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Context Sensitive Solutions (CSS)

or Context Sensitive Design (CSD)

Context sensitive solutions is a collaborative,
Interdisciplinary approach that involves all stakeholders to
develop a transportation facility that fits its physical setting
and preserves scenic, aesthetic, historic and

environmental resources, while maintaining safety and
mobility. CSS Is an approach that considers the total
context within which a transportation improvement project
will exist."

- Federal Highway Administration




Sustainable Solutions

Sustainabllity applies to all aspects of life on
Earth and is best defined within an ecological,
social and economic context.

It iIs usually defined in a social context :

“meeting the needs of the present without

compromising the ability of future generations
to meet their own needs.”

Environmental Protection Agency (EPA)




Context Sensitive Sustainable Solutions (CS3)

Oregon Department of Transportation

CSD + Sustainability = CS3

* |ntegrates sustainability with Context
Sensitive Design (Solutions) philosophy

“Using, developing, and
protecting resources at a rate
and in a manner that enables
people to meet their current
needs and also ensures that
future generations can meet
their own needs”

Oregon State
Department of

Transportation (ODOT)




Sustainable Bridge Design Bibliography

Departgnents of Transportation - e.g. Oregon Department of Transportation —
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FHWA - research, various documents, articles and publications
Industry Magazines - e.g. Aspire

University — research, publications, thesis's - e.g. “Development of a Rating
System for Sustainable Bridges”, ; “Bamboo as a Sustainable Bridge
Material” Prof Yan Xiao, “Ultra High Performance Fiber Reinforced
Concrete” , , Prof Gauvreau,; “Sustainable Design

, Prof Ochsendorf; “Sustainable Bridge Design and Health Monitoring”,

Structural Organizations — e.g. IASBE (2009 Symposium on Sustainable
Infrastructure), Structural Engineering International, ASCE Structures
Congress.

Engineering Firms —e.g. Michael Baker, Hatch Mott MacDonald , FST




Structural Art

Efficiency, Economy
and Elegance

Considered Equally

Professor David Billington, Princeton University




Structural Art

= Perfection of
Engineered/Structural Form

Perfection s finally achieved not when
there is no longer anything to add, but when there

IS NO longer anything to take away. It is as if that line
which the human eye will follow with effortiess delight
were a-line-that-had not been invented, but simply
discovered; had inthe beginning-been hidden by
nature and-in_the-end been found by-the-engineer.




Michelangelo’s David




Structural Art

Capital Cost
» Materials
»Labor

Life Cycle Cost
» Durability
»Maintainability



Salginotobel, Switzerland




Structural Art

Elegance

“The visual expression of
efficient structural function
is a fundamental criterion of
elegance in bridge design.”

—Ghfstian. Menn




Sunniberg Bridge Christian Menn , Switzerland




Thesis:

There Is a synergy when the concepts
of CS? and E3 are brought together that
can lead to the design of more

aesthetic, economic, efficient,
environmentally sensitive and ultimately
more sustainable bridges.




Capital Cost Context sensitive

*Materials «Environmental concerns of CO, and energy

e Labor consumption and other environmental
concerns e.g. pollution, habitat changes, water
usage

sLabor health & safety

Materials /components
Life Cycle Cost *Recyclable, reusable

Durability *Replaceable, renewable
Maintainability

*W/low energy, low CO, over life

*Adaptable to change




Perfection of
Engineered/Structural Form

*Minimize material usage ,
especially material w/high
embodied energy and CO, or
low renewability

Use most efficient material

Maximize efficiency of
maintenance

Maximize efficiency of
adaptability/ renovation




Or —
Elegance is derived from
efficient structural form

— Elegant designs have a better probability of being properly
maintained.

— If a bridge is to be with us for many generations, best that it
be something that looks pleasing.




Williamsburg Bridge 1904

Regarded as the ugliest suspension
bridge.

Often cited as an example of how

we do not maintain our bridges

Brooklyn Bridge 1883

Regarded as an Icon
Well maintained/renovated

Much of key structural elements are
original




Eiffel Tower 1889

(Not always ) but now regarded as
an Icon

Well maintained

Every member of the Eiffel Tower
has been replaced at least once.

Source: Ed Ford, “Theory and Practice of
Impermanence,” Harvard Design Magazine,

Fall 1997.




Three Historical Approaches to
Sustainable Bridges

* Permanent: Very high quality construction,
with materials which can be reused In future
construction.

Temporary: Less expensive construction, with
a short life span. Materials must have low
environmental impact.

Solutions between permanent and temporary:
Sacrificial protective members with a medium
to long lifespan.




Designing for Permanence:

Ponte Aemilius Rome 179 BC




Ponte Augustus Ascoli Pecino 25 BC




Ponte Romano




Pons Fabricius Rome 67 BC

Ponte Romano




Ponte Romano




Ponte Romano




The Inca Tradition

Keshwa-chaka Bridge Peru ~1400 AD




Inca Suspension Bridge
(Re) Constructions

Keshwa-chaka Grass Bridge Has Survived for 600 Years
Maintenance plan is tied to the community
Materials are locally available and environmentally sound
Inca bridges have carried armies, horses, heavy cannon and
Have exceeded the longest bridges in Europe until 18t century.

An Annual Festival

« Day 1. Ropes made from local grass or plant fibers

 Day 2: Old bridge is cut and new ropes are installed

 Day 3: Roadway and handrails are added and bridge is complete




Between Permanence and Impermane
— US Tradition

Covered Wooden Truss Bridge




Covered Wooden Truss Bridge

e Many have survived for
more than 200 yrs

*Timber roof and siding are
sacrificial protection for the
truss

*Must be replaced every 30-
SORY/ (S

When made from locally available timber, they are as
environmentally sustainable as the Roman arch or the
Inca suspension bridges




Historically - Three Sustainable Bridge Types

Inca Suspension Roman Arch Covered Wooden Truss
High stresses Low stresses Moderate Stresses
High maintenance Low maintenance Mod maintenance

Short lifetime Long lifetime Mod lifetime for covering
Low initial cost High initial cost Long lifetime for structure
Renewable materials Reusable materials Renewable Materials
Low load capacity High load capacity High load Capacity




Production
of fuels

l

Production
of electricity

Energy Resources
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Water supply

Water Resources

Production
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Manufacture
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Bridge Life Cycle Assessment




Adapted from Professor David Billington presentation

























Material CO, Embodied Energy

savings savings savings

(ton) (BTU)

137 ton structural steel: 230 2E10
262 cy concrete: 90

Total




Case Study
ransit LRT Guideway




30% Preliminary Design

Standard Regional Solution —
Simple Span Twin PS Beams




Conceptual Engineering to Final Design

Economical
Efficient Elegan
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Elegance




= € —~

ST Nl
N A

Material CO, Embodied Energy
savings savings savings

(ton) (BTU)

2,000 ton structural steel: 3,400
4E12

20,000 cy concrete: 6,900
Total 7,300




Innovation
Sustainable Structural Materials

Improved Standard materials
e High performance steel, concrete

Consider other materials
Carbon, glass or aramid fiber reinforced polymer
Wood, bamboo, plant fiber

Hybrid Materials
Ultra High Performance Fiber Reinforced Concrete
CFRP post tensioned concrete
Bamboo reinforced concrete
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Embarrass River Covered Bridge Route 40 lllinois

15t Place National Bridge Awards Citation : “ ..old fashioned
aesthetics with modern.. technology..durable, low maintenance ,
competitive cost

200 ft span is longest without load restriction

*Glulam parallel chord truss w/ three hinged arch




“Truck Safe” Bamboo Bridge

Changsha, China
USC and Hunan University




Innovation for Sustainability

Operational Design

In-situ testing, health monitoring i.e. “Smart
Bridges”

*Design for maintenance, repair, adaptation
while in service

*Protective systems

Structural Design

e« Compression membrane action (CMA) in deck slabs

(minimize corrodible rebar )
* Tension (suspension) bridges
e Compression (arch) bridges
e Integral (jointless) bridges




Keshwa-chaka




Sustainable

Efficient: Materials are recycled,
reusable, or low-energy

Economical,

Elegant Solution

Maintainable: components can be
replaced or improved or reused

Adaptable: Can respond to changing
needs and loads throughout its lifetime




Millennium Bridge, London




Hybrid Truss/ Deck Stiffened Stress Ribbon




Crooked River Bridge, Oregon Deck
Stiffened Arch




Innovative Concrete Arch Bridges

90th St Bridge, Washington

Lake Reading Bridge, California

Rich Street Bridge, Ohio




A novel flexible arch system for sustainable bridges
Queen’s University, Ireland




Bridge at Ingolstadt wichael schiaich sBp

Hybrid Tension Compression Arch Stiffened




Integral “Jointless” Bridges

 Expansion joints (EJ) wear out after 5 to 20
years.

—alling EJ can seriously jeopardize bridge
nealth.

Repair or replacement typically requires long-
term lane closures.

NCHRP 319 - “Bridge Deck Performance” survey

*New - 94% States report eliminating EJs is high priority
*Rehabilitation - 65% States try to reduce EJs




-15 DB Reconstruction, Utah

Bid for 1st cost plus a warranty of 5 yrs.
Very detailed analysis of 1st cost plus 5 years of

maintenance.

Decision- All bridges less than 390 m jointless
and those greater than 390 m to have one joint in

the middle.
Affected all 145 bridges, steel and concrete




Suriname River Bridge

Economical, Efficient, Durable

without Elegance




115 ton trucks, continuous
24[7 for minimum of ten
years

/5 yrs of HS25




15t Cost

Note: If 3, 4, 5, 6, 7 are

properly accounted for the .
continuous will have less 1st cost
Life Cycle Cost

Longitudinal Stiffness

Significant for Braking loads

and EQ

Transverse Stiffness

Significant for Wind, Ship Collision
and EQ

Vertical (load) Stiffness

Joints

Bearings
Maintenance

Durability

Pile Settlement

Simply Supported

more

at piers and abutments

not necessary at piers
more
less

can take
settlement

Integral/Full Frame

- better sharing of loads among piers

better sharing of loads by deck

and among piers

- spans share loading, possible to decrease

structural member sizes.

can take limited settlement after continuity made




Precast PS PT Girders




Cap Beams

* Precast, reinforced

Deck

*Precast -PT longit-
CMA transverse




*No Joints, integral abutment, continuous PT, full frame action
*Cap Beams, Girders, Deck Panels: Precast, HP Concrete
*Girders: PS and PT

*Deck panels: PT and CMA

*(Except for steel) All materials local, all labor local




Ultimately - Sustainable Design is a question of
what we as a society choose to value.

Economic concerns with attendant ecological factors
are main obstacles to sustainabillity.

By placing strong emphasis on economic growth as a
core human value, and investing so little effort in
protecting the biosphere, we may be setting
ourselves on a trajectory of self destruction.




Denall

Pollution can be a simple example of false economics or
market failure. If the costs of production are not borne by
producers but by the environment (including laborers)

then “economy” Is distorted.

SFOBB SAS
Bridge




