























Exterior view of ground level terrace
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Il 2005-6 Research Fellow: Joe Hagerman

Interim Results of Research Carried Out at Rafael Vifioly Architects, 2005-6

Joe Hagerman graduated from Mississippi State University with a Bachelor
of Architecture in 2001. He received the Architectural Research Center
Consortium Jonathan King Student Medal award for excellence in
Architecture and Environmental Design Research (Spring 2000) as well
as other undergraduate research awards. He returned to the College
of Architecture as a lecturer to research low income housing, panelized
construction (open and closed wall systems), and cellular recycled glass
building materials.

Hagerman recently interned with Steven Winter Associates (SWA) in
Norwalk, CT specializing in building systems consulting. While there, he
focused on developing the next generation of modular housing with HUD's
PATH program, performing building systems analysis, and working on various
product development services for commercial businesses and manufacturers
interested in emerging environmental markets. In addition, Hagerman was
a research consultant for ICESTONE, a Brooklyn based “green” building
manufacturer, making LEED certified “green” building materials combining
recycled glass and concrete in high-end kitchen and bath countertops.
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In 2005, Hagerman won the Metropolis Next Generation Design prize
for developing a manufacturing strategy to cost-effectively deliver
bioremediating plant material inside open cell interlocking concrete pavers
entitled “biopavers.” His interests range from building science to emerging
“green” building products to the mechanics of cellular solids.

In 2006, Hagerman completed a Master of Science degree in Civil
Engineering at the Fu Foundation School of Engineering, Columbia
University. His academic work focused on engineering mechanics and
construction technology as well as potential uses for waste (recycled plastic,
glass, and combustion ash) in concrete products. He has received two
predevelopment grants from NASA's MS-FAST program (2003, 2002) to
develop new technologies applicable to SBIR solicitations, and he is listed on
two pending patent applications for building-related products.

In September, 2006, Hagerman became Building Technologies Project
Manager at the Federation of American Scientists in Washington, DC. He
continues to develop his research on green roofs.

The research presented in this brochure is drawn from a presentation given
to the 2006 Greening Rooftops for Sustainable Cities conference in Boston,
MA. It represents an interim stage of an ongoing project.
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Interim Results of Research Carried Out at Rafael Vifioly Architects, 2005-6

Above: Rafael Vinoly and Joe Hagerman

Green roofs have become popular
in recent years with both clients and
architects. Although they are but one
among many tools that architects
can use to increase a building’s
environmental performance, for
many they have come to symbolize
the benefits of environmentally
sound design. In response to their
popularity, a burgeoning green roof
industry has developed a range of
strategies for integrating green roof
components on top a single layer of
the roof’s envelope construction.

|
Il 2005-6 Research Fellow: Joe Hagerman

My work as 2005-6 Research Fellow at Rafael Vifioly Architects began with
an engineering and thermal analysis of existing systems typically used for
building green roof. It continued with development of a new proposal
designed to better integrate the structural and insulating layers, providing
greater ease of installation and maintenance and enhanced performance of

the envelope as a whole.

—Joe Hagerman

Research started by asking simple questions:

How can architects optimize green roofs for the betterment
of the overall building envelope?

How can we model the performance of green roofs so
that their insulation properties contribute to meeting the
minimum standards required by building codes?

What innovations are necessary within green roofing
products to meet these needs?

How can green roofs technologies mature in order for them
to become part of the urban infrastructure — designed
as an active participant in helping maintenance the
environment?
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Il Contemporary Green Roofs: An Analysis
Interim Results of Research Carried Out at Rafael Vifioly Architects, 2005-6 Bl Thermal Analysis of Green Roof Technologies

Although existing green roof assemblies claim to help insulate a building’s envelope,
static thermal modeling which | have carried out using Lawrence Berkeley National
Laboratory’s (LBNL) finite-element heat transfer software, THERM, reveals that
green roofs may be relatively ineffective thermal insulators.
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These thermal analyses are
simplified models to define the
lowest practical R-value that the
green roof can achieve — the lower
bound of a green roof’s thermal
performance. Is one to assume
that, as Rafael Vifoly Architects
did, it is R-0?

The only way to optimize monolithic
assemblies is by enlarging the
amount of insulation in assembly
(i.e. specifying more insulation
within the insulating envelope of the
building), vary the type of insulation

to insure water infiltration into the
insulation is impossible. Therefore,
we searched for a new insulation
to better address these needs and
which may help re-design green
roof implementation.

Because the effectiveness of insulation
hinges on the insulation remaining
dry, intact, and uncompressed, the
insulation envelope is often covered
with a secondary membrane to
protect the insulation from saturation
during rain, snow storms, and
standing water.
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Interim Results of Research Carried Out at Rafael Vifioly Architects, 2005-6 Bl Dissecting Monolithic Green Roofs

Historically, green roofs have been
detailed using geotechnical civil
engineering design principles.

Consultants detail additional layers to
separate the green roof assembly, the
layers of root barriers, the drainage
materials, and the growth medium
from standard architectural roof
details. These additional layers allow
the green roof components to drain

away from the building envelope, but
because these layers are compressed
and sandwiched between growth
layers and roof membranes, modeling
their performance and insuring
proper installation and drainage may
be difficult.

Bl Contemporary Green Roofs: An Analysis

Although existing green roof
assemblies claim to help insulate a
building’s envelope, static thermal
modeling carried out using Lawrence
Berkeley National Laboratory’s (LBNL)
finite-element heat transfer software,
THERM, confirm that green roofs
may be relatively ineffective thermal
insulators needed to decrease the
amount of insulation required within
a building’s envelope.

These thermal analyses are simplified
models to define the lowest practical
R-value that the green roof can
achieve — the lower bound of Green
roof’s Thermal Performance. Is one
to assume that, like Rafael Vifoly
Architects did, it is R-0?

One conclusion to be drawn is that
the only ways to optimize monolithic
assemblies is by enlarging the
amount of insulation in assembly (i.e.
specifying more insulation within the
insulating envelope of the building)
or vary the type or installation of
insulation to insure water infiltration
into the insulation is impossible.
Therefore, we searched for a new
insulation to better address these
needs and which may help re-design
green roof implementation.
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Bl Contemporary Green Roofs: An Analysis

Interim Results of Research Carried Out at Rafael Vifioly Architects, 2005-6 Bl Understanding Insulation Options

When specifying insulation types,

especially for green roofs, the
following key issues should be
considered:
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e The amount of energy conserved by the insulation during
its lifetime use far outweighs the energy used in its
manufacture.

e The durability of insulation may affect its performance (i.e.
settlement, physical degradation, vapor permeability and
air movement) and should be considered when specifying
materials.

e Careful detailing is needed to avoid the risk of moisture
entering the insulation.

e Insulation that has the greatest potential for
reducing CO2 emissions should be chosen.

These issues suggest that consideration be given to the potential
benefits of FOAMGLAS®, a common industrial insulation,
which is compared below to typical insulating materials used
in green roofs.



INSULATION TYPES

FOAMGLAS®

FOAMGLAS® is made from naturally occurring minerals and is reclaimable.
FOAMGLAS® is fireproof, with a high thermal mass, and is hydrophobic
— unable to wick up and retain water. It has been shown to resist insect

infestation and possible root infiltration. However, FOAMGLAS® requires
high embodied energy. FOAMGLAS® has a high durability when protected
from freeze thaw exhibiting a long-lasting inherent resistance to moisture,
air movement and rot. Additionally, the material is dimensionally stable and

Founded in 1937, Pittsburgh Corning Corporation (PCC) is based in Pittsburgh, PA,
and is an industry leader in the production of insulation materials, and developer
of cellular glass insulation. It is also the world's largest manufacturer of glass block
products. FOAMGLAS® Insulation comprises of a family of seven material grades,
providing the precise properties and performance for specific applications. Billions
of square feet and lineal feet have been installed throughout the world in thousands
of industries and operations.

resistant to compression.

EXTRUDED POLYSTYRENE
BOARD (XPS)

Some extruded polystyrene (XPS) is
recycled, but most is not. XPS has
a high embodied energy, is non-
biodegradable, and is petrochemical
derived. It, therefore, embodies both
resource depletion and pollution
risks from oil and plastics production.
XPS is manufactured from expanded
polystyrene pellets using pentane
which may not cause damage to

ozone but may be a contributing
factor to smog. XPS emits toxic
fumes when burnt and may
deteriorate under ultra-violet light
releasing gases. Performance can
suffer through gas exchange within
the insulation over time and some
research has shown degradation in
performance with increased exposure
to water and water vapor.

POLYURETHANE AND
POLYISOCYANURATE FOAM

Both foams have a very low thermal
conductivity and are hydrophobic.
Although the foams are technically
recyclable (through glycolysis and
regrinding), most waste goes to landfill
where it is non-biodegradable. The
foams both have a very high embodied
energy and are petrochemical derived
(embodies both resource depletion
and pollution risks from oil and

FoamcGLAS

TN EULATION

LS

plastics production). Both foams emit
toxic fumes when burnt and may be
expanded in the US using HCFCs.
Performance can suffer through gas
exchange within the insulation over
time and some research has shown
degradation in performance with
increased exposure to water and
water vapor.
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Modular products offer architects two important considerations: more
flexibility in design and maintenance, and more sophisticated water
management details. They have the advantage of offering a simple delivery
mechanism for green roofs, as roof planting trays, making

it easy for architects to design, detail, specify and procure Green Grid Isotherm, Infrared
Analysis, and Flux Magnitude
green roofs. Analysis

GreenTech ITM Isotherm,
Infrared Analysis, and Flux
Magnitude Analysis

Green Grid

GreenTech The Green Grid section is comprised of
The GreenTech ITM section is 6" of concrete, 4" of XPS insulation,
comprised of 6" of concrete, 4" of and a 4.5" growth medium container
XPS insulation, and a 8" growth (tray) comprised of polyethylene and
medium container (tray) comprised filled with expanded shale. The Flux
of HDPE and filled with expanded Magnitude Analysis illustrates areas,
shale. The Flux Magnitude Analysis where the polypropylene tray meets
illustrates areas, where the HDPE tray other trays and within the interior
meets other trays and the interior drainage cavities, which interrupt
drainage cavities, which interrupts the uniformity of the tray to act as
the uniformity of the tray to act as an an insulator. An ideal section would
insulator. In these areas, the tray eliminate these changes (fluxes)
permits more thermal bridging or within the assembly and begin to use
transfer of heat into the building. the tray as a building insulator.
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NEW DIRECTIONS IN GREEN ROOF DESIGN :
Interim Results of Research Carried Out at Rafael Vifioly Architects, 2005-6 Bl Modular Green Roofs: Are They Better?

Bl Contemporary Green Roofs: An Analysis

But how do these new products perform in comparison to monolithic assemblies?
The thermal performance of these modular systems is tested here and

compared to the enhanced performance
that could be gained from an improved

section incorporating FOAMGLAS®

insulation.

Green Roof Blocks

The green roof blocks section is
comprised of 6" of concrete, 4" of XPS
insulation, and a 5" growth medium
container (tray) comprised of sheet
metal and filled with expanded shale.
The Flux Magnitude Analysis illustrates
areas bridging or transfer of heat
into the building, yet the green roof
blocks' rubber pedestal begin to act
as a thermal insulator for the building
envelope. However, an ideal section
would eliminate these internal
changes in the Flux Magnitude
Analysis and the growth medium
container as a whole would begin to
act as an unbroken building insulator.

Green roof Blocks Isotherm, Infrared
Analysis, and Flux Magnitude Analysis

An Ideal Modular Green Roof

The proposed section is comprised
of 6" of concrete, a 5” FOAMGLAS®
tray with a 4” growth medium
container comprised of a
biodegradable paper material filled
with expanded shale. The Flux
Magnitude Analysis illustrates areas,
where the paper material meets
other trays on the edges and the
interior drainage cavities, which
interrupts the uniformity of the tray
to act as an insulator. In these areas,
the tray permits more thermal
bridging or transfer of heat within
the assembly. Because the insulation
layer contains cavities on the interior
of the building envelope on the inner
side of the insulation layer, these
cavities and fluxes caused therein
detract very little from the insulation
of the entire envelope.

m—
Roof Insulation Assembly with

 Vegetation Isotherm, Infrared Analysis,
and Flux Magnitude Analysis

J |
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Interim Results of Research Carried Out at Rafael Vifioly Architects, 2005-6 Bl Diagramming the Future

Diagram of Initial Prototype
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Il The RVATR Modular Green Roof: A Proposal

It is our opinion that for green
roof products to mature into
sophisticated building envelops,
products must optimize energy and
water management requirements,
and they must accommodate
flexibility in design that architects
demand. Green roofs can do
more for building envelopes once
the design of the systems begin
to incorporate the totality of the
building envelope — the layers
of structure, insulation, roof
membranes, protective layers,
drainage materials, and green roof
vegetation.

Working with Rafael Vifoly
Architects, the research presented
here re-examines green roof
systems within the totality of the
building envelope by integrating
energy optimization and water
management in green roof delivery
mechanisms.

Typically in building envelope
design, water management and
building insulation optimization are
interrelated and codependent. In
current green roof design, multiple
systems are simply laid on top of
each other with the mechanical
compatibility of each layer as a
principle concern.
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Interim Results of Research Carried Out at Rafael Vifioly Architects, 2005-6

Initial Prototype

Il The RVATR Modular Green Roof: A Proposal

Prototyping the Future

A roof membrane system is applied
to the structure.

FOAMGLAS® modules are placed
on top of the roof membrane
system.

These modules are assembled
so as to create an unbroken,
uninterrupted layer of insulation
material minimizing the air spaces
between the insulation modules.

The assembly is inspected to insure
uniformity and to minimize any air
spaces.

A geo-textile is rolled out across
the roof, overlapping as needed,
to insure that all areas of the
insulation material are properly
covered.

Planting trays or monolithic layers
of drainage course and vegetation
are installed. Depending on what
planting tray system is utilized,
the green roof either remains in
manageable sections or grows
into a monolithic assembly.
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NEW DIRECTIONS IN GREEN ROOF DESIGN : Bl The RVATR Modular Green Roof: A Proposal
Interim Results of Research Carried Out at Rafael Vifioly Architects, 2005-6 Bl Demonstrating the Future, Today

We have developed a novel green roof system to address both the insulation
and structural shortcomings inherent in typical installation. Based on the use of
closed-cell FOAMGLAS® (a material made by Pittsburgh Corning) for insulation
and planting trays, this completely modular system can be installed in pieces
small enough to be handled by a single person. It provides a high degree of design
flexibility while greatly increasing winter insulation values and simplifying both
design and construction.

Our next step is to test this roofing
system by installing and planting a
large area on top of an existing roof.
In order to make this experiment
available for teaching as well as
experimental purposes, we are
seeking to partner with a New York
City public school.

Four primary zones are planned
within the experimental roof: a
paver zone, an interactive modular
zone, a 4-inch-deep semi-intensive
modular zone, and a 6-inch-deep
semi-intensive modular zone. For
comparison purposes, the experiment
will also include sections of regular
“black” and “white” roofs.
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MODEL 2: Modular Green Roof Inverted Membrane
Assembly with Planting Trays

MODEL 3: Modular Green Roof Inverted Membrane

2.a Structural Deck Assembly with Monolithic Planting
2.b  Leveling felt (as required) 3.a  Structural Deck
2.c Roof membrane or built up roof membrane 3.b  Leveling felt (as required)
(modified with Tremco’s elastomeric roof coating) 3.c Roof membrane or built up roof membrane
2.d  Roof protection pad (as required) (modified with Tremco’s elastomeric roof coating)
2.e Pittsburgh Corning FOAMGLAS® Ready Board with. .. 3.d  Roof protection pad (as required)
MODEL 1: Existing School Roof 2.f  Approved joint tape to limit water infiltration or 3.e Pittsburgh Corning FOAMGLAS® Ready Board with...
(similar to other Inverted Roof Membrane Assemblies) debris travel 3.f  Approved joint tape to limit water infiltration or
1.a  Structural Deck 2.g Water retention pan with expanded shale (to debris travel
1.b  Leveling felt (as required) regulate water release) 3.9 Water retention pan with expanded shale (to
1.c Roof membrane or built up roof membrane 2.h  Approved Geo-textile to limit fine and debris travel regulate water release)
1.d  Roof protection pad (as required) to water retention pan 3.h  Approved Geo-textile to limit fine and debris travel
1.e  Styrofoam Insulation tile adhered to roof membrane 2.i  Planting tray (low cost) to water retention pan
(1.¢) or protection pad (1.d, as required) with ... 2.j  Engineered soil (“Gaia Soil”) 3. Engineered soil (“Gaia Soil")
1.f  Concrete coating to resist uplift and minimize 2.k green roof vegetation 3.j  green roof vegetation

damage

Note: This system needs no roof insulation ballast, and the
roof membrane can be easily inspected by un-installing the
modular pieces of the system.

Note: This system needs no roof insulation ballast, and the
roof membrane can be easily inspected by un-installing the
modular pieces of the system.

Note: This system has no treatment applied at the joints to
limit water infiltration or debris travel.
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RAFAEL VINOLY ARCHITECTS il
[
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Rafael Vinoly Architects, founded in
1983, is a critically acclaimed global
practice that provides comprehensive
building design and master planning
services for virtually every project type.

From the firm’s headquarters in
New York, London, and site offices
throughout the world, the staff of
more than 170 design professionals
serves a broad international clientele
including cultural, academic, health
care institutions, government
agencies, corporations, private
developers, and individuals.

The firm’s portfolio includes such
landmark projects as the Tokyo
International Forum, Kimmel Center
for the Performing Arts, David L.
Lawrence Convention Center, the
expansion of the Cleveland Museum
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of Art, the Howard Hughes Medical
Institute Janelia Farm Research
Campus, Jazz at Lincoln Center and
the University of Chicago Graduate
School of Business.

Recognized worldwide for design
excellence, Rafael Vifoly Architects
also stresses design intelligence.
Under the direction of principal
Rafael Vifioly and managing director
Jay Bargmann, its multi-disciplinary
design teams continually strive for
elegant and innovative responses
to clients’ requirements. Such
solutions often result in long-term

savings for clients and well-designed buildings that function beyond their
expectations.

Rafael Vinoly Architects welcomes the challenge of environmentally-
conscious design and incorporates aspects of green design into nearly all
projects, whether or not the client mandates them, because Rafael Vifioly’s
design philosophy is rooted in sensitivity to the environment. His personal
commitment to the mission statement of the U.S. Green Building Council-
that buildings should be “environmentally-responsible, profitable and
healthy places to live and work”— has led to buildings which are paradigms
of sustainable design.

An outstanding example is Pittsburgh’s David L. Lawrence Convention
Center, awarded a Gold LEED rating by the U.S. Green Building Council and
distinguished as the first “green” convention center and the largest “green”
building in the U.S. Environmental features include extensive day lighting,
natural cross-ventilation, extensive use of recycling in both demolition and
construction, specification of materials with low VOC emissions, a water
reclamation system, and evaporative cooling on roof surfaces.
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