Anatomy of a Box
Girder Bridge System




Course Description

This course provides a detailed study of the structural anatomy, function, and
engineering principles behind box girder bridge systems. Emphasis is placed on
understanding the role of each structural component, the distribution of loads and
resistance to torsion, and the practical aspects of material selection, construction
techniques, and long-term maintenance. Engineers will gain a comprehensive grasp of
the design and behavior of box girder bridges through theoretical foundations and
practical applications.

Course Objectives
By the end of this course participants will be able to:
e Describe the configuration and purpose of each component in a box girder
bridge system.
e Analyze how box girder geometry affects load distribution and torsional
resistance.
e Evaluate material and fabrication choices for different span lengths and
structural needs.
e Understand standard and advanced construction techniques for erecting box
girder bridges.
e Apply inspection criteria and maintenance strategies for preserving long-term
bridge integrity.

Intended Audience

This course is appropriate for civil, structural, fransportation, and construction engineers,
as well as bridge inspectors and project managers working in infrastructure and
highway systems.
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Chapter 1: Introduction to Box Girder Bridge Systems

The evolution of bridge engineering has consistently pursued efficiency, strength, and
cost-effectiveness, particularly in long-span and high-load applications. Among the
various superstructure types developed over the past century, the box girder bridge has
emerged as a dominant structural form in both highway and rail transportation projects.
Its popularity stems from its ability to deliver excellent torsional rigidity, load distribution
characteristics, and aesthetic appeal, particularly in curved or skewed alignment
geometries.

Definition and Geometry

The box girder derives its name from its hollow, box-shaped cross-section, which can be
constructed from steel, concrete, or a combination of both. Unlike open-section girders
such as I-beams or plate girders, the closed geometry of the box girder resists torsional
deformation more effectively, making it well suited to bridges with sharp curves or
uneven load distribution.

The cross-section typically includes two vertical webs, a top flange (which often
doubles as the bridge deck), and a bottom flange, forming a hollow tube. This
configuration can be designed as a single-cell box or multi-cell structure depending on
the span length and design requirements.

Common Applications

Box girder bridge systems are typically used in medium to long-span applications where
a conventional girder bridge may be structurally or economically less efficient. They are
also favored in locations where vertical clearance is limited, or where bridge aesthetics
are an important consideration. Common applications include overpasses, viaducts,
and segmental bridges in urban and mountainous regions.

Historical Development

Historically, the box girder form gained momentum in the post-World War Il era with the
advent of prestressed concrete and advancements in welding and fabrication
technologies. The earliest implementations were seen in Europe during the mid-20th
century, with widespread adoption following as engineers began to understand and
exploit the torsional advantages of the box configuration.

The West Gate Bridge in Australia, constructed in the late 1960s and early 1970s, was
among the first major examples of a large-scale steel box girder bridge—though not
without engineering challenges and tragic failure during its construction, which served
as a lesson for future designs.

Material Selection and Construction Methods

Modern box girder bridges can be fabricated in steel, prestressed concrete, or as
composite systems. Steel box girders are commonly used in movable or long-span
applications due to their high strength-to-weight ratio. Concrete box girders, particularly
those constructed with segmental and post-tensioning techniques, are prevalent in
high-volume highway construction due to their durability and low maintenance.



Hybrid solutions are also employed where beneficial, using a steel girder to span longer
lengths and concrete segments for approach spans or transitions.

Design Standards and Regulations

Regulatory design codes, such as AASHTO LRFD Bridge Design Specifications in the
United States and Eurocodes in Europe, include specific provisions and guidelines for
the analysis and design of box girder bridges. These standards emphasize consideration
of load distribution, shear lag, torsional resistance, and local buckling—all critical
elements in the safe and efficient performance of box girders.

Conclusion

This chapter has infroduced the background and basic concept of box girder bridge
systems. The following chapter will delve into the specific anatomy of these structures,
breaking down each individual component and its structural role in ensuring stability
and integrity under operational loads.



Chapter 2: Structural Anatomy of a Box Girder

Understanding the internal and external makeup of a box girder is essential to grasp
how this bridge form performs under various service conditions. The structural anatomy
of a box girder bridge encompasses both its superstructure and the way it infegrates
with substructure elements.

This chapter focuses on the key geometric, structural, and reinforcing components that
form the fundamental anatomy of a box girder bridge system.

Top Flange

The top flange of a box girder often functions dually as the bridge deck, especially in
concrete systems. In steel girders, the top flange is typically welded or bolted to a
separate concrete deck.

This component primarily resists compressive forces under positive bending moments
and serves as a load transfer medium to the internal webs. Its width and thickness are
carefully designed to prevent local buckling and to optimize composite action with the
deck slab.

Bottom Flange

The bottom flange resists tensile forces under typical positive moment conditions. It
plays a key role in determining the girder’'s moment-carrying capacity and is subject to
careful detailing to avoid fatigue failure, particularly in steel bridges.

In segmental concrete box girders, prestressing strands are often placed near or within
the bottom flange to optimize stress distribution and enhance crack resistance.

Webs

Vertical or slightly inclined web plates connect the top and bottom flanges, forming the
vertical boundaries of the box section. These webs carry shear forces and also
contribute to the flexural capacity of the girder.

In single-cell girders, there are typically two webs, but multi-cell configurations may
feature additional interior webs to subdivide the box. Web thickness and stiffener
placement are critical in resisting web buckling and maintaining the box’s integrity
under high shear demands.

Diaphragms and Cross Frames

Diaphragms are internal transverse elements placed at intervals within the box section.
They serve several important functions: stiffening the girder, enhancing load distribution
across the cross-section, resisting distortion, and supporting the deck during
construction.

Steel box girders often use welded diaphragms or cross frames for lateral stability, while
concrete box girders may use cast-in-place or precast diaphragms. Intermediate
diaphragms are especially vital near supports, expansion joints, and high-load regions.



Interior Cells and Multi-Cell Sections

For wider bridges or increased structural efficiency, box girders may be divided into
multiple cells by interior webs and diaphragms. These multi-cell sections improve load
dispersion and torsional rigidity. The design of these internal divisions must ensure
uniformity in force flow and avoid localized stress concentrations. Accessibility for
inspection and maintenance is also a design consideration in cell layout.

Shear Connectors and Composite Action

In steel box girder bridges with concrete decks, shear connectors are used to create
composite action between the steel top flange and the concrete slab. These devices
ensure that the two materials act together under bending, thereby increasing the
moment of inertia and reducing deflections. The placement and quantity of shear
connectors are dictated by load calculations and fatigue considerations.

Access and Ventilation Features

Given the closed nature of box sections, internal access openings are integrated for
inspection and maintenance. These may include manholes, hatches, and walkways.
Ventilation ducts or drainage scuppers are also essential to manage condensation,
water ingress, and air quality inside the box, particularly in climates prone to moisture
accumulation or freeze-thaw cycles.

Anchorage Zones in Prestressed Systems

In prestressed concrete box girders, anchorage zones at the ends of tendon runs are
highly stressed regions requiring additional reinforcement. The anchorage zone must be
designed to resist bursting, splitting, and local crushing forces. Specialized detailing,
such as multi-strand anchor blocks and confinement reinforcement, is common in these
zones to distribute forces safely into the surrounding concrete.

Conclusion

The structural anatomy of a box girder bridge is more than a geometric form; it is a
functional configuration optimized for strength, stability, and long-term performance.
Each component—from the flanges and webs to diaphragms and internal cells—
contributes to a balanced structural system capable of efficiently carrying vehicular
and environmental loads.

The next chapter will explore how these components work in unison to resist various
load types and distribute stresses throughout the system.



Chapter 3: Load Distribution and Torsional Resistance

Box girder bridges are widely recognized for their exceptional ability to manage
complex load paths, especially under conditions involving eccentric or dynamic
loading. Unlike open-section girders, box girders inherently resist warping and torsion
due to their closed cellular geometry.

This chapter examines how load paths are developed, transferred, and resisted within a
box girder system, with special emphasis on torsional resistance and the influence of
cross-sectional shape.

Flexural Load Path

Under flexural loading—primarily from dead load and live fraffic loads—the box girder
behaves like a beam. Vertical loads applied to the deck are fransferred through the
top flange into the welbs, which carry shear forces downward to the bottom flange and
ultimately to the supports.

In a continuous span box girder, negative moments over piers generate compressive
stresses in the bottom flange and tensile stresses in the top flange. Prestressing is often
used to control these stress reversals and to limit cracking in concrete box girders.

Shear Flow Mechanism

The webs of a box girder primairily resist vertical shear, while the flanges resist the
bending moments. Shear flow in the box section follows a closed path, allowing
redistribution of internal stresses around the entire perimeter of the section. This
continuous shear flow eliminates the need for transverse stiffeners in many situations, a
significant advantage over plate or I-beam girders.

In multi-cell configurations, shear is distributed among the cells according to stiffness,
geometry, and diaphragm locations.

Torsional Rigidity

The key advantage of box girder bridges is their superior torsional stiffness. When
subjected to torsion—such as from eccentric live loads, skewed geometry, or curved
alignment—the closed box section resists warping and twisting through its perimeter.
This is in contrast to I-girders, which can experience significant deformation under
torsion unless braced or connected laterally.

Torsional resistance in a box girder depends heavily on the thickness of the flanges and
webs, the presence of internal diaphragms, and the overall depth-to-width ratio of the
section. Thin-walled theory is often used to calculate the torsional constant, and
warping torsion is generally negligible in well-designed box girders due to the closed
section behavior.

Shear Lag Effects
Shear lag is a phenomenon where stresses in wide flanges are not evenly distributed
due to the lagging response of outer fibers. In box girders, shear lag can occur



especially near discontinuities, such as diaphragms or abrupt changes in cross-section.
Engineers mitigate shear lag through detailing techniques like transverse stiffeners,
tapering of flanges, and increasing the number of diaphragms to promote more
uniform stress flow.

Live Load Distribution

Live load distribution depends on several factors: width of the bridge, number of cells,
stiffness of the deck slab, and spacing of diaphragms. Finite element modeling is often
employed to analyze load distribution patterns in complex or curved structures.

For straight, simply supported spans, simplified methods based on fributary width or
lever rule may suffice, but in most modern box girder bridges—especially multi-span
and curved—more rigorous analysis is necessary.

Dynamic Load Effects
Box girders handle dynamic effects such as impact, vibration, and vehicular braking
loads with efficiency, but their closed section can create unique challenges.

Aerodynamic flutter and vortex shedding must be considered in long-span designs, and
appropriate damping features or aerodynamic shaping may be required. Wind tunnel
testing has been historically important in ensuring stability under lateral wind loads,
especially for suspension or cable-stayed bridges using box girder decks.

Thermal and Shrinkage Effects

Due to their enclosed nature and material properties, box girders are sensitive to
temperature gradients across their depth and width. Thermal expansion, creep, and
shrinkage—especially in concrete systems—must be accounted for to prevent the
development of unintended internal stresses. Expansion joints, sliding bearings, and
segmental construction methods are commonly used to manage these effects.

Load Redistribution in Redundant Systems

Box girder bridges are often built as continuous spans, creating structural redundancy.
In the event of local overstressing or damage, loads are redistributed through the
remaining structure. This inherent redundancy improves safety and service continuity.
Engineers analyze these bridges under ultimate limit states to evaluate collapse
mechanisms and reserve strength beyond elastic performance.

Conclusion

The structural behavior of box girder bridges under load is governed by the interplay of
flexure, shear, and torsion. Their closed section offers substantial benefits in resisting
torsional and distortion forces while promoting efficient stress distribution.

The next chapter will examine the materials and fabrication methods used to construct
box girder systems, including the differences between steel and concrete variants.



Chapter 4. Materials and Fabrication Techniques

The selection of materials and corresponding fabrication techniques plays a critical role
in the design, performance, and lifecycle of box girder bridges. This chapter explores
the properties and construction characteristics of the most common materials used in
box girder systems—steel, reinforced concrete, and prestressed concrete—and how
these materials influence manufacturing, assembly, and durability in bridge
applications.

Steel Box Girders

Steel is widely used for box girders in long-span and movable bridge applications due
to its high tensile strength, ductility, and relatively low self-weight. The fabrication of steel
box girders involves shop welding of plates to form the box section, followed by field
splicing and bolfing or welding during erection. Weathering steel is often used in
environments where corrosion resistance is important, minimizing the need for
protective coatings.

Quality control in steel fabrication is essential due to the complexity of weld joints and
potential for stress concentrations. Ultrasonic testing, radiographic inspections, and
precise fit-up tolerances are employed to ensure structural integrity. The modular nature
of steel components also enables faster on-site assembly, reducing disruption to existing
infrastructure or traffic patterns.

Reinforced Concrete Box Girders

For shorter spans or standardized overpasses, reinforced concrete box girders are a
cost-effective and robust solution. Typically cast-in-place, these structures are formed
using reusable formwork systems with internal scaffolding. Concrete mix design is critical
to ensure adequate strength gain, workability, and durability. Proper vibration and
curing techniques are employed to avoid honeycombing and shrinkage cracks, which
can compromise long-term performance.

Reinforcement detailing must address zones of high shear, torsion, and bending.
Additional reinforcement is concentrated around anchorage zones, openings, and
near diaphragms. Concrete cover requirements are dictated by environmental
exposure conditions o ensure protection of steel reinforcement from corrosion.

Prestressed Concrete Box Girders

Prestressed concrete has enabled significant expansion in the span length and load
capacity of box girder bridges. Pre-tensioning and post-tensioning techniques are
employed to impart a compressive force that offsets tensile stresses from applied loads.
This reduces the likelihood of cracking and improves fatigue performance.

Post-tensioned box girders can be fabricated using either cast-in-place or precast
segmental construction. In cast-in-place applications, ducts are embedded in the
concrete, and tendons are tensioned after the concrete reaches sufficient strength. In
precast segmental systems, segments are typically joined using epoxy and post-
tensioned longitudinally and transversely. Internal or external tendon configurations



may be used, with anchorage zones receiving additional reinforcement and
confinement detailing.

Segmental Construction

Segmental construction is a key technique in prestressed concrete box girder bridges. It
involves precasting bridge segments off-site or on-site and assembling them on a span-
by-span or balanced cantilever basis. Segmental construction minimizes traffic
disruption and allows for more precise quality control.

Each segment must be fabricated to tight geometric tolerances to ensure proper fit
and alignment. Shear keys, epoxy bonding agents, and temporary alignment fixtures
are used during assembly. Once aligned, tendons are stressed and anchored to
compress the entire structure into a monolithic unit.

Erection Methods and Temporary Works
Erection procedures must be carefully planned to avoid instability during construction.

Common erection techniques include:
o Balanced cantilever erection, where segments are built symmetrically from piers
to maintain equilibrium.
e Span-by-span construction, where entire spans are assembled on temporary
supports before stressing.
e Incremental launching, where the entire girder is fabricated behind the
abutment and pushed forward in stages.

Temporary works such as form travelers, falsework, and scaffolding must be designed
for stability, load capacity, and ease of removal.

Hybrid Systems

In certain cases, hybrid box girders are constructed using steel for the main span girders
and concrete for approach spans or decks. This hybridization offers an optimized
solution where the strength of steel is combined with the durability of concrete. The
interface between steel and concrete components must be designed for differential
shrinkage, thermal expansion, and composite action.

Material Selection Considerations

The choice of material and fabrication method is influenced by span length, site
constraints, construction speed, environmental exposure, maintenance requirements,
and cost. Engineers conduct life cycle cost analyses and durability assessments to
determine the most suitable option for a specific project.

Conclusion

Material and fabrication choices directly impact the strength, durability, and
constructability of box girder bridge systems. Whether using steel, reinforced concrete,
or prestressed concrete, proper detailing and construction practices ensure that the
bridge achieves its intended service life with minimal maintenance.



The next chapter will address the methods by which these materials are assembled in
the field through various construction and erection practices.



Chapter 5: Construction Methods and Erection Practices

Construction of box girder bridges involves a series of well-coordinated procedures that
ensure structural stability, geometric accuracy, and safety. The erection method
selected depends on the material type, span length, site constraints, and available
resources.

This chapter examines the principal techniques used in constructing both steel and
concrete box girder bridges, including conventional and segmental erection strategies,
temporary support systems, and field integration practices.

Cast-in-Place Concrete Construction

In fraditional reinforced or prestressed concrete box girders, cast-in-place construction
is common for shorter spans or when custom geometries are required. This method uses
formwork systems supported by scaffolding or shoring fowers to shape the box cross-
section. Reinforcement cages and embedded ducts for post-tensioning are placed
before concrete is poured.

Sequential pours—such as casting webs first, followed by flanges—may be used to
control stresses during curing. Curing practices are strictly managed to minimize
shrinkage and thermal cracking. After achieving design strength, tendons are
tensioned, grouted, and anchored.

Precast Segmental Construction

Segmental precast construction has become the preferred method for medium to long
spans in modern highway and transit infrastructure due to its modular nature and
minimal site disruption. Segments are precast at a dedicated yard or casting bed using
match-casting fechniques to ensure perfect alignment.

These segments are transported to the site and erected span-by-span or in a balanced
cantilever manner using cranes or launching gantries. Epoxy is applied to mating
surfaces, and external or internal post-tensioning tendons are stressed to create a
continuous bridge span. This method is particularly effective in constrained
environments, such as over active highways, railways, or water crossings.

Balanced Cantilever Construction

This technique is commonly used for long-span segmental bridges, especially when
intermediate support locations are impractical. Construction proceeds outward from a
central pier, placing segments symmetrically on either side using form travelers or
cranes. Each new segment is attached, post-tensioned, and stabilized before
proceeding to the next.

Balanced cantilever methods require careful management of geometry control,
especially in curved or inclined alignments. Camber adjustments, real-time monitoring,
and survey verification are used to maintain alignment tolerances within allowable
limits.



Incremental Launching

Incremental launching involves fabricating the entire bridge or major segments in a
casting yard behind the abutment and pushing the structure longitudinally across piers.
Hydraulic jacks move the girder forward in segments, and temporary nose sections are
added to reduce cantilever moments during launching.

This method minimizes the need for falsework and is particularly useful in
environmentally sensitive areas or over inaccessible terrain. Design adaptations must
account for temporary stresses induced during launching, which can differ significantly
from service-stage conditions.

Steel Box Girder Erection

Steel box girders are fabricated in sections—either as full boxes or as U-shaped
troughs—that are transported to the site. Erection is typically done using cranes or
strand jacks fo lift and align sections. Field splices may be welded or bolted, depending
on the design specifications.

Temporary support towers and cross-bracing are often necessary during erection to
prevent lateral instability and buckling. Diaphragms, cross frames, and deck slabs are
installed after the main box sections are in place. In some cases, orthotropic steel deck
panels are welded to the top flange as part of the composite deck system.

Temporary Works and Falsework

Temporary works play a vital role in all erection practices. These include scaffolds,
towers, jacking systems, alignment fixtures, and stability bracing. In precast construction,
segment lifters, traveler gantries, and erection beams are used to manipulate and align
components.

Temporary bearing pads or stay cables may be required to manage stresses during
unbalanced stages. Engineers must account for all temporary load conditions and
sequence-specific forces when designing these system:s.

Construction Monitoring and Tolerances

Throughout construction, geometric control is maintained using surveying instruments,
inclinometers, and laser-based systems. Camber, twist, vertical alignment, and segment
fit are continuously verified to ensure that final geometry meets design criteria. Quality
control during welding, grouting, concrete placement, and tendon tensioning is
essential to prevent long-term defects or alignment errors.

Safety and Environmental Considerations

Construction staging must prioritize worker safety, traffic management, and
environmental protection. Access platforms, fall arrest systems, dust control measures,
and noise abatement practices are implemented in compliance with regulatory
standards.

Conclusion
Successful erection of box girder bridges requires a nuanced understanding of both
structural behavior and construction logistics. By selecting the appropriate method—



whether cast-in-place, segmental, cantilevered, or launched—engineers can deliver
safe, efficient, and durable structures.

The next chapter will explore inspection practices and maintenance protocols critical
to ensuring the long-term serviceability of box girder bridge system:s.



Chapter 6: Inspection, Maintenance, and Durability

Long-term performance of box girder bridge systems depends on comprehensive
inspection protocols, effective maintenance strategies, and an understanding of
material durability under environmental and operational stresses.

This chapter details the key practices used to preserve the structural integrity, safety,
and service life of box girder bridges through routine evaluations, preventative
maintenance, and targeted rehabilitation measures.

Inspection Objectives and Frequency

Routine inspection is mandated by national and local bridge safety programs to detect
early signs of distress or deterioration. The primary objectives include identifying fatigue
cracks, corrosion, spalling, deformation, and joint failures. In the United States, the
National Bridge Inspection Standards (NBIS) require routine inspections at least every 24
months, with more frequent checks for bridges rated as structurally deficient or fracture-
critical.

Visual inspections, hands-on assessments, and non-destructive testing (NDT) methods
are used in combination to evaluate both exterior and interior components. Particular
attention is paid to diaphragmes, flanges, webs, bearings, and anchorage zones—areas
most susceptible to distress under load or environmental influence.

Access to Interior Spaces

One challenge unique to box girders is accessing the internal cells for inspection.
Interior manholes, hatches, and walkways must be integrated during design to allow
safe entfry and exit. Ventilation systems or temporary ducting may be required during
infernal inspection to ensure breathable air, particularly in long-span segments or
sealed environments.

Lighting, moisture sensors, and corrosion monitoring probes are often installed in new
construction to facilitate ongoing surveillance. For older structures, robotic inspection
systems or remote-controlled crawlers are increasingly employed to assess inaccessible
or hazardous zones.

Corrosion and Protective Coatings

For steel box girders, corrosion remains the most persistent threat to structural longevity.
Protective coatings—including zinc primers, epoxy layers, and polyurethane topcoats—
must be inspected for delamination, blistering, and rust penetration. In severe
environments, cathodic protection systems or weathering steel may be used to
mitigate corrosion risks.

Concrete box girders are vulnerable to chloride-induced corrosion of internal
reinforcement, particularly in marine or deicing salt environments. Surface sealers,
waterproof membranes, and crack control detailing are employed to limit moisture and
contaminant ingress. Over time, protective measures may require reapplication or
repair to maintain effectiveness.



Fatigue and Crack Detection

Fatigue cracking is a concern in both steel and concrete box girders, particularly at
welded joints, stress concentrations, and anchorage zones. Ultrasonic testing, magnetic
particle inspection, and dye penetrant methods are used to detect cracks in steel
elements. In concrete, acoustic emission monitoring and crack mapping are standard
techniques for identifying early signs of failure.

For prestressed systems, monitoring tendon integrity is crucial. Loss of prestress force due
to anchor slip, tfendon corrosion, or grouting deficiencies can severely impair structural
capacity. Technologies such as ground-penetrating radar, radar reflectometry, and
embedded strain gauges aid in evaluating tendon performance.

Expansion Joints and Bearings

Expansion joints accommodate temperature-induced movement and must be kept in
good condition to prevent leakage and debris accumulation. Failed joints can allow
water to infilfrate the girder interior, accelerating corrosion or freeze-thaw damage.
Routine joint cleaning, seal replacement, and alignment checks are critical
components of ongoing maintenance.

Bearings—whether elastomeric, pot, or sliding types—facilitate movement and load
transfer from the superstructure to the substructure. Their condition directly influences
bridge behavior under load. Inspectors check for cracking, extrusion, misalignment,
and binding, all of which can signal loss of function.

Drainage and Moisture Management

Proper drainage is essential to limit water exposure on both the exterior and interior of
the box girder. Scuppers, downspouts, and deck slopes must be maintained to ensure
effective water removal. Clogged or broken drainage systems are a common cause of
accelerated degradation in girder systems.

Interior drainage paths and vapor barriers are sometimes installed in concrete box
girders fo manage condensation. If left unchecked, internal moisture can lead to rust-
stained walls, spalling, and rebar corrosion.

Rehabilitation and Strengthening

When deterioration is detected, repair strategies must be carefully planned to restore
structural capacity without infroducing new vulnerabilities. For steel girders, this may
involve plating, welding crack arrest holes, or replacing sections entirely. For concrete
systems, epoxy injection, section replacement, or external post-tensioning may be
employed.

Carbon fiber-reinforced polymer (CFRP) wraps and fiber-reinforced concrete overlays
are emerging technologies that can be applied externally to improve strength and
stiffness. These methods are especially useful in capacity upgrades without major
reconstruction.



Lifecycle Cost and Service Life Extension

Box girder bridges, properly maintained, can exceed 75 years of service life. Lifecycle
cost analysis accounts for initial construction, inspection, routine maintenance, major
rehabilitation, and eventual replacement. Investments in durable materials, corrosion
protection, and comprehensive monitoring can reduce long-term costs significantly.

Conclusion

Inspection and maintenance are vital to safeguarding the integrity of box girder bridge
systems. Proactive management, informed by condition assessments and predictive
modeling, ensures contfinued safety and functionality throughout the structure's
infended service life.

The next chapter will explore real-world applications and case studies that illustrate the
successful implementation—and occasional failure—of box girder bridges under diverse
conditions.



Chapter 7: Applications and Case Studies

Box girder bridges are used across the world in a variety of settings, from urban viaducts
and highway interchanges to complex multi-span arrangements over challenging
terrain.

This chapter highlights specific applications that demonstrate the versatility of the box
girder system, including both successful implementations and instructive failures.
Through case studies, key lessons are drawn regarding design decisions, material
selection, construction execution, and long-term performance.

Urban Freeways and Elevated Expressways

In dense metropolitan areas, box girder bridges are favored for their compact form,
aesthetic appeal, and ability fo accommodate curved alignments. Projects such as the
Cenftral Artery/Tunnel Project (Boston's “Big Dig”) employed segmental concrete box
girders to navigate tight urban corridors with minimal right-of-way. The torsional rigidity
of the box section enabled slender profiles and accommodated varying horizontal
curves without excessive distortion.

Segmental construction methods were essential in reducing construction impact on city
streefts, utilities, and existing structures. These applications also illustrated the value of
pre-planning for drainage, joint alignment, and corrosion protection in enclosed spaces
subjected to deicing salts and urban pollutants.

Highway Interchanges and Flyovers

Complex interchanges often involve multilane bridges curving and splitting in multiple
directions. The box girder’s ability to handle torsional loads makes it ideal for ramp
structures with non-uniform loading. For example, in California’s I-405/1-105 interchange,
multi-cell box girder flyovers were constructed using precast segments to minimize
traffic disruption and accelerate project timelines.

The modularity of the segmental method also allowed for night-tfime erection, reducing
commuter delays and maintaining traffic flow in high-volume corridors. Engineers noted
the importance of segment alignment tolerances, as minor deviations can compound
over long curved spans, affecting deck geometry and ride quality.

Railway Viaducts

Box girder systems have been widely adopted in high-speed rail infrastructure due to
their stability, reduced vibration characteristics, and ability to accommodate constant
track alignment. The Taiwan High-Speed Rail and the Delhi Metro in India both utilize
extensive networks of precast concrete box girders.

In these systems, attention to dynamic load effects—such as frain-induced resonance,
longitudinal braking forces, and fatigue—is paramount. Special end diaphragms and
track anchorage systems are incorporated to distribute loads evenly into the structure.
Maintenance access and noise suppression treatments are also intfegrated as part of
the box girder’s enclosed form.



Long-Span River Crossings

While cable-stayed or suspension bridges are generally used for very long spans, box
girders are often used in the approach spans or intermediate segments. The Vasco da
Gama Bridge in Portugal includes box girder segments approaching the main spans,
constructed using balanced cantilever methods. These segments offer seamless
transitions from land to cable-supported spans and demonstrate the integration
flexibility of the box girder form.

Wind performance, thermal movement accommodation, and flood resilience are
addressed through expansion joints, sliding bearings, and aerodynamic edge profiles.
Torsional stiffness is especially critical in these open, exposed environments.

Failure Case Study: West Gate Bridge (Australia)

The collapse of the West Gate Bridge during construction in 1970 serves as a cautionary
example in box girder history. Faulty construction sequencing, inadequate temporary
bracing, and poor communication among engineering teams contributed to the
disaster. The incident led to a re-evaluation of box girder analysis techniques and
resulted in improved design codes and construction monitoring requirements
worldwide.

Key takeaways included the importance of considering erection-stage stresses,
redundancy in temporary supports, and full-scale testing of non-standard cross-sections
prior to field implementation. The redesigned bridge was later completed using revised
segment geometry and improved post-tensioning systems.

Innovation Case Study: Millau Viaduct (France)

The Millau Viaduct is one of the most celebrated box girder bridges in the world,
spanning the Tarn Valley with steel box girders supported by multi-tower cable-stayed
pylons. Constructed using incremental launching, the deck segments were fabricated
on-site and pushed forward over temporary piers.

This bridge showcases the synergy between aerodynamic design, modern fabrication
methods, and precision monitoring. The steel box girder enabled slenderness and
reduced wind load profiles while maintaining structural capacity over 2,400 meters.
Advanced finite element modeling and GPS-conftrolled surveying were used to ensure
accurate placement and minimal deviation across the entire span.

Conclusion

The versatility of box girder bridge systems is evident in their use across a range of
structural demands and environments. From urban viaducts to river crossings, from high-
speed rail to elevated expressways, box girders offer engineers a flexible and efficient
structural form. By analyzing both successes and failures, the field has developed robust
standards and best practices that continue to evolve with materials science and
construction innovation.
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