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DISCLAIMER

THERE IS NO WARRANTY, OR
REPRESENTATION OF ANY  KIND
RESPECTING THIS PUBLICATION OR
ANY INFORMATION CONTAINED
HEREIN; AND ANY WARRANTY,
EXPRESS OR IMPLIED, IS EXCLUDED
AND DISCLAIMED, INCLUDING THE
IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A
PARTICULAR PURPOSE; NOR IS THERE
ANY WARRANTY THAT THIS
PUBLICATION OR ANY INFORMATION
CONTAINED HEREIN WILL MEET OR
COMPLY WITH THE REQUIREMENTS OF
ANY SAFETY OR ENVIRONMENTAL
CODE OF ANY STATE, MUNICIPALITY OR
OTHER JURISDICTION.

I T I'S AGREED THAT SELLER S
AND PURCHASER S SOLE

WHETHER IN CONTRACT, UNDER ANY
WARRANTY, IN TORT (INCLUDING
NEGLIGENCE), IN STRICT LIABILITY OR
OTHERWISE, SHALL NOT EXCEED THE
RETURN OF THE AMOUNT OF THE
PURCHASE PRICE PAID BY
PURCHASER, AND UNDER NO
CIRCUMSTANCES SHALL SELLER BE
LIABLE FOR ANY SPECIAL, INCIDENTAL,
OR CONSEQUENTIAL DAMAGES.
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EXECUTIVE SUMMARY

Of all the green building design and
construction evaluation programs in the
the U.S. Green Building
(USGBC)

the most widely adopted standard. Public

Unites States,
Council s
and private  companies, government
agencies, trade groups, and other entities
throughout the United States construction

industry have adopted LEED as the standard

Concrete offers several opportunities for building

projects to gain LEED points.

for determining a

sustainability. Recognizing the importance of
LEED, NRMCA, PCA, and the RMC
Research & Education Foundation
commissioned the development of a LEED
Reference Guide that could be used by
architects, developers, clients, builders,
manufacturers, suppliers, and others in the
construction industry to determine how the
use of ready mixed concrete can contribute

to green building.

LEED

The resulting document presents a
detailed discussion of the LEED program,
how LEED points are assigned, how material
uses and construction methods must be
dBc@rheht8dd amd Ywhit €ifBued $nust be
carefully considered in using ready mixed
concrete to enhance a

sustainability.

Potential LEED points gained through
the use of ready mixed concrete are
discussed in the following areas: stormwater
management; landscape paving; minimizing
energy use; optimizing energy performance;
managing construction waste; recycled
content; use of regional materials; use of
certified wood; innovation in design; and
reduction in the use of portland cement. The
document also covers plant waste water
disposal; on-site wash water disposal; solid
waste; and site protection. In each of these
Reference Guide

areas, the presents

i infdrmatian sseful dte gthiee @esignerf the

contractor, and the ready mixed concrete
supplier in achieving LEED points. This
information is supplemented by extensive
and other

lists of citations, references,

resource documents, trade groups, and
websites. A summary of how concrete
contributes to LEED 2009 NC is provided in

Table 1.

bui

di
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TABLE 1 - Potential LEED Credits for Ready Mixed Concrete

Concrete contributes to this LEED Credit

Incidental concrete use in this LEED Credit

Sustainable Sites

26 Possible Points

Prerequisite 1 Construction Activity Pollution Prevention Required
Credit 1 Site Selection 1
Credit 2 Development Density and Community Connectivity 5
Credit 3 Brownfield Redevelopment 1
Credit 4.1 Alternative Transportation" Publ i ¢ Transportation A 6
Credit 4.2 Alternative Transportation” Bi cy c | e S tClanging Roonasn d 1
Credit 4.3 Alternative Transportation’ L o AEmitting and Fuel-Efficient Vehicles 3
Credit 4.4 Alternative Transportation’ Parking Capacity 2
Credit 5.1 Site Devel opment  Protect or Restore 1
Credit 5.2 Site Devel op meOpdnSpleex i mi z e 1
Credit 6.1 StormwaterDesi gn '  Quantity Contr ol 1
Credit 6.2 StormwaterDe si gn ' Qual ity Contr ol 1
Credit 7.1 Heat | sl and Effect Nonroof 1
Credit 7.2 Heat | sl and Effect' Roof 1
Credit 8 Light Pollution Reduction 1
Water Efficiency 10 Possible Points
Prerequisite 1 Water Use Reduction Required
Credit 1 Water Efficient Landscaping 2-4
Credit 2 Innovative Wastewater Technologies 2
Credit 3 Water Use Reduction 2-4
Energy and Atmosphere 35 Possible Points
Prerequisite 1 Fundamental Commissioning of Building Energy Systems Required
Prerequisite 2 Minimum Energy Performance Required
Prerequisite 3 Fundamental Refrigerant Management Required
Credit 1 Optimize Energy Performance 1-19
Credit 2 Onsite Renewable Energy 1-7
Credit 3 Enhanced Commissioning 2
Credit 4 Enhanced Refrigerant Management 2
Credit 5 Measurement and Verification 3
Credit 6 Green Power 2
Materials and Resources 14 Possible Points
Prerequisite 1 Storage and Collection of Recyclables Required
Credit 1.1 Building Reuse’ Maintain Existing Walls, Floors and Roof 1-3
Credit 1.2 Building Reuse’ Mai nt ain Existing Interior N 1
Credit 2 Construction Waste Management 1-2
Credit 3 Materials Reuse 1-2
Credit 4 Recycled Content 1-2
Credit 5 Regional Materials 1-2
Credit 6 Rapidly Renewable Materials 1
Credit 7 Certified Wood 1
Indoor Environmental Quality 15 Possible Points
Prerequisite 1 Minimum Indoor Air Quality Performance Required
Prerequisite 2 Environmental Tobacco Smoke (ETS) Control Required
Credit 1 Outdoor Air Delivery Monitoring 1
Credit 2 Increase Ventilation 1
Credit 3.1 Construction Indoor Air Quality Management Plan’ During Construction 1
Credit 3.2 Construction Indoor Quality Management Plan’ Before Occupancy 1
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Credit 4.1 Low-Emitting Materials Ad h e s i v 8ealants n d 1
Credit 4.2 Low-Emitting Materials’ Paints and Coatings 1
Credit 4.3 Low-Emitting Materials" Fl oori ng Syst ems 1
Credit 4.4 Low-Emitting Materials’ Composite Wood and Agrifiber Products 1
Credit 5 Indoor Chemical & Pollutant Source Control 1
Credit 6.1 Controllability of Systems’ Li ght i ng 1
Credit 6.2 Controllability of Systems’ Ther mall Comfort 1
Credit 7.1 Thermal Comfort” De s i gn 1
Credit 7.2 Thermal Comfort” Ver i fi cati on 1
Credit 8.1 Daylight and Views' Day |l i ght 1
Credit 8.2 DaylightandVi ews ' Vi ews 1
Innovation and Design Process 6 Possible Points
Credit 1 Innovation in Design 1-5
Credit 2 LEED Accredited Professional 1
Regional Priority 4 Possible Points
Creditl Regional Priority 1-4

Total Points 110 Possible Points
Certified 40-49 points Silver 50-59 points Gold 60-79 points Platinum 80 points and above
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INTRODUCTION

Established in 1998, the LEED Green
Building Rating System for New Construction
(LEED NC) is a voluntary, consensus-based
national standard for designing and building
high-performance, sustainable buildings.
Several versions of the LEED rating system
have been issued since its inception
including LEED 2.0, 2.1, 2.2, and most
recently, LEED 2009. LEED 2009 for New
Construction and Major Renovations (LEED
2009 NC)

members in November 2008 and officially

was approved by USGBC

issued for public use in April 2009. June 27,
2009, was the last date projects could
register under the old LEED NC version 2.2
system. All new projects registering after
June 27, 2009 must use LEED 2009 NC.

LEED was developed by members of the
USGBC representing many segments of the
building industry and environmental science.
LEED s

qualifies as a "green building" by establishing

mi ssi on i s t

a common standard of measurement;
promote integrated, whole-building design
practices; recognize environmental
leadership in the building industry; stimulate
green competition; raise consumer
awareness of green building benefits; and
transform the building market. While the
number of registered LEED projects started
slowly, this number has grown dramatically
from 12 registered LEED projects in 1999 to
24,789 by June 2009. The number of LEED
certified projects reached 3,111 in June 2009
equating to 385 million square feet of LEED

certified commercial space.

LEED certification can be achieved at a
Certified, Silver, Gold, or Platinum level
based on how many of the 110 LEED 2009
NC Credits are awarded after a project meets
eight LEED Prerequisites. The LEED 2009
NC Rating System divides these credits and
prerequisites into seven credit categories:
Sustainable Sites, Water Efficiency, Energy
and Atmosphere, Materials and Resources,
Indoor Environmental Quality, Innovation in
Design, and Regional Priority. Prerequisites
and Credits are based mostly on established
governmental, trade group, or laboratory
standards, such as
Stor mwater
t he

efficiency and ventilation effectiveness of the

Activities, or

American Society of Heating, Refrigerating,
and Air Conditioning Engineers (ASHRAE).
The number of points a project earns by

satisfying the environmental performance

criteria of the wvarious LEED credits
determines the level at which a project can
e t hat whi ch

bedcgr{ifiéd.n

While the LEED NC Rating System was
initially designed for commercial high-rise
office buildings, the system can be used for a
wide variety of projects. LEED 2009 NC
includes requirements suitable for multi-
family residential high-rise projects,
institutional buildings, and hotels. Existing
projects undergoing significant renovation
HVAC
envelope modifications, and major interior

rehabilitation can also use LEED 2009 NC.

such as renovation, significant

USGBC created several additional rating
systems for other project types; LEED for

Commercial Interiors, LEED for Existing

Management

t

he

for

L

C

standar ¢
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Buildings, LEED for Core and Shell, LEED
for Schools, and LEED for Homes. Several
new rating systems are under development
including LEED for Neighborhood
Development, LEED for Healthcare, LEED
for Retail, LEED for Retail Interiors, and
LEED for Existing Schools. This document
addresses only LEED 2009 NC for New

Construction and Major Renovations.
The LEED Certification Process

LEED is a voluntary rating system. An
environmentally conscious building owner or
developer

may choose to design and

construct a building to minimize
environmental impact using the LEED rating
system as a guide. LEED certification

guantifies the level of environmental
performance for a building. Typically the
owner s
architect, is directed to design the building to
meet a certain level of LEED certification.
Some building owners have committed to
having all of their projects LEED certified and
others have committed to certifying only
selected buildings. For example, several
public agencies such as city governments or
federal agencies have declared that all of
their new buildings shall be LEED certified.
Some private companies have built new

headquarters using LEED certification.

A project formally begins the LEED
certification process by having it registered
as a LEED project on the Green Building
(GBCI)
GBCI was

USGBC to manage project and personnel

Certification Institute website

(www.ghbci.org). created by

representative,

Ready Mixed Concrete Industry LEED Reference Guide

certification programs. Project registration is
initiated by one of the project team members.
This process requires completing an online
form that asks for information on the project
and the design team. The registration fee is
$450 for USGBC members and $600 for non-
members. The registration process entitles
the project team access to LEED Online, a
special website designed to help project
team members navigate through the project
certification process and Credit Interpretation
Requests (CIR). CIRs are made through
LEED Online when the team members deem
t hat compliance with
met without meeting the letter of a given
Credit Requirement. Informally, most project
representatives begin the LEED process by
evaluating criteria of the various LEED
credits and targeting those most compatible
with the project scope, budget, and
env?’rvorr]lrr?entai Soals.u Eeeupr%slerllta¥ives awrfm
start this process in the early stages of the
design process are usually more successful
because

they can take advantage of

synergies between LEED credits and
because they do not need to make design

changes to meet LEED criteria.

The process of documenting compliance
with LEED criteria can begin early in the
design, but many of the credits related to
construction activities and building materials

require documentation that is not available

until the final stages of Construction
Administration, or even Substantial
Completion. While the building

commissioning (the process of making final
checks and adjustments to construction and

building operations) may need to continue

a

credit
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beyond substantial completion for seasonal
or deferred testing, projects are usually able
to assemble all the documentation needed to
submit an application for LEED certification
to the GBCI at about the same time as

Substantial Completion.

The application for LEED certification
includes documentation supporting
compliance for all LEED Prerequisites and
targeted LEED credits. The application is
accompanied by a certification fee that can
range from $2,250 to $22,500 for USGBC
members ($2,750 to $27,500 for non-
members) depending on the type of
certification and size of the building in square
feet. The application, submitted through
LEED Online, includes detailed information
on the required format for the LEED
application. Once the project representative
has submitted the application to GBCI, a
review process begins. The GBCI will issue a
preliminary review of the LEED application
within 25 business days. This first formal
preliminary review will detail which credits
are accepted, which credits need additional
documentation. The preliminary review
provides descriptions of the additional
documentation materials required. The
project team then has 25 business days to
provide the requested materials to the GBCI.
The final review then occurs within 15
business days from the date in which the
GBCIl receives the additional requested
materials. There is also an appeals process if
the project team disagrees with GBCI review

rulings.

If upon final review the project meets
requirements for certification, a set of LEED
Certified,  Silver, Gold, or

Certificates are issued to the design team in

Platinum

recognition of the LEED Rating earned. A
LEED plaque is then ordered for display on

the project.

LEED encourages and rewards an
integrated approach to design and
construction that involves all team members
in the project, including the design and
construction team, owners, product suppliers
and manufacturers, construction managers,
cost estimators, specification writers, and
others. LEED documentation is the
responsibility of several team members,
although it is typically coordinated by a
LEED-Accredited Professional, who also
prepares CIRs, the final submittal, and the

responses to GBCI during the review period.

The Ready Mixed Concrete Industry LEED
Reference Guide

This document presents the best
opportunities for achieving LEED credits
through the use of ready mixed concrete.
The term mi x ed

ready conct

concrete ar e used inter
throughout this publication and meant to
describe concrete that is delivered to the
project site in the plastic state in concrete
trucks. The document is organized under four
Site

categories: Sustainabl e

At mospher e, Material s and
and I nnovation i n Desi gn.
categories are taken directly from the LEED

2000NCst andar d. A fifth section
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ReadyMi xed Concrete Use i resp@sidieefor cmmeting tdecumentation

offers guidance in how the material can reqguirements. I n gener al , D
enhance opportunities for gaining LEED deals with issues that must be decided
credits in other areas. before the project begins construction, while

Trade Contractor and Manuf ac
In each section, the discussion of the

is concerned with actual construction and
LEED 2009 NC Credits relevant to ready close-out.

mixed concrete is separated into those

issues primarily affecting the project A final section of the document
designers (in the sect bdiresses Eneimrimgmal corsidetatoss i
and those primarily affecting the concrete using ready mixed concrete with reference to
trade professional s (i rplant Wwaste waterc tispasa, on-shte wabke
Contractor and Ma n u f a wateu rdesposal, |selid uveaste, ) and site
However, each group needs to read both protection.

portions, as both groups are often
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USING READY MIXED CONCRETE TO
ACHIEVE LEED 2009 NC CREDITS

Sustainable Sites

SS Credit 6.1: Stormwater Design - Quantity
Control

Intent: To limit disruption of natural hydrology
by reducing impervious cover, increasing on-
site infiltration, reducing or eliminating
pollution  from  stormwater runoff and

eliminating contaminants.
Requirements

CASE 1. Sites with Existing Imperviousness

50% or Less
OPTION 1

Implement a stormwater management plan
that prevents the post-development peak
discharge rate and quantity from exceeding
the pre-development peak discharge rate
and quantity for the 1- and 2-year 24-hour

design storms.
OR,
OPTION 2

Implement a stormwater management plan
that protects receiving stream channels from
excessive erosion. The stormwater
management plan must include stream
channel protection and quantity control
strategies.

CASE 2. Sites with Existing Imperviousness
Greater Than 50%

Implement a stormwater management plan
that results in a 25% decrease in the volume
of stormwater runoff from the 2-year 24-hour

design storm.

SS Credit 6.2: Stormwater Management -
Quality Control
Intent: To limit disruption of natural water

flows by managing stormwater runoff
Requirements

Implement a stormwater management

plan that reduces impervious cover,
promotes infiltration and captures and treats
the stormwater runoff from 90% of the
average annual rainfall using acceptable best
management practices (BMPs).

BMPs used to treat runoff must be
capable of removing 80% of the average
annual post-development total suspended
solids (TSS) load based on existing
monitoring reports. BMPs are considered to
meet these criteria if:

They are designed in accordance with
standards and specifications from a state or
local program that has adopted these
performance standards,

OR,

There exists infield performance
monitoring data demonstrating compliance
with the criteria Data must conform to
accepted  protocol (e.g., Technology
Acceptance Reciprocity Partnership [TARP]
Washington State Department of Ecology) for

BMP monitoring.

Summary of Concrete Applications and
Materials Relevant to the Credits

LEED includes Stormwater Management
credits to reduce the negative effects of
runoff created by development. Roofs,
sidewalks, parking lots, driveways, streets
and other impervious surfaces prevent water

from naturally infiltrating soil, filtering
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pollutants and recharging aquifers. As a
result, large volumes of sheet runoff must be
collected, concentrated, and directed into
waterways. These volumes of stormwater
carry sediment and other contaminants that
compromise  water quality. Expensive
infrastructure works are necessary to control
the erosion and flooding that occur when
stormwater is concentrated and released into

waterways.

Stormwater runoff picks up pollutants
such as spilled oil, tire particles, detergents,
pesticides, fertilizer, de-icing salt, pathogens,
chemicals, sand, and many other
substances. These pollutants are then
deposited into waterways with concentrated
stormwater. Some municipalities route

stormwater through sewage treatment
facilities, and when heavy storms cause flow
rates to exceed treatment plant capacity,
untreated sewage is discharged into

waterways.

Concrete can be an important part of
strategies to achieve these two credits: first,
by controlling the rate and quantity of
stormwater runoff; and second by removing
some of the most important pollutants from

the runoff.

Common and well documented uses of
concrete for stormwater management include
piping, collection systems and wastewater
treatment. This report will concentrate on
pervious pavement made from concrete, a
very promising technology that is rapidly
gaining popularity throughout the United
States.

DESIGN ISSUES
Pervious Concrete Paving

Pervious paving allows water to
percolate to the ground, filter contaminants
and recharge groundwater and aquifers.
Pervious concrete consists of specially

formulated mixtures of portland cement,

Pervious concrete paving example

placing pervious screed.

uniform, open-graded coarse aggregate, and
water. It usually contains little or no sand. It
has enough void space to allow rapid

percolation of liquids through the pavement.

The pervious pavement surface is
typically placed over a highly permeable
layer of open-graded gravel and crushed
stone. Voids in the aggregate layers act as a
storage reservoir for stormwater. A filter
fabric may be placed beneath the gravel and
stone layers to screen out fine soil particles.
The amount of storage in the stone reservoir
beneath the pavement can be varied. If the
soil has low permeability, or is highly
vulnerable to freeze-thaw cycles, perforated

pipes can be added near the top of the
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reservoir to discharge excess stormwater
after the reservoir has been filled. Pervious
paving has many advantages in addition to
meeting LEED credit requirements. It is a

consistently improving technology with
benefits that are still being discovered by the

industry.
Maintenance

The advantages of pervious pavement
can only be realized if it is designed and
maintained to prevent clogging. To ensure
success, employ design strategies to help
prevent clogging. Grade site areas away
from paving to prevent the flow of dirt and

debris into pervious paving (alternatively,

pretreat ment includingo rrathe r s

gardens and bio-retention swales, can be
added to filter out particles before they flow

onto the pavement).

Maintenance could include vacuum
sweeping or pressure washing on a periodic
basis commensurate with the level and type
of debris that might come onto the pavement
surface. The pavement should be inspected
several times during the first few months
following installation and annually thereafter.
Annual inspections should take place after
large storms, when puddles will make any
clogging obvious. The condition of adjacent
should also be

pretreatment devices

inspected.

Provide maintenance guidelines for the
building owner. Consider posted signage on-
site to identify pervious pavement areas.
These can also serve an educational and

environmental promotion function.

10
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Filtering and Treating Stormwater with

Pervious Concrete Paving

Pervious pavement pollutant removal
mechanisms include absorption, straining,
and microbiological decomposition in the soil.
An estimate of pervious pavement pollutant
removal efficiency is provided by two long-
term monitoring studies conducted in
Rockville, MD, and Prince William County,
VA.

efficiencies of between 82% and 95% for

These studies indicate removal
sediment, 65% for total phosphorus, and
between 80% and 85% of total nitrogen. The
MD,

removal rates for zinc, lead, and chemical

Rockville, site also indicated high
oxygen demand. There is some question of

how closely these results reflect other
situations, but the treatment effectiveness of
properly designed and maintained pervious

pavement is not in doubt.

Pollutant Removal (%)

Study TSS TP TN COD |Metal
Prince William

65 (80 |- -
County, VA
Rockville, MD 95 65 85 82 98 99

Table 2. Effectiveness of porous pavement

pollutant removal (Schueler, 1987)

Some key factors (other than

maintenance) that increase pollutant removal
include a drainage time of at least 24 hours

and the use of clean-washed aggregate.



Stor mwat er hot

land use or

activities generate highly

Pervious pavements allow for groundwater recharging

while also assisting with water pollution removal.

contaminated runoff, with concentrations of
pollutants in excess of those typically found
in stormwater. Pervious pavement is an

infiltration  practice, and may not be
appropriate at stormwater hot spots due to
the potential for groundwater contamination.
These areas include commercial nurseries,
auto recycle facilities, fueling stations,
marinas, outdoor container storage of liquids,
hazardous materials generators (if containers
are exposed to rainfall), vehicle service and
and vehicle and

maintenance areas,

equipment washing/steam cleaning facilities.

Recharging Groundwater Below Pervious
Concrete Paving

Pervious paving can be used either to
recharge groundwater, to store stormwater
for later reuse (and/or diversion into
stormwater conveyance systems), or both.
This section discusses its groundwater

recharge function.

Some data suggest that as much as 70%

to 80% of annual rainfall will go toward

11
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S p ot s groursdwater r@charge JGburékeande Urban,

1980). These data will vary depending on
design characteristics and underlying soils.
Per the USEPA, systems that rely on soil
absorption require deep pervious soils at
separation distances
the bottom of the structure and seasonal high
groundwater levels. In theory, pretreatment
and treatment by the pervious paving should
reduce the depth of soil above seasonal high

groundwater levels.
Other criteria include:

e The pervious pavement system should
be designed such that the water stored in
the aggregate base reservoir drains

down within 5 days after a storm. In

some cases, where infiltration rates of

the in-situ soils are relatively low, a

combination of an aggregate base,

drainage pipes, rain gardens, and bio-
retention swales can be used to channel
the excess water to holding ponds or

underground storage (French drain).

e Generally, the bottom of the stone
reservoir should be flat so that infiltrated
runoff will be able to infiltrate through the

entire surface.

e Consider placing pervious pavement at
least 2 a btbhev seasonally high
groundwater t abl e,

away from drinking water wells.

Designs may also require the inclusion of
devices to convey to the storm drain system
excess water from storms that exceed the
design storage capacity of the pervious

pavement system. One option is to use storm

and at

of

at

east
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drain inlets set slightly above the elevation of
the pavement. This configuration would allow
for some ponding above the surface, but

would bypass flows that are too large to be

treated by the system.
Retention/Attenuation (or Tanked) Systems

The gravel underlying the paving can be

used for the storage (retention) of

stormwater, substituting for expensive or

land-consuming retention structures
elsewhere on the property. This function of
pervious paving incorporates base and sub-
base storage in conjunction with standard
drainage infrastructure to provide a delayed
stormwater discharge. Retention systems
can also enable reuse of stormwater for

some domestic purposes such as irrigation.

Two ways of modifying pervious
pavement systems to function as reservoirs
are (1) varying the amount of storage in the
stone reservoir beneath the pavement and
(2) adding perforated pipes near the top of
the reservoir to discharge excess stormwater
after the reservoir has been filled. Some
municipalities have also added stormwater
reservoirs (in addition to stone reservoirs)
beneath the pavement. These reservoirs
should be designed to accommodate runoff
from a design storm. For more information,
see design criteria from the United States
Environmental Protection Agency Office of
Water, Washington, D.C., document: EPA

832-F-99-023, dated September 1999.
Benefits and Costs

As with most stormwater runoff reduction
measures, the initial incremental costs need

to be compared to the costs of infrastructure
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that may be required by municipal or other
authorities for which pervious paving is an
acceptable alternative (i.e. detention tanks).
Maintenance costs, such as required
vacuuming of pervious paving, should also

be considered.
Limitations

Several studies indicate that, with proper
maintenance, porous pavement can retain its
permeability (e.g., Goforth et al.,, 1983;
Gburek and Urban, 1980; Hossain and
Scofield, 1991). Many pavement engineers
and contractors lack expertise with this
technology. Therefore, it is suggested that
specifications require pervious concrete
installers be NRMCA Pervious Concrete
Certified, the

Installer or Craftsman level. For infiltrating

Contractor preferably at
systems (the great majority of cases), the
use of pervious pavement does create risk of
groundwater contamination, depending on
soil conditions and aquifer susceptibility. Fuel
may leak from vehicles and toxic chemicals
may leach from asphalt and/or binder
surface. Infiltration-type treatment systems,
including pervious paving, are not designed
to treat these pollutants. Likewise, nitrates
and chlorides may continue to move through
the soil profile and into the groundwater,
possibly  contaminating  drinking  water
supplies. Therefore, until more scientific data
is available, it is not advisable to construct
porous pavement near groundwater drinking

supplies.

Special planning and expertise is

necessary for proper placement and design

of pervious pavement. Retrofit may require
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redesigning and rebuilding the sub-base for

proper drainage.
Codes and Standards

Any paving must meet requirements for
porosity,
The NRMCA

Freeze-Thaw Resistance of

material quality, strength, and

freeze-thaw  resistance.
publication
Pervious Concrete provides guidance for
In areas where

freeze-thaw resistance.

codes have not caught up with new

technologies, requirements for

piping
standard civil engineering stormwater control

curbing,

gutters, stormwater and other
measures may compromise the use of

pervious paving. In  these cases,
rationalization must be prepared and justified

with the appropriate agencies.

Regulatory agencies may require review
and approval regarding the recharging of
underground aquifers or the horizontal
movement of water under the paving, when
the water may contain undesirable chemicals

or pathogens.
Integration with Other LEED Credits

Pervious concrete is also known as
percolating concrete, no-fines concrete, and
pervious or porous paving. Like porous
asphalt pavement or porous precast concrete
pavers, it may be an option for the
achievement of three LEED Credits in
addition to the Stormwater Management

points:

. Because concrete is much lighter in
color than asphalt, it may help satisfy
the requirement for LEED SS Credit 7.1
(See Heat Island Reduction Credit).

13

. The gravel sub-base under porous

pavement can be used to store
stormwater for
satisfy LEED WE Credit 1.

irrigation is required for a project, four

irrigation, helping to

If no

points may be earned.

TRADE CONTRACTOR AND
MANUFACTURER ISSUES

Specifications

The specifications will likely include a
new section number, but otherwise, should
be self explanatory with regards to meeting

the LEED criteria for these credits.
Installation

The equipment used to place pervious
concrete is different from that used to place
standard concrete. Deposit concrete directly
into final position since pervious concrete has
little or no flowability. Do not pull or shovel
into final position. After the paving is struck
of f

finishing. Typically, compacting is completed

and compacted,
by rolling and is different from traditional

finishing.  Personal protective equipment
used for placing pervious concrete is the

same as with placing standard concrete and

Pervious concrete finishing uses similar equipment as

for finishing standard concrete, technique is the key.

don

t

do
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includes: hardhat, safety shoes, protective
eyewear, chemical resistant gloves, and a
chemical resistant knee board, if necessary.
Initial set occurs quickly, in about one hour
(1.5 hours with a set retarding admixture).
the

method.

Covering with plastic sheets is

recommended curing
Recommended curing time is seven days.
Allow traffic after seven day curing period.

If random cracks are not desired, form
control (contraction) joints at 20 foot intervals
(or shorter) to one-fourth the depth of the
pavement.

Traditional portland cement pavement
testing procedures based on strength, air
content and slump control are not applicable
to this type of pavement material. Most
commonly, the quality of pervious pavements
is assessed by measuring the unit weight of
both plastic and cured concrete.  This
assessment is used to estimate the voids
content that influences the storage capacity.
N R M C APemvious

Pavements for more information.

See Concrete

Required LEED Documentation

Data regarding the runoff coefficient will
likely be secured by the architect or
landscape architect prior to the Construction

Documents.

If the concrete producer has reflectance
test results (see SS Credit 7) for the pervious
concrete mix used on the project, he may
choose to submit a letter to the contractor
(and architect) indicating the results of the

tests. See Appendix B for a sample letters.

14

Ready Mixed Concrete Industry LEED Reference Guide

REFERENCES AND INFORMATION
SOURCES

Resource Websites

www.nrmca.org The National Ready Mixed
Concrete Association in Silver Spring, MD,
the

placing and maintenance of

provides up-to-date information on
application,
pervious concrete. Of particular relevance

are the recent publications:
e Pervious Concrete Pavements

e Freeze-Thaw Resistance of Pervious
Concrete
e 2006 Concrete Technology Forum

Conference Proceedings

The RMC

Research & Education Foundation is a non-

www.rmc-foundation.org

profit organization dedicated to improving the

concrete industry through achieving its

mission of promoting education and research
projects that will strengthen and improve an
already superior in an

product industry

committed to excellence.

www.perviouspavement.org This website

specifically on pervious concrete pavement

includes details about the pavements

environmental benefits, applications,

performance, engineering properties, mix
design and materials, design, construction,

maintenance and an FAQ section.

www.concreteparking.org This website

provides useful information on concrete
paving, parking lots and parking structures.
Discusses the economic, environmental, curb
appeal and fast placement benefits of
conventional concrete, Pervious Concrete,
White Topping, Ultra-Thin White Topping and

Concrete Paths.


http://www.nrmca.org/
http://www.rmc-foundation.org/
http://www.perviouspavement.org/
http://www.concreteparking.org/
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www.greenrooftops.org Information on

waterproof concrete systems that has proven
itself as a fast, smart and economical system

that can boost the green roof industry.

www.gcpa.org  Specifications for pervious
concrete paving is available on this website
for the Georgia Concrete and Products

Association.

WWW.concreteanswers.org Website from
NRMCA that provides a variety of concrete

resources, including information about the

materi al s green cha
durability attributes and many other topics.
www.epa.gov/owow/protecting This

Protectin
Wat er sheds,

document ,
America's

information on pervious paving.

http://www.epa.gov/npdes/pubs/porouspa.pdf
A 1999 USEPA document from

its
Municipal
Water

Technology Branch, Office of

Management. Detailed
recommendations for porous pavement used
stormwater control, cost

for including

information.

http://www.ct.gov/dep/lib/dep/water_regulatin

g_and_discharges/stormwater/manual/CH11
_PP_S-6.pdf

permeable pavement as a stormwater BMP.

provides a description of

http://cfpub.epa.gov/npdes/stormwater/menu
ofbmps/index.cfm  An overview and one of
a series of USEPA BMPs (Best Management

Practice) Guides in its National Pollutant

Discharge Elimination System (NDPES)
program.
WWw.cwp.org Center for Watershed

Protection, 8391 Main St., Ellicott City MD

g
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21043-4605, Phone: 410-461-8323

United States Environmental Protection
Agency, Office of Water, 1200 Pennsylvania
Avenue N.W., Washington DC 20460, Email:

ow-general@epa.gov

Resource Documents

Center for Watershed Protection (CWP).
1998. Better Site Design: A Handbook for
Changing Development Rules

corpenly, o Senfe s for
Protection, Ellicott City, MD.

in Your

éNgtg@h(’ed

Center for Watershed Protection (CWP).
199g. ns(fOme‘%eé gA{PODre.?/'grq gSupp/ement
for CCg/% tC/ématﬁss Preqjarbe% {ord IUSEPA
Office of Wetlands, Oceans and Watersheds.
Washington, DC.

Ferguson, Bruce, 2005, Porous Pavements,
CRC Press, Boca Raton, FL.

Fi d,

Por ous

el R. , et al .,
Pavement
Resources Bulletin, Volume 18, No. 2, pp.

265-267.

Galli, J. 1992. Preliminary Analysis of the
Performance and Longevity of Urban BMPs
Installed In Prince George's County,
Maryland. Department of Natural Resources,

Annapolis, MD.

Gburek, W., and J. Urban, 1980. Stormwater
Detention and Groundwater Recharge Using
Site.

Porous  Asphalt Experimental In

Proceedings: International Symposium on
Urban Storm Runoff. University of Kentucky,

Lexington, KY, p. 89 97.

1982,

Rates e ar ¢ h,


http://www.greenrooftops.org/
http://www.gcpa.org/
http://www.epa.gov/owow/protecting
http://www.epa.gov/npdes/pubs/porouspa.pdf
http://www.ct.gov/dep/lib/dep/water_regulating_and_discharges/stormwater/manual/CH11_PP_S-6.pdf
http://www.ct.gov/dep/lib/dep/water_regulating_and_discharges/stormwater/manual/CH11_PP_S-6.pdf
http://www.ct.gov/dep/lib/dep/water_regulating_and_discharges/stormwater/manual/CH11_PP_S-6.pdf
http://www.cwp.org/
mailto:ow-general@epa.gov

Goforth, G., E. Diniz, and J. Rauhut. 1983.
Stormwater Hydrological Characteristics of
Porous and Conventional Paving Systems.
United States

Office

Environmental Protection

Agency, of  Research and

Development, Cincinnati, OH.

Hossain, M., and L. Scofield, 1991. Porous

Pavement for Control of Highway Runoff.

Arizona Department of Transportation,
Phoenix, AZ.
Metropolitan ~ Washington ~ Council  of

Governments, 1987,

Runoff: A Practical Manual for Planning and

Controlling  Urban

Designing Urban BMPs.

Metropolitan ~ Washington Council of
Governments, 1992, A Current Assessment
of Best Management Practices. Techniques
for Reducing Nonpoint Source Pollution in a

Coastal Zone.

Portland Cement Association, 2004, Pervious

Concrete Pavements, Skokie, lllinois.

Schueler, T. 1987. Controlling Urban Runoff:
A Practical Manual for Planning and
BMPs.

Designing  Urban Metropolitan
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Washington  Council  of

Washington, DC.

Governments,

Southeastern Wisconsin Regional Planning
Commission, 1991. Costs of Urban Nonpoint
Source Water Pollution Control Measures,

Technical Report No. 31.

Stenmark, C. 1995. An Alternative Road
Construction for Stormwater Management.
Water Science and Technology 32(1):79 84.

USEPA, 1981, Best Management Practices

Implementation Manual.

USEPA, 1992, Stormwater Management for
Industrial  Activities: Developing Pollution
Prevention Plans and Best Management
Practices. EPA 833-R-92- 006.

Washington State Department of Ecology,
1992, Stormwater Management Manual for

the Puget Sound Basin.

Watershed Management
1997,

Institute  (WMI),

Operation, Maintenance, and
Management of Stormwater Management
Systems, prepared for the USEPA Office of

Water, Washington, DC.
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SS Credit 7.1; Heat Island Effect - Nonroof

Intent: Reduce heat islands to minimize
impact on microclimate and human and
wildlife habitats.

Requirements
OPTION 1

Use a combination of the following
strategies for 50% of the site hardscape
(including roads, sidewalks, courtyards and

parking lots):

e Provide shade from the existing tree
canopy or within 5 years of landscape
installation. Landscaping (trees) must be

in place at the time of occupancy.

¢ Provide shade from structures covered
by solar panels that produce energy used
to offset some nonrenewable resource

use.

¢ Provide shade from architectural devices

or structures that have a solar

reflectance index (SRI) of at least 29.

e Use hardscape materials with an SRI of
at least 29.

e Use an open-grid pavement system (at

least 50% pervious).
OR,

Place a minimum of 50% of parking
spaces under cover. Any roof used to shade
or cover parking must have an SRI of at least
29, be a vegetated roof or be covered by
solar panels that produce energy used to

offset some nonrenewable resource use.

17

Summary of Concrete Applications and
Materials Relevant to the Credit

Ready mixed concrete products can help
significantly in gaining not only this credit, but
Innovation Credits based on exemplary
achievement of this credit (see Innovation

Credits, Exemplary Performance).
DESIGN ISSUES
Details

One strategy for achieving this Credit is

to use concrete instead of asphalt for more

The use of light-colored concrete and good

landscaping are a winning combination for the

reduction of heat-island effects.

than 50% of the non-roof impervious surface
paving on a given project or less than 50%
when combined with other strategies. Solar
reflectance includes not just visible light, but
also infrared heat and UV, and is measured
by the

means that 30% of all the solar energy

surface s al
striking a surface is reflected back into the
atmosphere, while 70% is absorbed by the
surface, raising its temperature. According to
research conducted by Lawrence Berkeley
National Laboratory, ordinary gray cement
concrete has an initial albedo in the range of

0.35 to 0.45; the more expensive white
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cement concrete has an albedo of 0.7 to 0.8.
By comparison, the albedo of asphalt is from
0.05 to 0.10 when new, weathering to 0.10 to

0.15 over time.

Another strategy involving concrete is to
place 50% of the parking spaces on a project
undercover, including underground, under
deck, or under roof, or under a building.
Examples include two story parking decks
with concrete surface top level, an
underground parking area with vegetated
roof or concrete roof, or a parking deck within
the footprint of a building. Concrete is
typically the material of choice for parking

structures.

Concrete Pavement: Portland cement
concrete pavements for parking areas,
roadways, drives, plazas, and sidewalks are
used extensively. The albedo of ordinary
concrete often exceeds the 0.30 LEED
requirement. In rare cases, concrete albedo
can fall just below 0.30. Concrete containing
slag cement is sometimes naturally lighter
than ordinary concrete, and makes use of a
pre-consumer recycled material. Fly ash may
sometimes lower the albedo of the concrete
and in other case increase it. When using
either slag cement or fly ash, the actual
albedo of the concrete should be verified by
testing.

It is recommended to have the albedo
tested by a lab that can perform reflectance
tests compliant with ASTM E 903 or ASTM C
1549. This will require a sample of
approxi mately md
in order to fit within the dimensions of the

testing equipment. The concrete surface

finish affects albedo, with a rougher finish
lowering the value. The same finish as will be
used on the in-place concrete is
recommended. Also, the curing and drying
time affect albedo. Concrete should be

allowed to dry a sufficient time before testing.

Information on how to construct
conventional concrete paving is widely
available, and will not be repeated here.
Adding coloring to the concrete mix may
reduce its albedo. In these cases, the actual
albedo of the concrete used should be
tested. Whitetopping: Portland cement
concrete overlays over existing hot-mix
asphalt (HMA) pavements have been
available as a rehabilitation option for
roadways and parking areas for many years.
Coined whitetopping by the industry, these

overlays have been used on airports,

Whitetopping is gaining in popularity in fixing

deteriorating hot-mix asphalt pavements and includes
the benefit of having a higher albedo, better

performance and increased durability over asphalt.

interstates, highways, secondary roads, and

parking lots to improve the performance,

jins tdila @u?%ﬁﬁ)'/r Snift riding quality of deteriorated

HMA surfaces. There are three types of

whitetopping:



¢ Conventional
e Thin (thicknesses from fourto 8 ) ,

e Ultra-thin-UTW (t hickness

Ultra-Thin  Whitetopping (UTW)

bonded, fiber reinforced concrete overlay. It

is a

can be used as a road surface course where
traditional paving materials have failed due to
shoving, rutting, or general deterioration.

UTW provides an economical, durable, and

long-lasting pavement surface if the
underlying road course is sound.

The concern about
ef fect that 1l ed to

interest in light-colored paving for Green
construction. However, this is a relatively
new issue, and has not percolated down to
everyday pavement design and therefore
has not

whitetopping experienced

widespread use. However, as existing

roadways and parking lots are being
resurfaced, whitetopping becomes a viable

option for achieving this credit.

UTW is placed as follows: the existing
roadway is milled to a uniform depth and
cleaned. The UTW concrete is placed directly
on the milled asphalt surface using a
conventional vibratory screed to consolidate
the concrete and bring the concrete to final
grade. The fresh concrete may be finished
with a tined, broomed, or burlap dragged
finish. The UTW concrete is then jointed
using an early entry saw. Joint spacing is
usually laid out in three-foot squares. The
proper joint spacing is critical to control

random cracking of the concrete surface.

Concrete pavement has a service life

Ready Mixed Concrete Industry LEED Reference Guide

(t hi ckne seaverg ttineea greater thdnatmt & agphalt

and pavement. Concrete pavement is naturally

light gray in color, and can be periodically

! ep?esssuret-vpa&é]d tc‘)1 rer%ove dirt and stains

t he
t hi
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and to help retain its reflective qualities.
Benefits and Costs

UTW costs approximately $1.50 to $2.50
per square foot installed excluding surface
preparation. Conventional concrete paving
costs $2.00 to $6.00 per

Benefits derived

square foot.
include highly reflective

surfaces and a high level of durability.
heat island
\ptegration, Wjth Qther LEED Credits 4 ¢
If the concrete used is pervious and has
the required albedo, it can help meet both
this credit and credit SS Credit 6.1. However,
pervious concrete is not considered to meet
the requirements of open-grid paving since it
is less than 50% pervious. The contribution
of open grid paving to reducing the heat
island effect depends upon evaporation from
the plant material within the grid, and not on
its ability to transmit water. Pervious concrete
can only contribute to this credit under the

high albedo option.

TRADE CONTRACTOR AND
MANUFACTURER ISSUES

Specifications

SS Credit 7.1 requires the use of "light
colored/high albedo materials (reflectance of
at least 0.3) for 50% of the site's non-roof
impervious surfaces,” or less if combined
with other strategies for reducing heat
islands. The reflectance level of applicable
materials must be adequately documented to

earn this credit. Project teams do not need to

an
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provide project-specific data measuring SRI
values of new gray or white concrete.
Documentation certifying that the concrete
mix used for a project is equivalent to a
previously used and tested mix is acceptable.
the SRI
paving materials provide in the USGBC

Alternatively, values for typical
LEED reference guide which lists new gray

concrete as SRI of 35.

Include reflectance documentation from
the

Association or Lawrence Berkeley National

American Concrete Pavement

Laboratory, making sure to indicate the
original source of the research data and the
reflectivity category that relates to your
concrete mix. Alternatively, testing labs can
be found using the ASTM lab directory at
fees should be
approximately $200 for ASTM E 903. ASTM

Test Method C 1549, "Standard Test Method

www.astm.org. Testing

for Determination of Solar Reflectance Near
Ambient Temperature Using a Portable Solar
Ref |

lab will choose the test method and explain

ectometer i s al
how to prepare test samples. Also include a
site plan showing where concrete will be

used.

For the concrete portion of the site, it is
acceptable to use the reflectivity rate for new
concrete for this credit, as this will meet the
intent of the credit at the time of construction.
Existing old concrete cannot be considered in
the square footage for high albedo materials,
unless its reflectance can be measured to be
0.3 or

provided showing this reflectance. Pressure

greater, and documentation is
washing can be a solution for increasing the

albedo of dirty, weathered concrete. The

SO
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concrete producer may choose to have
concrete mixes used for parking areas and
plazas pre-tested to determine reflectance
values. In such cases, the producer should
provide a letter to the contractor and architect
stating tested in

accordance with ASTM E 903 or ASTM C

the mix design was

1549 and provide the reflectivity values.

REFERENCES AND INFORMATION
SOURCES

Resource Websites

eetd.lbl.gov/Heatlsland

www.secement.org/PDFs/RT3.05.pdf

American Concrete Pavement Association,
R&T Update #3.05, June 2002

www.pavement.com/Concrete_Pavement/Te

chnical/Fundamentals/Concrete Pavement

Resurfacing.asp

www.whitetopping.com/news.asp#iprf

wngifare, Goavipuidg/Q2juli09 igny,

http://www.concreteparking.org/Whitetopping

Resource Documents

www.secpa.org/PDFs/RT3.05.pdf

Effects of Composition and Exposure on the

Solar Reflectance of Portland Cement
Concrete, 2001, Lawrence Berkeley National

Laboratory, Berkeley, CA.


http://eetd.lbl.gov/HeatIsland/
http://www.secement.org/PDFs/RT3.05.pdf
http://www.pavement.com/Concrete_Pavement/Technical/Fundamentals/Concrete_Pavement_Resurfacing.asp
http://www.pavement.com/Concrete_Pavement/Technical/Fundamentals/Concrete_Pavement_Resurfacing.asp
http://www.pavement.com/Concrete_Pavement/Technical/Fundamentals/Concrete_Pavement_Resurfacing.asp
http://www.whitetopping.com/news.asp#iprf
http://www.tfhrc.gov/pubrds/02jul/09.htm
http://www.concreteparking.org/Whitetopping
http://www.secpa.org/PDFs/RT3.05.pdf
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ENERGY AND ATMOSPHERE

EA Prerequisite 2: Minimum Energy
Performance

Intent: To establish the minimum level of
energy efficiency for the proposed building
and systems to reduce environmental
impacts associated with excessive enerqy

use.
Requirements

In general, this prerequisite will require
that the building team demonstrate a 10%
improvement in the proposed building
performance rating for new buildings, or a
5% improvement in the proposed building
performance rating for major renovations to
existing buildings, compared with the
baseline building performance rating using
ANSI/ASHRAE/IESNA Standard 90.1-2007.
There are other options for meeting the
requirements of this credit but this is the one

that will be used in most cases.

EA Credit 1: Optimize Energy Performance

Intent: To achieve increasing levels of energy
performance  beyond the  prerequisite
standard to reduce environmental and
economic impacts associated with excessive

energy use.
Requirements

There are three options for achieving this
credit. Only Option 1 will be presented here
since this is the only option that incorporates
the benefits of concrete in achieving this

credit.

Demonstrate a percentage improvement
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in the proposed building performance rating

compared with the baseline building
performance rating. Calculate the baseline
building performance according to Appendix
G of ANSI/ASHRAE/IESNA Standard 90.1-
2007 (with errata but without amendments),
using a computer simulation model for the
whole building project. The minimum energy
cost savings percentage for each point

threshold is as follows:

New Buildings | Existing Building Points
Renovation

12% 8% 1
14% 10% 2
16% 12% 3
18% 14% 4
20% 16% 5
22% 18% 6
24% 20% 7
26% 22% 8
28% 24% 9
30% 26% 10
32% 28% 11
34% 30% 12
36% 32% 13
38% 34% 14
40% 36% 15
42% 38% 16
44% 40% 17
46% 42% 18
48% 44% 19

Summary of RMC Applications and Materials
Relevant to the Prerequisite and Credit

There are a number of ready mixed
concrete technologies that have an important
role in energy saving. EA Prerequisite 2

requires a 10% improvement on energy
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performance that meets ASHRAE 90.1-2007,
while EA Credit 1 provides up to 19 Points for
achieving better energy performance. The
primary role of ready mixed concrete in
improving energy performance is in reducing
heat loss and gain through foundation and
building walls and roof, using insulated wall
and roof technologies. The mass effect of
concrete can also play a role in satisfying the
prerequisite and in achieving points under EA
Credit 1, by

consumption.

reducing overall energy

DESIGN ISSUES
Details

Insulated wall technologies fall into three
categories: Insulating Concrete Form (ICF)
systems, in which the insulation is outside
the concrete; and sandwich construction,
either tilt-up or vertically cast, in which a layer
of insulation is sandwiched between two

wythes of concrete, or conventionally
insulated wall systems which consist of one
layer of concrete with a single layer of
insulation on the interior or exterior, either filt-

up or vertically cast.

Insulating Concrete Forms. Insulating
Concrete Form (ICF) systems use forms
made of rigid insulation, or combinations of
insulation and concrete that typically remain
in place as part of the finished wall after

concrete hardens.

The great majority of ICF systems utilize
EPS (expande d
XPS

polyisocynurate (polyiso) rarely used. These

polystyrene,

(extruded polystyrene), with

systems have been used extensively in the

homebuilding industry and are gaining

22

popularity in commercial construction. There
are a few systems using hollow blocks made
of concrete and mineralized wood chips or

foam beads.

ICF buildings have long been known

to be particularly energy efficient.

ICF systems can be classified in two

ways:

By Configuration of Concrete  F/at systems
result in a solid concrete wall of constant
f r o m WaffteiGrid

systems result in a continuous concrete wall

thickness,

of varying thickness, as in a waffle, with a

being 12

horizontally. A -82

Screen-Grid systems
the

t he

typical
ocC

cores are

grid

typical.

resemble waffle systems without

concr et e we b, wi t h

both directions (although spacing varies from
system to system). Post-and-Beam systems
pre airdilbrota thed scrgen-grid systems, but

with wider spacing

bet ween 4 and 8 for

By Form Types Panel/ systems are similar

(up

ocC
t hi

cores

to 4

beams) .

Ver
c k

a
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to standard plywood forms, ranging in size
from3 1 x9 8 t-O
systems consi st

12 high, and 4

systems and plank systems can be shipped

of

to

flat. Block systems resemble large concrete
unit s (CMU s
16 16

they interlock. Most are shipped as blocks in

masonry
from 8 X t o
their final configuration but some are shipped
with hinged ties that allow the blocks to be

shipped flat.

Tilt-up Construction. Tilt-up walls are cast
horizontally on-site and lifted, or tilted, into
final vertical position once the concrete
reaches adequate strength, usually three to
five days after casting. Tilt-up walls, long
used to build large, simple buildings such as
warehouses, are rapidly gaining in popularity
for use in a wide variety of building types.
Tilt-up walls can be used in a sandwich panel

configuration or conventional single wythe

Tilt-up construction is often

used to save on energy costs.

configuration. For sandwich panel

configuration: Using the floor slab as a form

4x-0 1Phank

bed, the outer layer of concrete is cast face

down with proprietary metal or plastic ties

| o n gcast inta comnectthe pnhea an#t cuter8ayer df o

8 the damdwich. panel. B dayeh of polystyeehe

23

insulation specially configured to fit over the
ties is installed next, over which is cast the
inaen deinfarced gtrectural nwallslayer.e The
res@ting safdiviehy panelais yheni erectédp w
forming an extremely durable, economical,
and well-insulated wall system. For single
wythe configuration: Using the floor slab as a
form bed, the outer or inner layer of concrete
is cast face down. Ties and insulation are
either placed into the plastic concrete while
the panel is in the horizontal position or
attached to the hardened concrete once the
panel is erected. In many cases, tilt-up walls
are insulated using fiberglass or other batt
insulation applied using furring strips or metal

framing on the inside face of the wall.

Removable Form Systems. Removable
form systems can also be used to construct
sandwich panels or single wythe insulated
walls. For residential and small commercial
buildings, the insulation is held in the center
or to one side of ordinary removable standing
forms by the special metal or plastic
structural ties. Ready mixed concrete is then
placed into the forms, creating a sandwich
wall or single wythe wall in its final upright
position. In many cases, concrete walls are
insulated using fiberglass or other batt
insulation applied using furring strips or metal

framing on the inside face of the wall.

In both tilt-up and standing form systems,
the most energy efficient systems are those
t hat ch

not

wh i d

do

use plastic ties

bridges because they
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| |
heat.

Mass Effect of Concrete: T h e

mass effect tandhredensm)aol
both interior and exterior concrete is well-
documented. In principle, excess heat is
absorbed by constructed mass and released
later. In cold weather, excess heat supplied
by the sun or gained from internal sources
can be released at night to warm the
building. In warm weather, unwanted solar
heat or excess heat from internal sources is
temporarily stored in massive construction
during hours of expensive on-peak electricity
use, and released later when it can be
tempered using lower cost off-peak electricity

or cool nighttime air.

The economic benefit of thermal mass is
determined in part by the extent to which the
exterior temperatur e
between a maximum and minimum around
the ideal interior

temperature. Typically,

passive solar buildings (or portions of
buildings, such as a glazed south-facing
gallery or atrium) are designed to undergo
substantial temperature swings, to maximize
the benefit of the mass effect. The mass
effect is most pronounced in dry climates
with large temperature swings such as are
found at high altitudes in the western states.
In such climates, sunny days where solar
energy can readily be collected and stored
regularly alternate with cold nights, where the
stored energy can be used to good effect.
Thermal mass works well in any season or
climate where the outdoor temperature varies
above and below the balance point of the

building, generally

S
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However, all other things being equal, a

buiIdi?g in which the required structural

t her ma

Flements are created with conventional
orage

concrete will typically have somewhat better
thermal than a

performance building

constructed with lighter-weight materials.
Continuous concrete exterior walls such as
ICFs, tilt-up, or removable form systems also
save energy by significantly reducing air

infiltration.

The design of the ICF assembly limits the
air infiltration resulting in an interior space
t hat i s neutr al
temperature within the wall that shows little
variance. Therefore, with the use of the ICF
assembly, Indoor Air Quality IAQ Credit 2,
Increase Ventilation, is easily gained by the
HVAC designer.

ICFs also reduce the

temPerature and humidita/ variaQIef which
swin or s CI ates

gs
facilitate the maintenance and comfort
ranges for IAQ Credit 7, Thermal
Comfort Des.i gn

EA Prerequisite 2 requires that the
building demonstrate 10% improvement over
the base case building. ASHRAE 90.1
requires less insulation for mass walls than
for frame walls. In many milder climates, no
additional insulation is required for above or
below grade concrete walls. In appropriate
climates, the mass effect of concrete is taken
into account as a way to reduce building
envelope energy consumption. In these
cases, the use of ready mixed concrete can
help achieve the prerequisite by contributing

to the mass effect.

Gaining points under EA Credit 1,

bet \esgtir%iged En%rgy P%rpor%wange(,) requifc—rs' that

The

resu
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t he d e s i gnthe dalding being
constructed be compared with a simulated

base ca lgktweight frame building,
but | ng the

(EEMs) that make the design case more

acki

energy conserving than the base case. An
energy model that simulates annual energy
use on an hourly energy basis is required;
only these

types of models correctly

accommodate mass effects.

The LEED rating system automatically
rewards the mass effect in the following way.
Suppose better lighting, and
(all EEMSs)
10,000,000 BTUs per year in the design

case, as compared with the base case. If the

equipment,

insulation allowable save

base case building is light weight, and uses
58,000,000 BTUs per year, the design case
saves 17.25% and is eligible for three points
under EA Credit 1. However, if a massive
building of similar design results in 1,000,000
BTUs savings per year from the mass effect
and the same 10,000,000 BTUs savings per
year from equipment, lighting, and insulation
is 19% of the total usage, the line is crossed
to gain an additional Credit point. In general,
using a concrete frame and cost-effective
insulation strategies can lower energy costs
15% to 25% depending on the building and

climate.
Benefits and Costs

All insulated wall systems use materials
that are non-biodegradable, which eliminates
problems of rot (see Limitations for a
discussion of termite concerns). The walls
have excellent insulating and acoustical

properties, and inhibit air infiltration in

energy
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systems where through-joints in the forms
are sealed by finishes, or by a continuous
wythe of concrete.

e‘I'];It-fup' %onérele” gystenr]nes Aave " Ignsg
be

construction such as large warehouse and

proven to economi

retail buildings, but their use is rapidly

expanding to include other buildings types
such as offices, schools, churches, and multi-

family residences.

ICF and standing form sandwich wall
systems have primarily been used for
residential construction, even though first

cost is often higher than wood-frame

construction. However, their use in

Sandwich construction is gaining in

popularity for commercial building use.

commercial applications has been increasing
rapidly because their cost is comparable to
other types of insulated concrete, steel, and
CMU walls.

Sandwich construction also has the
advantage of having continuous concrete
inside and out, allowing it to be used for

applications that require hard surfaces inside

cal



and out, such as foundations and industrial

buildings.

Mass-Effect: As noted above under
t he

concrete depends in part upon the extent to

Detail s, val ue
which the interior temperature is allowed to
the more
ng
relation to

deviate from the set point

deviation (or S Wi
distribution of the mass, its
incoming solar energy, its thickness, its color,
t he

other building elements also have roles to

and extent to
play in its usefulness as a thermal storage

medi um. For exampl e,

slab without floor covering, directly in contact
with the suns rays, will have a noticeable
mass effect. In addition, most of the concrete
in a 12-inch-thick wall in a space without
windows will significantly delay and moderate
energy loads, thus reducing peak load and
overall energy consumption. The peak load
be the

consumption will be significantly reduced if

will  always reduced,; energy
the outdoor air temperature is between 50°

and 80° F for any portion of the day.
Installation

Utility runs in concrete walls are best
located in advance, with sleeves installed

before pouring.

Attachment of casework, electrical
boxes, and interior trim should be planned in
advance. Some ICF and sandwich panel
systems have furring strips or attachment
surfaces at regular intervals making
attachment more convenient. Heavy objects
can be directly attached to the concrete with

a variety of concrete anchors. All systems

Ready Mixed Concrete Industry LEED Reference Guide

should be evaluated carefully with regard to

ease of construction, reliability, cost, etc.

Integration with Other LEED Credits

of ct

Atnyhreecyclera atérial u%erd f|n e stay-ir?— f
place formwork, concrete, and reinforcement,
can contribute to MR Credit 4: Recycled
Content. Similarly, these materials can

) COI%U’I%U%G ° MR Brgdlrt] eg: ! FEe'giona-\II- he

Materials.

whi o n MR Ol 4 Regrgeg | Gogent 5,

applicable for some manufacturers of ICF
systems.

t hf%r thg Ofolgn?:s ; May gontain, pogt—lndzystrlal
waste. The concrete mix for the ICF may

The expanded polystyrene used

contain a high percentage of fly ash which is
100% post consumer recycled. For LEED
calculations, the recycled fraction is
determined by weight and then multiplied by
the cost of assembly to determine the

recycled content value.
Availability

There are many manufacturers of ICF
systems distributing directly to contractors.
Tilt-up contractors are available in most parts
of the country. Removable form wall
construction for below-grade applications are
readily available in most parts of the country.
Removable form wall construction for above-
grade applications is at present limited to a

small number of contractors.

TRADE CONTRACTOR AND
MANUFACTURER ISSUES

Specifications

Trade contractors should only need to
meet standard specifications issued. Energy
terms of LEED

efficiency issues in

26
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performance requirements will have been
modeled by the project A&E team and

specified accordingly.
Required LEED Documentation

The project A&E team typically creates
the document required for this credit. No
particular LEED documentation should be
required of the contractors or concrete
producer in reference to Optimize Energy
Performance Requirements. See
Documentation Requirements for Material

and Resources Credits 4, 5, and 7.

REFERENCES AND INFORMATION
SOURCES

Associations

Insulating Concrete Forms Association
1730 Dewes Street, Suite #2
Glenview, IL 60025

Phone: 888-864-4232

Fax: 847-657-9728

www.forms.org

National Ready Mixed Concrete Association
900 Spring Street

Silver Spring, MD 20910

301-587-1400

888-846-7622

Fax: 301-585-4219

Www.nrmea.org

www.concretebuildings.org

Portland Cement Association
5420 Old Orchard Road
Skokie, IL 60077-1083
847-966-6200

www.cement.org

www.concretehomes.com
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Publications
800-868-6733

Tilt-up Concrete Association
113 First Street West

P.O. Box 204

Mount Vernon, |A 52314
319-895-6911

Fax: 320-213-5555

www.tilt-up.org

Concrete Foundations Association
113 First Street West

P.O. Box 204

Mount Vernon, |A 52314
319-895-6940

Fax: 320-213-5556

www.cfawalls.org

Books and Publications

Advanced Buildings: Energy Benchmark for
High Performance Buildings, New Buildings
Institute, White Salmon, Washington, 2003.

www.newbuildings.org

Advanced Energy Design Guide for Small
Office Buildings: Achieving 30%
Savings Over ASHRAE 90.1, American
Society for Heating, Refrigerating, and Air-
Atlanta, 2004.

Energy

Conditioning  Engineers,

www.ashrae.org

Insulating Concrete Forms for Residential
Design and Construction, VanderWerf, Pieter
A., Feige, Stephen J., Chammas, Paula, and
Lemay, Lionel A., McGraw-Hill (1997), New
York, New York.

ICFs Point to LEED NC, Insulating Concrete

Form Association, Greenview, IL, 2006.


http://www.forms.org/
http://www.nrmca.org/
http://www.concretebuildings.org/
http://www.portcement.org/
http://www.concretehomes.com/
http://www.tilt-up.org/
http://www.cfawalls.org/
http://www.newbuildings.org/
http://www.ashrae.org/
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www.forms.org.

Investigation of Wind Projectile Resistance of
Insulating Concrete Form Homes, Keisling
and Carter, Texas Tech University, (1999).

Portland Cement Association, Skokie, IL.

Design Criteria for Insulating Concrete Form
Wall Systems, John Roller, CTL, (1996).

Portland Cement Association.

Insulating Concrete Forms: Installed Cost
and Acoustic Performance, by Farkas and
Pesce, NAHB Research Center (1999).
HUDUSER, Rockville, MD.

Insulating Concrete Forms, Construction

Manual, Successftul Method's and
Technigues, Vanderwerf and Munsell,
Portland Cement  Association  (1996).

Available through PCA and McGraw-Hill.

Insulating Concrete Forms: Comparative
Thermal Performance, Farkas and Johnson,
NAHB Research Center, (1999). PCA,
HUDUSER.

Design of Tilt-Up Concrete Wall Panels,
Gerald Joseph Weiler, University of British
Columbia (1979).

Tilt Up Concrete Structures, American
Concrete Institute, 1992.

T-upl tconcrete construction: tips on

choosing materials for tilt-u p

(Material Selection Guide), article from:
Concrete Construction [HTML], Joe Nasvik,
Bill Palmer, Hanley Wood, Inc., (2003).

Tilt-up Site Cast Concrete: An Architect's
Viewpoint, R. Anderson, Cement and

Concrete Association, (1974).

Tilt-Up Building: Methods and Marketing,
Editors of Concrete Construction magazine,
Hanley Wood, Inc. (1988).

The Tilt-Up Design and Construction Manual,
Hugh Brooks, HBA Publications, (1997).

Tilt-Up Design & Construction Manual, 6th
edition, Tilt-Up Concrete Association, (2000).

Construction Manual: Concrete and
Formwork, T.W. Love, Craftsman Book

Company, (1973)

Using Concrete to Obtain Energy Points for
LEED NC, Medgar L. Marceau and Martha
G. Van Geem, Portland Cement Association,
2005.

Formwork For Concrete Structures, R. L.
Peurifoy, G. D. Oberlender, McGraw-Hill
Professional, 3rd edition (1995).

Resource Videos

Building With Insulating Concrete Forms
Video Training Series  Contact Portland

Cement Association

panel s,


http://www.forms.org/
http://www.amazon.com/exec/obidos/search-handle-url/index=books&field-author=Nasvik%2C%20Joe/103-9620563-9345455
http://www.amazon.com/exec/obidos/search-handle-url/index=books&field-author=Palmer%2C%20Bill/103-9620563-9345455
http://www.amazon.com/exec/obidos/search-handle-url/index=books&field-author=R%20Anderson/103-9620563-9345455
http://www.amazon.com/exec/obidos/search-handle-url/index=books&field-author=Editors%20of%20Concrete%20Construction%20magazine/103-9620563-9345455
http://www.amazon.com/exec/obidos/search-handle-url/index=books&field-author=Hugh%20Brooks/103-9620563-9345455
http://www.amazon.com/exec/obidos/search-handle-url/index=books&field-author=T.W.%20Love/103-9620563-9345455
http://www.amazon.com/exec/obidos/search-handle-url/index=books&field-author=R.%20L.%20Peurifoy/103-9620563-9345455
http://www.amazon.com/exec/obidos/search-handle-url/index=books&field-author=R.%20L.%20Peurifoy/103-9620563-9345455
http://www.amazon.com/exec/obidos/search-handle-url/index=books&field-author=R.%20L.%20Peurifoy/103-9620563-9345455
http://www.amazon.com/exec/obidos/search-handle-url/index=books&field-author=G.%20D.%20Oberlender/103-9620563-9345455
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MATERIALS AND RESOURCES CREDITS

MR Credit 2: Construction Waste
Management

Intent: Divert construction and demolition
debris from disposal in landfills and
incineration facilities. Redirect recyclable
back to the

manufacturing process. Redirect reusable

recovered resources

materials to appropriate sites.
Requirements

Develop and implement a construction
waste management plan that, at a minimum,
identifies the materials to be diverted from
disposal and whether the materials will be
sorted on site or comingled. Calculations can
be done by weight or volume, but must be
consistent throughout. Excavated soil and
land clearing debris do not contribute to this

credit.

This credit is worth 1 point if the project
recycles and/or salvages at least 50% of
debris. The

credit is worth 2 points if the project recycles

construction and demolition,

or salvages at least 75% of construction and
demolition debris. Remember that salvage
may include the donation of materials to
charitable organizations such as Habitat for

Humanity.

Summary of Concrete Applications and

Materials Relevant to the Credit

The USEPA

construction and demolition (C&D) debris

has estimated that
accounts for 23% of all municipal solid waste.
By crushing and recycling concrete waste

material, this diverts usable resources from

29

Concrete taken from demolition sites may be recycled by

crushing and reuse as backfill or as a base for road

construction.

landfills, which is the intent of MR Credit 2,

Construction  Waste  Management. In
addition, concrete producers recycle returned
concrete, aggregate and wash water during
the  construction which

process can

contribute to this credit.
DESIGN ISSUES
Details

Concrete is an easy material to keep
segregated on-site, or to separate from
combined site construction waste by an off-
site recycler. Demolition waste concrete is
recycled by crushing it and, when necessary,
removing rebar. Typically, this material is
employed as clean fill for backfill applications
or road base applications. In a few areas
there might even be a market for the use of
recycled concrete as aggregate in the
production of new concrete (see discussion
of concrete aggregate under MR Credit 4,
Recycled Content). When used as clean fill,
crushed concrete may be combined on-site
with other crushed demolition debris such as

brick, mortar, and concrete masonry units.

It is important to note that C&D waste
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materials reused on-site as clean fill or other
applications will count towards this credit only
towards the Material Reuse,

and not

Recycled Content or Regional Materials
Credits. Material Reuse, Recycled Content
and Regional Materials Credits are all based
be

purchased for the project to apply to these

on cost, and thus materials must

credits.

LEED does not consider fresh concrete
that is returned from the job site to be
recycled (this issue is discussed in more
the secti
i f

credited to the project (that is, subtracted

det ai |l in
|l ssues ). However,
from the cost of delivered concrete), then it
can be added to the quantity of concrete

diverted from landfills under this credit.
Benefits and Costs

In some areas of the country where
tipping fees are high or where C&D waste
has to be hauled great distances, there could
be some savings due to reduced tipping fees.
However, in these parts of the country,

recycling has become standard practice.

There is some cost to segregating site
waste, but pieces of broken concrete are
likely to be set aside in a separate pile in any

case, so additional cost is unlikely.
Integration with Other LEED Credits

Waste crushed concrete reused on-site
or off-site counts toward this credit, because
it is diverted from a landfill. However, waste
concrete reused on-site does not count
towards the Materials Reuse, Recycled

Content or Regional Materials Credits as

on
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noted above. If, on the other hand, waste
crushed concrete from another project is
purchased and used as clean fill on a LEED
project, the material value of the fill can be
applied towards the Recycled Content and
Regional Materials Credit. It does not count
toward MR Credit 4, Recycled Content,
which is aimed in part toward developing a
market for recycled products. Crushed
concrete aggregate or backfill material meets
the criteria for recycled content only if it is

purchased at an off-site location.

Oedhrecally, iEpossibleofor this matesidl

otgaim oredd foc meyded econtent iinsthen o t

following way. Waste concrete from the site
is sent to a recycler, who crushes it and sells
it back for use as backfill or concrete
aggregate. While the material is now counted
toward both MR Credit 2 and MR Credit 4, it
is very unlikely the particular pieces of
concrete from the site would be segregated
from other waste concrete. Instead, both the
diverted waste concrete from the site and the
recycled crushed concrete become part of a
market for recycled materials, which is the

intent of the USGBC.

If this same process occurs entirely on-
site that is, there is a crushing plant on-site
that makes aggregate from waste concrete,
the
material can only be counted toward this
MR Credit 2, and not toward the

Recycled Content credit, MR Credit 4, as it

and this aggregate is used for backfill

credit,

never becomes part of the recycled material

market.
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TRADE CONTRACTOR AND
MANUFACTURER ISSUES

Specifications

To achieve this credit, the project
specifications will typically include a section
in the front end or general conditions called
This

either contain a job-specific

Construction Waste Management.
section will
Construction Waste Management Plan, or
will require the construction manager (CM) or
general contractor (GC) to prepare one.
Individual sections that generate C&D waste

then reference this section in an article

entitled Rel at ed
a similar title.
Projects located in dense urban

environments will likely employ off-site
this

circumstance, the concrete contractor will

separation  and recycling. In

dispose of waste materials in a single
container which is then taken to an off-site
facility where the concrete and other
recyclables are separated and sent to
appropriate recyclers. This type of C&D
waste management has the least impact on

concrete contractors.

Job sites with more area may employ on-site
separation. In this circumstance, multiple
containers will be on-site and should be
clearly labeled according to the type of
material in which a contractor is allowed to
dispose of waste material. Attention should
be paid to specifications requiring on-site
separation as they may require attendance at
training sessions and there may be penalties
for non-compliance. In situations where new

concrete must be removed because it was

Wor k
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placed incorrectly or otherwise fails to pass
acceptance tests, it may be necessary to
break-out the concrete from the rebar and
dispose of them in separate containers. The
ready mixed concrete producer must track
the amounts of returned concrete and the
individual amounts (volume and/or weight) of
the coarse aggregate, sand and water that is

recycled rather than landfilled.
Integration with Other LEED Credits

This credit does not generally integrate with
other credits. A common misconception is
that waste material reused on-site can
domtribu@ttowards M&erial Reuse hRecycled r
Content, or Regional Materials credits.
However those credits are all based on cost.
Therefore, if a material is not purchased from
a market source, then it cannot be applied to
those credits. Waste or salvaged materials
from a project site that are reused either on
or off the project site count only towards the

Construction Waste Management Credit.
Required LEED Documentation

A project s
plan should, at a minimum, identify the
diversion goals, relevant construction debris
and materials to be diverted, implementation
protocols for

and parties responsible

implementing the plan.

LEED will require the completion of a
template that includes the total weight or
volume of construction waste and a list of
materials diverted from the landfill, measured
by weight or volume. Typically, this table is
completed by the party responsible for the
pr oj €&Dwaste management plan. If the

concrete contractor was responsible for any

constructi
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waste disposal or reuse, data on the weight
or volume will need to be provided to the
party responsible for the overall project C&D
waste management plan. The concrete
producer should provide a letter stating the
amounts of returned concrete and individual

amounts (volume and/or weight) of coarse

32

aggregate, fine aggregate, and water that
was diverted from landfills. See Appendix B

for a sample letter.

The following is an example of such a

template:
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Waste Management Plan for Demolition Debris

DESTINATION OF WASTE Project Name:
Type of Material Salva Recycled Landfilled | Name of Destination Address Telephone #
Wood

Dimensional Lumber

Finished Millwork

0

0

Metals

Structural Steel

Miscellaneous Metals

0

0

Concrete/Asphalt

Concrete

Asphalt

Bricks/Blocks

0

Other

Landscaping Material

Roofing

Gypsum Board

Windows/Glass

Carpeting

Plumbing Fixtures

Electrical Devices

Debris/Non-Recyclableg

Source: Demolition Waste Management Plan Specification Guide for Engineers, Solid Waste

Agency of Lake County, Ill.
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REFERENCES AND INFORMATION
SOURCES

Trade Associations

Construction Materials Recycling Association

www.cdrecycling.org

National Ready Mixed Concrete Association
900 Spring Street

Silver Spring, MD 20910

301-587-1400

888-846-7622

Fax: 301-585-4219

WWw.nrmca.org
Resource Websites

The Whol e Buil ding
Construction Waste Management Database:

www.wbdg.org/tools/cwm.php

34

The Way to Go, Construction and Demolition

Debris Management:

www.sustainablenc.org/thewaytogo/main/cd.
htm

Resource Documents

Contractor s Guide t
Recycling:

www.resourceventure.org/publications.htm

Sustainable Design Guide, University of
Minnesota:

http://www.sustainabledesignguide.umn.edu/

Recycling Concrete and Other Materials for

Sustainable Development. ACI Symposium

DRublicagom 219, @004, 164 pps

o

prevent


http://www.cdrecycling.org/
http://www.nrmca.org/
http://www.wbdg.org/tools/cwm.php
http://www.sustainablenc.org/thewaytogo/main/cd.htm
http://www.sustainablenc.org/thewaytogo/main/cd.htm
http://www.resourceventure.org/publications.htm
http://www.sustainabledesignguide.umn.edu/
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MR Credit 4: Recycled Content are typically developed by the project
Intent: Increase the demand for building structuralengineer. As the LEED Rating

. tem grows in ngineer ntractor:
products that have incorporated recycled System grows in use, engineers, contractors

content material reducing the impacts and producers will need to increase their

resulting from the extraction and processing familiarity with issues  related to recycled

. . content in  concrete design  mixes.
of virgin materials.

Regardless of who develops the design mix

Requirements for MR Credit 4 specifications, LEED documentation
Use materials with recycled content such
that the sum of post-consumer recycled
content plus one-half of the pre-consumer
content constitutes at least 10%* of the total
value of materials in the project for one point,
20%* of the total value of materials on the

project for 2 points.

* Percentages are calculated in terms of total

Crushing concrete and then using the material for

dollar value for materials. Exclusions: labor
aggregate Is an opportunity to qualify for recycled

costs; all mechanical and electrical material content credit

and labor costs; and project overhead and

foes requirements will require new submittal data

from concrete contractors and

Summary of Concrete Applications and manufacturers.

Materials Relevant to the Credits
About one ton of CO: is released in the

Ready mixed concrete nearly always production of one ton of portland cement.

contains one or more materials that can Cement production constitutes about 1.5% of

directly contribute in the achievement of the CO: generation in the United States as a

Recycled Content Credit. These include result of an aggressive effort by the industry

supplementary cementity plge effsdions Rbphaliy part Bf'the

SCMs, such as fly ash, slag cement, or silica portland cement in concrete with SCMs

fume that have recycled content; recycled reduces the emission of COz a primary

aggregate; steel reinforcement; and recycled greenhouse gas (GHG). However, only

wood products used for non-rented wood recycled SCMs qualify for this LEED credit.

formwork. Other natural SCMs such as calcined clay

Using SCM s and r ecy c andghalexdpgat euglify foe thisalEED credit

a way to contribute to achieving this LEED despite reducing GHGs. See
credit will affect project design and concrete above. In addition, see the discussion on

trade professionals. Concrete specifications LEED ID Credit 1 on the reduction in use of

for large-scale commercial LEED buildings portland cement.
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Cement producers incorporate pre-
consumer recycled content materials, such
as bottom ash, foundry sand, iron slag, etc.,
to replace conventional materials used as
raw materials to produce portland cement.
sent to

This process reduces material

landfills and in some cases reduces the
energy required to pyro-process the cement
clinker. This recycled content can count
toward the achievement of this credit if the
manufacturer publishes a recycled content
for the portland cement itself. Many also
replace fossil fuels with recycled materials
such as used tires and spent solvents that
are used in the cement manufacturing
process (these materials are not included in

the recycled content calculation for LEED).

Post-Consumer Recycled Content refers
to materials or finished products that have
been recovered after they have served their
intended consumer use and have been
discarded by the consumer (e.g., a plastic

bottle from a soft drink).

Pre-consumer Recycled Content refers
to materials such as scrap, tailings, or waste
by-products from industrial sources that have

been traded through the market.
DESIGN ISSUES

A. Supplementary Cementitious Materials
(SCMs) with Recycled Content

There is a large amount of information
regarding SCMs with recycled content. For
clarity, this section goes into some detail
about cement and concrete chemistry in an
attempt to clarify how SCMs are best used in
concrete. This technology is a dynamic area,

with new SCMs in the offing. A basic
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understanding of the underlying chemistry
will help in evaluating the use of these new

products, as they become available.

The raw materials most commonly used
in making portland cement are limestone to
provide calcium oxide; and clay and shale to
provide silica, alumina, and iron oxide. Sand
(for silica), bauxite (for alumina) and iron ore
(for

materials are ground together and either fed

iron oxide) are also used. These

into a rotary kiln dry (dry process), or in a
slurry (wet process). In the Kiln, it is heated to

800XV 0cC ( calcinedsz)

then burnt at

1500cC (approximately
fuse the components into hard balls of
ceramic-l i ke materi al cal

cool, the clinker is mixed with a small amount
of gypsum (calcium sulfate) and ground to a
fine powder called portland cement and is the
most common of the broad category of

materials called hydraulic cement.

Typically, portland cement is combined
with SCMs by concrete producers to make
concrete. However, in some cases, SCMs
are combined with portland cement by the
cement manufacturer during the grinding
phase. If combined with more than 5% of
SCMs , t he

cement .

product i

The most common SCMs are fly ash,

slag cement, and silica fume. These
materials, when used in conjunction with
hydraulic or blended cement, contribute to
the properties of the hardened concrete
through hydraulic or pozzolanic activity or

both. A hydraulic cement (such as portland

t

ed

(o]

temperatures
2,500(CF

dr i
f

c |
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cement) is one that directly forms

cementitious calcium-silicate hydrate (CSH)
CSH

essential binding material that contributes to

in the presence of water. is the
strength and durability of concrete. In the

process, calcium hydroxide is produced,
which does not contribute to the strength and
durability of the concrete. A pozzolan is a
siliceous or aluminosiliceous material that
reacts with the calcium hydroxide to form
CSH,

in strength and durability

additional which results in
improvements

properties of the concrete.

Types of SCMs

Fly ash: A pozzolanic by-product of the
combustion of pulverized coal in thermal
power plants. It is removed by the dust
collection system as a fine particulate residue
from the combustion gases before they are

discharged into the atmosphere.

There are two classes of fly ash defined
by ASTM C 618: Class F and Class C, each
available in various types with special
properties. ASTM C 618 characterizes fly ash
into the C and F classes based on the sum of
(SiO2 + AIO2 + FeOg) content. Class F
materials are generally low-calcium (less
than 15% CaO) with a residual carbon
typically 5%, but
sometimes as high as 10%. Class C

materials are often high-calcium (>20% to

content less than

30% CaO), with a carbon content less than
2%.

ash decreases the

Fly typically
permeability of the concrete and allows lower
water thus

contents, improving overall

performance for concrete subjected to harsh
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conditions such as freeze-thaw and sulfate
attack. Class F fly ash greatly improves
sulfate resistance, while Class C fly ash has
no effect, or can even decrease sulfate
resistance. Fly ash is also used to mitigate
deleterious expansive cracking of concrete

due to alkali silica reactions.

Silica fume: A pozzolan by-product of the
production of silicon and ferrosilicon metals
created by the reduction of high quality
quartz in electric arc furnaces. Silica fume
has been found to improve compressive
strength and bond strength, and abrasion
resistance. It also can significantly reduce
permeability, thus helping to protect
reinforcing steel from corrosion. Silica fume
Two

is typically used in low dosages.

examples cited in the Silica Fume

Association website (www.silicafume.org) are

a parking garage with 6% silica fume and a
high-rise with 13%.

Ground Granulated (Iron) Blast Furnace
Slag (frequently abbreviated GGBFS in
LEED

¢ e me nHormgd by diverting the hot slag

references,

that forms on top of molten iron leaving a
blast furnace, and suddenly cooling it with
high-pressure water jets. This causes the
material to form small, glassy granules,
which are then ground to a fine powder
similar t o portland

hydraulic material in that it hydrates more
slowly than portland cement. It also forms
some CSH from the calcium hydroxide
generated by the hydration of portland
cement and, in this respect, behaves like a
pozzolan, increasing strength in the long run.

Slag cement also enhances durability of

herein

cement .

refer


http://www.silicafume.org/
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concrete related to reduced heat of

hydration, reduced permeability and
improved sulfate resistance and deterioration

from alkali silica reactions.

Rice hull ash: This material offers
promise as an SCM, although its use in the
United States has typically been limited to
laboratories. As with any SCM, quality

control of the material is important.
Concrete Properties and SCMs

Strength: Strength is improved by the
substitution of some SCMs for portland
cement. Class C fly ash and slag cement
improve strength more than Class F fly ash.
In applications where high strength is critical
(such as high-rise buildings) a combination
of SCMs (slag cement, fly ash, and silica
fume) with portland cement can result in
compressive strengths of 15,000 psi and

higher.

Slow Setting and Strength Gain: Early
setting and strength gain speeds up slab
finishing and form removal. Although cement
substitutes often create stronger and more
durable concrete in the end, many harden
more slowly than portland cement. Slow
strength gain can set an economic limit on
the percentage of slag cement or fly ash that
can be used. In order from fast to slow
strength gain, they generally rank: portland
cement; slag cement; Class C fly ash; and
Class F fly ash. Reducing the water to
partly
slow strength gain. A

cementitious materials ratio

compensates for
drastic reduction in water to cementitious
materials ratio, along with water-reducing
the use of high

admixtures, allows
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percentages of SCMs (60% or more) without
excessively slow strength gain, but such
mixes are uncommon, and require careful
quality control. Ten percent to 25% Class F
fly ash, 15% to 25% Class C fly ash, or 30%
to 60%

cementitious materials (or

slag cement by weight of

combinations)
tend to produce a practical balance between
recycled content and strength gain. Where
high early strength is unimportant (footings,
for example), higher percentages can be
used. The use of silica fume does not create
a delay in strength gain, but strongly affects

the amount of water needed in the mix.

Color: SCMs may slightly alter the color
of hardened concrete. Color effects are
related to the color and amount of the
Many SCMs

resemble the color of portland cement and

material used in concrete.
therefore have little effect on color of the
hardened concrete. Some silica fumes may
give concrete a slightly bluish or dark gray
tint and tan fly ash may impart a tan color to
concrete when used in large quantities. Slag
cement and metakaolin (a clay SCM without
recycled content) can make concrete lighter.
Slag cement can initially impart a bluish or
greenish undertone that disappears over time

as concrete is allowed to dry.

Durability: Several types of concrete
durability are affected, either positively or

negatively, by the use of SCMs:

Freeze-Thaw Resistance: Chemical air-

entraining admixtures are added to the
concrete mix to improve freeze-thaw
resistance. Higher carbon content in the fly

ash will increase the amount of air-entraining
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admixtures needed to obtain a specific air
content. However, fineness, alkali content,
organic material content, loss on ignition, and
presence of impurities in the fly ash also
influence the amount of air-entraining
admixture required for a certain air content in
the concrete. The use of silica fume will
rapidly increase the amount of air-entraining

admixture required.

Cold-Weather Concreting: Concrete must
reach 500 psi compressive strength before
being exposed to temperatures below 32(.
Admixtures are available to insure that high
amounts of an SCM do not increase the
likelihood of freezing damage at the time of

concreting.

De-Icer Scaling: Chemicals used for snow
and ice removal on horizontal surfaces such
as a parking lot or the top deck of a parking
garage can cause or aggravate surface
scaling in concrete with inadequate air-
entrainment. Properly designed and placed
air-entrained concrete will withstand deicers
for many years. Normal dosages of
supplementary cementing materials should
not affect scaling resistance of properly
designed, placed, and cured concrete. The
ACI 318 building code allows up to 10% silica
fume, 25% fly ash, and 50% slag cement as
part of the cementing materials for deicer

exposures.

Permeability: The constituents of some
SCMs combine with calcium hydroxide in
concrete to reduce its permeability and the
ability for harmful chloride ions to migrate
through concrete and cause corrosion of

steel reinforcement. Concrete made with
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SCMs are desirable for use in roadways,
bridges, parking structures and marine

structures.

Alkali-Silica Reaction (ASR): Reactive forms
of silica in some aggregates can react with
alkali hydroxides in the concrete and in the
presence of moisture can create ASR,
that

potentially lead to cracking of the concrete.

causing internal expansion could
SCMs, especially slag cement, tie up the
alkalis in the concrete. Class C fly ash varies
in this ability, while Class F fly ash is very
effective. A number of ASTM tests evaluate
ASR; ASTM C 441, C 1567 and C 1293 can
be used to determine the effectiveness of

SCMs in inhibiting ASR.

Sulfate Attack: Concrete made with 60% or
more slag cement is very effective in
mitigating attack by sulfates, found in some
arid soils, seawater and waste water. The
pozzolanic action of fly ash also contributes
to sulfate resistance. The United States
Bureau of Reclamation publishes a test for
wet-dry sulfate resistance, and ASTM is
developing a new test for this purpose.
ASTM C 1012 evaluates sulfate resistance of
Guidance for

cementitious materials.

evaluating sulfate resistance in concrete

mixtures is provided in ACI 201.

Chloride lon Penetration: Properly designed
and cured concrete with high percentages of
SCM  will

have an exceptionally high

resistance to chloride ion penetration.
Benefits and Costs of Using SCMs

All SCMs have the dual benefit of
replacing energy-intensive portland cement

and of using material that may otherwise be
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landfilled. Small percentages of fly ash or
slag cement will reduce concrete cost by
replacing higher-cost portland cement. As the
percentage of substitutes rise and water
content falls to control strength gain, water-
reducing admixtures and more precise

control begin to raise the cost.
Limitations of SCMs

In the case of slag cement, some waste
product is imported, somewhat reducing its
positive energy impact. Typical replacement
percentage (which is the criterion for LEED
certification) ranges from 15% to 25% for fly
ash although there are special cases where
this may go higher. However, up to 1.5 units
of fly ash may be used to replace a unit of
portland cement, so the percentage of fly ash
the
percentage. All SCMs used in higher than

may be higher than replacement
common dosages (above 25% fly ash or 60%
slag) would require pre-qualification testing to
verify quality concrete. These include
properties to ensure durability, pump-ability,
and set time. Rice hull ash and other

potential substitutes are not yet being

marketed.

Some codes set an upper limit on the use of
SCMs of various types for concrete exposed
to de-icing salts. Detailed evidence may be
required to show that the design mix meets
the desired performance standards, even with
higher levels of SCM.

The primary ASTM Standards for SCMs and

blended cement are:

e ASTM C618 "Standard Specification for
Coal Fly Ash and Raw or Calcined

Natural Pozzolan for Use in Concrete."
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e ASTM CSBtadard Specification for
Slag Cement for Use in Concrete and

Mortars.

e ASTM C1lahdard Specification for
Silica Fume Used in Cementitious

Mixtures.

e ASTM C 595 "Standard Specification for
Blended Hydraulic Cements" is one of
the three portland cement standards,
covering five classes of blended portland
cements for both general and special
applications, using slag cement,

pozzolan or both, with portland cement or

portland cement clinker or slag cement

with lime.

e ASTM C1157

Specification for Hydraulic Cement" is a

"Standard Performance

performance  specification  covering
portland cements for both general and
special applications. There are no
restrictions on the composition of the
The

specification classifies cements by type

cement or its constituents.

based on specific
high

resistance to attack by sulfates, heat of

requirements for

general use, early strength,
hydration, and low reactivity with alkali-

reactive aggregates.
Availability of SCMs

Most concrete suppliers stock either fly
ash or slag cement or both. Also available
are blended cements (ASTM C595) with a
specific percentage of portland cement and
SCM. Blended cements are often designed
to be used with locally available pozzolans or
slag cements to keep flexibility in mix design.

Rice hull ash is not commercially available as
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a cement substitute. The United States
blended

cement usage is less than 2% of the total

Geological Survey reveals that

portland cement used.
DESIGN ISSUES
B. Recycled Aggregate

Many materials are being examined as
candidates to replace the sand and/or gravel
or crushed aggregates in conventional
concrete: air-cooled blast furnace slag (an
entirely different material from slag cement),
fiberglass waste

materials, granulated

plastics, paper and wood products and
wastes, sintered sludge pellets, and others.
However, crushed recycled concrete is by far
the

substitute, along with glass cullet (in specialty

most commonly used aggregate
applications). Air cooled blast-furnace slag is

used as an aggregate and has no

cementitious value. Water-cooled [rapidly
guenched] ground granulated blast-furnace
slag is the material used as a cement
replacement (see above). These resources
are two different forms of slag that cannot be

used interchangeably.
Crushed Recycled Concrete Aggregate

Recycling concrete for aggregate
requires breaking, removing, and crushing
existing concrete into a material with a
specified size and quality. Rebar and other
embedded items, if any, must be removed,
be

contamination by other materials such as

and care must taken to prevent

asphalt, soil and clay balls, chlorides, glass,

gypsum board, sealants, paper, plaster,

wood, and roofing materials. This applies to

crushed concrete from existing structures
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and pavements. Another source of crushed
concrete would be from returned concrete to
concrete plants. This material will not have

contamination like construction debris.

Crushed recycled concrete aggregate
generally has a lower specific gravity and
higher water absorption than natural stone
aggregate. New concrete made with such
aggregate typically has good workability,
durability, and resistance to saturated freeze-
thaw action. Fine recycled aggregate should
only be used in very limited quantities. Use of
recycled fine crushed concrete will increase
drying shrinkage and creep and decrease the
modulus of elasticity. Concrete strength
using only coarse aggregate replacement is
similar to that of concrete using natural
be

"clean," that is, without absorbed chemicals,

aggregates. Recycled concrete must
clay coatings, or other fine materials in
concentrations that could alter the hydration
and bond of the cement paste. Also, paving
concrete in colder climates is likely to contain
de-icing salts, which can cause premature
corrosion of rebar. Recyclers do not separate
paving concrete from other concrete. It is
much safer to crush concrete from a known
source specifically for use in the project. Note
that crushed concrete aggregate made from
on-site concrete qualifies for credit points
under MR Credit 2, Construction Waste
Management, and not MR Credit 4, Recycled

Content.
Crushed and Screened Waste Glass

Glass is generally not recommended
because of alkali-silica reactions. Glass may

be used as a sand substitute in concrete for
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non-structural applications such as bike
paths, footpaths, and gutters. Nearly any
waste glass can be wused in concrete
applications, including glass that cannot be
recycled in ordinary ways, such as clear
window glass or fluorescent bulbs with (small
amounts of) contaminants. Some types of
glass aggregate can improve concrete
durability by arresting cracks. The installation
of concrete using recycled concrete or glass
is basically the same as for conventional

concrete.
Benefits and Costs of Recycled Aggregate

Recycled concrete aggregate is about
one-half the cost of non-recycled aggregate
used for construction purposes depending
on the specifications (size limitations) for the

aggregate and local availability.
Limitations of Recycled Aggregate

Testing is required to account for
variations in the aggregate properties, such
as its higher absorption and lower specific
gravity compared to conventional aggregate.
Recycled aggregates may be contaminated
with asphalt, chlorides, soil and clay balls,
glass,

gypsum board, joint sealants, or

lightweight brick and concrete.

An alkali-silica reaction between cement
paste and glass aggregate can decrease
long-term strength and durability. Research
is progressing on ways to stop or decrease
the alkali-silica reaction by using additives
and by restricting the types of glass used.
However, further research is needed before
glass cullet can be used as aggregate in

structural applications.
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Codes and Standards for Recycled
Aggregate

There are no standards regulating the
use of alternative concrete aggregate for
engineered use and structural applications.
non-structural codes

For applications,

generally do not restrict the use of
aggregate that has no known deleterious
effects on the finished concrete properties.
ASTM C33, Specification for Concrete
Aggregates, recognizes crushed concrete as
a viable coarse aggregate. Some state and
local codes specifically address the use of
for the

alternative aggregate, example,

Washington State Department of
Transportation. Verify applicable regulations
ACI

Committee 555 provides guidance on the

on a project-by-project basis.
use of crushed concrete as

The

recycled
aggregate. Recycled Materials
Research Center at the University of New
Hampshire is a for

good resource

information (www.rmrc.unh.edu/).
Availability of Recycled Aggregate

Crushed recycled concrete is widely
available for other uses, but aggregate in a
particular size range may command a price
premium. Crushed glass is less widely
available than recycled concrete, and is not

usually sold as aggregate.
Integration with Other LEED Credits

Aggregate made by crushing concrete
that is found on-site CANNOT be used to
obtain MR Credit 4. To count as recycled by
LEED, the material must be obtained from
outside sources. On-site concrete that is re-

used for a purpose other than that for which it
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was originally intended (for example, crushed
and used either for backfill or for concrete
aggregate) can contribute to MR Credit 2,

because it has been diverted from a landfill.
DESIGN ISSUES
C. Reinforcement

LEED allows a default of 25% post-
consumer recycled content for all steel. In
most cases, the actual recycled content is
substantially higher than this, approaching
90% post-consumer in some cases. It is
nearly always advantageous to include rebar

as a recycled content material.
DESIGN ISSUES
D. Non-Rented Wood Formwork

As

rent ed

explained wunder-
formwor k
formwork that is constructed for the project,
even if it is used again; and excludes any

that was constructed as formwork for a

: -
?v 3 .
b S|

\

Rebar steel usage is an excellent

opportunity for gaining a recycled content

credit.

previous job and reused on this job. Although

uncommon, any dimension lumber or
plywood previously used for another purpose
on another project (for example, for fencing
or temporary structures), and reused as
formwork on this project, would qualify as
post-consumer recycled materials. More
likely would be the use of a composite wood
material such as OSB that has recycled
content. Wood formwork that is specified to
be FSC Certified under MR Credit 7 may be
available as recycled material at the
discretion of the project team. If the project is
seeking an Innovation in Design credit for
site-wide VOC reduction, it may be desirable
to specify that any composite wood formwork

be free of added urea-formaldehyde resins

M R(as gequeirgdi for IEQ, Creditndgdnwithin the
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i ncl| buldng envelppey Compasiee dvood without

added UF resins is available with recycled

content.

TRADE CONTRACTOR AND
MANUFACTURER ISSUES

Trade professionals providing ready

mixed concrete for LEED projects should be

required in the project specifications to

provide submittal information to demonstrate
the amount of recycled content for a given

designn mix and for related steel

reinforcement. Generally, design teams

experienced with the LEED process will
for this

include submittal requirements

information in each specification section
where the materials is specified. However,
design teams new to the LEED process often
include the submittal requirements in a
Division 1 specification covering LEED
include

documentation, or neglect to
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documentation requirements at all.
Regardless of how well the specifications are
developed on a given LEED job, the concrete
trade contractor will need to provide
information on the material cost and recycled
content for materials provided. The concrete
producer should document and provide a
letter to the contractor indicating the amount
of recycled content and/or costs of materials

in each concrete mixture used on the project.
Materials Cost

Since the LEED Recycled Content Credit
is based on cost, the concrete contractor
should be prepared to provide either the
construction manager or another member of
the design
for the concrete, rebar, and non-rented wood
formwork (see MR Credit 7). This value
should represent the cost of the concrete
materials installed without any costs
associated with labor or equipment included.
It will be necessary to separate the cost of
the steel reinforcement (rebar) and non-
rented formwork from the cost of the rest of

the concrete design mix, because they will

t e aima lwsi tohn lay

have very different percentages of recycled
content. Often the concrete producer will
need to provide the cost breakdown for the
design mix constituents (i.e. cement, SCMs,

aggregate and water).
Percentage of Recycled Content

Typically, standard design mix submittals
will include percentage breakdowns of design
mix constituents. For design mixes that only
use recycled content materials for the
replacement of portland cement, the
standard design mix submittal should suffice
providing it indicates, for example, the
percentage of fly ash. If recycled aggregate
is used, that percentage will need to be
includact siet raddition if not stated on the
design mix submittal. The concrete
contractor will need to provide a letter from
the steel reinforcement manufacturer that
explicitly states the amount of post-consumer
and pre-consumer recycled content in that
material. This requirement also applies to
any recycled wood used for non-rented

formwork.

Sample Spreadsheets:
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SAMPLE LEED SPREADSHEETS FOR CONCRETE MATERIALS

LEED CREDIT CALCULATIONS

Material Recycled Content
Description Cost % PC % PI

Other concrete materials $790,097 0.0% 0.0% 0.0%
Recycled coarse aggregate $144,578  0.0% 100.0%  50.0%
Fly ash $21,951 0.0% 100.0%  50.0%
Slag $38,554 0.0% 100.0%  50.0%
Silica Fume $4,819 0.0% 100.0%  50.0%
Rehar $250,000 40.0% 55.0%  67.5%
FSC cood formwork $300,000 0.0% 0.0% 0.0%
Recycled wood formwaork $700,000 0.0% 62.0% 31.0%
Total $2,250,000

Regional

Manufac'r* Regional Harvest Wood

$0  $790,097  9504.0%  $753,698 0.0%
$72,280  $144,578  100.0%  $144,578 0.0%
$10,976  $21,951 0.0% $0 0.0%
$19,277  $38,554 0.0% $0 0.0%

$2,410 $4,819 0.0% $0 0.0%
$168,750  $250,000 0.0% $0 0.0%
$0  $300,000  100.0%  $300,000  30.0%
$217,000  $700,000 0.0% $0 0.0%
$490,702 $225,000 $1,198,266

* Except in very unusual cases, 100% of ready mixed concrete materials are regionally manufactured.

The above is a spreadsheet that covers
most of the calculations and record-keeping
that might be involved in pursuing LEED
Credits for Recycled Content (MR Credit 4),
Regional Materials (MR Credit 5), and FSC
Certified Wood (MR Credit 7), for concrete
materials. There are two spreadsheets. The
first one is used to establish the costs of
recycled, regional, and FSC concrete
materials. From this, it is easy to derive the
for the final

percentages necessary

calculations for those Credits.
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The second spreadsheet shows how to
calculate the percentage of recycled and
regional content for the concrete materials
alone. It establishes the percentage of each
material in each mix design by weight, and
distributes them according to the yardage of
each mix used in the project. These data are

then transferred to the first spreadsheet.

Two calculation methods exist for the

Recycled Content Credit when

supplementary cementitious materials are
is the standard

used. The first method

FSC Certified

% Comb Recycled $ Reg Mfr § Reg Har %Reg Har $§ FSC % FSC $§

$0

$0

$0

$0

$0

$0
$90,000
$0
$90,000



