Preventing Bridge Collapses: The Crucial Role of
Geotechnical Investigations and Foundation Testing

The recent bridge collapses in Bihar have ignited widespread concern over the safety and
reliability of our critical infrastructure. As a specialist in Geotechnical Engineering, | firmly
believe that thorough geotechnical investigations and rigorous foundation testing are
paramount in preventing such catastrophic failures.

Understanding the Root Causes

Several factors contribute to bridge collapses, and at the core of many of these failures is
inadequate geotechnical investigation and poor foundation design. Understanding the
subsurface conditions where a bridge is to be constructed is essential. Geotechnical
investigations provide critical data about soil properties, groundwater conditions, and
potential geological hazards, which are all crucial for designing stable and safe foundations.

The Importance of Comprehensive Geotechnical Investigations

1. Site-Specific Data Collection: Each construction site is unique, and so are its subsurface
conditions. Comprehensive geotechnical investigations involve drilling boreholes, conducting
soil tests, and analysing the collected data to understand the soil profile, liquefaction
susceptibility, bearing capacity, and other critical parameters. Without this data, the
foundation design can be based on assumptions, leading to potential weaknesses and risk.

2. Accurate Foundation Design: The data obtained from geotechnical investigations inform
the design of the bridge’s foundation. A well-designed foundation can adequately support the
structure, distribute loads effectively, and withstand environmental stresses such as floods
and earthquakes. Conversely, an inadequately designed foundation, based on insufficient
data, can lead to instability and failure.

3. Mitigating Environmental Factors: Environmental factors like erosion, flooding, and seismic
activity must be considered during the design phase. Geotechnical investigations help identify
these risks, allowing engineers to incorporate mitigation measures into the foundation design.
For example, in flood-prone areas, foundations can be designed to resist scour and erosion.

Advanced Geotechnical Investigation Techniques and Foundation
Testing Trends

To enhance the accuracy and reliability of geotechnical data, the adoption of advanced
investigation techniques and foundation testing methods is crucial:



1. Cone Penetration Testing with Pore Pressure Measurement (CPTU): This technique
provides detailed information on soil stratigraphy and properties, crucial for accurate
foundation design. CPTU offers high-resolution, continuous profiles of soil stratigraphy,
identifies soil layers and interfaces, and measures tip resistance, sleeve friction, and pore
pressure. These parameters are essential for determining soil strength, stiffness, and other
geotechnical properties.

2. Pressuremeters: These devices measure the deformation properties of soil in situ, offering
valuable data for designing foundations that can withstand site-specific conditions. They help
in assessing soil elasticity and strength under various stress conditions.

3. Cross-Hole Seismic Tests: These tests determine the dynamic properties of soil, essential
for evaluating seismic risks and designing earthquake-resistant structures. They provide data
on shear wave velocity and soil stiffness.

4. Standard Penetration Test (SPT) Energy Measurements: By measuring the energy delivered
during SPT, more accurate soil strength parameters can be obtained, leading to better
foundation designs.

Foundation Testing Trends

1. Pile Integrity Testing (PIT): Ensures the integrity of piles by detecting defects and
discontinuities.

2. Crosshole Sonic Logging (CSL): Assesses the quality of cast-in-place concrete foundations,
detecting voids and anomalies. This technique ensures that the concrete has been properly
placed and compacted.

3. Thermal Integrity Profiling (TIP): Evaluates the integrity of concrete piles using temperature
data during curing.

4. High Strain Dynamic Pile Load Tests (HSDLT): HSDLT, also known as PDA tests, evaluates the
bearing capacity and structural integrity of deep foundations by using a dynamic load (such
as a drop weight) to simulate the stresses experienced during actual use. This method allows
for real-time assessment of multiple piles in a single day, offering valuable insights into their
performance under load.

5. Instrumented Static Pile Load Tests: Offers detailed load-deformation behaviour of piles,
essential for accurate foundation design.

Policy Changes and Best Practices

To prevent future bridge collapses, it is imperative to implement stringent policies and best
practices:



1. Mandatory Geotechnical Assessments: Geotechnical assessments should be mandatory
for all bridge projects. These assessments must be thorough and site-specific, conducted by
certified professionals.

2. Regular Audits and Inspections: Regular audits during the construction phase and periodic
inspections post-construction can ensure compliance with geotechnical and structural
standards. These audits should be conducted by independent bodies to maintain objectivity.

3. Education and Training: Engineers, architects, and construction workers should be
educated on the importance of geotechnical investigations and the proper execution of
foundation designs. Continuous professional development programs can keep them updated
on the latest best practices and technological advancements.

Conclusion

The bridge collapses in Bihar serve as a stark reminder of the critical role that geotechnical
investigations and foundation testing play in infrastructure safety. By prioritizing
comprehensive geotechnical assessments, enforcing stringent construction standards, and
adopting advanced investigation techniques and testing trends, we can build bridges that
stand the test of time, ensuring safety and reliability for generations to come.

Sorabh Gupta is a specialist in Geotechnical Engineering and Director at Cengrs Geotechnica
Pvt. Ltd. (http://www.cengrs.com) with an undergraduate degree from IIT Delhi and a
Master’s degree from Stanford University. He has about 20 years of professional experience in
geotechnical investigations and foundation engineering.
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