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RESILIENCE IN BRIDGES:
DEMYSTIFIED

By Sachidanand Joshi,
Mayuri Tundalwar
& Sreenath Menon

Bridges are vital enablers of connectivity,
stability, and socio-economic growth, yet
their resilience is increasingly threatened
by aging, deterioration, and the growing
frequency of natural hazards. Their survival
is critical, as resilient bridges ensure
uninterrupted mobility, timely rescue
operations, and efficient delivery of aid
during disasters, directly influencing
community safety and recovery.
Conventional bridge management, largely

reactive focused on symptoms, s
insufficient to meet these dynamic
challenges.

The authors profess proactive, resilience-
based framework that integrates Global
Analytics for Bridge Management (GABM) &
Global Analytics for Risk and Resilience
Management (GARM). GABM systematically
evaluates hazard exposure, deterioration,
and vulnerability, while GARM applies

Multi-Criteria Decision-Making (MCDM) to
balance structural, financial, and socio-
functional priorities. The framework
develops a Priority Index to identify high-
risk structures, optimize rehabilitation
strategies, and guide timely interventions.

Findings reveal that resilience-focused
investments enhance bridge performance
under stress but also minimize life-cycle
costs, service disruptions, and socio-
economic losses. Embedding resilience
benchmarks into bridge management
policy, supported by innovative financing
tools such as Resilience Bonds and CSR
funds, provides a scalable, cost-effective
pathway to safeguard infrastructure. The
GABM-GARM framework redefines bridges
as socio-economic lifelines, essential for
sustainable development in hazard-prone
regions.



Bridges are indispensable lifelines for
modern societies, providing seamless
connectivity that supports daily activities,
sustains commerce, and fosters social and
economic development. They link towns

and cities, enable people to access
workplaces, schools, hospitals, and
recreational facilities, and ensure the

efficient movement of goods and services.
Beyond economic contributions, bridges
play a pivotal role during emergencies,
where their survival can determine the
effectiveness of rescue and relief
operations. Even a short disruption in
connectivity can escalate the consequences
of natural hazards, transforming
manageable events into large-scale
calamities. Thus, bridges remain the silent
yet critical enablers of stability, prosperity,
and sustainable growth.

Like all man-made structures, bridges
inevitably age and deteriorate. While
routine wear and tear may manifest as
visible signs such as cracks, corrosion, and
spalling, much of the distress often
progresses silently until significant damage
occurs. Traditionally, bridge management
has been reactive—rehabilitation or repair
measures are undertaken only after

symptoms become severe. This approach,
akin to seeking medical help only in
advanced stages of illness, exposes
infrastructure and  communities to
heightened risks. In contrast, a proactive
approach focuses on early detection of
vulnerabilities, accurate estimation of
forces acting on bridge structures, and
timely implementation of rehabilitation or
strengthening strategies to extend service
life and enhance resiliencel™.

The urgency of adopting proactive bridge
management is amplified by the increasing
frequency and severity of natural hazards
such as floods, earthquakes, cyclones, and
landslides. Design codes and guidelines,
often based on statistical recurrence of
once-in-a-century events, are struggling to
remain relevant as such events now occur
within decades or even years, often with
higher  intensities. = This  dynamism
challenges conventional design
philosophies and highlights the critical need
for innovative frameworks that account for
evolving risks.

In this context, resilience emerges as the
cornerstone  of  sustainable  bridge
management. Resilience is not only the



capacity of a bridge to withstand hazards
but also its ability to adapt and recover
quickly, minimizing disruptions and socio-
economic losses. Advanced frameworks
such as the Global Analytics for Bridge
Management (GABM) and the Global
Analytics for Risk and Resilience
Management (GARM) offer comprehensive
solutions to these challenges. GABM
enables systematic quantification of hazard
exposure, deterioration, and vulnerability,
while GARM incorporates Multi-Criteria
Decision-Making (MCDM) to balance
structural, financial, socio economic, and
functional priorities. Together, these tools
facilitate data-driven, risk-informed, and
cost-effective decisions, shifting bridge
management from reactive spending to
proactive, value-based investments.

By integrating predictive analytics,
resilience scoring, and value engineering
(Value-E), this approach not only optimizes
resource allocation but also ensures bridges
remain robust, sustainable, and capable of
serving future generations!>3. Ultimately,
embedding resilience into bridge asset
management transforms infrastructure
planning into a forward-looking strategy—
safeguarding lives, supporting economies,

and strengthening communities in the face
of growing uncertainty.

Gambling with Nature a known losing
Strategy. Unless we switch from
Gambling with Nature to investing in
RESILIENCE, the mounting weight of
Losses will eventually cause the house
of cards to collapse

QUOTE by: ARIS PAPADOPOLOS
Book ”ResilieNomics - Value in
an age of Disaster” 2024




The overarching goal of this study is to

design a structured, scale-able, and
resilient bridge management framework
that enables technically sound and

financially viable decisions for enhancing
infrastructure resilience to natural hazards.
The approach is rooted in assessing
vulnerability to define resilience
enhancement procedures, followed by
financial due diligence to ensure the
practicality and affordability of these
interventions. This methodological
alignment provides the backbone of a
national resilience strategy grounded in
data, performance, and cost-efficiency.

To achieve this, the study follows a step-
wise, integrated approach with the
following specific objectives:

Identify and Classify Vulnerability -
Evaluate bridge exposure to floods,
earthquakes, landslides, and cyclones using
historical data, hazard maps, and climatic
zones to create a regional hazard
classification matrix.

Develop a Multi-Dimensional Resilience
Framework - |Incorporate structural
condition, hazard frequency/intensity,
functional criticality, recovery potential,

and socio-economic impact to produce a
resilience index and scoring system.

Integrate Financial Analysis - Link targeted
resilience  measures  (e.g., seismic
retrofitting, flood-resilient foundations)
with cost implications, ensuring technical
justification and affordability!.

Prioritize Bridges for Intervention - Apply
the GABM-GARM framework to calculate
costs, benefits, life-cycle gains, and value
engineering metrics, ranking bridges by
return on resilience (RoR) and long-term
value.

Propose a Scalable National Methodology -
Use MCDM to generate ranked intervention
lists, ensuring resources target high-risk,
high-impact structures.

Develop a Replicable National Resilience
Framework - Ensure adaptability across
regions, hazards, and infrastructure types,
aligned with evolving climate data and
policy goals. This protocol defines the
boundaries and eligibility of any bridge to
be provide with proactive funding based on
financial due diligencel.
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FINAL FUND ALLOCATION POST MCDM

RANKING

AS PER

MGCDM BRIDGE ID ASSIGNED BUDGET
1 HPNHOOSBOO2 20,377,500.00

2 PBNHODSB003 20,377 500.00

3 MLMGNHODGE00E 20,377,500.00

4 APNHD16B0010 20,377,500.00

5 KANHTOMEDD12 20,377,500.00




Bridge Evaluation and Data Collection:

Bridges were selected for assessment
based on their physical condition,
functional importance, and role in
regional connectivity, including support
for transport corridors, economic
activity, and emergency response. Guided
by the Global Analytics for Bridge
Management (GABM) framework, data
collection covered material condition,
structural behavior, maintenance history,
and exposure to geospatial hazard
variables.

Key evaluations included:

1) Material Condition Assessment - Visual

inspections and non-destructive tests
identified deterioration (cracks,
corrosion, scaling, spalling), converted
into a Bridge Structural Rating Number
(BSRN) to pinpoint weak components.

2) Structural Integrity Check - Analysis of
load paths, stress points, and
deformation under design and extreme
loads.

3) Hazard Vulnerability Mapping - Geo-
spatial and historical data identified
floodplains, seismic zones, landslide
slopes, and hydrological stressors.

This comprehensive dataset enabled
vulnerability scoring and risk modeling

within the GABM-GARM framework,
supporting resilience-based prioritization.

4) Multi-Criteria Decision-Making (MCDM):

The Global Analytics for Risk and Resilience
Management (GARM) methodology applied
a customized Multi-Criteria Decision-Making
(MCDM) model to prioritize bridge
interventions for maximum resilience
impact!®’,
Key criteria evaluated through GARM
included:
Structural Adequacy - Compliance with
national codes and fatigue-life
projections.

Remaining Service Life - Estimated
through GABM deterioration modeling.
Balance service life, Absolute Balance
service life and Median Service Life are
all evaluated. Median Service Life
evaluation helps us to decide the
effectiveness and  efficiency of
implementing remedial interventions.

Hazard Risk Score - Based on hazard
exposure, frequency-intensity data,
and fragility functions.

Socio-Economic Disruption Index -
Measured the effect of potential failure



on communities, trade, logistics, and
essential services.

e. Resilience-Cost Ratio - Calculated
long-term  returns on resilience
investments using benefit-cost analysis.

Each factor was weighted for its role in risk
reduction, with scores normalized into a
Priority Resilience Index to guide transparent
and effective resource allocation®®?,

f.  Cost Analysis:

A dual-component costing model under
GABM-GARM was used to distinguish
between conventional rehabilitation and
resilience-focused investments, improving
transparency, funding prioritization, and
alignment with long-term risk mitigation
goals.

a. Rehabilitation Cost (GABM-centric)

Focuses on restoring operational standards

without significantly improving hazard
resilience. Activities include structural
repairs (e.g., crack repair, corrosion

treatment, deck resurfacing), functional
upgrades (e.g., drainage, lighting, railings),
and preventive maintenance (e.g.,
waterproofing, sealing joints). GABM

uses deterioration data and predictive
analytics to determine minimum
investment for safe service restoration,
though vulnerability to future hazards
remains.

b. Resilience Enhancement Cost (GARM-
centric)

Targets long-term durability and hazard
adaptation. Measures include seismic
strengthening, flood/scour protection,
high-performance materials, redundancy
features, and loT-enabled monitoring
systems. While capital-intensive, GARM
applies probabilistic risk models to
demonstrate life-cycle cost savings through
avoided damage and faster recovery.

c. Strategic Implications:

This cost segregation allows policymakers
to compare short-term savings with long-
term resilience benefits, justify higher
upfront spending, secure targeted funding,
and design multi-tier financing strategies
for hazard-prone infrastructure.

Benefit Estimation

Alife-cycle benefit analysis under the GARM
framework evaluated both tangible and
intangible returns from resilience-focused
bridge investments over their operational
life.

. Hazard

Direct (Tangible) Benefits - Imnmediate
and measurable:

Reduced Vehicle Operating Cost
(VOC): Improved pavements and
restored connectivity lower rolling
resistance, fuel use, and maintenance
needs.

Time Savings (VOT): Eliminating
detours and delays improves transport
efficiency, especially during peak hours
or emergencies.

Lower Maintenance Burden: Advanced
materials and reinforcements reduce
repair frequency and emergency costs.

Fewer Service Interruptions: Resilient
designs maintain operations even
during moderate hazard events.

Indirect (Intangible) Benefits -
Longer-term socio-economic and
environmental impacts:

Impact Mitigation: Quick
recovery post-disasters reduces
economic loss and human hardship.

. Enhanced Connectivity: Critical links

for rural/remote areas improve access



to work, education, healthcare, and

markets.
5. Institutional Credibility: Demonstrated

resilience attracts
national/international funding.

Economic Growth: Reliable
infrastructure stimulates investment,

trade, tourism, and agriculture. . :
’ ’ s a) Benefit-Cost Integration:

Climate Adaptation Co-Benefits:
Greener designs via sustainable
materials, modular construction, and
energy efficiency.

1. BCR: Net benefits over project costs.
2. NPV: Discounted value of future gains.

3. Resilience Payback Period: Time to
recoup investment via avoided losses
and enhanced functionality.

Integrating GABM (baseline performance)
with  GARM (risk management) shifts
planning from reactive to resilience-first,
where higher initial costs are offset by
safer, sustainable, and economically viable
infrastructure in the face of hazards and
climate variability!"?.







Resilience of a bridge is not just about it’s
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.
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 resiliencel'.



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. 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. 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. Additional
considerations are required to provide for
the dynamism of frequency and severity of
earthquakel!®™. Analysis indicate:

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 Earthquake 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 lead 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 causes the forces to also increase.
Toppling of superstructure, shear failure of
substructure has now increased. 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. Analysis indicate:

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. The
finding are similar to flooding!'l.



Building resilience in infrastructure
requires a multi-dimensional, lifecycle-
based approach that goes beyond

traditional “repair-and-replace” practices.
The proposed framework embeds resilience
into planning, design, finance, governance,
and community integration, ensuring both
risk reduction and long-term socio-
economic sustainability.

1. Systems-Based Infrastructure Mapping

Resilience is achieved by understanding
how each bridge fits within the larger
transport and service network. Mapping
evaluates connectivity with highways and
logistics corridors, dependency on utilities
and emergency services, and the cascading
effects of failure. This helps identify
critical nodes where failure would cause
widespread disruption, guiding targeted
investments.

2. Risk-Informed Planning & Anticipatory
Design

Instead of reacting to past hazards,

planning integrates climate projections,

geological risks, and urban growth trends.

Bridges are designed for flexibility—using

modular or expandable systems—so they

remain functional under  evolving
conditions, making resilience a built-in
feature rather than a retrofit.

3. Community-Centric Strategies

Resilient solutions must reflect local needs.
Public  consultations, social impact
assessments, and last-mile connectivity
ensure access to essential services. Equity
is emphasized so upgrades benefit
vulnerable populations, not just well-
developed areas. This increases community
acceptance and real-world effectiveness.

4. Financial Innovation & Resource
Mobilization

Since resilience requires significant

investment, the framework encourages

diverse financing options: Public-Private
Partnerships  (PPPs), climate funds,
resilience bonds, CSR contributions, and
insurance mechanisms. These strategies
spread financial risk and highlight resilience
as a cost-saving, value-adding investment.



5. Performance-Based
Technology Integration

Moving from prescriptive codes to
performance-based standards, structures
are designed to remain functional during
hazards. Use of smart materials, loT-based
monitoring, and low-disruption repair
strategies transforms infrastructure into
intelligent assets that can adapt and
respond in real-time.

Design &

6. Institutional Capacity & Governance

Reforms
Sustainable resilience requires strong
governance. Proposed measures include
dedicated resilience cells, professional
training, cross-agency coordination,
resilience  KPIs, and accountability
mechanisms. These ensure resilience is

integrated into routine decision-making,
not treated as an afterthought.

7. Lifecycle Monitoring & Adaptive
Maintenance

Resilience is continuous, not one-time.

Protocols include real-time structural
monitoring, Al-based performance
prediction, risk-based inspections, and

periodic resilience audits. Feedback loops
ensure lessons from past failures are
integrated into future designs and policies,
keeping infrastructure agile and adaptive.

In summary, the framework represents a
shift from reactive to proactive resilience

planning. By combining engineering
innovations, financial strategies,
community participation, and digital

intelligence, it creates a sustainable,
adaptable, and future-ready infrastructure
ecosystem!'”],



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

(For Pier

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.

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, the
principle 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.
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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 reggions 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.
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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 