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Topic Focus

• Increase durability for 
hazards

• Use of pre-fabrication 
to increase 
performance

• Use of localized 
construction materials 
and technologies

Effectively using 
local, and 
prefabricated 
technologies to 
increase disaster 
resilience through 
proper Structural 
Design
(1/35)
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Affordable Housing Target

Fully Subsidized Fully self paidTarget Low Cost – Affordable Housing
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Target Group for this Discussion

• Low density, single unit houses

• Medium density, low rise walk-up blocks

• High density, mid to high-rise buildings

• Ultra high density, CBD, multiuse
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DR and Structural Design
Role of Structural Design in Disaster Resilience
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Disaster Resilience

• An affordable house should not be 
an “unsafe shack”

• Must be able to resist various hazards without 
leading to disaster
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Building/Structural System 

Materials

Products

Components

System

Manufacturing

Fabrication, 
Forming

Assembly

Construction

Erection
Assembly

Integration

DR needs to be considered at various levels and contexts
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Climate 
Change

Environmental 
Sustainability

Population 
Growth

Urbanization and Un-
planned 

development

Inappropriate 
Built 

Environment

Lack of Resources 
for Communities

Lack of post-event management and recovery, and re-bound capacity

Natural 
Phenomena

Disaster Hazard Exposure Vulnerability

Increased Consequences
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Built 
Environment

Vulnerability to 
Disasters

Environmental 
Impact

Climate Change
(CC)

Increased 
Hazard

Disaster Consequences

Environmental 
Sustainability

(ES)

Disaster 
Resilience

(DR)
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Typical Hazards
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DR and ES – Need for Integration

Disaster Resilience

• Wind, Storms, 
Hurricanes

• Earthquakes
• Landslides
• Floods
• Volcanos
• Snow, Fire, Wild Fire
• ---

Environmental Sustainability

• Water Conservation
• Energy Conservation
• Soil Conservation
• Resources Conservation
• Pollution
• ----

• (Reduce, Recycle, Reuse, 
Renew, …) 
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Build to last – Better for DR and ES

“Durability and longer building life span can benefit both ES and DR”

Enhancing Disaster 
Resilience of 
Buildings

Enhanced 
Durability

Reduce need 
to rebuild

Resource 
Conservation

Less 
Rehabilitation
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Role of Structural Design in DR

• The primary purpose of structural design is to 
ensure safety

• The secondary purposes are to ensure 
serviceability and durability

• Deflections, vibrations
• Complete the service life
• Water resistance

• All combined into ensure “Performance”
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Progression of Structural Design Approaches

• Code Based Design (CBD)

• Performance Based Design (PBD)

• Risk Based Design (RBD)

• Consequence Based Engineering (CBE)
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Structural Response and DR

Structural Displacement
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Performance Based Design

• Define hazards to be designed for

• Set clear performance indicators for these hazards 

• Define ways to determine performance 

• Ensure performance meets the objectives and 
indicators
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Performance Indicators

• Global

• Member Level

• Connection level

• Material level
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Structural Response and DR

Structural Displacement
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Restaurant Restaurant

Restaurant

Operational (O) Immediate Occupancy (IO) Life Safety (LS) Collapse Prevention (CP)

0 % Damage or Loss 99 %
Ref: FEMA 451 B

CasualtiesLowest Highest

Rehab Cost to Restore after eventLowest Highest

Build or Retrofit Cost to Minimize ConsequencesHighest Lowest

Downtime for RehabLowest Highest
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DR Performance Indicator Matrix

Indicator 
Level

Earthquake 
Related

Wind Related Water 
Related

Fire Related Others

Global
Drift, 
Overturning, 
Sliding

Drift, 
Overturning, 
Sliding, Uplift

Sliding, 
Floatation Stability

Member
Strength, 
Ductility, 
Deformation

Strength, 
Deformation,

Water 
tightness, 
Strength, 
Deformation 

Fire rating

Connection
Strength, 
Ductility, 
Stability

Strength, 
Stability

Strength, 
Stability, water 
tightness

Fire rating

Material Ductility, 
Strength Wind pervious Water proof/ 

water resistant 
Fire proof, fire 
resistant
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Common Hazards Considered

• Earthquakes
• Most important consideration for seismic active zones
• Widely covered in building codes and a lot of guidelines 

available

• Wind
• Most important consideration for coastal, and other areas 

subject to high winds
• Widely covered in building codes and a lot of guidelines 

available
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Designing for Land Slide Hazard
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