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Overview

• Larger context

• Regulatory

• Sustainability / rating systems

• Examples – old & new
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RECYLING�.? 3



The National Environmental Policy Act of 1969

Sec. 101(a) The Congress, �. declares that it 
is the continuing policy of the Federal 
Government�. to foster and promote the 
general welfare, to create and maintain 
conditions under which man and nature can 
exist in productive harmony, and fulfill the 
social, economic, and other requirements of 
present and future generations�
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Great Law of The Iroquois Confederacy
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In our every deliberation, we must 
consider the impact of our decisions on 
the next seven generations�.         



Sustainability : Meeting the needs of the present 
without compromising the future�

Brundtland  1987

social

economicenvironment

bearable equitable

viable
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Concrete with Fly Ash2

Golden Gate Bridge
Natural Pozzolan Cement
Reference flickr.com Oldvidhead

Bay Bridge
Natural Pozzolan
Reference flickr.com jimheid

Sunshine Skyway
50% Fly-Ash
Reference flickr.com Chris Bartnik Photography

Cooper River Bridge
43% Fly-Ash
Reference flickr.com xlu29466

35W St. Anthony
85% Slag & Fly-Ash
Reference flickr.com Matt Desmond
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The National Environmental Policy Act of 1969

Sec. 102(c) include in every recommendation or 
report on proposals for legislation and other major 
Federal actions significantly affecting the quality of 
the human environment, a detailed statement by 
the responsible official on -- (i) the environmental 
impact of the proposed action

environment
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Regulatory �. 
http://www.fhwa.dot.gov/environment/env_sum.htm
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Regulatory �. 
http://www.fhwa.dot.gov/environment/env_sum.htm
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Regulatory �. 
http://www.fhwa.dot.gov/environment/env_sum.htm
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Regulatory �. 
http://www.fhwa.dot.gov/environment/env_sum.htm
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Regulatory �. 
http://www.fhwa.dot.gov/environment/env_sum.htm
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Regulatory �. 
http://www.fhwa.dot.gov/environment/env_sum.htm
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Regulatory �. 
http://www.fhwa.dot.gov/environment/env_sum.htm
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Necessary, but not sufficient�.    

2 - 16



Concrete  & Fly ash
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Recycling / Sustainability?      

Programs, 
Projects,
Plans,
Practices,
Policies�..

Protection Statutes



Necessary, but not sufficient�. 

http://www.sustainablebusinessoregon.com/columns/2010/08/new_fly_ash_
regulations_threaten_sustainable_concrete.html
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Triple Bottom Line, now - more than ever�

• Environment: Planetary Ecosystem (Climate, Energy, Land, Air, 
Water2)

• Economy : Jobs  (food, clothing, shelter2)

• Societal needs: Equity (security, order, stability2)
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Cooperative convergence2
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All aspects2
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Federal Funding Criteria

Selection Criteria 
Include:

· Sustainability

· Livability
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Popularity of Green Buildings

Federal DOT    Lakewood Colorado
Reference twgi.com
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envision™

Sustainability Rating Systems  (check lists)
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Triple Bottom Line Analysis

`

Social

Safety
Health
Livability

Environment

Carbon
Air Quality
Water

Economic

Jobs / Productivity
Tax Base
Mobility

$ Equivalents
Equity
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PRISM (Economic)                      PRISM tblv

Economic Valuation Tool
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Triple Bottom Line Valuation

(X env + Y soc + Z econ) = $ eq

economic Economic

Social

Environmental



http://www.pbworld.com/pdfs/publications/efr/volume_5_issue_1.pdf
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TBLV - Summary

Quantity Value ($ / ) Total

Economic
+ - x      + -

Environment
+ - y + -

Social
+ - z + -
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Sample Environmental Benefits
Recycling activity  x

Quantity Value ($ / ) Total

Carbon
- Short term
- Long term

tons
tons

5-120 X to Y

Air Quality
- NOx
- PM10

x  
x

Water
- Quantity
- Quality

-- acre ft
by specie

variable
variable
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Sample Economic Benefits – Life cycle costs
Recycling activity  x

Quantity Value ($ / ) Total

Jobs
- Direct
- Indirect / Induced + - x + -

Energy

+ - y + -

Waste Disposal

+ - z + -
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Sample Social Benefits
Recycling activity  x

Quantity Value ($ / ) Total

Aesthetics + - x + -

Positive
education + - y + -

Neighborhood
Pride + - z + -
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Recycled Materials

· Steel

· Concrete

· Plastic
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Steel
Economic, Environmental - -

Reference: Steel Recycling Institute, www.recycle-steel.org
Photo reference: Magnum Photos, Eugene Smith

96% Recycled Content

in USA
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Steel  -- TBLV

Quantity Value ($ / ) Total

Economic
X Y / ton      Z

Environment
(carbon,..) X Y / ton   Z

Social
+ - z + -
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Recycled Materials

· Steel

· Concrete

· Plastic
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Recycled Materials - Concrete

Photo: flickr.com kuinsy13

Recycled Aggregate:

Tailings, Synthetics, RCP

Pozzolan Cements:

Fly-Ash, Slag, & Flume Ash

Photo: Library of Congress
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Social – highly visible
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“Seems Right2”
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Recycling Concrete  -- Social Benefits�

Quantity Value ($ / ) Total

Aesthetics + - x + -

Positive
education + - y + -

Neighborhood
Pride + - z + -
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Recycled Materials

· Steel

· Concrete

· Plastic
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� Recycled Plastic 

� Immiscible Polymer Blend 
� High Density Polyethylene with Polystyrene or Polypropylene coated 

glass fibers (up to 8%)

Thermoplastic
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Typical Stress/Strain Curve
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Properties
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� Weight:  55pcf (Wood: 60pcf; Concrete: 150pcf; Steel: 490pcf)

� Specific Gravity:  0.85 – 0.90

� Elastic Modulus:  250,000 psi

� Allowable Flexural Stress:  600 psi (Ult. = 3,000 psi)

� Allowable Compressive Stress:  600 psi (Ult. = 2,500 to 4,300 psi) 

� Allowable Shear Stress:  350 psi (Ult. = 1,500 psi)

� Coefficient of Thermal Expansion:  0.0000282 in/in/deg F

Properties
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Advantages

Green Product (Recycled Plastic)

No Corrosion, Rotting or Insect Infestation

Reduced Landfill Dumping

Good toughness Characteristics

No Chemical additives

Green House Gas Savings

Reduced Maintenance 

Sustainable & Durable

Cost Competitive: Initial and Life Cycle
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� Ultraviolet Degradation - 0.003 in/yr (full sunlight)

� Creep - Low (high Safety factor to Ultimate)

� Thermal Resistance - Heat Deflection +/- 250 deg F

� Skid Resistance - Coefficient Of Friction = 0.5 w tire

� Acid Resistance - To most acids & salts

� Moisture Absorption - Virtually impervious

� Abrasion - High resistance to sand & salts

� Color - Graphite

Design Considerations
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ELEVATION

Fort Eustis, VA       -- Bridge No. 7
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Fort Eustis, VA     -- Typical Section
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Fort Eustis Construction

• Driving

Splicing

Pile Cap Installation
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Fort Eustis, VA  -- Completed Bridge No. 3
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Fort Eustis, VA  -- Completed Bridge No. 7
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Maintenance

Vs. 1% Construction Cost, Annually

· Painting

· Cleaning

· Deck Repair

· Scupper Work

· Joint/Bearing Repair
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Other Applications

�Marinas

�Fenders

� Jetties and Piers

�Platforms and Boardwalks

�Temporary Reusable Bridges

�Sound Walls & Retaining Walls

�Railroad Ties & Switch Sets
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Recycled Materials – Plastic Piles

US Navy

Caltrans, Carquinez Bridge60



Retaining Walls 
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Railroad Ties and Switch Set

62



Advantages�

�Green, Sustainable and Durable

�Environmentally Beneficial

�Vast Areas of Application

�Accelerated Construction

�Minimal Maintenance

�Cost Competitive
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Recycling Plastics  -- Economic Benefits  

Quantity Value ($ / ) Total

Jobs
- Direct
- Indirect / Induced + - x + -

Energy

+ - y + -

Waste Disposal

+ - z + -
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Recycling Plastics  -- Environmental   Benefits

Quantity Value ($ / ) Total

Carbon
- Short term
- Long term

tons
tons

5-120 X to Y

Air Quality
- NOx
- PM10

x  
x

Water
- Quantity
- Quality

-- acre ft
by specie

variable
variable
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Recycling Plastic  -- Social Benefits�

Quantity Value ($ / ) Total

Aesthetics + - x + -

Positive
education + - y + -

Neighborhood
Pride + - z + -
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Recycling Plastics  -- TBLV

Quantity Value ($ / ) Total

Economic
X / ton      

Environment
(carbon,..) Y / ton  

Social
Z / person

Total tblv
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Summary

• Larger context

• Regulatory

• Sustainability / rating systems

• Examples – old & new

• Triple Bottom Line Valuation
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Sustainable2

mcvoygr@pbworld.com
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