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Abstract—Prestressed concrete bridges have become a
mainstay for medium- to long-span highway and railway
structures because of their material efficiency, high
durability potential, and adaptability to diverse
construction environments. This paper reviews three
advanced construction methods commonly used for
prestressed concrete bridges — segmental construction
(both precast and cast-in-place), incremental launching,
and balanced cantilever construction — and examines
their applicability, construction sequence, advantages
and limitations. The paper further outlines inspection
techniques, maintenance strategies, and durability
considerations that extend service life and mitigate
common deterioration mechanisms. Practical guidance
and recommended best practices for design detailing,
quality control, inspection frequency, and intervention
criteria are provided to help bridge owners and
engineers achieve long-term performance with
minimized life-cycle costs.
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[. INTRODUCTION

Prestressing concrete — either by Pretensioning or
post-tensioning — enhances concrete’s flexural
capacity, controls cracking, and allows longer spans
and slimmer sections compared to conventionally
reinforced concrete. Modern bridge programs
increasingly rely on prestressed concrete to meet
demands for durability, reduced maintenance, and
rapid construction. The choice of construction method
depends on span length, site constraints (topography,

river crossings, urban environment), traffic disruption
tolerance, local fabrication capability, and cost. This
paper synthesizes the state-of-practice for three
advanced construction methods and integrates
inspection and maintenance concepts critical to
ensuring structural durability and serviceability.

II. OVERVIEW OF PRESTRESSED BRIDGE
TYPES AND WHEN TO USE ADVANCED
METHODS

Prestressed bridge superstructures take many forms: I-
girders, box girders, T-beams, and cellular box
sections. Selection depends on span, aesthetics, and
the construction method. Advanced methods
commonly used for medium to long spans:

e Segmental construction: Ideal for long continuous
spans (e.g., multiple spans up to several hundred
meters total), constrained sites, or when on-site
casting or precasting facilities allow efficient
segment production.

e Incremental launching: Suited to continuous
girders traversing obstacles (valleys, rivers)
where support access underneath is limited;
economical for long, constant cross-section
bridges.

e Balanced cantilever: Best for medium-to-long
spans over obstacles where temporary falsework
is impractical (deep valleys, navigation channels),
allowing construction from piers outward in
balanced segments.
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Each method pairs well with specific section types —
for example, box girders are common in segmental and
balanced cantilever bridges; linear constant-section
beams are typical with incremental launching.

III. SEGMENTAL CONSTRUCTION

3.1. Principles and Variants

Segmental construction assembles a bridge from
repeated precast or cast-in-place segments. Two
primary approaches:

3.1.1. Precast segmental:

Factory-made segments transported to site and
assembled (match-cast) with either external post-
tensioning tendons or internal post-tensioned
continuity. Typical for accelerated bridge construction
and high-quality surfaces.

3.1.2. Cast-in-place segmental (span-by-span or
cantilever): Segments cast on-site in specially
designed forms; suitable when transport of large
segments is difficult.

3.2. Construction Sequence

Precision match-casting for precast segments; control
of geometry and surface tolerance critical.

3.2.1 Erection (precast): Segments lifted and
temporarily supported; joint faces sealed; prestressing
tendons threaded and tensioned to form continuity.
3.2.2 Post-tensioning: Longitudinal tendons staged
and stressed to achieve required camber and internal
force distribution.

3.2.3 Finishing and service works: Deck surfacing,
parapets, bearings, and expansion joints.

3.3 Advantages

High quality control from shop fabrication.

Fast on-site assembly with reduced falsework.

Good for slender, efficient box sections.

Minimal in-river or below-deck operations when
precast launched or lifted.

3.4 Challenges & Mitigation

Segment match and geometry control: Use precision
molds, frequent dimensional checks.

Joint durability: Design watertight joints; use high-
performance grout and corrosion protection for
tendons. Careful erection sequence and temporary
supports prevent overstress.

3.5 Detailing for Durability

Tendon ducts with corrosion-resistant sheathing and
greased filler.
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Adequate concrete cover; high-performance concrete
mixes to limit permeability. Drainage and joint sealing
to keep water and chlorides away from critical details.

IV. INCREMENTAL LAUNCHING

4.1 Concept and Suitability

Incremental launching constructs the bridge by casting
successive sections on the casting yard behind an
abutment and then pushing (launching) the entire
superstructure  forward over sliding bearings.
Particularly efficient when the cross-section is
constant and site access below the bridge is restricted.

4.2 Launching Procedure

Casting: Deck sections cast in a casting bed.

Edge girder and nose installation: A lightweight steel
nose girder is fitted to reduce cantilever moment
during launching.

Launching: Hydraulic jacks push the deck forward;
bearings and sliding surfaces support the movement.
Completion: After full launch, final post-tensioning
and finishing works are completed.

4.3 Advantages
Minimizes temporary works in the valley or water.
Controlled, factory-like concrete quality. Suitable for

long repetitive spans.

4.4 Limitations and Controls

Requires uniform cross-section; curved bridges or
varying depths complicate launching. Launching
induces temporary bending and shear demands —
structure and casting bed must be designed for these
actions. Friction and launching forces require robust
thrust systems and sliding bearing design.

4.5 Durability Considerations

Sliding bearings and launch bearings must be designed
for service life and protected from contamination.
Fatigue-resistant detailing around anchorages due to
repetitive launching loads. Ensure adequate protection
of tendons during launching operations.

V. BALANCED CANTILEVER CONSTRUCTION

5.1 Method Description
Balanced cantilever construction builds the bridge
outward from piers in symmetrical segments,
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maintaining equilibrium by constructing segments
alternately on both sides of the pier. This approach is
especially advantageous for long spans where
intermediate falsework is impractical.

5.2 Construction Steps

Pier construction: Elevated piers with anchorage
provisions for cantilever segments.

Pier table or launching girder: Provide working
platform and support for segment formwork.

Segment casting: Each cantilever segment cast (or
precast and lifted) and post-tensioned to the previous
segments to transmit continuity.

Closure: When cantilevers from adjacent piers meet,
closure segments and final stressing complete the
continuity.

5.3 Benefits and Constraints

Allows construction over water or existing
infrastructure. It is Flexible for varying geometry and
larger variable-depth sections. It Requires careful
control of pre-stress, camber, and erection tolerances.

VL INSPECTION

6.1 Inspection Objectives

Detect distress, corrosion, cracking, and water ingress
early. Assess tendon condition and prestress losses.
Monitor structural deformations and fatigue-prone
locations. Verify effectiveness of protective systems.

6.2 Typical Inspection Methods

Visual inspection: First-line method to detect cracks,
spalls, leaks, staining, joint failure, and exposed
reinforcement.

Non-destructive testing (NDT): Ultrasonic pulse
velocity for concrete quality. Rebound hammer for
surface hardness (use cautiously). Ground-penetrating
radar for detecting voids and delaminations. Infrared
thermography to find delamination or moisture
intrusion. Impact echo for internal flaws.
Electrochemical techniques: Half-cell potential
mapping for corrosion activity.

Linear polarization resistance for corrosion rate
estimation.

Tendon and anchor testing: Jack-off tests for
individual tendons (where accessible). Magnetic flux
leakage or guided wave ultrasonic testing to detect
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broken wires in external tendons. Endoscopic
inspection of accessible ducts.

Load testing and monitoring:

Static or dynamic load tests for performance
verification. Structural health monitoring with strain
gauges, accelerometers, and GPS for long-term
behavior.

Special Focus Areas are ducts and anchorages which
look for grout voids, leakage paths, and corrosion.
Joints and bearings: Check for clogging,
misalignment, water penetration, wear. Deck and
parapet: Monitor surface wear, crack patterns, and
drainage. Fatigue-prone zones: Expansion joints,
continuity regions, and highly stressed tendon
anchorages.

6.3 Inspection Frequency Guidelines

Routine visual inspections: Annually or as mandated
by jurisdiction. Every 3-5 years or after extreme
events (flood, ship strike, earthquake). Immediately
after severe storms, earthquakes, impact, or other
abnormal events.

6.4 Maintenance Strategies

To keep surface and joint water away from tendons
and reinforcement. Replace seals and gaskets
proactively; maintain closures to prevent water
ingress. Renew deck overlays and coatings; use sealers
and waterproof membranes where appropriate. Clean,
lubricate, and replace bearings before failure. Ensure
ducts remain filled and grouted; maintain corrosion
protection systems.

Corrective Maintenance

Crack injection: Epoxy injection for structural cracks
where appropriate; use flexible fillers for non-
structural cracks.

Grout remediation: Re-grouting of ducts with high-
pressure injection to fill voids and restore protection.
Local repairs: Patch spalls, repair delaminations with
compatible materials and appropriate surface
preparation.

Bearing replacements and joint rehabilitation: Replace
worn components to restore serviceability.

6.5 Durability Considerations and Design for
Longevity. Use high-performance concretes (low
water-cement ratio, appropriate supplementary
cementitious materials) to reduce permeability.
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Adequate curing is essential for microstructure
development and long-term resistance to ingress.

6.6 Protection Against Corrosion

Tendon corrosion is the primary durability threat.
Fully grout internal ducts with corrosion-inhibiting
grout and ensure complete filling. Use galvanized or
epoxy-coated prestressing strands where applicable.
Consider use of stainless steel or non-metallic tendons
in highly aggressive environments. External tendons
should have continuous sheathing and grease/asphalt
or polymer filler; pressure injection can be used for
additional protection. Provide sufficient concrete
cover considering exposure class. Use corrosion
inhibitors or surface treatments in chloride-prone
zones. Design drainage and deck surfacing to limit
chloride-bearing deicing salts or seawater penetration.
Detail regions of stress concentration (stirrups,
anchorages, access holes) to avoid abrupt changes in
stiffness. Maintain good surface finishes to reduce
crack widths and minimize chloride ingress. Consider
long-term prestress losses from creep, shrinkage, and
relaxation in design and during construction
sequencing. Account for thermal gradients in
continuous spans and during launching or erection.

VIL RECOMMENDATIONS AND BEST
PRACTICES

7.1 Early integration of maintenance and inspection
planning into design documents — ensure
accessibility for inspections and tendon access
where feasible.

7.2 Design for robustness: Provide redundancy and
conservative  detailing at critical regions
(anchorage zones, joints).

7.3 Use high-performance materials for concrete and
grout in aggressive environments — this reduces
permeability and extends service life.

7.4 Control construction quality: Tolerances in
match-casting, grout consolidation, and tendon
stressing procedures are decisive for long-term
performance.

7.5 Implement monitoring on critical bridges: Strain
gauges, displacement sensors, and periodic non-
destructive tendon checks help detect incipient
problems.
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7.6 Adopt a risk-based asset management framework
to prioritize interventions with the highest return
on investment for safety and serviceability.

VIII. CONCUSION

8.1 Precast segmental urban viaduct: Precast match-
cast box segments erected using overhead form
travelers to minimize traffic disruption. Key
success factors: precision casting, weather-
protected yard, aggressive quality control for
grout and tendons.

8.2 Incrementally launched river crossing: Long,
constant-depth box girder launched from an
abutment with a steel nose girder to reduce
bending during the launching phase. Critical
elements: friction reduction at sliding bearings
and monitoring of launching forces.

8.3 Balanced cantilever highway bridge: Cast-in-
place segments using cantilever travelers from
piers over a navigable channel, avoiding
falsework in the water. Emphasis on temporary
works and sequence control to manage cantilever
moments and alignment.

IX.SUGGESTED INSPECTION CHECKLIST

9.1 Visual: Crack mapping (width, pattern), spalling,
staining, efflorescence.

9.2 Joints: Condition of seals, debris accumulation,
leakage.

9.3 Bearings: Seating, movement, corrosion,
lubrication.

9.4 Tendons/Ducts: Evidence of leakage, grout
staining, corrosion at anchorages.

9.5 Drainage: Clear
downpipes, no ponding.

9.6 Protective systems: Condition of deck overlays,
coatings.

9.7 Substructure: Scour (for piers in water),
settlement, spalling.

9.8 Record any unusual deflection or vibration.

scuppers, functioning

X.FURTHER READING AND STANDARDS

10.1 Precast/Prestressed Concrete Institute (PCI) —
Design manuals and technical publications.
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10.2 Relevant national codes and standards for
prestressed concrete design and inspection (e.g.,
IS 1343 — Code of Practice for Prestressed
Concrete (India), Eurocode provisions, AASHTO
LRFD Bridge Design Specifications).

10.3 Technical literature on durability, tendon
corrosion, and grouting techniques.
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