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1.        RESILIENCE IN BRIDGES: DEMYSTIFIED 

By Sachidanand Joshi, Mayuri Tundalwar, Sreenath Menon  

Researchers: UBMS Research Group 

 

ABSTRACT:  

 

Bridges are everywhere; they exist. Most people take their existence for 

granted. Bridges are the silent, unsung enablers of development and 

stability.  Connectivity provided by bridges ensure safe and timely 

deliverance of aid, rescue and relief to the zone of impact. Rescue operations 

are performed efficiently only when connectivity is ensured by resilient 

bridges. This results in saving human lives and aid reaches impact zone. 

 

Bridges like any other structures AGE. Human and nature onslaught on 

bridges is unrelenting. All these takes its toll. Traditional bridge inspection, 

often focused on what is visible.  This is typically, a Reactive approach.  

Today, Bridge management needs to be Proactive. Modern bridge 

management needs to use all the tools offered by emerging technologies to 

keep bridges safe and sound.   

 

Every region, country requires bridges to be sustainable and resilient. 

Resilience in bridges is affected by many factors. To enable evaluation of 

such factors, it is critical to understand the behaviour of deteriorated and 

ageing bridges under the Impact of natural hazards. Vulnerability and risk 

assessment gains importance. Global Analytics for Bridge Management 

[GABM] provides this understanding. Further research into the variations in 

values of specific parameters affecting bridge resilience provide deeper 

insight into understanding resilience. Such insight enables enhancement of 

resilience, within economic constrains.  

 

INTRODUCTION: 

 

Every region and countries rely on bridges for every day activities. Bridges 

connect our towns and cities. Bridges keep commerce and economy moving. 

Bridges connect people, communities, regions. Bridges usher ease of 

movement for livelihood, recreation, medical, education, commerce, trade. 

They ensure connectivity.  They enable growth of economic activities and 

ensure sustainable stability to the region.  Connectivity is critical for 



movement of population. People move from home to their work place, they 

reach schools, hospitals, entertainment centers seamlessly and efficiently. 

This same connectivity plays a very crucial role during and post occurrence 

of a natural hazard. Movement of rescue and aid providers depend on 

bridges that survive the natural hazard. Such sustained bridges ensure 

higher efficiency of rescue operations. One hour delay results in increased 

death toll. Sustained bridges avoid the hazard occurrence to escalate to a 

calamity. Bridges usher stability, economic growth and prosperity. They are 

silent and unsung hero of sustainable growth of our region and country. 

 

Bridges like any other man-made structure will age. Ageing bridges may or 

may not exhibit symptoms of deterioration. Deterioration is inseparable with 

ageing. Deterioration process undergoes dynamic increment when the bridge 

is subjected to human and nature’s onslaught. Bridges undergo normal    

routine wear and tear. The deterioration process is mostly visible. Such signs 

of deterioration are termed symptoms of distress. Cracks, spalls, corrosion, 

and other similar obvious damage are common symptoms. Such symptoms 

drive the process of rehabilitation. Bridge undergoes rehabilitation or repairs 

with amplification of symptoms. This approach of providing rehabilitation 

based on severity of symptoms is a reactive process. Bridge Management till 

date has been REACTIVE. This approach is like going to the doctor only, 

when you are severely sick. What is essential is a PROACTIVE approach. For 

a proactive approach to be successful, it is critical to understand and 

estimate [as possible] all the forces acting on the bridge structure in the 

most accurate manner. Based on this understanding, provide proactively all 

rehabilitation or strengthening in the bridge structure, which will usher 

sustainability. Recent dynamism in natural hazards occurrence frequency and 

severity poses a challenge.  

 

All our codes, guidelines, design philosophies are reliant on assumed values 

for the forces of nature based on statistical and historical narrative. Severity 

of once in hundred-year events determines the value of force acting on the 

bridge structure, which then is used to design bridges with design service life 

of 100 years. The present scenario in which, such once in hundred-year 

events occur in decades or at times within few years of previous occurrences 

adds to the challenge. The severity of such dynamic occurring events is also 

very high. Higher severity and reduction in frequency occurrence, make it 

impossible to keep pace, to modify the codes and guideline. In such a 



scenario, it is critical to ensure that dynamism is accounted during 

evaluation of forces of events probably occurring in the future. The success 

of prediction of the bridge structure heavily hinges on the inclusion of 

dynamism. That is where innovation in bridge management comes in. It is 

about identification of problems early. Evaluation of vulnerability and risk 

index along with the behavior of ageing deteriorated bridge enables us to 

identify the root cause of distress. This enables deciding the retrofit strategy. 

It is about making smart decisions about maintenance and rehabilitation. It 

is about getting the most out of our bridges infrastructure investments. 

 

IMPACT OF RESILIENCE IN BRIDGES: 

 

Resilience of a bridge is not just about its structural integrity. It's about its 

ability to withstand shocks and stresses both natural and man-made a 

resilient bridge can withstand earthquakes floods and other natural hazards. 

It can also withstand the wear and tear of daily use and the test of time. 

When bridges are resilient, communities thrive. Businesses can operate with 

confidence knowing that their goods and services can flow freely. People can 

commute to work, access health care and visit loved ones without disruption. 

Emergency services can respond quickly and effectively when disaster 

strikes. Resilient bridges are essential for maintaining a healthy and vibrant 

society[1]. They provide a sense of security and stability. Knowing that 

essential life lines remain intact even in the face of adversity this sense of 

stability is crucial for economic investment, social cohesion and overall well 

being. It also enables faster rescue operations resulting in saving lives 

during and post natural hazard occurrence. Resilience in bridges is not a 

utopian concept. It is achievable goal. Previously absence of knowledge 

relating to the behavior of deteriorating bridges during natural hazard 

occurrences, resulted in inability of the inspection and testing teams to 

determine the requirements of precautionary steps to be adopted. Today, 

with available knowledge base, it is feasible to take proactive steps to 

enhance and establish resilience.   

 

FACTORS AFFECTING RESILIENCE IN BRIDGES:  

 

Multiple factors influence and affect the resilience of bridge. Principal factors 

influencing are the structural design, load capacity, material properties, 

environmental conditions, and maintenance strategies. For ensuring the 



longevity and reliability of bridge structures, understanding these factors 

becomes crucial, particularly in regions prone to natural hazards such as 

earthquakes, floods, landslides, and cyclones. 

 

1. Structural Design and Load Capacity: 

 

Resilience in bridge significantly depends on its structural configuration, 

including but not limited to the number of spans, pier design, girder 

dimensions, and reinforcement percentages. Bridges with well-designed 

load-bearing elements, with typically rectangular piers and I-shaped girders, 

are more capable of withstanding external forces. The dimension of piers, 

along with that of substructure, the reinforcement details, play a key role in 

distributing loads efficiently and preventing failures[2]. Failure is primarily 

due to shear failure of piers, toppling and or overturning of girders/ beams. 

Most of the bridge collapses recorded have been majorly due to the three 

modes stated above. Scour also can accelerate failure.   

2. Material Strength and Durability: 

Choice of material plays a very crucial role in ensuring resilience.  Concrete 
and steel structures can attain resilience when certain precautions are 

implemented in the design stage. Providing for least permissible dimensions, 

normally result in economical construction but does not essentially result in 

resilience. The selection of high-quality construction materials [reinforced 

concrete, high-strength steel, and corrosion-resistant coatings] coupled with 

proper dimensions, directly affects bridge resilience[3]. Proper material 

choices contribute to improved load-bearing capacity, reduced maintenance 

needs, and extended service life. 

3. Regular Inspection and Maintenance: 

Even the most well-designed bridges require continuous inspections, 

monitoring and maintenance to remain resilient over time. Routine 

inspections, structural health monitoring systems, and timely repairs help 

detect and arrest early signs of distress, preventing catastrophic failures. 
Analysis indicate that as deterioration in bridges increases, the resilience in 

bridges gets compromised. Bridges which are maintained results in the 

average Bridge Structural ratings below 3.5. Such bridges show very low 

probability of collapse or failure, implying higher resilience. Implementing 

proactive maintenance strategies ensures that bridges remain safe and 

operational under varying environmental conditions. 



To illustrate the impact of four main hazards on the bridge, we state the 

impact of each of those hazards separately in the image below. Red color 

indicates Collapse, Blue indicates Marginally Safe and Green indicates Safe.  

Bridges located in North region indicate that for BSRN values above 4, 

probability of collapse is very high. Similarly for all other regions, this high 

probability of collapse is observed only for BSRN values of 5. In every region 

probability of survival is observed for BSRN value below 2 barring South 

region where the BSRN value is below 3. Between the 2 area of Collapse and 

Safe lies the Marginally Safe area. 

1. Seismic Resilience and Earthquake Impact 

Bridges located in higher seismic zones require advanced engineering 

solutions to mitigate earthquake-induced forces. Shear failure of piers and 

superstructure displacement are common risks in earthquake-prone areas. 

Adequate care during design is normal, reinforcement detailing should 

account for seismic forces. Shear reinforcement spacing, and type of bearing 

enhances the bridge’s ability to absorb seismic shocks, reducing the 

likelihood of structural collapse[4]. Additional considerations are required to 

provide for the dynamism of frequency and severity of earthquake. Analysis 

indicates: 

a) The requirement of robustness in pier and superstructure to increase 

the probability for survival.  

b) Designed pier and superstructure render the component safe, but 

absence of robustness leads to reduced probability of survival.  



c) Bridges with high level of deterioration show more susceptibility to 

collapse.  

d) As the rating for natural hazard increases, collapse susceptibility is 

observed even in bridge with lower deteriorated.  

2. Flooding and Hydraulic Forces 

Flooding poses a major threat to bridge stability, often leading to scour 
around piers and unseating of the superstructure. The depth of piers, 

spacing of reinforcement, and type of foundation are critical in resisting 

hydraulic forces. Dynamism of frequency and severity of rainfall, cyclones 

drought led to increased frequency of flooding. The velocity of flowing water 

has shown sharp increase. So also, the height of flood water also has 

increased. Such increased velocity and height cause the forces to also 

increase. Toppling of superstructure, shear failure of substructure has now 

increased[5]. Resilience demand bridges being designed will have to be high 

level bridges with robust structures that can withstand dynamism of natural 

hazards. Analysis show:  

a) The requirement of robustness [similar to earthquake] in pier and 

superstructure to increase the probability for survival.  
b) Designed pier and superstructure render the component safe, but 

absence of robustness leads to reduced probability of survival.  

c) Bridges with low pier height are most susceptibility to collapse and 

failure by toppling of superstructure.      

d) High level of deterioration in bridge structure show more 

susceptibility to collapse.  

e) As the rating for Flooding increases, collapse susceptibility is 

observed even in bridge with lower deteriorated. It is seen that 

susceptibility varies with height of pier and in zones with high ratings 

of Flood hazard, the height required to resist over-toppling is above 

15 meters.   

3. Landslide Susceptibility and Soil Stability 

Bridges in hilly or unstable terrain are vulnerable to landslides, which can 
exert significant lateral forces on piers and abutments. The resilience of a 

bridge under such conditions depends on soil stabilization techniques, deep 

foundations, and retaining structures. Regular geotechnical assessments and 

slope stabilization measures can help reduce the impact of landslides on 

bridge performance[6]. Analysis indicates: 

a) The requirement of robustness [similar to earthquake] in pier and 

superstructure to increase the probability for survival.  



b) Designed pier and superstructure render the component safe, but 

absence of robustness leads to reduced probability of survival.  

c) Bridges with low pier height are most susceptibility to collapse and 

failure by toppling of superstructure.      

d) High level of deterioration in bridge structure show more 

susceptibility to collapse.  
e) As the rating for Landslide increases, collapse susceptibility is 

observed even in bridge with lower deteriorated. It is seen that 

susceptibility varies with height of pier and in zones with high 

Landslide rating.  

4. Cyclone-Induced Structural Stress 

High wind speeds and heavy rainfall associated with cyclones can 

compromise bridge stability. The unseating of superstructures and shear 

failure due to wind forces are common concerns. The use of robust pier 

designs, additional anchorage systems, and wind-resistant bearings can 

enhance a bridge’s ability to withstand cyclonic events. Analysis indicate the 

behavior to be identical to that of Flood impact bridges, probably as Cyclone 

results in flash flooding due to intense rainfall[7]. The finding are similar to 

flooding. 

RESULTS FROM GABM:  

 

BRIDGE FAILURE RESULT (For Pier Height=10,12,14,16): 

The bridge failure analysis based on different natural hazards reveals varying 

performance levels of the bridge structure depending on the pier height. The 

table depicts the impact of earthquakes, flooding, landslides, and cyclones 

on shear failure of the pier, considering four different pier heights: 10m, 

12m, 14m, and 16m. 

Hazard Type Failure Type Height = 10 Height = 12 Height = 14 
Height = 

16 

Earthquake 
Shear Failure 

of Pier 
Marginally Safe 

Probably 

Collapse 

Probably 

Collapse 

Probably 

Collapse 

Flooding 
Shear Failure 

of Pier 
Probably Safe Marginally Safe 

Probably 

Collapse 

Probably 

Safe 

Landslide 
Shear Failure 

of Pier 

Probably 

Collapse 
Probably Safe Probably Safe 

Marginally 

Safe 

Cyclone 
Shear Failure 

of Pier 
Probably Safe Marginally Safe 

Probably 

Collapse 

Probably 

Safe 



In the case of earthquakes, the bridge shows marginally safe performance at 

pier heights of 10m, indicating that the structure may withstand the impact 

but with some minor damages. However, as pier height increases beyond 

12m the bridge exhibits high vulnerability to earthquake forces, leading to a 

probable collapse scenario. This suggests that increasing the height of the 

pier beyond a certain limit may result in structural instability under 
earthquake forces. Overall, the bridge performs better at lower heights 

(10m) but is at greater risk beyond heights (12m) during an earthquake. 

For flooding scenarios, the analysis shows that the bridge structure is 

probably safe at pier heights of 10m, at lower flood velocities. However, at a 

12m height, the bridge is considered marginally safe, meaning it may suffer 

some structural damage but will not collapse entirely. As flood increases the 

velocity and height, the bridge is over topped at a 14m height, and the 

structure is highly vulnerable, resulting in a probable collapse. But as height 

of bridge increases beyond 15m, over topping becomes a rare possibility, 

rendering the bridge to be safe, subject to design limitations. The overall 

observation suggests that the bridge is more vulnerable to flooding, 

especially at mid-range pier heights. 

In landslide conditions, the bridge performance is highly critical. Bridges 

have to withstand the force of flowing debris at high velocities. At a 10m pier 

height, the bridge has a high risk of collapse, indicating that it cannot resist 

the force of sliding soil or rocks. However, at a 12m and 14m height, the 

bridge structure demonstrates better stability, being rated as probably safe. 

On the other hand, at a 16m pier height, the performance slightly declines, 

resulting in a marginally safe condition, where minor structural damage is 

likely. This analysis reveals that mid-range pier heights are more stable 

under landslide conditions. 

For cyclone hazards, the principles reason of collapse is due to flash flooding 

where the velocity of water flowing is higher and at times the height if water 

also increases. The analysis shows that the bridge behavior to be similar to 

that observed during flooding.  

Global Analytics for Bridge Management, Resilience Tool Report: 

Within Global Analytics for Bridge Management [GABM], Resilience Report 

presents an in-depth structural and hazard assessment of a typical bridge 

structure within four main regions— North, Eastern, West Central, and 

Southern— analyzing their design parameters and vulnerability to various 

natural hazards. Four bridges with identical geometry but located in different 

regions are considered. India has four distinct regions based on the Geo-



spatial hazard vulnerability. The four-zone defined by their impact are: North 

India, Eastern India, West Central India, and Southern India. 

 

Typical graphical representation for each region with respect to their Geo-

spatial hazard rating for the selected four hazards are given below.   
  

 
 

Hazard Analytics Results: 

The structural safety assessment of four bridges across different hazard 

types—earthquake, flooding, landslide, and cyclone—indicates varying levels 

of vulnerability. For earthquakes, all bridges are generally safe, with Bridge 1 

being marginally safe for shear failure of the pier, while others are probably 

safe. Flooding poses a significant threat, particularly to Bridge 1, which is at 

risk of collapse for all failure types, whereas Bridge 2 has marginal safety in 

some cases, and Bridges 3 and 4 show mixed safety levels. Landslides do 

not pose a critical threat, as all bridges are rated probably safe. Cyclones, 

however, present a high risk, with Bridge 1 being the most vulnerable, facing 

probable collapse in all failure scenarios, while the other bridges have 

marginal to probable safety. Overall, flooding and cyclones are the most 

critical hazards, particularly for Bridge 1, while landslides and earthquakes 

show relatively lower risks. The above results are for bridges with specific 



geometrical and structural configurations and located in different regions of 

India. This typically shows the survival probability boundaries.  
  

Hazard Type Element 
Bridge 1 

(North) 

Bridge 2 

(Eastern) 

Bridge 3 

(West 

Central) 

Bridge 4 

(Southern) 

Earthquake 

Shear Failure of 

Pier Due to 

Earthquake 

PROBABLY 

COLLAPSE 

PROBABLY 

SAFE 

PROBABLY 

SAFE 

Bridge 

Probably Safe 

Superstructure 

Shear Failure 

Due to 

Earthquake 

PROBABLY 

COLLAPSE 

PROBABLY 

SAFE 

PROBABLY 

SAFE 

Bridge 

Probably Safe 

Flooding 

Shear Failure of 

Pier Due to 

Flooding 

PROBABLY 

COLLAPSE 

PROBABLY 

COLLAPSE 

PROBABLY 

COLLAPSE 

Bridge 

Probably Safe 

Superstructure 

Unseating Due 

to Flooding 

PROBABLY 

COLLAPSE 

MARGINALLY 

SAFE 

MARGINALLY 

SAFE 

MARGINALLY 

SAFE 

Superstructure 

Shear Failure 

Due to Flooding 

PROBABLY 

COLLAPSE 

MARGINALLY 

SAFE 

PROBABLY 

SAFE 

PROBABLY 

SAFE 

Landslide 

Shear Failure of 

Pier Due to 

Landslide 

PROBABLY 

SAFE 

PROBABLY 

SAFE 

PROBABLY 

SAFE 

PROBABLY 

SAFE 

Cyclone 

Shear Failure of 

Pier Due to 

Cyclone 

PROBABLY 

COLLAPSE 

PROBABLY 

COLLAPSE 

PROBABLY 

COLLAPSE 

MARGINALLY 

SAFE 

Superstructure 

Unseating Due 

to Cyclone 

PROBABLY 

COLLAPSE 

MARGINALLY 

SAFE 

MARGINALLY 

SAFE 

PROBABLY 

SAFE 

Superstructure 

Shear Failure 

Due to Cyclone 

PROBABLY 

COLLAPSE 

MARGINALLY 

SAFE 

PROBABLY 

SAFE 

PROBABLY 

SAFE 

 

SUMMARY OF BRIDGE FAILURE ANALYSIS : 
 

Analysis is carried out on bridge with same geometrical and structural 

configuration but with height of pier [bridge height] varying progressively 

from 10m to 16 m. Results presented for pier height of 14 and 16 meters. 

Also the Bridge structural ratings numbers [BSRN] are modified to study the 

impact of BSRN on bridge survival probability to define the boundaries.  



 

FOR HEIGHT OF PIER = 14 AND 16 
DATA AVAILABLE 

ON GABM 
 ITERATIONS 

ITERATIONS 
Height of 

pier 
1 2 3 4 5 6 7 8 

BSRN Deck 

 H = 14,    

H = 16 

5 5 5 4 4 3 3 2 

BSRN Super 5 5 5 4 4 3 3 2 

BSRN Substructure 5 5 5 4 4 3 3 2 

BSRN Scour/ 

Foundation 
5 5 5 4 4 3 3 2 

Rating for Earthquake 3 4 5 3 5 3 5 5 

Rating for Flooding 3 4 5 3 5 3 5 5 

Rating for Landslide 3 4 5 3 5 3 5 5 

Rating for Cyclone 3 4 5 3 5 3 5 5 

EARTHQUAKE 
H = 14 MS MS C MS C S MS MS 

H = 16 MS MS C S C S MS MS 

FLOODING 
H = 14 MS C C MS C S C C 

H = 16 MS C C MS MS MS MS MS 

LANDSLIDE 
H = 14 C C C MS C MS C C 

H = 16 C C C C C C MS C 

CYCLONE 
H = 14 MS C C MS C S C C 

H = 16 MS C C MS MS MS MS MS 

 

Where,   

1. SAFE = S 

2. MARGINALLY SAFE = MS 

3. COLLAPSE = C 

 

The Bridge Failure Analysis for pier heights of 14m and 16m reveals crucial 

insights into the structural performance of the bridge under different hazard 

conditions with varying BSRN. Analysis was conducted on varying heights for 

BSRN values increasing from 2 progressively to 5 [low distress to very high 

level of distress]. Variation in ratings of natural hazards indicates the 

variation of the same bridge in different Geo-spatial regions and the impact 



of dynamism in natural hazards due to increasing severity.   Study evaluates 

structural components, including the deck, superstructure, substructure, and 

scour/foundation, over multiple iterations. The findings highlight the bridge's 

resilience and vulnerability to earthquakes, flooding, landslides, and 

cyclones, offering a clear understanding of potential survival boundaries. 

• Under earthquake conditions, the bridge is mostly marginally safe 

(MS) at both 14m and 16m heights, with occasional cases of collapse 

(C) and safe (S) ratings. This suggests that while the structure can 

endure moderate seismic activity, as severity increases earthquakes 

pose a significant risk. So also increasing distress, reduces the 

boundary of survival.   

• In flooding scenarios, the bridge experiences collapse (C) frequently, 

especially in later iterations, though it remains marginally safe (MS) in 

some cases. This indicates a high susceptibility to flooding. As height 

of bridge becomes greater than that of maximum possible flood height 

the bridge becomes marginally safe [H=16] for lower distress level.  

• The landslide impact reveals the most critical risk, with consistent 

collapse (C) ratings for both heights, except for a few marginally safe 

(MS) cases at 16m. This highlights an urgent need for stabilisation 

measures in landslide-prone areas. 

• Under cyclone forces, the bridge is predominantly at risk of collapse 

(C), particularly at 16m height, while some instances at 14m height 

show marginal safety (MS) and safe (S) conditions. This suggests that 

aerodynamic improvements and additional wind-resistant design 

features are necessary to mitigate cyclone-induced failures. 

Key Takeaways: 

1. Structural degradation over time is evident, with stability ratings 

declining from 2 to 5 in multiple components. 

2. Earthquake performance is relatively moderate, but higher-intensity 

tremors may lead to collapse. 

3. Flooding significantly threatens bridge integrity, with frequent collapse 

occurrences. Only when the bridges height is above the flood level the 

survival probabilities increase.  

4. Landslides pose the highest risk, with consistent collapse ratings 

across iterations. The impact of landslides in highest in landslide prone 

areas with low vegetation cover.  



5. Cyclone-induced failures are prominent when it is coupled with high 

intensity of rain leading to flash floods with very high velocity and high 

flood height.  

The findings emphasize the urgent need for a proactive approach to mitigate 

risks, particularly against flooding, landslides, and cyclone impacts. While 

the bridge demonstrates some resilience, proactive maintenance, material 

enhancements, and hazard-specific design optimizations are critical to 

improving longevity and safety in high-risk regions[8].  

Hazard Ratings for Natural Disasters: 

Hazard Type 
Severity Ratings (2-

5) 
Impact on Bridge 

Earthquake Moderate (2-4) 
Ground shaking causes cracks, joint failure, and substructure 

movement. 

Flooding Severe (3-5) Leads to scour, displacement, and superstructure unseating. 

Landslide High (3-5) 
Causes foundation instability and pier collapse due to 

movement of soil mass. 

Cyclone 
Moderate to Severe 

(3-5) 

Results in deck uplift, lateral wind forces, and weakened 

structural connections coupled with flash flood resulting in 

higher probabilities of collapse. 

Failure Mechanisms Identified: 

Shear Failure of Piers:  Shearing of piers is directly resultant on lateral 

forces exceeding material strength capacity. The dynamic force of natural 

hazard like earthquake wave and flooding results in bi-directional force with 

horizontal component far greater than the vertical component. In cases 

where the vertical force acts upwards on the bridge, the stability of the 

bridge is compromised very quickly. Such cases are common during 

earthquakes, floods, and cyclones[9]. The moderate impact of such forces 

results in cracking, and tilting. As severity increases collapse results.  

Superstructure Unseating: As a consequence of combination of vertical 

force and horizontal force on superstructure, Bridge deck detaches from 
supports when the vertical force is an uplift force. Bridge superstructure gets 

lifted during the vertical uplift surge for a small fraction of the time. During 

such instances, if the superstructure is subjected to horizontal force due to 

natural hazard, the bridge superstructure gets unseated from the bearing 

and tilts, shifting the equilibrium. This results in tilted superstructure in 

some cases, majorly unseating results in toppling of superstructure. This is 



common phenomenon caused by earthquakes and flooding. It results in 

partial or total collapse. 

Superstructure Shear Failure: Similar to shearing of pier / substructure, 

shearing of superstructure also occurs when horizontal force acts on the 

superstructure which have high restraints. When unseating is avoided due to 

lateral restraints, the massive horizontal force causes shear effect on the 
superstructure. Lateral restraints can occur when the uplift forces are not 

very high, resulting in excessive horizontal stress. Such failure mode is 

common in floods and seismic events[10]. This results in beam failure and 

eventual collapse.  

Another key failure mode is transition of local substructure or superstructure 

failure leading to a cascading effect resulting in collapse of the bridge. Such 

failure or collapse scenario are common in earthquake where local failure in 

one segment or span of the bridge results in a cascading impact on adjoining 

spans causing collapse of the bridge[11].  

Insights & Recommendations: 

The research study highlights the urgent need for continuous risk and 
vulnerability assessment coupled with structural audits of bridges. Old, 

ageing and deteriorated bridges may at times need periodic short term 

structural health monitoring to evaluate the impact of ageing, fatigue and 

overloading on bridge structure. The eventual reduction of load capacity 

translates directly into reduced sustainability and resilience in the bridge 

structure. Sporadic implementation of bridge management protocol is 

dangerous and not recommended. Once bridge management is adopted, it is 

essential to sustain that protocol on continuous basis to derive the benefits 

that accrue from its implementation.   

Proactive maintenance, and advanced engineering solutions to minimize 

bridge failures can provide to create and enhance resilience in bridges[12]. 

Strengthening structural resilience through better materials understanding, 

design improvements in all future bridges, and preventive measures in 
existing bridges will ensure long-term resilience in transportation 

infrastructure. Resilient infrastructure results in sustained communities, 

confident business environment, stable society which is safe and looks for 

prosperity[13,14]. 

A simple step to create, sustain and enhance bridge resilience results in a 

more confident, more productive, more stable, more prosperous, more 

sustained community, region, and country.   



CONCLUSION: 

 

Bridges serve as vital lifelines for communities, enabling seamless 

connectivity and economic stability. However, their resilience is continuously 

challenged by natural hazards and the inevitable aging process. The shift 

from a reactive to a proactive approach in bridge management is crucial in 

ensuring long-term sustainability and resilience. The integration of advanced 

monitoring technologies, structural health assessments, and predictive 

analytics enables better decision-making for maintenance and rehabilitation, 

reducing the risk of sudden failures. 

 

A resilient bridge is not solely defined by its structural integrity but also by 

its ability to withstand dynamic environmental and man-made stresses. 

Seismic activity, flooding, and other natural disasters significantly impact 

bridge performance, emphasizing the need for robust design parameters, 

quality material selection, and continuous monitoring. Incorporating 

enhanced reinforcement detailing, shear-resistant structural configurations, 

and proactive maintenance strategies can mitigate risks associated with 

increasing hazard frequency and severity. 

 

The Global Analytics for Bridge Management [GABM] along with Global 

Analytics for Risk and Resilience Management [GARM] framework provides a 

comprehensive methodology for assessing bridge vulnerability and risk 

indices, allowing for better-informed interventions. Insights gained from 

studying aging and deteriorating bridges contribute to refining design 

standards and improving resilience measures. The findings suggest that 

bridges designed with robustness in both substructure and superstructure 

elements exhibit higher survival probabilities, even in extreme hazard 

conditions. 

 

Ensuring bridge resilience is essentially an attainable goal. The application of 

innovative materials, improved structural configurations, and rigorous 

inspection protocols can significantly enhance bridge performance under 

stress. By prioritizing and implementing proactive management strategies, 

policymakers and engineers can safeguard critical infrastructure, reduce 

economic losses, and, most importantly, save lives. The continuous evolution 

of bridge management methodologies, supported by data-driven insights, is 



essential for building infrastructure capable of withstanding the uncertainties 

of the future. 

Resilient bridges finally result in a confident, productive, stable, prosperous, 

sustained community, region, and country.   
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