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"CONCRETE THINKING

IN BUILDING AND TRANSPORTATION SOLUTIONS

Working in partnership to provide cOncrete solutions

North Dakota Ready Mix & Concrete Products Association

Concrete: A Permanent Solution to a Perpetual Problem
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energy consumption
pollution & CO, emissions
usage of norrenewable resources

Use of industrial by-products

Recyclable construction material
Pervious pavements

Heat Island effect

Potential CO, sink
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Green Building for the Enginee

Reuse

Recycle

Optimize Materials

Optimize Members

Specify Green Design Alternatives
Make it Durable






Green Building for the Enginee

Reuse Materials/Waste Products/Recycle
- Flyash

- Aggregates
. Concrete Coarse
. Asphalt Coarse

Use Less
. Develop knowledge to use less materials
. Optimize strength
. Use less materials
. Use tools in materials and engineering to attain goals
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When should you use flyash?
What levels of replacement?

Class Discussion Op
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Use of Waste Materials

Flyash in Concrete

. Makes Concrete Better
. Stronger
. More Durable (Lowers Permeability)
. Can lighten the Color (Albedo) of Concrete

- Reduces Cost

- Enhances Workability

- Combats ASR/Sulfate/Chemical Attack
- Reduces clinker factor (Use of cement)
. Lowers heat of hydration impacts
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Strength with Flyash

Proven Many Timesz Low Permeability
- National Research
- Research with NDDOT Materials & Research
- EERC
- Local RM Producer Mix Designs
Caveat: Early Strength is Compromised at 30% replace
- But only for 3 to 5 days from 100% cement mixes
. Less impacts during warm weather
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Horne Park Flood Wall

Used Self Consolidating Concrete (SCC)
Aggregate Industries, Inc.z Supplier
Houston Engineering, Inc. z Engineer
City of Moorhead z Owner

47% Replacement of cement with flyash






Performance at Horne Park
- Strength Exceeding 6000

pSI In 28 dayS Defects in Conventional Concrete
. Few surface defects, in = At

spite of texture demands

- Good strength with high
air entrainment
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Recycling Aggregates

Crushed Concrete Coarse Aggregate in Mixes

- NDDOT has proven validity
. Shoulders on Interstatez 100% recycle
- Old experience in use of recycled aggregate in mixes

- No apparent impact to durability

Caveat: Slight increase in water demand through
absorption into tight paste
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Recycling Asphalt Coarse Aggrege

Crushed asphalt coarse aggregate works in concrete
- No apparent durability impact

. Research has reported the asphalt coatings will enhance
Modulus of Elasticity in concrete

Good for pavements and other members where flex
strength is important



-Engineers & Green Buildin

through Design

Minimize Environmental Impacts

- Minimize Consumption/Use of Materials
. 50A BAEFAEAEAI O $SAOECI #I1 I BI1AI
- Build for Durability/Minimize Rebuilding Frequency
Concrete Gives Good Aesthetics
Provides Low Maintenance
. Concrete Structures are easy to remodel
Diamond Saws for making openings
Ease in creating expansions/additions
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Choose Energy Efficiency

Build for Energy Efficiency in Building Construction
Low heating & cooling z Fuel/Electricity Savings
Use Continuous Edge to Edge Insulation for no thermal
leakage
Precast Wall/Roof Members
Site-Cast Tilt-Up members
Insulated Concrete Form (ICF) Walls
Use thermal mass of concrete interior members
Heat sink during off-peak hours
Release heat during peak hours



Remember:

Concrete members can be designed with imbedded
Insulation to provided the most energy efficient wall
system economically available



Benefits of Energy Efficiency

Low energy consumption is good
- Less pollution from fuel combustion
. Less CO2 produced with energy efficiency
., AOO EIi PAAO O1 #/ & AAOAA O
. Less importation of foreign produced oil and resultant
foreign trade issues
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Benefits of LightColored Pavements

Issue: Urban Heat Island Effect

Definition: Effect of solar heat capture and release
especially in areas of dark pavements and roofs such as
the urban environment

Light colored pavements such as concrete mitigate this
Issue through higheralbedo by reflecting solar
radiation back into space



Urban Heat Island Reduction-

—

Heat / Energy is Absorbed into
Bleck Surfece

AR |

Heat / Energy is Reflected by
Whiter Surfece

20° F less

2k



Urban Heat Island Reducti

Sketch of an Urban Heat-Island Profile
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NASA
Infrared
Imagery
May 1997

| eoneat

CREndneR)

Daci 8

xS UNSOke
R e 25 (T TR T
' Hejis - Copgrais
RarKiil
Dacl

L
.
w -
o

© @ © =~
A GRS
B N o

3
fg
S @

e
z o
¢ g
50

-

i

.

CAsohait & o+ x AT e

BETKING | . S  Concrata Runways
Lot oA '3 . B i a2 &

Atlanta
Airport




Reduced Lighting Requirement e

P . S
Pavement Type Albedo (solar
reflectance)
Asphalt 0.05-0.10 (new)
0.10-0.15 (weathered)
Gray Portland 0.35-0.40 (new)

Cement Concrete 0.20-0.30 (weathered)

White Portland 0.70-0.80 (new)
CEIENt ORCcIele 0.40-0.60 (weathered)

Source: ACPA R&T Update Concrete Pavement Research &
Technology June 2002

Example: Ontario Hwy 407 & Quebec Hwy 440
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Impact of highealbedo

Research at Arizona State University shows

- Increase inalbedo by only 0.10 in hard surfaces and roofs
In the 100 largest cities in the world would eliminate
world wide global warming issues.

. Concrete provides 0.10 to 0.20 increase ialbedo
(reflectance) compared to asphalt

The Engineer influences decisions related
to material selection and albedo for our
metropolitan area hardscapes
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Impact of Reduced Energy
Consumption

Concrete vs. Asph
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Look at Constructlon Phase

Athena Sustainable Materi
Cycle Embodied En

udy comparing Life




“Reduced energy consumption

PCCPhas lower total primary energy from 2 to 30 %

PCCP has lower total energy from 245 to 349 % if
consider feedstock energy (liquid asphalt in pavement)

Comparative Total Energy
Major Urban Freeways

0% RAP
0%Flyash
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asphalt CBR3 portlandCBR3 asphalt CBR8 portland CBR8

Pavement Structure
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Fuel Savings from
Operational Phase

Rigid Pavementvs. F




History of Studies on Fuel Savings

ect of Pavement Surface Type on Fuel Consumption by Dr. John P.
Zaniewski:

- Approximately 20% fuel savings operating on concrete
pavement compared to asphalt pavement

Data from World Bank z Brazil study

-

(UDl OEAOEO OOAOAA 088 i1 OA Al AOcCU
OANOEOAA Ol AOEOA 11 &I AGEAI A DPAO
2AAOTTEI Cd OOOOAEO AAOOA 11 OA AAA

pavements than on rigid pavements: deflecting the pavement
absorbs part of the vehicle energy that would otherwise be
AOAEI AAT A OI bpoOl pAl OEA OAEEAI A8o

Asphalt Concrete
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“History of Studies on Fushvings

Detroit Diesel Spec Manage© Program
. concrete coefficient 1.0
. cold asphalt coefficient 1.2

- hotasphalt 1.5
. computer runs show 8 to 17.5 % fuel savings with concrete

Phase | Fuel Study undertaken by NRC

. Approximately 15% fuel savings
- Small study with limited data
. No detailed statistical analysis done on the data
- Verify findings of Zaniewski study
. Scientific proof of earlier study results
- Justified expenditure for Phase |l Study

31
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“NRC Phase Il & 111 Fuel Study
Parameters

Pavement structures

. asphalt concrete pavement
. portland cement concrete pavement

. composite pavement

Pavement roughness
- IRl ranges

Seasons
. Spring, summer (day and night), fall, winter

Temperatures
. Four conditions (< -5,-5to 10, 10 to 25, >25 °C)

Load
. Empty, typical full and legal load
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Onboard Instrimentation

" Equipment

Cummins proprietary
INSITE software and
INLINE interface

hardware
Anemometer and logger
Laptop
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