists lateral 

forces.  Elements being prefabricated, installation can be completed at a faster schedule helping 

reduce the time of traffic impact, costs and the impact to the environment.  
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4.3.9.5 Research Needed 

 No research needs were found for this modular element. 

4.3.10 Precast Pier Box Cofferdam 

4.3.10.1 Description 

Constructing pier footings on piles is one of the more difficult processes in the 

construction of piers in water.  Complicated sheeting systems and cofferdams can be involved in 

this type of construction.  Precast concrete pier boxes have been used to dewater areas where 

drilled shafts connect to bridge footings.  These can be used to reduce the need for complicated 

dewatering systems and deep cofferdams.  An example of a bridge pier box is shown in Figure 

4-15. [14] 
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4.3.10.2 Application 

Precast pier box cofferdams are used as an alternative to sheeting systems and cofferdams 

that are normally used to dewater areas for the connection of pier footings to piles installed into 

underwater drilled shafts. [14] 
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4.3.10.3 Constructability 

In cases, the precast cofferdam has been placed over the pile and sealed with a small 

tremie pour around the shaft. [14]

4.3.10.4 Evaluation 

In preparation for bridge footings in water, a precast pier box can greatly ease the process 

of dewatering and connection. 

4.3.10.5 Research Needed 

 No research needs were found for this modular element. 

4.3.11  Sheet Pile Wall Abutments 

4.3.11.1 Description 

Sheet pile wall abutments are constructed from hot-rolled structural shapes with 

interlocks on the flange tips.  These interlocks permit individual sections to be connected to form 

a continuous steel wall.  Steel sheet piles are characterized by their profile which includes Z-

profiles, U-profiles, and straight-profiles.  The majority of design involved in using a sheet pile 

wall abutment comes in determining what type of sheet, vertical and horizontal forces are taken 

by the sheet piling in this structure, how deep to drive it and determine if and where anchorage 

devices are needed.  Examples of sheet pile wall abutments are shown in Figure 4-16 and Figure 

4-17. [16] [43] 
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4.3.11.2 Application 

Sheet pile walls are used as a bridge abutment alternative.  This system supports the soil 

adjacent to the bridge approach. [16]

4.3.11.3 Constructability 

The plates of the steel sheet piles walls are designed to interlock along the edges while 

the sheets are being driven into place. [16] 

4.3.11.4 Evaluation 

Hot-rolled steel sheet piles are cost effective solution for a piled foundation is required to

support a bridge or where speed of construction is critical. Abutments formed from sheet piling 

are able to act as both foundation and abutment and can be driven in a single operation, requiring 

a minimum of space and time for construction.  The material is lighter and easier to transport than 

precast concrete panels and sheet piling is produced to meet one of several applicable ASTM 

specifications.  The interlocking steel sheet piling provides a water tight structure and the site 

does not need to be dewatered before installation is performed. [20] 

Abutment structures have their own unique set of exposure conditions, design 

requirements, service life, aesthetic goals and economic requirements.  While some projects 

benefit from some supplemental corrosion protection i.e., coatings, sacrificial steel, alternate 

materials, cathodic protection, in many applications steel sheet piling does not require any 

additional protection.  When supplemental corrosion protection is required, there is a wide variety 

of protection alternatives to ensure the steel sheet piling meets the project requirements.  The 

need for corrosion protection is a function of both the exposure, which determines the projected 

loss of steel due to corrosion, and the design life of the structure. Local experience with 

corrosion in similar structures can be a valuable guide in this decision. [20] 

4.3.11.5 Research Needed 

 No research needs were found for this modular element. 

4.3.12 SuperSill® Abutments and Back Walls 

4.3.12.1 Description 

Developed and implemented by Roscoe Bridge, Supersill® Abutments and Back Walls 

are another application of modular bridge technology.  This system uses a steel spread footing 

casing that is filled with cast-in-place concrete and a steel soil retaining wall.  The system is 

designed so the bridge assembly can continue even if the concrete truck has not yet arrived to fill 
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the footing casing.  The empty casing is lightweight and easier to unload and install than precast 

concrete footings.  An example of the SuperSill® Abutment are shown in Figure 4-18. [48] 
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4.3.12.2 Application 

The SuperSill® Abutments and Back Walls are applied specifically to the ends of Roscoe 

modular bridges.  This system supports the bridge superstructure while also supporting the 

adjacent soil. [48] 

4.3.12.3 Constructability 

The Supersill® Abutment box is placed on top of the piles.  Inside of the box is a support 

system that connects with the piles.  The concrete poured into the box, solidifies the system. [48] 

4.3.12.4 Evaluation 

This system is easy to transport and install.  It considers the variation of cast-in-place 

concrete arrival.  This system also provides the bridge with a modular steel back wall.

4.3.12.5 Research Needed 

 No research needs were found for this modular element. 

4.4 Short Span Steel Bridge Superstructures 
The superstructure of a bridge is made up of the portion of the bridge built on top of the 

substructure and supports the bridge deck.  Several materials and structural configurations can be 

used to make up the superstructure of a bridge, but this report will focus more on short span steel 
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bridges.  A publication from the Short Span Steel Bridge Alliance provides different short span 

bridge superstructures using different steel configurations depending on spans that the bridge 

must support.  This section will describe several different steel superstructures, illustrate the 

different structure types and evaluate the different systems for short span modular steel bridges. 

4.4.1 Corrugated Steel Pipe 

4.4.1.1 Description 

Corrugated steel piping is a form of prefabricated steel superstructure that can be 

installed rapidly.  Due to newly developed steel grades with many beneficial properties, a steel 

superstructure like this can be lightweight, strong and cost efficient.  The Short Span Steel Bridge 

Alliance brochure recommends this type of superstructure for spans under approximately 15 feet.  

An example of Corrugated Steel Pipe is shown in Figure 4-19. [46] 
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4.4.1.2 Application 

The Short Span Steel Bridge Alliance brochure implies that this alternative can be 

applied to spans under approximately 15 feet to support the bridge deck and applied live loads. 

[46] 
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4.4.1.3 Constructability  

The corrugated steel pipe is secured to the adjacent soil through the use of anchor bolts.   

The sections that make up the pipe are also bolted together.  Couplings are used to prohibit soil 

and water from getting through the sides of the corrugated steel pipe.  Reinforcement may be 

applied to the pipe to provided extra strength.  Backfill and an earth retention system is used to 

make up the rest of the structure that supports the roadway. [32] 

4.4.1.4 Evaluation 

Corrugated pipes are available with different levels of coating that can provide service 

lives of up to 100 years.  These pipes also come in a variety of sizes providing a variety of lower-

end spans to which they can be applied. 

4.4.1.5 Research Needed 

 No research needs were found for this modular element. 

4.4.2 Corrugated Structural Plates 

4.4.2.1 Description 

Corrugated structural plates are another prefabricated steel option for a superstructure.  

These structural plates are formed in such a way to support the rest of the bridge structure and 

still allow for the traversed travel way to be usable.  The Short Span Steel Bridge Alliance 

brochure recommends this form of steel superstructure for spans between approximately 5 and 60 

feet. An example of a bridge using this type of steel superstructure can be seen in Figure 4-20.

[46] 
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4.4.2.2 Application 

The Short Span Steel Bridge Alliance brochure implies that this alternative can be 

applied to spans between approximately 5 and 60 feet. [46] 

4.4.2.3 Constructability 

The plate ends are bolted or anchored to the bridge footing to support the plate.  Bolts are 

also used to connect the sections of the corrugated steel plate and connect the section to the end 

treatments.  Reinforcement is generally added to the plates in order to provide extra strength to 

the structure.  Earth retaining structures and backfill make up the rest of the structure to support 

the roadway. [32] 

4.4.2.4 Evaluation 

These superstructure systems are cost effective and quick to install.  There are a wide 

range of designs that allow for these to be used on a variety of spans. 

4.4.2.5 Research Needed 

Of the several different reinforcing ribs being used to stiffen structural plate culverts, 

only a select few have published composite properties.  There is a need for research in the area of 

the degree of composite action of ribs with structural plate culverts.  This research can lead to a 

more efficient use of the combined strength of the materials and aid in developing more cost 

efficient designs. [28] 
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4.4.3 Big R Bridge (Super-Cor®) 

4.4.3.1 Description 

The Modular Bridge Company Big R Bridge has developed a unique alternate version of 

the corrugated structural plate bridge.  In the Super-Cor® Bridge, the corrugated plate is replaced 

by large annular corrugations.  These lightweight panels provide more stiffness than a 

conventional structural plate bridge.  The panels are easy to transport and required significantly 

less bolts than the conventional steel plate.  The panels are light enough that they can be 

assembled next to job-site and then moved into place by relatively light equipment.  This system 

also has the advantage of being adaptable; it can be widened easily by adding more panels and 

adapting the rest of the structure.  An example of one of a Super-Cor® Bridge is shown in Figure 

4-21. [10] 
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4.4.3.2 Application 

Big R Bridge states that the Super-Cor® bridge superstructure can be used for spans 

exceeding 82 feet.  The superstructure supports the deck and applied live loads while allowing for 

traversing traffic underneath the bridge. [10] 

4.4.3.3 Constructability 

The Super-Cor® panels are bolted together and are connected to the footing through 

either bolts or anchors depending on the footer material.  Earth retaining structures and backfill 

make up the rest of the bridge structure that supports the roadway. [10] 
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4.4.3.4 Evaluation 

This system can be built quickly and has all of the same benefits as the Corrugated 

Structural Plates.  This system has the added benefit of being easily widened by adding more of 

the angular plates used to make the initial structure.  Also, with the light weight, being able to 

construct the clearing and then move it to the required location can be beneficial in lessening the 

time for traffic impact.

4.4.3.5 Research Needed 

No research needs were found for this modular element. 

4.4.4 Wide Flange Shapes 

4.4.4.1 Description 

Wide flange shapes are used as a common superstructure element for bridges between 

approximately 20 and 90 feet.  These elements are aligned parallel to traffic flow under the bridge 

deck to support the loads of the bridge.  Generally the deck is attached to the girders in such a 

way to make the deck and girders behave cooperatively as composite members.  While in longer 

spans the unit weight of steel used for the bridge can be higher than that of steel plate girders, the 

unit cost of steel is much lower for rolled members.  Transverse stiffeners are not normally 

required for rolled sections and simple diaphragm details aid in making rolled sections an 

affordable superstructure.  An example of a wide flange rolled steel bridge is provided in Figure 

4-22. [11]
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4.4.4.2 Application 

The Short Span Steel Bridge Alliance brochure implies that this alternative can be 

applied to spans between approximately 20 and 90 feet.  The superstructure supports the deck and 

applied live loads and provides clearance for traverse beneath the bridge. [11] 

4.4.4.3 Constructability 

Generally, for span lengths less than 200 feet (all bridges considered in this report), 

girders can be erected with little to no falsework.  During erection, pier brackets are often used to 

provide stability to negative moment sections of the bridge until the positive moment sections are 

erected. [11]

4.4.4.4 Evaluation 

Rolled steel wide flange sections used as the superstructure of short span bridges can be 

more cost effective due to not required transverse stiffeners and simple diaphragm assembly.  The 

unit weight of steel for the bridge is higher than that of plate girder bridges, though. 
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4.4.4.5 Research Needed 

 No research needs were found for this modular element. 

4.4.5 Plate Girders 

4.4.5.1 Description 

Steel plate girders are one of the most common steel superstructure elements.  When used 

in a bridge structure, the plate girders are installed parallel with the direction of traffic.  

Floorbeams are placed transversely under the deck to distribute the bridge loads.  Similar to rolled 

steel wide flange members, the deck is placed causing the deck and girders to act as composite 

members.  The shape of steel plate girders differ from rolled sections in that rolled sections are 

doubly-symmetric “I-shaped” sections and steel plate girders can be detailed to be more efficient

and are generally only singularly-symettric.  These customizing options cause steel plate girders 

to have a lighter unit weight. The more difficult diaphragm details and the need for transverse 

stiffeners lead to this choice not always being as cost-efficient as rolled sections for a wide range 

of short span situations.  An example of a bridge using steel plate girders is provided in Figure 

4-23. [11]
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4.4.5.2 Application 

The Short Span Steel Bridge Alliance brochure implies that this alternative can only be 

applied to spans between approximately 60 and 140 feet.  The superstructure supports the deck 

and applied live loads and provides clearance for traverse beneath the bridge. [11] 

4.4.5.3 Constructability 

Generally, for span lengths less than 200 feet (all bridges considered in this report), 

girders can be erected with little to no falsework.  During erection, pier brackets are often used to 

provide stability to negative moment sections of the bridge until the positive moment sections are 

erected. [11]

4.4.5.4 Evaluation 

This system is more efficient in steel weight per unit length than a rolled steel girder 

system but is not always as cost effective.  Similar to rolled steel sections, this system acts as a 

composite section with the deck.  

4.4.5.5 Research Needed 

 No research needs were found for this modular element. 

4.4.6 Steel Truss Bridge 

4.4.6.1 Cambridge Steel Truss Bridge 

4.4.6.1.1 Description 

The superstructure of a Cambridge Steel Truss Bridges is made up of the two truss 

structures on the sides of the bridge.  Despite the trusses being composed of discrete members 

(arranged to form triangles) that are subjected primarily to axial loads, the two trusses generally

react like two large support beams.  Floorbeams are attached to the truss and run perpendicular to 

the flow of traffic to support the bridge loads that are distributed by stringers that run parallel 

with the flow of traffic.  The top and bottom members of the truss system, chords, are often 

attached laterally to provide stiffness and resistance to wind loads.  For the Cambridge Steel 

Truss Bridge, the top chords are generally arched.  An example of a Cambridge Steel Truss 

Bridge is provided in Figure 4-24. [11] 
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4.4.6.1.2 Application 

This type of Truss System is installed along the sides of the bridge deck with floorbeams 

connecting the bottom chords to support the deck.  This type of superstructure can support 

bridges of varying spans. [11] 

4.4.6.1.3 Constructability 

The members to be assembled are lighter for a truss system than those used for rolled 

steel girders and plate steel girders.  There are of course several more members to be assembled 

in a truss system than in other superstructure methods.  Because of the lighter member size, 

smaller cranes can be used in the construction process.  The elements are connected to one 

another using bolted connections.  For simple span trusses, falsework towers are usually required 

to facilitate erection.  For continuous trusses, a cantilever erection can be used using falsework 

towers near the interior piers. [11] 

4.4.6.1.4 Evaluation 

Cambridge Steel Truss Bridges are considered highly aesthetically pleasing.  The erection 

process can be much more complicated than that of steel plate girder bridges.  Some companies 

are transporting the trusses as prefabricated elements to the bridge site, quickening the bridge 

construction process.

4.4.6.1.5 Research Needed 

 No research needs were found for this modular element. 
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4.4.6.2 Warren Steel Truss Bridge 

4.4.6.2.1 Description 

This superstructure system is similar to the Cambridge Steel Truss Bridge system in that 

it consists of two trusses acting continuously between the abutments of the bridge.  Again, the 

trusses are made up of top and bottom chords with axially loaded discrete members between 

them.  This truss system differs from the Cambridge system in that the top and bottom chords are 

parallel and all of the discrete sections are arranged in a way to create inverted alternating 

equilateral triangles.  An example of a Warren Truss Bridge is provided in Figure 4-25 and a view 

of a typical section of a Warren Truss Bridge is provided in Figure 4-26. [24] 
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4.4.6.2.2 Application 

This type of truss system can be applied to the sides (similar to the Cambridge Truss) or 

underneath (as shown in Figure 4-26). [24] 
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4.4.6.2.3 Constructability 

For the Warren Truss Bridge shown in Figure 4-26, the truss members are prefabricated 

in sections.  The diagonals are welded to the top and bottom chords.  The truss sections are 

delivered to the job-site by truck to be assembled.  During erection the sections are supported by 

permanent pier or temporary support.  The trusses will be used to support the falsework to be 

used for the deck placement.  [24] 

4.4.6.2.4 Evaluation 

Similar to the Cambridge Steel Truss Bridges, Warren Steel Truss Bridges are considered 

aesthetically pleasing.  Also these bridges can be more complex to construct unless set as a 

modular system.   

4.4.6.2.5 Research Needed 

 No research needs were found for this modular element. 

4.4.6.3 Steel Space Truss Bridge 

4.4.6.3.1 Description 

Where the last two truss systems involved planar trusses, steel space trusses are 

constructed to be three-dimensional.  For this truss scenario, the truss is composed of one chords 

connected in three planes by the axial members to form a triangular shape.  These superstructure 

elements can be difficult to use for bridge construction unless they are installed as modular 

sections.  An example of a steel space truss bridge is provided in Figure 4-27 and a view of a 

typical section of a steel space truss bridge is provided in Figure 4-28. [24] 
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4.4.6.3.2 Application 

The space truss system is applied to the bottom side of the bridge deck (as shown in 

Figure 4-28). [24] 

4.4.6.3.3 Constructability 

For the space truss bridge shown in Figure 4-28, the truss is prefabricated in the form of 

modular units.  These sections are transported to the bridge site by truck.  The modulated units 

are installed using erection beams or temporary falsework.  Erection beams would be installed 

between abutments and piers to support the modular sections and lessening traffic disruption.  

The deck can then be installed atop the superstructure. [24]

4.4.6.3.4 Evaluation 

As other steel bridge truss systems, they are considered aesthetically pleasing.  Due to the 

three-dimensional truss system, these can be difficult to construct on site unless the elements are 

installed as modular sections.

4.4.6.3.5 Research Needed 

 No research needs were found for this modular element. 

4.5 Short Span Steel Bridge Decks 
The decking system of a bridge can be defined as the surface which the traversing traffic 

drives upon.  This is the surface which is used as a continuation of the driving surface on either 

side of the bridge.  Commonly, cast-in-place concrete is used as the method of placing a deck on 

a short span bridge, but due to the time of preparing formwork this can be a very time consuming 

process.  Prefabricated deck systems are some of the most commonly used applications of 
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modular bridge technology.  This section will go into greater detail of describing, illustrating and 

evaluating different methods of prefabricated deck systems for short span modular steel bridges. 

4.5.1 Full Depth Precast Deck Slabs 

4.5.1.1 Description 

Full depth precast deck slabs are one of the most common prefabricated deck systems.  

With this decking system, the deck is poured and cast in section before being delivered and 

installed at the bridge site.  The reinforcing in the concrete deck is generally either mild 

reinforcement or prestressing.  An example of a full depth precast deck slab can be seen in Figure 

4-29. [14]
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4.5.1.2 Application 

Full depth precast deck panels are used as an alternative to cast-in-place concrete decks.  

They provide a driving surface for traffic. [14] 

4.5.1.3 Constructability 

In the strength direction of the panels, the panels will be connected progressively and 

small reinforced closure pours can be used.  In the distribution direction of the panels, grouted 

shear key connections are used. [14] 
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4.5.1.4 Evaluation 

This system has been used by a number of states already and significant research has 

been performed to improve the technology.  A PCI Bridge Technical committee has published 

design and detailing standards for full depth precast deck slabs making design easier for the 

engineer.

4.5.1.5 Research Needed 

 No research needs were found for this modular element. 

4.5.2 Open Grid Decks 

4.5.2.1 Description 

Open grid decks can be described as small-scale steel framing systems used as a bridge 

deck.  They are made up of transverse sections to distribute the load across main rail members 

providing strength to the decking system.  An example of an open grid deck is provided in Figure 

4-30. [14] 
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4.5.2.2 Application 

Open grid deck panels are used as an alternative to cast-in-place concrete decks.  They 

provide a driving surface for traffic. [14] 

4.5.2.3 Constructability 

The connection between grid panels is made up of bolted or welded connections.  Due to 

the possibility of fatigue issues, bolted connections are preferred.  Bolted or weld connections can 

be used to connect the deck panels to the steel frame.  Grouted shear connector pockets are 

another option for this connection detail.  Generally, when steel guard rails are to be mounted on 

the deck panels, bolted connections are used. [14] 

4.5.2.4 Evaluation 

These decks are beneficial for situations where lightweight decks are required, such as 

movable bridges and suspension bridges.   

4.5.2.5 Research Needed 

No research needs were found for this modular element. 

4.5.3 Concrete/Steel Hybrid Decks 

4.5.3.1 Description 

Concrete/steel hybrid decks consist of a combination of the open grid deck and the full 

depth precast deck panel systems.  There are two common forms of this decking system: partially 

filled grid decks and exodermic decks.  The partially filled grid decks involve casting concrete for 

the lower section of the deck and including the open grid.  Later the rest of the deck will be 

poured on site.  The exodermic decks involve the same process as the partially filled grid decks 

except that a majority of the concrete is placed above the steel grid.  These systems act as 

composite members.  An example of an exodermic deck is provided in Figure 4-31. [14] 
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4.5.3.2 Application 

Concrete/steel hybrid deck panels are used as an alternative to cast-in-place concrete 

decks.  They provide a driving surface for traffic. [14] 

4.5.3.3 Constructability 

To connect the separate panels to one another, bolted or welded connections are used.  

Since the deck is very similar to a full depth precast concrete depth, welded stud shear connectors 

are used to connect the deck panels to the steel framing. [14] 

4.5.3.4 Evaluation 

With the partially filled grid decks, the deck can be placed without on-site formwork, 

which is a time-consuming process in bridge construction.    With the exodermic deck, the benefit 

of not having to prepare formwork is again prevalent.  This case also has the benefit of the 

composite action in the deck increasing the efficiency of the system.

4.5.3.5 Research Needed 

 No research needs were found for this modular element. 
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4.5.4 Fiber Reinforced Polymer Decks 

4.5.4.1 Description 

Fiber reinforced polymers (FRP), primarily used in the aerospace industry, have started 

being applied to the design of bridges.  FRP composites are primarily made up of fibers aligned 

within a resin material in such a way to make a very strong and very customizable material.  The 

most common fiber choices are glass and carbon fibers.  In the use of bridge decking, FRP have 

been molded into cellular panels that can be installed as full-depth deck panels.  An example of 

an FRP deck panel is provided in Figure 4-32. [14] 
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4.5.4.2 Application 

FRP deck panels are used as an alternative to cast-in-place concrete decks.  They provide 

a driving surface for traffic. [14] 

4.5.4.3 Constructability 

To connect the panels to one another, the panels are design to interlock with male-female 

shear keys.  Another option for connecting the panels is the use of high quality epoxy adhesives.  

To connect the panels to the steel framing, pockets are formed over the beams to allow for welded 

stud shear connectors and non-shrink grout.  Bolts can also be used to connect the panels to the 

steel framing. [14] 
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4.5.4.4 Evaluation 

FRP products have the benefits of having high strength, low weight, high stiffness to 

weight ratio, and corrosion resistance.  The deck being prepared in panels, transporting the deck 

to the jobsite and placing the deck panels is efficient.

4.5.4.5 Research Needed 

Research is needed for the durability of the wearing surface of this type of modular 

bridge element. 

4.5.5 Partial Depth Precast Concrete Deck Panels 

4.5.5.1 Description 

The partial depth precast concrete deck panels system involves first placing a layer of 

deck panels on the steel superstructure and then pouring the remainder of the reinforced concrete 

deck at a later time.  This method prevents the need for as much formwork (normally, the most 

time consuming part of concrete deck placement) as a cast-in-place concrete deck.  An example 

of a partial depth precast concrete deck panel is shown in Figure 4-33. [14] 
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4.5.5.2 Application 

Partial depth precast deck panels are used as an alternative to cast-in-place concrete 

decks.  They provide a driving surface for traffic. [14] 

4.5.5.3 Constructability 

The panels will be connected to one another when the rest of the deck panel depth is 

being poured.  To connect the panels to the steel framing, welded stud shear connectors are used 

in the gap between adjacent panels. [14] 

4.5.5.4 Evaluation 

With the lower portion of the deck being precast, forming is not required in setting up for 

the deck system.  This system is similar to the partially filled grid deck.

4.5.5.5 Research Needed 

Research on the effectiveness of the composite action between the deck and the girders 

may be necessary.

4.5.6 Timber Deck Panels 

4.5.6.1 Description 

Due to a great amount of study by the United States Department of Agriculture Forests 

Products Laboratory (USDA FPL), there is a significant amount of information about timber 

panels and beams as well as standard details for timber bridges.  Currently, timber bridges are 

primarily used on low-volume travel-ways, but the same design idea can be applied to larger 

volume roads as well.  Timber deck panels can be applied to superstructures besides timber.  

Standard details are available for attaching transverse timber panels to longitudinal stringers. The 

bridges often incorporate crash-tested railings attached directly to the timber deck panels.  

Generally, an asphalt wear surface is applied to protect the panels.  An example of timber deck 

panels being applied to a steel bridge is provided in Figure 4-34. [14] 
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4.5.6.2 Application 

Timber deck panels are used as an alternative to cast-in-place concrete decks. They 

provide a driving surface for traffic. [14] 

4.5.6.3 Constructability 

These deck panels have been connected to one another using steel dowels placed in the 

depth of the panels.  Currently, load transfer beams are placed mid-bay between the stringers to 

transfer the shear more effectively.  To connect the deck panels to the steel framing, bolts and 

brackets are used.  It should be remembered that this does not cause composite action. [14] 

4.5.6.4 Evaluation 

Timber decks are generally used for low-volume roads.  When attached to beams, 

composite action does not take place.  

4.5.6.5 Research Needed 

Currently, research is being performed on new waterproofing products to be applied to 

the top of the deck panels to protect the steel from moisture moving through the timber deck 

panels.
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4.5.7 Steel Orthotropic Decks 

4.5.7.1 Description 

Steel orthotropic decks consist of steel elements assembled through welding off-site to 

create a prefabricated system of decking and floor beams to be installed on-site.  Several bridges 

in the world with long spans have utilized orthotropic steel deck systems in their superstructures.  

Even though these types of decks have been used extensively in Europe, Asia and South America; 

the concept has not yet fully been accepted in the United States.  With the growing trend towards 

quicker construction with an overall longer bridge life, the steel orthotropic deck may be an 

economic solution.  If the decks are designed integral, with the girders as a common flange, cost 

savings on designing these components can be realized.  This method can lead to a completely 

steel superstructure which has the potential to provide a long service life.  The other leading 

benefits of this bridge decking system are the minimization of dead load on the bridge and the 

rapid construction that will lessen the impact on traffic.  An example of a steel orthotropic deck is 

shown in Figure 4-35. [25] 
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There have been past problems with steel orthotropic decks especially in the area of 

fatigue cracking in the weld connections.  Welding details are being developed to minimize this 

type of cracking.  By their nature, steel orthotropic decks are inherently redundant in their design 

causing many of these fatigue cracks to arrest themselves. [25] 
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4.5.7.2 Application 

Steel orthotropic decks can either be used as a decking system to the steel superstructure 

frame on site or can be prefabricated with steel girders and installed on site as part of a modular 

bridge system.  [25]

4.5.7.3 Constructability 

The multiple elements that make up steel orthotropic deck systems are fabricated off-site 

to make bridge deck modules that will be assembled and field welded at the bridge site.  The 

sections are generally light enough to place safely with a single crane. [25] 

4.5.7.4 Evaluation 

Steel orthotropic decks have the potential to be a great solution for modular steel bridges.  

Their rapid construction, minimization of dead load and long service life are great benefits that 

could really help the infrastructure of the United States.  Once research provides more efficient 

means of fatigue crack control in these deck systems and more success stories of this system in 

U.S. bridge applications accumulate, a trend in the use of this system is likely to develop. 

4.5.7.5 Research Needed 

Research on fatigue cracking in steel orthotropic decks is being performed at the ATLSS 

Engineering Research Center at Lehigh University. [41]

4.5.8 Sandwich Panel Modular Steel Bridge Deck 

4.5.8.1 Description 

This bridge decking system is composed of two layers of steel plates attached by welds to 

an inner layer of HSS steel members.  The deck is transported to the bridge-site in 8 foot wide 

panel sections.  The top plate of the “sandwich” is generally a 5/8” steel plate to resist wheel 

loads and ensure the performance of the wearing surface; the bottom plate of the “sandwich” is 

generally a 3/16” plate to accommodate for the weld of the sandwich materials.  The panels are 

field welded on-site to remove the bridge joints on the top of the deck and powder actuated 

fasteners are used to attach panels on the bottom plates.  Precast Jersey barriers can then be bolted 

onto the deck and finally the wearing surface is applied.  A diagram of the sandwich panel 

modular steel bridge deck assembly is provided in Figure 4-36 and an example of the panel 

assembly is provided in Figure 4-37. [58] 
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4.5.8.2 Application 

Steel “Sandwich” Panels are used as an alternative to cast-in-place concrete decks.  They 

provide a driving surface for traffic. [58] 

Laser Stake Welds

GMAW

5/8" Deck Plate

HSS 8x4 HSS 8x4

3/16" Bottom Plate
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4.5.8.3 Constructability 

The panels are field welded on-site to remove the bridge joints on the top of the deck and 

powder actuated fasteners are used on the bottom plates to attach the panels to one another.  The 

panels can be attached to the steel framing using bolting or grouting. [58] 

4.5.8.4 Evaluation 

This system is approximately half the weight of a concrete deck.  It is suitable for 

automated mass production.  The deck provides the structure flange bracing eliminating the need 

for cross frames.  The construction time of this type of deck is approximately two weeks.  

4.5.8.5 Research Needed 

 No research needs were found for this modular element. 

4.5.9 CANAM (Steel Orthotropic Deck Product) 

4.5.9.1 Description 

Orthotropic decks were initially used as a cost-effective and rapid system in the 

replacement of bridges destroyed in Germany during the Second World War.  The technology has 

grown over the years, especially in Europe and Asia, and has been applied to bridges in North 

America.  The steel orthotropic deck product recently developed by CANAM is fabricated into 

long panels that facilitate efficient transportation and field assembly with a minimum amount of 

field welding.  An example of their steel orthotropic decking panels is provided in Figure 4-38.

[6] 
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4.5.9.2 Application 

CANAM Steel Orthotropic Deck Panels are used as an alternative to cast-in-place 

concrete decks.  They provide a driving surface for traffic. [6] 

4.5.9.3 Constructability 

Inverted Ts (as seen in Figure 4-38) are installed along the longitudinal axis of the bridge 

to transfer shear and generate composite action between the steel framing and the orthotropic 

decks. [6] 

4.5.9.4 Evaluation 

This type of decking has a service life of up to 75 years.  Being fabricated in long panels, 

transportation and assembly is efficient.

4.5.9.5 Research Needed 

 No research needs were found for this modular element. 

4.6 Short Span Steel Bridge Systems 
Some agencies involved with the application of modular bridge technology in the design 

and construction of short span steel bridges have developed entire bridge systems for rapid and

efficient bridge construction.  This section presents some of these specialized bridge systems for 

short span modular steel bridges, provide illustrations that display these systems and provide an 

evaluation.  

4.6.1 Amcrete (Inverset™) 

4.6.1.1 Description 

 The InversetTM system, produced by Amcrete Products, Inc., is a bridge system consisting 

of sections of the superstructure and the decking surface prefabricated together.  The decks of 

these elements are cast upside-down and suspended from wide flange steel girders to create the 

bridge modules.  This method causes a prestressing effect in the steel girders, and when the 

section is turned upright for placement, the deck is in a compression state.  An example of an 

Inverset™ Bridge system is provided in Figure 4-39. [23] 
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4.6.1.2 Application 

Inverset™ Bridge Systems are used as a combination of the superstructure and decking 

system of the bridge.  It is connected to the bridge substructure on-site. [23] 

4.6.1.3 Constructability 

The bridge modules are transported to the site completely fabricated.  Once on site, the 

sections are installed onto the substructure. [23]

4.6.1.4 Evaluation 

This system allows for a quick and complete installation of the bridge with less on-site 

connection required during construction.  The system acts as a prestressed system due to being

cast in the inverted manner.  Transportation and installation of these systems is made easier by 

fewer amount of pieces to assemble on site.

4.6.1.5 Research Needed 

 No research needs were found for this modular bridge system. 
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4.6.2 Folded Plate Bridge System 

4.6.2.1 Description 

The superstructure of this type of bridge is composed of standard shapes built from 

bending flat steel plates into inverted tub sections using a break press.  This type of standard 

shape has many advantages for bridge owners and steel fabricators. Given the size of the largest 

press breaks in use today, this system can be used for a bridge with a maximum span of about 60 

feet.  The folds in the plates are uniform while the thickness and the dimensions vary depending 

on the required span.  In designing these girders, the main variables are the thickness of the plate 

and where to bend them.  An example of the cross-section of a folded plate girder is provided in 

Figure 4-40 and an example of the modular section is provided in Figure 4-41. [8] 
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4.6.2.2 Application 

Folded plate girders can be already attached to deck panels in order to be used as a 

combination of the superstructure and decking systems.  This system is installed as the bridge 

substructure on-site. [8] 

4.6.2.3 Constructability 

The system can be constructed using accelerated bridge construction methods or 

traditional bridge construction methods. [8] 

4.6.2.4 Evaluation 

The inverted tub shape used in this bridge system eliminates the need of cross frames for 

either global or local stability.  Eliminating the need for this extra steel can noticeably reduce the 

cost of the bridge project.  The shape is also designer-friendly as it will accommodate the 

standard types of formwork used for casting concrete.  The width of the top flange (normally 

between 25 and 35 inches) provides a safer walking surface than that of the traditional wide 

flange section.  Due to the opening of the tub shape being on the bottom of the element, 

inspection is easier than for standard box or tub girder bridges.

4.6.2.5 Research Needed 

Research on folded plate girder sections is being performed at the University of 

Nebraska-Lincoln. The effect of cold bending is a research topic to that could be perused for this 

modular bridge system. [8] 

4.6.3 Simple for Dead Load and Continuous for Live Load 

4.6.3.1 Description 

This system involves placing simple span steel members across the piers initially but 

adding the required concrete diaphragm later in construction to create a continuous structural 

system.  This system was developed to keep the ease of assembling simple spans but also have 

the benefits of a continuous structure for the live loads of traffic use.  This system eliminates field 

splices and simplifies the design details for the connection of the piers to the superstructure

(which normally consist of various combinations of anchor bolts, sole plate and often expensive 

bearing types).  An example of the simple for dead load and continuous for live load system is 

provided in Figure 4-42. [26] 
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4.6.3.2 Application 

The simple for dead load and continuous for live load system is a special bridge 

construction process rather than an application of special bridge elements as is for other systems 

in this section.  This system can be applied to any situation where it is beneficial to have simple 

spans during initial construction and needing the strength of a continuous span during service. 

[26] 

4.6.3.3 Constructability 

To convert the two simple spans to one continuous span, a concrete diaphragm is 

constructed at the pier.  The bottom flanges of the two girders are connected by a partial 

penetration weld applied before the pouring of wet concrete.  The concrete is poured over the pier 

creating a reinforced concrete diaphragm including small steel reinforcing bars to prevent 

longitudinal movement.  Before the placement of the diaphragm, a thin layer of foam is applied to 

the pier to separate the diaphragm from the pier cap. [26] 
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4.6.3.4 Evaluation 

This system has the benefits of assembling a simple span bridge but also has the benefits 

of carrying live loads with a continuous system.  The assembly process is easier and more cost 

effective than performing field splices and traditional connections over the piers.   

4.6.3.5 Research Needed 

The topic of system design and behavior is a possible research area.

4.6.4 Pretopped Girder Section 

4.6.4.1 Description 

This prefabricated bridge system includes combinations of superstructure elements and 

decks fabricated together before transporting them to the job-site.  This system is beneficial for 

the reduced time of construction it provides; this is due to the bolt connections on-site and the 

lack of field welding.  Some have the negative perception that these bridges are only useful for 

temporary bridges or that the span must be right for the prefabricated sections available.  

Pretopped girder sections can be designed to be permanently installed and are specifically 

designed for the required span.  Different groups have developed different methods of pretopped 

girder bridges.  An example of a Big R Bridge is provided in Figure 4-43, a bridge installed in 

Virginia is presented in Figure 4-44and the bridge designed by SDR Engineering Consults is 

shown in Figure 4-45. [45] 
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4.6.4.2 Application 

 Pretopped girder sections as sections of preconstructed steel framework with bridge 

decking already installed can be used on the bridge as both the superstructure and bridge deck.  

This system can be installed to the bridge substructure on-site. [45] 
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4.6.4.3 Constructability 

All bridge welds are performed during fabrication and not at the bridge site.  Bolted 

connections are used on site to connect the bridge segments.  These bolted connections allow for 

easy and quick construction with small crews and light equipment. [45] 

4.6.4.4 Evaluation 

This system provides quality bridges that are constructed quickly.  Despite the negative 

perception of this type of short span steel bridge, they can be designed for permanent use and are 

normally designed specifically for the bridge site.

4.6.4.5 Research Needed 

Ongoing research on the longitudinal and transverse joints between the sections is being 

performed. 

4.6.5 Modular Steel Girder/Cast-in-Place Deck System 

4.6.5.1 Description 

The modular steel girder/cast-in-place deck system was presented in a report developed 

by SDR Engineering Consultants.  This system is similar to the pretopped girder system 

described before except that the deck is not cast before delivering bridge sections to the bridge 

site.  Cold formed steel plates are attached to the steel girders to act as the formwork for the 

bridge deck.  Wire mesh is welded to the cold formed plates to provide reinforcement for the 

concrete deck that is poured on site.  As the bridge sections are brought to the bridge site and 

placed adjacently, they are bolted to one another.  A diagram displaying the bridge sections is 

provided in Figure 4-46. [42]
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4.6.5.2 Application 

The modular steel girder/cast-in-place deck sections are used as the superstructure of the 

bridge and provide a means of easily pouring the deck without requiring additional formwork. 

[42] 

4.6.5.3 Constructability 

The modular sections are attached to one another through bolted connections.  The 

reinforcing wire mesh is welded to the steel plates.  [42] 

4.6.5.4 Evaluation 

While this system does not provide the benefit of saving contruction time with a 

prefabricated deck, it does provide formwork to easily pour the deck soon after the sections have 

been installed.  Connection of steel sections is easy with on-site bolting.

4.6.5.5 Research Needed 

 No research needs were found for this modular bridge system. 

4.6.6 Acrow Panel Bridging System (700XS® System) 

4.6.6.1 Description 

The Acrow Panel Bridging System, also known as the 700XS® System, is a light bridge 

composed of large orthotropic deck units and tall truss systems.  The trusses of this type of bridge 

are 50% taller than alternate panel bridges which provide the bridge with 50% greater bending 

strength and 20% greater shear strength.  The orthotropic deck units can handle heavy wheel 

loads such as those in the AASHTO LRFD Bridge Design Specifications.  These bridges can be 

easily transported to the bridge site using standard trucks or standard dry ocean containers.  These 

bridges can be erected quickly and easily.  An example of an Acrow Panel Bridge is provided in 

Figure 4-47.  [4] 
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4.6.6.2 Application 

Acrow Panel Bridges are composed of both the truss systems and deck panels.  This 

system acts as both the superstructure and decking system of the bridge.  This can be brought to 

the job-site and installed on the bridge substructure. [4] 

4.6.6.3 Constructability 

There are several methods to install the Acrow 700 XS® Bridge.  The most common 

method is to slide the bridge into place as a cantilever system from the home bank to the end 

bank.  For this method, a launching nose must be constructed at the front of the bridge with 

rollers.  Counterweights are added to the back end of the structure in order to keep the center of 

gravity from the being past the launch nose.  The other common method of installation is lifting 

the bridge into place with the use of a crane.  This option can be more difficult, but if an adequate 

sized crane is available, it is a plausible installation method. [4]

4.6.6.4 Evaluation 

This bridge system can be transported and installed quickly and easily.  Due to the design 

of the superstructure, this type of bridge is stronger than alternate panel bridges.     
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4.6.6.5 Research Needed 

 No research needs were found for this modular bridge system. 

4.6.7 Railroad Flatcar System 

4.6.7.1 Description 

One economical bridge superstructure option that has been experimented with is the use 

of decommissioned railroad flatcars as the superstructure of the bridge.  This idea has been 

applied primarily to short span, low volume county roads.  For a single lane road one flatcar can 

provide the entire superstructure, where multiple flatcars can be placed adjacently for wider 

bridges.  An example of a railroad flatcar trimmed to be used as a bridge superstructure is 

presented in Figure 4-48.  Pictures of the bridge made from the flat car are presented in Figure 

4-49 and Figure 4-50. [57] 
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4.6.7.2 Application 

Railroad flatcars are installed onto the bridge substructure. Concrete is then used to 

create a flat deck.  Guardrails can then be attached to the flatcar to provide more safety to the 

roadway. [57]

4.6.7.3 Constructability 

The flatcar is attached to the abutment through the use of bolting or welding.  On a two 

lane bridge, the flatcars can be attached using threaded rods through the channel between.  

Concrete is used to fill the channel while pouring the deck. [57] 

4.6.7.4 Evaluation 

This system provides an economical option for short span bridges.  The superstructure 

utilizes recycled materials.

4.6.7.5 Research Needed 

 No research needs were found for this modular bridge system. 

4.6.8 Con-StructTM Prefabricated Bridge System 

4.6.8.1 Description 

The Con-StructTM prefabricated bridge system is a system developed by Tricon Precast, 

Ltd.  This system consists of galvanized steel box girders that are attached compositely to a 

precast concrete deck system.  Bridges of up to 100 foot spans can be built using this bridge 

system.  The modules of this bridge can be trucked to the bridge site and installed to the bridge 

substructure by use of a crane.  This system provides the entire superstructure of the bridge and 

can be modified for different bridge widths through installing modules adjacently.  An example 
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of a bridge made with the Con-StructTM system can be seen in Figure 4-51, and a diagram of a 

standard cross-section of a module can be seen in Figure 4-52.  [53] 
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4.6.8.2 Application 

Con-Struct bridge sections are installed onto the bridge substructure.  To create the 

desired bridge width, modules are placed adjacently to widen the bridge width. [53]

4.6.8.3 Constructability 

The steel box girders and the bridge deck are already assembled when the bridge modules 

arrive at the bridge site.  The system has abutment sections that attach directly to the bridge 

abutments constructed at the bridge site. [54] 

4.6.8.4 Evaluation 

This system provides the entire superstructure of the bridge.  The system was developed 

to be easy-to-install and provide customization in the bridge designs.   
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4.6.8.5 Research Needed 

 No research needs were found for this modular bridge system. 

4.7 Secondary Elements 

4.7.1 Railing Systems 

Railing systems are required to help safely keep vehicles on the bridge structure.  Barriers 

and railing systems are rigidly attached to the bridge and designed to handle impact loads from 

errant vehicles and redirect the vehicle away from edge of the bridge.  This section will 

specifically look at steel beam rails and precast concrete barriers that are designed to provide safe 

railing systems to short span modular steel bridges.  

4.7.1.1 Steel Beam Rail 

4.7.1.1.1 Description 

This railing system includes a combination of strong posts and steel beams used to guide 

errant vehicles back onto the roadway.  A common steel section for this type of barrier is a W-

beam.  Versions of these barriers have proven to be at least a Test Level 3 or better according to 

the testing system established by NCHRP 350. An example of a bridge using this type of railing 

can be seen if Figure 4-53 and a closer look at the connection is provided in Figure 4-54. [55] 
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4.7.1.1.2 Application 

Steel beam rails are installed on the bridge in order to provide a protection to the users so 

as not to allow them to leave the travel way. [55] 

4.7.1.1.3 Constructability 

One method of connecting steel beam rails can be seen in Figure 4-54, a portion of the 

railing system is welded to the exterior girders of the bridge.  Another method of attaching the 

railing system is by mounting the posts directly on top of the bridge deck.  For either situation, 

the connection must provide enough strength to resist the force of an errant vehicle collision.  

4.7.1.1.4 Evaluation 

Steel beam rails are lighter than concrete barriers and they impose on the roadway less 

allowing for a narrower bridge deck.  As opposed to concrete barriers, steel beam rails do not 

have the issue of holding water on the bridge roadway.  Connection for this type of railing system 

may involve on-site welding.
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4.7.1.1.5 Research Needed 

No research needs were found for this secondary element.

4.7.1.2 Precast Concrete Barrier 

4.7.1.2.1 Description 

Precast concrete barriers are a common method used to keep errant vehicles from leaving 

the travel way.  There are different shapes of this type of barrier, but the most common two are 

the New Jersey and F-Shape barriers.  Precast concrete barriers are designed to be placed and 

connected to adjacent sections and provide enough resistance to prevent vehicles from leaving the 

road.  An example of a precast concrete barrier is provided in Figure 4-55. [49]
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4.7.1.2.2 Application 

Precast concrete barriers are installed on the edges of a bridge in order to keep errant 

vehicles from leaving the travelway. [49] 

4.7.1.2.3 Constructability 

These barriers can be connected to one another using an interlocking system.  The barrier 

as a whole can be attached to the bridge deck using a mechanical keyway and a grouting material.

Other such systems may utilize vertical reinforcement or other anchorage systems to hold the 

barriers in place on the bridge. [49] 

4.7.1.2.4 Evaluation 

Precast concrete barriers are attached to the top of the bridge deck instead of being 

attached to the exterior girders of the bridge possibly causing the need for a wider bridge deck 
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than that needed when steel beam rails are used.  This type of barrier does have the potential to 

cause water retention on the deck which can cause safety issues.  With the weight of this type of 

barrier, the bridge has a larger composite dead load than that of a steel beam railing system. 

4.7.1.2.5 Research Needed 

No research needs were found for this secondary element.

4.7.2 Cross-Frames and Diaphragms 

In the design and construction of steel plate girder bridges, several configurations of 

cross-frames and diaphragms have been used to provide lateral support to the bridge frame.  This 

section will specifically look at the use of “X” shaped cross-frames, “K” shaped cross-frames and 

folded plate diaphragms.  

4.7.2.1 “X” Shape Cross-Frame 

4.7.2.1.1 Description 

There are three primary configurations of the “X” shaped cross-frame: simple “X” 

configuration, “X” shape with a bottom strut and “X” shape with bottom and top struts. [30]

The simple “X” configuration while being the most economical to fabricate, may not 

provide the most cost-effective bridge overall.  For certain bridges it is possible that this type of 

cross-frame can provide proper support for both lateral loads and cantilever concrete casting 

loads; but in cases where the braces cannot handle the weight of wet concrete on the overhangs 

properly, additional bracing will be required. [30] 

The addition of a bottom strut to the simple “X” configuration provides a more rigid path 

connecting the bottom flanges of all the girders.  This connection can provide the needed extra 

support for the overhang loads during construction.  This system is assuming that the stresses due 

to lateral wind loads on the bridge are migrating to the bottom strut. [30] 

The “X” configuration with both top and bottom struts ensures the designer that the top 

and bottom flanges of the girders are braced to resist the lateral wind loads and cantilever 

overhang loads acting on the bridge.  Generally, this system is only needed for deep girders or 

large diaphragm spacings. [30] 
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4.7.2.1.2 Application 

“X” shape cross-frames are installed into the gaps between bridge girders in order to 

provide lateral support to the bridge superstructure. [30] 

4.7.2.1.3 Constructability 

The cross-frame elements are generally bolted to stiffeners that are welded to the webs of 

the bridge girders. [30]

4.7.2.1.4 Evaluation 

With the different configurations of “X” shaped cross-frames, the engineer can use this 

system to provide lateral bracing to nearly any steel plate girder bridge.  Generally, “X” shape 

cross-frames are more economical than “K” shape cross-frames.   

4.7.2.1.5 Research Needed 

No research needs were found for this secondary element.

4.7.2.2 “K” Shape Cross-Frame 

4.7.2.2.1 Description 

“K” shaped cross-frames are similar to “X” shaped cross-frames in that they are 

composed of multiple steel members to provide lateral strength to the superstructure.  Where “X” 

shaped cross-frames are more efficient when the ratio of girder spacing to girder depth is 

approximately 1, “K” shaped cross-frames are better when this ratio is greater than 1.5.  An 

example of a bridge using “K” shaped cross-frames is provided in Figure 4-57. [12]
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4.7.2.2.2 Application 

“K” shape cross-frames are installed into the gaps between bridge girders in order to 

provide lateral support to the bridge superstructure. [12] 

4.7.2.2.3 Constructability 

The cross-frame elements are generally bolted to stiffeners that are welded to the webs of 

the bridge girders. [12] 

4.7.2.2.4 Evaluation 

“K” shaped cross-frames are not always the most cost effective option for lateral support 

to a bridge superstructure.  As mentioned, for cases where the ratio of girder spacing to girder 

depth is over 1.5, “K” shaped cross-frames are considered to be the efficient choice.

4.7.2.2.5 Research Needed 

No research needs were found for this secondary element.

4.7.2.3 Diaphragms 

4.7.2.3.1 Description 

Diaphragms, like other cross-frame systems, are included in the steel framework of a 

bridge to help the bridge resist lateral loads.  As opposed to the “X” shaped and “K” shaped 

cross-frame systems, diaphragms consist of single members performing the lateral bracing.  

Diaphragms are normally “I”, “C” or “T” shaped steel members.  An example of a bridge using 

steel diaphragms is presented in Figure 4-58. [12] 
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4.7.2.3.2 Application 

Diaphragms are installed into the gaps between bridge girders in order to provide lateral 

support to the bridge superstructure. [12] 

4.7.2.3.3 Constructability 

The ends of the diaphragms are either welded or bolted to stiffener plates attached to the 

webs of the bridge girders. [12] 

4.7.2.3.4 Evaluation 

A downside to this type of lateral bracing is that inspection becomes difficult unless 

proper precautions are taken (ex: manholes).   

4.7.2.3.5 Research Needed 

No research needs were found for this secondary element.

4.8 Self Propelled Modular Transporters 

4.8.1 Description 

The Federal Highway Administration’s Highways for LIFE program’s major objectives is 

lessening the time of construction.  One method to shorten the time of bridge construction is self 
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propelled modular transporters.  This system is a transportation method used to move the new 

bridge structure to the job-site and/or remove the old bridge structure from the job-site.  Self 

propelled modular transporters are made up of a combination of multi-axle platforms that are 

operated through state-of-the-art computer systems.  They are designed to lift, carry and set very 

large loads precisely into the final position then quickly leave the job-site to re-open the area to 

traffic.  These transporters are able to move the bridge structures (prefabricated bridge systems) 

in or out of place in minutes or hours.  Besides the savings of reducing the construction cost, the 

use of this system has the added benefits of: Reducing traffic disruption, Improving work-zone 

safety, and Minimizing impact to the environment.  Examples of bridge sections being 

transported and installed by self propelled modular transporters are shown in Figure 4-59 and 

Figure 4-60. [1] [3] 
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4.8.2 Application 

Self propelled modular transporters are used to transport, lift and maneuver 

bridges/bridge sections either on to or off of the bridge site. [3] 

4.8.3 Constructability 

For this construction method, the entire bridge is essentially constructed in the staging 

area and transported to the bridge site.  Most of the construction is actually performed in the 

controlled conditions of the staging area. [3] 

4.8.4 Evaluation 

This bridge technology is beneficial when a fully-prefabricated bridge 

superstructure/decking is used for a bridge that is on a road that has a large value on traffic 

interruption.  It can quickly remove and replace a section of bridge with the travel way only being 

out of commission for hours instead of days or months.   

4.8.5 Research Needed 

No research needs were found for this installation equipment. 
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Chapter 5: Grading of Modular Systems 

5.1 Introduction 
Once a comprehensive collection of modular bridge systems and elements were collected, 

the input of bridge professionals was sought by the Short Span Steel Bridge Alliance in order to 

develop modular bridge standards.  To gather the opinions and understandings of the bridge 

professionals, a system was developed to allow for grading of each modular system in several 

categories and sub-categories.  The four major categories used in grading the bridge systems

follow the idea of the Highways for LIFE program, in that they grade the bridge systems for 

properly meeting the goals of being Long Lasting, Innovative, Fast Construction and Efficient.  

The following sections describe the four major grading categories, their sub-categories and 

development of category weighting.  Finally, examples of the grading tables and a summary of 

the results is presented.  

5.2 Long Lasting 
The first category in the rating system, Long Lasting, represents the expected longevity 

of the bridge system.  There are two sub-categories within this major category: future 

maintenance and connection durability.   The future maintenance grading is on a scale of 1 to 15 

and represents the expected needs for upkeep to help the system remain in operational order; the 

higher the grade, the less maintenance required.  The connection durability grading is on a scale 

of 1 to 10 and represents the ability of the connection to provide proper strength in holding the 

bridge elements together over the life of the bridge; the more reliable the connection the higher 

the grading.  The grading of these two sub-categories provides the first quarter of the overall 

bridge system grade with a higher emphasis on the overall future maintenance of the system or 

element due to the costs that can incur from several future repairs. 

5.3 Innovative 
The second category in the rating system, Innovative, represents the bridge system being 

new and creative while still being practical and designable.  The four sub-categories of this major 

category are: Aesthetics, Research Needed, Comprehensive Design and Designer Comfort.  The 

aesthetics grading is on a scale of 1 to 5 and represents the system providing an aesthetically 

pleasing bridge; the higher the aesthetic value, the higher the grade.  The research needed grading 

is on a scale of 1 to 5 and represents the research still required in order for this bridge system to 

be adequately applied to the public highway system; the less research still required on the topic, 
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the higher the grading.  The comprehensive design grading is on a scale of 1 to 5 and represents 

the amount of simplification provided to the bridge construction process through providing 

prefabricated elements; the more simplification provided, the higher the grade.  The designer 

comfort grading is on a scale of 1 to 10 and represents how difficult it will be to educate 

practicing engineers how to design with the given bridge system; the easier the adaptation, the 

higher the grading.  These four sub-categories provide the second quarter of the overall grading.  

5.4 Fast Construction 
The third category in the rating system, Fast Construction, represents the time saved by 

selecting this modular bridge system over the use of conventional bridge construction practices.

The two sub-categories of this major category are: Time of Construction and Time of Fabrication.  

The time of construction grading is on a scale of 1 to 15 and represents the time saved in 

installing this bridge system on the bridge site in comparison to a conventional bridge 

construction; the less time the road is closed for construction, the higher the grade.  The time of 

fabrication grading is on a scale of 1 to 10 and represents the time required to fabricate and 

deliver the given bridge system in comparison to other prefabricated bridge elements; the less 

time required to fabricate and deliver the system, the higher the grade.  These two sub-categories 

make up the third quarter of the overall grading of the bridge system with the highest emphasis 

being on the time of construction. This weighting was selected because the reduction of road 

closure time is a high benefit of modular bridge technology and full advantage of this quality 

should be taken. 

5.5 Efficient 
The final category in rating the system, Efficient, represents the opportunity for 

economical savings that can be realized through the use of the modular bridge system.  The two 

sub-categories of this major category are: Material Costs and Man Hours.  The material costs 

grading is on a scale of 1 to 15 and represents the total costs incurred from materials by the use of 

this bridge system; the lower the material costs, the higher the grading.  The man hours grading is 

on a scale of 1 to 10 and represents the labor force required to fabricate and install the given 

modular bridge system; the less laborer required to fabricate and install the system, the higher the 

grade.  These two sub-categories represent the final quarter of the overall grading of the modular 

bridge system.  
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5.6 Grading Tables 
The grading tables sent to the professionals in the bridge community for grading were 

simplified to a web survey format that asked the engineer to scale each category on a scale of 1 to 

10. Final scaling will be conducted when the survey results are completed, however, the 

subsequent section will present an evaluation of the scores received by the time of this 

publication.  Each page of the web survey provided an entire grading table for each modular 

system in question.  The categorires of modular bridge systems to be graded by the professionals 

included: 

� Beam and Precast Deck Panels,

� Predecked Beam Systems,

� Truss-Type Systems,

� Modular Space-Truss Systems,

� Metal Deck Systems and

� Railroad Flatcar Systems

The web survey provides an identical table for grading each modular bridge system.  An 

example of one of the grading sheets provided in the web survey is presented below in Table 5-1.
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5.7 Overview of Grading Results 
Survey results were collected from ten bridge professionals from various companies in the bridge 

industry.  Their grading of each modular bridge system rated each category on a scale of 1 to 10.  The 

average of these ratings was taken and then weighted according to the weighting scale presented earlier in 

this chapter.  The weighted grades of the survey responses are presented below in Table 5-2. 
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Future Maintenance (10%) 8.7 8.7 6.0 8.7 5.0 5.7
Connection Durability (10%) 5.2 5.9 4.1 5.7 3.1 3.4
Aesthetics (5%) 3.0 3.0 2.3 3.5 2.6 1.7
Research Needed (5%) 3.2 3.3 3.2 1.8 2.1 2.7
Comprehensive Design (5%) 3.5 3.5 3.4 2.2 2.2 2.7
Designer Comfort (10%) 6.6 6.9 5.8 3.0 3.4 4.1
Time of Construction (15%) 11.3 9.3 9.8 7.3 9.8 10.0
Time of Fabrication (10%) 6.8 6.2 6.1 4.3 4.4 6.9
Material Costs (15%) 8.5 7.8 8.8 8.2 8.0 10.8
Man Hours Required (10%) 6.1 5.6 5.3 3.2 4.2 6.3
Total Grade 62.9 60.2 54.8 47.9 44.8 54.3

As can be seen from Table 5-2, the Beam and Precast Deck Panels and Predecked Beam Systems 

were the two modular bridge systems that scored the highest overall in the survey.  Based on these grades, 

these two systems are considered the best modular bridge systems to be further developed into standard 

designs.  
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Chapter 6: Standardized Short Span Steel Bridge Designs 

6.1 Introduction 
This design study was performed to create design aids to increase the efficiency of the bridge 

design process and to develop a framework for the future design of standardized short span modular 

bridges. To create these design aids, optimized designs were developed for a variety of short span steel 

bridges.  To create a design aid that is applicable to the wide variety of bridge sites and bridge design 

standards used around the country, bridges of multiple span lengths, cross-sections and girder types were 

considered in the optimized designs.  The span lengths considered in the bridge designs range from 40 

feet to 140 feet in length in 5 foot increments.  To create multiple bridge cross-sections, four different 

girder spacings were used: 6 feet, 7 feet – 6 inches, 9 feet and 10 feet – 6 inches. Both wide-flanged, 

rolled steel girder sections and steel plate girder I-sections were developed in the optimized designs of 

this study.  Version 6.5 of the MDX Line Girder Rating Software, which employs the 4th Edition of the 

AASHTO LRFD Bridge Design Specifications, was used to evaluate the limit states of each girder 

design. Bridge designs were performed for a typical interior girder.

6.2 Design Assumptions 
The short span steel girder sections were designed in accordance with the 4th Edition of the 

AASHTO LRFD Bridge Design Specifications.  A typical girder elevation is shown in Figure 6-1, 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 6-2, and the typical bridge cross-section layout is shown in Figure 6-3.  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.
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The rolled steel girder sections and the homogeneous steel 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 



www.manaraa.com

132

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

girder sections of the Lightest Weight Design Approach, a length to 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.  

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

� Constant flange width

� Constant web height

6.3 Design Approach 
The goal of this work is to develop a set of standardized designs that increase the efficiency of 

short span steel bridge design.  The standardized designs of this study 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 girder sections, Lightest Weight rolled girder 

sections, Homogeneous steel plate girder sections and Hybrid steel plate girder sections.   

The girder designs were evaluated using Version 6.5 of the MDX Line Girder Rating Software

which was referred to by several states in the bridge survey, presented in Chapter 3. Given the parameters 

of the design approach and girder type, a trial section was selected.  Based on this trial section and the 

tributary area of the cross-section, a design evaluation was performed.  The limit states evaluated for each 

design and their respective AASHTO Specification reference are provided below.
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� Strength Limit State

o Factored Bending Stress – Strength I Loading (Article 6.10.6.2) 

o Factored Shear (Article 6.10.6.3) 

� Service Limit State

o Elastic Deformations (Article 6.10.4.1) 

o Permanent Deformations (Article 6.10.4.2) 

� Constructability Limit State

o Web Bend-Buckling Resistance (Article 6.10.1.9)

o Flexure (Article 6.10.3.2)

� Fatigue Limit State

o Load-Induced Fatigue (Article 6.6.1.2) 

If the section was found to violate any of the evaluated limit states or found to not be economical, 

appropriate increases or decreases of the section size were made and the section re-evaluated.  This 

process was followed for all four sets of girder designs with appropriate modifications made for the 

different types of girders evaluated

 The rolled girder sections were designed following two different design approaches: limited depth 

and lightest weight.  The limited depth rolled girder sections were developed employing the Length/Depth 

ratio of 25.  Using this ratio, a girder depth could be selected and a trial section could be evaluated.  Wide 

flange sections of the given depth were evaluated until the most economic section for the given bridge 

situation was found.  The lightest weight rolled girder sections were developed in the same method 

without the restriction of the Length/Depth ratio. 

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

homogeneous and hybrid.  For both material configurations the Length/Depth ratio was used to determine 

the dimensions of the web plate.  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 economic.
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In designing the steel plate girder sections, a limited selection of common steel plate dimensions 

were used to take advantage of stock piling materials.  The following dimensions were employed for the 

steel plates:

� Web plates

o Depth: 24 in, 32 in, 40 in, 48 in and 56 in 

o Thickness: ½ in and ¾ in 

� Flange plates

o Width: 12 in, 14 in, 16 in, 18 in and 20 in 

o Thickness: ¾ in, 1 in, 1 ½ in and 2 in 

6.4 Optimized Steel Bridge Design Results 
The following tables display the results of the optimized steel bridge designs developed in this 

study.  Table 6-1 through Table 6-4 present the rolled steel girder sections designed in this research for 

each span length and girder spacing combination. Figure 6-4 through Figure 6-7 present the weights of 

the rolled steel girder sections for each span length and girder spacing.  The use of these figures will be 

presented in the next section of this thesis as a starting point for the development of the limited suites of 

rolled steel girder sections.  Table 6-5 through Table 6-8 present the steel plate girder sections designed in 

this research for each span length and girder spacing combination.  Figure 6-9 through Figure 6-12

present the weights of the steel plate girder sections for each span length and girder spacing. These 

figures present the design capabilities of using limited steel plate sizes in short span bridge designs.  

Lastly, Figure 6-8 and Figure 6-13 provide comparisons of all the steel girder designs developed for their 

respective girder type.  
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Span L/D Rolled Cross Frame Weight
Length (ft.) Section Spacing (ft.) (tons)

Li
m

ite
d 

D
ep

th
40 15.80 W21x62 20 1.24
45 17.67 W21x83 22.5 1.87
50 19.59 W21x111 25 2.78
55 19.73 W24x117 27.5 3.22
60 21.31 W24x162 20 4.86
65 22.91 W24x192 21.67 6.24
70 22.85 W27x194 23.33 6.79
75 24.39 W27x217 25 8.14
80 24.25 W30x211 20 8.44
85 23.93 W33x221 21.25 9.39
90 25.23 W33x241 22.5 10.85
95 25.14 W36x247 23.75 11.73
100 26.36 W36x282 25 14.10
105 24.38 W44x230 26.25 12.08
110 25.44 W44x262 27.5 14.41
115 26.53 W44x290 28.75 16.68
120 27.57 W44x335 30 20.10
125 30.65 W40x431 31.25 26.94
130 31.62 W40x503 32.5 32.70
135 32.55 W40x593 33.75 40.03
140 33.76 W40x593 35 41.51

Li
gh

te
st

 W
ei

gh
t 

40 15.80 W21x62 20 1.24
45 16.31 W24x68 22.5 1.53
50 16.64 W27x84 25 2.10
55 16.97 W30x90 27.5 2.48
60 18.44 W30x108 20 3.24
65 18.50 W33x118 21.67 3.84
70 19.88 W33x130 23.33 4.55
75 20.08 W36x135 25 5.06
80 20.27 W40x149 20 5.96
85 21.44 W40x167 21.25 7.10
90 22.59 W40x183 22.5 8.24
95 23.76 W40x211 23.75 10.02
100 23.22 W44x230 25 11.50
105 24.38 W44x230 26.25 12.08
110 25.44 W44x262 27.5 14.41
115 26.53 W44x290 28.75 16.68
120 27.57 W44x335 30 20.10
125 30.65 W40x431 31.25 26.94
130 31.62 W40x503 32.5 32.70
135 32.55 W40x593 33.75 40.03
140 33.76 W40x593 35 41.51
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Span L/D Rolled Cross Frame Weight
Length 

(ft.) Section Spacing (ft.) (tons)

Se
le

ct
ed

 S
ec

tio
ns

40 15.76 W21x73 20 1.46
45 17.65 W21x101 22.5 2.27
50 19.59 W21x111 25 2.78
55 19.73 W24x117 27.5 3.22
60 19.73 W27x129 20 3.87
65 19.85 W30x132 21.67 4.29
70 21.26 W30x148 23.33 5.18
75 20.02 W36x150 25 5.63
80 21.34 W36x160 20 6.40
85 22.61 W36x182 21.25 7.74
90 22.59 W40x183 22.5 8.24
95 23.93 W40x199 23.75 9.45

100 25.01 W40x211 25 10.55
105 24.29 W44x262 26.25 13.76
110 25.44 W44x262 27.5 14.41
115 28.66 W40x297 28.75 17.08
120 29.76 W40x324 30 19.44
125 28.72 W44x335 31.25 20.94
130 29.87 W44x335 32.5 21.78
135 32.83 W40x503 33.75 33.95
140 34.05 W40x503 35 35.21
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Span L/D Rolled Cross Frame Weight
Length Section Spacing (ft.) (tons)

Li
m

ite
d 

D
ep

th

40 15.70 W21x83 20 1.66
45 17.65 W21x101 22.5 2.27
50 19.52 W21x122 25 3.05
55 19.68 W24x131 27.5 3.60
60 21.42 W24x146 20 4.38
65 23.04 W24x176 21.67 5.72
70 22.94 W27x178 23.33 6.23
75 24.48 W27x194 25 7.28
80 24.25 W30x211 20 8.44
85 23.93 W33x221 21.25 9.39
90 25.23 W33x241 22.5 10.85
95 25.14 W36x247 23.75 11.73
100 26.40 W36x262 25 13.10
105 26.18 W40x277 26.25 14.54
110 27.41 W40x297 27.5 16.34
115 26.42 W44x335 28.75 19.26
120 29.63 W40x362 30 21.72
125 30.74 W40x397 31.25 24.81
130 31.88 W40x431 32.5 28.02
135 32.83 W40x503 33.75 33.95
140 33.76 W40x593 35 41.51

Li
gh

te
st

 W
ei

gh
t 

40 14.45 W24x76 20 1.52
45 14.98 W27x84 22.5 1.89
50 15.37 W30x99 25 2.48
55 16.86 W30x116 27.5 3.19
60 17.08 W33x118 20 3.54
65 17.41 W36x135 21.67 4.39
70 17.73 W40x149 23.33 5.22
75 18.92 W40x167 25 6.26
80 21.28 W36x182 20 7.28
85 22.50 W36x210 21.25 8.93
90 22.51 W40x211 22.5 9.50
95 23.69 W40x235 23.75 11.16
100 25.01 W40x249 25 12.45
105 24.29 W44x262 26.25 13.76
110 27.41 W40x297 27.5 16.34
115 28.52 W40x324 28.75 18.63
120 29.64 W40x362 30 21.72
125 30.74 W40x397 31.25 24.81
130 31.88 W40x431 32.5 28.02
135 32.83 W40x503 33.75 33.95
140 33.76 W40x593 35 41.51
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Span L/D Rolled Cross Frame Weight
Length Section Spacing (ft.) (tons)

Li
m

ite
d 

D
ep

th

40 15.65 W21x93 20 1.86
45 17.63 W21x111 22.5 2.50
50 19.51 W21x132 25 3.30
55 19.64 W24x146 27.5 4.02
60 21.31 W24x162 20 4.86
65 22.91 W24x192 21.67 6.24
70 22.85 W27x194 23.33 6.79
75 24.39 W27x217 25 8.14
80 24.12 W30x235 20 9.40
85 23.83 W33x241 21.25 10.24
90 25.08 W33x291 22.5 13.10
95 25.04 W36x282 23.75 13.40

100 26.30 W36x302 25 15.10
105 26.04 W40x324 26.25 17.01
110 27.17 W40x362 27.5 19.91
115 28.28 W40x397 28.75 22.83
120 29.51 W40x397 30 23.82
125 31.41 W40x431 31.25 26.94
130 31.62 W40x503 32.5 32.70
135 32.55 W40x593 33.75 40.03
140 33.76 W40x593 35 41.51

Li
gh

te
st

 W
ei

gh
t 

40 14.15 W24x84 20 1.68
45 13.89 W30x90 22.5 2.03
50 15.37 W30x108 25 2.70
55 15.65 W33x118 27.5 3.25
60 16.07 W36x135 20 4.05
65 16.47 W40x149 21.67 4.84
70 17.66 W40x167 23.33 5.85
75 19.95 W36x182 25 6.83
80 21.17 W36x210 20 8.40
85 22.55 W36x231 21.25 9.82
90 23.81 W36x247 22.5 11.12
95 23.76 W40x249 23.75 11.83

100 23.48 W44x262 25 13.10
105 26.04 W40x324 26.25 17.01
110 28.70 W36x361 27.5 19.86
115 29.87 W36x395 28.75 22.71
120 29.51 W40x397 30 23.82
125 30.65 W40x431 31.25 26.94
130 31.62 W40x503 32.5 32.70
135 32.55 W40x593 33.75 40.03
140 33.76 W40x593 35 41.51
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Weight vs Span Length
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Weight vs Span Length
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Span L/D btf ttf D tw bbf tbf1 tbf2 Cross Frame Weight
Length (in.) (in.) (in.) (in.) (in.) (in.) (in.) Spacing (ft.) (tons)

50
-k

si

40 13.81 12 0.75 24 0.50 12 0.75 0.75 20 2.04
45 15.54 12 0.75 24 0.50 12 0.75 0.75 22.5 2.30
50 17.27 12 0.75 24 0.50 12 0.75 0.75 25 2.55
55 18.99 12 0.75 24 0.50 12 0.75 0.75 27.5 2.81
60 20.57 12 0.75 24 0.50 14 0.75 1.00 20 3.43
65 22.29 12 0.75 24 0.50 18 0.75 1.00 21.67 4.11
70 23.66 12 0.75 24 0.50 16 1.00 1.50 23.33 4.98
75 25.00 14 0.75 24 0.50 14 1.50 2.00 25 6.09
80 22.33 12 0.75 32 0.50 18 0.75 1.00 20 5.61
85 23.45 12 0.75 32 0.50 14 1.00 1.50 21.25 6.25
90 24.83 12 0.75 32 0.50 18 1.00 1.50 22.5 7.41
95 22.35 12 0.75 40 0.50 16 0.75 1.00 23.75 7.01
100 23.53 14 0.75 40 0.50 18 0.75 1.00 25 7.95
105 24.47 14 0.75 40 0.50 16 1.00 1.50 26.25 9.16
110 25.63 16 0.75 40 0.50 18 1.00 1.50 27.5 10.37
115 23.39 16 0.75 48 0.50 18 0.75 1.00 28.75 10.21
120 24.20 16 0.75 48 0.50 14 1.00 1.50 30 11.07
125 25.21 18 0.75 48 0.50 16 1.00 1.50 31.25 12.40
130 26.22 18 0.75 48 0.50 18 1.00 1.50 32.5 13.47
135 24.18 18 0.75 56 0.50 18 0.75 1.00 33.75 13.25
140 24.89 18 1.00 56 0.50 14 1.00 1.50 35 15.29

H
yb

rid
 

40 13.81 12 0.75 24 0.50 12 0.75 0.75 20 2.04
45 15.54 12 0.75 24 0.50 12 0.75 0.75 22.5 2.30
50 17.27 12 0.75 24 0.50 12 0.75 0.75 25 2.55
55 18.99 12 0.75 24 0.50 12 0.75 0.75 27.5 2.81
60 20.57 12 0.75 24 0.50 14 0.75 1.00 20 3.43
65 22.29 12 0.75 24 0.50 18 0.75 1.00 21.67 4.11
70 23.66 12 0.75 24 0.50 16 1.00 1.50 23.33 4.98
75 25.00 14 0.75 24 0.50 14 1.50 2.00 25 6.09
80 22.33 12 0.75 32 0.50 18 0.75 1.00 20 5.61
85 23.45 12 0.75 32 0.50 14 1.00 1.50 21.25 6.25
90 24.83 12 0.75 32 0.50 18 1.00 1.50 22.5 7.41
95 22.35 12 0.75 40 0.50 16 0.75 1.00 23.75 7.01
100 23.53 14 0.75 40 0.50 18 0.75 1.00 25 7.95
105 24.47 14 0.75 40 0.50 16 1.00 1.50 26.25 9.16
110 25.63 16 0.75 40 0.50 18 1.00 1.50 27.5 10.37
115 23.39 16 0.75 48 0.50 18 0.75 1.00 28.75 10.21
120 24.20 16 0.75 48 0.50 14 1.00 1.50 30 11.07
125 25.21 18 0.75 48 0.50 16 1.00 1.50 31.25 12.40
130 26.22 18 0.75 48 0.50 18 1.00 1.50 32.5 13.47
135 24.18 18 0.75 56 0.50 18 0.75 1.00 33.75 13.25
140 24.89 18 1.00 56 0.50 14 1.00 1.50 35 15.29
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Span L/D btf ttf D tw bbf tbf1 tbf2 Cross Frame Weight
Length (in.) (in.) (in.) (in.) (in.) (in.) (in.) Spacing (ft.) (tons)

50
-k

si

40 13.81 12 0.75 24 0.50 12 0.75 0.75 20 2.04
45 15.54 12 0.75 24 0.50 12 0.75 0.75 22.5 2.30
50 17.27 12 0.75 24 0.50 12 0.75 0.75 25 2.55
55 18.99 12 0.75 24 0.50 12 0.75 0.75 27.5 2.81
60 20.72 12 0.75 24 0.50 16 0.75 0.75 20 3.37
65 22.29 12 0.75 24 0.50 16 1.00 1.00 21.67 4.09
70 23.66 14 0.75 24 0.50 14 1.00 1.50 23.33 4.85
75 25.35 16 0.75 24 0.50 18 1.00 1.50 25 6.05
80 26.67 14 0.75 24 0.50 16 1.50 2.00 20 6.98
85 23.45 12 0.75 32 0.50 14 1.00 1.50 21.25 6.25
90 24.83 14 0.75 32 0.50 16 1.00 1.50 22.5 7.24
95 26.21 16 0.75 32 0.50 18 1.00 1.50 23.75 8.31

100 23.53 14 0.75 40 0.50 18 0.75 1.00 25 7.95
105 24.47 16 0.75 40 0.50 14 1.00 1.50 26.25 8.97
110 25.63 18 0.75 40 0.50 16 1.00 1.50 27.5 10.16
115 23.39 14 0.75 48 0.50 18 0.75 1.00 28.75 9.92
120 24.20 18 0.75 48 0.50 14 1.00 1.50 30 11.37
125 25.21 16 1.00 48 0.50 16 1.00 1.50 31.25 12.93
130 26.22 18 1.00 48 0.50 18 1.00 1.50 32.5 14.47
135 24.00 18 1.00 56 0.75 14 1.00 1.50 33.75 17.96
140 24.89 20 1.00 56 0.75 14 1.00 1.50 35 19.10

H
yb

rid
 

40 13.81 12 0.75 24 0.50 12 0.75 0.75 20 2.04
45 15.54 12 0.75 24 0.50 12 0.75 0.75 22.5 2.30
50 17.27 12 0.75 24 0.50 12 0.75 0.75 25 2.55
55 18.99 12 0.75 24 0.50 12 0.75 0.75 27.5 2.81
60 20.72 12 0.75 24 0.50 16 0.75 0.75 20 3.37
65 22.29 12 0.75 24 0.50 16 1.00 1.00 21.67 4.09
70 23.66 14 0.75 24 0.50 14 1.00 1.50 23.33 4.85
75 25.35 16 0.75 24 0.50 18 1.00 1.50 25 6.05
80 26.67 14 0.75 24 0.50 16 1.50 2.00 20 6.98
85 23.45 12 0.75 32 0.50 14 1.00 1.50 21.25 6.25
90 24.83 14 0.75 32 0.50 16 1.00 1.50 22.5 7.24
95 26.21 16 0.75 32 0.50 18 1.00 1.50 23.75 8.31

100 23.30 14 0.75 40 0.50 12 1.00 1.50 25 7.84
105 24.47 16 0.75 40 0.50 14 1.00 1.50 26.25 8.97
110 25.63 18 0.75 40 0.50 16 1.00 1.50 27.5 10.16
115 23.39 16 0.75 48 0.50 16 0.75 1.00 28.75 9.86
120 24.41 18 0.75 48 0.50 18 0.75 1.00 30 10.96
125 25.21 16 1.00 48 0.50 14 1.00 1.50 31.25 12.38
130 26.22 18 1.00 48 0.50 16 1.00 1.50 32.5 13.89
135 24.18 18 1.00 56 0.75 12 1.00 1.00 33.75 16.54
140 25.07 20 1.00 56 0.75 14 1.00 1.00 35 18.10
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Span L/D btf ttf D tw bbf tbf1 tbf2 Cross Frame Weight
Length (in.) (in.) (in.) (in.) (in.) (in.) (in.) Spacing (ft.) (tons)

50
-k

si

40 13.81 12 0.75 24 0.50 12 0.75 0.75 20 2.04
45 15.54 12 0.75 24 0.50 12 0.75 0.75 22.5 2.30
50 17.27 12 0.75 24 0.50 12 0.75 0.75 25 2.55
55 18.86 12 0.75 24 0.50 12 0.75 1.00 27.5 2.98
60 20.57 12 0.75 24 0.50 14 0.75 1.00 20 3.43
65 22.29 14 0.75 24 0.50 18 0.75 1.00 21.67 4.28
70 23.66 14 0.75 24 0.50 14 1.00 1.50 23.33 4.85
75 25.35 18 0.75 24 0.50 18 1.00 1.50 25 6.24
80 26.67 16 0.75 24 0.50 18 1.50 2.00 20 7.68
85 23.45 14 0.75 32 0.50 14 1.00 1.50 21.25 6.46
90 24.83 16 0.75 32 0.50 16 1.00 1.50 22.5 7.47
95 26.21 18 0.75 32 0.50 18 1.00 1.50 23.75 8.55

100 23.30 16 0.75 40 0.50 16 1.00 1.50 25 8.98
105 24.47 18 0.75 40 0.50 18 1.00 1.50 26.25 10.16
110 25.38 16 1.00 40 0.50 14 1.50 2.00 27.5 11.45
115 23.19 18 0.75 48 0.50 16 1.00 1.50 28.75 11.41
120 24.20 18 1.00 48 0.50 18 1.00 1.50 30 13.35
125 25.00 18 1.00 48 0.50 14 1.50 2.00 31.25 14.29
130 26.00 20 1.00 48 0.50 16 1.50 2.00 32.5 16.10
135 24.00 18 1.00 56 0.75 16 1.00 1.50 33.75 18.56
140 24.89 20 1.00 56 0.75 18 1.00 1.50 35 20.34

H
yb

rid
 

40 13.81 12 0.75 24 0.50 12 0.75 0.75 20 2.04
45 15.54 12 0.75 24 0.50 12 0.75 0.75 22.5 2.30
50 17.27 12 0.75 24 0.50 12 0.75 0.75 25 2.55
55 18.99 12 0.75 24 0.50 12 0.75 0.75 27.5 2.81
60 20.72 12 0.75 24 0.50 16 0.75 0.75 20 3.37
65 22.29 14 0.75 24 0.50 16 0.75 1.00 21.67 4.08
70 23.66 14 0.75 24 0.50 14 1.00 1.50 23.33 4.85
75 25.35 18 0.75 24 0.50 18 1.00 1.50 25 6.24
80 27.04 18 0.75 24 0.50 20 1.00 1.50 20 7.01
85 23.45 14 0.75 32 0.50 12 1.00 1.50 21.25 6.09
90 24.83 16 0.75 32 0.50 14 1.00 1.50 22.5 7.07
95 26.21 18 0.75 32 0.50 18 1.00 1.50 23.75 8.55

100 23.53 16 0.75 40 0.50 16 0.75 1.00 25 7.89
105 24.71 18 0.75 40 0.50 18 0.75 1.00 26.25 8.88
110 25.63 16 1.00 40 0.50 16 1.00 1.50 27.5 10.63
115 23.39 18 0.75 48 0.50 14 0.75 1.00 28.75 9.80
120 24.41 18 1.00 48 0.50 16 0.75 1.00 30 11.52
125 25.21 18 1.00 48 0.50 14 1.00 1.50 31.25 12.80
130 26.22 20 1.00 48 0.50 14 1.00 1.50 32.5 13.76
135 24.18 20 1.00 56 0.75 14 1.00 1.00 33.75 17.46
140 25.07 20 1.00 56 0.75 14 1.00 1.00 35 18.10
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Span L/D btf ttf D tw bbf tbf1 tbf2 Cross Frame Weight
Length (in.) (in.) (in.) (in.) (in.) (in.) (in.) Spacing (ft.) (tons)

50
-k

si

40 13.81 12 0.75 24 0.50 12 0.75 0.75 20 2.04
45 15.54 12 0.75 24 0.50 12 0.75 0.75 22.5 2.30
50 17.14 12 0.75 24 0.50 12 0.75 1.00 25 2.71
55 18.86 12 0.75 24 0.50 14 0.75 1.00 27.5 3.14
60 20.57 12 0.75 24 0.50 16 0.75 1.00 20 3.61
65 21.97 14 0.75 24 0.50 14 1.00 1.50 21.67 4.50
70 23.66 16 0.75 24 0.50 16 1.00 1.50 23.33 5.34
75 25.35 16 1.00 24 0.50 18 1.00 1.50 25 6.56
80 27.04 16 1.00 24 0.50 20 1.00 1.50 20 7.35
85 23.45 16 0.75 32 0.50 16 1.00 1.50 21.25 7.06
90 24.83 18 0.75 32 0.50 18 1.00 1.50 22.5 8.10
95 26.21 16 1.00 32 0.50 20 1.00 1.50 23.75 9.37

100 23.30 18 0.75 40 0.50 18 1.00 1.50 25 9.68
105 24.47 18 1.00 40 0.50 20 1.00 1.50 26.25 11.43
110 25.38 18 1.00 40 0.50 16 1.50 2.00 27.5 12.50
115 23.19 18 1.00 48 0.75 16 1.00 1.50 28.75 14.64
120 24.20 18 1.00 48 0.75 18 1.00 1.50 30 15.80
125 25.00 20 1.00 48 0.75 16 1.50 2.00 31.25 18.03
130 26.00 18 1.50 48 0.75 18 1.50 2.00 32.5 21.10
135 24.00 20 1.00 56 0.75 20 1.00 1.50 33.75 20.21
140 24.71 20 1.50 56 0.75 16 1.50 2.00 35 24.01

H
yb

rid
 

40 13.81 12 0.75 24 0.50 12 0.75 0.75 20 2.04
45 15.54 12 0.75 24 0.50 12 0.75 0.75 22.5 2.30
50 17.27 12 0.75 24 0.50 12 0.75 0.75 25 2.55
55 18.99 12 0.75 24 0.50 12 0.75 0.75 27.5 2.81
60 20.57 12 0.75 24 0.50 12 0.75 1.00 20 3.25
65 22.29 14 0.75 24 0.50 16 0.75 1.00 21.67 4.08
70 23.66 16 0.75 24 0.50 14 1.00 1.50 23.33 5.03
75 25.35 16 1.00 24 0.50 18 1.00 1.50 25 6.56
80 26.67 16 1.00 24 0.50 14 1.50 2.00 20 7.24
85 23.45 16 0.75 32 0.50 12 1.00 1.50 21.25 6.31
90 24.83 18 0.75 32 0.50 14 1.00 1.50 22.5 7.30
95 26.21 18 1.00 32 0.50 16 1.00 1.50 23.75 8.86

100 23.30 18 0.75 40 0.50 12 1.00 1.50 25 8.35
105 24.71 18 1.00 40 0.50 18 0.75 1.00 26.25 9.68
110 25.63 18 1.00 40 0.50 14 1.00 1.50 27.5 10.52
115 23.39 18 1.00 48 0.75 14 1.00 1.00 28.75 13.30
120 24.41 18 1.00 48 0.75 16 1.00 1.00 30 14.29
125 25.42 20 1.00 48 0.75 18 1.00 1.00 31.25 15.74
130 26.22 18 1.50 48 0.75 14 1.00 1.50 32.5 17.96
135 24.00 20 1.00 56 0.75 12 1.00 1.50 33.75 17.82
140 24.89 18 1.50 56 0.75 12 1.00 1.50 35 20.15
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Weight vs Span Length
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Weight vs Span Length
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Weight vs Span Length
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6.5 Reduced Suite of Rolled Steel Girders 
After developing the optimized rolled steel girder section for each bridge span and girder spacing 

arrangement, a limited suite of rolled steel girders were selected as adequate sections for any of the 

evaluated girder spacing arrangements and over the range of bridge spans evaluated.  To determine which 

girder sections would be included, all of the rolled girder sections were analyzed for a given span range 

and the largest girder section from that range was selected.  The span ranges were separated for three 

different sets of girders: 5 selected sections, 7 selected sections and 10 selected sections.   Each set of 

girder selections added to the number of girder sections in the limited suite but also provided more 

efficient designs for the bridges.  In this sense, the 5 selected sections suite benefits the steel 

manufacturers in that they can stock pile these 5 rolled girder sections to be sold as needed.  The 10 

selected section suite benefits the designer in that they have a more efficient bridge design.   

The ranges for the initial set of 5 sections were selected by dividing the total span length range of 

40 feet to 140 feet into divisions of 20 feet.  The ranges for the set of 7 sections were selected by keeping 

the first three ranges from the 5 selected sections and dividing the remaining ranges into 10 foot ranges.  

The last suite of selected sections was developed by dividing the total range into 10 foot increments.  

Table 6-9 through Table 6-11 present the results of these rolled steel girder selections. Figure 6-14

through Figure 6-23 present graphs showing the weights of the 5 selected sections compared to the 

optimized designs.  Figure 6-24 through Figure 6-27 present the additional selected sections that are 

added to the suites between the 5 selected sections and the 7 selected sections.  Figure 6-28 through 

Figure 6-33 present the additional selected sections that are added to the suites between the 7 selected 

sections and the 10 selected sections.  
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40 ft – 60 ft W24x162 W36x135
60 ft – 80 ft W30x235 W36x210
80 ft – 100 ft W36x302 W44x262

100 ft – 120 ft W40x397 W40x397
120 ft – 140 ft W40x593 W40x593
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40 ft – 60 ft W24x162 W36x135
60 ft – 80 ft W30x235 W36x210
80 ft – 100 ft W36x302 W44x262

100 ft – 110 ft W40x362 W36x361
110 ft – 120 ft W40x397 W40x397
120 ft – 130 ft W40x503 W40x503
130 ft – 140 ft W40x593 W40x593
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40 ft – 50 ft W21x132 W21x111
50 ft – 60 ft W24x162 W36x135
60 ft – 70 ft W27x194 W40x167
70 ft – 80 ft W30x235 W36x210
80 ft – 90 ft W33x291 W36x247
90 ft – 100 ft W36x302 W44x262

100 ft – 110 ft W40x362 W36x361
110 ft – 120 ft W40x397 W40x397
120 ft – 130 ft W40x503 W40x503
130 ft – 140 ft W40x593 W40x593
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6.6 Comparison to Other Standard Designs 
In order to validate the designs developed in this research, comparisons were made between the 

steel girder sections from this work and other available state standard designs.  The standards used in 

these comparisons include those of Texas, Oklahoma and Virginia as well as a set of pre-designed 

sections developed by the American Iron and Steel Institute.  The following sections present similarities 

and differences between the bridge design parameters for each set of standard designs in comparison to 

the girders designed in this study.  Tables comparing the sections selected in the standard designs and the 

designs of this research and figures comparing the weights of the standard designs and the designs of this 

research are presented in each section.

6.6.1 Oklahoma Standards 

The state of Oklahoma has one set of pre-designed rolled steel girders for a typical bridge cross-

section.  Similar to the bridges in this research, Oklahoma’s standard bridges have a deck thickness of 8 

inches, but no integral wearing surface is specified.  The bridge overhang for the Oklahoma bridges is 3 ft 

– 4 in. which is similar to the 3 ft – 3 in. which was used for this work.  The haunch of the Oklahoma 

bridges is 1 in not including the thickness of the top flange while the haunch thickness of this work is 2 

in. including the top flange thickness.  The major difference between the Oklahoma bridges and the 

designed bridges of this work is in the girder spacing; Oklahoma uses 11 ft – 10 in. while the maximum 

girder spacing of this work was 10 ft – 6 in.  A table of the two sets of selected sections in this 

comparison is presented in Table 6-12 and a graph comparing the selected section weights is shown in 

Figure 6-34.
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Span (ft) WVU 10 ft- 6 in. OK 11 ft – 10 in.
40 W24x84 W30x99
45 W30x90 W30x116
50 W30x108 W33x130
55 W33x118 W36x135
60 W36x135 W36x150
65 W40x149 W40x167
70 W40x167 W40x183
75 W36x182 W40x199
80 W36x210 W40x215
85 W36x231 W40x249
90 W36x247 W40x277
95 W40x249 W40x297
100 W44x262 W40x324
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WVU 10 ft - 6 in. / Oklahoma 11 ft - 10 in. Comparison
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6.6.2 Texas Standards 

The state of Texas had three sets of standard bridge designs for three different bridge cross- 

sections.  All three bridge cross-section designs include 8 in. thick decks similar to the designs of this 

work but do not specify an integral wearing surface.  All three cross-sections include a 2 ft bridge 

overhang compared to the 3 ft – 3 in. overhang of this work.  The three Texas standard bridges have 2 in.

haunches that do not include the thickness of the top flange of the steel section, while the haunches of this 

work are 2 in. including the top flange thickness.  The set of girders from this work with 7 ft – 6 in. girder 

spacing is compared to the Texas bridges with a girder spacing of 7 ft – 4 in. in Table 6-13 and Figure 

6-35.  The set of girders from this work with 9 ft girder spacing is compared to the Texas bridges with a 

girder spacing of 8 ft – 8 in. in. Table 6-14 and Figure 6-36.  The sets of girders from this work with 6 ft 

and 7 ft – 6 in. are compared to the Texas bridges with a girder spacing of 7 ft in Table 6-15 and Figure 

6-37. 
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Span (ft) WVU 7 ft – 6 in. TX 7 ft – 4 in.
40 W21x73 W24x104
45 W21x101 W24x104
50 W21x111 W24x104
55 W24x117 W24x117
60 W27x129 W33x118
65 W30x132 W33x118
70 W30x148 W33x130
75 W36x150 W33x141
80 W36x160 W40x149
85 W36x182 W36x170
90 W40x183 W40x199
95 W40x199 W40x215

100 W40x211 W40x215
105 W44x262 W40x249
110 W44x262 W40x277
115 W40x297 W40x324
120 W40x324 W40x362

WVU 7 ft - 6 in. / Texas 7 ft - 4 in. Comparison
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Span (ft) WVU 9 ft TX 8 ft – 8 in.
40 W24x76 W24x117
45 W27x84 W24x117
50 W30x99 W24x117
55 W30x116 W24x117
60 W33x118 W33x118
65 W36x135 W33x130
70 W40x149 W36x135
75 W40x167 W40x149
80 W36x182 W40x167
85 W36x210 W40x183
90 W40x211 W40x199
95 W40x235 W40x215
100 W40x249 W36x247
105 W44x262 W40x277
110 W40x297 W40x277
115 W40x324 W40x297
120 W40x362 W40x324

WVU 9 ft / Texas 8 ft - 8 in. Comparison

0

5

10

15

20

25

0 20 40 60 80 100 120 140

Span Length (ft)

To
ta

l W
ei

gh
t (

ft)

WVU 9 ft
TX 8 ft - 8 in.

4�����	<?8<	!"#	F	�
	H	��5��	>	�
	?	7	���	!����
	����������	



www.manaraa.com

165

�����	<?/9	!"#	<	�
	���	:	�
	=	<	���	H	��5��	:	�
	���
���	����������	

Span (ft) WVU TX
6 ft 7 ft – 6 in. 7 ft

40 W21x62 W21x73 W24x104
45 W24x68 W21x101 W24x104
50 W27x84 W21x111 W24x104
55 W30x90 W24x117 W24x104
60 W30x108 W27x129 W24x117
65 W33x118 W30x132 W33x118
70 W33x130 W30x148 W33x118
75 W36x135 W36x150 W33x118
80 W40x149 W36x160 W40x149
85 W40x167 W36x182 W36x160
90 W40x183 W40x183 W40x199
95 W40x211 W40x199 W40x199

100 W44x230 W40x211 W40x199
105 W44x230 W44x262 W40x215
110 W44x262 W44x262 W40x249
115 W44x290 W40x297 W40x249
120 W44x335 W40x324 W40x277

WVU 6 ft and 7 ft - 6 in. / Texas 7 ft Comparison
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6.6.3 Virginia Standards 

The state of Virginia has a full package of standard bridge designs that do not meet current design 

specifications.  Comparisons were made with three sets of their pre-designed bridges.  All three bridge 

cross-section designs include 8 in. thick decks similar to the designs of this work but do not specify an 

integral wearing surface.  All three cross-sections include a 2 ft – 11 in. bridge overhang compared to the 

3 ft – 3 in. overhang of this work.  The Virginia standard bridges do not specify a concrete haunch 

thickness, while the haunches of this work are 2 in. including the top flange thickness.  The set of girders 

from this work with 6 ft girder spacing is compared to the Virginia bridges with a girder spacing of 6 ft – 

6 in. in Table 6-16 and Figure 6-38.  The set of girders from this work with 7 ft – 6 in. girder spacing is 

compared to the Virginia bridges with a girder spacing of 7 ft – 6 in. in Table 6-17 and Figure 6-39.  The 

sets of girders from this work with 9 ft girder spacing is compared to the Virginia bridges with a girder 

spacing of 9 ft in Table 6-18 and Figure 6-40.
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Span (ft) WVU 6 ft VA 6 ft – 6 in.
40 W21x62 W24x76
45 W24x68 W27x94
50 W27x84 W30x99
55 W30x90 W30x116
60 W30x108 W33x118
65 W33x118 W33x118
70 W33x130 W33x118
75 W36x135 W33x118
80 W40x149 W36x135
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WVU 6 ft / Virginia 6 ft - 6 in. Comparison
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Span (ft) WVU 7 ft - 6 in. VA 7 ft – 6 in.
40 W21x73 W27x84
45 W21x101 W30x99
50 W21x111 W30x116
55 W24x117 W33x130
60 W27x129 W33x118
65 W30x132 W33x118
70 W30x148 W33x118
75 W36x150 W36x135
80 W36x160 W36x135
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WVU 7 ft - 6 in. / Virginia 7 ft - 6 in. Comparison
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Span (ft) WVU 9 ft VA 9 ft
40 W21x73 W27x84
45 W21x101 W30x99
50 W21x111 W30x116
55 W24x117 W33x130
60 W27x129 W33x118
65 W30x132 W33x118
70 W30x148 W33x118
75 W36x150 W36x135
80 W36x160 W36x135
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WVU 9 ft / Virginia 9 ft Comparison
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6.6.4 American Iron and Steel Institute Standards 

 In 1995, the American Iron and Steel Institute published a set of pre-designed steel girder bridges.  

These designs were developed using Load Factor Design as opposed to the Load and Resistance Factor 

Design used in the designs of this research. Comparisons were made with three sets of their pre-designed 

bridges.  All three bridge cross-section designs include 9 in. thick concrete decks with a ½ in. integral 

wearing surface compared to the designs of this work which has 8 in. thick concrete decks with a ¼ in. 

integral wearing surface.  All three cross-sections include a 2 in. concrete haunch including the top flange 

similar to the bridges designed in this research.  The first set of designs have a girder spacing of 8 ft – 6 

in. and an overhang of 3 ft – 6 ¼ in. which were compared to the set of designs with a girder spacing of 9 

ft and an overhang of 3 ft – 3 in. shown in Table 6-19 and Figure 6-41.  The second set designs have a 

girder spacing of 9 ft and an overhang of 3 ft – 3 in. which were compared to the set of designs with a 

girder spacing of 9 ft and an overhang of 3 ft – 3 in. shown in Table 6-20 and Figure 6-42.  The third set 

of designs have a girder spacing of 10 ft and an overhang of 3 ft – 3 ¼ in. which were compared to the set 

of designs with a girder spacing of 10 ft – 6in. and an overhang of 3 ft – 3 in. shown in Table 6-21 and 

Figure 6-43.
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Span (ft) WVU 9 ft AISI 8 ft – 6 in.
40 W24x76 W27x84
45 W27x84 W30x99
50 W30x99 W30x116
55 W30x116 W33x130
60 W33x118 W40x149
65 W36x135 W40x149
70 W40x149 W40x167
75 W40x167 W40x183
80 W36x182 W40x211
85 W36x210 W40x235
90 W40x211 W36x260
95 W40x235 W36x300
100 W40x249 W36x328
105 W44x262 W36x359
110 W40x297 W36x393

WVU 9 ft / AISI 8 ft - 6 in. Comparison

0

5

10

15

20

25

0 20 40 60 80 100 120

Span Length (ft)

To
ta

l W
ei

gh
t (

to
ns

)

WVU 9 ft
AISI 8 ft - 6 in.

4�����	<?7/	!"#	F	�
	H	�3�3	>	�
	=	<	���	!����
	����������	



www.manaraa.com

171

�����	<?-.	!"#	F	�
	H	�3�3	F	�
	���
���	����������	
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90 W40x211 W36x280
95 W40x235 W36x300
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105 W44x262 W36x359
110 W40x297 W36x393
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100 W44x262 W36x393
105 W40x324 W36x393
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6.6.5 Overview of Comparisons 

Overall, the sections developed in this research are similar to the sections found in various bridge 

standards.  Comparing bridges with similar design parameters, the girder weights were found to be 

similar.  The greatest variations were found when comparing the sections of this study to those of the 

Virginia and AISI standards.  This variation may be attributed to the methods used to design the sections.  

Virginia stated that their sections need to be updated for current design specifications, and the AISI 

sections were developed using Load Factor Design.
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Chapter 7: Summary and Conclusions 

7.1 Introduction 
The objective of this research was to investigate economical steel solutions to the large number of 

short span bridges in the country that are in need of repair or replacement.  Chapter 3 presented the survey 

that was performed to receive data from the state bridge departments on current bridge design practices 

and preferences, specifically in the area of short span bridges.  With this data collected, two courses were 

pursued to find ways to increase the efficiency of designing and replacing the structurally deficient and 

functionally obsolete short span bridges in the country.  Chapter 4 presented the results developing a 

collection of modular bridge elements and systems that can be applied to short span steel bridges.

Chapter 5 presented the grading system that was developed in order for professionals in the bridge 

industry to determine which modular bridge system has the most promise for future development of 

economical and efficient short span bridges. Chapter 6 presented the development of a set of pre-

designed steel bridge girders for a variety of bridge possibilities.  Sections were designed using different 

girder options, design approaches and bridge parameters to make a suite of pre-designed girders that can 

meet the standard design practices of several bridge departments in the United States.  

7.2 Standardized Short Span Modular Bridges 
A collection of modular bridge elements and systems were collected, researched and evaluated.  

This collection consisted of uses of modular bridge technology in bridge substructures, decks, 

superstructures and in modular bridge systems that are comprised of multiple bridge elements.  The 

benefits and disadvantages of each element and system were presented in the areas of application,

constructability and research required for the system.  Based on these benefits and disadvantages, a 

general evaluation of each element and system was presented.

Following the principles of the Federal Highway Association’s Highways for LIFE initiative, a

system was created to allow professionals in the bridge industry to evaluate each major bridge system.  

Based on the results of this grading process, an evaluation can be performed to assess which system has 

the most promise for development of economical and efficient standardized bridge systems.  These 

standardized bridge designs can be used as a method to provide a more efficient bridge design process, 

and the use of modular bridges have the potential to provide a more efficient bridge construction process.
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7.3 Standardized Short Span Steel Bridge Designs  
Using conventional steel girder design approaches, optimized designs were developed for a variety 

of bridges to be used in the development of a design aid for bridge engineers.  In these designs, plate 

girder sections and rolled steel girder sections were developed for bridges that spanned lengths of 40 feet 

to 140 feet in 5 foot increments.  To account for the variety of bridge cross-sections used by different 

agencies around the country, four different girder spacing arrangements were used in the bridge designs: 6 

feet, 7 feet – 6 inches, 9 feet and 10 feet – 6 inches.   

The steel plate girder sections were designed using two material configurations: homogeneous and 

hybrid.   The homogeneous steel sections were made up entirely of 50 ksi steel plates.  The hybrid steel 

sections were made up of 50 ksi steel plates for the top flange and web and a 70 ksi steel plate for the 

bottom flange. The rolled steel girder sections were designed with 50 ksi steel.  The steel plate girder 

sections employed limited plate sizes to take advantage of stock piling common plate sizes.  A limited 

suite of rolled steel girders were developed to provide a reduced number of girder sections for efficient 

design and to allow stock piling of commonly used rolled sections. 

7.4 Future Work 
Research indicates that several bridge departments in the United States have either experience or 

interest in the use of modular bridge systems.  In the results of the web survey performed, modular bridge 

systems were recommended by professionals in the bridge community to be the best option for 

development into a set of standardized designs.  Based on the design framework developed in this thesis, 

it is suggested that future work is performed to develop a standardized set of plans for short span modular 

bridge systems that would be applicable to a wide variety of bridge scenarios and to meet the design 

standards of most state bridge departments.
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Appendix A – AISI Short Span Bridge Survey Responses 



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com

Research Statement 
 
The Federal Highway Administration in conjunction with the American Iron and Steel 

Institute [AISI] has recently conducted two workshops focused on developing ideas for 

improved steel bridge construction.  One of the target areas of these workshops has been 

to develop design standards for short span steel bridges.  As a result, the AISI Short Span 

Steel Bridge Alliance has contracted with Dr. Karl Barth at West Virginia University to 

conduct a survey of State DOT’s and County Engineers.   The focus of this survey is to 

study and catalog statistics and methods employed in short-span bridge design and 

construction.  The overall projected outcome of this research is a best practices manual 

for the design and construction of short-span steel bridges (i.e. bridges up to 140 ft.) and 

a table outlining suggested pre-selected steel beam sizes and shapes for given span 

lengths. 

Part I.  General Information 
 
Date:             May 12, 2010________________________________________________________ 

Time:  ________________________________________________________________________ 

Agency / DOH:        Structural Services / INDOT ______________________________________ 

Name:       Anne Rearick__________________________________________________________ 

Position / Title:       Manager ______________________________________________________ 

Address:       IGCN Room N642,     Indiana Department of Transportation, __________________ 

100 N. Senate Ave.,    Indianapolis, IN  46204 ________________________________________ 

Phone:      317-232-5152__________________________________________________________ 

E-mail:      ARearick@indot.in.gov _________________________________________________ 

Other Information:  _____________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 
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Part II. General Questions 
 

1. If possible, please provide a list of bridges built in your region in the past 
year along with their respective span lengths, whether they are simple or 
continuous span, cross-section widths and any other general information 
you can offer (ADT, wearing surface, deck and superstructure choices, 
substructure and pier choices, number of lanes, etc.). 

 
2. If information for question 1 is not readily available, please provide us with 

the following information: How many bridges were built in your region in 
the past year in the following length categories?  Also, of those, how many 
bridges consisted of steel superstructures? 

 
Length Category Number of Bridges W/ Steel Superstructures 

< 40 ft 
9   INDOT 
4   Local Agency 
 

0   INDOT 
0   Local Agency 
 

40-60 ft 
4   INDOT 
1   Local Agency 
 

0   INDOT 
0   Local Agency 
 

60-80 ft 
14   INDOT 
9   Local Agency 
 

0   INDOT 
1   Local Agency 
 

80-100 ft 
6   INDOT 
5   Local Agency 
 

0   INDOT 
0   Local Agency 
 

100-120 ft 
5   INDOT 
5   Local Agency 
 

0   INDOT 
0   Local Agency 
 

120-140 ft 
3   INDOT 
5   Local Agency 
 

1   INDOT 
0   Local Agency 
 

> 140 ft 
42   INDOT 
7   Local Agency 
 

6   INDOT 
0   Local Agency 
 

Totals 
83   INDOT 
36   Local Agency 
 

7   INDOT 
1   Local Agency 
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3. For the following bridge components, please specify whether you have a 
preferred/specified type of design and whether or not there are any 
particular types of bridge component that you do not approve: 

 
Bridge Component Preference Types 

Disapproved 
Brief 
Explanation 

Decking Systems 

Circle Choice 
 
Cast-in-place concrete 
 
Precast concrete panels 
 
Steel stay-in-place 
   formwork 
 
Other (list): 
 

 
 
 
Full depth not 
allowed. 
 
 
 
 
 

 

Railing/Guardrail 
Systems 

Concrete Barrier 

 

 

Topping/Wearing 
Surfaces 

No toppings on new 
construction 
 

Asphalt 
overlays are not 
normally 
permitted 

 

Bridge 
Superstructures 

RC Slab 
Post-Tensioned Slab 
Prestressed Beams 
P-T Beams 
Segmental Box Girders 
Steel Beams 
Steel Welded Plate Girders 
Structure under fill 
 

 

 

Abutments 

Integral End Bents 
Semi-Integral End Bents 
Cantilever Abutment 
 

 

 

Pier Systems 

Wall Piers 
Hammerhead Piers 
Column and Cap Piers 
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4. Do you have typical standards for cross-section widths and girder 

spacings? If so, please provide. 
 
 No            
 
_____________________________________________________________________ 

 
5. Do you have different design specifications for low-volume roads versus 

high-volume roads?  If so, what are they? 
 

NHS routes have an importance factor of 1.05 , we also have some dimensional  
 
criteria that change based on 3R and 4R roadways, and some routes that allow  
 
different design truck axle loads and spacing.       

 
6. Do you use any bridge analysis or design software?  If so, what brand of 

software is used? 
 
 Merlin-Dash           
 
_____________________________________________________________________ 
 
7. Do you use any bridge design/component standards (or templates)?  

Examples may include beam sizes for different span lengths and roadway 
widths.  If you have any, are they available on the web?  

 
 No            
 
_____________________________________________________________________ 

 
8. Do you use modular bridge systems? 

 
 No            

 
9. If a best practices manual for accelerated construction/modular bridge 

systems was developed, what would you like to see included?  For example 
pre-selected beam sizes, cross-sections, etc. 

 
 Connections / Bridge Seats required for attachment to substructure units.  
 
Loads to be resisted by the substructure unit.  Consider the effect that the   
 
modular unit might have on seismic loading criteria.      
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10. Do you use the AASHTO LRFD specified load factors/combinations or 
different load factors/combinations?  If different, what are they?  

 
 Yes            
 
_____________________________________________________________________ 
 
_____________________________________________________________________ 
 
_____________________________________________________________________ 

 
11. Would a table outlining pre-selected steel beam sizes and shapes for given 

span lengths based on AASHTO LRFD Bridge Design Specifications be 
useful for assisting in your design development process? 

 
 This would be helpful for cost comparisons when determining structure type   
 
to use during project development.        

 
12. What is your preferred material choice for short-span bridges? Why? 

 
 We don’t have a preferred material for short span bridges.  The type of   
 
structure selected is based on historical cost data.      
 
 Our data indicates it is cost-effective for our agency to use prestressed   
 
concrete beams for our superstructures at this short span range.    
 
13. Are there any other comments that you have that you feel might be 

relevant to this study?  
 

 In our situation, we might benefit more from effort by the industry to help us  
 
minimize bid costs at larger span lengths.  Steel in our experience has trouble  
 
competing at the larger span lengths where the steel industry normally expects  
 
to be successful in bidding competitions.       
 
_____________________________________________________________________ 
 
_____________________________________________________________________ 
 
_____________________________________________________________________ 
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14. What are your most important sources for bridge design and construction 
technical information and industry news? (Circle which are relevant) 

• INDUSTRY PUBLICATIONS/WEB SITES: 
• ENR 
• Roads and Bridges 
• GoBridges.com 
• Better Roads (BetterRoads.com) 
• Journal of Structural Engineering 
• Transportation Builder 
• Public Works Magazine 
• Engineering Journal  
• Public Roads 
• Design Engineering 
• Government Engineering (GovEngr.com) 
• Civil Engineering 
• CE News 
• Others? 
•  
• AASHTO publications 
• AISC publications 
• Modern Steel Construction 
• Structure (SEI) 
• other DOT Design Manuals 
• misc internet sites 

 
 

• INDUSTRY CONFERENCES (name which ones) 
   AASHTO Conferences 
   FHWA Courses 
 
 

• PROFESSIONAL ORGANIZATION NEWSLETTER? 
• NACE? No 
• Others? 

 
 

• WEB SITES 
• FHWA 
• steel.org 
• Steelbridges.org 
• Others? 
•  
• AISC (NSBA) 
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Research Statement 
 
The Federal Highway Administration in conjunction with the American Iron and Steel Institute 

[AISI] has recently conducted two workshops focused on developing ideas for improved steel 

bridge construction.  One of the target areas of these workshops has been to develop design 

standards for short span steel bridges.  As a result, the AISI Short Span Steel Bridge Alliance has 

contracted with Dr. Karl Barth at West Virginia University to conduct a survey of State DOT’s 

and County Engineers.   The focus of this survey is to study and catalog statistics and methods 

employed in short-span bridge design and construction.  The overall projected outcome of this 

research is a best practices manual for the design and construction of short-span steel bridges 

(i.e. bridges up to 140 ft.) and a table outlining suggested pre-selected steel beam sizes and 

shapes for given span lengths. 

Part I.  General Information 
 
Date:      June 17, 2010 

Time:    1:48 pm 

Agency / DOH:   North Dakota Department of Transportation 

Name:    Terrence R. Udland 

Position / Title:   State Bridge Engineer 

Address:    608 East Boulevard 

                 Bismarck ND  58505-0700 

Phone:    701-328-1969 

E-mail:    tudland@nd.gov 

Other Information:  _____________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 
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Part II. General Questions 
 

1. If possible, please provide a list of bridges built in your region in the past year 
along with their respective span lengths, whether they are simple or continuous 
span, cross-section widths and any other general information you can offer (ADT, 
wearing surface, deck and superstructure choices, substructure and pier choices, 
number of lanes, etc.). 

 
2. If information for question 1 is not readily available, please provide us with the 

following information: How many bridges were built in your region in the past 
year in the following length categories?  Also, of those, how many bridges 
consisted of steel superstructures? 

 
Length Category Number of Bridges W/ Steel Superstructures 

< 40 ft 
7 Concrete Box Culverts 
 

 

40-60 ft 
5 Concrete Box Culverts 
1 Pre-stressed Beam Br. 

 

60-80 ft 
 
 

 

80-100 ft 
 
 

 

100-120 ft 
1 Pre-stressed Beam Br. 
 

 

120-140 ft 
2 Pre-stressed Beam Br. 
 

 

 
 



www.manaraa.com

3. For the following bridge components, please specify whether you have a 
preferred/specified type of design and whether or not there are any particular 
types of bridge component that you do not approve: 

 
Bridge Component Preference Types Disapproved Brief Explanation 

Decking Systems 

Circle Choice 
 
Cast-in-place 
   Concrete    X 
 
Precast concrete 
   panels 
 
Steel stay-in-place 
   formwork 
 
Other (list): 
 
 

 

 

Railing/Guardrail 
Systems 

Jersey Barrier 

 

 

Topping/Wearing 
Surfaces 

 
 
Low Slump 
Concrete 
 

 

 

Bridge 
Superstructures 

 
Pre-stressed 
Concrete Beams 
 
 

 

 

Abutments 

Integral Concrete 
on Piling 
 
 
 

 

 

Pier Systems 

Concrete on Piling 
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4. Do you have typical standards for cross-section widths and girder spacings? If so, 

please provide. 
 

Widths depend on the ADT and the Roadway Classification 
 
Do not have standards for girder spacings. 
 

5. Do you have different design specifications for low-volume roads versus high-
volume roads?  If so, what are they? 

 
Geometry is based on ADT and the Roadway Classsification 
 
Do not have different design specifications 
 

6. Do you use any bridge analysis or design software?  If so, what brand of software 
is used? 

 
Virtis – Rating Analysis 
 
Simon – Design 
 

7. Do you use any bridge design/component standards (or templates)?  Examples 
may include beam sizes for different span lengths and roadway widths.  If you 
have any, are they available on the web?  

 
No 

 
8. Do you use modular bridge systems? 

 
No 
 

9. If a best practices manual for accelerated construction/modular bridge systems 
was developed, what would you like to see included?  For example pre-selected 
beam sizes, cross-sections, etc. 

 
Beam Sizes 
 

10. Do you use the AASHTO LRFD specified load factors/combinations or different 
load factors/combinations?  If different, what are they?  

 
Yes 
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11. Would a table outlining pre-selected steel beam sizes and shapes for given span 
lengths based on AASHTO LRFD Bridge Design Specifications be useful for 
assisting in your design development process? 

 
Yes 
 

12. What is your preferred material choice for short-span bridges? Why? 
 

Pre-stressed Concrete – Locally available and economical 
 
13. Are there any other comments that you have that you feel might be relevant to this 

study?  
 

_____________________________________________________________________ 
 
_____________________________________________________________________ 
 
_____________________________________________________________________ 
 
_____________________________________________________________________ 
 
_____________________________________________________________________ 
 
_____________________________________________________________________ 
 
_____________________________________________________________________ 
 
_____________________________________________________________________ 
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14. What are your most important sources for bridge design and construction 
technical information and industry news? (Circle which are relevant) 

• INDUSTRY PUBLICATIONS/WEB SITES: 
• ENR - X  
• Roads and Bridges - X 
• GoBridges.com 
• Better Roads (BetterRoads.com) - X 
• Journal of Structural Engineering 
• Transportation Builder 
• Public Works Magazine 
• Engineering Journal  
• Public Roads 
• Design Engineering 
• Government Engineering (GovEngr.com) 
• Civil Engineering - X 
• CE News 
• Others? 

 
 
 

• INDUSTRY CONFERENCES (name which ones) 
• PROFESSIONAL ORGANIZATION NEWSLETTER? 

• NACE? 
• Others? 

 
 
 

• WEB SITES 
• FHWA - X 
• steel.org 
• Steelbridges.org 
• Others? 
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