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SIPLOCK Forever ™

Net-Zero, Green & LEED Design

I O

Super-Insulated, Galvalume® Acryvlic Coated Thermal Panels

SIPLOCK high-energy efficient design is indistinguishable from conventional structures.
Steel I-Beam framing system and high-thermal mass 26 Gauge Steel clad EPS SIP.

Look closer, unlike other building systems. SIPLOCK is perfectly square, level, flat and
true. All loads go to steel columns and concrete piers. Walls and roofs accept any siding,
roofing and trim materials.

SIPLOCK Net-Zero shell design optimizes energy savings and comfort.
Oak Ridge National Labs recently stated that 40% of heat loss is due to air leakage.

The wall system panels are 9” thick for a super insulated R38.

The roof system panels are 117 thick for a super insulated R46.
Unmatched air- tight SIP construction and weatherization.

No SIP off-gassing hazard.

IR energy reflective steel skin SIP. Very low thermal and solar gain.
Very low heat loss and heat gain.

SIPLOCK “Is simply Better ”





Custom Builders Benefits

SIPLOCK Forever ™

Net-Zero & Green Energy Star Design
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Net-Zero Design optimizes the use of energy saving mechanicals

Geothermal HVAC.

HVAC Heat pump.

ERV and HRYV air circulators.
Photo Voltaic (PV) power source.
Solar power.

Wind power.

Co-generation power.

SIPLOCK “Is simply Better ”

Contact: Peter J. Bauer. Ph. 561-207-7227. Email: pbauer@siplockforever.com
Web: www.siplockforever.com






Custom Builders Benefits

SIPLOCK Forever ™

Multi-Story Steel Frame Building System

SIPLOCK steel I-Beam framing and SIPLOCK panels are pre-cut to fit together.
SIPLOCK 26 Gauge Steel clad 9” wall and 11” roof, High Thermal Mass SIP.
SIPLOCK shell is not affected by weather during construction. It is dry inside the
moment the last wall and roof panel is placed. No damage to an interior as with other
construction methods and materials.

SIPLOCK multi-story shell can be put up in days, not weeks or months.

SIPLOCK EPS panels flash one another with a tongue and groove design.

SIPLOCK EPS panels shed water as construction progresses to completion.
SIPLOCK closed envelope design eliminates the need for roof and soffit vents. No
vents to compromise the roof structure during severe hurricane strength winds!
Exterior siding, roofing, trim and finishes attach to the SIPLOCK steel panel skin. No
vapor wrap required.

Interior wiring is run before the wallboard is fastened to the steel hat channel.
SIPLOCK materials are unlikely to suffer damage or loss at a job site.

No job site waste requiring large waste containers.

SIPLOCK dried-in balloon framing design permits interior walls and floors to be
installed before finished roofing and siding is completed.

Roofing & siding and interior trades can work simultaneously on the SIPLOCK shell.
Save construction time. No gridlock between interior and exterior trades.

SIPLOCK “Is simply Better ”

Contact: Peter J. Bauer. Ph. 561-207-7227. Email: pbauer@siplockforever.com 3
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Custom Builders Benefits

SIPLOCK Forever ™

Hurricane, Tornado, Earthquake
Fire, Flood, Termite, Vermin & Mold Resistant

Multi-Story Steel buildings built to Dade County Wind design up to 175 MPH.
SIPLOCK Steel I-Beam wall & roof assembly system will exceed CAT 5 winds.

SIPLOCK Steel I-Beam column assembly is connected to concrete piers.
SIPLOCK Steel I-Beam floor joists.

SIPLOCK EPS panels are clad with 26-gauge steel facing.

Highly fire resistant, Ref. ISO 13784 for EPS/SIP fire tests.

SIPLOCK EPS panels are resistant to mold growth, swelling, decay and termites.

Considerably higher resale value vs. CBS, concrete or wood frame construction.
Structural building engineers specify steel I-Beam framed construction for unmatched
strength, durability and integrity.

SIPLOCK “Is simply Better ”
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Custom Builders Benefits

SIPLOCK Forever ™

Lower HVAC Energy costs by up to 75%

SIPLOCK closed envelope High efficiency homes. All interior space is conditioned.
SIPLOCK design permits the use of a Multi-Zone Ductless HVAC Heat Pump. Each zone
has its own programmable thermostat. Cooling and heating costs will be as much as 75%
lower than with conventional duct systems.

e SIPLOCK super-insulated design means extreme R and energy savings.
o Low energy load design HVAC. Lower energy costs.
e Ductless HVAC. Reduce installation costs.

SIPLOCK will lower HVAC energy and maintenance costs.

SIPLOCK *“Is simply Better ”

Contact: Peter J. Bauer. Ph. 561-207-7227. Email: pbauer@siplockforever.com 5
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Custom Builders Benefits

SIPLOCK Forever ™

Breathe Healthy

SIPLOCK construction improves the operation and efficiency of automated ventilation
systems to exchange, dehumidify and filter air. ERV/HRY systems save energy, mitigate
odors, filter airborne allergens, pollutants and contaminants.

According to the EPA, indoor air quality is typically 5 times worse than outdoor air.

No HVAC ducts to spread indoor air pollution.

Ducts are a breeding ground for mold, mildew and insects.

Ducts circulate fumes from organic chemicals released from carpets and furniture.
Ducts circulate fumes from household cleaners, paints, cooking and smoking.
Ducts circulate pet dander and dust.

No high humidity, to contribute to asthma and allergy suffering.

Customers want clean, healthy and odor free homes!

SIPLOCK “Is simply Better ”
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Custom Builders Benefits

SIPLOCK Forever ™

Solid, Quiet and Comfortable

SIPLOCK exterior wall panels are 9” Thick. Outside noise is virtually eliminated.
Ceilings and floors are separate and independent of each other. Eliminate or significantly
lower inside noise by occupants and home entertainment systems.

SIPLOCK design has no need for HVAC Ducts. No ducts to transmit extraneous noise.

03/27/2013

Homebuyers want a noise free and comfortable home!

Clear Span Steel Design

Place walls, windows and doors anywhere. Offer 12-16 ft ceiling heights.

SIPLOCK design offers no obstruction-vaulted ceilings, lofts and attics.

Custom buyers can be more involved and satisfied knowing changes to interior wall
and window placement is without expensive re-engineering and delays.

Bonus Space can be created where attics would normally be.

SIPLOCK design steel columns adjust to any lot slope.

SIPLOCK design columns. No expensive stem wall construction.

If crawl spaces are desired. SIPLOCK panels are set on slab and sealed to create a
semi-conditioned crawl area. The home is drier, rodent resistant and more comfortable
than with exposed and un-insulated crawl spaces.

All loads go to steel columns and concrete piers.

No interior bearing wall design issues.

Design Great rooms with unobstructed views and larger windows.

Great rooms with 12-16 ft. high ceilings and oversize windows.

Vaulted-ceilings with no visible obstructions.

SIPLOCK “Is simply Better”
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Custom Builders Benefits

SIPLOCK Forever ™
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Buyers want spacious and open design rooms!

SIPLOCK *“Is simply Better ”
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SIPLOCK. “Changing the building Paradigm”

SIPLOCK Forever ™
Net-Zero, Green & LEED Design

Dried-In Siplock Shell.
FAQ.

1. What is a dried-in building shell?

A dried-in shell consists of Siplock panels, structural steel columns, steel ridge assembly and steel I-
Beams ready for the floor assembly.

Siplock design, lead and shipment times are generally 4-8 weeks.

Siplock is designed to meet local and state code requirements.

A Siplock construction crew erects a Siplock building.

Example: A three story 3000 square foot building shell, with a gabled roof, two levels of floor beams, set
on slab grade can be dried-in in about 5 days.

2. What is the cost of a dried-in shell?

A Siplock building consists of 9” R38 wall panels and 11” R46 Roof panels. Each panels “R” value is
continuous throughout the entire length of the panel. (Up to 52 Ft in length.).

No thermal bridging in a panel.

Save on overall construction costs and offer more! How!

a. No additional insulation and contractor costs for insulation. R38 & R46 Insulation is part of the SIP
building panel.

b. No headers or framing required for windows and doors. Eliminates added framing costs and most
importantly, no thermal bridging from window and door headers and framing.

c. No house wrap necessary, 26 gauge steel skin panels (both sides) flash each other to insure a tight
weather and moisture resistant seal.

d. No roof and soffit vents required. No additional materials and carpenter costs and more importantly, no
air leakage from vents. No vents insure that hurricane force winds will not diminish the buildings
structural integrity.

e. No waste with pre-sized SIP panels. Minimal trash hauling, lower security and safety issues with trade
workers.

f. Reduced insurance costs. Shell buildings are put up in less than a week.

Interior and exterior trades can start work side by side in less than a week. No trade’s gridlock. No
scheduling issues. Work commencement by the building trades is reduced to a common start date by all.
g. Open floor plan for no obstruction vaulted ceilings and views. No interior bearing wall or support
columns in great rooms or any other rooms. Reduced construction costs for the popular open floor
designs.

h. These savings translate to a sizeable reduction in the cost of construction materials, labor, hauling costs
and insurance.

I. Steel construction, energy zero, green, clean air and noise reduction design are features customers want.
J- Siplock costs less than other energy zero construction methods.

Peter J. Bauer. Ph. 561-207-7227. Email: pbauer@siplockforever.com
Web: www.siplockforever.com





SIPLOCK. “Changing the building Paradigm”

3. What about plumbing and electricity.

a.
b.

C.

d.

Plumbing waste and domestic water is stubbed out, either in a crawl space, slab or basement.
Electrical outlets and wiring on a wall SIP is pulled between 20-gauge 2” metal Z firing (16-24”
centers), attached to the SIP, before the wallboard (GWB) is installed.

Or
Electric wiring can be placed in a chase behind the base molding. Simply attach the wallboard
directly to the SIP steel. No firing necessary.
It is not necessary to cut a wiring chase in a SIP using the above methods.

4. \What about roofing and siding.

a.
b.
C.

No building wrap is necessary over the 26-gauge Galvalume Steel skin.

Steel standing seam metal roof may be placed directly on the SipLock panels.

The choice of siding or roofing material is client driven. No restrictions for attachment to the
SipLock panels.

5. What about enerqgy saving mechanicals.

a.

b.

C.

Energy saving heat pump, HRV and ERV mechanicals will operate at full efficiency, because of
the SipLock high-energy efficient construction design.

Just Two Minisplits Heat and Cool the Whole House. Aug 17 2012 by Martin Holladay, GBA
Advisor. www.greenbuildingadvisor.com

For Carter Scott, heating a house measuring 1,700 to 2,000 square feet with two ductless mini-
splits is no longer an experimental method. It’s standard operating procedure — one he’s used on
18 houses.

Carter Scott was one of the first builders bold enough to build a cold-climate home heated by only
two ductless mini-split units (one in the downstairs living room, and one in the upstairs hallway).
Skeptics predicted that the unheated bedrooms would be cold and uncomfortable. Yet Scott was
confident that the home’s excellent thermal envelope — with high-R walls, triple-glazed windows,
and low levels of air leakage — would keep the homeowners comfortable even when the bedroom
doors were closed.

Scott owns a construction company called Transformations in Townsend, Massachusetts. He built
his pioneering two-mini-split house in Townsend in 2008.

The addition of Solar, PV, wind or co-generation can facilitate removal from the electric grid.

Peter J. Bauer. Ph. 561-207-7227. Email: pbauer@siplockforever.com
Web: www.siplockforever.com





SIPLOCK. “Changing the building Paradigm”

6. What are some cost saving examples?

In an independent energy survey, according to the Structural Insulated Panel Association (SIPA), an
180,000 SF senior living facility in Florida is saving thousands of dollars each month. HVAC costs have
been verified at $0.025 (2 % cents) per SF.

A 28,000 SF residence has recorded HVAC costs of $0.018 (1.8 cents) SF.

A passive house could expect to use about 1.36KWh per square foot of HVAC conditioned space per
year.
Reference: http://www.passivehouse-international.org/upload/ipha-brochure/

In Florida, for example a Siplock Energy Star rated 2700 sq. ft. home could consume about .42 Kw per
hour for HVAC, you could expect about a $25 monthly cost for HVAC.

2011 Florida Electric average rate is 12 cents per KWh.

A similar home in NY would be about $65 monthly for heating and cooling.

The cost of electricity by state. (2011)
http://www.npr.org/blogs/money/2011/10/27/141766341/the-price-of-electricity-in-your-state

7. What other considerations are needed for your new Siplock construction.

a. State stamped concrete foundation design & engineering is offered at extra cost, by Siplock to
meet local, state and national code requirements.

b. Siplock provides freight delivery on a direct cost basis to the customer.

c. Consultation, travel and per diem expenses may be necessary under special circumstances.

8. Customer responsibilities include.

a. Provide architectural drawings to Siplock, for engineering design and revisions, if necessary, to
conform to the Siplock building system.
b. Provide a site survey, with building placement by a licensed surveyor, to Siplock.
Provide a copy of a soil compression test and soil analysis to Siplock.
Provide a level and easily accessible site pad for the building. Broom clean site pad prior to
Siplock installation.
Obtain all necessary local and state permits.
Clearly mark all underground utilities by the utility companies.
Provide temporary water and electrical power at the site.
Provide porta-john and waste containers.
Provide insurance liability and casualty coverage from time of Siplock delivery to the site.
Provide staging, entranceway, parking and temporary fencing around the site.
Provide safety equipment including fire extinguishers, eyewash and first aid station.
Install waste and domestic water stub out.
. Install concrete piers, footings and slabs ready for Siplock shell.
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Home Buyers Benefits
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SIPLOCK Forever ™

Monolithic Steel & SIP Construction
Net-Zero, Green, Energy Star and LEED Design Homes

Hurricane, Tornado & Earthquake Resistant
SIPLOCK Steel I-Beam framed roof assembly exceeds CAT 5 & F2 tornado winds.
SIPLOCK steel I-Beam wall & roof assembly is connected to concrete piers.
SIPLOCK Steel I-Beam floor joists.
SIPLOCK EPS panels are clad with 26-gauge Galvalume® steel and acrylic finish.

o  Unmatched structural integrity and performance.

o Considerably, higher resale value vs. CBS, concrete or wood frame construction

Fire Resistant
e Highly fire resistant, Ref. ISO 13784 for EPS/SIP fire tests.

Flood, Termite, Vermin & Mold Resistant
o SIPLOCK EPS panels shed water, resistant to mold growth, swelling and decay.

Low Annual Insurance Costs
o Thousands of dollars less when compared to frame or concrete block.

SIPLOCK is “Simply Better”

Contact: Peter J. Bauer. Ph. 561-207-7227 Email: pbauer@siplockforever.com
Web: www.siplockforever.com






Home Buyers Benefits

Energy Efficient & Airtight
SIPLOCK super insulated 9” R38 Walls. 11” R46 Roofs.
SIPLOCK super insulated panels are airtight.
Oak ridge National Labs recently stated that 40% of heat loss is due to air leakage.
o SIPLOCK eliminates air-leakage. Eliminate high temperature, humidity,
condensation, rot, mold and spore growth from leaky attics and crawl spaces.

Reduce Energy Costs by up to 75%
SIPLOCK high-energy efficient design. All interior space is conditioned.
Multi-Zone Ductless HVAC Heat Pump.
Each floor or zone has its own programmable thermostat.
Cooling and heating costs can be as much as 75% lower than conventional systems.
e In Florida, for example a Siplock Energy Star rated 2700 sq. ft. home could
consume about .42 Kw per hour for HVAC you could expect about a $25
monthly cost for HVAC. 2011 Florida Electric average rate is 12 cents per KWh.
o A similar home in NY would be about $65 monthly for heating and cooling.

The cost of electricity by state. (2011)
http://www.npr.org/blogs/money/2011/10/27/141766341/the-price-of-electricity-in-your-state

No Inefficient, Leaky and Contaminated HVAC Ducts
SIPLOCK design homes do not require HVAC air ducts.
e Ductless energy efficient HVAC heat pumps from Mitsubishi, Samsung, etc.

Healthy Odor Free Air
According to the EPA, indoor air quality is typically 5 times worse than outdoor air.
Ducts are a breeding ground for mold, mildew and insects.
Ducts circulate fumes, from organic chemicals, released from carpets and furniture.
Ducts circulate fumes from household cleaners, paints, cooking and smoking.
Ducts circulate pet dander and dust.

e Eliminate odors, fumes, filter airborne pollutants and contaminants.

o SIPLOCK homes improve the efficiency of HVAC and ventilation systems.

Solid, Quiet and Comfortable

SIPLOCK super insulated wall panels are 9” Thick. Roof panels are 11” thick.
e Qutside noise is virtually eliminated.

No Ducts to transmit noise from conversations and entertainment systems.

Ceilings and floors are separate and independent of each other.

e Significantly lower noise from occupants and home entertainment systems.

Clear Span construction. No Interior Bearing walls.
Place walls, windows and doors anywhere. Flexible interior design layout.

e Stunning visuals in Great rooms with 12-16 ft ceilings and oversize windows.

SIPLOCK is “Simply Better”

Contact: Peter J. Bauer. Ph. 561-207-7227 Email: pbauer@siplockforever.com
Web: www.siplockforever.com







SIPLOCK. “Changing the building Paradigm”

SIPLOCK & HERS Ratings

According to, the 2006 IECC, the design effectiveness of all high-enerqy efficient
construction directly affects the HERS rating.

e Air leaks in a building envelope
Oak Ridge National Labs has stated that 40% of heat loss or gain is due to air leakage.

SIPLOCK insulated panels’ flash one another with a factory-milled tongue and groove
joint. Panel walls and roofs are designed to be airtight.

e Air leaks from HVAC distribution ducts

SIPLOCK closed envelope design places HVAC ducts in conditioned spaces,
considerably reducing the effects of air duct leakage.
SIPLOCK permits the use of Ductless HVAC, eliminating the effects of air leakage.

o Effectiveness of insulation in walls and ceilings

SIPLOCK wall and roof panels are constructed of EPS.
Panels are rated at R46 (roof) & R38 (wall).

IR energy reflective 26-gauge Galvalume steel clad SIP.
Siplock design “breaks” conductive thermal bridging.
EPS is water and moisture resistant.

Oak Ridge National Labs has stated that the individual R-value of each insulation and
construction component they evaluated had very little to do with the R-value of an entire
wall or roof assembly. In fact other studies have indicated that 30% of a buildings Heat
loss or Heat gain is from conductive thermal bridging. SipLock wall and roof panels
eliminate the effects of thermal bridging.

e Floors over garages and crawl areas

SIPLOCK insulated panels are set down to the grade slab or footing.

Insulated space i.e.; garages or crawl areas under conditioned rooms is now considered
“semi-conditioned space”. Note: In a SipLock designed building, the semi-conditioned
space generally has a 5-8 degree temperature differential from the “conditioned” space.

e Air leaks in Attics and crawl spaces
SIPLOCK panels flash one another, creating an airtight & weatherized seal. SIPLOCK

closed envelope design eliminates the need for “ridge”, “soffit” and “crawl” vents.
Improved HERS rating: No vents. No Air-Leaks. No Heat Gain. No Heat Loss.

Peter J. Bauer. Ph. 561-207-7227. Email: pbauer@siplockforever.com
Web: www.siplockforever.com






SIPLOCK Steel & Zero-Energy Design

SIPLOCK. 21" Century Future Proof Design
Monolithic & Structural Steel I-Beam Construction






SIPLOCK. “Changing the building Paradigm”

Monolithic Steel Construction & Zero-Energy Design.

Structural Steel provides unmatched strength, durability and integrity for single and
multi-story structures. Roof, wall, steel columns and concrete footings are designed to
be a single monolithic structure.

The monolithic steel design makes it nearly impossible for hurricane force winds to
uplift its roof assembly. Hurricane winds would need to uplift the entire structure for
serious damage to occur. Highly unlikely!

Add the best available energy technology and resources.

Heat Pump, Geothermal, Co-Generation, Solar, Wind, PV and ERV technologies.

SIPLOCK is indistinguishable from conventional structures.
Perfectly square, level, flat and true. All loads go to steel columns.
Walls and roofs accept any siding, roofing and trim materials.
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SIPLOCK “Is simply Better”
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SIPLOCK. “Changing the building Paradigm”

26 Gauge Galvalume ® Steel SIP

Hurricane, Tornado, Earthquake, Fire, Flood, Termite, Vermin, & Mold Resistant.

“All-in One” Wall & Roof assembly.

SIP wall and roof panel insulation is continuous from footers, eaves and roof ridge.
SIPLOCK is a structurally sound, load-bearing SIP with EPS thermal insulation.
SIPLOCK is clad, both sides with 26 gauge steel & Galvalume ® corrosion protection.

Three key design considerations for a passive house.
1. Super high R insulation. (Whole wall R-value)(Critical Requirement)
2. Minimize Thermal Bridging
3. Airtight Envelope

Ref. http://www.passivehouse-international.org

Super Insulated Corrosion Resistant Panel.

Constructed of a Modified Expandable Polystyrene resin treated to resist flame spread.
Complies with ICC building codes and HUD.

R-value is stable and consistent. EPS is a closed cellular material.

Contains no CFC's, HCFC's, and formaldehyde. No off gassing. Environmentally safe.
Resists rot, fungus, decay, moisture, termites and common insects.

Wall panels are 9” thick. 26-gauge Galvalume ® steel. Super insulated R38.

Roof panels are 11” thick. 26-gauge Galvalume ® steel. Super insulated R46.

S1IP steel clad panels flash one another with a tongue and groove joint.

SIPLOCK “Breaks” conductive thermal bridging.
IR energy reflective steel clad skin. Super low heat |
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SIPLOCK. “Changing the building Paradigm”

Thermal Bridging in a wall assembly.

Oak Ridge National Labs has stated that the individual R-Value of each product,
they evaluated, had very little to do with the R-value of a complete wall assembly.
Other studies indicate, more than 30% of a buildings heat loss or gain is from
conductive thermal bridging.

In tests, a wood wall assembly had significant thermal bridging and air leaks from
studs, corners, windows and doors. A wooden roof assembly could expect worse results
because of rafter studs, roof and soffit vents.

R-Value is a measure of resistance to heat loss by conduction, convection, and
radiation of various building materials.

Most Heat Loss < > Less Heat Loss

Flir, a company that makes thermal imaging cameras, has some great shots of thermal
bridging in action on their website. Here’s just one example showing the “cold” 2%4’s in
a wall:

A schematic representation of what thermal bridging looks like in a typical residential
house. The yellow at the studs, and the rim joist locations is not a pretty color for a
building scientist, or a homeowner. Even worse, the low quality windows outlined in red
represent even more heat loss, low interior surface temperatures and an increased
potential for forming interior condensation.

Thermal bridging can be responsible for 30% of heat loss and heat gain.

Wood frame studs have a lower insulating value than the batten insulation between them,
and if the studs are directly in contact with the inside and outside of a wall, they can act
to conduct heat in and out, resulting in added high-energy costs.

Peter J. Bauer. Ph. 561-207-7227. Email: pbauer@siplockforever.com 4
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SIPLOCK. “Changing the building Paradigm”

Infrared image of a wall portraying the cold areas caused
by the studs acting as a thermal bridge (dark lines).

Richard T. Bynum writes in Insulation Handbook:

In a typical wood stud wall, the wooden studs are [
thermal bridges, and will create a cold area ..,
(compared with the insulated cavity) where the :
stud meets the interior sheetrock. This is :
illustrated in the infrared image above where the

“cold spots” created by the studs show up as dark

lines. These cold spots compromise the insulation
and lower the effective average R-value of the :
whole wall. In addition to lowering the total R-

value of a wall, the cold spot can lead to -
condensation problems. If any moisture did manage to get into the wall cavity, the cold
wood stud near the sheetrock would be the first surface where water vapor would
condense into liquid form.

“Currently, most wall R-value calculations are based on experience with conventional
wood frame construction, and they do not factor in all the effects of additional structural
members at windows, doors and exterior wall corners. Thus they tend to overestimate the
actual field thermal performance of the whole wall systems.”

Since the R-value of the insulation material alone does not accurately indicate the
average R-value of the whole wall system, Bynum describes three methods for measuring
R-values:

According to the 2006 IECC, the design effectiveness of all high-energy efficient
construction directly affects the HERS rating.

Clear wall R-value: This is the R-value of a wall with just studs and does not include the
framing included in windows, doors and exterior corners.

Center of Cavity R-value: This is the R-value estimate of the area of the cavity space
between studs that contains the most insulation.

Whole wall R-value: This is an R-value estimation that includes both the clear wall
estimate of R-value and takes into account additional framing like windows, doors and
exterior corners.

Bynum makes the statement that “For some conventional wall systems, the whole wall R-
value is as much as 40 percent less then the clear wall R-value.”
References. Bynum, Richard, 2001. Insulation Handbook, McGraw-Hill, New York, NY.

Peter J. Bauer. Ph. 561-207-7227. Email: pbauer@siplockforever.com 5
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ASHRAE tests indicated: A six-inch stud wall, 24” on center with R-19 fiberglass
batts tested out with an R-Value of 13.7. Nearly 33% less as a completed wall assembly

than the fiberglass insulation.
The high R-Value of an insulation material, in a wall or roof assembly, does not equal

the total thermal efficiency rating.

Batt
insulation Wood

insulation

Wood representing
up to 25% of the
wall surface

Building Science Digest 011

Thermal Control in Buildings
2006-11-02 by John Straube (updated 2011-12-12)

Quote:

“Filling the voids in concrete block masonry with insulation is not very effective:
adding R15 insulation to a 12” block will increase the R-value of the wall by about
R2.”

End Quote.

SIPLOCK “Is simply Better”
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SIPLOCK “Breaks” conductive thermal bridging.

Studies indicate, more than 30% of a buildings heat loss or gain is from
conductive thermal bridging.

Concrete, concrete block and wood stick frame structures are wrought
with moisture, mold, conductive and thermal bridging issues.

2012 IECC Energy Conservation Codes

Insulation and Fenestration EEeR | Eney Ercency &
Requirements by Climate Zone | Renewable Energy

TABLE R402.1.1
INSULATION AND FENESTRATION REQUIREMENTS BY COMPONENT"

. | cRAawL
CLIMATE (FENESTRATION|sKyuiGHT | GLAZED | ceng | WOOD | WSS | moon B‘ms“"‘ | sPACE:
ZONE U-FACTOR® | UFACTOR . RVALUE AVALUE WALL
SHGC** R-VALUE | A-VALUE RVALUE |&DEPTH| WALL
] NR 0.75 0.25 En) 13 34 13 0 0 0
0.40 0.65 0.25 a8 13 416 13 0 0 0
0.35 055 0.25 R 20 or 1345 813 19 13 0 5/13
4 except 0.35 0.55 0.40 49 20 or 13+5¢ 813 19 1013 10,2 ft 1013
Marine
3 4nd 0.32 0.55 NR 49 20 or 13+5" 13/17 30 IV19 10,2 ft 15719
Marine 4
6 0.32 0.55 NR 49 2045 or 134107 15720 3¢ 119 10,4 ft 15/19
7and 8 0.32 0.55 NR 49 |20+50r 13+10F| 19721 3% 1519 10,40t | 15019

SIPLOCK is a Continuously insulated SIP component.
Wall (R38) & ceiling (roof) (R46+3). (Finished roof add +3)(R49).

SIPLOCK Meets or exceeds the “Ceiling” (roof) R-Value in Zones 1-8
Ref. IECC 2012 International Energy Code

SIPLOCK “Is simply Better”
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SIPLOCK Air-Tight design.

Oak Ridge National Labs stated that 40% of heat loss or gain is due to air
leakage!

Conventional construction methods suffer considerable heat gain and loss through
cracks, poorly weatherized windows, doors, roof ridge, soffit and crawl area vents.
Conventional construction methods promote air leakage from electric wall outlets,
kitchen, bath and clothes dryer venting.

Conventional construction methods waste energy, promote mold and spore growth by
the installation of HVAC ducts within non-conditioned vented attics, crawl spaces and
basements.

SIPLOCK design eliminates energy-wasting air leakage and air quality problems.
SIPLOCK eliminates air-leakage, which contribute, to high temperatures, humidity,
condensation, rot, mold and spore growth from leaky attics, crawl spaces, rim joists
and sill plates.

SIPLOCK eliminates heat gain or loss from air infiltration.

SIPLOCK airtight closed envelope design eliminates the number one cause of
uncomfortable interior humidity, drafts and condensation from roof ridge, soffit and
crawl area vents.

Energy Savings.

In an independent energy survey, according to the Structural Insulated Panel
Association (SIPA), an 180,000 SF senior living facility in Florida is saving thousands
of dollars each month. HVAC costs have been verified at 30.025 (2 %: cents) per SF.

A 28,000 SF residence has recorded HVAC costs of $0.018 (1.8 cents) SF.

A passive house could expect to use about 1.36 KWh per square foot of HVAC
conditioned space per year.

Reference:
http://www.passivehouse-international.org/upload/ipha-brochure/

In Florida, for example a Siplock Energy Star rated 2700 sq. ft. home could consume
about .42 Kw per hour for HVAC you could expect about a $25 monthly cost for
HVAC. 2011 Florida Electric average rate is 12 cents per KWh.

A similar home in NY would be about $65 monthly for heating and cooling.

The cost of electricity by state. (2011)
http://www.npr.org/blogs/money/2011/10/27/141766341/the-price-of-electricity-in-your-state

SIPLOCK “Is simply Better”
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Construction Advantages.

SIPLOCK speeds up construction. Significant savings in labor costs and loan interest.
Roofing, siding and interior trades can work simultaneously.

Steel and SIP arrive ready to set in place. Reduce construction time.
No trades gridlock leading to completion delays.

Reduced site material waste, litter, and reduced security requirements.
Eliminates added framing, sheathing, insulation and vapor barriers.
Walls and roofs are straight and true.

Exterior siding and interior drywall lay true, straight and flat.

Will not shrink, twist or move.

Future proof architectural design.

Green Building design.

High LEED ratings.

Pre-engineered steel and SIP project design.

SIPLOCK is clad with 26-gauge sheet steel. Highly resistant to impact.

SIPLOCK is ideal for:

Multi-Story Residential, Housing, Apartments, Assisted Living
Commercial

Industrial

Government

Military

Agricultural

Aquaculture

Dairy

Equestrian, Live Stock, Storage, Shop, Food Processing
Disaster shelters

Floral Storage

Pharmaceutical storage

Pavilions

Warehouse

Manufactured Homes

SIPLOCK is Fire Resistant.

IS0 tests have shown that no flash over occurs for EPS cored, steel clad panels with a
well-designed joint. Ref. ISO 13784.

No wood in the walls or_roof. Dramatically improves the odds against damage or loss
from a fire spreading to the roof.

SIPLOCK “Is simply Better”
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SIP — REFERENCES.

A. American Society for Testing and Materials (ASTM) C578: Standard Test
Methods for Characteristics of Expanded Polystyrene.

B. ASTM D1622 - 08 Standard Test Method for Apparent Density of Rigid
Cellular Plastics. Page | 1

C. ASTM C518 - 10 Standard Test Method for Steady State Thermal
Transmission Properties by Means of the Heat Flow Meter Apparatus.

D. ASTM D1621 - 10 Standard Test Method for Compressive Properties Of
Rigid Cellular Plastics.

E. ASTM C203 - 05a(2012) Standard Test Methods for Breaking Load and
Flexural Properties of Block Type Thermal Insulation.

F. ASTM D1623 - 09 Standard Test Method for Tensile and Tensile Adhesion
Properties of Rigid Cellular Plastics.

G. ASTM E96 / E96M - 10 Standard Test Methods for Water Vapor
Transmission of Materials.

H. ASTM C272/ C272M - 12 Standard Test Method for Water Absorption of
Core Materials for Sandwich Constructions.

1. ASTM D696 - 08 Standard Test Method for Coefficient of Linear Thermal
Expansion of Plastics.

J. ASTM D2863 - 12 Standard Test Method for Measuring the Minimum
Oxygen Concentration to Support Candle like Combustion of Plastics
(Oxygen Index).

L. ASTM E84 - 12b Standard Test Method for Surface Burning
Characteristics of Building Materials

M. ASTM A653 / A653M - 11 Standard Specification for Steel Sheet, Zinc-
Coated (Galvanized) or Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-
Dip Process.

N. ASTM A924 / A924M - 10a Standard Specification for General
Requirements for Steel Sheet, Metallic-Coated by the Hot-Dip Process.

0. ASTM E18 - 11 Standard Test Methods for Rockwell Hardness of Metallic
Materials.

P. ASTM E72 - 10 Standard Test Methods of Conducting Strength Tests of
Panels for Building Construction.

Q. ASTM E1996 - 12 Standard Specification for Performance of Exterior
Windows, Curtain Walls, Doors, and Impact Protective Systems Impacted by
Windborne Debris in Hurricanes.

Page | 2

R. ASTM E330 - 02(2010) Standard Test Method for Structural Performance
of Exterior Windows, Doors, Skylights and Curtain Walls by Uniform Static

SIPLOCK “Is simply Better”
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Air Pressure Difference.

S. Florida Products Approval Number 8086.1, 1” — 4” EPS Wall Panel,
Approved Certification for Architectural Structural Insulated Panels up to 4”
thickness @ 1 pound density.

T. Florida Products Approval Number 8086.2, 2” — 6” EPS Wall Panel,
Approved Certification for Architectural Structural Insulated Panels up to 6”
thickness @ 1 pound density.

U. Florida Products Approval Number 8086.3, 3” — 8” EPS Wall Panel,
Approved Certification for Architectural Structural Insulated Panels up to 8”
thickness @ 1 pound density.

V. Florida Products Approval Number 8086.4, 4" EPS Wall Panel, Approved
Certification for Architectural Structural Insulated Panels up to 4” thickness
@ 2 pound density.

W. Factory Mutual Research Corporation FM 4471 test leakage and
moisture penetration test procedure for class 1 panel roof.

X. Metal paint testing requirements:

1. Metal film thickness. ASTM D 5796.

2. Metal Color: ASTM D 1729.

3. Specular Gloss ASTM D 523 at a gloss meter angle of 600.

4. Minimum pencil hardness of Metal per ASTM D 3363 is “F”

5. Solvent Resistance of Metal Passes ASTM D 5402

6. Cross hatch Adhesion passes Per ASTM D 3359

7. Impact resistance per ASTM D 2794

8. Humidity Resistance No blistering, cracking, peeling, loss of

gloss or softening of finish per ASTM D 2247

9. Cleveland Condensing no blistering, rusting or loss of

adhesion of finish per ASTM D 4585

10. Water immersion Test per ASTM D 870 with no loss of

gloss, blistering, cracking, color change or softening Page | 3

11. Salt Spray resistance Per ASTM B 117 no loss of adhesion

and scribe creep no greater than 1/8”

12. Chemical resistance per ASTM D 1308 7.2 spot test

13. Kestermich Test no color change after 10 cycles per ASTM G 87

14. Accelerated weathering per ASTM G 87

15. Exterior weathering ASTM D 2244 at least #8 chalk rating per ASTM D4214
16. Abrasion Resistance per ASTM D 968 Method A “Pass”

17. Flame Spread rating per ASTM E 84 Class A or 1

Y. Adhesive P 1001U Isocyanate rigid Polyurethane Foam adhesive system

1. Tensile Adhesion ASTM D 1623

2. Shear Adhesion ASTM C 273

SIPLOCK “Is simply Better”
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Performance Requirements: Design and construct panels to meet
requirements as indicated.

A. Structural and Wind load Tests:

1. Design panel composition to resist wind load mandated by
code, with deflection limit of L/240.

2. No permanent damage to panels or connections when
subjected to 1.5 times the design wind pressures for both
inward and outward.

B. Thermal Performance:

1. Panels shall produce no post manufacturing off gassing
which could result in loss of future thermal resistance and
must have a certified Long Term R- Value (LTR).

C. Fire:

1. Surface Burning Characteristics: Insulated core shall have
been tested in accordance with ASTM E 84 and UL 723, NFPA
255 for surface burning characteristics. The core shall have a
maximum flame spread of 0 and a smoke developed rating of
175.

2. Surface Burning Characteristics: Exterior panel skin shall
have been tested in accordance with ASTM E 84 and UL723,
NFPA 255 for surface burning characteristics. The exterior shall
have a maximum flame spread of 0 and a smoke developed
rating of 185.

D. Vapor Barrier:

1. Water Spray Leakage test shall show no evidence of
penetration through the panels or panel joints when subjected
to a preload air pressure of 30 psi and a water spray rate of 5
gallons/ psf/ per hour for 15 minutes, per Factory Mutual
Research Corporation FM 4471 test procedures for class 1 roof
panels.

2. Static Water Penetration must exhibit no sign of leakage for
a period of 7 days with ponded water at a 6 inch continuous
water depth for the duration of the test, per Factory Mutual
Research corporation FM4471 test procedures for class 1 roof panels.

SIPLOCK “Is simply Better”
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Thermal Bridging
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Flir, a company that makes thermal imaging cameras, has some great shots of thermal

bridging in action on their website. Here’s just one example showing the “cold” 2%4’s in
a wall:

11/27/03 7:36:41 AM e=0.96

Thermal bridging can be responsible for 30% of heat loss from a home. Wood frame
studs have a lower insulating value than the batten insulation between them, and if the
studs are directly in contact with the inside and outside of the wall, they can act to
conduct heat out on cold days, resulting in unwanted heat loss.

Peter J. Bauer. Ph. 561-207-7227. Email: pbauer@siplockforever.com
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Whole Wall System

Infrared image of a wall portraying cold areas caused by the studs acting as a thermal
bridge (dark lines).

Richard T. Bynum writes in Insulation
Handbook:

In a typical wood stud wall, the wooden studs are
thermal bridges, and will create a cold area '
(compared with the insulated cavity) where the stud meets the interior sheetrock. This is
illustrated in the infrared image above where the “cold spots” created by the studs show
up as dark lines. These cold spots compromise the insulation and lower the effective
average R-value of the whole wall. In addition to lowering the total R-value of a wall, the
cold spot can lead to condensation problems. If any moisture did manage to get into the
wall cavity, the cold wood stud near the sheetrock would be the first surface where water
vapor would condense into liquid form.

“Currently, most wall R-value calculations are based on experience with conventional
wood frame construction, and they do not factor in all the effects of additional structural
members at windows, doors and exterior wall corners. Thus they tend to overestimate the
actual field thermal performance of the whole wall systems.”

Since the R-value of the insulation material alone does not accurately indicate the
average R-value of the whole wall system, Bynum describes three methods for measuring
R-values:

Clear wall R-value: This is the R-value of a wall with just studs and does not include the
framing included in windows, doors and exterior corners.

Center of Cavity R-value: This is the R-value estimate of the area of the cavity space
between studs that contains the most insulation.

Whole wall R-value: This is an R-value estimation that includes both the clear wall
estimate of R-value and takes into account additional framing like windows, doors and
exterior corners.

Bynum makes the statement that “For some conventional wall systems, the whole wall R-
value is as much as 40 percent less then the clear wall R-value.”

References. Bynum, Richard, 2001. Insulation Handbook, McGraw-Hill, New York, NY.

Peter J. Bauer. Ph. 561-207-7227. Email: pbauer@siplockforever.com
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Radiant Heat from Masonry construction.

Masonry concrete is a high thermal mass radiant heat radiator.

Thermal mass can exacerbate the worst extremes of the climate and can be a huge energy
and comfort liability. It will radiate heat to the inside all day and night in hot humid
climates.

For example in a hot humid climate like south Florida, often times, the outside night time
temperature can be warmer than the indoor conditioned A/C temperature settings.

Since heat travels to cold, radiant heat energy stored in masonry walls will radiate into
the structure.

South Florida masonry construction homes are generally insulated, on the inside, with 1”
of R3.6 foam board placed between 1” wood furring strips. The whole wall R-value will
be R2.1. Radiant energy will only be slowed down slightly with R2.1

Ref.
“The whole wall R-value is as much as 40 percent less then the clear wall R-value.”
References. Bynum, Richard, 2001. Insulation Handbook, McGraw-Hill, New York, NY.

Concrete has virtually no R value. R0.08. Ref. Oak Ridge National Laboratory.
There is no substitute for a high R Value.

To be effective, the thermal mass of masonry must be integrated with sound passive
design techniques. This means having appropriate areas of glazing facing appropriate
directions with appropriate levels of shading, ventilation, insulation and thermal mass.

How thermal mass works

Thermal mass acts as a thermal battery. During outdoor high temperatures it absorbs heat
during the day and releases it to a homes interior cooler temperatures (interior cooled by
the homes A/C). Heat goes to Cold. Law of physics.

Thermal mass is not a substitute for insulation. Thermal mass stores and re-releases heat;
Insulation stops heat flowing into or out of the building.

A high thermal mass material. (Masonry or concrete) is not a good thermal insulator.
Use of high mass construction is generally not recommended in hot humid climates due
to their limited diurnal range.

The more dense the material (i.e. the less trapped air), the higher its thermal mass.
For example, concrete has a high thermal mass, aerated concrete (AAC) blocks have a
moderate thermal mass, and insulation has almost none.

SIPLOCK is “Simply Better”
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What are thermal bridges? Why are they so Bad?

A thermal bridge is a penetration in the insulation layer with a highly conductive

material, allowing increased amounts of heat flow through that material. This is a
problem — a BIG problem. Energy bills are increased, interior comfort is reduced, and the
building’s integrity is compromised.

Sadly, thermal bridges are all around us. Chances are your home or office is full of them!
For example, exposed concrete balconies are a very common thermal bridge in typical
construction. The concrete slab extends out to the exterior air from the interior space. We
spend money to keep that interior air warm in the winter, and cool in the summer, but
then unnecessarily design our buildings to lose or gain heat.

Another class example is a structural stud, or even worse, a metal stud! Many designs
expose one side of the stud to the interior, and one to the exterior. That is very bad. The
standard 2x6 wood framed wall with R19 batten insulation is more realistically a R13,
and if metal studs are used, you can count on an R9.

Thermal bridging matters!

It matters a lot, and not just for energy loss.

Have you ever stood beside a cold interior surface in your home or office? We all have,
especially in January. Thermal bridges cause these cold interior surfaces. Cold interior
surfaces cause mold, mildew, and eventually decay. Yes, mold. If surface temperatures
are below the interior air’s dew point temperature, then we get condensation. Continuous
condensation is a serious problem for the interior occupants’ health, comfort, and the
building’s integrity. Common locations for this are:

e Around low quality windows & doors

e Interior corners

e Behind furniture

e Where the building is in contact with the ground
e Rim joists

e Roof connections to the wall

o Concrete balcony penetrations through the wall
e \oids in the insulation layer

Peter J. Bauer. Ph. 561-207-7227. Email: pbauer@siplockforever.com
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Thermal bridging is seen with the glowing from the foundation basement wall. That is a
lot of energy being lost! There’s no use in heating up your backyard. This is a common
reason why basements smell ‘musky.” That’s because so much heat is lost through un-
insulated foundation walls and slabs, reducing interior surface temperatures, and allowing
condensation to accumulate over time. Bad news.

Most Heat Loss < > Less Heat Loss

A schematic representation of what thermal bridging looks like in a typical residential
house. The yellow at the studs, and the rim joist locations is not a pretty color for a
building scientist, or a homeowner. Even worse, the low quality windows outlined in red
represent even more heat loss, low interior surface temperatures and an increased
potential for forming interior condensation. We should strive for all exterior surfaces to
be cold, and interior surfaces to be warm.
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A great representation of how much framing studs are in typical construction. Each one
of those studs will allow more heat loss than the insulation.

This needs to be accounted for! Next time you hear, ‘Oh, my wall is an R-19!" Ask them
if that includes all of the framing? Chances are it does not, and it makes a very big
difference.

Most ‘R-19" walls are more like an R-10 to R13 range, depending on how much framing
was used. That is a 30% to 50% change in thermal resistance, that’s no joke.

Batt
insulation Wood

insulation

Wood representing
up to 25% of the
wall surface
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A void in the insulation layer. Although not a “thermal bridge,” it does produce the same
negative effects: Reduced overall R-value, reduced interior surface temperatures,
increased heat loss, reduced interior comfort, and structural durability — none of which
are good things. Please do not have voids in your insulation layers. VVoids allow for air to
move in the framing cavity. This is very bad. It reduces R-value due to increased
convection heat transfer. VVoids also increase the potential of moisture entering the cavity
due to increased air movement. This is a problem most commonly found in batten
insulation systems. Use great care when installing insulation batts and blown in insulation
to ensure all voids are filled. Blown-in insulation eventually settles and creates voids.
That is probably enough thermal bridge images for one day. We imagine that you now
get the picture of what exactly a thermal bridge is, and why it is important to completely
avoid them in your building design.

Best practices for thermal bridge free construction:

Use continuous insulation on the exterior side of framing, without voids
Reduce framing in the wall

Use thermally broken joints in balconies

Use high performance windows and doors

Use thermally broken foundation assemblies

No penetrations through the insulation layer with highly conductive materials
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THERMAL BRIDGING

Dr David Johnston

Email: d.johnston@Ileedsbeckett.ac.uk

Tel: 0113 8127634

School of Built Environment & Engineering
Northern Terrace, Queen Square Court
City Campus

Leeds Beckett University

Leeds LS1 3HE

INTRODUCTION
Material contained in this section will include:

* The definition of a thermal bridge

* Types of thermal bridges (repeating, non-repeating and geometrical)

* Phi (g) values

» Methods of calculation (1-D, 2-D and 3-D)

* Sequencing of construction processes and examples of common occurrences of thermal
bridging

Thermal bridging can have a significant impact on the thermal and energy performance
of the building envelope. In the past, when dwellings were relatively poorly insulated,
thermal bridging had little influence on the overall thermal performance of the building.
However, as dwellings have become better insulated, the relative importance of thermal
bridging has increased. In very well insulated dwellings, the proportional effect that
thermal bridging can have on the thermal performance of a dwelling can be significant.
For example, in a notional semi-detached dwelling (89m? floor area) with a total fabric
heat loss of just over 90W/K and a y value of 0.08 (roughly equivalent to a 2006 Part
L1A compliant dwelling), then thermal bridging is likely to account for 16% of the
dwellings total fabric conduction heat loss (see figure below). If no additional measures
are taken to improve thermal bridging beyond this level (i.e. y value remains at 0.08) but
the total fabric heat loss reduces by 25% by 2010 and 44% by 2013, then thermal
bridging could account for almost 30% of the dwellings total fabric conduction heat loss
by 2013.

Percentage of heat loss attributable to thermal bridging

Even when measures are taken to reduce thermal bridging, in very well insulated
dwellings, thermal bridging can still account for a significant proportion of the overall
fabric conduction heat loss.

Percentage of heat loss attributable to thermal bridging

In addition to an increase in fabric conduction heat loss, thermal bridging can also result
in:

* An increase in solar heat gains during the summer

* Reduction in internal surface temperatures

» Cold spots occurring within the building

* An increased risk of both surface and interstitial condensation, which may result in
mould growth and pattern staining
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* Reduction in indoor air quality (due to condensation and mould growth)

» Damage to building components

Although the aim, particularly in low and zero carbon dwellings, should be to try and
design and construct dwellings that are thermal bridge free, it is important to realize that
it is not generally possible to eliminate thermal bridging altogether. Instead, efforts
should be made to minimize thermal bridging as much as is possible.

CONSTRUCTION OBSERVATIONS

Observations from construction practice have identified a number of areas where thermal
bridges commonly occur as a result of issues associated with design, build-ability and
construction practice. These areas include:

* Around windows, doors and roof lights

* Timber studwork in timber frame construction and in pre-fabricated panels

» Stainless steel cavity wall ties

* Bridged cavity masonry construction

* Discontinuities in thermal insulation

» Complex detailing

* Around steel I-beams

All of these thermal bridges can be attributed to issues associated with the design of the
building and the thermal envelope and /or issues associated with the way in which the
dwellings have been constructed.

Around windows, doors & roof lights

Experience suggests that thermal bridges are common around windows, doors and roof
lights. The areas where the thermal bridging occurs relate to:

* Lintels

* Jambs

* Sills

* Door thresholds.

* Position of the window or doorframe.

Lintels

Thermal bridges commonly occur though box and top hat lintels. In these types of lintels
heat flows through the path of least resistance, the perforated steel base plate,
circumventing the insulation contained within the box or top hat (see figure and
animation below).

THERMAL BRIDGE

A thermal bridge (or cold bridge) is an area of the building fabric, which has a higher
thermal transmission than the surrounding parts of the fabric, resulting in a reduction in
the overall thermal insulation of the structure.

It occurs when materials that have a much higher thermal conductivity than the
surrounding material (i.e. they are poorer thermal insulators) penetrate the thermal
envelope or where there are discontinuities in the thermal envelope. Heat then flows
through the path created — the path of least resistance — from the warm space (inside) to
the cold space (outside).
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The higher thermal transmission of this part of the fabric results in a reduction in the
thermal performance (an increase in U-value) as heat flows through the fabric, and the
surfaces of the interior side of the bridge become cooler.

The use of the term’ thermal bridge’ is somewhat misleading as it implies that the
thermal envelope must be “bridged” in some way for a thermal bridge to occur. This is in
fact not the case. Thermal bridges can occur in un-bridged construction where
discontinuities exist in the thermal envelope.

Thermal bridges occur due to:

» Geometrical effects, such as corners.

* Penetrations through the thermal envelope, for instance windows and doors.

» Junctions between different elements (wall and floor) and different components (around
windows and doors).

* Poor construction practice (gaps or discontinuities in thermal insulation).

The occurrence of thermal bridges can be attributable to:

* Issues associated with the design of the thermal envelope.

* Build-ability and construction issues; or as is often the case

* A combination of both of the above points.

Dr David Johnston
School of Built Environment & Engineering
Leeds Beckett University
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