Roof System Selection - A Complicated Problem
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Structural Decks

Wood Concrete

Typical Roof Assembly

® Structural deck.
® |psulation. Substrate Platform

® Membrane.

The structural deck and the insulation
combine to create the substrate
platform forthe roof membrane.




Roof Insulation

The Foundation Of
The Roof Membrane

Substrate Platform Functions

® Resist applied loads both in-
plane and out of plane.
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Substrate Platform Functions

® Resist applied loads both in-plane
and out of plane.
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membrane placement.
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Substrate Platform Functions

® Resist applied loads both in-plane
and out of plane. =

® Provide the most continuous
surface possible for roof
membrane placement.

¢ Provide dimensional stability: [\ gy
— Under extreme temperature
fluctuations.
— In contact with moisture.
Prov ide slope-to-drain.
Provide heat flowresistance.
Provide fire resistance.
Provide wind resistance.

Substrate Platform Functions

® Additional functions not related to the roof membrane include
contributions to:

— Sound reduction.
— Building env elope sustainability.
— LEED credits.




Pre-Insulation Era

Insulation Era

Mineral Fiber

Wood Fiber Board

Lightweight Insulating Concrete

Fiberglass

Celular Glass

1930s | 1940s | 1950s | 1960s § 1970s | 1980s

Perite Board

XEPS

MEPS

PUR/ISO

Composites

Ev en the most basic
membrane sy stems
performed well.

Phenolic Insulation

Pre-Insulation Era

1990s | 2000s

Insulation Era

Mineral Fiber

Wood Fiber Board

Lightweight Insulating Concrete

Fiberglass

Celular Glass

1930s | 1940s | 1950s | 1960s § 1970s | 1980s

Perlite Board

XEPS

MEPS

PUR/ISO

Composites

New high R-v alue
insulating sy stems
were introduced.

Problems with traditional
roof membranes
arose.

Phenolic Insulation

1990s | 2000s




Thermal Expansion — Concrete / High Mass

CONCRETE
COE =4 X10°
AT=100°F

Thermal Expansion — Polyisocyanurate /Low Mass

POLYISOCYANURATE

COE =40 X10°

AT=100°F
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The Effect Of COE

® Movement due to higher COE
of substrate material
(insulation) creates strain at
board joints.

® The movementis caused by the
inherent instability of some
insulation products.

® The effect of thismovement is
distributed throughout the roof
by the number of joints
presented with board stock
insulation.

100 squares of 4 x 8 foot board material
has more than a half mile (3,650 linear feet) of bo  ard joints!
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Roof Insulation Systems

Lightweight Insulating Concrete Rigid Insulation

Re-Roofing vs New Construction

S O .
Metal Deck Structural Slab Existing Asphaltic

Membrane




Existing Building Renovations

Placementof Slurry and EPS Insulation
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Roof Deck / Reroof Platform
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Components of a LWIC System

Lightweight insulating concrete topfill.
Molded expanded polystyreneinsulation board.
Lightweight insulating concrete slurry.

Lightweight insulating concrete top fill

Expanded polystyrene (EPS) insulation board

Lightweight insulating concrete slurry

Components of a NVS System

® Insulperm expanded polystyrene
insulation board.

® Highinsulation value.
— R=4per inch

® Stable R-value ower time.

® Noblowing agents.

® Not affected by water.

® Lightweight material to build slope to
drain.
— 1inch thickness = 0.1 Ib /sq ft

14



Components of a LWIC System

Lightweight insulating concrete topfill.

Molded expanded polystyreneinsulation board.

Lightweight insulating concrete slurry.

Lightweight insulating concrete top fill

Lightweight insulating concrete slurry

Definition — Lightweight Insulating Concrete (LWIC)

i
acp_’ international® American Concrete Institute

American Concrete
Institute
ACI 523.1 R-06

Guide for Cast-in-Place Low-Density
Concrete

“A concrete made with or
without aggregate in
addition to Portland
cement, water and air to
form a hardened material
having an ov en dry unit
weight of 50 pcf orless.”
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Structural Lightweight Concrete

® What is Structural Lightweight Concrete?

— Structural concrete (normal weight)
® 150 pcf dry density / 3,500 psi
— Structural lightweight concrete (SLC)
® 100 pcf dry density / 2,500 psi
— Lightweight insulating concrete
® 35 pcf dry density for NVS / 300 psi

Aggregate-Based LWIC

® Aggregate.
® Airentrainment.
® Portland cement-Type I, II, or

® Water.
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Cellular-Based LWIC

® Pregenerated foam.

® Portland cement-Type |, II, or
Il

® \Water.

Aggregate vs. Cellular

e Aggregate.
— 125-300 psi.
— Top-fillthickness2” (or 17).
— Drying Shrinkage.

— 0.20-0.45 (ACI 523.1R-06).

Cellular.
— 200 psi.
— Top-fillthickness2”.
— Drying Shrinkage.

— 0.30-0.60 (ACI 523.1R-06).
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Different
technologiesfor
roof membrane

attachment

22



Slope to Drain

Get the water of f the roof

Stable Insulation Value

L

LONG TERM THERMAL RESISTANCE

What is long-term thermal resistance (LTTR)?

LTTR is a 15-year time weighted average R-value for permeably faced polyiso,
commonly used as roof insulation. LTTR represents the most advanced scientifically
supported method to describe the long term thermal resistance (R-value) of
polyisocyanurate foam insulation products.
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Stable Insulation Value

| Sample
number

,
nlde| | M| —

Averoge
| imean)
| Standard
| dewnation

Tnch Ty | Prolssiorel Fool ng ragesire

T R-value, per inch thickness (2-inch spacimens)

[25¢ 40 F [75F [10F
(3785|4757 |s77a  |s.ae
3900|4719 |5asa  |aos8 |
[a737 |saso  |sa7z1 |4sio | Newvalues for 2014 for
[3308  |a509 |58 |s2% | polyisocyanurate  foam
PET (5200 (5522|4920 insulation products
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Data from NRCA's 3074 polyfsocyanurate R-value testing

Iso R-Value For 2014

Thickness

1 inch

1.5inches

2 inches

3inches

4 inches

LTTR
(2004-2013)
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> LWIC R-value
— LTTR is not applicable

Published Initial
Values

LWIC R-value is constant

® Both lightweight insulating
concrete fill and molded

expanded polystyrene board
have thermal resistance values

that do not decrease ower time.

Density

“The R-value of EPS is stable and does not change over time. The R-value performance for EPS
insulation is discussedin the report. The report shows that samples of EPS insulation had no
deterioration in R-value. The test results at 70° F for thermal resistance of EPS insulation samples
taken from roof systems of various ages indicated no deterioration in the R-value over time. The
following table compares two examples of published R-values to samples taken from actual roof
decks:”

EPS Insulation
Samples

At time of 1.00 pcf 3.85
manufacture. 1.25 pcf 3.92
13 Years 1.28 pcf 3.94
15 Years 1.09 pcf 4.07

Jerome G.Dees,dated August1984.”

"Reporton Expanded Polystyrene Insuation for Use ASTM C 578 In Built-Up and Single Ply Roofing Systems" by Rene M. Dupuis and
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Parallel Heat How Concept

—

| ~ Membrane

I
N~

Gap

Insulation
Fastener
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Roofing Membrane

LWIC Fastener

Galvanized Corrugated Metal Deck

Concrete Slurry Coat

Concrete Top Fill

EPS Insulation Board

Hre Resistance

Lightweight insulating concrete
systems are non-combustible.

UL fire resistance designs.
- Cost effective roof-ceiling
designs.

I L L1
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Wind Uplift Resistance

80 y ears of wind resistance
performance for LWIC.

Comprehensiv e, current FM,
UL & Dade testing and
approv als.
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Hurricanes
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Documented Held Wind Performance

10.01.1 Metal Deck Over Bar Joists

“Metal Decks ov er bar joists were generally one
of two ty pes: metal deck with rigid insulation or
metal deck with lightweight insulating concrete.
In each of these sy stems the metal deck was
attached to the bar joists by welding or by self
tapping screws.

Of the two sy stem types observed, the system
using lightweight concrete performedbest  , all
other factors considered equal.”

High Mass & Low Mass Substrates

High Mass Low Mass
*  Wood. *  Wood fiber board.
« Concrete. e Perlite board.
» Lightweight Insulating Concrete.  Cellular glass.

e Extruded polystyrene.
e Molded polystyrene.
e Polyisocyanurate.

e Glass fiber board.
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An Ancient Concept

The Mass Effect

Mass

A Net Zero, Energy Strategy
with Structural Implications
(and Opportunities)

By Bob Habian, AIA

| 'Solutions

ey i pmga e e

e Jes: 5. Jackson Susainable
projec e, I by Sicgland i Archiets s ot
she University of California, Davis where summer -

perstures exceed one hundred degrees on  regular busis, Concreee
sty asen i Fgue . ool saved e oy bt i opend

s i the fort

i chice using owo primaty srigie cime g and dmping.
The

mn;nbu{s o bl g i m.m..g s proper
balance of both

Energy Management is Mandatory

Framed Structures Lack Sufficient Mass

theU;

Weszern U

1 o cart Bk iy

S e e
balding ype. The cot o cacgy b g sl
2 mater of growing concem for buiding owners,
The JSWB project team set ot to mot only reduce
theircncrgy consumption, bus topethe decded to

mass mm..p pa;m ot s i condi-
e

i, w..a-,mmm Inaddition, the
hiscoric bundance of woor has infuenced ourappe
tie fo low mass, Frumed solutons. As 2 result, we.

tonally relyon a combination of insultion and

tota gy con ofiet sichandling sysems o schieve interior comfor. To

oo on s Th moxt mporan o thcend, ot projct participants belcve the archi-
'NZE i reducing the overal energy con- (PR tect and the mechanical enginer e the nly ance

et ke o nesing tobe st the tabe o detemine an opti

Comfor gy A comeioaly e desgre
o n e dinctio o s e cxponed
The Basics of Thermal Mass . © = e e e
e : o Do ey paicpant

ity B s

32



The Mass Effect

Heat
Is the single biggest factor
in the aging of
roof membranes.

Think About It

® Rigid foam plastic board stock insulations with high R-v alues are
intended to decrease heat transf er between the interior and exterior of a
building.

® They have less ability to absorb and release heat than traditional
substrates such as wood and concrete.

® Therefore, the roof membrane is exposed to higher heat for longer
periods of time.

Roof Membrane
I<— Polyiso Board
| (one or more layers)

N Structural Roof Dack
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Aging By Arrhenius Equation

Increasing the membrane .
temperature 18°F (10°C) doubles
the aging rate, based on the
Arrhenius Equation.

The Mass Effect Study: Thermocouple Placement

DensDeck/Polyisocyanurate Deck

Paradiene 30 /Paradiene 20

DensDeck

Polyisocyanurate

-\—/_\_/_\_/_ o
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The Mass Effect Study: Thermocouple Placement

LightweightInsulating Concrete Deck

Paradiene 30 /Paradiene 20

Parabase

LightweightInsulating
Concrete

EPS

Metal Deck

The Mass Effect

The Mass Effect Study”

Exposure Decks
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The Mass Effect Study Results

Distance between the curves is magnified
las defined by the Arrhenius model.

Time (hrs)

1 I | I 4
Dens-Deck/Polyisocyanurate

4 ~ o
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o
@
£ 1
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2 ] Very little aging occurs at
8 !  temperatures below 40°C.
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Aging By Arrhenius Equation

® |Increasing the membrane
temperature 18°F (10°C)
doubles the aging rate, based
on the Arrhenius Equation.

® By encapsulating rigid f oam
plastic board stock insulation in
lightweight insulating concrete,
lightweight insulating concrete
sy stems provide both high
insulating v alues and higher
heat capacity.

36



- - » T it

The Mass Effect Study Results

Substrate

1:6 ZIC Aggregate
(2inches thick)

Percentage Increase

In Aging
In Relation To 1:6 ZIC

Baseline
(Best Performer)

1:4 ZIC Aggregate
(2inches thick)

7.2%

DensDeck Cover Board (1/4-inch thick) W ith Polyiso

49.1%

Perlite Cover Board (3/4-inch thick) W ith Polyiso

53.1%

ASHRAE GreenTip #6:
Night Precooling

GENERAL DESCRIPTION
Night

of cooling Figure 7-5). The cooled

structure fs then able to serve as a heat siak durtng the daytime hours, reducing the

mechantcal cooling required. The naturally occurring thermal storage capacty of

the butlding 15 thereby utllized to smooth the load curve and for potental energy

saving of thermal Included
in Chapter 4, “Architectural Design Impacts.”

There are two vartations on night precooling. One, tesmed night ventilation

cooler nightttme hours. This can be considered a passive techaique except for any
fan poer requirement needed to circulate the outdoor alr through the space. The
nlght veatlation Q

effect of Introducing more ventilatlon air. With the other varlation, mechanical

Nighttime Air Cycle

Figure 7-5 Schematic example of nighttime air cycle.
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The Damping Effect

I Time Lag I
Temperature
on inside
; Darmping
g -~
2 N\
[ed
)
@
{23
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=
Outdoor
Temperature
1 1 1 ] 1 1 1 1 1 ] 1
4 AM 8 AM Moon 8PM hlict 8AM  MNoon 8PM Mid

Time of Day

Figure 2. Damping and lag effect of thermal mass.

ASHRAE Time Lag / Damping

Distance between the curves is mlagnified

. as defined by the Arrhenius model.
Time Lag 2"

— | | | %
Dens-Deck/Polyisocyanurate

Tempersture

§ vumping

Temperature

Very little aging occurs at
./ temperatures below 40°C.

Outdoos
Tempersture

Reaction (Aging) Rate

T T T T T 1
BPM  Mid BAM  Noon BPM  Mid

Time of Day

T T
4AM  BAM  Noon

Figure 2. Damping and lag effect of thermal mass.
Time (hrs)




The Mass Effect MThermal
‘ Ma'

TIME LAG INSULATION = TIME LAG
SIMELAG,

THERMAL MASS = TIME LAG + DAMPING

INTERNAL TEMP

INTERNAL TEMP
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Siplast LWIC System Sustainable Components

‘Wheeling
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SUSTAINABLE SITES

« EPS insulation reduces impacts on the microclimate.

« EPS geofoam maintains ecological integrity and reduces erosions through soil stabilization,

« EPS frost protected shallow foundations (FPSF's) minimize excavation below the frost line and
ane ideal for stes with high groundwater table,

us| LEED Erosion & Sediment Control il s i 0
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A2 Environmental Purchasing
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Sustainable Roofs

® HighlightsLightweight
Insulating Concrete Roof
Insulations.

— Produceslow roof
membrane temperature.

— High thermal efficiency.

— More stable and durable.

Sound Reduction

Structural Substrate ZIC System

2" 1.6 ZIC

Roofing

Sustainable Roofs and Institutional Buildings

Sustainable roofing systems can be many things, but primarily they are assembiies that provide a
covering protecting.a buiklingfrom te clements .. watr,su, cold, and het)whike miimiing

their burden on the nd i such as low
impact, it cot, ey cie e, well s syl i all very important when asscssing
roof sustainahility. There is presently fiol an aceepled. all inclusive definition for a sustainable roof.
“This artcle provides the basic tenanis of roof sustainability and cites recent ¢ xampies where
sustainable roofs were used on institutional buildings.

Sustainability

A sustainable roof needs (o consider functionality service life and durability, environmental ife-cycle
impacts and in-service sustainability benefits. By optimiring these thice ilems, the most e
ro0f sysiem can be selecied. For specialized insiitutiona buiklings, the roof sysiem must meet
architeetural intent as well as having the greatest durability and longest service life to offset its mru
initial installation cost

Roofing

26 ga. Corrugated Steel Above Elutes BUR/Gravel 41
1" Insulperm

26 ga. Corrugated Steel 2"1:6 ZIC BUR/Gravel 36
Above Insulperm
2" 1:4 ZIC On Flutes

22 ga. Corrugated Steel 7" Insulperm EPS Paradiene 20/30 43

2" 1:4 ZIC Above Insulperm

2" 1:4 ZIC On Flutes
22 ga. Corrugated Steel 7" Insulperm EPS
4" 1:4 ZIC Above Insulperm

Paradiene 20/30

2" 1:4 ZIC On Flutes
22 ga. Corrugated Steel 12" Insulperm EPS
4" 1:4 ZIC Above Insulperm

Paradiene 20/30

3" Insulperm
4-inch Structural Concrete 13" NVS Concrete

Modified Bitumen/
Gravel
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Structural Lightweight Concrete

® Roofing over newly poured
structural lightweight concrete
slabs (SLC) has become an issue
for general contractors, roofing
contractors, consultants and
roofing manuf acturers.

® This is a sequencing,
performance, and liability issue
for the roof ing contractor, roof
consultant, and general
contractor.

® Not anew issue.

(STRUCTURE

...............

Industry Position
Statement

Structural Lightweight Concrete

]
A RSN I W
e |

T TTESSRT S ETE AR S b

= - 4s uptare
- Light Weight Structural Concrete Roof Decks,
o What to do...

This is a sequencing,
performance, and liability issue
for the roof ing contractor, roof
consultant, and general
contractor.

Not a new issue.
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What Is The Concern?

® Latent moisture in newly
poured structural lightweight
concrete (SLC) creates
problems.

“Moisture accumulation”
“Adhesion loss”

“Adhesive issues”

“Metal and fastener corrosion”
“Insulation R-value loss”

INDUSTRY ISSUE UPDATE

Moisture in Lightweight Structural Concrete Roof Decks

Concrete Moisture Prosents Challenges for Roofing Contractors

LEED v4

November 2013
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Lightweight Insulating Concrete LEED Contribution

APPLICABLE AVAILABLE
PRODUCTS LEED CREDIT POINTS INTENT REQL TS/COMMENTS
Siplast Lightweight Insulating LEED 2008 NC Version 3 MR Credit 1.1 | Extend |fe-cycle of Maintain at least 75% (based on surface area) of
E Caoncrete combined with Materials & Resources 1 point (T5%) | existing building stock. existing building structure (including structural floor
3 | Paradiene Re-Cover Program MR Credits 1.1 & 1.2 Reduce waste & and roof decking) and envelope |...non-structural
E projects using Paradiene 40CR | Buikling Reuse MR Credit 1.2 | envirenmental impacts as | roofing materials).
@ |FR 1 point (95%) | they relate to materials
n manufacturing & transport, | Maintain an additional 20% (85% based on suriace
E area) as referenced above.
£
Siplast Lightweight Insulating LEED 2008 NC Version 3 1 point Comfortable thermal Design HYAC and bullding envelope systems to
Concrete Indoor Environmental Quality envirgnment that supports mest ASHRAE Standard 55-2004 Themal Comfort
1EQ Credit 7.1 ol y and wel-be Conditions for Human
Thermal Cornfert of cocupants,
E LEED 2008 EBOM 1
= paint
a Version 3
B Indoor Environmental Quality
§ IEQ Credit 7.1
E Therrnal Comfort
& | Siplast Lightweight Insulating LEED 2008 for Schools NC and 1 point To provide classrooms Sound Transmission
‘g‘ Concrete Major Renovations that facilftate better Design the building shell. classrcom partitions and
= teacher-to-student and ather core learning space parttions to meet the
student-to student Sound Transmission Class (STC) requirements of
communications through ANS| Standard $12-60-2002, Acoustical
sffective acoustical Performanca Criteria, Design Requirements and
design Guidelines for Schools, except windows, which
rust meet an STC rating of at least 35

Lifecycle Design

PIMA Environmental Product Declaration

ENVIRONMENTAL PRODUCT DECLAS

"
Polyiso Roof Insulation Boards

were usad

Firestone m
RS R

o

Johns Manville

717 7 et

Cerver 02
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Lifecycle Design

PIMA Environmental Product Declaration
Life Cycle Stages of Polyiso

Raw

Materials
Acquisition Manufacturing Transport hs'allf‘z'or\

" 10 on the
,-gf;,‘ﬁ}f‘la l- . g””i uding l ’ Job Site l. Building

s
Meanufacturer} ackaging)
Figure 4:

Life Cycle Stages and System Boundaries for Polyise Roof Insulation

Sustainability

718 tons (3,184 cubic y ards of solid
waste) of old roof insulation debris
div erted from the local landfill.

Equals 15 rail cars this Size  pufep
old roof insulation.

Dollar v alue of salvaged roof insulation:
$133,600 (2007 dollars).

Actual landfill disposal f ees avoided:
$29,797 (2007 dollars).

Heavy vehicle transportation miles
avoided: 2,120 miles / 265 gallons

of fuel.

Tim G. Pennigar, Project Manager,

Structural Sy stems Engineering &
Operations Division Duke University
Health Sy stem.




Sustainability

® Original roof sy stemwas lightweight
insulating concrete and a two-ply,
torch-applied SBS-modified bitumen
membrane, installed in 1974.

® |nthe summer of 2011, test cuts
showed the existing sy stem was
suitable for are-cover.

® The owner sav ed ov er $200,000 by
not remov ing the existing insulation
and membrane.
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LWIC Solution

® Plaza Deck
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LWIC Solution
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Non Roofing Applications

® Phoenix Plaza, Hartford, Conn.
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GAS AND ELECTRICITY PRICE TRENDS
ICITY LOAD REDUCTION BONUSES

retrofitprofile

Roof Retrofit Minimizes Waste,
Maximizes Performance

yTon S

Performance

Rurshimotihe

Apublication of the Ontario
Building Envelope Council @

Fall 2012

=
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Lightweight Insulating Concrete Roof Insulation Sys

Innov ativ e Roof Insulation
Systems

One of the oldest, most
versatile, and
sustainable roof
insulations onthe
planet

tems
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