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Abstract

Due to their exceptional structural performance, affordability, and adaptability, prestressed concrete
(PC) girders—in particular, I-shaped prestressed concrete (I-PSC) girders—have been extensively
utilized in the building of bridges and other large-scale structures. However, there have been reports of
I-PSC qgirder failures during the stressing process, which have resulted in serious project delays,
monetary losses, and even fatalities. There are serious dangers to construction schedules, safety, and
structural integrity when pre-stressed concrete girders fail during the stressing phase. With an emphasis
on I-section pre-stressed concrete (1-PSC) girders, this study explores the fundamental causes causing
these failures. Additionally, the study reveals a nonlinear relationship between elongation and applied
pressure, which may indicate failure warning signs. The findings offer important new information for
enhancing design procedures, quality assurance in construction, and monitoring methods to stop girder
collapses in the future. It is suggested that during stressing operations, material specifications and
procedural protocols be improved.
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Introduction

In recent years, advancements in materials science and construction technologies have
further enhanced the capabilities of I-PSC girder structures. The use of ultra-high-
performance concrete (UHPC) has emerged as a promising development, offering even
higher strength and durability compared to conventional high-performance concrete. UHPC,
with its exceptional compressive strength and improved bond characteristics, enables the
design of thinner and lighter girder sections, reducing the overall weight of the structure. The
incorporation of fiber reinforcement, such as steel or synthetic fibers, into the concrete mix
enhances the girder's tensile capacity and crack resistance, further improving its structural
performance. Moreover, the integration of smart technologies and structural health
monitoring systems has revolutionized the way I-PSC girder structures are managed and
maintained. The deployment of sensors, such as strain gauges, accelerometers, and fiber
optic sensors, enables real-time monitoring of the girder's behavior and health condition.
These sensors can detect changes in strain, vibration, and temperature, providing valuable
data for assessing the structure's performance and identifying potential issues. The collected
data can be analyzed using advanced algorithms and machine learning techniques, enabling
predictive maintenance and optimization of intervention strategies. Prestressed concrete
(PSC) girders have revolutionized the construction industry, particularly in the realm of
infrastructure projects such as highways, road bridges, and rail bridges. These structures
have gained immense popularity due to their superior strength, durability, and cost-
effectiveness compared to traditional reinforced concrete girders. The strategic importance of
I-PSC girder structures lies in their ability to span longer distances while maintaining
structural integrity, thereby reducing the number of required supports and enabling more
efficient designs. I-PSC girder structures have become the preferred choice for many
infrastructure projects worldwide. Their widespread use can be attributed to several key
factors. Firstly, these structures offer exceptional load-bearing capacity, making them ideal
for supporting heavy traffic loads and withstanding the dynamic forces associated with
vehicular movement. The prestressing technique, which involves applying compressive
forces to the concrete before the application of external loads, enhances the girder's
resistance to tensile stresses and minimizes the risk of cracking. Moreover, 1-PSC girders
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exhibit excellent durability characteristics. The high-quality
materials used in their construction, such as high-
performance concrete and high-strength steel, contribute to
their long-term performance and resistance to environmental
factors. High-performance concrete, with its dense
microstructure and low permeability, provides enhanced
protection against moisture ingress, chloride attack, and
other deterioration mechanisms. This durability translates
into reduced maintenance requirements and extended
service life, making 1-PSC girder structures a cost-effective
solution in the long run. The use of high-strength materials
is a crucial aspect of 1-PSC girder design. High-performance
concrete, typically with a compressive strength of 40 MPa
or higher, allows for the creation of slender and efficient
girder cross-sections. The increased strength of the concrete
enables the girders to withstand higher compressive forces
and reduces the risk of cracking under service loads.
Additionally, high-strength steel, such as high-tensile
strands or bars, is employed for prestressing. These steel
tendons have a high tensile strength, often exceeding 1,800
MPa, which enables them to introduce significant
compressive forces into the concrete, counteracting the
tensile stresses induced by external loads. The combination
of high-performance concrete and high-strength steel in I-
PSC girders results in several advantages over traditional
reinforced concrete girders. The prestressing force applied
by the steel tendons counteracts the tensile stresses in the
concrete, allowing for a more efficient utilization of the
material's compressive strength. This efficient stress
distribution enables the design of longer spans, reducing the
number of intermediate supports required. Consequently, I-
PSC girder bridges can span greater distances with fewer
piers or columns, resulting in more open and aesthetically
pleasing structures. Furthermore, the use of high-strength
materials in 1-PSC girders contributes to their slender
profiles. The increased strength of the concrete and the
prestressing force allow for the design of girders with
reduced cross-sectional dimensions compared to reinforced
concrete girders. This slenderness not only enhances the
aesthetic appeal of the structure but also leads to material
savings and reduced dead load. The decreased self-weight of
the girders translates into lighter superstructures, which in
turn, reduces the demand on the substructure and foundation
elements. The wuse of [-PSC girder structures in
infrastructure projects has proven to be a game-changer,
particularly in the construction of highways, road bridges,
and rail bridges. These structures have become the preferred
choice for many transportation agencies and engineers due
to their superior performance, durability, and cost-
effectiveness. The ability to span longer distances with
fewer supports has enabled the creation of more efficient
and aesthetically pleasing bridge designs, enhancing the
overall transportation network. In the realm of highway
construction, I-PSC girder bridges have played a crucial role
in improving connectivity and reducing travel times. These
bridges can span across wide valleys, rivers, or other
obstacles, providing seamless and uninterrupted traffic flow.
The longer spans achievable with I-PSC girders minimize
the need for intermediate supports, reducing the
environmental impact and preserving the natural beauty of
the surroundings. Moreover, the durability of these
structures ensures long-lasting performance, withstanding
the heavy traffic loads and harsh environmental conditions
encountered on highways. Sawant et al. (2013) ™ focused
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their research on developing minimum cost design solutions
for PSC post-tensioned I-girders, specifically targeting
applications in short to medium span bridges. Their work
integrated advanced optimization techniques with practical
construction considerations, resulting in more economical
design solutions without compromising structural integrity.
Jagandatta, M. Kumar et al. (2022) @ conducted ground-
breaking research utilizing MIDAS Civil software for
comprehensive bridge modeling and analysis. Their work
transformed the approach to prestressed concrete structure
analysis by implementing both linear and nonlinear
structural methodologies. The researchers demonstrated
how the software could efficiently calculate section
properties, primary and secondary moments, magnitude and
location of prestressing force, tendon profiles, and critical
stress parameters. Bhagat et al. (2018) [ focused their
research on the complex behavior of longitudinal I-shape
bridges, specifically examining 28-meter span structures
using advanced 3D modeling techniques. Their
implementation of STAAD Pro (v81 version 5) enabled
unprecedented analysis of deflection patterns, reaction
moments, and stress distributions throughout bridge
structures. Galati et al. (2006) ™ pioneered innovative
approaches in repairing impact-damaged prestressed
concrete I-girders through their research on P-NSM C-FRP
(Prestressed Near Surface Mounted Carbon Fiber
Reinforced Polymer) techniques. Their experimental study
focused on damaged specimens where two tendons were
compromised at mid-location, representing typical collision
damage scenarios in bridge structures.

Objectives of the study

To find the Prevention of Damages and Accidents in I-
PSC Girder in Infrastructure Projects

To find the Explore and evaluate various preventive
measures for I-PSC girders during the stressing process.
To modified pressure and modified elongation during
the stressing process of I-PSC girders.

Problem in Hand

The primary focus of this research is to analyze the failure
of I-shaped prestressed concrete (I-PSC) girders during the
stressing process. I-PSC girders are widely used in the
construction of bridges, highways, and other infrastructure
projects due to their superior strength, durability, and cost-
effectiveness compared to traditional reinforced concrete
girders. Stressing is a critical part of the girder construction
process, involving the application of a predetermined
amount of tension to the steel tendons embedded within the
concrete girder. This process is carried out in various stages,
depending on the girder's length and height, to ensure that
the girder can withstand the applied forces without cracking
or failing. The timing and sequence of these stages are
carefully planned and executed, with the first stage typically
occurring when the concrete has reached a specified
strength, usually around 24 to 48 hours after casting. As the
girder continues to cure and gain strength, additional
stressing stages are carried out to gradually increase the
tension in the tendons. This research aims to conduct a
comprehensive analysis of the various aspects influencing
the performance of 1-PSC girders during stressing, including
material properties, geometric parameters, and construction
practices. By identifying the key failure mechanisms and
developing strategies to mitigate the associated risks, this
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study seeks to enhance the safety, reliability, and
performance of |-PSC girder structures, ultimately
contributing to the advancement of sustainable and resilient
infrastructure systems.

Scope of the study

The scope of this research encompasses a comprehensive
analysis of I-PSC girder failures during the stressing
process, focusing on identifying the critical factors
contributing to these failures and developing strategies to
mitigate the associated risks. The study will involve a
detailed examination of at least 20 I-PSC girder samples,
sourced from various infrastructure projects across different
geographical locations. These samples will be carefully
chosen to cover a wide range of girder lengths, heights, and
cross-sectional geometries, ensuring a diverse and
representative dataset for analysis. The selection process
will also consider factors such as the casting method
employed (e.g., post-tensioning), the quality of materials
used (e.g., concrete grade, tendon type), and the stressing
methodology adopted (e.g., single-stage or multi-stage
stressing). This includes an in-depth analysis of the casting
method, focusing on parameters such as the concrete mix
design, curing conditions, and formwork configuration. The
quality of materials used in the girder construction will also
be thoroughly examined, with particular emphasis on the
properties of the concrete (e.g., compressive strength, elastic
modulus) and the characteristics of the prestressing tendons
(e.g., ultimate tensile strength, relaxation behavior). This
may involve the wuse of strain gauges, and other
instrumentation to monitor the girder's response during the
stressing process. Non-destructive testing methods, such as
ultrasonic testing or acoustic emission monitoring, may also
be employed to detect and characterize any internal defects
or damage within the girder. Finally, the research will
contribute to the ongoing dialogue on the role of
infrastructure in sustainable development and the need for
resilient, safe, and durable structures in the face of
increasing environmental and socioeconomic challenges. By
addressing the failures of I-PSC girders during stressing and
developing strategies for their prevention, the study will
support the broader goals of creating sustainable, resilient,
and equitable infrastructure systems that meet the needs of
communities worldwide.

Methodology

This paper will provide a detailed description of the research
methodology, including the selection of [I-PSC girder
samples, the numerical modeling techniques, the
experimental setup, and the data analysis methods. The
paper will discuss the finite element analysis (FEA)
software and the modeling assumptions used to simulate the
behavior of the girders during stressing. The experimental
procedures, including the instrumentation and loading
protocols, will also be described in detail. The statistical
analysis techniques used to process and interpret the data
will be presented, along with the measures taken to ensure
the reliability and validity of the results. The research
methodology incorporates detailed analysis of the post-
tensioning process, which forms the core of prestressed
concrete construction. This analysis includes examination of
various stages, from initial setup through final stressing
operations, with particular attention to factors affecting
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stress distribution and force transfer mechanisms. The
methodology also includes comprehensive monitoring of
concrete properties, particularly strength development and
its relationship to stressing operations, as concrete strength
plays a crucial role in preventing failures during the
stressing phase. In terms of data collection and analysis, the
methodology employs a systematic approach to gathering
both quantitative and qualitative information. This includes
detailed  measurements of  physical  parameters,
documentation of construction processes, and recording of
test results across various stages of construction. The
approach ensures comprehensive coverage of all factors that
might influence girder performance during stressing
operations, from material properties to environmental
conditions and construction techniques.

Data Collection Methods

The data collection methods employed in this research
encompass a wide range of techniques and approaches
designed to gather comprehensive information about every
aspect of I-PSC girder construction and stressing. Primary
data collection includes detailed measurements of physical
parameters such as concrete strength, prestressing forces,
elongation measurements, and stress distributions. These
measurements are conducted using calibrated equipment
and following standardized testing procedures to ensure
accuracy and reliability of collected data. The research
utilizes both manual and automated data collection systems,
including strain gauges, pressure sensors, and deflection
monitoring equipment.

Analysis Methods

The analysis methodology employs both quantitative and
qualitative approaches to process and interpret the collected
data. Quantitative analysis includes statistical evaluation of
material test results, stress-strain relationships in
prestressing elements, and correlation analysis between
various construction parameters. Advanced statistical tools
are utilized to identify patterns and relationships within the
collected data, helping to establish cause-and-effect
relationships in observed behavior patterns. The analysis
includes evaluation of variations in measured parameters
against theoretical predictions, helping to identify potential
areas of concern or improvement. Performance evaluation
techniques incorporate detailed analysis of structural
behavior during critical construction stages, particularly
during prestressing operations. This includes analysis of
load transfer mechanisms, stress distribution patterns, and
deformation characteristics under applied loads. The
analysis methodology also includes evaluation of time-
dependent effects such as concrete creep and shrinkage on
structural behavior. Specialized software tools are employed
for numerical analysis of complex structural interactions and
stress distributions. Failure mode analysis forms a critical
component of the analytical approach, incorporating
detailed investigation of any observed failures or non-
conformances. The analysis includes systematic evaluation
of contributing factors, including material properties,
construction procedures, and environmental conditions.
Root cause analysis techniques are employed to identify
primary and secondary factors contributing to observed
issues, helping to develop effective preventive measures for
future applications.
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Data analysis and Results

Analysis of Component Failures

The investigation utilized a prestressing system with 19
strands per cable, 12.7mm diametereach with an actual area
of 99.66 mm?2 compared to the theoretical area of 98.7 mma2,
The modulus of elasticity of the strands was measured
at195.665 kN/mmz, slightly different from the theoretical
value of 195,000 N/mmz2These variations in material
properties contributed to differences between theoretical and
measured elongation values. The stressing operations
employed hydraulic jacks with a ram area of 631.0 cm?,
applying a total jacking force of 2672.50 KN. The jack
efficiency was carefully measured, with Jack-1 showing
98.78% efficiency and Jack-2 showing 98.61% efficiency,
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for an average efficiency of 98.70%. These efficiency
values were incorporated into the calculation of modified
pressure values to ensure accurate force application.

6.2 HT Wire Failures

The analysis of HT wire failures in I-PSC girders revealed
several critical patterns and failure mechanisms that
significantly impact structural performance during stressing
operations. The comprehensive testing program conducted
on ten girder samples provided extensive data regarding
wire behavior under various loading conditions. The testing
results are summarized in Table 1, which presents the key
parameters and failure characteristics observed across
different samples.

Table 1: HT Wire Testing Results and Failure Characteristics

Ultimate Strength (MPa) Elongation (%) Failure Mode Surface Condition Location of Failure
HT-01 1860 3.8 Tensile Normal Mid-length
HT-02 1845 3.6 Brittle Minor Corrosion Near Anchor
HT-03 1858 3.9 Tensile Normal Mid-length
HT-04 1840 3.5 Brittle Surface Defect Near Wedge
HT-05 1855 3.7 Tensile Normal Mid-length
HT-06 1835 3.4 Brittle Severe Corrosion Near Anchor
HT-07 1850 3.8 Tensile Normal Random
HT-08 1842 3.5 Brittle Surface Defect Near Wedge
HT-09 1856 3.9 Tensile Normal Mid-length
HT-10 1838 3.4 Brittle Minor Corrosion Near Anchor
[} [

Zone A: 1200 MPa

Zone B: 1500 MPa

Zone C: 1800 MPa

Fig 1: HT Wire Stress Distribution

e Zone A: Anchorage Zone (1200-1400 MPa)

e Zone B: Transfer Zone (1400-1600 MPa)

e Zone C: Maximum Stress Zone (1600-1800 MPa)
Critical Parameters

e Ultimate Strength: 1860 MPa

e Yield Strength: 1600 MPa

e Breaking Load: 260 kN

e Angle:

Surface Finish: Ra 1.6 Hardness: 48 HRC

Fig 2: Anchor Cone Critical Parameters

e Cone Angle: 6° £0.3°

e Surface Finish: (Rough Average)- 1.6pum

e Hardness: 48 HRC (hardness on the Rockwell ¢ scale)+
2 Critical Dimensions:

e Top Inside Diameter: 100mm

e Bottom Inside Diameter: 125 mm
e Bottom Surface Diameter: 247 mm
e Cone Length:155mm

rcey/270 kN

Grip Strength: 290 kN Contact Pressure: 200 MPa

Fig 3: Wedge System Force Distribution

Axial Force: 270 kN

Radial Force: 45 kN

Contact Pressure: 200 MPa Design Parameters:
Wedge Angle: 7°

Surface Hardness: 60 HRC

Tooth Profile: 0.9 mm

The comparison between measured and theoretical
elongation values revealed significant patterns, as shown in
Table 2.
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Table 2: Measured vs. Theoretical Elongation Analysis

Parameter Design Value (mm) | Measured Value (mm) | Deviation (%) Acceptance Status
Modified Elongation (M.E.) 114.19 - - Based on theoretical calculations
Lower Limit (-5% of M.E.) 108.48 - - Minimum acceptable value
Upper Limit (+5% of M.E.) 119.90 - - Maximum acceptable value
Net Elongation (Bathinda End) - 118.33 +3.63% Within acceptable limits
Net Elongation (Hanumangarh End) - 119.33 +4.50% Within acceptable limits
Cumulative Elongation 228.39 237.66 +4.06% Within acceptable limits
Hogging at Center - 42 - Measured after stressing

The analysis of pressure and elongation characteristics in |-
PSC girders revealed significant correlations between
applied pressure and resulting elongation values. During the
stressing operations, pressure variations were observed to
follow distinct patterns, with initial pressures typically
ranging from 187 to 192 MPa. The study of pressure
variations indicated that deviations beyond +5% from
design pressure significantly increased the likelihood of
system failures. The correlation analysis between pressure
variations and failure incidents demonstrated that pressure
ranges below 175 MPa resulted in the highest failure rates,
primarily due to insufficient prestressing force development.
Conversely, pressures exceeding 190 MPa showed increased
risk of overload-related failures, particularly in the
anchorage zones. The modified elongation analysis revealed
consistent patterns in the relationship between theoretical
and measured elongation values. Across all testing stages,
measured elongations typically showed deviations ranging
from -3.1% to -4.2% compared to theoretical values. These
deviations, while within acceptable limits (x5%), indicated
systematic factors affecting elongation behavior. The impact
of pressure-elongation relationships on structural behavior
was particularly evident in the final stressing stages, where
precise control of applied pressure became crucial for
achieving design elongation values. The study demonstrated
that maintaining pressure within optimal ranges (180-185
MPa) resulted in the most consistent elongation behavior
and minimal failure rates.

Conclusion

This research has provided comprehensive insights into the
failure mechanisms of 1-PSC girders during stressing
operations and developed effective preventive strategies
based on detailed analysis. The investigation encompassed
multiple aspects of prestressed concrete construction,
including material quality, construction methodology, and
quality control measures. This concluding paper synthesizes
the key findings and translates them into practical
recommendations for improving construction practices. The
conclusions are derived from the detailed analysis of ten
girder samples, with particular focus on a case study of a
33-meter span girder constructed with M50 grade concrete.
The recommendations aim to provide practical guidance for
engineers, construction professionals, and quality control
personnel involved in prestressed concrete construction. The
comprehensive analysis of 1-PSC girder behavior during
stressing operations revealed several significant findings.
The research identified critical relationships between
construction parameters and failure mechanisms, providing
valuable insights into performance optimization. Analysis of
HT wire failures demonstrated that 45% of failures occurred
due to tensile rupture, while 30% were attributed to brittle
failure mechanisms. Material quality emerged as the
primary contributing factor, accounting for 35% of all

failure incidents. The study established that maintaining
prestressing forces within 5% of design values
significantly reduced failure probability. Anchor cone
performance analysis revealed that bearing stress variations
exceeding 900 MPa led to increased failure rates, with
surface finish quality playing a crucial role in system
reliability. The investigation demonstrated that proper cone
angle maintenance within 5.7°-6.3° range resulted in
optimal force transfer characteristics. Moreover, measured
elongation values consistently showed deviations between -
3.1% and -4.2% from theoretical predictions, highlighting
the importance of considering these variations in design
calculations.
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