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Summary of Changes
March 22, 2011 Revisions

The Project Manual has been updated from the previous issue. Revisions include:

e  Rules compliance checklist: Rule 9-2 reference to Manual page 22 33 30.26 — 1 - Deleted
e Interconnection form reflects new inverter and PV panel - Changed

e  One-Line Electrical Schematic Diagram — Added

e Three-Line Electrical Schematic Diagram — Removed

e (Calculations of Service / Feeder Net Computed Load and Neutral Load Diagram — Added
e Load Center Schematic Diagram - Added

e 0514 13 — Architecturally Exposed Structural Aluminum Framing - Changed
e (055000—-Wire Rope Decorative Metal Railings — Removed

e 06 16 00 — Sheathing — Changed

e 0641 16 —Plastic-Laminate-Clad Architectural Cabinets —Changed

e 0646 00-Wood Trim - Changed

e 072100 - Thermal Insulation —Changed

e 07 46 46 - Mineral-Fiber Cement Siding —Changed

e 0814 00-Wood Doors and Frames - Changed

e 085200-Wood Windows — Changed

e 0861 00 - Roof Windows - Changed

e 092216.13 - Non-Structural Metal Stud Framing - Removed

e 092900 - Gypsum Board Panels — Changed

e 0930 13 - Ceramic Tiling — Removed

e 093033 - Stone Tiling — Added

e (0993 13.53 —Exterior Finishing — Removed

e 1006 20 - Interior Specialties - Changed

e 1022 26.43 — Operable Partitions — Changed

e 121713 —Etched Glass — Removed

e 1236 00— Countertops — Changed

e 221219 - Facility Potable Water Storage Tanks - Changed

e 2631 00 - Photovoltaic Collector System - Changed

e 4819 16 — Electrical Power Generation Inverters — Changed
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May 5, 2011 Revisions

The Project Manual has been updated from the previous issue. Revisions include:

e Detailed Water Budget — Changed

e  One-Line Electrical Diagram — Changed

e (Calculations of Service/Feeder Net Computed Load & Neutral Load (NCE220) — Changed
e Load Center Schematic - Changed

e 015400 - Construction Aids — Changed

e 0641 16 — Architectural Woodwork — Removed

e 06 82 00— Glass-Fiber Reinforced Plastic — Added

e (07 13 13 — Bituminous Sheet Waterproofing - Added

e 1131 00 - Residential Appliances — Changed

e 123000 - Casework - Added

e 2113 13- Wet-Pipe Sprinkler Systems — Changed

e 2605 19 —Low-Voltage Electrical Power Conductors and Cables - Changed
e 2605 26 — Grounding & Bonding for Electrical Systems - Added
e 2605 33 — Raceways and Boxes for Electrical Systems — Changed
e 262416 - Panelboards — Changed

e 262700 - Low-Voltage Distribution Equipment — Added

e 2627 13 - Electricity Metering — Changed

e 2628 16— Enclosed Switches and Circuit Breakers — Changed

e 2631 00 - Photovoltaic Collector System — Changed

e 265100 - Interior Lighting — Changed

e 2656 00— Exterior Lighting — Changed
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August 11, 2011 Revisions

The Project Manual has been updated from the previous issue. Revisions include:

e Interconnection Application Form - Changed

e  One-Line Electrical Schematic - Changed

e Calculations of Service / Feeder Net Computed Load and Neutral Load (NCE 220) - Changed
e Plan View of Lot Showing House, Decks, Ramps, Tour Path and Service Point - Changed
e Elevation View Showing Terminal Box with Service Point, meter and Service Equipment - Changed
e 015400 - Construction Aids — Changed

e (017419 - Construction Waste Management and Disposal — Added

e 0514 13 — Architecturally Exposed Structural Aluminum - Changed

e 055000 - Metal Fabrications - Changed

e 0605 23 —-Wood, Plastic and Composite Fasteners - Changed

e 061000 — Rough Carpentry - Changed

e 06 82 00 — Glass-Fiber Reinforced Plastic - Added

e (07 13 13 — Bituminous Sheet Waterproofing - Removed

e 079100 - Prefromed Joint Seals - changed

e 0991 23 —Interior Paint - Changed

e 113100 - Residential Appliances - Changed

e 1221 13.23 —Horizontal Louver Blinds - Removed

e 211313 -Wet-Pipe Sprinkler Systems - Changed

e 2207 19 - Plumbing Piping Insulation - Removed

e 221116 - Domestic Water Piping - Changed

e 2212 19 - Facility Potable Water Storage Tanks - Changed

e 221353 - Facility Septic Tanks - Added

e 2233 30.16 — Residential, Storage Electric Domestic Water Heaters - Changed
e 2233 30.26 — Residential, Collector-to-Tank, Heat-Exchanger-Coil, Solar-Electric Domestic Water Heaters - Changed
e 232113 -Hydronic Pumps - Removed

e 2331 13.16 — Round and Flat-Oval Spiral Ducts - Changed

e 2333 13- Dampers - Changed

e 2337 13 - Diffusers, Registers and Grilles - Changed

e 237200 - Air-to-Air Energy Recovery Equipment - Changed

e 2381 26— Split-System Air Conditioners - Changed

e 2384 16 — Dehumidifiers - Changed

e 2605 19 — Low-Voltage Electrical Power Conductors and Cables - Changed

e 2605 26 — Grounding and Bonding for Electrical Systems - Changed

e 26 05 33 — Raceway and Boxes for Electrical Systems - Changed

e 262416 — Panelboards - Changed

e 262700 - Low-Voltage Distribution Equipment - Changed

e 2627 13 — Electricity Metering - Changed

e 263100 - Photovoltaic Collectors - Changed

e 265100 — Interior Lighting — Changed

e 2656 00— Exterior Lighting — Changed

e 2705 13 — Communications Services - Removed

e 272100 - Data Communications Network Equipment - Changed

e 2721 33 - Data Communications Wireless Access Points - Changed

e 2722 26— Data Communications Laptops - Changed
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e 272413 - Printers - Removed

e 2726 16 — Database Development - Removed

e 272619 - Application Development - Removed

e 283100 - Fire Detection and Alarm - Removed

e 283146 - Smoke Detection Sensors - Added

e 2831 49— Carbon-Monoxide Detection Sensors - Added

Rules Compliance Checklist

Project

RULE DESCRIPTION LOCATION DESCRIPTION Drawing # Manual
Page #

Drawing(s) showing the assembly and
disassembly sequences and the
movement of heavy machinery on the
Rule 4-2 Construction Equipment competition site 0-101,102
Rule 4-2 Construction Equipment Specifications for heavy machinery 0-101,102 015400-1
Drawing(s) showing the locations and
depths of all ground penetrations on
Rule 4-3 Ground Penetration the competition site S-101
Drawing(s) showing the location,
contact area, and soil-bearing pressure
of every component resting directly on

Rule 4-4 Impact on the Turf the turf S-101
Rule 4-5 Generators Specifications for generators 0-101,102 015400-1
220500-1
221116-1
221219-1
22 33 30.16 -
Drawing(s) showing the locations of all 1
equipment, containers, and pipes that 22 33 30.26 -
will contain liquids at any point during P- 3
Rule 4-6 Spill Containment the event 101,102,103,104 232113-2
015400-1

Specifications for all equipment,
containers, and pipes that will contain P-
Rule 4-6 Spill Containment fluids at any point during the event 101,102,103,104
Calculations showing that the structural
design remains compliant even if 18 in.
(45.7 cm) of vertical elevation change
Rule 4-7 Lot Conditions exists G-201,202
Drawing(s) showing shimming methods
and materials to be used if 18 in. (45.7
cm) of vertical elevation change exists
Rule 4-7 Lot Conditions on the lot S-101
Drawing(s) showing the location of all
house and site components relative to
Rule 5-2 Solar Envelope Dimensions  the solar envelope G-201,202
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Rule 5-2

Rule 6-1

Rule 6-2

Rule 6-2

Rule 6-3

Rule 7-1

Rule 7-2

Rule 8-1

Rule 8-3

Rule 8-3

Rule 8-4

Rule 8-4

Rule 8-5

Rule 8-5

2011 US DOE Solar Decathlon

Solar Envelope Dimensions

Structural Design Approval

Finished Square Footage

Finished Square Footage

Entrance and Exit Routes

Placement

Watering Restrictions

PV Technology Limitations

Batteries

Batteries

Desiccant Systems
Desiccant Systems

Village Grid

Village Grid

Team Massachusetts

List of solar envelope exemption
requests accompanied by justifications
and drawing references

List of, or marking on, all drawing and
project manual sheets that have been
or will be stamped by the qualified,
licensed design professional in the
stamped structural submission; the
stamped submission shall consist
entirely of sheets that also appear in
the drawings and project manual
Drawing(s) showing all information
needed by the rules officials to
measure the finished square footage
electronically

Drawing(s) showing all movable
components that may increase the
finished square footage if operated
during contest week

Drawing(s) showing the accessible
public tour route and the ground
surface area that will be covered by
organizer-provided walkway material
Drawing(s) showing the location of all
vegetation and, if applicable, the
movement of vegetation designed as
part of an integrated mobile system
Drawing(s) showing the layout and
operation of greywater irrigation
systems

Specifications for photovoltaic
components

Drawing(s) showing the location(s) and
quantity of all primary and secondary
batteries and stand-alone, PV-powered
devices

Specifications for all primary and
secondary batteries and stand-alone,
PV-powered devices

Drawing(s) describing the operation of
the desiccant system

Specifications for desiccant system
components

Completed interconnection application
form.

Drawing(s) showing the locations of the
photovoltaics, inverter(s), terminal box,
meter housing, service equipment, and
grounding means

NA

S-611

G-101

NA

G-103

L-101

L-102

E-102,602

NA

NA

M-602

M-602

E-101,102

E-101,102

Published 08/11/11

Structural

Calculations,

11-24

263100-1

NA

238416-1
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Rule 8-5
Rule 8-5

Rule 8-5

Rule 8-5

Rule 8-5

Rule 9-1

Rule 9-1

Rule 9-2

Rule 9-3

Rule 9-4

Rule 9-6

Rule 9-6

Rule 9-7

Rule 9-8

Rule 9-8

Rule 9-9

Village Grid
Village Grid

Village Grid

Village Grid

Village Grid

Container Locations

Container Locations

Team-Provided Liquids

Greywater Reuse

Rainwater Collection

Thermal Mass

Thermal Mass

Specifications for the photovoltaics,
inverter(s), terminal box, meter
housing, service equipment, and
grounding means

One-line electrical diagram

Calculation of service/feeder net
computed load per NEC 220

Site plan showing the house, decks,
ramps, tour paths, and terminal box
Elevation(s) showing the meter
housing, main utility disconnect, and
other service equipment

Drawing(s) showing the location of all
liquid containers relative to the finished
square footage

Drawing(s) demonstrating that the
primary supply water tank(s) is fully
shaded from direct solar radiation
between 9 a.m. and 5 p.m. EDT or
between 8 a.m. and 4 p.m. solar time
on October 1

Quantity, specifications , and delivery
date(s) of all team-provided liquids for
irrigation, thermal mass, hydronic
system pressure testing, and
thermodynamic system operation

Drawing(s) showing the layout and
operation of greywater reuse systems
Drawing(s) showing the layout and
operation of rainwater collection
systems

Drawing(s) showing the locations of
liquid-based thermal mass systems

Specifications for components of liquid-
based thermal mass systems
Drawing(s) showing the layout and
operation of greywater heat recovery

Greywater Heat Recovery systems

Water Delivery

Water Delivery

Water Removal

2011 US DOE Solar Decathlon

Drawing(s) showing the complete
sequence of water delivery and
distribution events

Specifications for the containers to
which water will be delivered

Drawing(s) showing the complete
sequence of water consolidation and

263100-2
481916 -2
260533-2
262713-1
E-101,102,603 262816-2

E-601

E-603

A-101

E-201

P-101

P-101

P-601

NA

P-101,L-102

NA
NA

NA

NA

0-603
232113-2
221219-1
223330.16 -
1
223330.26 -

P-601 3

0-603

Team Massachusetts Published 08/11/11 11



removal events

Specifications for the containers from datasheets
Rule 9-9 Water Removal which water will be removed P-601

Interior and exterior plans showing
Rule 11-4 Public Exhibit entire accessible tour route G-103

Structural Calculations

Structural Narrative

The unusual stresses of shipping and craning the 4dhome have become dominant factors in the design of our
house’s structural system. The house will be divided into four modules which are each designed to be independently
structurally sound to withstand the rigors of shipping and craning. The Modules will also need to perform in concert as a
sound two bedroom home which will be displayed and demonstrated to tens of thousands of visitors during the 2011
Solar Decathlon.

These varied forces have all been taken into account in the design of our 4Dhome. Central Trusses in the roof
structure have been designed to handle the dynamic shipping and craning stresses the modules will endure on their
journey and during their assembly on the National Mall. The unique stresses on the main modules will be addressed by
the insertion of a series of smaller temporary trusses which will stabilize the open sides during delivery and craning and
then will be adapted to serve a second purpose as railings for our decks. These horizontal stresses of braking and
acceleration while on the trucks as well as the vertical lifting and racking stresses of craning and the eventual live and
dead loads while in use have all been addressed and are continuing to be refined.

The use of these trusses in the roof has allowed us to disperse loads evenly throughout the building, and
because we are using them in combination with sheathed TJI construction in the walls, floor and roof we have been able
to enhance the thermal efficiency of our design by minimizing the costly effects of thermal bridging. We have also
managed to keep the central trusses in our design thin enough to remain elegant and maintain a feeling of openness
which will be enhanced by a large skylight and gable roof.

This efficient, robust construction has allowed us to address the rigorous structural stresses placed on our
design while meeting Passive House insulation and energy use standards in the creation of a pleasant, structurally sound
and comfortable home.

Calculation Results

Project Overview

This project manual provided structural calculations and evaluation of atypical construction methods and loading
conditions not covered in applicable building codes.

The objective of the structures group is to create a safe and sensible structural design that maximizes efficiency and
minimizes thermal bridging.

The shipping aspect is a dominant factor in the design of the house’s structural system. The house will be built in four
separate modules for shipping. These modules will be craned together for the competition.
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Load Summary

The structural design must accommodate multiple phases of loading. Construction is done in a modular building facility.
The modules must be able to ship on U.S. highways. The service loads include the three week duration on the National
Mall with elevated load criteria and a possible permanent location in Maine, using conservative values. A change in final

geographic location will require re-evaluation.
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C}M TEAM MASSACHUSETTS
STRUCTURAL CALCULATIONS

ENGINEERING CONSULTANTS
LeMessurier Consultants

6.30.11
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U.S. Department of Energy
Solar Decathlon 2011
Date 6/30/2011

Structural Calculations

Submitted By:

LeMessurier Gonsultants

675 Massachusstts Avenue, Cambridge, MA 02138
Tel: {817)868-1200 Fax: (617)661-7520

Structural Design Loads. ..o e s s e e s s e s e 1
Lateral Wind Load Analysis. s
TYBICA] FIOOT JOESTE: r vus 0w 05 am rmsi s a5 385 5555 505,558 i G i b s s 6

TYRICal Floor BeaM e ee s cen e s ersmane e SRR b |

Typical ROof Framing Rafter. e e et smere e eeee L 7

R Y g = ] 3RS £ |

Roof Rafterwith Trellis Loaduamrmmsmmmsressiasssmasississi 28

Typical Footing Calculation... oo i e sasee e s 34
Appendix

Nordic I-Joist Beam-Column Calculation.............A1

Gravity Load Takedown... ..AG

LeM File No.: 31079
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U.S. Department of Energy
Solar Decathlon 2011
Date 6/30/2011

Submitted By:

Structural Design Loads

LeMessurier Gonsultants

675 Massachusetts Avenue, Cambridge, MA 02139

Tel: (617)868-12C0

Fax: (617)661-7520

Structural Design Loads — In accordance with ASCE 7-05; Minimum Design Loads for Buildings
and Other Structures

" 1. Dead Loads
a. Weight of Permanent Building Components As Required
2. Llive Loads

~a. First Floor... v sisesccasess vnenans eereeannenn 100psf
3. Snow Loads '
. Ground SNOW LOAx.. e icececteiaeesseasseseessessasesnssssssssnssasssssnsasesnnsens 65psf
b. Flat Roof Snow Load, Py............ reesssarssnarensenns DOPST
C. Sloped Roof SNOW LOA, Ps wsevonroniinn osaiosssassinisnsoss staasasusssssnass masasus 50psf
d. Snow EXpasure FActor, Coniriiciiniiiiierinniniesseassinsincsesseessssesesssnsnssneas 1.0
e. Roof Slope Factor, Cauevcvereanrnienrnnn 1.0
f. Snow Load IMPortance FACTOr, L. i sesissssressssesssssssnssssnsens s s smesasss 1.0
. THErmMal FACOr, Ciuveiiiiieiecoreesnrnesisninssesessssasssns snsnss sas ansnssessssssnnsssenss senesnn 1.1
4. Wind Loads
a. Basic Wind Speed (Boston, MA)....ccccuu.... U S— veesneenenne. 105mph
b. Importance Factor, L., TR RIRRUY. 18 |
C. SUrface ROUBNNESS CatBEOrY. ..o ciireeeiencerne rtirecnecbaciassessissssssssssssasasassassassen B
0. EXPOSUIE CalBBONY...ciiuceeceeerueurearasreesesas ssmsssmssensss sasssssssssssssnsss sarsessssrassssenss .B
€. Analysis Method......vciincicresinsenene Method 1 (Simplified Method)
f. Main Wind Force-Resisting System Design Pressures
i. Wall Corner vt bta st e st s nannanas 19.6psf
ii. Wall Field R 54044 (R4 e ne e ot aea s nar e et e e ene e cm 15.7psf
iii. Roof Corner...u i swnmanssaae Lava ST
iv. Roof Field... e eteserestesestesensrebestataseantane st raraas aanaens 2 e anssantn 10.8psf
g. Components and Cladding Pr955ures (based on effective wind area of 20sf)
i. Interior ROOF ZONE....cicee s secseraresnssesannnnsanes (+)17.6psf/(-)18.8psf

iil. Roof End/Ridge Zone.....uuniiciiesceesecnnen {+)17.6psf/{-)22.2psf
iii. Roof Corner and Ridge End Zone.......cccceueene. (+)17.6psf/(-)22.2psf
iv. Wall Interior Zone......... (+)18.9psf/(-)20.6psf
V. Wall ENd ZONe..u e ceiririeeceres s snenssreanssassnes (+)18.9psf/(-)24.8psf

LeM File No.: 31079
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APA Product Report® PR-L294

Revised April 12, 2011 Page 2 of 5

Nordic Lam™ columns shall be in accordance with the recommendations provided by the
manufacturer.

5. Fire-rated assemblies:
Fire-rated assemblies shall be constructed in accordance with the recommendations
provided by the manufacturer (see link above).

6. Limitations:

a) Nordic Lam™ beams and columns shall be designed in accordance with the code using
the design properties specified in this report. ' _

b) The dimensions of Nordic Lam™ beams and columns shall follow those specified in
Table 1.

¢) Nordic Lam™ beams and columns shail be manufactured in accordance with layup
combinations specified in APA Glulam Layup Combinations, Form Y117 SUP
(www.apawood.org/publications) or proprietary Nordic Lam™ manufacturing
specifications documented in the in-plant:-manufacturing standard approved by APA.

d) Nordic Lam™ is produced at the Nordic Engineered Wood, Chibougamau, Quebec
facilities under a quality assurance program audited by APA.

e) This report is subject to re-examination in one year.

7. I|dentification:
Nordic Lam™ described in this report is identified by a label bearing the manufacturer's
name (Nordic Engineered Wood) and/or trademark, the APA assigned plant number (1057),
the product standard (ANSI/AITC A190.1), the APA logo, the combination symbol, the report
number PR-L294, and a means of identifying the date of manufacture.

Table 1. Dimensions for Nordic Lam™ |ayups.

Layup Minimum width, | Maximum width, | Minimum depth, | Maximum depth,
b (in.) b (in.) H h (in.)
20F-E8M1 1-1/2 7-112 4 lams 18
20F-ES/CPG 3-1/8'" 3-1/2 4 lams 18
24F-E/ES1M1 1-1/2 7-1/2 4 lams 367
24F-ESINPG 1-1/2 12 4 lams 549
ES11° 1-1/2 7-112 2 lams 15
ES11/NPG 1-1/2 7-112 2 lams 15
ES12 1-1/2 7-112 2 lams 15
ES12/NPG 1-1/2 12 2 lams 54

™" The minimum width shall be permitted to be 1-1/2 inches when 24F-ES/NPG is
trademarked as 20F-ES/CPG.
@ The maximum depth shail not exceed the tabulated depth or a depth-to-width ratio of 12:1,
whichever is smaller.

© 2011 APA - The Engineered Wood Association
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Nordic Lam™ PR-L294
Nordic Engmeered Wood Revised April 12, 2011

Products: Nordic Lam™ -

Nordic Engineered Wood,

1100 Avenue des Canadiens-de-Montréal, Suite 504
Montreal, Québec, Canada H3B 2S2

(514) 871-8526

www.nordicewp.com

1. Basis of the product report:

e 2009 and 2006 International Building Code (IBC): Sections 104.11 Alternative Materials
and 2303.1.3 Structural glued laminated timber

o 2009 and 2006 International Residential Code (IRC): Sections R104.11 Alternative
Materials, and R502.1.5, R602.1.2, and R802.1.4 Structural glued-laminated timber

¢ ASTM D 3737-07 and D 3737-03 recognized by the 2009 IBC and IRC, and 2006 IBC
and IRC, respectively

e ANSI/AITC A190.1-07 and A190.1-02 recognized by the 2009 IBC and IRC, and 2006
IBC and IRC, respectively

e APA Reports T2001P-85, T2003P-21, T2003P 85, T2004P-43, T2006P-45, T2008P-91,
and T2009P-39, FPInnovatlons Reports 201003404 and 201003409, and other
qualification data

2. Product description:
Nordic Lam™ is a Black Spruce structural glued laminated timber manufactured in
accordance with 20F-E8M1, 20F-ES/CPG, 24F-E/ES1M1, 24F-ES/NPG, ES11, ES11/NPG,
ES12, and ES12/NPG layup combinations developed in accordance with the principle of
ASTM D 3737. Nordic Lam™ is used as beams, headers, rafters, purlins, columns, studs,
and decking, and is manufactured in nominal widths ranging from 1-1/2 to 12 inches, depths
up to 54 inches, and lengths up to 80 feet, in accordance with Table 1.

3. Design properties:
Table 2 lists the design properties for Nordic Lam™ beams. The allowable spans for Nordic
Lam™ beams shall be in accordance with the recommendations provided by the
manufacturer (www.nordicewp.com/literatures/N-U121NordicLam.pdf), and with EWS Data
File: Glued Laminated Beam Design Tables, Form S475 (www.apawood.org/publications),
as applicable.

Table 3 lists the design properties for Nordic Lam™ columns. The allowable loads for
Nordic Lam™ columns shall be in accordance with the recommendations provided by the
manufacturer (www.nordicewp.com/literatures/N-U231Columns.pdf), and with EWS Data
File: Design of Structural Glued Laminated Timber Columns, Form Y240
(www.apawood.org/publications), as applicable.

4, Product instaliation:
Nordic Lam™ beams and columns shall be installed in accordance with the
recommendations provided by the manufacturer (www.nordicewp.com/literatures/N-
U121NordicLam.pdf) and EWS Technical Note: Glulam Connection Details, Form T300
(www.apawood.org/publications). Permissible field notching and drilling of Nordic Lam™
beams shall be in accordance with the recommendations provided by the manufacturer and
with EWS Technical Note: Field Notching and Drilling of Glued Laminated Timber Beams,
Form S560 (www.apawood.org/publications). Permissible field notching and drilling of

© 2011 APA - The Engineered Wood Association 12-17

v/



Tey Date File No.

Sheet N

LeMessurier Consultants | _ !
Structural Engineers Subject
|
oo BEAm 34 1y thaw L Bpd
LVxEL4 ﬁg@y/a Smes S |
& _3 - 'y 4‘
Ze %) | sep
s ) —
L- .hl"3
Se . 2h'[1B) . g2
3
-
A 2,7
17 e a5 sctlnts )60 . 7 fod
z=.
£ = 85,297
) FE.on .
yﬁ . 25 r4F < JO40 pi
gz s S/l
| ) Boyor/s
f’} * Wﬂﬂfﬁgﬁwpvxéw&&) D 7% - JOFOp 5 L. X
Prom- TPDBLE oF Pegisyd  Yriufd
HrL PTLETT |
| #
We p00pst (10°-3") = 10527
* | Zart,
15’*:—‘;//05’? %)/é;“fﬂt"f} ﬂ;‘_) /%%) . O.733 7 /,é'- ) ’, aéﬂ?’
282 ( 0.8 x 1005 )] %g}) 616,
B4 S oon
e ek , . B ﬁ-
S 15 p stz ﬂ/ﬁ -/a)fé’»ﬁ) = 4/5%
‘#- &
j;(’-f 4/'53} : - /ﬁg_ﬁ.}f P /‘j/:«//?rf‘j] e S}:}‘Em

G0 [Contot pourp)  O4HT



APA Product Report® PR-L274

Revised May 2, 2011 Page 4 of 4

APA — The Engineered Wood Association is an accredited ceriification body under 150 85 by Standards
Council of Canada (SCC) and an accredited inspection agency by the International Code Council (ICC)
International Accreditation Service (JAS) under ISO/IEC 17020. APA is also an accredited testing
organization recognized by |AS and SCC under ISO/EC 17025. APA is a recognized testing laboratory by
Miami-Dade County, and a Product Testing Laboratory, Product Quality Assurance Entity, and Product
Validation Entity by the Florida Department of Community Affairs (DCA}.

APA - THE ENGINEERED WOOD ASSOCIATION
HEADQUARTERS
7011 So. 19" St. = Tacoma, Washington 98466
Phone: (253) 565-6600 = Fax; (253) 565-7265 » Internet Address: www.apawood.org

PRODUCT SUPPORT HELP DESK
(253) 620-7400 « E-mail Address: help@apawood.org

DISCLAIMER

APA Product Report® is a trademark of APA — The Engineered Wood Assocciation, Tacoma, Washington. The
information contained herein is based on the product evaluation in accordance with the references noted in this
report, Neither APA, nor its members make any warranty, expressed or implied, or assume any legal liability or
responsibility for the use, application of, andfor reference to opinions, findings, conclusions, or
recommendations included in this report. Consult your local jurisdiction or design professional to assure
compliance with code, construction, and performance requirements. Because APA has no control over quality of
workmanship or the conditions under which engineered wood products are used, it cannot accept responsibility
of oroduct performance or desians as actuallv constructed.

© 2011 APA — The Engineered Wood Association 04-16



APA Product Report® PR-L274

Revised May 2, 2011

Page 3 of 4

(@)
(b)
{e)
(d)
{e)
[4)]

()]

)

The tabulated values are design values for normal duration of load. All values, except for El and K, shall be
permitted to be adjusted for other load durations as permitted by the code.

The maximum vertical load capacity for Nordic Joist without bearing stiffeners is 2,000 1bfift for joists up to 16-
inch deep, 1,850 Ibf/ft for 18-inch NI-80 and 1,275 Ibffft for 18-inch NI-80x to 24-inch NI-80x.

Bending stiffness (El) of the I-joist

Moment capacity (M) of the |-joist, which shall not be increased by any repetitive member use factor.

Shear capacity (V) of the I-joist

Intermediate reaction (IR) of the I-joist for a bearing length of 3-1/2 or 5-1/2 inches with or without web
stiffeners in accordance with the bearing stiffener recommendations listed in Table 2.

End reaction (ER) of the I-joist for a bearing length of 1-3/4 and 3-1/2 inches with and without web
stiffeners. Higher end reactions are permitted. For a bearing length of 4 inches, the end reaction may be
set equal to the tabulated shear value. Interpolation of the end reaction between 1-3/4 and 4-inch

bearing length is permitted. For joists up to 16-inch deep with end reaction values greater than 1,550 Ibf,
web stiffeners are required with the exception of NI-80x, which requires bearing stiffeners when end
reaction values exceed 1,885 Ibf. For 18-inch NI-80 and 18-inch NI-80x to 24-inch NI-80x wrth end
reactions greater than 1,850 Ibf, web stiffeners are required.

Coefficient of shear deﬂectlon (K). For calculating uniform load and center-point load deflections of

the I-joist in a simple-span application, use Equations 1 and 2.

4 2
Uniform Load: = S + me 11
384El K
3
Center-Point Load: 6= P + 2Pt [2]
) 48El K
Where: & = calculated deflection (in.)
® = uniform load (Ibffin.)
P = concentrated load (Ibf)
¢ = design span (in.)
El = bending stiffness of the I-joist (Ibf-in. %)
K = coefficient of shear deflection (Ibf)

Table 2. Minimum Dimensions for Web Stiffeners @

SJ;rIiSets | _ Web Stiffeners _ ‘ Flange width (in)
Thickness (in.) Width (in.)
Ni-20 1 2-5/186 2-1/2
NI-40 1 2-5/16 2-1/2
NI-40x 1 2-5/16 2-1/2
NI-60 1 2-5/16 2-1/2
NI-70 1-1/2 2-5/16 3-1/2
NI-80 1-1/2 2-5/16 3-1/2
NI-80x 1-1/2 2-5/16 3-1/2
NI-90x 1-1/2 2-5/16 - 312

B Web stiffener length is 1/8 to 1/4 inch less than the clear distance between flanges. Stiffeners 1-inch
thick are wood structural panels and stiffeners 1-1/2-inch thick are SPF lumber (specific gravity of 0.42)

or denser lumber.

© 2011 APA — The Engineered Wood Assaciation
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7.

Identification: '
The Nordic Joist described in this report is identified by a label bearing the manufacturer's

name (Nordic Engineered Wood) and/or tfrademark, the APA assigned plant number (1052),
the I-joist depth and series, the APA logo, the report number PR-L274, and a means of
identifying the date of manufacture.

Table 1. Design Properties (Allowable Stress Des;,?n) for Nordic Joist™ © -
IR ER
Joist : El @ o) (Ibf) (Ibf) -
Depth ngf:s (10° Ibf- (|hb/|f_ﬂ) (Y:m 3-1/2 (in.) 5-1/2 (in.) 1-3/4 (in.) 3-1/2 (in.) (1£|bﬂ
) in) wio WS | w/ WS [wio WS| wi/ WS [wio WS | w/ WS [wio WS| w/ WS
NI-40x| 138 | 2310 ] 880 | 1,800 | NA | NA | NA | 880 | NA | NA | NA | 4.10
7-7/8 | NI-8O | 147 | 3,030 | 880 | 1,850 | NA NA NA 880 NA NA NA 4.10
NI-80 | 204 | 4285 | 880 | 1,880 NA | NA | NA | 880 | NA | NA | NA | 410
NI-20 | 138 | 2,510 | 1,080 | 1,700 | NA NA NA 900 NA NA NA 4.81
o.1/4 |NI-40x| 198 12810 | 1,170 [2240 | NA | NA | NA |1120] NA | NA | NA | 481
NI-60O | 217 [ 3,680 | 1,170 [ 2240 | NA | NA | NA [1120] NA | NA | NA | 481
NI-8O | 304 | 5215 | 1170|2240 NA | NA | NA [1120] NA | NA | NA | 481
NI-20 [ 145 [ 2,500 | 1,120 | 1,700 ] NA | NA | NA | 900 | NA | NA | NA | 494
NI-40 | 193 | 2,735 | 1,120 | 2,180 | NA NA NA | 1,080 | NA NA NA 4.94
g.1/2 INI-40x| 218 | 2,900 | 1,200 | 2,240 2620 | NA | NA | 1120] NA | NA | NA | 4.94
NI-60 | 231 | 3,810 | 1,200 | 2,240 | 2,620 | NA NA | 1,120 | NA NA NA 4.94
NI-70 | 304 | 5120|1200 | 2240|2620 NA | NA [1120] NA | NA | NA | 494
NI-80 | 324 [ 5,385 | 1,200 | 2,380 | 2,780 | NA NA [ 1,190 NA | NA | NA | 494
NI-20 | 222 | 3,185 1,340 | 1,800 | NA NA NA 800 NA NA NA 5.85
11.1/4 [IN40x| 313 [3535 [ 1410|2750 | NA | NA NA {1250 NA | NA | NA | 585
NI-80 | 347 [ 4,630 | 14102750 ] NA | NA | NA [1250] NA | NA | NA | 585
NI-80 | 484 | 6560 | 1410|2750 NA | NA | NA |1330] NA | NA | NA | 585
NI-20 | 253 | 3,355 [ 1,420 [ 1,800 | NA [ NA | NA | 900 | NA | NA | NA | 6.18
NI-40 | 330 | 3,545 | 1,420 | 2,500 | NA NA NA | 1,200 | NA NA NA 6.18
NI-40x| 371 | 3,760 | 1,480 | 2,750 | 2,930 | NA NA | 1,250 | NA NA NA 6.18
11-7/8 | NI-B0 | 396 | 4,835 [ 148027502930 NA | NA [1250] NA | NA | NA | 618 .
"NI-70| 515 [ 6,635 [ 1,480 | 2,750 | 2,930 | NA NA | 1,250 | NA NA NA 6.18
NI-80 | 547 [ 6,980 | 1,480 | 2,900 [ 3120 NA | NA | 1330 NA | NA | NA | 618
NI-9Ox| 615 | 9,465 [ 2,055 [ 4170 ] NA | NA | NA [1765] NA | NA | NA | 6.18
NI-40 | 482 4,5?5--’1-,?1 0(2500] NA NA NA | 1,200 | NA NA NA 7.28
NI-40x| 540 | 4,530 | 1,730 [ 2,750 | 3240 | NA | NA | 1,250] NA | NA | NA | 7.28
14 NI-60 | 584 | 5945 | 1,730 | 2,750 | 3,240 { NA NA | 1,250 | NA NA NA 7.28
NI-70 | 749 | 7,990 | 1,730 | 2,750 | 3240 | NA | NA | 1250] NA | NA | NA | 7.28
NI-80 | 802 | 8,405 {1,730 | 3,310 [ 3840 | NA | NA [1330] NA | NA | NA | 728
NI-90x| 910 |11,415] 2,210 | 4,170 | NA NA NA | 1,785 | NA NA NA 7.28
NI-40 | 657 | 4,950 | 1,970 | 2500 | NA | NA | NA [1200] NA | NA | NA | 832
NI-40x| 734 | 5250 | 1,970 | 2,750 | 3,240 | NA NA | 1,250 | NA NA NA 8.32
16 NI-60 | 799 | 6,885 | 1,970 | 2,750 | 3,240 | NA NA | 1,250 | NA NA NA 8.32
NI-70 [ 1,015] 6,265 | 1,870 [ 2,750 | 3240 | NA | NA [1250] NA | NA | NA | 832
NI-80 | 1,092 | 9,745 | 1,970 | 3,310 | 3,840 | NA NA | 1,330 | NA NA NA 8.32
NI-80x| 1,245 [13100] 2,325 [ 41770 | NA | NA | NA [1765] NA | NA | NA | 832
45 | NI-60 | 1,019 7,800 | 2,000 | 2,800 | 3,500 | 3,150 | 4,100 | 1,300 | 1,700 | 1,520 | 1,860 | 9.36
NI-80x| 1,399 {10,990| 2,360 | 3,100 | 3,700 | 3,250 | 4,250 | 1,300 | 1,900 | 1,520 | 2,150 | 9.36
20 [NI-80x| 1,771 [12,315] 2,450 | 3,100 | 3,700 | 3,250 | 4,250 | 1,300 | 2,010 | 1,520 | 2,250 | 10.40
22 |NI-80x]| 2,191 [13,645] 2,530 | 3,100 | 3,700 | 3,250 | 4,250 | 1,300 | 2,130 | 1,520 | 2,350 | 11.44
24 |NI-80x| 2,680 | 14,975 2,600 | 3,100 | 3,700 | 3,250 | 4,250 | 1,300 | 2,250 | 1,520 | 2,440 | 12.48
For SI: 1inch = 25.4 mm, 1 Iof = 4.448 N, 1 Ibf-ft = 1.356 N-m, 1 [bf-in® = 0.000287 N-m*
© 2011 APA — The Engineered Wood Association 04-16



Nordic Joist™ PR-L274

Nordic Engineered Wood Revised May 2, 2011

Products: NI-20, 40, 40x, 60, 70, 80, 80x, and 90x Prefabricated Wood I-Joists
Nordic Engineered Wood,

1100 Avenue des Canadiens-de-Montréal, Suite 504

Montreal, Québec, Canada H3B 2S2

(514) 871-8526

www.nordicewp.com

1.

Basis of the product report:

e 2009 and 20086 International Building Code (IBC): Sections 104.11 Alternative Materials
and 2303.1.2 Prefabricated wood I-joists

e 2009 and 20086 International Residential Code (IRC): Sections R104.11 Alternative
Materials and R502.1.4 Prefabricated wood I-joists

¢ ASTM D 5055-05 recognized by the 2009 IBC and IRC, and ASTM D 5055-04
recognized by the 2006 IBC and IRC

o APA Reports T2004P-3, T2004P-21, T2004P-74, T2004P-76, T2005P-30, T2005P-31,
T2006P-12, T2006P-13, T2007P-14A, T2007P-76, T2007P-79A, T2007P-81, T2007P-91,
T2008P-17, T2010P-20 and other qualification data

Product description:
Nordic Joist™ is made with lumber flanges and OSB webs in accordance with the in-plant
manufacturing standard approved by APA.

Design properties:

Table 1 lists the design properties for Nordic Joist. The allowable spans shall be in
accordance with the recommendations provided by the manufacturer
(www.nordicewp.com/literature/residential-united-states/). '

Product installation: -

Nordic Joist shall be installed in accordance with the recommendations provided by the
manufacturer (see link above). Permissible web holes, web stiffeners and cantilever
reinforcements shall be in accordance with the recommendations provided by the
manufacturer. '

Fire-rated assembilies:

Fire-rated assemblies shall be constructed in accordance with the recommendations
provided by the manufacturer (see link above), and with APA Design/Construction Guide:
Fire-Rated Systems, Form W305 (www.apawood.org/publications). -

Limitations:

a) Nordic Joist shall be designed in accordance with the code using the design properties
specified in this report. :

b) Nordic Joist is limited to dry service conditions where the average equilibrium moisture
content of sawn lumber is less than 16 percent.

¢) Nordic Joist is preduced at the Nordic Engineered Wood, Chibougamau, Québec
facilities under a quality assurance program audited by APA.

d) This report is subject to re-examination in one year.

© 2011 APA — The Engineered Wood Association 04-16
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APA Product Report® PR-L294
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APA — The Engineered Wood Association is an accredited certification body under |SQ 85 by Standards
B} Council of Canada {(SCC) and an accredited inspection agency by the International Code Council (ICC)
International Accreditation Service (IAS) under ISC/EC 17020. APA is also an accredited testing
crganization recognized by |IAS and SCC under ISO/IEC 17025. APA is a recognized testing laboratory by
Miami-Dade County, and a Product Testing Laboratory, Preduct Quality Assurance Entity, and Product
Validation Entity by the Florida Department of Community Affairs (DCA).

APA - THE ENGINEERED WOOD ASSOCIATION
HEADQUARTERS
7011 So. 18" St. » Tacoma, Washington 98466
Phone: (253) 565-6600 « Fax: (253) 565-7265 « Internet Address: www.apawood.org

PRODUCT SUPPORT HELP DESK
(253) 620-7400 = E-mail Address: help@apawood.org

DISCLAIMER

APA Product Reporf® is a trademark of APA — The Engineered Wood Asseciation, Tacoma, Washington. The
information contained herein is based on the product evaluation in accordance with the references noted in this
report, Meither APA, nor its members make any warranty, expressed or implied, or assume any legal liability or
responsibility for the use, application of and/or reference to opinions, findings, conclusions, or
recommendations included in this report. Consult your local jurisdiction or design professional to assure
compliance with code, construction, and performance requirements. Because APA has no control over quality of
workmanship or the conditions under which engineered wood products are used, it cannot accept responsibility
of oreduct performance or desians as actuallv constructed.

© 2011 APA - The Engineered Wood Association ' 12-17
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DESIGN VALUES

FOR NORDIC LAM™

DESIGN STRESSES @

NORDIC LAM BEAMS
STRESS GRADE 24F-1.9E
EWS LAYUP COMBINATION 24F-E/ES1M1
Bending About X-X Axis
(Loaded Perpendicular to Wide Face of Lammanons} = = S
Extreme Fiber in Bending @ F - 2400 psi -
Shear Parallel to Grain® F.. 250 psi
Compression Perpendicular to Grain F 560 psi
Shear-Free Modulus of Elasticity E, 1.9 x 10° psi
Apparent Modulus of Elasticity Ex 1.8 x 10° psi
Bending About Y-Y Axis

_(Loaded Parallel to Wide Face of Laminations)

“Extreme Flber in Bending ™ Fuy 1100 psi
Shear Parallel to Grain® Fy 175 psi
Compression Perpendicular to Grain. Eoy 300 psi

_ Shear-Free Modulus of Elasticity E 1.6 x 10° psi
Apparent Modulus of Elasticity® = 1.5 x 107 psi

 Axially Loaded
Compression Parallel to Grain F. 1150 psi
Tension Parallel 10 Graln F, ; 1050 psi
Modulus of Elastlcsty E, 1.6 x 10° psi

(1) The tabulated design values are for dry conditions of use. For wet conditions of use, multiply the tabulated values by the wet
service factors, G, (NDS-05, 5.3.3).

(2) The tabulated design values are for normal duration of loading. For other durations of loading, see applicable building code.
{3) Nordic Lam bending members are symmetrical throughout the depth of the member (balanced layups).

(4) The tabulated design values in bending (F,) shall be multiplied by a volume effect factor, C,. The volume factor formula is:
= (12/d)"™ x (5.125/b)"™ x (21/L)"" = 1.0, where d = beam depth (in.), b = beam width (in.), and L = beam length (ft).

(5) For notched members, members subject fo impact or cyclic loading, or shear design of bending members at connections
(NDS-05 3.4.3.3), the design value for shear (F,) shall be multiplied by a factor of 0.72.

(6) The tabulated "apparent E" values already include a 5% shear deflection.
(7) The values of F, shall be permitted to be increased by multiplying by the size factor, (12/d)'", where d is the beam depth in inches.
(8) Design of glulam members shall be in accordance to Mational Design Specification, 2005 Edition.

(9) The specific gravity for dowel-type fastener design is 0.41. Member weight shall be based on density of 35 pef.

Refer to the Nordic Lam Design/Construction Guide for more information.

g £ Nordic Sustainable Wood Solutions

ENGINEERED Wooa

HEAD OFFICE AND TECHNICAL SERVICES
info@nordicewp.com * www.nordicewp.com
T. 514.633.9661 = F 514.633.0833
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B Truss | Truss Type ity Ply Nordic Enginesred Wood
1106-033 SOLAR DECATHLON|RG1 : {FLAT 1 1 10
PE. Robbins, Inc., Viciana, IL 61485 : 7220 & Dac 28 2008 NiTek Industries, Inc. Wed Jul 06 23:22:47 2071 |
L 4-7-4 8312, 18-3-6 | 2730 33104 40-10-4 -
R 4-8-8 ‘ t 6-7-4 ' 7-0-0

8-11-10 . 8-11-10

8-3-12 i 18-3-6 L 27-3-0 | 33-10-4 | 40-10-4

8-3-12 ' 8-11-10 ! 8-11-10 ! 6-7-4 L 7-0-0
LOADING (psf) SPACING 5-5-11 cst DEFL in (loc) iidefi  Lid E‘:l‘t?a:ema}“,‘, f:l'l‘l‘:’i‘a‘:nse"';; z é‘f zfee'
TCLL 80.0 Bolt Increase 1.15 TC 048 Vert{Ll) -0.29 10-11 =999 240 bending yiald strength of 45,000 psi
TCDL 25.0 Lumber Increase  1.15 BC 097 Vert(TL) -0.53 1011 =815 180 '
BCLL 0.0 Rep Stress Incr NO wB 1.00 Horz{TL}) 0.18 8 nia nla
BCDL 10.0 Cade 1BC2008 (Matrix)
LUMBER BRACING
TOP CHORD Nordic 24F 3.5" x 14" 3 TOP CHORD  2-0-0 oc purlins (8-0-0 max.), except end verticals
BOT CHORD Nordic 24F 3.5 x 7.5"
WEBS Mordic 24F 3.5" x 3.5" except BOT CHORD Braces at joints 10 and 12

6-8: 2X4 Mordic 24F 3.5" x 7.5" Attach 4x4 |ateral brace with (2)

3/8" x 9" lag screws through truss

REACTIONS (Ibfsize) 13=13877/0-7-4 {min. 0-2-7), B=13877/0-74 (min. 0-2-7) bettom chord and Int end graln of 44 brace,

Max Uplift13=-1862(LC 3), 8=-1862(LC 3)

FORCES (Ib) - Maxi Comprassion/Maximum Tansion .

TOP CHORD  1-13=-1147/196, 1-2=-68/4, 2-3=-15435/2060, 3-4=-21869/2936, 4-5=-19458/2611, 5-6=-12814/1718, 6-7=-51/5, 7-8=-1671/291

BOT CHORD  12-13=-1195/8703, 11-12=-2060/15435, 10-11=-2936/21369, 9-10=-2611/19458, 8-8=-1713/12814

WEBS 2-13=-15182/2085, 3—12‘436?4\!1349_, 3-11=-1079/7924, 5-10=-106/2157, 5-8=-17522/2352, 4-10=-2969/400, §-9=-751/6854, 5-9=-9286/1248, 2-12=-1466/1 1416, 4-11=-4185/783

NOTES
1) 3/4" boits { ASTM A-307 ) shall be placed in maximum 13/16" and minimum 25/32" diameter holes. Holes shall be accurately aligned in main members and side plates.
Bolts shall not be forcibly driven. All boits shall have a full nut with fuil thread contact. ;
Da not aver tighten bolts. Tighten bolts to snug fit plus quater turn maximum.
2) This truss has been checked for uniferm roof live load only, except as noted.
3) Wind: ASCE 7-05; 120mph; TCDL=6.0psf; BCDL=6.0psf; h=25ft; Cat. |I; Exp C; enclosed; MWFRS {low-rise); Lumber DOL=1.80 plate grip DOL=1.60
4) Provide mechanical connection (by others) of truss to bearing plate capable of withstanding 1862 |b uplift at joint 13 and 1862 Ib uplift at joint &,
5} This truss is designed in accordance with the 2009 International Building Code.
8) 3/4" bolts shall be spaced at 3" ¢fc in a row.
End distance shail be 5.25" from center line of last bolt to end of member.
1/4" plate shall be a minimum of 2.5" wide. Plate end shall be 1.25" from center line of last boit.
Center line of bolts in the top chord and bottom chord shall be 3.75 up from the bottom edge of the
top and botiem cherds. Center line of bolts in all webs and end verticals shail be center line of the members.
1/4" thick steel gusset plates are drawn to scale.

S




“E e T & o
1106-033 SOLAR DECATHLON RG1 FLAT 4 : 1
PE Robbins, Inc., Victoria, IL 51485 T ) T 7220 e Dec 29 2009 MiTek indusiries, Inc. Wed Jul 08 23:32,47 3511 Pag
. 8312 . 1838 . 27-3-0 33-10-4 : 40-10-4

4-8-8

8-11-10 6-7-4 ' 7-0-0

9312 SR 1o SO 27-3-0 : 33-10-4 : 40-10-4
9312 81110 = 8-11-10 ' 674 7-0-0

csi DEFL n fioe)  lded L . Plates are 1/4" thick ASTM A 36 steel

- LOADING {psf) SPACING 5511 i ] v
ITCLL 900 i Boltlncrsase .15 : TC 048 ver(ll) -02910-11 >899 240 | Bordting yiold stror st of 48 066 pei
STCDL 250 Lumber increase  1.15 ; BC 097 Ver(TL) -0.5310-11 »@i§ 180 9y e
: BCLL 00 Rep Siress Iner NO g ws  1.00 Horz(TL) 0.18 8 a2 nia :
‘BCOL 100 Code 18C2009 : {Malrix) i
| LUMBER BRACING
TOP CHORD Nordic 24F 3.5" x 14" TOP CHORD 2-0-0 ot purlins (6-0-0 max.), except end verficals
- BOTCHORD Nordic 24F 3.5 x 7.5"
| WEBS Nordic 24F 3.5 x 3.5" except BOTCHORD  Braces atjoints 10 and 12
: 8-8: 2X4 Nordic 24F 3.5 x 7.5” Altach 4x4 lateral brace with (2)

378" x 9" lag screws through truss
bottemn chord and into end grain of 4x4 brace.

EACTIONS (fo/size) 13=13877/0-7-4 (min, 0-2-7). 8=13877/0-74 {min. 0-2-T}
Max Uphift13=-1862(LC 3), 8=-1862(LC 3}

- FORCES (Ib) - Maximum CompressionfMaximum Tension
: TOP CHORD  1-13=-1147/188, 1-2=-68/4, 2-3=-15435/2060, 3-4=-21869/2936, 4-5=-19453/2611, 5-8=-12814/1718, 6-7=-5V/5, T-8=-1671/281
20T CHORD  12-13=-1185/3703, 11-12=-2080/15435, 10-11=-2936/21869, 9-10=-2611/19458, 8-9=-1718/12814
S WEBS 2-13=-15182/2095, 3-12=-8674/1348, 3-11=-1079/7924, 5-10=-108/2157, 6-8=-17522/2352, 4-10=-2069/400, £-98=-751/6854, 5-9=-G286/1248, 2-12=-1486/11416, 4-11=-4185/783

NOTES
1)-3/4" boits { ASTM A-307 ) shall be placed in maximum 13/16" and minimum 25/32" diamefer holes, Holes shall be accurately afigned In main members and side plates.
Bolts shall not be forcibly driven. All bolts shall have a fuil nut with full thread contact.
Da not over tighten bolts. Tighten boits to snug fit plus quater turn maximum.
2) This truss has been checked for uniform roof live load only, excspt as noted.
3) Wind: ASCE 7-05; 120mph; TCOL=6,0psf; BCDL=6.0psf; h=25ft; Gat. II; Exp C; enclosed; MWFRS (low-rise); Lumber DOL=1.60 plate grip DOL=1.60
4) Provide mechanical connection {by others) of truss lo bearing plate capable of withstanding 1862 Ib uplift 2t joint 13 and 1862 ib uplift at joint 8.
5} This truss is designed in accordance with the 2009 International Building Code.
§) 3/4" polts shall be spaced af 3" cfcin a row,
End distance shall be 5.25" from center line of last bolt to end of member.
1/4" plate shall be a minimum of 2.5" wide. Plate end shall be 1.25" from center line of last bolf.
Center fine of bolls in the top chord and bottom chord shall be 3.75 up from the bottor edge of the
top and bottom chords. Center line of boits in all webs and end verticals shall be center line of ihe members,
144" thick steel gusset plates are drawn to scale.

STRUCTURAL DESIGN & MANAGEMENT, INC, |
14787 W, KEN CARYL AVE, UNITF, #121
LITTLETON, CO 80127

-g512
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Worst Case Loading for Wall I-joist
11-7/8" NI-40x I-Joist Calculation for Worst Case
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WIND LOAD (Method 1)
Basic Wind Speed
Importance Factor
Exposure Category

Case A

Vs

I 6O mmgoOwlPk

110 mph

3'%x9'x21.6lbx.7=
3'%4.5'x14.8x.7=
39'x4.5'x17.21bx.7=
39'x9'x11.81bx.7=
3'%x11'x1.71bx.7=
3'%x11'%x-13.1lbx.7=
39'x11'%x0.61bx0.7=
39'x11'%-11.31bx0.7=

/9”

408.24 1b
139.86 Ib
2113.02 b
2899.26 |b
39.27 Ib
-302.61 Ib
180.18 tb
-3393.39 b
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Footings
'Footing Type A Wwalll
(corner) Wall 2
i2‘)(2" - Floor
Roof Dead

_ Rooflive
Fo_ot_lﬁgType e
(S and N wall) Floor
2.5'%2.5' Roof Live

__Roof Dead |

Fo-otiném‘i‘ype T

(E and W wall)

2'x2"

2X2

Floor
Roof Live
Roof Dead

Foottng TypED“ e N
(Center spine)

Floor

| 275ftx  11.5ftx 14.57 psf= 460.7763
. 3.4 fix 8 ftx 14.57 psf= 396.304
- 2.75 ftx 3.4 fix 114.0 psf= 1066.087
| 345 ftx 3.4 ftx 1578 psf= 185.0408
L 34ftx 275 fix 30 psf=
2108.208 Ibs/ 4 ft= 527.052
1 6.8 fix 8 ftx 14.57 psf=  792.608
| 68ftx  55ftx 114 psf=  4263.6
. 6.8 ftx 11 fi x 30 psf= 2244
. 68 ftx  13.8 ftx 15.78 psf=
7300.208 Ibs/ 6.25 ft= 1168.03328
55 ftx  11.5 ftx 14.57 psf= 921.5525
55ftx  6.6ftx 114 psf=  4138.2
5.5 ft x 6.6 ft x 30 psf=
6.6 ftx 6.6 ftx 15.78 psf=  687.159
5746.912 Ibs/ 6.25 ft= 919.50584
| 6.9 ftx 11 ftx 114 psf=  8652.6

8652.6 Ibs/ 6.25 ft=1384.416



Roof Joists

Roof weighs

Floor Joists

Floor weighs

Wall Joists

14" NI-40x
Sloped Length 14
Slope 33.69 Degrees
Spacing 24"0C

Allowable load 117plf

45.8 psfor 91.55 plf on joists
11 7/8"NI-80
Span 10'
Spacing 24"0C

Allowable load 227pif
114.0 psfor 228.04 plf on joist

Are being calculated by Nordic



By Sections

Shell Load
' " section A (Roof Section) ~ Section B (Roof Section) |
i Level 2 Area Flat Load Glazing Weight ll Area Flat Load Weight
LGN esh e es) T G0 s (b
Roof 539.5 15775 -4.52  8439.31 539.5 15.775 8510.6125
Floor 0 14.0 0 0 14.0 0
Exterior Walls 70 14.57 1019.9 70 14,57 1019.9
Glazing 452 8 36.16
9495.37 9530.5125
: e Section C (Ground Section) | Section D (Ground Section) |
Level 1 ~ Area Flatload Glazing Weight J' Area Flat Load Glézing Weight [
B CsD s 6D es) B R eSS (lbs)
Roof 0 15.775 0 0 15.775 0
Floor 456.5 14.0 6400.13 456.5 14.0 6400.13
Exterior Walls 444.5 14.57 -61.51 5580.164 4445 14.57 -165.33 4067.5069
Glazing 61.51 8 492.08 165.33 8 1322.64
12472.37 11790.2769
(Glazing Area ~HT TR B T D
- 4.52 4.84 9.57
4,84 25.43
4.84 3.85
20.44 3.53
8.13 22.03
13.13 7.2
5.29 20.62
25.43
9.67
3.85
8.53
20.62
4.52 61.51 165.33
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Solar Panels Sun Power 2.64 psf'
Bracing Clamps 2 psf
Timbers Dual 2X6 Douglas Fir Timbers 8' O.C. 0.57 psf
5.21 psf
30 psf
Solar Water 1 Sun Drum Panel 26 Pounds
P'ri'r}ia-ry Member  Pressure Treated 4X4s 4' 0.C. 0.85 psf
Secondaries Pressure Treated 2X4s 16" O.C. 1.66 psf
Decking Pressure Treated 1X4s 2.5 psf
Detailing Douglas Fir 1X4's 4' O.C. 0.24 psf

5.25 psf



Gravity Loads

Roofmg - Standing Seam Metal ' 1.5 psf
Strapping 2.5X3/4" Fir Strapping 18" O.C. 0.8 psf
Sheathing ZIP System 5/8" OSB 2 psf
Framing NI-40x 14" Joists 1.575 psf
Insulation 10" Fiberglass 1.4 psf
Sheathing 5/8" OSB 2 psf
Chaseway framing 3"X2"Pine Strapping 18" O.C. 1 psf
Insulation 4 layers Urethane foam (w/skin) 2 psf
Ceiling 5/8" Gypsum 2 psf
Incedentials - 1.5 psf
Dead Load 15.775 psf »
Live Load 30.0 psf"—ﬁ/ M s
Flnish Hardwood flooring 4 psf
Subflooring 1/2" OSB . 1.9 psf
Framing NI-60 11 7/8" Joists 1.5 psf
Insulation 4 layers Urethane foam (w/skin) 2 psf
Insulation 8" Fiberglass 1.12 psf
Sheathing Zip System 5/8" OSB 2 psf
Incedentials 1.5 psf

Dead Load _ 14.0 psf // 4
Live Load - 100.0 psf
Exterlor Finish 8" Cambia planks 1/2" thick 2 psf

Rain Screen 2X2 Straping 24 0.C. 1.05 psf
Sheathing Zip System 5/8" OSB 2 psf
Insulation 4 layers Urethane foam (w/skin) 0.4 psf
Insulation 8" Fiberglass 1.12 psf
Framing NI-60 11 7/8" Joists 1.5 psf
Sheathing 5/8" OSB 2 psf
Chaseway Framing 3"X2" Pine Strapping 18" O.C. 1 psf
Interior Finish 5/8" Gypsum 2 psf
Incedentials ' 15 psF
Dead Load 14.57 pst //5
dedorWalls et L
Finish 5/8" Gypsum X 2 Sides 2 pst
Framing 2X4 Framing 1.25 psf
Incedentals 1.5 psf

Dead Load 4.75 psf @

Gravity Loads {Continued)



P. E. Robblns, Inc.
1777 Stale Routes 167
Victoria [L 81485

CLIENT: Nordic
SUBJECT: Solar Decathalon
Job: 1108-033
DESIGNER: TAR

61712011 Tel: 308-879-3258

www.perobbins.com

ASCE 7-05 SNOW LOADS

Snow Loads for Hip and Gable Roofs

Flat Roof Snow Load (Pf):
Pi=0.7(Ce}(Ch{}(pg)  (psh

Expeosure Faclor (Ce):
Thermal Faclor (Ct):
Importance Factor {J):

1.8 Table 7-2 ASCE 7-05 page 92
1.0  Table 7-3 ASCE 7-05 pags 93.
1.0 Table 7-4 ASCE 7-05 page 93

Ground Snow Load {pg): 80.0
Herizonial Distance Eave to Ridge (W) 11.0 feet
Roof Surface fype: 1 ASCE 7-08 Section 7.4 page 81 and 82:
Enter Roof Slope; 8 M2
Roof Slope in degrass: 33.7
Sy 1.5
Flat Roof Snow Load Pf = 63.0 psf

Seclion 7,3 and 7.3.4 minimums page 81

Sloped-Roof Snow Loads (Ps):
Ps = (Cs)(F) {psf)

Roof Slope Faclor (Cs):  0.90774834

Sloped Roof Snow Load Ps = 57.2  psf

Unbalanced Snow Load: 1.5pfiCe for roof slope <= 6 degrees
1.5ps/Ce for roof siope > 5 degress and < 70 degrees
Each Building slope <=20 f{ In widih

Figure 7-5 page 89
Figure 7-8 page 89

Unbalanced Snow Load for W<=20=__ 90.0  psf Rafter System Only

Note: unbalanced snow loads need not be considsred for slope > 70 degrees o slope < farger 0f 2.38 degrees and 70M + 0.5
NA = Not Applicable

Unbalanced Snow Load for All Other Roofs or Rafters > 20 ft,

Windward unbalanced load = 17.2  psf

Leeward Drift unbalanced load = 1091 psf for 8.8 i from ridgs

Leeward unbalanced load = 57.2  psf from

86 to 11.0 from ridge

ACATAE Omeisr | ormered e Pama B ~Af B



P. E. Robbins, Inc. 81712011 Tel: (309) 873-3258

1777 State Route 167 Fax: (309) 879-3256
Victorla, IL 61485

Basic Wind Load Design Criteria
' Client: Nordic
Client's SN: Solar Decathalon
JOB NUMBER: 1108-033

Roof Slope: 8 M2
Wind Speed: 120 MPH (3 sec. Gust)

Exposure: c
Mean Roof Height:  15.0 it Adjustment Factor:  1.21
1st Floor Mean Wall Height  15.0 Adjustment Factor:  1.21

Topographical Faclor Kzt~ 1.00
Importance Factor I 1.00
ASCE 7-05 Simplified Design Procedure Method 1
Enclosed Bullding Internal Pressure Cosfficlent Gopi = +/-0.18
Positive loads act towards the swiface and negative loads act away from the surface
VIWFRS Design Pressures { Net):

Horizontal Roof Pressures ' Vertical Roof Pressures
Endzone of Roof (B):  21.3  psf End zone of Windward (E):  12.0  psf
interior zone of Roof (D):  18.9  psf End zone of Leeward (F): 188  psf

Interior zons of Windward (G): 104 psf
Interior zone of Leeward (H):  -16.2  psf
1st Floor Horizontal Pressure
End zone of Wall (A 314 psf End Overhang (Eoh):  -12.6  psf
Interior zone of Wall (C): 247  psf Interior Overhang (Gohy:  -10.8  psf

Gomponeni and Cladding Design Pressures {Nat);

Design Load (psf) sf = 10 Design Load (psf) sf = 20 Deslign Load (péf) sf =50

Roof Interier (1): 28,7 =313 psf 27.8 -29.8  psf 26,9 -27.86  psf

Roof Edge (2):  28.7 -38.7 psf 27.8 =351 psf 26,9 -32.9  psf

- Roof Corner (3. 287  -367 psf 27.8 -35.1  psf 26.9 -32.8  psf
Overhang Edge (2):  -63.1 psf 615 psf 494 psf
Overhang Corner (3):  -53.1  psf 515  psf 484 psf

1st Floor
Wall Interfor (4):  31.3 -34.0  psf 29.8 328 psf 28.4 ~30.7  psf
Wall Corner (8): 313~ .42.0 psf 29.8 -38.2  psf 28.1 -38.56  psf
RoofiGable )
Wall Interfor (4):  31.3 -34.0  psf 29.9 -32.5  psf 28.1 -30.7.  psf
Wall Corner (8):  31.3 42,0 psf 28.9 39,2 psf 28.1 -35.5  psf
1 Story Seismic Shear Wall Page 3

Dama A ~E 8



P. E. Robbins, Inc. 671712044
1777 Slale Roule 187
Miclora, 1L 61485
I-Jolst used as beam-column
Mamber Loading
11-7/8 Ni-dox OK W = o ol 0.0 pif
Fo= 1850 pel W= 148  pll 1776 pif
Fy= 1200  psl Adalipad = 2860 Ibs
Fe= 135 psl Compression
Fe= 1800 pasi Cq = 1.0
E= 1700000 psi L s80
Eqn= BB1302 psi = E[1-1.645*0.1]* 1.03
T 1es Dimsnslon
Bending Span Lengih L= H In
Lenglh Between Supporis, "b" Edge (bracing altached lo d) Ly=  0.001. In{zboulx)
Lenglh Bebween Supports, "d" Edge (bracing allached fo b) Ly= 21 In(abouty)
Wy Ky = 1.8
Use 0,001 for conllnous suppori
h= 1.8 In
L= 89 h' =2pd@
12
&= 125 In

A= 75 =12bd

Ely = 3.71E+08 Ib'in®

y Ky= S.48E406 b
T D= 11875 R
Bending
L= 0001 In L= 0.00208 In Rw= 005 oK
L= @ i Ly= 16683 In Ry = 5.116489  OK
Fh = 1980  pel Fiee= GE+0B psl FeelFim= 237EHDS Gy = 1.00
'w = 1950 pasl Fegy = 3,E404  psi FaE,J'F'w= 1458401 Gy = 1.00
M, = 0 In'lbs = W42 foy = 0 psi = Mt
8 ke
My= 15319.85 in'lbs = W42 Mag= 45120 In'lbs
2}
Shear .
Wy = ] Ibs = Wl fe= 00 psl = 3V oK
2 2bd = WPy Ca= fyx , Ok, Mo cooo)
Vy= 873 Ibs = Wl Vieg= 1480 lbs OK
2 = =y , O, Nogoon)
Deflection
Apw= 0253 In
Ae= DOCD In = B! oK = il Ay, Ok, Nocooo)
334E},
A= 0055 In = BWLLY 4+ Wil OK = iffAum>= Ay , Ox, No coan}
3B4Ely Ky
Compression
P= 3550 Jhe L= 473 sl Fro= 4800  psl
L= 0001 In =KL, 0.0004 In =ly/d oK
Ly= 81 In=Rly 7.863168 10 = Lay / Djetsy oK

Faer=-458E+2—Fag /R = 2506400 FelFy = 2.508409-

z .
¢ i s e e gy B BEADY. FognlFie = -5,863436—— B i /i :_HEQEEWJ[TE.?W{%I R B e e
1.8

1.8 0.8

Fe= 1800 psl OK = [{Fe>=§, , Ok, Mocooo)
Tension :
k= 473 psl 0734 = & + fy + My OK
Ft= 1200 psi FU Far  Mpn
00888 = f-f + M,
Fola Mt oK
Bendlng and Axial Compression
Fogr = 4.63E+12 oK
Fia™ 128E304  OK 035 = K "+ fy + My
Fie= 546E+04  OK oK F'a FuCuluet - £/ Fegdd  Muid1 - & 7 Foma - {for / Pl

Required Fo, Bearing Capacity = 473 psi

Mordle l-dolst Combined Bending and Axlsl Loading

pn3

Tel: 309-879-3268

W perobbins, com

Paga 2 ~nf A



1777 State Route 167 ¢ Victoria, Illinois 61485

Windl =¥l 1200 nh Exbposure 1C i .
Snlowl=> 8o {odf | gdeulnod Shc%y 30&{:}

Solay DaAm hallo 1. ao[ir\? 1. Wodst ngg?,_ !

LR

Rqr»? Deleigl = 3-03:5'?

Ralltely 1Exitevlion @em'fn_b walll | Lda.d

(q0]+2i0) (11,33 ¢4) = glaz plf

I
=
<

=

Wialll  Presdurie

Adiall Voan =(sa3)1(€*3%‘3+ 20 U= 13580 4,
K X
A
Belndinal = (31.1?1 Y(9.39e 2 =119 4 i

(309) 8798-3258 ° Fax (309) 879-3256

Bd Robbins Email: ed@perobbins.com
Tim Robbins Email; iim@perobbins.com
Phil Robbins Email: phil@perobbins.com
Josh Johnson Email: josh@perobbins.com

™. s 13 &

Customer
Job #_

Dama 7 nd 0.



Truss Calculations

Job Truss Truss Type Qty

Ply
1 e f rae 1 A aa A 1 aaa A 1 arae 1 A 1
= = =2 = = ? = = = = =_* = = = = = = = = " = = =
3
= R 11 10 a ~
Nordic Engineered Wood
1106-033 SOLAR DECATHLON RG1 FLAT 1
P.E. Robbins, Inc., Victoria, IL 61485 7.220 e Dec 29 2009 MiTek Industries, Inc. Wed Jul 06 23:22:47 2011 Page 1 4-7-4
9-3-12 18-3-6 27-3-0 33-10-4 40-10-4
| 9-3-12 | 18-3-6 | 27-3-0 | 33-104 | 40-10-4 |
‘ 9-3-12 ‘ 8-11-10 ‘ 8-11-10 ‘ 6-74 ‘ 7-0-0 ‘
LOADING(psf) TCLL SPACING Plates Increase Lumber I/def
TCDL BCLL BCDL Increase Rep Stress Incr Code 5-5-11 in-0.29 - |
90.0 25.00.0 20.0 1.15 1.15 NO IBC2009/TPI2007 . DEFL Vert(LL) 0.530.16 >99
csl Eclsg A\l"é'i%a"'x) Vert(TL) (Ioc) 10- 9 Iiiadozr:}g PLATES Weight: 1140 Ib GRIP
B Horz(TL) 1110-11 >91

4-7-4 4-8-8 8-11-10 8-11-10 6-7-4 7-0-0

1 57

BRACING
TOP CHORD Nordic 24F 3.5" x 14" TOP CHORD 2-0-0 oc purlins (6-0-0 max.), except end verticals [P] BOT CHORD Nordic 24F 3.5" x 7.5" WEBS Nordic 24F 3.5" x 3.5" except BOT CHORD Braces at joints 10 ar
12

6-8: 2X4 Nordic 24F 3.5" x 7.5"

REACTIONS (Ib/size) 13=14988/0-7-4 (min. 0-3-8), 8=14988/0-7-4 (min. 0-3-8) Max
Uplift13=-1529(LC 3), 8=-1529(LC 3)

FORCES (Ib) - Maximum Compression/Maximum Tension TOP CHORD 1-13=-1150/195, 1-2=-85/0, 2-3=-16695/1682, 3-4=-23606/2411, 4-5=-21055/2148, 5-6=-13558/1381, 6-7=-94/5, 7-8=-1908/319 BOT CHORI
12-13=-1004/9340, 11-12=-1682/16695, 10-11=-2411/23606, 9-10=-2148/21055, 8-9=-1381/13558 WEBS 2-13=-16273/1768, 3-12=-8976/1259, 3-11=-897/8512, 5-10=0/2735, 6-8=-18486/1888, 4-10=-3142/324, 6-
502/7977, 5-9=-10477/1073,

2-12=-1150/12472, 4-11=-4049/824

2011 US DOE Solar Decathlon Team Massachusetts Published 08/11/11 62



P. E. Robbins, Inc. 71712011 Tel: 309-879-3258
1777 State Route 167

Victoria IL 61485 www.perobbins.com

2005 NDS Combined Bending and Axial Loading
CLIENT: Nordic
Description: Top Chord
Description: Tension Check

Description:
Model #: Solar Decathlon Member: 24Fb 3 1/2" x 14"
Job: 1106-033 Member Axially Loaded in: Tension
Loading .7 Deflection Check Load: yes for C/C wind loads Column check = OK
Wewar= 57.53 pli Load Factors
Wdyai= 0 pli Load Duration (Cp) = 1.00
Axial load = 2382 Ibs Repetitive Member Factor C, = 1.00 d
Conditions Ke=1.0 X
Moisture Condition Dry Incised? no
Temperature T = 100 COVe 0.25
Plies = 1
DEFLECTION LIMIT = L/ 240 IN
Span Length Bending Member: 108 IN
DISTANCE BETWEEN LATERAL SUPPORT ON BREADTH EDGE b (Ib)= 108 IN ( enter 0.001 for continuous support)
DISTANCE BETWEEN LATERAL SUPPORT ON DEPTH EDGE d (Id)= 24 IN ( enter 0.001 for continuous support)
Beam Stability Factor C, override: no Yes; C = 1.0 see note
Bearing Member 2 x 4 #2 SYP
Bearing member F, (psi) 565
Member Properties Fy (psi) Fy (psi) Fy(psl})  Fe,(psi) F, {psi) E (psi) b (in) d (in) c Plys Effectveb E
24Fb 3 1/2" x 14" 2400 1050 250 560 1150 1.6E+10 35 14 0.9 1 35 5.84
(Fi. E, Enin) C: 1 Wet service Factor Cyy
(Fu, Fy Fe, Fep) Gy 1 Fy Fy Fe Fep F. E and E,
1 1 1 1 1 1
(E, Em(n} Cl - 1.00
(Fy Fi Foy F)C = 1.00 Chy 1
(F) Ci= 1.00
Bending Flexure
Area= 49
Ix=" 800.33 Sx= 11433 My max = 83878.74 fuu= 734  psi b= 24 Lip= 49
ly=" 50.02 Sy= 2858 Mg max = 0 fuz = 0 psi Ly = 108 Lag= 218
Rax = 7.5 0K Fe'=  2400.0 Feep = 124134036 Fiex/Fox'= 651722.52 Ci= 1.0000 Fpi'= 24
Ry = 2.0 OK Fo'= 2400 Fpeqa = 1.80E+09 Fuey/Foy*= 750588.5 Cy= 1.0000 Fy/'= 24
Bending Shear
V= 3106.62 fw= 95.100612 Fu = 250 fvb<Fvb' OK
Wy = 0 fog = 0 Fu'= 250 fvd<Fvd" OK
Deflection
Deflection, = 0.000 oK Deflection, = 0.000 OK
Allowed = 0.45 Allowed = 0.45
Column
Axial Load (Ib) = 2382 fo= 486  psi F*= 1150
Loy = 24 Lepld = 1.714286  greater = 30.8571429 oK Fee1=  1.6349.E+09
Leg = 108 Leafb = 30.85714 ) Feeza=  5.0459E+06
F.e = 5.05E+06 FeelF* = 4387.757 Cp= 0.99997721 F.' = 1149.97 OK
Combined Bending and Axial Tension
fi= 49 psi fy/Fi 4+ /Fe” = 0.351978 OK
F'= 1050 psi filF ool For*+foa/Fea*=  0.351978 OK
Combined Bending and Axial Compression
Fo < Fegy OK
Fo < Fegz OK (el F1"2 + foa/{Foy [1-(f/Fegn)l} + fool {Fo2 (1-(fc/Fee2) - (for/Foe)*2]} = 0.31 OK
for < Fye OK
Bearing
Bearing member F.,' (psi) 565 oK

F.= 48.6



P. E. Robbins, Inc. 7/6/2011 Tel: 309-879-3258
1777 State Route 167

Victoria IL 61485 www.perobbins.com

2005 NDS Combined Bending and Axial Loading
CLIENT: Nordic
Description: Top Chord
Description: Compression Check

Description:
Madel #: Solar Decathlon Member: 24Fb 3 1/2" x 14"
Job: 1106-033 Member Axially Loaded in: Compression
Loading .7 Deflection Check Load: yes for C/C wind loads Column check = OK
Wypa=  57.53  pli Load Factors
Wdyai= 0 pli Load Duration (Cp) = 1.00
Axial load= 23307 Ibs Repetitive Member Factor C, = 1.00 d
Conditions Ke = 1.0 X
Moisture Condition Dry Incised? no
Temperature T = 100 COVe 0.25
Plies = 1
DEFLECTION LIMIT = L/ 240 IN
Span Length Bending Member: 108 IN
DISTANCE BETWEEN LATERAL SUPPORT ON BREADTH EDGE b (lb)= 108 IN ( enter 0.001 for continuous support)
DISTANCE BETWEEN LATERAL SUPPORT ON DEPTH EDGE d (Id)= 24 IN ( enter 0.001 for continuous support)
Beam Stability Factor C, override: no Yes; C.= 1.0 see note
Bearing Member 2 x 4 #2 SYP
Bearing member F, (psi) 565
Member Properties Fy (psi) F(psi)  Fy(psi} Fep(psi)  Fe(psi) E (psi) b (in) d (in) c Plys  Effectiveb FE,
24Fb 3 1/2" x 14" 2400 1050 250 560 1150 1.6E+10 35 14 0.8 1 35 5.841
(Fy E, Emin) Cy 1 Wet service Factor Cyy
(Fbi Fw Fc- Fcp) CI 1 Fb F'. F\r Fcp Fc E and Eml!\
1 1 1 1 1 1
(E, Emn} G = 1.00
{Fy, Fi, Fe F) Ci = 1.00 Cpy 1
(Fee) Ci= 1.00
Bending Flexure
Area = 49
Ix=" 800.33 Sx= 114.33 My max = 83878.74 foy= 734  psi L= 24 L= 49,
ly= 50.02 Sy=  28.58 My_max = 0 fop = 0 psi d = 108 Leg= 218
Ry = 7.5 OK Fox'=  2400.0 Foen = 124134036 Foex/Fon'= 5172252 Ciy = 1.0000 Fo'= 24
Rgy = 20 OK Fp,*= 2400 Foea =  1.80E+09 FueFyy'= 750588.5 Cy= 1.0000 Fp,/ = 24
Bending Shear
Vy= 3108.62 fp = 95.100612 Fy' = 250 fvb<Fvb' OK
Vy = 0 fo = 0 Fu'= 250 fud<Fvd'  OK
Deflection
Deflection, = 0.000 OK Deflectiony = 0.000 oK
Allowed = 0.45 Allowed = 0.45
Column
Axial Load (Ib)= 23307 fo= 4757 psi F*= 1150
Ly = 24 Law/d = 1.714286 grealer= 30.8571429 oK Fees=  1.6349.E+09
Laa = 108 Lea/b = 30.85714 Feeo=  5.0459E+06
F.e = 5.05E+06 FelF"=  4387.757 Cp= 0.99997721 Fe'= 1149.97 OK
Combined Bending and Axial Tension
fi= 476 psl f/F '+ /Fpp* =  0.758683 oK
F'= 1050 psi filF oy /Fu " HhalFe'=  0.758683 OK

Combined Bending and Axial Compression
Fe < Fegy OK

Fe<Feeo 0K (/P12 + gl {Fut T1-(Fe/ Fega )1} + foal{Fo2 T1-(f/Feaz) - (for/Foe)2)} = 0.48 0K
fm < Fye OK
Bearing
Bearing member F,' (psi} 565 OK

F.=  475.7



P. E. Robbins, Inc.
1777 State Route 167
Victoria IL 61485

71612011

2005 NDS Combined Bending and Axial Loading

CLIENT: Nordic

Description: Bottom Chord
Description: Tension Check

Description:

Model #: Solar Decathlon

Job: 1106-033

Loading
Wlmall: 4
denIF 0
Axial load = 23307
Conditions

Moisture Condition Dry
Temperature T <100
Plies = 1

DISTANCE BETWEEN LATERAL SUPPORT ON BREADTH EDGE b (Ib)=
DISTANCE BETWEEN LATERAL SUPPORT ON DEPTH EDGE d (id)=

Member Properties
24Fb 3 1/2"x 7 1/2"

Fy {psi)

(Fy E, Emin) Gy 1

{an Fv- Fu- Fcp) CI 1
(E, Emin) Ci = 1.00
(Fo Fu Fo F}Ci= 100
(Fcp) Ci = 1.00
Bending Flexure
Area= 56.25
Ix= 263.67 Sx=
ly= 263.67 Sy=
Rey = 71 OK
Rgy = 71 OK
Bending Shear
V= 9805 fw =
Vy = 0 fw=
Deflection
Deflection, = 0.000
Allowed = 2.04270833
Column
Axial Load (Ib)= 23307
Lo = 215.25
Leg = 215.25

Fee = 5.83E+08

Combined Bending and Axial Tension

fy= 414 psi
F'= 1207.5 psi
Combined Bending and Axial Compression
Fe < Fegq OK
Fe < Feea OK
fb] < FbE OK

Bearing
Bearing member F.,;' (psi)
F,=

2400

Member Axially Loaded in: Tension
.7 Deflection Check Load: yes

pli Load Factors
pli Load Duration (Cg) = 1.15
Ibs Repetitive Member Factor C, = 1.15
K, = 1.0
Incised? no
COVe 0.25

DEFLECTION LIMIT = L/ 240

Span Length Bending Member:  490.25
215.25
215.25

Beam Stability Factor C| override: no

Bearing Member 2 x 4 #2 SYP

Bearing member F;, (psi) 565
Filpsi)  Fulpsi) Felpsl)  Fe(psi) E (psi)
1050 250 560 1150 1.6E+10
Wet service Factor Gy
Fy F F, Fen
1 1 1 4
Cry 1
70.31 Mg max = 120172531 for =
70.31 My _max = 0 fiz =
Fux'= 31740 Foep = 140895677  FugFiy'=
Fy'= 3174 Fiea =  1.41E+08 Fyey/Fey'=
26.146667 Fu'= 287.5 fvb<Fvb'
0 Fu'= 287.5 fvd<Fvd'
0K Deflectiony = 0.000 oK
Allowed = 2.04270833
f.= 4143 psi Fe* = 1322.5
Lypfd = 28.7 greater = 28.7 oK
Log/b = 28.7
Fee /F' = 4410.546 C,= 0.99997732
fifF+fo/Fup® = 0.881619 OK
flF Hu/Foy"+alFa'=  0.881619 OK

[/ P12 + for {For [1-(Fe/Fega )} + foal{Foo [1-(fofFeea) - (For/Fee) 2]} =

565
414.3

OK

Tel: 309-879-3258

www.perobbins.com

Member: 24Fb 3 1/2" x 7 1/2"

for C/C wind loads Column check = OK

IN

IN

IN { enter 0.001 for continuous support)
IN ( enter 0.001 for continuous support)
Yes; C. = 1.0 see note

b (in) d (in) c Plys Effectiveb E
7.5 7.5 0.9 1 75 5.84
Fe E and Ep,
1 1
1709  psi Le= 21525 Lep = 373
0 psi La= 21525 Lea = 373.
44390.57 C= 1.0000 Fu'= 31
44390.57 Ciy 1.0000 Fy,'= 31
OK
OK
Feer= 5.8329.E+08
Feez= 5.8329E+06
Fe'= 1322.47 OK
0.64 oK



P. E. Robbins, Inc. 7/6/2011 Tel: 309-879-3258
1777 State Route 167
Victoria IL 61485 www.perobbins.com

2005 NDS Combined Bending and Axial Loading
CLIENT: Nordic
Description: Bottom Chord
Description: Compression Check

Description:
Model #: Solar Decathlon Member: 24Fb 3 1/2" x 7 1/2"
Job: 1106-033 Member Axially Loaded in: Compression
Loading .7 Deflection Check Load: yes for C/C wind loads Column check = OK
Whwai= 4 pli Load Factors
Wda= 0 pli Load Duration {Cp) = 1.00
Axial load = 2382 lbs Repetitive Member Factor C, = 1.00 d
Conditions Ke= 1.0 X
Moisture Condition Dry Incised? no
Temperature T = 100 COVe 0.25
Plies = 1
DEFLECTION LIMIT =L/ 240 IN
Span Length Bending Member:  215.25 IN
DISTANCE BETWEEN LATERAL SUPPORT ON BREADTH EDGE b (Ib)= 215.25  IN ( enter 0.001 for continuous support)
DISTANCE BETWEEN LATERAL SUPPORT ON DEPTH EDGE d (Id)= 215.25  IN{ enter 0.001 for continuous support)
Beam Stability Factor C override: no Yes; C.= 1.0 see note
Bearing Member 2 x 4 #2 SYP
Bearing member F, (psi) 565
Member Properties Fy (psi) Fy (psi) Fy{psi)  Fgp (psi) Fe(psi) E (psi) b (in) d (in) [ Plys Effectiveb E
24Fb 3 1/2" x 7 1/2" 2400 1050 250 560 1150 1.6E+10 75 7.5 0.9 il 7.5 5.84
{Fu. E, Eqin) G 1 Wet service Faclor Cy
(Fis Fus Fey Fep) Cy 1 Fo Fy F, Fep Fe Eand Eqp
1 1 1 1 1 1
(B, Emin) Ci = 1.00
(Fy, Fu Fo, F)Ci = 1.00 Cy, 1
(Fep) Ci= 1.00
Bending Flexure
Area=  56.25
Ix= 263.67 Sx= 7031 My max = 23166.2813 for= 329 psi L= 21525 Loy = 373.
ly= 263.67 Sy= 7031 My mex = 0 foz = 0 psi L= 21525 Loa= 373.
Ray = 71 OK Fu= 2400.0 Feep = 140895677 FoenFo'= 58706.53 Ci= 1.0000 Fox = 24
Rey= 7.1 oK Foy* = 2400 Fiea= 1.41E+08  Fue/Fp'= 5870653  Cy,= 1.0000 Foy= 24
Bending Shear
Vi= 4305 fo = 11.48 Fa' = 250 fvb<Fvb' OK
Vy = 0 f‘,ﬂ = 0 F\d' = 250 fvd<Fvd' oK
Deflection
Deflection, = 0.000 OK Deflectiony = 0.000 OK
Allowed =  0.896875 Allowed = 0.896875
Column
Axlal Load (Ib) = 2382 fo= 423 psi Fo* = 1150
Loy = 215,25 Lopfd = 287 greater = 28.7 OK Feer= 5.8329.E+06
Lad = 215.25 Le:l-"b = 28.7 Feez= 5.8329E+06
Fee = 5.83E+06 Fee IF = 8072.128 C, = 0.99998028 F'= 1149,98 OK
Combined Bending and Axial Tension
fi= 42 psi f/F '+ Fop* = 0177612 OK
F'= 1050 psi ffF g/ Fpy *+HialFee*=  0.177612 OK
Combined Bending and Axial Compression
F,; < FCF.‘I OK
Fo<Feez OK (/B2 + fo{For [1-(fefFeg I} + foal{Fu2'1-(fo/Feo2) - (for/Foe)2]} = 0.14 OK
fo1 < Fee OK
Bearing
Bearing member F.,' (psi) 565 oK

F.= 42.3



P. E. Robbins, Inc.
1777 State Route 167
Victoria IL 61485

71612011

2005 NDS Combined Bending and Axial Loading
CLIENT: Nordic
Description: Webs 1-13 3-12 4-11 5-10 6-9 7-8
Description: Compression Check

Description:

Model #: Solar Decathalon

Job: 1106-033

Member: 24Fb 3 1/2" x 3 1/2"
Member Axially Loaded in: Compression

Loading .7 Deflection Check Load: no for C/C wind loads
Whwal= 10 pli Load Factors
Wd,.= 0 pli Load Duration (Cp) = 1.00 \
Axial load = 9368 Ibs Repetitive Member Factor C, = 1.00 d
Conditions Ke= 1.0 X
Moisture Condition Dry Incised? no
Temperature T <100 COVe 0.10
Plies = 1
DEFLECTION LIMIT = L/ 240 IN
Span Length Bending Member: 73 IN
DISTANCE BETWEEN LATERAL SUPPORT ON BREADTH EDGE b (Ib)= 73 IN { enter 0.001 for continuous support)

DISTANCE BETWEEN LATERAL SUPPORT ON DEPTH EDGE d (Id)=

73 IN { enter 0.001 for continuous support)
Beam Stability Factor C, override: no Yes; C .= 1.0 see note
Bearing Member 24Fb 3 1/2" x 14"

Bearing member F, {psi) 560
Member Properties Fy (psi) Fi(psl)  Fy(psl) Fe(psi)  Fe(psi) E (psi) b (in) d(in) c
24Fb 31/2"x 31/2" 2400 1050 250 560 1150 1.6E+10 3.5 35 0.9
(Fy E, Emin) G 1 Wet service Faclor Cy
(Fo, Fu Fe, Fep) Gy 1 Fy Fe Fy Fep Fo  Eand Ey,
1 1 1 1 1 1
(E- Emln] CI = 1.00
(Fp, F Fo, ) Gy = 1.00 Cr 1
(Fep) Ci= 1.00
Bending Flexure
Area= 1225
x= 12.51 Sx = 7.15 My mex = 6661.25 fuy= 932  psi Ly =
ly= 12,51 Sy= 7.5 My max = 0 foo = 0  psi L=
Rgx = 6.1 OK Fu*=  2400.0 Feep = 269034907 Foed/Fri™= 112097.9 Cu= 1.0000
Ragy = 6.1 OK Fp*= 2400 Feeda = 2.69E+08 Fpey/Foy™= 112097.9 Cy = 1.0000
Bending Shear
Ve= 365 fip= 44.693878 Fa'= 250 fvb<Fvb’ OK
Vy= 0 fua = 0 Fu'= 250 fvd<Fvd' OK
Deflection
Deflection, = 0.000 OK Deflection, = 0.000 OK
Allowed = 0.30416667 Allowed = 0.30416667
Column
Axial Load (b} = 9368 fo= 7647 psi Fr= 1150
Loy = 73 Lon/d = 20.85714 greater = 20.8571429 OK Fees = 1.5673.E+07
Loa= 73 Leglb = 20.85714 Feea=  1.6B73E+07
Fee = 1.57E+07 FelF'=  13628.87 Cp = 0.99999266 F¢'= 1149.99
Combined Bending and Axial Tension
fi= 765 psi ffF '+ /Fpp* = 1.11673 OK
F'= 1050 psi ffF Py +HoalFra'=  1.11673 OK
Combined Bending and Axial Compression
Fe < Fegy OK
Fe<Fee2 OK [f/F1"2 + fua/{Fos [1-(fe/Fees I} + foal{Fu2'[1-(fo/Fea2) - (for/Fee)2l} = 0.83
fm < Fue oK
Bearing
Bearing member F.,' (psi) 560 OK
F.= 7647

Tel: 309-879-3258

www.perobbins.com

Column check = OK

Plys Effectiveb  E
1 3.5 8.29
73 b= 12
73 Log= 126
Foi = 24
Foy = 24
oK
OK



P. E. Robbins, Inc.
1777 State Route 167
Victoria IL 61485

7/6/2011

2005 NDS Combined Bending and Axial Loading
CLIENT: Nordic
Description: Webs 1-13 3-12 4-11 5-10 6-9 7-8
Description: Tension Check
Description:
Model #: Solar Decathalon
Job: 1106-033

Member: 24Fb 3 1/2" x 3 1/2"
Member Axially Loaded in: Tension

Column check = OK

Loading .7 Deflection Check Load: no for C/C wind loads
Wiwar= 9 pli Load Factors
W= 0 pli Load Duration (Cg) = 1.00
Axial load = 8163 Ibs Repetitive Member Factor C, = 1,00 d
Conditions Ks= 1.0 X
Moisture Condition Dry Incised? no
Temperature T = 100 COVe 0.10 b
Plies = 1
DEFLECTION LIMIT = L/ 240 IN
Span Length Bending Member: 73 IN
DISTANCE BETWEEN LATERAL SUPPORT ON BREADTH EDGE b (Ib)= 73 IN { enter 0.001 for continuous support)
DISTANCE BETWEEN LATERAL SUPPORT ON DEPTH EDGE d (ld)= 73 IN ( enter 0.001 for continuous support)
Beam Stability Factor C override: no Yes; C.= 1.0 see note
Bearing Member 24Fb 3 1/2" x 14"
Bearing member F, {psi) 560
Member Properiles Fy (psi) Fi {psi) Fy(psl)  Fg (psi) F. (psi) E (psi) b (in) d (in) c
24Fb 3 1/2"x 3 1/2" 2400 1050 250 560 1150 1.6E+10 3.5 3.5 0.9
(Fy, E, Eqin) Gt 1 Wet service Factor Cy
{Fu Fu Fe, Fep) Cy 1 Fy F F, Fep Fe E and Ein
1 1 1 1 1 1
(E, Emin) Ci = 1.00
(Fo FyFe, F)Ci= 1.00 Cu 1
(Fcp) Ci = 1.00
Bending Flexure
Area= 1225
Ix= 1251 Sx= 715 My max= 5995.125 fuy= B39  psi L=
ly=" 12,51 Sy= 7.5 Mg_mex = 0 fiyp = 0 psi Ly=
Rgx = 6.1 OK Foi'=  2400.0 Foen = 269034907 Feeu/Fox'= 112097.9 Cix= 1.0000
Ry = 6.1 OK Fey* = 2400 Foea = 2.69E+08 Fugy/Fpy*= 112097.9 Cy= 1.0000
Bending Shear
Vi= 3285 fo= 40.22449 Fy' = 250 fvb<Fvb'  OK
Vy= 0 fu = 0 Fu'= 250 fvd<Fvd' OK
Deflection
Deflection,, = 0.000 OK Deflection, = 0.000 OK
Allowed = 0.30416667 Allowed = 0.30416667
Column
Axial Load (Ib) = 8163 f= 666.4 psl F* = 1150
Lop = 73 Lop/d = 20.85714 greater= 20.8571429 OK Fee1=  1.5673.E+07
Leg = 73 Logfb= 20.85714 Feea=  1.5673E+07
Fee = 1.57E+07 Fee lF*=  13628.87 Cp = 0.99999266 F.'= 1149.99
Combined Bending and Axial Tension
fi= 666 psi f{/Ft""fb]-’th = 0,984206 OK
F'= 1050 psi filF ¢ +Hoi/Fop " HiealFr*=  0,984206 OK
Combined Bending and Axial Compression
FC < FCE1 OK
Fo < Feea OK [fo/Fe1"2 + fioy/{For [1-(felFoga M} + foal{Fo2'[1-(fc/Fean) - (for/Foe)'2]} = 0.69

for < Fee OK

Bearing
Bearing member F.,' (psi) 560 oK

F.= 6664

Tel: 309-879-3258

www.perobbins.com

Plys

1

73
73

oK

OK

Effective b E,
35 8.29
Lep= 129
Leg= 129

Fox = 24
Foy= 24



P. E. Robbins, Inc.
1777 State Route 167
Victoria IL 61485

716/2011

2005 NDS Combined Bending and Axial Loading

CLIENT: Nordic
Description: Webs 2-13

Description: Tension Check

Description:

Model #: Solar Decathlon

Job: 1106-033

Loading
Whiwal™ 0
denll= 0
Axial load = 1746
Conditions

Moisture Condition Dry
Temperature T =100
Plies = 1

DISTANCE BETWEEN LATERAL SUPPORT ON BREADTH EDGE b (Ib)=
DISTANCE BETWEEN LATERAL SUPPORT ON DEPTH EDGE d {Id)=

Fy (psi)
2400

Member Properties
24Fb 3 1/2" x 3 1/2"

(Fu, E, Enmin) Gy 1

{Fln Fv- Fc- Fep} CI 1
(E,Enn) Ci= 100
(Fo Fu Fe, F)Ci= 1,00
(Fep)Ci= 1.00
Bending Flexure
Area= 1225
Ix= 12.51 Sx=
ly= 1251 Sy=
Rgx = 6.8 OK
Ray = 6.8 OK
Bending Shear
Vx o 0 f‘.b =
V= 0 f=
Deflection
Deflection,, = 0.000
Allowed = 0.38666667
Column
Axial Load (Ib) = 1746
Loy = 92.8
Log = 92.8

Fee = 6.83E+06
Combined Bending and Axial Tension
f= 143 psi
R = 1207.5 psi

Combined Bending and Axial Compression

F. < Fegy oK
Fe < Feen OK
fog < Fee OK

Bearing
Bearing member F,' (psi)
F,=

pli
pli
Ibs

Member: 24Fb 3 1/2" x 3 1/2"

Member Axially Loaded in: Tension

.7 Deflection Check Load:
Load Factors
Load Duration (Cp) = 1.15

no for C/C wind loads

Repetitive Member Factor C, = 1.00 d
Ke=1.0 %
Incised? no
COVe 0.25 b
y
DEFLECTION LIMIT = L/ 240 IN
Span Length Bending Member: 92.8 IN
92.8 IN ( enter 0.001 for continuous support)
92.8 IN { enter 0.001 for continuous support)
Beam Stabllity Factor C_ override: no Yes; C.= 1.0 see note

Bearing Member 24Fb 3 1/2" x 14"

Bearing member F, (psi) 560
Fe(psi)  Fo(psl) Fe(psi)  F.(psi) E (psi) b (in) d (in} c
1050 250 560 1150 1.6E+10 3.5 35 0.9
Wet service Factor Cy,
Fy Fi Fy Fep F, E and Eyq
1 1 1 1 1 1
Cfu 1
715 My_max = 0 foq = 0 psi Lg=
7.15 My_max = 0 fyz = 0 psi L=
Fo'= 27600 Foep = 151756553  FpedFo'= 54984.26 Ci= 1.0000
Fy'= 2760 Foga =  1.52E+08 Fue,/Fy,"= 54984.26 Cy= 1.0000
0 Fu' = 287.5 fvb<Fvb' OK
0 Fu' = 287.5 fvd<Fvd' OK
[o]l4 Deflectiony = 0.000 OK
Allowed = 0.38666667
fo= 1425 psi Ft= 1322.5
Lop/d = 26.51429 greater = 26.5142857 OK Feer=  6.8343,E+06
Lea/b = 26.51429 Feez=  6.8343E+06
Fee IF*=  5167.688 C, = 0.99998065 F.'= 1322.47
filF'+fo/Feo* = 0.118038 oK
ffFy+fuafFoy " +falFea'=  0.118038 OK

[f/Fe1*2 + fos/{Fot [1-(f/Feea )} + fool{Foo[1-{fc/Feez) - (for/Fee) 2} = 0.01

1

560
425

OK

Tel: 309-879-3258

www.perobbins.com

Column check = OK

Plys Effective b
1 3.5

92.8 Lep =

92.8 Leg =
Fb:(. =
th. =

OK

OK

5.84

161
161
27
27



P. E. Robbins, Inc.
1777 State Route 167
Victoria IL 61485

7/6/2011

2005 NDS Combined Bending and Axial Loading

CLIENT: Nordic
Description: Webs 2-13

Description: Compression Check

Description:

Model #: Solar Decathlon

Job: 1106-033

Loading
Weai= 0
deali: 0
Axial load = 15891
Conditions

Moisture Condition Dry
Temperature T < 100
Plies = 1

DISTANCE BETWEEN LATERAL SUPPORT ON BREADTH EDGE b (Ib)=
DISTANCE BETWEEN LATERAL SUPPORT ON DEPTH EDGE d (Id)=

Member Properties Fy (psi)

24Fb 3 1/2"x 3 1/2"

(Fu E, Eqin) Gy 1
(Fe. Fuu Fe, Fep) Gy 1

(E, Eqn) Ci = 1.00
(Fy, Fy Fe Fy) Gy = 1.00
(Fep) Ci= 1.00
Bending Flexure
Area= 1225
= 1251 Sx=
ly=" 12,51 Sy=
Rge = 6.8 OK
Ray = 6.8 OK
Bending Shear
Vx = 0 f\.b =
V\" = 0 f\d =
Deflection
Deflection, = 0.000
Allowed = 0.38666667
Column
Axial Load (Ib) = 15891
Loy = 92.8
Lea= 92.8

Fee = 9.70E+06

Combined Bending and Axial Tension
fi= 1297 psi
F¢= 1207.5 psi

Combined Bending and Axial Compression
Fc < FcEi OK
Fe < Fegz 0K
fb1 < Fue OK

Bearing
Bearing member F;' (psi)
F.=

2400

Tel: 309-879-3258

www.perobbins.com

Member: 24Fb 3 1/2" x 3 1/2"

Member Axially Loaded in: Compression

.7 Deflection Check Load:
Load Factors
Load Duration (Cp) = 1.15
Repetlitive Member Factor C. = 1.00
Ke = 1.0
Incised? no
COVe 0.10

no
pli
pli
Ibs

DEFLECTION LIMIT = L/ 240
Span Length Bending Member: 92.8
92.8
92.8

Beam Stabillity Factor C, override: no

for C/C wind loads Column check = OK

IN

IN

IN { enter 0.001 for continuous support)
IN { enter 0.001 for continuous support)
Yes; C,= 1.0 see note

Bearing Member 24Fb 3 1/2" x 14"

Bearing member F,, (psi) 560
Filpsi)  Fy(psi) Fe(psi)  Fo(psi) E (psi)
1050 250 560 1150 1.6E+10
Wet service Factor Cyy
Fb Fl F\r Fcp
1 1 1
Ch 1

7.15 Mb_msx = 0 fb1 =
7.15 My max = 0 foa =
Fu=  2760.0 Fen = 215358980 FoedFox™=
Fp,*= 2760 Frea = 2.15E+08 Fog/F, =
0 Fu' = 287.5 fvb<Fvb'
0 Fu'= 2875  fud<Fud'

OK Deflectiony = 0.000 OK

Allowed = 0.38666667

fo= 12072 psi F*= 13225

Lapfd = 26.51429 greater= 26.5142857 0K

Log/b = 26.51429
Fee lF* = 7333.509 C, = 0.99998636
flFy+fy/Fey* = 1.074306 oK
1+l Foy*+fealFie'=  1.0743086 oK

[fe/Fe1"2 + fogH{Foy T1-{fe/Feea I} + fool{Fez [1-(fe/Feoz) -

560
1297.2

OK

b (in) d(in) C Plys Effective b E,
35 35 0.9 1 3.5 8.29]
F. E and E,
1 1
0 psi Lyp = 92.8 L= 161
0 psi L= 92.8 Leg= 161
78028.62 Cix= 1.0000 Fol = 27
78028.62 Cy= 1.0000 Foy = 27
OK
OK
Feer=  9.6986.E+06
Feea=  9.6986E+06
Fe'= 1322.48 OK
(fys/Fre)'2)} = 0.96 OK



P. E. Robbins, Inc. 7/6/2011
1777 State Route 167
Victoria IL 61485

2005 NDS Combined Bending and Axial Loading
CLIENT: Nordic
Description: Webs 2-12
Description: Tension Check

Tel: 309-879-3258

www.perobbins.com

Description:
Madel #: Solar Decathlon Member: 24Fb 3 1/2" x 3 1/2"
Job: 1106-033 Member Axially Loaded in: Tension
Loading .7 Deflection Check Load: no for C/C wind loads Column check = OK
Wewan= 0 pli Load Factors
Wd,a= 0 pli Load Duration (Cp) = 1.00
Axialload= 12631 |Ibs Repetitive Member Factor C, = 1,00 d
Conditions Ke= 1.0 X
Molsture Condition Dry Incised? no
Temperature T =< 100 COVe 0.25 b
Plies = 1 y
DEFLECTION LIMIT =L/ 240 IN
Span Length Bending Member: 91.1 IN
DISTANCE BETWEEN LATERAL SUPFORT ON BREADTH EDGE b (Ib)= 91.1 IN ( enter 0.001 for continuous support)
DISTANCE BETWEEN LATERAL SUPPORT ON DEPTH EDGE d (Id)= 91.1 IN ( enter 0.001 for continuous support)
Beam Stability Factor G, override: no Yes; C = 1.0 see note
Bearing Member 24Fb 3 1/2" x 14"
Bearing member F, (psi) 560
Member Properties Fy (psi) Fi (psi) Fu(psl)  Fep(psi) F. (psi) E (psi) b (in} d(in) [+ Plys Effective b E,
24Fb 3 1/2"x 31/2" 2400 1050 250 560 1160 1.6E+10 3.5 3.5 0.9 1 35 5.84
(Fu. E, Epin) Gy 1 Wet service Factor Cy
(Fu. Fu Fes Fp) Gy 1 Fo Fy Fy Fep Fe E and Epiy
1 1 1 1 1 1
(E, EmIn) C}: 1.00
(Fu, Fy Fe, F) G = 1.00 Chy 1
(Fee) Ci= 1.00
Bending Flexure
Area= 1225
Ix= 1251 Sx= 7.15 Mo mex = 0 for = 0 psi Lup = 91.1 L= 158
ly= 1251 Sy= 7.15 My mex = 0 foz = 0 psl = 91.1 Lea= 158
Rax = 6.7 OK Fuc'= 24000 Feep = 154401433 FoeuFox'= 64333.93 Ci= 1.0000 Fo'= 24
Rey= 67 oK Fo*= 2400 Fiea= 1.54E+08  FoeJFy= 64333.93 Cyy= 1.0000 Fo/= 24
Bending Shear
V= 0 fu= 0 Fy' = 250 fvb<Fvb'" OK
Wy = 0 fu= 0 Fu'= 250 fvd<Fvd'" OK
Deflection
Deflection, = 0.000 oK Deflection, = 0.000 OK
Allowed = 0.37958333 Allowed = 0.37958333
Column
Axial Load (Ilb) = 12631 f= 10311 psi F.*= 1150
Lep = 91.1 Lep/d = 26.02857 greater = 26.0285714 OK Fegr= 7.0917.E+06
Leg = 91.1 Leg/b = 26.02857 Fego=  7.0917E+06
Fee = 7.09E+06 Fe lF*=  6166.708 C, = 0.99998378 Fe'= 1149.98 OK
Combined Bending and Axial Tension
fi= 1031 psi ffF+fy/Foy* =  0.982002 OK
F'= 1050 psi flF(+foa/Fog " +ioalFra'= 0982002 0K
Combined Bending and Axial Compression
Fe < Fegy OK
Fe<Fera OK [fo/FT1"2 + foa{Fuy [1-(Fe/Feia I} + Tool{Fo2[1-(fc/Fra2) - (for/Foe)}"2} = 0.80 OK
for < Fre OK
Bearing
Bearing member F_' (psi) 560 OK

Fe= 1031.1



P. E. Robbins, Inc.
1777 State Route 167
Victoria IL 61485

7162011

2005 NDS Combined Bending and Axial Loading

CLIENT:
Description:
Description:
Description:

Model #:

Job:

Loading

waall=

\desll=

Axial load =
Conditions
Moisture Condition

Nordic
Webs 2-12
Compression Check

Solar Decathlon

1106-033
0 pli
0 pli
1175  Ibs
Dry

Temperature T < 100

Plies =

1

Member: 24Fb 3 1/2" x 3 1/2"

no
Load Factors

Load Duration (Cp) = 1.00
Repetitive Member Factor C, = 1.00

Ko = 1.0
Incised? no
COVg 0.25

DEFLECTION LIMIT =L/ 240

Span Length Bending Member:

DISTANCE BETWEEN LATERAL SUPPORT ON BREADTH EDGE b (Ib)=
DISTANCE BETWEEN LATERAL SUPPORT ON DEPTH EDGE d (ld)=

Beam Stability Factor C, override:

9141

9141

911
no

Member Axially Loaded in: Compression
.7 Deflection Check Load:

for C/C wind loads

IN

IN

IN ( enter 0.001 for continuous support)
IN ( enter 0.001 for continuous support)
Yes; C = 1.0 see note

Bearing Member 24Fb 3 1/2" x 14"

Bearing member F, (psi) 560
Member Properties Fy (psi) Fi(psi)  F(psi) Fe(psi)  F.(psi) E (psi) b (in) d{in) c
24Fb 3 1/2" x 3 1/2" 2400 1050 250 560 1150 1.6E+10 35 3.5 0.9
(Fu E, Eqin) G 1 Wet service Factor Cy
(Fo, Fy Fe, Fp} Gy 1 Fy F F. Fep F. EandEy,
1 1 1 1 1
(E- Em[n) c:i = 1 UU
(F, Fy Fo, F)Ci = 1.00 Cpy 1
(Fee) Ci = 1.00
Bending Flexure
Area= 1225
Ix= 12.51 Sx= 7.156 My max = 0 fbi = 0 psi Lub =
IY: 12.51 Sy = 7.15 Md max = 0 fhz = ] psi Lud =
Ry = 6.7 OK Fp*=  2400.0 Fogs = 154401433 FuedFox'= 64333.93 Cl = 1.0000
Rgy = 6.7 OK Fy,*= 2400 Foga =  1.54E+08 Foey/Foy"= 64333.93 Cy= 1.0000
Bending Shear
V= 0 fn = 0 Fa'= 250 fvb<Fvb' OK
V= 0 fu= 0 Fu'= 250 fvd<Fvd' OK
Deflection
Deflection, = 0.000 oK Deflection, = 0.000 OK
Allowed = 0.37958333 Allowed = 0.37958333
Column
Axial Load (Ib) = 1175 fo= 959 psi Fo*= 1150
Loy = 211 Lopfd = 26.02857 greater= 26.0285714 oK Feer=  7.0917.E+06
Leg = 91.1 Lea/b = 26.02857 Feez=  7.0917E+06
Fee= 7.09E+06 FelF.'=  6166.708 Cy = 0.99998378 F'= 1149.98
Combined Bending and Axial Tension
fi= 96 psi filFy+y1/Fep* =  0.091351 OK
Fy'= 1050 psi P+l “+HoalFea*=  0.091351 OK
Combined Bending and Axial Compression
Fe < Fegq OK
Fe < Fegz OK (/P12 + fys/{Fu [1-(fe/Feen )} + foal{Foo'[1-(fo/Feoz) - (For/Fee)2]} = 0.01
fo1 < Fee 0K
Bearing
Bearing member F,' (psi) 560 OK
Fs= 95.9

Tel: 309-879-3258

www.perobbins.com

Column check = OK

Plys Effective b  E
1 35 5.84
91.1 L= 158
91.1 Leg= 158
Fox = 24
Fp'= 24
OK
OK



P. E. Robbins, Inc.

7/6/2011

1777 State Route 167
Victoria IL. 61485

2005 NDS Combined Bending and Axial Loading
CLIENT: Nordic
Description: Webs 3-11 4-10
Description: Compression Check
Description:
Model #: Solar Decathlon
Job: 1106-033

Member: 24Fb 3 1/2" x 3 1/2"
Member Axially Loaded in: Compression

Loading .7 Deflection Check Load: no for C/C wind loads
Wewal= 0 pli Load Factors
Wda= 0 pli Load Duration (Cp) = 1.00
Axial load = 3175 Ibs Repetitive Member Factor C, = 1.00 d
Conditions Ke=1.0
Moisture Condition Dry Incised? no
Temperature T <100 COVeg 0.25
Plies = 1 y
DEFLECTION LIMIT = L/ 240 IN
Span Length Bending Member: 130.2 IN
DISTANCE BETWEEN LATERAL SUPPORT ON BREADTH EDGE b (Ib)= 130.2

DISTANCE BETWEEN LATERAL SUPPORT ON DEPTH EDGE d (Ild)=

Beam Stability Factor C;_ override: no Yes; C = 1.0 see note
Bearing Member 24Fb 3 12" x 14"

Bearing member F., (psi) 560
Member Properties Fy (psi) Filpsi)  Fu(psl) Fep(psi)  Fe(psi) E (psi) b (in}) d(in)
24Fb 3 1/2"x 3 1/2" 2400 1050 250 560 1150 1.6E+10 35 3.5
(Fu E, Epin) Cy 1 Wet service Factor Cy
(Fu Fu, Feo Fep) C 1 Fy R Fy Feo Fe E and Epn
1 1 1 1 1 1
(E, Eqr) Ci = 1.00
(Fy, F, Fo, F)C = 1.00 Cu 1
(Fep) Ci= 1.00
Bending Flexure
Area= 1225
k= 1251 Sx= 715 My_max = 0 for = 0 psi
ly=" 12,51 Sy= 715 My_max = 0 fp= 0 psl
Rge= 8.0 oK Fo*=  2400.0 Fien = 110219494  Fie/Fp*= 45924,79 Cu =
Ry = 8.0 0K Fy*= 2400 Foea =  1.10E+08 Frey/Fo,'= 45924.79 Cuy=
Bending Shear
V= 0 fo = 0 Fu' = 250 fvb<Fvb' OK
Vy = 0 f = 0 Fu'= 250 fud<Fvd' OK
Deflection
Deflection, = 0.000 OK Deflection, = 0.000 OK
Allowed = 0.5425 Allowed = 0.5425
Column
Axial Load (Ib) = 3175 f= 2592 psi o= 1150
Lap = 130.2 Lew/d = 37.2 greater = 37.2 0K Fegq =
Leg = 130.2 Leafb = 37.2 Fepa =
Fee = 3.47E+06 FelF"=  3019.035 C, = 0.99996687 Fo' =

Combined Bending and Axial Tension

f[ =
F[' =

Combined Bending and Axial Compression

Bearing
B

259 psi f{Jng""fb]thb‘ = 0.246842 OK
1050 psi P+ /P +HhalFr'=  0.246842 OK
Fe < Fegy OK
Feo<Feer OK [fe/F12 + for{For 1o/ Fee It + foal{Foo [1-(fo/Fee) - (for/Fioc)'20} =
fu1 < Fie oK

560
259.2

earing member F.,' (psi) OK

Fo=

Tel: 309-879-3258

www.perobbins.com

Column check = OK

IN ( enter 0.001 for continuous support)
IN { enter 0.001 for continuous support)

c Plys Effective b E,
0.9 1 35 584l
L= 130.2 Ly = 222,
Lg=  130.2 Lg= 222,
1.0000 For = 24
1.0000 Foy = 24
3.4719.E+06
3.4719E+06
1149.96 oK
0.05 oK
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2005 NDS Combined Bending and Axial Loading
CLIENT: Nordic
Description: Webs 3-11 4-10
Description: Tension Check

Tel: 309-879-3258

www.perobbins.com

Description:
Model #: Solar Decathlon Member: 24Fb 3 1/2" x 3 1/2"
Job: 1106-033 Member Axially Loaded in: Tension
Loading .7 Deflection Check Load: no for C/C wind loads Column check = OK
Wowan= 0 pli Load Factors
Wd,.ai= 0 pli Load Duration (Cp) = 1.00
Axial load = 8535 Ibs Repetitive Member Factor C, = 1.00 d
Conditions K,= 1.0 X
Moisture Condition Dry Incised? no
Temperature T £ 100 COV: 0.25 b
Plies = 1
DEFLECTION LIMIT = L/ 240 IN
Span Length Bending Member: 130.2  IN
DISTANCE BETWEEN LATERAL SUPPORT ON BREADTH EDGE b (Ib)= 130.2  IN( enter 0.001 for continuous support)
DISTANCE BETWEEN LATERAL SUPPORT ON DEPTH EDGE d (ld)= 130.2  IN( enter 0.001 for continuous support)
Beam Stability Factor C_ override: no Yes; C.= 1.0 see note
Bearing Member 24Fb 3 1/2" x 14"
Bearing member F;, (psi) 560
Member Properties Fy (psi) Fi (pst) Fy(psi)  Fg (psi) F. (psi) E (psi) b (in) d (in) c Plys Effective b  E
24Fb 3 1/2" x 3 1/2" 2400 1050 250 560 1150 1.6E+10 3.5 35 0.9 1 3.5 5.84
(Fy, E, Epin) Gy k| Wet service Factor Cyy
(Fl:u Fv- Fc- Fcp) Ct 1 Fb FI Fv Fcp Fc E and Emln
1 1 1 1 1 1
(E, Emin) Ci = 1.00
(Fe, Fy Fo, F) Ci = 1.00 Ci 1
(Fep Ci= 1.00
Bending Flexure
Area= 1225
Ix= 1251 Sx= 715 My max = 0 for = 0 psi L= 130.2 Lep= 222
ly= 1251 Sy= 7.15 My _max = 0 foz = 0 psi Lyg= 130.2 Lg= 222
Rex= 8.0 oK Fox'=  2400.0 Fiev = 110219494  FuefFy = 45924.79 Ciu= 1.0000 Foi= 24
Rgy = 8.0 OK Fy,*= 2400 Fiea = 1.10E+08 Fuey/Foy'= 45924.79 Cy= 1.0000 Foy'= 24
Bending Shear
V= 0 fp = 0 Fu'= 250 fvb<Fvb' OK
Vy= 0 fu= 0 Fu'= 250 fud<Fvd'" OK
Deflection
Deflection,, = 0.000 0K Deflectiony = 0.000 OK
Allowed = 0.5425 Allowed = 0.5425
Column
Axial Load (Ib) = 8535 fo= 6967 psi Fe*= 1150
Loy = 130.2 Lop/d = 37.2 greater = 37.2 OK Feei= 3.4719.E+06
Leg = 130.2 Lealb = 37.2 Feeo=  3.4719E+08
Fee= 3.47E+06 Fe/F*=  3019.035 Cp = 0.99996687 Fo'= 1149.96 oK
Combined Bending and Axial Tension
fi= 697 psi fF{+/Fus* = 0663557 OK
F'= 1050 psi fF +hoy/Foy* +oalFea*=  0.663557 OK
Combined Bending and Axial Compression
Fo < Fegy OK
Fe < Feez OK [Fe/FT2 + foaH{Fur T1-(Te/Fega I} + fua/{Fu2 (1-(Fc/Feaz) = (For/Fee )21} = 0.37 OK
for < Fee OK
Bearing
Bearing member F_;' (psi) 560 OK

F.=  696.7
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2005 NDS Combined Bending and Axial Loading
CLIENT: Nordic
Description: Webs 5-9
Description: Tension Check

Description:
Model #: Solar Decathalon Member: 24Fb 3 1/2" x 3 1/2"
Job: 1106-033 Member Axially Loaded in: Tension
Loading .7 Deflection Check Load: no for C/C wind loads Column check = OK
Wiwar= 0 pli Load Factors
Wdya= 0 pli Load Duration (Cp) = 1.00
Axial load = 1102 Ibs Repetitive Member Factor C. = 1.00 d
Conditions K,=1.0 X
Moisture Condition Dry Incised? no
Temperature T =100 COVe 0.25
Plies = 1 y
DEFLECTION LIMIT = L/ 240 IN
Span Length Bending Member: 110.5 IM
DISTANCE BETWEEN LATERAL SUPPORT ON BREADTH EDGE b (Ib)= 110.5  IN ( enter 0.001 for continuous support)
DISTANCE BETWEEN LATERAL SUPPORT ON DEPTH EDGE d (Id)= 110.5  IN ( enter 0.001 for continuous support)
Beam Stability Factor C, override: no Yes; C.= 1.0 see note
Bearing Member 24Fb 3 1/2" x 14"
Bearing member F,, (psi} 560
Member Properties Fy, (psi) Fi(psl)  Fulpsl) Feolpsl)  Fo(psi) E (psi) b (in} d (in) c Plys  Effectiveb E
24Fb 3 1/2"x 3 1/2" 2400 1050 250 560 1150 1.6E+10 3.5 35 0.9 1 35 5.84
(Fy, E, Eqn) Gy 1 Wet service Factor Cy,
(Fe. Fu Fe, Fep) Cy 1 Fs Fy Fy Feo Fe E and Eyn
1 1 1 1 1 1
{E, Em'_") Ci = 1.00
(Fy, Fi, Fo, F)) Ci = 1.00 Cp 1
(F) Ci= 1.00
Bending Flexure
Area= 1225
Ix= 12,51 Sx= 7.15 Mp_max = 0 for = 0 psi Ly = 110.5 Lep= 190
ly= 1251 Sy= 7.15 My max = 0 foa = 0 psi Ly = 110.5 Leg= 190
Rge = 7.4 OK Fu' = 2400.0 Fuep = 128787068 FoedFoe'= 53661.28 Cu= 1.0000 Fo'= 24
Rgy = 7.4 OK Fo,' = 2400 Foea = 1.29E+08 Fye/Fu,*= 53661.28 Cy = 1.0000 Fy'= 24
Bending Shear
V= 0 fup = 0 Fu' = 250 fvb<Fvb'  OK
v, = 0 foa = 0 Fu'= 250 fvd<Fvd' OK
Deflection
Deflection, = 0.000 OK Deflectiony = 0.000 OK
Allowed = 0.46041667 Allowed = 0.46041667
Column
Axial Load (Ib) = 1102 fe= 900 psi F*= 1150
Lob = 110.5 Lepfd = 31.567143 greater = 31.5714286 oK Feer= 4.8202.E+06
Lod = 110.5 Legfb = 31.57143 Feer=  4.8202E+06
Fee = 4.82E+06 Fee [Fe* = 4191.462 C, = 0.99997614 F.'= 1149.97 OK
Combined Bending and Axial Tension
fi= 90 psi fF+ipi/Fu* = 0.085675 OK
F'= 1050 psi FIF(+HorlFoi +ioafFia*=  0.085675 OK
Combined Bending and Axial Compression
Fe < Feeq 0K
Fe < Feez OK [f/F1"2 + foa{Fui [1-(fe/Feea )} + ful(Fo2 [1-(fo/Feo2) - (for/Frg)'2]t = 0.01 OK
for < Fie OK
Bearing
Bearing member F,' (psi) 560 OK

Fe= 90.0
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2005 NDS Combined Bending and Axial Loading

CLIENT: Nordic
Descrption: Webs 5-9

Description: Compression Check

Description:

Model #: Solar Decathlon

Job: 1106-033

Loading
wbwal!= 0
deali= ]
Axialload = 10840
Conditions

Moisture Condition Dry
Temperature T < 100
Plies = 1

DISTANCE BETWEEN LATERAL SUPPORT ON BREADTH EDGE b (Ib)=
DISTANCE BETWEEN LATERAL SUPPORT ON DEPTH EDGE d (Id)=

Member Properties Fy (psi)
24Fb 3 1/2" x 3 1/2" 2400
(Fy, E, Emin) Gt 4
{Fbu Fv- Fc- Fcp) CL 1
(E. Emln) Oi = 100
(Fo, Fu Fo ) Ci = 1.00
(Fep) Ci= 1.00
Bending Flexure
Area= 12.25
k= 1251 Sx=
ly= 1251 Sy=
Rgx = 74 OK
Rgy= 7.4 oK
Bending Shear
V= 0 fw =
Vy = 0 fa =
Deflection
Deflection, = 0.000
Allowed = 0.46041667
Column
Axial Load (Ib) = 10840
Lo = 110.5
Leg = 110.5

Fee = 4.82E+06

Combined Bending and Axial Tension
fi= 885 psi
F'= 1050 psi

Combined Bending and Axial Compression
F:c < FcEl OK
Feo < Feea OK
for < Fie OK

Bearing
Bearing member F,' (psi)
Fo=

Member: 24Fb 3 1/2" x 3 1/2"
Member Axially Loaded in: Compression
.7 Deflection Check Load: no for C/C wind loads
pli Load Factors
pli Load Duration (Cp) = 1.00
Ibs Repetitive Member Factor C, = 1,00 d
Ke=1.0 X
Incised? no
COVg 0.25

DEFLECTION LIMIT = L/ 240 IN
Span Length Bending Member: 110.5 IN
IN ( enter 0.001 for continuous support)
IN ( enter 0.001 for continuous support)
Beam Stability Factor C override: no Yes; C, = 1.0 see note
Bearing Member 24Fb 3 1/2" x 14"
Bearing member F, (psi) 560

Fi(pst)  Fy(psi)  Fep(psi) Fe (psi) E (psi) b (in) d (in) c
1050 250 560 1150 1.6E+10 35 3.5 0.9
Wet service Factor Cy,
Fu F F. Fep Fe E and Egy,
1 1 1 1 1 1
Cu 1
7.16 Mb_max = 1] fo1 = 0 psi (I
7.15 Md_max = 0 fop = 0 psi L=
Fo*= 24000 Feen = 128787068 Fiex/Fuo'= 53661.28 C= 1.0000
Fo*= 2400 Fpea = 1.29E+08 Fie,/Fy, "= 53661.28 Cy = 1.0000
0 Fu' = 250 fvb<Fvb' OK
0 Fod = 250 fud<Fvd' OK
oK Deflectiony = 0.000 oK
Allowed = 0.46041667
f.= 8849 psi Ft*= 1150
Lapfd = 31.67143 greater= 31.5714286 OK Fee1= 4.8202.E+06
Laalb = 31.57143 Feea=  4.8202E+06
Fee lF= 4191.462 C, = 0.99997614 F.'= 1149.97
flF'+fps/Fep* =  0.84276 OK
fF +foulFor*+folFia*=  0.84276 - OK

[felFT"2 + for{Fur'[1-(fe/Fog I} + foal{Fu2'[1-(fo/Feaz) - (foa/Fue)"2]} = 0.59

560 oK
884.9

Tel: 309-879-3258

www.perobbins.com

Column check = OK

Plys

110.5
110.5

OK

OK

Effective b E
35 5.84
L= 190

Lea = 190

Fpi = 24
Foy'= 2
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2005 NDS Combined Bending and Axial Loading
CLIENT: Nordic
Description: Webs 6-8
Description: Tension Check

Description:
Model #: Solar Decathlon Member: 24Fb 3 1/2" x 7 1/2"
Job: 1106-033 Member Axially Loaded in: Tension
Loading .7 Deflection Check Load: no for C/C wind loads Column check = OK
Wosal= 0 pli Load Factors
Wd,a= 0 pli Load Duration (Cp) = 1.00
Axial load = 1840 lbs Repetitive Member Factor C, = 1.00 d
Conditions Ke=1.0 X
Moisture Condition Dry Incised? no
Temperature T < 100 COVe 0.25
Plies = 1
DEFLECTION LIMIT = L/ 240 IN
Span Length Bending Member: 1105 IN
DISTANCE BETWEEN LATERAL SUPPORT ON BREADTH EDGE b (Ib)= 110.5  IN( enter 0.001 for continuous support)
DISTANCE BETWEEN LATERAL SUPPORT ON DEPTH EDGE d {Id)= 110.5  IN ( enter 0.001 for continuous support)
Beam Stability Factor C, override: no Yes; C .= 1.0 see note
Bearing Member 24Fb 3 1/2" x 14"
Bearing member F., (psi) 560
Member Properties Fy (psi) Fy (psi) F.(psl)  F(psi) Fe(psl) E (psi) b (in) d(in) c Plys Effectveb E
24Fb 3 1/2"x 7 1/2" 2400 1050 250 560 1150 1.6E+10 35 75 0.9 1 3.5 5.84
{Fy, E, Eqin) G 1 Wet service Factor Cy
(Fe, Fu, Fey Fep) Gy 1 Fy F F, Fen Fe E and E,
1 1 1 1 1 1
(E, Eqn} Ci = 1.00
(Fy F, Fe, F) Ci = 1.00 Cp 1
(Fep) Ci= 1.00
Bending Flexure
Area= 26.25
Ix= 123,05 Sx= 3281 My_max = 0 for = 0 psi L= 1105 L= 202
ly=" 26.80 Sy= 1531 Ma_max = 0 fre= 0  psi L= 1105 Les= 202
Rex= 111 OK Fos'=  2400.0 Foep = 56541134 FoesfFox*= 23558.81 Ci = 1.0000 Foi' = 24
Ry = 36 oK Fy* = 2400 Fiea = 5.56E+08 Fiey/Fy,'= 231810.4 Cy = 1.0000 Foy = 24
Bending Shear
Vy= 0 fp = 0 Fa' = 250 fvb<Fvb' OK
Vy= 0 foa = 0 Fu'= 250 fvd<Fvd" OK
Deflection
Deflection, = 0.000 OK Deflection, = 0.000 OK
Allowed = 0.46041667 Allowed = 0.46041667
Column
Axial Load (Ib) = 1840 fo= 701 psi F' = 1150
Lep = 110.5 Lepfd = 14.73333 greater= 31.5714286 oK Feer=  2.2133.E+07
Lea = 110.5 Leg/b = 31.57143 Fiez=  4.8202E+06
Fee = 4.82E+06 Fee lFo* = 4191.462 C, = 0.99997614 F.'= 1149.97 OK
Combined Bending and Axial Tension
fi= 70 psi flFy+fyi/Fo* =  0.086757 oK
F'= 1050 psi fFy+uy/Fu "+ho/Fro'=  0.066757 OK
Combined Bending and Axial Compression
Fe < Fepsy OK
Feo<Feez oK [fe/Fe12 + iyt {Fios T1-(Fef Fegs I + foal{Fioo T1{fof Feea) = (for/Foe )20} = 0.00 OK
fot < Fee OK
Bearing
Bearing member F_,' (psi) 560 OK

F.= 701
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2005 NDS Combined Bending and Axial Loading

CLIENT: Nordic
Description: Webs 6-8

Description: Compression Check

Description:

Model #: Solar Decathalon

Job: 1106-033

Loading
Whwar= 0
Wd,a= 0
Axial load = 17897
Conditions

Moisture Condition Dry
Temperature T 100
Plies = 1

DISTANCE BETWEEN LATERAL SUPPORT ON BREADTH EDGE b (Ib)=
DISTANCE BETWEEN LATERAL SUPPORT ON DEPTH EDGE d (Id)=

Member Properties Fy, (psi)

24Fb 3 1/2"x 7 1/2"

(Fl- E, Emln) Cl 1

(Fb, Fu Fe, Fep) €y 1
(E: Emln) Ci = 1.00
{Fu F, Fa R} Ci= 1.00
(Fep) G = 1.00
Bending Flexure
Area= 26.25
Ix= 123,05 Sx =
ly=" 26.80 Sy=
Rec= 114 OK
Rgy = 3.6 OK
Bending Shear
Vx =i 0 f‘,{, =
Vy = 0 f“| =
Deflection
Deflection, = 0.000
Allowed = 0.46041667
Column
Axial Load (Ib) = 17897
Lop = 110.5
Leg= 110.5
Fee = 4.82E+06
Combined Bending and Axial Tension
fi= 682 psi
F'= 1050 psi

Combined Bending and Axial Compression

Fe < Fegq OK
Fc = FcE2 OK
for < Fee OK

Bearing
Bearing member F.,;' (psl)

F,=

2400

Member: 24Fb 3 1/2" x 7 1/2"
Member Axially Loaded in: Compression
.7 Deflection Check Load: no
pli Load Factors

for C/C wind loads

pli Load Duration (Cp) = 1.00
lbs Repetitive Member Factor C, = 1.00

K= 1.0

Incised? no

COVe 0.25

DEFLECTION LIMIT = L/ 240 IN
Span Length Bending Member: 1105 IN
110.5
110.5
Beam Stability Factor C,_ override: no

Bearing Member 24Fb 3 1/2" x 14"

560
681.8

OK

IN ( enter 0.001 for continuous support)
IN { enter 0.001 for continuous support)
Yes; C,= 1.0 see note

Bearing member F;, (psi) 560
Fy (psi) Fu(psi)  Fep (psi) F. {psi) E (psi) b {in) d (in) c
1050 250 560 1150 1.6E+10 3.5 75 0.9
Wet service Factor Cyy
Fp F F, Fep F. E and E,
1 1 1 1 1 1
Cry 1
32.81 Mb_mux = 0 fb| = 0 psl L“b =
16.31 My mex = 0 for = 0 psi Ly =
Fu'= 24000 Foep = 56541134 Feeu/Fox'= 23558.81 Cu= 1.0000
Fo,"= 2400 Foea = 5.56E+08 Fee/Fyy"= 231810.4 C, = 1.0000
0 Fw'= 250 fvb<Fvb' OK
0 Fu'= 250 fvd<Fvd' OK
OK Deflectiony = 0.000 OK
Allowed = 0.46041667
fe= 6818 psi F.* = 1150
Lepfd = 14.73333 greater= 31.5714286 OK Feer= 2.2133.E+07
Lealb = 31.57143 Feea=  4.8202E+06
Fee [F* = 4191.462 Cp = 0.99997614 Fo'= 1149.97
fFy+f/Fep* = 0.649324 OK
fF +ou/Fo " ool Fu*=  0.649324 OK

[f/F2 + ForH{For [1-(fe/Fega I} # Tool{Foo'[1-(fe/Feoz) - (for/Foe)2]) = 0.35

Tel: 309-879-3258
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Column check = OK

Plys Effective b
1 3.5
110.5 Lo =
110.5 Loa =
Foi' =
Foy =
OK
OK

E\

5.84

202
202

24
24



Detailed Water Budget

Function

Events

Gallons

per
Event

Water
Used
(Gallons)

Hot water Draws 16 20 320 15 gallon requirement plus 5 gals extra for “warm up”, if
necessary, to reach 110 F
Water Vaporization 5 0.75 3
Dishwasher 5 3 15 3 gallons per use from
Manufacturer's Specifications
Laundry Washer 8 11 88 11 gallons per use from
Manufacturer's Specifications
Hot Water Storage 1 135 135 80 gallon Solar Thermal Tank,
Tanks
50 gallon Backup Tank, and Circulation line
Initial System Fill 1 45 45 Initial water system bleed and pipe fill
Irrigation 15 5 75 5 gallons per day for 15 days,
for flowers
Fire Protection N/A N/A 500 Sprinkler system discharge
Testing N/A N/A 100 Testing of domestic hot water system prior to start
Safety Factor N/A N/A 193 15% of total water use

Water Required

1479

Total water used over Decathlon Competition

2011 US DOE Solar Decathlon

Team Massachusetts

Published 08/11/11
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Summary of Unlisted Electrical Components

We have no unlisted electrical components. All electrical components carry an approved testing agency’s listing per
section 6-7 of the SD2011 Building Code.

2011 US DOE Solar Decathlon Team Massachusetts Published 08/11/11
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Summary of Reconfigurable Features

Storage Wall

The storage walls are effortlessly slid into the hallway expanding the dining and living rooms to provide more
flexibility for the family. They are offset from each other, allowing them to be in the open position
simultaneously or one at a time. The walls are connected to a track along a truss, which carries a portion of the
load. There are also casters along the bottom of the wall, which run along a minimal steel track in the floor and
carry the majority of the load. The storage walls are engineered to slide along the track safely and effortlessly.

For the public tours, the house will be configured in its primary layout, however, we will demonstrate the
movable components to the jurors during their guided tour. The west storage wall will be moved to expand the
dining room for the dinner party and allow the table and chairs to be reconfigured to comfortably seat eight.
For movie night the east storage wall will be moved to the open position allowing the living room furniture to be
reconfigured.

REF: DRAWING: A-603 MOVABLE COMPONENT DIAGRAM

Operable External Blinds

The windows on the south, east and west facades of the 4Dhome are all shaded by exterior horizontal blinds.
These products are all commercially available and produced by Hella. The blinds are operated by electronic
controls from the interior of the house allowing the user to control the tilt angle and total window coverage.
They can be used to mitigate both solar heat gain and daylight.

The blinds will be used in the competition to supplement the passive cooling strategy for the 4dhome. During
peak cooling load hours, the blinds will be used to reduce the solar heat gain coefficient of the respective glazing
they are covering. The blinds will be retracted as necessary to optimize passive cooling throughout the day.

At night the blinds will be fully retracted to allow views to the interior from outside. During juried walkthroughs
the full spectrum of configurations will be demonstrated.
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Interconnection Application Form

PV Systems

Team Massachusetts, Lot 401

Module Manufacturer

Short Description of Array

DC Rating of Array

(sum of the DC ratings)

SUNPOWER

having two strings of seven panels each.

Twenty-eight E-19/240 modules; arranged in two arrays, each array

6720 W

[28 panels rated 240 W]

Total DC power of all arrays is 6.7 kW (in tenths)
INVERTERS

Inverter Manufacturer Model Number Voltage Rating (kVA or KW) Quantity
SOLECTRIA PVI 4000 240 VAC 4.0 KW 2
Total AC power of all invertersis __ 8 kW (in whole numbers)

2011 US DOE Solar Decathlon

Team Massachusetts

Published 08/11/11

82




One-Line Electrical Schematic
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(0] PV SYSTEM EQUIPMENT SCHEDULE
TAG | COMPONENTS | NO. MANUFACTURER | MODEL NOTES
1 PV MODULE 28 SUNPOWER E19/ 240 4 STRINGS OF 7 MODULES PER STRING
2 COMBINER ) WILEY ACE-2P NEMA 3R ENCLOSURE
BOX ELECTRONICS
3 DC 3-POLE UNFUSED, 60A, 600VDC, NEMA 3R ENCLOSURE,
DISCONNECT 2 SQUARE D HU362RB 200KA MAX SHORT CIRCUIT RATING
4 DC/AC NOT CAPABLE OF BACK-FEEDING CURRENTS, NEMA 4/1P
INVERTER 2 SOLECTRIA PVI 4000 65 ENCLOSURE
5 AUX LOAD 100A MAIN LUG LOAD CENTER, OUTDOOR RATED, 1@
CENTER 1 SQUARE D QO612L100RB 120/240VAC 3W, 12 CIRCUITS 6 SPACES, 10 KA MAX
SHORT CIRCUIT RATING
METER 1 GE 1-210+C
MAIN LOAD 240V, 200A, 1 PHASE, 16 SP, 10 KA MAX SHORT CIRCUIT
CENTER 1 SQUARE D HOM1632L200TC RATING
8 METER 1 N/A N/A ORGANIZER SUPPLIED METER
A CONDUCTOR AND CONDUIT SCHEDULE
TAG DESCRIPTION OR CONDUCTOR TYPE | CONDUCTOR GAUGE | #/COLOR OF CONDUCTORS CONDUIT CONDUIT
TYPE SIZE
1 USE-2 10 AWG 4/BLACK,4/BLACK W/WHITE FREE AIR N/A
TERMINAL MARKINGS
EQUIP. GROUNDING CONDUCTOR 10 AWG 2/BARE CU FREE AIR N/A
(EGC)
2& THWN-2 10 AWG 1/BLACK, 1/WHITE PER CONDUIT | 2/EMT 3/4"
3 INSULATED EGC 10 AWG 1/GREEN PER CONDUIT
4 THWN-2 10 AWG 2/RED, 2/BLACK, 2/WHITE PER 2/EMT 3/4"
CONDUIT
INSULATED EGC 10 AWG 1/GREEN PER CONDUIT
5 THWN-2 4 AWG 1/BLACK, 1/RED, 1/WHITE EMT 1.5"
INSULATED EGC 10 AWG 1 BARE CU
6 GROUNDING ELECTRODE 4 AWG 1 BARE CU N/A N/A
CONDUCTOR (GEC)
7 THWN-2 2/0 AWG 2/BLACK, 1/WHITE 1/EMT 1"
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Calculations of service/feeder net computed load and neutral load (NCE 220)

LOAD CALCULATIONS

REFERENCES LOAD VALUE | UNIT
220.82 (B) (1) | GENERAL LIGHTING LOAD (3 VA/SQ FT*945 SQ FT) | 2835 VA
220.82 (B) (2) | TWO 20 AMP SMALL APPLIANCE CIRCUIT (2X1500) | 3000 VA
220.82 (B) (2) | LAUNDRY CIRCUIT 1500 VA
220.82(B) (3) | REFRIGERATOR 1800 VA
220.82(B) (3) | COOK TOP 7700 VA
220.82(B) (3) | COOKTOP HOOD 240 VA
220.82(B) (3) | DISHWASHER 1800 VA
220.82(B) (3) | MICROWAVE 1800 VA
220.82(B) (3) | HRV 96 VA
220.82(B) (3) | AIR SOURCE HOT WATER HEATER 1440 VA
220.82(B) (3) | 50 GAL HOT WATER TANK 6000 VA
220.82(B) (3) | DEHUMIDIFIER 624 VA
220.82(B) (3) | WATER SUPPLY PUMP 1500 VA
220.82(B) (3) | DRYER 5000 VA
TOTAL, GENERAL LOAD: 35335 VA
FIRST 10KVA AT 100% 10000 VA
REMAINDER AT 40% (0.4*25335) 10134 VA
SUBTOTAL GENERAL LOAD 20134
220.82(C)(2) | MR. SLIM HEAT PUMP (AIR CONDITIONING) 1500 VA
TOTAL: 21634 VA
CALCULATED LOAD FOR SERVICE: (TOTAL/240V) 90 A
DECATHLON GRID SERVICE & HOUSE LOAD CENTER
MAIN BREAKER 150 A
TOTAL AMPACITY FOR PV INVERTER CIRCUITS
(2%25) 50 A
TOTAL AMPACITY OF CIRCUITS SUPPLYING POWER
TO LOAD CENTER 200 A
MAIN LOAD CENTER RATING 200 A
690.64 (B)(2) | ALLOWABLE AMPACITY FOR CIRCUITS SUPPLYING | A

POWER (1.2*200)

THEREFORE, DECATHLON GRID SERVICE SUPPLIES ENOUGH CURRENT TO MEET LOAD

REQUIREMENT (90<150A), AND TOTAL OF INPUT CIRCUITS IS LESS THAN 120% OF LOAD

CENTER CAPACITY (150+50 < 240)
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NEUTRAL LOAD CALCULATIONS

Value Unit
GENERAL LIGHTING LOAD (3VA/ft2) 2835 VA
20 AMP SMALL BRANCH CIRCUIT (2X1500) 3000 VA
Sub Total 5835 VA
3000 VA @100% 3000 VA
5835VA-3000VA = 2835 @ 35% 992.3 VA
Sub Total 3992 VA
Microwave and cooktop 9740 VA X 70% for 6818 VA
neutral load
Clothes washer dryer 5000 VA X 70% 3500 VA
Dishwasher 1800 VA
Sub total 12118 VA
Total Load 16110 VA
Calculated for neutral = 16110 / 240V 67.13 A
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Plan view of the lot showing the house, decks, ramps, tour paths and the service

point
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Elevation view showing the terminal box (contains the service point), meter and

other service equipment
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1. INTRODUCTION

The results of the Solar Decathlon are not only a showcase of cutting edge homes designed by students, the homes are
the embodiment of the ideas of the future where sustainability will help save nations from their dependence on fossil
fuels and the earth from climate change. One emerging idea is Passive House, which aims in the design of a home that
uses 90% less energy than a conventional home. Passive house standards were formulated at the first Earth Summit in
1992 and aim for a specific energy use equal to or less than 4.75 kBtu/ft?/yr. This value is regarded as the most amount
of energy humanity can afford to spend in each new and retrofitted home in order to maintain and save our climate.

Team Massachusetts has decided to design to Passive House standards. The design methodology leads to a final product
where highly insulated walls, superior air tightness, and passive solar and internal gains allow a home to be ultra-
efficient. Only after an efficient building envelope is designed, are the photovoltaics then implemented to mitigate
electrical loads.

The adoption of Passive House principles has informed the 4Dhome’s building envelope to the highest degree; including
window placements, wall constructions, and the mitigation of thermal bridging. The Passive House Planning Package
(PHPP) has given Team Massachusetts the ability to make quick changes to the envelope design and to see the
subsequent effects on an annual steady state energy balance.

To further investigate the dynamic behavior of the mechanical systems, the 4Dhome has been simulated using Matlab’s
Simulink, a fully customizable graphical user interface. The dynamic model was successful in simulating the solar
decathlon events, something that could not have been simulated using the PHPP. The results showed the mechanical
systems in place will satisfy the 4Dhome’s needs during climate extremes and most importantly, the rigors of the Solar
Decathlon Competition. The results of the PHPP analysis, the HVAC design, the active and passive systems, and the
results from dynamic model are explained in the subsequent sections.

2. ENERGY EFFICIENT DESIGN

2.1. PHPP as Design Tool

The basis for all design considerations began with output from the PHPP. The results from the PHPP model are
culminated together on a verification page, so as changes are made to the whole house model, the verification page can
be reviewed to see whether a design change improved the overall energy balance. Figure 2.1 is a screen shot of the
verification page for the 4Dhome.

Most parameters on the verification page are based on the treated floor area (TFA). In brief, the TFA is all area inside the
home not including area underneath the footprint of the walls. The TFA also considers rooms with limited use like
mechanical rooms to contribute only 60% of their floor area to the TFA total. The heating load and the cooling load are
useful to size the mechanical systems for environmental extremes. The specific space heating and specific space cooling
energy demands inform how much energy will be required to heat and cool each space on an annual basis.
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Energy Demands with Referance to the Treated Floor Area

Treated Floor Area: T
Applied: Monthly Method PH Certificate: Fulfilled?
Specific Space Heat Demand: 4.56 KB TUI(ft2yr) 4,75 KBTU/(ft2yr) Yes
Pressurization Test Result: 0.50 ACHs 0.6 ACHs Yes
Specific Primary Energy Demand
[DHW, Heating, Cooling, Auziliary and Household 37_3 kBTUf[ftzyr] 38.0 KBTUMREYT) Yes
Electricity]:

Specific Primary Energy Demand
[DHY. Heating and Auziliary Electricity).

5.3 KB TU/(ft2yr)

Specific Primary Energy Demand
Energy Conservation by Solar Electricity: 1 06'0 kBTUf[ﬂFyr]
Heating Load: 8_60 BTUf(ftzh r]
Frequency of Overheating: % over 75.0 F
Specific Useful Cooling Energy Demand: 4.47 KB TUI(ft*yr) 475 KBTUIfr) Yes
Cooling Load: 5.98 BTU/(ft’hr)

Figure 2.1: Screen Shot of PHPP Verification

The building envelope, the skin of the 4Dhome, is a very important membrane that stops heat exchange between
interior and exterior environments. PHPP allows for the construction of different wall, ceiling, and floor types and then
for quick implementation into the steady state model. Figure 2.2 shows an example of a wall with an 11.875” TJI wall
stud, 24" on center aside a 2.5” utility chase.

Azsembly  Building Assembly Description
P10 iwall
Surface Film Fesistance, & Interior; 0 .74 [hef FIETL)
Esterior:: Q.45
Primary Paterial Resistivity  Secondary Material Fiesistivity Tertiary Material Fesistivity Thickness
[Enter from interior ko exterior]  Fperinch  [optional)] Fi perinch [optional] Fi perinch [in]
1.iGyp Board 0.3%10 0.625
2 Air Space 3x2 Pine 1.280 2.500
3./05B 1.3%0 0.6258
4 iFiberglasa Sprayed ; 4._000 :05B TJI 1.3%30 T.875
5.iPolyur Spray 6.000 :DSEB TJI 1.3%0 4.000
6.iZip OS5B 1.3%0 0.500
Percentage of Mat'l 2 Percentage of Matl 2 Tokal Width
[ 2.1% | P o9.am | | 16.1 |in
R-Value: [hr 2 FIETL)
L alue: 0177 [BTUKrFEF)

Figure 2.2: Screen Shot of Wall Element R-Value Calculation

After the walls are modeled, the windows can be assigned to each wall with their own specific orientation, size, solar
heat gain coefficients, thermal properties, and overhangs. A way PHPP informed us in glazing application was to help
determine the proper amount of glazing area required on the southern facade. The current glazing area is significantly
higher than the conceptual design glazing area. The area of the windows needed to be increased so the sun could
passively heat the home in the winter time. The PHPP also verified that the addition of more windows would mean a
larger heat loss coefficient for the entire home, thus increasing the heating and cooling demand throughout the year.
Using the verification page and the windows worksheet in tandem, the window area could be optimized. This trial and
error method was not only the method for weighing the energy costs of different windows and their sizes, but also
helped in the design of window overhangs, wall R-values, ventilation schemes, and thermal bridges.

After the entire building envelope is constructed in the PHPP, including walls, windows, doors, and thermal bridges, the
heat loss of different components of the building envelope can be interpreted. Figure 2.3 shows the percentage of heat
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loss transported through each building element. Notice the flux through the thermal bridges is negative; this means with
respect to the original PHPP inputs, the thermal bridge analysis increased the accuracy of the model by eliminating
redundancies in the heat loss calculations when they were made with respect to exterior dimensions.

Average H-\alue: Fraction of Average
Grog . R-Value U=a Transmission Heat R-Value
& Area Group Area Unit [{hr.ft2.F)/BTU] [BTU/Rr.F] Losses [(hr.ft2.F)yBTU]
1 Treated Floor Area 633.6 ft2
2 North Windows 26.7 ft2 4.3 5.2 [ 4.3
3 Eazt Windows 46.3 ft2 b6 2.3 8% 5.6
4 South Windows 192.4 ft= AT 33.8 3% 5.7
5 West Windows 39.8 ft= 5.2 7.7 7% 5.2
& Exterior Wall - Ambient 1110.1 ft= 56.6 139 4 18% 56.6
10 RoofiCeiling - Ambient 2077.2 ft= 50,8 34.2 % 60.8
21 Thermal Bridges Ambient 277.8 ft — -1.0 -1% —
Total Thermal Envelope 2493 = 32.2 108.6 100% 32159
Envelope-Area-to-Treated-Floor-Area Ratio 5.5 "

Figure 2.3: Screen Shot of Summary of Heat Loss through Each Building Element

2.2. Thermal Bridge Analysis and PHPP

Since PHPP models the building envelope with respect to exterior dimensions, there is some redundancy and sometimes
a conservative heat loss calculation at any fagade intersection. THERM by Lawrence Berkeley National Laboratory was
used to model thermal bridges and to calculate their UA-Value for implementation into the PHPP model. For example,
Figure 2.4 shows the peak of the home during a design and development stage as it was modeled through PHPP.

First, exterior dimensions are input into the PHPP, notice Figure 2.4, block 1, there is overlap between each element; this
is what PHPP first assumes because of its one dimensional data input. To further show this, the elements are split up in
block 2. The red lines indicate the overlapping boundaries of the separate entities. If PHPP were to calculate the UA of
the building envelope with these overlapping entities, in cases where a thermal bridge free connection was designed,
would yield a conservative heat loss calculation. Using THERM, the entities are combined into one by modeling the
actual construction of the roof peak. The new heat loss coefficient for the thermal bridge determined in THERM is
entered in place of the overlapping entities in PHPP, resulting in a more accurate heat loss model. Using THERM method
ensures a precise building heat loss coefficient, like those needed for Passive House standards.

L. 3.

Figure 2.4: Eliminating Heat Loss Calculation Redundancies in PHPP with Thermal Bridge Calculations
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2.3. PHPP Results for Boston

Great results from the PHPP near the Boston location were one of the main priorities because this is where the home
will eventually reside. As the verification page was shown previously, the home meets PHPP standards in Boston,
pending the blower door test which will determine the final air tightness of the home. The design heating load is 5495
BTU/hr and the design cooling load is just under one third of a ton, or 3820 BTU/hr. To put the heating use into
perspective for the 4Dhome, it would take an 85% efficient furnace only 18 gallons of #2 fuel oil to heat the 4Dhome for
one year!

Out of the total heat required for the home, the passive solar heating and internal gains will account for 83% of the total
required heat. Window overhangs, window reveals, and shading reduction factors were designed for the Boston location
in order to bring the specific cooling demand within acceptable levels.

2.4. PHPP Results for Washington DC

There is not much the PHPP can reveal about the competition in Washington for the short time the 4Dhome is there, but
it can shed some light onto the difference of climate in Washington. For example, the design heating load is reduced to
1329 BTU/hr and design cooling load is reduced to 3386 BTU/hr. Although the design cooling load is reduced compared
to Boston, the total annual cooling demand is increased to 7.73 kBTU/ft*/yr. This indicates Boston is prone to higher
climactic extremes than Washington, but Washington is a warmer location throughout the year. If the home was placed
in Washington year round, 92% of the annual required heating energy would be satisfied by solar and internal gains
alone. The dynamic simulation yielded the best results as to how the 4Dhome will perform in the Washington DC climate
during the rigors of the competition.

3. HVAC SYSTEM

The mechanical systems have been designed to be highly efficient and to recover heat, to work seamlessly within the
HVAC system as a whole while maintaining autonomy, and to provide comfort and convenience in an affordable and
reliable design that will function for decades to come. Off-the-shelf components have been used which are accessible to
the consumer, coupling them together in an innovative and yet simple and efficient configuration.

3.1. Heating & Cooling

The 4Dhome is heated and cooled with a highly efficient ducted heat pump. Meeting Passive House criteria has
permitted the use of a small 9,000 BTU Mitsubishi unit, which is ducted to the main living space and each bedroom. In
this split heat pump, a refrigerant is pumped between an outdoor and indoor unit; this fluid can absorb heat from
interior air and transfer it outside (which cools the home), or can absorb heat from the outside air and transfer it inside
(which heats the home). Unlike conventional electric heaters that use electricity to create heat inside the house, a heat
pump uses electricity simply to transfer heat, making it much more efficient.

In addition, unlike conventional heat pumps, this unit is driven by an inverter which adjusts the compressor speed,
allowing a varied output based on demand to save energy when possible. The heat pump used in the 4Dhome home
transfers 2.9 times more heat energy than electricity it consumes, making it nearly 3 times more efficient than a
conventional electric resistance heater.

3.2. Dehumidification

A dehumidifier is needed during hot summer months in Boston, and the Simulink energy model confirms the need for
dehumidification in Washington DC in September. The 4Dhome has a 65 pint Honeywell dehumidifier ducted into the
HVAC system. The dehumidifier has a dedicated return from the main living space in the hallway, and feeds into the
existing main supply duct for the heat pump. With an energy factor of 2.11, this unit is one of the most efficient
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residential dehumidifiers available. Because it is installed in the attic space and equipped with a drain line, the
homeowner doesn’t have to empty out the condensate from a tray, or trip over a large plug-in unit sitting in the middle
of a room.

3.3. Ventilation

A Passive House is much more airtight than the conventional home, and so mechanical ventilation is very important. The
4D Home employs a heat recovery ventilator (HRV), which ventilates stale interior air through a heat exchanger, using it
to pre-heat or pre-cool the incoming fresh air. The Nu-Air HRV unit in the 4D Home is Energy Star rated and captures up
to 85% of the energy from the exhausted air. It requires small 5” penetrations in the roof for the fresh air intake and
exhaust, and feeds into the main supply duct to the house.

3.4. Indoor Air Quality

Smoke and airborne debris from cooking contribute to poor air quality in the home. In addition to ventilation, a ductless
range hood with separate filtering stages for grease, odors, and smoke was chosen to filter cooking fumes before they
enter the conditioned space. This allows the occupants of the home to enjoy the benefits of cooking with a range hood
without creating an additional penetration in the envelope. Since the hood does not vent to the outside, there is no cost
associated with conditioning the make-up air, resulting in significant energy savings when there is a large temperature
difference between the outside and conditioned space.

Heating and cooling loads have been minimized by meeting Passive House criteria, which has allowed the use of small
and few mechanical components. It is still crucial, however, to design the HVAC system to be highly efficient to minimize
electrical consumption and remain net-zero, without adding costly PV panels to our array. The mechanical components
must operate under the extreme climate conditions of the area, and work with the other HVAC equipment efficiently, to
ensure comfort for the homeowner throughout all seasons.

4. SOLAR THERMAL SYSTEM

Capturing energy from the sun and converting it to electricity via photovoltaic panels is a very clean way to generate
electrical energy. However, PV panels are currently not that efficient in converting the sun’s energy, most having
efficiencies between 10-20% (ours are 19.3% efficient). A much more efficient means of capturing solar energy is
through the use of solar thermal collectors, which capture the heat from the sunlight and transfer it to a fluid, which in
turn can be used for any number of applications, including heating domestic hot water or space conditioning. Thermal
collectors have efficiencies of 50% or higher, thus are anywhere from 3-5 times more efficient at capturing solar energy
than PV panels. In previous Solar Decathlon events, several teams heated their hot water with efficient heat pumps and
skipped a solar thermal system altogether. Team Massachusetts decided early on that solar thermal system technology,
as a vital part of the greater solar energy industry, was too vital not to use on the 4Dhome.

For the 4Dhome, with its Passive House inspired design and super-efficient heat pump, we decided to use solar thermal
for our domestic hot water (DHW). Though we could have used it for both heating and cooling the air, we decided the
benefits did not outweigh the extra complication and cost.

In brief, this system uses solar thermal collectors and a heat exchanger in closed loop to pre-heat water in an 80 gallon
“solar tank”. The water in the 80 gallon tank then serves as preheated inlet water for the 50 gallon “backup” tank. If
needed, the water is further heated to the set temperature of 125°F by a modern, efficient electric heat pump that is
mounted on top of the 50 gallon tank. An electric element in the 50 gallon tank serves as a backup heating source. See a
schematic of this system in Figure 4.1.
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4.1. Sizing the System

The first step in sizing any DHW system is to determine the load on the system. How much hot water will the home's
residents use during a typical day? What is the possible maximum load that the system may face? "Load" can be
thought of as the gallons used per day at the hot water set point temperature. Two loads had to be considered; one for
just the decathlon contests, and one for the home's permanent location here in Massachusetts. For the decathlon, the
load is based off the hot water draws and the dishwasher runs (Team Massachusetts plans to use cold water for clothes
washing). The contest hot water load is in Table 4.1.

PV Array

Heat Pump DHW
Unit

Radiator

Pump

Solar Tank Back-up Tank

Fresh Water Tank

Figure 4.1: Schematic of DHW

Table 4.1: Hot Water Contest Loads per Day for the 2011 Decathlon

Day | Hot Water Draws | Gallons | Dishwasher Runs| Gallons |Total Gallons/Day| Liters
8 2 30 1 2.9 32.9 124.4
9 0 0 0 0 0 0.0

10 2 30 0 0 30 113.4
11 2 30 1 2.9 32.9 124.4
12 2 30 0 0 30 113.4
13 1 15 0 0 15 56.7
14 3 45 1 2.9 47.9 181.1
15 2 30 1 2.9 32.9 124.4
16 2 30 1 2.9 32.9 124.4
Total 16 240 5 14.5 254.5 962.0
Average 31.8 120.3

Maximum 47.9 181.1

For the annual load after the home is rebuilt in Boston, the industry standard of 20 gallons per person per day, or 60
gallons per day for the three person household was used (an independent analysis resulted in a 57 gal/day load for the
4Dhome). 60 gallons per day is nearly double the average requirement for the decathlon. Therefore, our initial question
was should the solar thermal system be sized to meet the higher load in Boston or the lower load for the competition.
Other factors to be considered included system cost; that back-up water heater was a very efficient electric heat pump
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which itself would consume little energy; and finally, the weather conditions for the decathlon (DC in September) were
much more favorable for solar hot water heating than the conditions the system would be exposed to in Boston through
an entire year. The team turned to two modeling methods to help with this decision—using the publically available
Retscreen and an analytical method carried out by using MathCAD. A screen shot of the analysis from Retscreen
showing the use of Boston annual data, 120°F water temp, and a demand of 60 gal/day is shown in Figure 4.2.

RETScreen Energy Model - Heating project

Heating project

Technology Solar water heater
Load characteristics
Application ! Swimming pool
& Hot water

Unit Base case Proposed case
Load type House
Number of units Qccupant 3
Qccupancy rate % 100%
Daily hot water use - estimated Lid 180
Daily hot water use [ galid 80 80
Temperature ‘F 120 120
Operating days per week d i T
Percent of month used
Supply temperature method Uzer-defined
VWater temperature - minimum | ‘F S0
Water temperature - maximum 'F S0

Unit Base case Proposed case
Heating MWh 38 38
Resource assessment
Solar tracking mode Fixed
Slope : 33.0
Azimuth : 0.0

Figure 4.2: Screen Shot of Retscreen Modeling Software used to Calculate the Solar Fraction

Solar water heater

Type Other
Manufacturer Sundrum
Model SOM100
Gross area per solar cobector m 1.43
Aperture area per solar colector m 1.43
Fr (tau alpha) coefficient 0.60
Fr UL coefficient (WimAW"C 15.00
Temperature coefficient for Fr UL (W/mi) Cc? 0.000
Number of collectors 8
Solar collector area m 858
Capacity KW 6.01
Miscelaneous losses %
Balance of system & miscellaneot

Storage Yes
Storage capacty / solar collector area | Umé 57
Storage capacty L 491.4
Heat exchanger yes/no Yes
Heat exchanger efficiency % 80.0%
Miscelaneous losses %% 7.0%
Pump power / solar colector area | Wime 25.00
Electricity rate SAWh 0.160
Summary

Electrictty - pump MyWh 03
Heating delrvered MYh 22
Solar fraction % 8%

The second method allowed the team to take an analytical approach to the problem. Several important calculations
were achieved using MathCAD, including:

e Determining the available solar energy (the monthly average (for Boston) or daily (for the decathlon) irradiation
on a tilted surface

e Converting the load from gallons per day into energy required per day, calculating the energy lost through the
storage tank walls, and then combining these two to determine the total energy load (per day for the decathlon,
per month for Boston)

e Using the "f-chart" method where a series of equations are used to determine the solar fraction, using the same
parameters for the SunDrum panels as were used in Retscreen

Table 4.2 includes the results from 9 runs in MathCAD, using the same scenarios used in Retscreen. Both models yield
similar results. To reach a relatively high solar fraction in Boston (73% average), a system using eight SunDrum panels is
required. However, for the much smaller load and more favorable conditions of the decathlon, only six panels would
provide 94% of our DHW load. In result, the 4Dhome will be using six panels during the competition, whereby the solar
thermal system should be able to supply nearly the entire contest load. The final owner of the home could always add
two additional SunDrum panels for a relatively low cost during the rebuild, if they desired a higher solar fraction for their

home.

Table 4.2: Comparison of Results between Retscreen and Analytical Method
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Specific Parameters Solar Fraction Per Analysis Method
Hot Water #of
Simulation | Climate Data Temperature Load SunDrum

Mumber Location |Duration (°F) (galfday) | Panels | Retscreen | Analytical Average

1 DC 9 days 120 31.8 4 68% 82% 75%

2 DC 9 days 120 318 1] 100% 92% 96%

3 DC 9 days 130 31.8 4 59% 75% 67%

4 DC 9 days 130 318 1] 100% B87% 94%

5 Boston year 120 60 4 29% 44% 37%

] Boston year 120 60 3] 58% 39% 39%

7 Boston year 130 60 4 23% 38% 31%

8 Boston year 130 60 3] 47% 51% 49%

9 Boston year 130 60 8 82% 63% 73%

4.2. The SunDrum Collector

Finally, the SunDrum Panels were chosen over traditional flat plat or evacuated tube collectors for their innovative
hybrid technology. Unlike other solar thermal collectors which are mounted separately from a PV system, SunDrum's
panels are very thin and mount directly behind the surface of the PV modules. As a PV panel’s temperature increases
from exposure to sunlight, the temperature difference between the panel and the cooler liquid flowing in planer flow
inside the SunDrum panel (water for the competition, a glycol solution to prevent freezing once rebuilt in
Massachusetts) causes heat to transfer from the panel to the liquid. Thus, part of the sun’s energy that would ordinarily
have been wasted is captured by the hybrid panel, and used to heat DHW. A secondary effect is that the PV panel’s
temperature is lowered during this process, and therefore its efficiency is increased slightly compared to an un-paired
panel. Figure 4.3 shows a SunDrum panel mounted in a PV panel. The relative thinness of the panel is evident.

Cooling Fin

Inlets/outlets for
heat exchange fluid | - et SR

3 o Active Membrane

Figure 4.3: SunDrum Panel Installed in its Mated PV panel

Each panel is made of two thin sheets of sandwiched metal, a thin sheet of insulation, and a frame. In this system, there
aren't cylindrical pipes underneath the PV that carry the water; it instead flows between two thin sheets of metal. These
sheets have perforations that direct this planar flow along a serpentine path. The hybrid panels will have inlet and outlet
pipes (PEX tubing) feeding into and from the bottom (connected to other panels in series). The inlet and outlet ports are
located at the top and bottom corners. Using hybrid panels frees up more roof space for additional PV panels (if
required), and captures more energy per square foot of installed panel.
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5. SOLAR ELECTRIC SYSTEM

5.1. The Modules

The decision to use SunPower monocrystalline modules was based on several factors; the extremely high efficiency and
competitive temperature rating of the panel, and the company’s locality. The SunPower E19/240 panels are 19.3%
efficient, and have a temperature rating of over 90% (ratio of the rated power at PTC, to the rated power at STC). A
module’s rating at PTC is a more accurate reflection of the real life performance of the panel than is the STC. The high
efficiency of this panel is largely attributed to the use of monocrystalline material, and the all-back contact design.
Because our trellis design imposes size constraints for the PV array, it is necessary to use a highly efficient panel with a
large power output per area, to ensure the entire electrical load of the home is met with the particular array area
available.

5.2. The Array

The photovoltaic system is sized to meet the entire annual electrical load of the 4Dhome when in Boston,
Massachusetts. The main array is comprised of twenty-eight SunPower E19/240 panels, having a total DC rating of 6664
W. Because of the size of the array necessary, and the temperature conditions of Massachusetts, proper string sizing
requires us to have two arrays, each having two strings of seven panels. Each array connects to a Solectria PVI 4000
string inverter. This configuration allows the user to determine if the PV system is working correctly; each array should
produce an equal amount of power, so a malfunction in one array will be easily detectable. All twenty-eight panels are
mounted on a south-facing trellis; the PV panels act as an overhang and provide summer shading. The trellis sits above
the roof and allows for natural convective cooling of the panels.

5.3. Optimal Tilt Angle

Using an analytical method and TMY3 data, it was found the optimal PV array tilt angle for a non-shaded site in Boston,
Massachusetts is 36.5 degrees. This is nearly 6 degrees less than the latitude of 42.4 degrees. Figure 5.1 shows changing
the tilt angle from the optimal slope will result in a loss of electricity produced over the 30 year lifetime of the array; the
farther away the array is installed from the optimal tilt angle, the losses become more significant. In the design of the
4Dhome’s roof and trellis, the optimal tilt angle was considered. Weighing aesthetics and minimal predicted losses in
performance, the angle of the roof and trellis is 33 degrees. An array at 33 degrees receives 99.9% the incident energy of
an array at the optimal angle.
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Effect of Varying Tilt of Stationary PV on Lifetime Energy Production @ 5.14 per kWh
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Figure 5.1: Effects of Tilt Angle on Annual PV Output for the 4Dhome

5.4. Electrical Load

The total electrical energy use of the 4Dhome is a sum of the appliance, lighting, domestic hot water, and HVAC loads.
The power usage and operation schedule of the appliances, lighting, DHW, and the air heat pump are known but the
electricity demand of the HVAC system required a more detailed analysis. A dynamic model constructed in Matlab’s
Simulink will aid in calculating the electrical energy use of all HVAC equipment for both Boston and the competition in
Washington DC. The characteristics of the annual electrical load are in Figure 5.2 for Boston.

The predicted annual energy usage of the 4Dhome in Boston, Massachusetts is 6900 kWh. The expected annual energy
production of the PV system is over 130% of this load, as predicted by PVWatts. The “extra” energy will ensure that the

home will be net-zero even if the eventual owners add more loads, and will also help the home achieve success during
the Decathlon Energy Balance event.
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Annual Electrical Loads

Heat Pump
38%

DHW 23%

Figure 5.2: Annual Electrical Load for the 4Dhome in Boston

6. DYNAMIC MODEL IN SIMULINK

6.1. Description

Simulink is a mathematical modeling environment within Matlab with a block-diagram graphical user interface used to
simulate dynamic systems. Simulink contains a vast library of predefined and customizable functions, or “blocks”, and
offers tight integration with the rest of the Matlab environment. Simulink was the preferred modeling environment
because of its robustness and accessibility, which allowed accurate and fully customizable simulations of the 4Dhome’s
energy systems during a Solar Decathlon competition period.

The primary goals of the Simulink modeling effort were to verify initial HVAC equipment sizing calculations and develop
a tool for simulating various energy related design considerations in competition scenarios.

6.2. Modeling Philosophy

The transport of energy in any home is incredibly complex. Many simplifications must be made to simulate the energy
performance of a home in a practical fashion. For the purposes of this model, many energy interactions did not need to
be considered. The energy systems that were simulated were building envelope, moisture and carbon dioxide
concentration inside the home, PV, DHW, solar thermal, and HVAC systems. Figure 6.1 shows a flow chart of these
various systems and their interactions.

Since the competition schedule is known, it was possible to build an input load schedule. These loads represent
thermal, moisture and CO, concentration gains to the living space of the house that are then used as inputs for the
model.

TMY data was used for all ambient conditions. Because of the statistical nature of TMY data it was important to use a
wide range of data to establish meaningful results. Competition performance was simulated using various TMY data sets
to gain insight into the typical performance variations.

2011 US DOE Solar Decathlon Team Massachusetts Published 08/11/11 100



INPUTS

Figure 6.1: Interactions between the Dynamic Systems of the Home

6.3. Modeling the Building Envelope

Equations describing the flow of energy in the home and DHW system were cast into state space representations for
ease of modeling. The equations (1* order, ODEs) describe the change in state (temperature) in a particular “thermal
zone” with respect to time, as a function of the other states and inputs. The state space formulation provides a
convenient scheme for representing coupled systems, implementing controlled and uncontrolled inputs, and computing
relevant outputs. Certain inputs (such as a variable mass flow rates) result in mildly non-linear systems. This was dealt
with by recasting the state space equations within the simulation for changes in such inputs, as they were infrequent.
With initial conditions and environmental inputs, the temperature of each thermal zone can be determined through
time integration of the state space equations. The home is represented by six coupled nodes and is shown in Figure 6.2
in the form of a thermal network model. The house model uses ambient temperature and heat gains to the mechanical
room and living space as inputs, and then outputs the temperature at each node over the simulation period.

[

2\-1 Mode |Description

1 {\/_\ 1 |Airinthe Mechanical Room
: - 2 |Airin the Living Space

2 3 |Thermal Mass in Mechanical Room

, 4 4  |Thermal Mass in Living Space

) Y\i 5 Thermal Mass in Exterior Wall/Floor/Ceiling of Mechanical Room
- - 6 |Thermal Mass of Exerior Wall/Floor/Ceiling of Living Space

iIH

Figure 6.2: Thermal Network of Home and Description of Nodes

6.4. Modeling Moisture and CO,

Simplified moisture and CO, concentration models were used. Air infiltration and HRV ventilation provide mechanisms
for moisture and CO, exchange through the building envelope. Moisture is also produced within the house from
occupants, appliances and equipment. Saturation pressure data was embedded in the model to compute relative
humidity. The only source of CO, production in the house is the occupants. The CO, concentration in the home is a good
indicator of the overall air quality and is used to control the operation of the HRV.
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6.5. Modeling DHW

The tank temperatures in the DHW system were simulated with a state space model. The tanks are exposed to the air in
the mechanical room, causing them to lose heat to the home. The DHW model outputs the temperatures of the tanks,
the heat given to the mechanical room from the tanks, and the heat removed from the air by the heat pump.

6.6. Modeling Solar

A modified Hottel-Whillier model was used to model the SunDrum hybrid solar-thermal panels, which extends the
conventional thermal analysis of flat plate solar water collector to include a coupled PV panel. This extended model by
Florshuetz allows the use of the usual parameters of the conventional Hottel-Whillier model, such as the collector heat
removal factor and heat loss factor and modify them with factors that describe the PV reference efficiency and the
decrease in PV efficiency with temperature.

Therefore, the Hottel-Whillier equations can be used for useful thermal output, simply by replacing the parameters with
the modified parameters for a hybrid system. Then the useful electrical output of the PV panels that are coupled with
SunDrum’s hybrid panels can be found by subtracting the useful thermal energy and the overall thermal loss of the
system from the total solar energy collected by the surface. The electrical energy produced by the remaining 22 PV
panels that are not coupled with hybrid collectors was then simply summed and de-rated according to the system
efficiency.

6.7. Modeling HVAC

Heat Pump — The output of the mini-split heat pump is modeled with a tuned PID controller, designed to
simulate the unit in cooling mode. The system rise time, settling time, and overshoot were calibrated within
Simulink with a built in PID tuner. The set point temperature for the heat pump controller is 23°C.

HRV — The HRV is modeled in its nominal mode of operation and is controlled by a CO, sensor located in the
living space. The HRV set point is 300ppm higher than the ambient concentration. The HRV facilitates the
exchange of air between the home and the environment. When the HRV switches on, the CO, concentration in
the home falls towards the ambient concentration. The HRV turns off when the concentration in the home is
within 10% of the ambient concentration.

Dehumidifier — The electric dehumidifier is modeled in its nominal mode of operation and is controlled by a
relative humidity (RH) sensor located in the living space. The dehumidifier operates independently and is not
coupled to any other HVAC equipment. The dehumidifier turns on when the RH in the living space reaches 60%
and off when it reaches 40%.

6.8. Inputs

The competition schedule was used to tabulate the following sets of scheduled inputs for the model at 15 minute
intervals:

Electrical Draws - Includes electrical draws from appliances and lighting, [W]
Heat Gains - Includes heat gains associated with scheduled electrical usage and occupants, [W]

Moisture Gains - Includes moisture gains associated with occupant perspiration, appliances (cooktop and
dishwasher), and shower use, [kg/hr]

CO; - Includes CO, gains from scheduled number of occupants at a “low” activity level, [g/hr]
DHW Draw - Includes DHW draws from the shower and dishwasher, [L/hr]
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Doors - Includes schedule of door states [open, closed] used to determine natural air exchange rate with the
environment.

TMY data (hourly intervals) - TMY3 data was used to for atmospheric conditions. Information on temperature,
humidity, and irradiation were pre-processed for our needs and used as inputs to the model. Because of the
random nature of the data and relatively short duration of the competition, the house model was simulated
with several different TMY3 data sets, from various locations and time frames surrounding the competition site
and duration.

The following Figures, 6.3 through 6.8, show various inputs to this dynamic model, both TMY data and scheduled

inputs.
- TMY3 Raegan Intl. Sept. Temp
30
ol LA |
: LMY Py L | A\/\M n
MERERUIL SRR RRTNRL
: T AN
50 1234567 8 91011121314151617 18192021 2223242526272829 30
Time [days]
Figure 6.3: Use of TMY Temperature Data Surrounding Competition Period
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Figure 6.4: Use of TMY Relative Humidity Data Surrounding Competition Period
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Figure 6.6: A Predicted Schedule of Internal Heat Gains during Competition Period
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Scheduled Electrical Draw
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Figure 6.7: A Predicted Schedule of Electric Demand during Competition Period
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Figure 6.8: A Predicted Schedule of Intermittent Hot Water Draws during Competition Period
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6.9. Initial conditions

The model’s initial conditions were simply set to be within their controlled ranges. This was preferred to simulating pre-
competition days for ease of modeling and post processing. Both approaches showed negligible differences in predicted
performance.

House - All house zone temperatures are initially set to 23°C.
DHW — The backup tank is initially set to 55°C.

CO, — The initial CO, concentration in the house is the average ambient concentration of about 550 ppm (by
mass).

RH — The initial relative humidity inside the home is about 55%.

7. DYNAMIC MODEL RESULTS

For the purposes of this section, a “typica

|”

sample simulation was used to generate data and figures to be analyzed in
detail. The time frame corresponding to September 13" through 21 from the Reagan Intl TMY3 data was used because
it allowed us to use a more conservative estimation of irradiance.

The results show the temperature and relative humidity in the living space remaining within the comfort zone (between
22.2 and 24.4°C and below 60% RH) outside of touring hours. The air temperature in the mechanical room is very
sensitive to the operation of the air-to-water heat pump. This will reduce the cooling load over the competition period,
but it will be recommended to install ducting for the unit to increase the home’s performance during the winter months
in its final location. The thermal mass in the home and exterior walls, floor, and ceiling, helps stabilize the air
temperatures, especially during times with large temperature swings. The model also shows the HRV is able to handle
the CO,removal load through ventilation, ensuring fresh air for the occupants.

Home Air Temperatures
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Figure 7.1: Interior Air Temperatures of the Mechanical Room and Living Space over the Sample Simulation.
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Indoor Relative Humidity

100
80

=

(0 d

F‘E/\p\ A \n

S I A AR R VIR Y TV

20

0 24 48 72 96 120 144 168 192 216
hr

Figure 7.2: Relative Humidity in the living space.

The DHW tank temperature results shows the backup tank being maintained at acceptable levels during the competition
draws. This simulation predicted that the solar-thermal system produces about 60% of the domestic hot water load over
the simulated competition period. Although this system was sized to meet 80 to 90% of the DHW load over the course of
a year, the competition DHW draws do not represent the hot water use of a typical family. When the draws are
dispersed over day, this percentage is much higher.
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Figure 7.3: DHW Tank Temperatures During Competition.
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Figure 7.4: Net Thermal Energy Includes Useful Heat from Solar Thermal System and Heat Losses to Mechanical Room.

The simulation results show the 4Dhome performing better than net-zero over the competition period, while meeting
comfort zone and fresh air requirements. Over the various time frames simulated, a range of £ 15kWh on this metric is

expected.

Electrical Production
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Figure 7.5: Electrical energy production rate from PV and PVT systems.
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Figure 7.6: Net energy consumed over sample competition period.

The most influential parameters on the model performance seem to be the local irradiance, swinging temperatures and
high humidity. These results show the culmination of many energy conscious design decisions. Efficient appliance and
equipment selection significantly reduced the electrical load compared to a conventional house (approximately 80%
reduction compared to similarly-sized conventional home). Net-zero is not an easy metric to achieve under the
competition loads and comfort zone requirements, but with careful planning and a conservative modeling approach we
believe we have designed an affordable home-energy system with exceptional performance.

8. ADHome ENERGY MONITORING

8.1. Philosophy

The modern lifestyle of a working couple with a young child may not allow time for actively monitoring the energy usage
of the 4Dhome, unless the activity of doing so is easy, interesting and accessible. The only time typical households are
able to evaluate their energy consumption is when they receive their utility bill. With only a monthly bill to review, the
detail required to pinpoint energy overuse is not present. The energy monitoring system of the 4Dhome makes
understanding energy use easy by explaining energy in forms familiar to the average homeowner. It also actively
monitors specific circuits and appliances in the home, giving the home owners a much more detailed picture than from a
utility bill.

8.2. Real Time Energy Monitoring

The power consumption at the individual circuit level is measured and logged into the energy monitoring system at one
second intervals. This data is then averaged to one minute intervals and transmitted over the internet to an offsite
server. The power consumption data is then accessible in real time with any device with a browser (computer, laptop,
smart phone, etc.). This interface is called the dashboard and an example of this real time monitoring is in Figure 8.1.
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Figure 8.1: Instantaneous Power Consumption Meter

8.3. Energy Usage Analysis

The easy accessibility of this system will allow the 4Dhome owners to observe their consumption habits and create
lifestyle adjustments to save energy, whether it is on a daily, weekly, or monthly basis. Figure 8.2 shows an example
screen shot of the electricity consumption timeline by day (graph on the left) and by the minute (graph on the right).

The system is precise enough so that it is possible to see energy spikes from appliances as small as clock radios and
compact fluorescent lights.

| Pastyear || PastMonth PastDay || Pastweek || PastMonth |

T Watts used today
Today
oo Drag an area to zoom

12:00AM 4.00AM 2.00AM 12:00PM 4:00PH &:00PH

View History Details

View Circuit Details

Figure 8.2: The Electricity Consumption Time Line

Where I've used electricity in the past 30 days: Top 12 Circuits Electricity Cost by Month
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Top 4 Users by Cost - Last 30 days
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Figure 8.3: Total Electricity Consumed per Month by Each Electric Circuit
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The dashboard makes understanding energy use easy, interesting and accessible all the time. The daily, weekly and
monthly average home energy consumption is always displayed in parameters that are intuitive and easily understood.
The instantaneous energy consumption display can alert the family via text or email if there is unexpected usage and
gives a sense of magnitude of appliance and circuit (room) energy consumption. Additionally, as shown in Figure 8.3,
this system translates energy use into dollars, thereby aiding the family’s understanding of how they can save money
through better energy management. Thus, we believe the dashboard will serve as an active promoter to decrease
energy consumption by effectively informing the 4Dhome’s inhabitants of their energy use.

9. CONCLUSION

Team Massachusetts has designed an efficient solar powered home optimized for both its permanent home in Boston
and the Solar Decathlon competition site. Through steady state modeling with the Passive House Planning Package,
independent analysis using Retscreen, PVWatts, and various analytical methods including performing an in depth
dynamic simulation, Team Massachusetts is confident the 4Dhome can be net-zero at both sites. The energy analyses
have enabled considerations that will allow the 4Dhome to be both competitive and prepared for its final resting
place.Construction Specifications
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Division 00 - Procurement and Contracting Requirements

Division 01 - General Requirements
011000 Summary
015400 Construction Aids

Division 02 — Existing Conditions
02 05 19.13 Geotextiles for Existing Conditions

Division 03 — Concrete

Division 04 — Masonry

Division 05 — Metals
051413 Architecturally Exposed Structural Aluminum Framing
05 50 00 Metal Fabrications

Division 06 — Wood, Plastics, and Composites

06 05 23 Wood, Plastic and Composite Fastenings
06 1000 Rough Carpentry

06 16 00 Sheathing

062000 Finish Carpentry

064116 Architectural Woodwork

06 46 00 Wood Trim

Division 07 — Thermal and Moisture Protection

07 2100 Thermal Insulation

074113 Metal Roof Panels

07 46 46 Mineral Fiber Cement Siding

076113 Corrugated Sheet Metal Roofing
077123 Manufactured Gutters and Downspouts
079100 Preformed Joint Seals

Division 08 — Openings

08 14 00 Wood Doors and Frames
08 52 00 Wood Windows
08 61 00 Roof Windows
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Division 09 — Finishes

092900 Gypsum Board

093033 Stone Tiling

0964 29 Wood Strip and Plank Flooring
0991 23 Interior Painting

Division 10 — Specialties

1006 10 Schedules for Information Specialties
1006 20 Interior Specialties

1022 26.43 Operable Partitions

1044 16 Fire Extinguisher

107113.13 Exterior Shutters

Division 11 — Equipment
113100 Residential Appliances

Division 12 — Furnishings

1236 00 Countertops

12 42 00 Table Accessories
124300 Portable Lamps
124400 Bath Furnishings
124500 Bedroom Furnishings
1246 00 Furnishing Accessories
124800 Rugs and Mats

12 58 00 Residential Furniture
12 58 29 Beds

1258 36 Nightstands

Division 13 — Special Construction

Division 14 — Conveying Equipment

Division 21 — Fire Suppression
211313 Wet-Pipe Sprinkler System
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Division 22 — Plumbing

22 0500
221116
221119
221219
221316
221353
22 3330.16
22 33 30.26

Common Work Results for Plumbing

Domestic Water Piping

Domestic Water Piping Specialties

Facility Potable Water Storage Tanks

Sanitary Waste Piping and Vent Piping

Facility Septic Tanks

Residential, Storage Electric Domestic Water Heaters

Residential, Collector-to-Tank, Heat Exchanger Coil, Solar Electric Domestic Water Heaters

Division 23 — Heating, Ventilating, and Air-Conditioning (HVAC)

233113.16
233313
233713
234000
237200
238126
238416

Round and Flat-Oval Spiral Ducts

Back Draft Dampers

Diffusers, Registers and Grilles

Super Ultra-Low Penetration Filtration
Air to Air Recovery Equipment

Split System Air Conditioner
Dehumidifiers

Division 25 — Integrated Automation

Division 26 — Electrical

260519
26 0533
262416
262713
2628 16
263100
26 5100
26 56 00

Low-Voltage Electrical Power Conductors and Cables
Raceway and Boxes for Electrical Systems
Panelboards

Electricity Metering

Enclosed Switches and Circuit Breakers

Photovoltaic Collector System

Interior Lighting

Exterior Lighting

Division 27 — Communications

27 2100
272133
2722 26

Data Communication Network Equipment
Data Communication Wireless Access Points
Data Communications Laptop

Division 28 — Electronic Safety and Security
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Divisions 31 — Earthwork
310500 Soils for Earthwork

Division 32 — Exterior Improvements
329000 Planting

Division 33 — Utilities

Division 34 — Transportation

Division 35 — Waterway and Marine Construction

Division 40 — Process Integration

Division 41 — Material Processing and Handling Equipment

Division 42 — Process, Heating, Cooling, and Drying Equipment

Division 43 — Process Gas and Liquid Handling, Purification, and Storage Equipment
Division 44 — Pollution Control Equipment

Division 45 — Industry-Specific Manufacturing Equipment

Division 48 — Electrical Power Generation
48 19 16 Electrical Power Generation Inverters
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DIVISION 01 - GENERAL REQUIREMENTS

SECTION 01 10 00
SUMMARY

PART 1 - GENERAL

1.01 PROJECT INFORMATION
A. Project: Team Massachusetts 4D Home entry, 2011 US Solar Decathlon
1. Location: National Mall, Washington, DC
B. Architect: Team Massachusetts - Massachusetts College of Art and Design
C. Engineer: Team Massachusetts - University of Massachusetts, Lowell

D. Work Consists of: Design, construction, transportation and assembly of a 1000 sq.ft. house

1.02  INTENT

A. Drawings and specifications are intended to provide the basis for the proper completion of the Project
suitable for the intended use of the Owner.

B. Items not expressly set forth but which are reasonably implied or necessary for the proper
performance of this work shall be included.

1.03  CUTTING AND PATCHING

A. Provide cutting and patching work to properly complete the Project

B. Do not remove or alter structural components without written approval

C. Cut with tools appropriate for materials to be cut

D. Patch with materials and methods to produce patch which is not visible from a distance of three feet

E. Do not cut and patch in manner that would result in a failure of the work to perform as intended, decrease
fire performance, decrease acoustical performance, decrease energy performance, decrease operational life,
or decrease safety factors
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1.04 PROJECT MEETINGS

A. Arrange for a preconstruction conference prior to start of construction. Meeting shall be attended by
Owner, Architect, Engineer, Construction Manager, Contractor, Health and Safety Officer and major
subcontractors

B. Arrange for progress meetings once a month during construction, prior to application for payment.
Record minutes and distribute promptly.

1.05 SUBMITTALS

A. Submit a project schedule and update at least monthly. Submit for approval all submittals listed in
individual sections with the following number of copies: Shop Drawings, reviewed and annotated by
the Contractor, 3 copies; product data, 3 copies; samples, 3 sets plus range samples where applicable;
test reports, 3 copies; warranties, 3 copies; other submittals, 3 copies

B. Include details of construction and adjacent construction in shop drawings. Clearly indicate any

deviations from requirements of the contract documents. Fabricate materials from approved shop
drawings only.

1.06 QUALITY ASSURANCE

A. Comply with applicable codes, regulations, ordinances and requirements of authorities having
jurisdiction, including accessibility guidelines where applicable. Submit copies of inspection reports,
notices and similar documents to Construction Manager

B. Provide products of acceptable manufacturers which have been in satisfactory use in similar service
for three years unless otherwise approved by Architect or Engineer

C. Use experienced installers. Furnish evidence of experience if requested.

D. Deliver, handle, and store materials in strict accordance with manufacturer’s instructions.

E. Use of any supplier or subcontractor is subject to Owners approval.

F. Engage and pay for testing agencies as required. Refer to individual sections for additional
requirements.

1.08 TEMPORARY FACILITIES

A. Provide temporary facilities and connections as required for the proper completion of the project.
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B. Provide and maintain temporary utility services
C. Owner will pay for temporary utility service. Do not waste.

D. Provide temporary protection for adjacent areas to prevent contamination by construction dust and
debris.

E. Provide temporary barricades as necessary to ensure protection of the public.

F. Provide suitable waste disposal units and empty regularly. Do not permit accumulation of trash and
waste materials.

G. Maintain egress within and around construction areas.

H. Maintain fire alarm systems in operation during construction

I. Provide fire extinguishers in work areas during construction.

J. Provide temporary protection for adjacent construction. Promptly repair any damage at no additional
cost to the Owner.

1.09 PRODUCTS AND SUBSTITUTIONS

A. Provide products and materials specified. Request Architects selection of colors and accessories in
sufficient time to avoid delaying progress of work.

B. Submit requests for substitutions shall be in writing, including reasons. Submit sufficient information
for Architect or Engineer to evaluate proposed substitution.

C. Remove and replace work which does not conform to the contract documents at no additional
expense to the Owner.

1.10  INSTALLATION

A. Inspect substrates and report any unsatisfactory conditions in writing.

B. Do not proceed until unsatisfactory conditions have been corrected.

C. Take field measurements prior to fabrication where practical. Form to required shapes and sizes with
true edges, lines and angles. Provide inserts and templates as needed for work of other trades.

D. Install materials inexact accordance with manufacturer’s instruction and approved submittals.
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E. Install materials in proper relation with adjacent construction and with proper appearance.

F. Restore units damaged during installation. Replace units which cannot be restored at no additional
expense to the Owner.

G. Refer to additional installation requirements and tolerances specified under individual specification
sections.

1.11  CLOSEOUT

A. Prepare punchlist for remaining work for review by the Architect, Project Manager or Construction
Manager

B. Complete punchlist items promptly at no additional expense to the Owner.

C. Submit accurate record documents of building and site.

D. Submit operating manuals, maintenance manuals, and warranty information

E. Obtain and submit copies of occupancy permits.

F. Train Owner in use of building systems

G. Remove temporary facilities and provide final cleaning and touch up.

H. Restore portions of building, site improvements, landscaping and other items damaged by

construction operations to the satisfaction of the Architect, Project Manager or Construction Manger
at no additional expense to the Owner

PART 2 — PRODUCTS

PART 3 — EXECUTION

END OF SECTION 01 10 00
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SECTION 01 54 00
CONSTRUCTION AIDS

PART 1 — GENERAL

1.01 SECTION INCLUDES
A. Temporary Generator
B. Temporary Crane
C. Temporary Scaffolding

D. Temporary Barricades

1.02  RELATED REQUIREMENTS

1.03 REFERENCE STANDARDS

A. NPS noise regulation 36CFR2.12, NCCCO

1.04 SUBMITTALS

A. Generator: Proof of compliance with NPS 36CFR2.12

B. Crane: Proof of operator NCCCO certification

PART 2 — PRODUCTS

2.01 GENERATOR

A. Honda EU6500iSA

1. hondapowerequipment.generator spec

B. Plastic Tray

1. Liquid Volume Capacity Greater Than Liquid Contents in Generator
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2. Compliance with All Codes Regarding Spill Containment

2.02 CRANE
A. 100 Ton Hydraulic Crane
1. Operator provided by crane owner
2. Set crew: Mod-Set, Inc., 29 Trufant Lane, Topsham, ME 04086, 207-725-0959
2.03  SCAFFOLDING
A. BAKER STYLE SCAFFOLDING

1. Adjustable 6 foot to 12 foot

2.04 TEMPORARY BARRICADES
A. Cones
B. Yellow Caution Tape

C. Signal Flags

PART 3 — EXECUTION

3.01 Install provided temporary protection to prevent damage to turf grass surfaces

END OF SECTION 01 54 00
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DIVISION 2 — EXISTING CONDITIONS

SECTION 02 05 19.13
GEOTEXTILES FOR EXISTING CONDITIONS

PART 1- GENERAL

1.01  SECTION INCLUDES

A. Filter Fabric for Temporary Foundations

1.02 RELATED SECTIONS
05 50 00 Metal Fabrications

31 05 00 Soils for Earthwork

1.03  REFERENCE STANDARDS

A. ASTM D 5261, D 4632, D 4533, D 4833, D 3786, D 4491, and D 4751

1.04 SUBMITTALS

PART 2 — PRODUCTS

2.01  GEOTEXTILES
A. US Construction Fabrics: Geotextile SKAPS W200
1. Material: Woven polypropylene
2. Roll Dimensions (W x L) — ft: 12.5x 432 / 17.5 x 309

3. Square Yards per Roll: 600

PART 3- EXECUTION
3.01  INSTALLATION

A. Geotextile fabric must be placed on ground before sand is used for leveling footings
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B. Geotextile fabric must be wrapped around leveling sand the top must be closed by placing footing Foamglas

and steel plate material on top to ensure sand will not erode from underneath footings due to wind or rain

END OF SECTION 02 05 19.13
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DIVISION 05 - METALS

SECTION 05 14 13
ARCHITECTURALLY-EXPOSED STRUCTURAL ALUMINUM

PART 1 - GENERAL

1.01

1.02

1.03

1.04

1.05

SECTION INCLUDES
A. Photovoltaic mounting system

1. Structural aluminum
2. Stainless steel hardware

RELATED SECTIONS

A. Section 26 31 00 - Photovoltaic Collector System

REFERENCE STANDARDS
A. ANSI/AF&PA NDS-2005, UL 467
SUBMITTALS

A. Product datasheets from manufacturer

QUALITY ASSURANCE

A. Manufacturer Qualifications: Company specializes in manufacturing the products specified in this section with

minimum 10 years’ experience.

PART 2 — PRODUCTS

2.01

2.02

MANUFACTURER
A. IronRidge
COMPONENTS
A. XRS Rail

1. Extruded, anodized 6105-T5 aluminum, clear.
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2. 16’ long sections and 7’ sections cut to size.
B. Mounting Accessories

1. Aluminum, mill
a. Internal rail splice — Joins two rails
b. Adjustable L-foot — Attaches rails to wooden trellis frame
c. Center clamp — Type F, 2.5”, clamps inside edges of PV panels to rails
d. End clamp — Type F, 1.81"”, clamps outer edges of PV panels to rails
2. Stainless steel hardware
a. Self-drilling, self tapping screw (10-16 x %4”’) — Fastens rails and splice; Eight per splice.
b. Hex cap bolt (3/8-16 x 1”’) — One per L-foot.
c. Flange nut (3/8"’-16) — One per L-foot bolt.
d. Hex cap bolt (1/4-20 x 2.50”") — One per center clamp
e. Flange nut (1/4-20) — One per center clamp, one per end clamp

f. Hex cap bolt (1/4-20 x 1.81"") — One per end clamp

PART 3 — EXECUTION

3.01 INSTALLATION
A. Install in accordance with manufacturer’s instructions.
B. Tools and instructions required for assembly; IronRidge installation manual

1. Wrenches — open-end, box-end, or socket drive with sockets to support the following size hex heads:
a. 3/8”, used for % cap-end screws, % bolts
b. %", used for 3/8 cap-end screws, 3/8 bolts
2. Torque values for dry bolts
a. Required torque of 84 in-lbs for bolt size of %-20
b. Required torque of 144 in-lbs for bolt size of 5/16-18

c. Required torque of 180 in-lbs for bolt size of 3/8-16

END OF SECTION 05 14 13
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SECTION 05 50 00
METAL FABRICATIONS

PART 1 - GENERAL

1.01  SECTION INCLUDES

A. Steel plate for temporary footings

1.02 RELATED REQUIREMENTS
A. 31 05 00 Soils for Earthwork

B. 02 05 19.13 Geotextiles for Existing Conditions

1.03  REFERENCE STANDARDS

A. Steel Plates, Shapes, and Bars: ASTM A 36/A 36M.

PART 2 - PRODUCTS

2.01 METAL FABRICATIONS

A. General: Shear and punch metals cleanly and accurately. Remove burrs and ease exposed edges.
B. Dimensions

1. 2 foot x 2 foot x 1/2 inch — Quantity: 18
2. 2 foot 6 inch x 2 foot 6 inch x 1/2 inch — Quantity: 6
3. 2 foot x 2 foot 4 inches x 1/2 inch - Quantity: 1

2.03  STEEL AND IRON FINISHES

A. Prepare uncoated ferrous metal surfaces to comply with SSPC-SP 3, “Power Tool Cleaning,” and paint with a
fast-curing, lead- and chromate-free, universal modified-alkyd primer complying with MPI#79.

B. Shop Priming: Prepare surfaces according to SSPC-SP 2, “Hand Tool Cleaning”; or SSPC-SP 3, “Power Tool
Cleaning.” Shop prime steel to a dry film thickness of at least 0.038 mm. Do not prime surfaces to be
embedded in concrete or mortar or to be field welded.
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C. Apply bituminous paint to concealed surfaces of units set into concrete.

PART 3 - EXECUTION

3.1 INSTALLATION

A. Perform cutting, drilling, and fitting required for installing miscellaneous metal fabrications. Set metal
fabrication accurately in location, alighnment, and elevation; with edges and surfaces level, plumb, true, and
free of rack.

B. Fit exposed connections accurately together to form hairline joints.

END OF SECTION 05 50 00
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DIVISION 06 — WOODS, PLASTICS AND COMPOSITES

SECTION 06 05 23

WOOD, PLASTIC AND COMPOSITE FASTENINGS

PART 1 - GENERAL

1.01  SECTION INCLUDES
A. Metal Plates
B. Metal Connectors
C. Bolts, Washers and Nuts

D. Threaded Rod

1.02  RELATED REQUIREMENTS

1.03  REFERENCE STANDARDS

A. ICC-ES ESR-2105 / ESR-2523 / ESR-2604 / ESR-2523

PART 2 — PRODUCTS

2.01 METAL PLATES

A. Simpson Strong-Tie: Architectural products group, The Specialty Collection

1. Custom Fabricated Truss Plates
2. Custom Fabricated Trellis Plates
3. Finish: Factory Primed Grey, Field Painted

2.02  METAL CONNECTORS

Published 03/22/2011
U.S. D.O.E. Solar Decathlon 2011

060523-1



A. Manufacturer: Simpson Strong-Tie
1. DTT2Z - Module Connectors, Quantity: 56
2. HL37 - Trellis Angle Connectors, Quantity: 36
3. LUS28 - Deck Joist Hanger, Quantity: 25
4. LUS26 - Deck Joist Hanger, Quantity: 240
5. ABA44Z - Deck Post Base, Quantity: 36
6. IUS31/2 inch x 11 7/8 inch - Floor Joist, Quantity: 138
7. A34 Angle - Hall Ceiling Connection, Quantity: 20
8. HL53 - House Footings L Bracket, Quantity: 40
9. CMST - Coil Strap
10. U24 - Ceiling Joist Hanger, Quantity: 17
B. Metal Fabrication
1. L Bracket, East Trellis Column: 3 1/2 inch x 3 1/2 inch x 1/4 inch, Qty: 4
2. L Bracket, East Trellis Column: 3 1/2 inch x 4 3/4 inch x 1/4 inch, Qty: 4
2.03 BOLTS, WASHERS AND NUTS
A. Manufacturer: Simpson Strong-Tie
1. Lag Bolt
a. 6 inch x 1/4 inch - Decks and Ramps, Quantity: 102
b. 4 inch x 1/4 inch - Decks and Ramps, Quantity: 42
c. 8 inch x 1/2 inch - Decks and Ramps, Quantity: 42
d. 4inch x 3/4 inch - Truss, Quantity: 200
e. 10 inch x 3/4 inch - Truss, Quantity: 26
f. 4 inch x 1/2 inch - Trellis, Quantity: 328

2. Eye Bolt
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a. 6 inch x 1/2 inch - Trellis, Quantity: 36
2.04 THREADED ROD
A. 11 1/2 inch - Module Connectors

B. 15 inch - Module Connectors

PART 3 — EXECUTION
3.01 EXECUTION

A. Steel washers, flat to be used where bolt head or hex nut in direct contact with wood

END OF SECTION 06 05 23
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SECTION 06 10 00
ROUGH CARPENTRY

PART 1 — GENERAL

1.01  SECTION INCLUDES
A. Engineered Wood Products

B. Dimensional Lumber

1.02  RELATED REQUIREMENTS
A. Reinforcing and Framing Schedules S-601

B. Column and Beam Schedules S-602

1.03 REFERENCE STANDARDS
A. Dimensional lumber: AWPA C24; ALSC Board of Review; IRC 2009
B. Engineered lumber: ICC ES ESR-1387, HUD MR 925; ICC ES ESR-1153

C. Fasteners: CABO NER-272; CABO NER-272; ASTM A 563; ASTM A 563;

ASTM A 153/A153M; ASTM A 307, Grade A

1.04 SUBMITTALS

PART 2 — PRODUCTS

2.01 MANUFACTURER

A. Nordic Engineered Wood, www.nordicewp.com

2.02 ENGINEERED WOOD PRODUCTS
A. Nordic Joist
1. Floor Joists: Nordic N180, 11 7/8 inches

2. Plates and Studs: Nordic N140x, 11 7/8 inches
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3. Rafters: Nordic NI40x, 14 inches
4. Nordic Joist Data Sheets

B. Nordic Lam
1. Columns: 1 3/4 inch x9 1/2 inch
2. Columns at Module Marriage Line: 4 inch x 8 inch
3. Roof and Deck Beams: 3 1/2 inch x 11 7/8 inch
4. Beam and Header Data Sheets
5. Column Data Sheets

C. Nordic EnviroWall
1. Module Mating Line Keyway: 2 inch x 4 inch
2. Module Mating Line Keyway: 2 inch x 6 inch
3. Envirowall Data Sheets

2.02 DIMENSIONAL LUMBER

A.S4S

B. Spruce, Pine, Fir

C.2inch x4 inch

D. 2 inch x 6inch

2.03 FASTENERS
A. Power Drive Fasteners

B. Steel bolts, hex nuts and flat washers

PART 3 — EXECUTION

3.01  INSTALLATION

A. Locate nailers, blocking and similar supports to comply with requirements for attaching other
Construction.

B. Securely attach rough carpentry to substrates
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C. Provide preservative-treated materials for all exterior rough carpentry unless otherwise indicated.

D. Where rough carpentry is exposed to weather, in ground contact, or in areas of high relative humidity,
provide fasteners with hot-dip zinc coating or of type 304 stainless steel.

E. Steel washers, flat to be used where bolt head or hex nut in direct contact with wood

F. Kiln-dry lumber after treatment to a maximum moisture content of 19 percent

END OF SECTION 06 10 00
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SECTION 06 16 00
SHEATHING

PART 1 — GENERAL

1.01  SECTION INCLUDES
A. Combination Wall Sheathing, Water-resistive Barrier and Air Barrier
B. Combination Roof Sheathing and Roof Underlayment
C. Self-Adhering Flexible Flashing
D. Subflooring Material

E. Interior Sheathing

1.02  RELATED REQUIREMENTS
A. 09 60 00 Flooring

B. 10 22 26.43 Operable Partitions

1.03  REFERENCE STANDARDS

A. US DOC PS-2, 2009 IRC, CABO NER-272

1.04 SUBMITTALS

PART 2 — PRODUCTS

2.01 MANUFACTURER

A. Huber Engineered Woods, 800-933-9220, www.huberwood.com
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2.02  EXTERIOR SHEATHING

A. Exterior Wall Sheathing

1. ZIP System, 1/2 inch Oriented Strand Board Wall Sheathing with Integral Water-Resistive Barrier,
Exposure | Sheathing.

2. Dimensions: 1/2 inch, 4 foot x 8 foot panels

B. Roof Sheathing

1. ZIP System, 5/8 inch Oriented Strand Board Roof Sheathing with Integral Water-Resistive Barrier,
Exposure |, Structural | Sheathing

2. Dimensions: 5/8 inch, 4 foot x 8 foot panels

3. Edge: Tongue and Groove

C. Self-Adhering Flexible Flashing

1. ZIP System Self-Adhering Tape: Pressure Sensitive, Self-Adhering, Cold-Applied, Proprietary Seam
Tape Consisting of Polyolefin Film with Acrylic Adhesive

2.3 1/2 inch flashing tape
3. 6inch flashing tape
2.03 SUBFLOORING

A. Underlayment
1. Advantech (AT-Series) Engineered Flooring Panels
2. Not less than 23/32 inch x 4 feet x 8 feet, 24 oc

3. Edge Detail: Tongue and Groove

2.04 INTERIOR SHEATHING

A. Walls
1. Oriented-Strand-Board Sheathing
2. Dimensions: 5/8 inch, 4 foot x 8 foot panels

3. Performance Standard: DOC PS2 and ICC-ES ESR-1785
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B. Ceiling
1. Oriented-Strand-Board Sheathing
2. Dimensions: 5/8 inch, 4 foot x 8 foot panels

3. Performance Standard: DOC PS2 and ICC-ES ESR-1785

PART 3 — EXECUTION

3.01  INSTALLATION
A. Securely attach to substrates
B. All Subflooring, Wall and Roof Sheathing to be glued and nailed to wood framing.

C. Furnish tape gun for Zip System flashing tapes

END OF SECTION 06 16 00
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SECTION 06 20 00
Finish Carpentry

PART 1 — GENERAL

1.01 SECTION INCLUDES
A. Lumber
B. Interior Trim
C. Exterior Trim

D. Fasteners

1.02 RELATED REQUIREMENTS
A. 06 10 00 Rough Carpentry

B. 06 41 16 Architectural Woodwork

1.03 REFERENCE STANDARDS
A. DOC PS 20, American Lumber Standards Committee Board and Review

1.04 SUBMITTALS

A. Certification Requirements

PART 2 — PRODUCTS

2.01 LUMBER

A. Dimensional lumber: S4S Spruce, Pine or Fir

2.02  INTERIOR STANDING AND RUNNING TRIM

A. Trim: Kiln dried, #1 clear pine
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2.02  EXTERIOR STANDING AND RUNING TRIM

A. Trim: Kiln dried, #1 Clear Western Red Cedar

2.03  FASTENERS
A. Hardware: Stainless-steel, hot-dip galvanized or aluminum.

B. Glue: Aliphatic-resin, polyurethane or resorcinol wood glue recommended by the manufacturer.

PART 3 — EXECUTION

3.01 INSTALLATION

A. Install standing and running trim with minimum number of joints practical, using full length pieces
from maximum lengths of lumber available. Stagger joints in adjacent and related trim. Cope at
returns and miter at corners.

B. Use waterproof glue for exterior applications.

END OF SECTION 06 20 0
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SECTION 06 46 00
WOOD TRIM

PART 1 — GENERAL

1.01

1.02

1.03

1.04

SECTION INCLUDES

A. Door and Window Casings

B. Base Board

RELATED REQUIREMENTS

A. 06 20 00 Finish Carpentry

B. 06 41 16 Architectural Woodwork

REFERENCE STANDARDS

SUBMITTALS

PART 2 — PRODUCTS

2.01

2.02

DOOR AND WINDOW TRIM
A. Finish Grade Plywood

B. 10 inch x 3/4 inch nominal

C. Finish: Natural satin finish, water based acrylic

BASE BOARD

A. Clear Pine or Poplar

B. 1 inch x 6 inch nominal, square profile

C. Finish: Painted same color as walls
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PART 3 — EXECUTION (Not Used)

END OF SECTION 06 46 00
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SECTION 06 82 00
GLASS-FIBER REINFORCED PLASTIC

PART 1 — GENERAL

1.01  SECTION INCLUDES

A. Temporary Footing Materials

1.02 RELATED REQUIREMENTS

A. 05 50 00 Metal Fabrications

1.03 REFERENCE STANDARDS

1.04 SUBMITTALS

PART 2 — PRODUCTS

2.01 MANUFACTURER

A. Pittsburgh Corning US, www.foamglas.us/foamglas specs

2.02 TEMPORARY FOOTINGS

A. Foamglas Flat Block— 18 inch x 24 inch x 3 inch thick

PART 3- EXECUTION (Not Used)

END OF SECTION 06 82 00
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DIVISION 7 — THERMAL AND MOISTURE PROTECTION

SECTION 07 21 00
THERMAL INSULATION

PART 1 - GENERAL

1.01  SECTION INCLUDES
A. Sprayed Insulation

B. Blown Fiberglass Insulation

1.02 RELATED REQUIREMENTS
A. 06 10 00 Rough Carpentry

B. 06 16 00 Sheathing

1.03  REFERENCE STANDARDS

A. ICC-ES; IBC/IRC; ASTM E 84; ASTM E 96; ASTM E 283; ASTM C 518; ASTM C 687; ASTM C 177; ASTM C 764
Type I; ASTM C 1338; ASTM D 1621; ASTM D 1622; ASTM D1623; ASTM D 2126; ASTM D 2842; ASTM E 136

B. Federal Regulation 16 CFR 1209, 16 CFR 1404, 16 CFR 460. ASTM C-739, ASTM E-84, Smoke Developed Index
<450. ICC-ES ESR-1996 Report

1.04 SUBMITTALS

PART 2 — PRODUCTS

2.01 MANUFACTURER

A. CertainTeed Corp., Insulation Group: 750 E. Swedesford Rd. P. O. Box 860; Valley Forge, PA 19482-0860; Toll
Free Tel: 800-233-8990, www.certainteed.com

2.02  SPRAYED INSULATION

A. CertaSpray Polyurethane Closed Cell Foam

Published 11/23/2010
U.S. D.O.E. Solar Decathlon 2011
068200-2


http://www.certainteed.com/products/insulation�

B. Roof, Floor and Walls: 3,000 square feet at a depth of 4 inches
2.02 BLOWN FIBERGLASS INSULATION

A. Optima Blown Fiberglass Insulation

B. Roof: 1,250 square feet at a depth of 10 inches

C. Floor and Walls: 1,850 square feet at a depth of 8 inches

PART 3 — EXECUTION

A. Confirm completion of work in writing for all trades requiring access to interior of wall before application.

3.01  INSTALLATION

END OF SECTION 07 210
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SECTION 07 41 13
METAL ROOF PANELS

PART 1 — GENERAL

1.01

1.02

1.03

1.04

SECTION INCLUDES
A. Standing Seam Corrugated Metal Roof Panels

B. Trim

RELATED REQUIREMENTS

A. 06 16 00 SHEATHING

REFERENCE STANDARDS
A. UL 263 Fire Resistance Rating; UL 2218 Class 4 Impact Resistance; UL 790 Class A Fire Resistance Rating; ASTM

E-283 Air Infiltration Approved; ASTM E-331 Water Penetration Approved CEGS-07416 US Army Corps of
Engineers Rated-ASTM E-1592; UL 580 Class 90 Wind Uplift; ASTM 2112-07 5.13; ASTM D 226

SUBMITTALS

PART 2 — PRODUCTS

2.01

2.02

STEEL ROOFING PANELS
A. Manufacturer: Drexel Metals, Inc., 204 Railroad Dr., lvyland, PA 18974, drexmet.com
B. Galvanized steel sheet metal roofing panels, 24” width, 26 gage.

1. Exposed seam

2.1/2 inch rib height

TRIM

A. Eave Drip Edge

B. Rake Drip Edge

Published 11/23/2010
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C. Ridge Cap

PART 3 — EXECUTION

END OF SECTION 07 41 13
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SECTION 07 46 46
MINERAL FIBER CEMENT SIDING

PART 1 — GENERAL

1.01  SECTION INCLUDES

A. Mineral fiber cement siding

1.02  RELATED REQUIREMENTS

A. 06 16 00 SHEATHING

1.03  REFERENCE STANDARDS

A. ASTM C920; ASTM C 1185; ASTM C 1186; ASTM E 72; ASTM E 84; ASTM E 96; ASTM E 136; ASTM E 228; ASTM

G 26

1.04 SUBMITTALS

PART 2 — PRODUCTS

2.01 MANUFACTURER

A. CertainTeed Corporation, Siding Products Group, P.O. Box 860, Valley Forge, Pennsylvania 19482. (800) 233-

8990, www.certainteed.com

2.02 FIBER CEMENT SIDING
A. CertainTeed ColorMax Prefinished Smooth Lap
B. Size: 8 1/4 inch x 12 foot

PART 3 — EXECUTION

END OF SECTION 07 46 46

U.S. D.O.E. Solar Decathlon 2011
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SECTION 07 71 23
MANUFACTURED GUTTERS AND DOWNSPOUTS

PART 1 - GENERAL

1.01  SECTION INCLUDES

A. Gutters

B. Downspouts

1.02  RELATED REQUIREMENTS

1.03  REFERENCE STANDARDS

1.04 SUBMITTALS

PART 2 — PRODUCTS

2.01  GUTTERS

A. Aluminum Gutters

1.4 inch
2. Style: Box Gutter, Square

3. Aluminum Gutter Hangers

2.02 DOWNSPOUTS

A. Aluminum Downspout

1.3 inch

2. Aluminum Strapping

PART 3 — EXECUTION (Not Used)
END OF SECTION 07 71 23
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SECTION 07 91 00
PREFORMED JOINT SEALS

1.01  SECTION INCLUDES

A. Module Joint Seals

B. Window Joint Seals

1.02  RELATED REQUIREMENTS

1.03  REFERENCE STANDARDS

A. CE EN 14909, ASTM E2112

1.04 SUBMITTALS

PART 2 — PRODUCTS

2.01 MANUFACTURER

A. Tremco - llIbruck

2.02  Joint Seal

A. lllbruck 2112 Insulation Tape

B. willseal product info

PART 3 — EXECUTION

END OF SECTION 07 91 00
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DIVISION 8 - OPENINGS

SECTION 08 14 00
WOOD DOORS AND FRAMES

PART 1 - GENERAL

1.01 SECTION INCLUDES
A. Pocket Doors
B. Prefinished Wood Doors

C. Door Hardware

1.02 RELATED REQUIREMENTS

A. 08 06 10 Door Schedule

1.03 REFERENCE STANDARDS
A. Passive House Certification

B. Glazing: IRC 308.6

1.04 SUBMITTALS
A. Passive House Certification

B. Schematic Drawings

PART 2 — PRODUCTS

2.01 POCKET DOORS

A. Johnson Hardware, www.johnsonhardware.com

1. 2060 Pocket Door Frame

2. Frame compatible with 2inch x 6 inch interior wall

U.S. D.O.E. Solar Decathlon 2011
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B. Jeld-Wen, www.jeld-wen.com
1. Flush All Panel Interior Door

2. Solid Core

2.02  EXTERIOR DOORS

A. Front Door, South elevation
1. Model: Makrowin 88G2
2. Passive House Certified
3. Finish: Mahogany

A. Patio Door, West elevation
1. Model: Makrowin 88G2
2. Passive House Certified

3. Finish: Mahogany

2.02 DOOR GLAZING

A.Triple Glazed Low E Insulated with Warm-Edge Spacer System — Swisspacer V, Ug-value of 0.105, SHGC of 0.5
and VT of 0.71

2.03 Hardware: Secustic Melbourne F9-2

A. Aluminum Steel Matte textured

PART 3 — EXECUTION

END OF SECTION 08 14 00
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SECTION 08 52 00
WOOD WINDOWS

PART 1 - GENERAL

1.01 SECTION INCLUDES
A. Manufactured Windows

B. Window Hardware

1.02 RELATED REQUIREMENTS

A. 08 06 50 Window Schedule

1.03 REFERENCE STANDARDS

A. Passive House Certification, IRC 308.6

1.04 SUBMITTALS

A. Passive House Certification

PART 2 — PRODUCTS

2.01 MANUFACTURER

A. Makrowin, European Architectural Supply, 100 Todd Pond Rd, Lincoln, MA, 781-647-4432, www.eas-usa.com

2.02 WINDOW
A. Profile: Makrowin 88G2

B. Glazing: Triple Glazed Low E Insulated with Warm-Edge Spacer System — Swisspacer V, Ug value of 0.105,
SHGC of 0.5 and VT of 0.71

Published 11/23/2010
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2.03 Hardware: Secustic Melbourne F9-2
A. Aluminum Steel Matte textured

B. Fully perimeter locking with 2 security closures and safety lock

PART 3 — EXECUTION (Not Used)

END OF SECTION 08 52 00
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SECTION 08 61 00
ROOF WINDOWS

PART 1 - GENERAL

1.01 SECTION INCLUDES

A. Skylight

1.02  RELATED REQUIREMENTS

A. 08 06 60 Skylight Schedule

1.03  REFERENCE STANDARDS

A.IRC 308.6

1.04 SUBMITTALS

PART 2 — PRODUCTS

2.01 MANUFACTURER

A. Roto-Frank, European Architectural Supply, 100 Todd Pond Rd, Lincoln, MA, 781-647-4432, www.eas-usa.com

2.02  SKYLIGHT
A. Model: WDF Design R8 — Top Hinged
B. Frame: Wood Profile

C. Glazing: 9A 3 Pane, Tempered, Ug 0.08, Uw 0.14, SHGC 30%, VT 45%

PART 3 — EXECUTION

END OF SECTION 08 61 00
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DIVISION 9 — FINISHES

SECTION 09 29 00

GYPSUM BOARD

PART 1 - GENERAL

1.01  SECTION INCLUDES
A. Gypsum Board Wall Panels
B. Mold and Mildew Resistant Gypsum

C. Gypsum Board Ceiling Panels

1.02  RELATED REQUIREMENTS

A. 09 06 20 Schedule for Gypsum
1.03 REFERENCE STANDARDS
A. ASTM C 473; ASTM C 475; ASTM C 514; ASTM C 665; ASTM C 840; ASTM C 954; ASTM C 1002; ASTM C 1047:

ASTM C 1396: ASTM C 1629: ASTM D 3273; GA-214; GA-216; GA-231; GA-238 Federal Specification SS-L-30D
Type lll (Grade X); GREENGUARD Children & Schools Certified

1.05 SUBMITTALS

1.06  QUALITY ASSURANCE

A. Provide Products Manufactured in North America Only

PART 2 — PRODUCTS

2.01 MANUFACTURER
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A. CertainTeed Gypsum, Inc.; 4300 West Cypress Street, Suite 500, Tampa, FL 33607; 1-800-233-8990 (1-866-
427-2872); www.certainteed.com

2.02 GYPSUM BOARD WALL PANELS
A. REGULAR GYPSUM BOARD: Gypsum core panel solid set core enclosed in paper. Complying with ASTM
C1396.
1. ProRoc’ Regular, manufactured by CertainTeed Gypsum, Inc.
2. Thickness: 1/2 inch
3. Width: 48 inches

4. Length: 8 feet

B. MOISTURE AND MOLD RESISTANT GYPSUM BOARD: Moisture and Mold Resistant Gypsum Board: Gypsum
core panel with enhanced core formulated for resistance to moisture and mold; surfaced with moisture/mold
resistant paper on front, back, and long edges. Complying with ASTM C1396

1. ProRoc’ Moisture and Mold Resistant With M2TECH™ Gypsum Board by CertainTeed Gypsum, Inc.
2. Thickness: 1/2 inch
3. Width: 48 inches

4. Length: 8 feet

2.03 GYPSUM BOARD CEILING PANELS

A. REGULAR GYPSUM CEILING BOARD: Gypsum Core panel with enhanced sag resistant core. Complying with
ASTM C 1396.

1. ProRoc’ Interior Ceiling, manufactured by CertainTeed Gypsum, Inc.
2. Thickness: 1/2 inch
3. Width: 48 inches

4. Length: 8 feet

PART 3 — EXECUTION (Not Used)

END OF SECTION 09 29 00
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SECTION 09 30 33
CERAMICTILING

PART 1 - GENERAL

1.01  SECTION INCLUDES
A. Concrete Tile
B. Grout

C. Tile Backing Board

1.02  RELATED REQUIREMENTS

A. 09 06 30 Schedule for Tiling

1.03 REFERENCE STANDARDS
A. Ceramic Tile: ANSI A137.1.1988, ANSI- A137.1, ANSI A108.13,, TCA Installation
Handbook recommendations
B. Grout: ANSI A118.7, ANSI A108.10
C. Tile Backing Board: ANSI A118.9, UL

1. Bonding Material: ANSI A118.4, ANS| A118.11

1.04 SUBMITTALS

PART 2 — PRODUCTS

2.01 CONCRETE TILE
A. 6inch x6inch

2.02  GROUT
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A. Color to match tile color

2.03 TILE BACKING BOARD

A. WonderBoard 1/2 inch

B. 36 inch x 60 inch x 1/2 inch

C. FlexBond Crack Prevention Mortar

PART 3 — EXECUTION (Not Used)

END OF SECTION 09 30 33
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SECTION 09 64 29
WOOD STRIP AND PLANK FLOORING

PART 1 - GENERAL

1.01  SECTION INCLUDES

A. Pre-finished, tongue and groove wood flooring

1.02  RELATED REQUIREMENTS

A. 06 16 00 Sheathing

1.03  REFERENCE STANDARDS

A. NOFMA grading rules for species, grade, and cut.

1.04 SUBMITTALS

PART 2 — PRODUCTS

2.01 SOLID-WOOD STRIP FLOORING
A. Maple

B. Tongue and grooved

C.3/4 inch

D. 3-1/4 inch

E. Random Lengths 9 to 84 inch

F. Pre-Finished

PART 3 — EXECUTION
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3.01 Installation

A. Comply with flooring manufacturer’s written installation instructions, but not less than applicable
recommendations in NWFA's “Installation Guidelines: Wood Flooring.”

B. Solid-wood, Strip flooring: nail down on or above grade

END OF SECTION 09 64 29
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SECTION 09 91 23
INTERIOR PAINTING

PART 1 — GENERAL

1.01  SECTION INCLUDES

A. Interior Paint

1.02  RELATED REQUIREMENTS

1.03  REFERENCE STANDARDS

A. Conformance Standards: AIM; CARB; LADCO; OTC; SCQAMD; Low VOC; MPI

1.04 SUBMITTALS

A. Color Sample

PART 2 — PRODUCTS

2.01  LATEX PAINT
A. Benjamin Moore, EcoSpec Interior Latex Flat 219
B. Color: Pure White
C. Low VOC, low odor

PART 3 — EXECUTION

3.01 PREPARATION

A. Comply with recommendations in MPI’s “MPI Architectural Painting Specification Manual” applicable to
substrates indicated.

B. Remove hardware, lighting fixtures, and similar items that are not to be painted. Mask items that cannot be
removed. Reinstall items in each area after painting is complete.
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C. Clean and prepare surfaces in an area before beginning painting in that area. Schedule painting so cleaning
operations will not damage newly painted surfaces.

D. General surface preparation indicated by manufacturer.

1. Gypsum Wallboard: Nails or screws should be countersunk, and they along with any indentations
should be mudded flush with the surface, sanded smooth and cleaned to remove any dust, then
prime with a high quality latex primer prior to painting the substrate.

2. Wood: Unpainted wood or wood in poor condition should be sanded smooth, wiped clean, then
primed. Any knots or resinous areas must be primed before painting. Countersink all nails, putty flush

with surface, then prime with a high quality latex primer.

E. Provide materials that are compatible with one another and with substrates

3.02  APPLICATION

A. Comply with recommendations in MPI's “MPI Architectural Painting Specification Manual” applicable to
substrates indicated.

B. Paint exposed surfaces, unless otherwise indicated.
1. Paint surfaces behind movable equipment and furniture same as similar exposed surfaces.

2. Paint surfaces behind permanently fixed equipment or furniture with prime coat only.

3. Paint the backside of access panels.

4. Do not paint prefinished items, items with an integral finish, operating parts, and labels unless
otherwise indicated.

C. Apply paints to produce surface films without cloudiness, spotting, holidays, laps, brush marks, roller tracking,
runs, sags, or other surface imperfections. Cut in sharp lines and color breaks.

D. If undercoats or other conditions show through topcoat, apply additional coats until cured film has a uniform
paint finish, color, and appearance.
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3.03  CLEANING

A. Washing Instructions: Wait at least 14 days after painting before cleaning the surface with a non-abrasive
mild cleaner.

B. Clean up: Wipe up spills immediately with damp cloth or sponge. Wash brushes, rollers and other painting
tools with soap and water immediately after use.

END OF SECTION 09 91 23
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DIVISION 10 - SPECIALTIES

SECTION 1006 10
SCHEDULES FOR INFORMATION SPECIALTIES

PART 1 - GENERAL

1.01  SECTION INCLUDES

A. Exterior Signage

B. Interior Signage

1.02  RELATED REQUIREMENTS

1.03  REFERENCE STANDARDS

1.04 SUBMITTALS

PART 2 - PRODUCTS

201 TBD

PART 3 - EXECUTION

3.01 TBD

END OF SECTION 1006 10
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SECTION 10 06 20
INTERIOR SPECIALTIES

PART 1 - GENERAL

1.01

1.02

1.03

1.04

SECTION INCLUDES
A. Towel Racks

B. Soap Dishes

C. Shower Curtain

D. Toilet Paper holder

RELATED REQUIREMENTS

A. 09 30 13 Ceramic Tiling

REFERENCE STANDARDS

SUBMITTALS

PART 2 — PRODUCTS

2.01

2.02

TOWEL BAR

A. IKEA Grundtal: Rail

1. Stainless Steel Rail, 20 7/8”, model 900.113.96, cost $6.99, quantity 1

SOAP DISHES

A. Ceramic Tile Soap Dishes

B. Product Description: Glazed Ceramic Soap Dish Tiles for the bathroom
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2.03 SHOWER CURTAIN
A. Water Resistant Shower Curtain and Shower Rod

B. Product Description: Water resistant fabric/plastic shower curtain, curtain rod, curtain rings, and mounting
hardware.

2.04  TOILET ROLL HOLDER
A. IKEA Grundtal
1. Toilet Paper Roll Holder, Stainless Steel, model 200.478.98 ,cost $4.99, quantity 1

2. Wall mounted, wood

PART 3 — EXECUTION

END OF SECTION 10 06 20
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SECTION 10 22 26.43
OPERABLE PARTITIONS

PART 1 - GENERAL

1.01

1.02

1.03

1.04

SECTION INCLUDES

A. Hardware for moveable walls

B. Plywood

RELATED REQUIREMENTS

REFERENCE STANDARDS

A. CARB Phase 2

SUBMITTALS

PART 2 — PRODUCTS

2.01

2.02

OVERHEAD TRACK
A. 2610F Wall Mount Door Hardware
1. Part #: 2610F
2. Johnson Hardware: http://johnsonhardware.com track
WHEELS
A. Hamilton Caster
1. XC70D Duralast Wheel ; 6inch x 3 inch ; 3/4 BB
2. Model : W-630-DB70-3/4

3. http://hamiltoncaster.com XC70D wheel
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2.03 PLYWOOD
A. Finish Grade
B. Birch

C. Formaldehyde free

PART 3 — EXECUTION

END OF SECTION 10 22 26.43
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SECTION 10 44 16
FIRE EXTINGUISHER

PART 1 — GENERAL

1.01  SECTION INCLUDES

A. Fire Extinguisher

1.02  RELATED REQUIREMENTS

A. 21 13 13 Wet Pipe Sprinkler System

1.03  REFERENCE STANDARDS

A. Mets NFPA requirements, UL rated 2-A:10-B:C, UL listed

1.04 SUBMITTALS

PART 2 — PRODUCTS

2.01 KIDDE model FX210R

A. Type 2A-10BC

B. Part # 21002770

B. http://www.kidde.com fire extinguisher

PART 3 — EXECUTION

END OF SECTION 10 44 16
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SECTION 10 71 13.13
EXTERIOR SHUTTERS

PART 1 — GENERAL

1.01  SECTION INCLUDES

A. Exterior Shutters, Motorized

1.02  RELATED REQUIREMENTS

1.03  REFERENCE STANDARDS

1.04 SUBMITTALS

PART 2 — PRODUCTS

2.01  EXTERIOR SHUTTERS, MOTORIZED

A. Manufacturer: HELLA

B. Model: AR 63 ZM

C. http://www.hella.info outdoor blinds

PART 3 — EXECUTION

END OF SECTION 10 71 13.13
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DIVISION 11 - EQUIPMENT

SECTION 11 31 00

RESIDENTIAL APPLIANCES

PART 1 - GENERAL

1.01  SECTION INCLUDES
A. Kitchen appliances.
B. Laundry appliances.

C. Entertainment equipment.

1.02 RELATED REQUIREMENTS
A. Division 22 — Plumbing Piping: Plumbing connections for appliances

B. Division 26 — Equipment Wiring: Electrical connections for appliances

1.03  REFERENCE STANDARDS

A. UL — Underwriters Laboratories Inc.; ENERGY STAR

1.04 SUBMITTALS

PART 2 — PRODUCTS

2.01  KITCHEN APPLIANCES
A. Refrigerator/Freezer combination
1. Manufacturer & Model: Whirlpool GBOFHDXWS

2. Type: bottom freezer

Published 11/23/2010
U.S. D.O.E. Solar Decathlon 2011

113100-1



3. Size: 18.5 cubic feet

4. Specifications: To view this product’s technical data, CLICK HERE.

B. Dishwasher
1. Manufacturer & Model: Fisher & Paykel DD24SCX6
2. Type: compact, single drawer

3. Specifications: To view this product’s technical data, CLICK HERE.

C. Cooktop

1. Manufacturer & Model: BOSCH NET5054UC 500 Series

2. Type: built-in

3. Size: 4-burner

4. Specifications: To view this product’s technical data, CLICK HERE.
D. Microwave-Convection Oven combination

1. Manufacturer & Model: GE Monogram Built-In Oven ZSC1201NSS

2. Type: built-in

3.Size: 1.6 CU FT

4. Specifications: To view this product’s technical data, CLICK HERE.
E. Range Hood

1. Manufacturer & Model: BROAN 413004

2. Specifications: To view this product’s technical data, CLICK HERE.

2.02 LAUNDRY APPLIANCES
A. Clothes Washer/Dryer combination
1. Manufacturer & Model: LG WM3455HW
2. Type: compact
3. Size: 2.7 cubic feet
4. Specifications: To view this product’s technical data, CLICK HERE.
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2.03 ENTERTAINMENT EQUIPMENT
A. Television
1. Manufacturer & Model: Panasonic TC-L42D2
2. Type: LED
3. Size: 42 inches
4. Energy: Power Rating 0.105 kW
5. Specifications: To view this product’s technical data, CLICK HERE.
B. Home Theater
1. Manufacturer & Model: Sony BDV-E770W
2. Type: Includes blu-ray player, audio-video receiver & speakers
3. Energy: Power Rating 0.12 kW

4. Specifications: To view this product’s technical data, CLICK HERE.

PART 3 — EXECUTION

END OF SECTION 11 31 00
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DIVISION 12 - FURNISHING
SECTION 12 3000

CASEWORK

PART 1 - GENERAL

1.01  SECTION INCLUDES
A. Kitchen Cabinets

B. Bathroom Cabinets

1.02  RELATED REQUIREMENTS

A. 12 36 13 Countertops

1.03  REFERENCE STANDARDS

1.04 SUBMITTALS

PART 2 — PRODUCTS

2.01 MANUFACTURER

A. IKEA

2.02  KITCHEN CABINETS
A. IKEA Akurum: Frame: White; Front: Abstrakt High Gloss White
1. Upper Cabinet, model 298.695.04, cost $84.00, quantity 2
2. Base Cabinet, 2+2 Drawers, model 098.692.70, cost $270.96, quantity 1

3. Base Cabinet, 2 Drawers / 2 Doors, model 398.693.44, cost $223.98, quantity 3
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4. Base Cabinet, Sink, model 998.692.61, cost S 119.00, quantity 1
5. Base Cabinet, Drawer / Door, model 998.693.22, cost $124.99, quantity 1
6. Drawer Base Cabinet, 3 Drawer, model 098.692.89, cost $175.97, quantity 1

7. www.ikea.com akurum cabinets

2.03 BATHROOM CABINETS
A. IKEA Freden
1. Mirror Cabinet, model 801.411.81, cost $99.99, quantity 1
2. Sink Cabinet, model 298.627.34, cost $279.00, quantity 1

3. www.ikea.com freden cabinets

PART 3 — EXECUTION (Not Used)

END OF SECTION 12 30 00
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SECTION 12 36 00
COUNTERTOPS

PART 1 - GENERAL

1.01  SECTION INCLUDES
A. Quartz Composite Countertop

1.02  RELATED REQUIREMENTS

1.03  REFERENCE STANDARDS

1.04 SUBMITTALS

PART 2 — PRODUCTS

2.01 MANUFACTURER

A. Caesarstone, 6840 Hayvenhurst Ave. Suite 100, Van Nuys, CA 91406 (877)978-2789, caesarstoneus.com

2.02 COUNTERTOP
A. Color: Concrete 2003
B. Edge: Radius

C. Thickness: 3/4 inch

PART 3 — EXECUTION

3.02 INSTALLATION

END OF SECTION 12 36 00
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SECTION 12 58 00
RESIDENTIAL FURNITURE

PART 1 - GENERAL

1.01  SECTION INCLUDES
A. Custom Fabricated Residential Furniture

1. Desktop Work Space

N

. Dining Table and chairs
3. Residential Chairs
4. Coffee Table

5. Side Tables

()]

. Storage Bench Seating

7. Couches and Loveseats

1.02  RELATED REQUIREMENTS

1.03  REFERENCE STANDARDS

1.04 SUBMITTALS

PART 2 — PRODUCTS

2.01  RESIDENTIAL FURNITURE

A. Desktop Workspace: Desktop is a collapsible work surface that can easily be folded up and relocated.
Desktop consists primarily of wood and metal.

B. Dining Table: The dining table is designed to seat up to 10 guests, contain storage for house wares and be
reconfigured to accommodate various dining arrangements. The table is comprised primarily of wood and
metal.
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C. Multi-use Chairs: These chairs are intended to service the dining room table, both desktop workspaces, and
casual seating throughout the house. The primary materials used will be wood and metal.

D. Coffee Table: The coffee table will be made up of wood and metal, and will incorporate a storage element.

E. Side Tables: The side tables will be flexible furniture pieces that can be used either as night side tables or end
tables for living room seating. The tables will be fabricated out of wood and metal.

F. Storage Bench Seating: The bench seating will be reconfigurable to accommodate various dining
arrangements, and will incorporate a storage component. The bench seating will consist of wood and metal.

PART 3 — EXECUTION

3.01  INSTALLATION

A. The installation of all furniture will be in accordance with the architectural drawings provided by team
Massachusetts.

B. The installation of all furniture will take place after the 4D house is assembled and the interior finishes are
complete.

END OF SECTION 12 58 00
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SECTION 12 58 29
BEDS

PART 1 — GENERAL

1.01  SECTION INCLUDES

A. Bed — Master Bedroom

B. Bed — Child Bedroom

1.02  RELATED REQUIREMENTS

A. 12 45 00 Bedroom Furnishings

1.03  REFERENCE STANDARDS

1.04 SUBMITTALS

PART 2 — PRODUCTS

2.01 Master Bed

2.02  Child Bed

PART 3 — EXECUTION (Not Used)

END OF SECTION 12 58 29
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SECTION 12 58 36
NIGHTSTANDS

PART 1 - GENERAL

1.01  SECTION INCLUDES
A. Nightstands — Master Bedroom

B. Nightstands — Child Bedroom

1.02  RELATED REQUIREMENTS

A. 12 43 00 Portable Lamps

1.03  REFERENCE STANDARDS

1.04 SUBMITTALS

PART 2 — PRODUCTS

2.01 Master Bedroom Nightstands

2.02  Child Bedroom Nightstands

PART 3 — EXECUTION (Not Used)

END OF SECTION 12 58 36
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DIVISION 21 — FIRE SUPPRESSION

SECTION 2113 13
WET-PIPE SPRINKLER SYSTEMS

PART 1 - GENERAL

1.01  SECTION INCLUDES
A. Tubing
B. Rings
C. Supports
D. Tees
E. Valves
F. Finishes
G. Sprinkler Assemblies
H. Cabinet
I. Adapters
J. Tools

1.02 RELATED REQUIREMENTS

A. 10 44 16 Fire Extinguishers

1.03 REFERENCE STANDARDS
A. UPC, IPC, NSPC, NPC
B.B137.5, ASTM F1960

C. ANSI/NSF 14/61, ICC ESR 1099, IAPMO 3558

1.04 SUBMITTALS

PART 2 — PRODUCTS

2.01 PIPING AND FITTINGS
A. Manufacturer: Uponor Inc., 5925 148™ Street West, Apple Valley, MN 55124 www.uponor-usa.com

B. AquaPEX Tubing, White

1. 1/2 inch, Quantity: 100 foot
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2. 3/4 inch, Quantity: 10 foot
3. 1 inch, Quantity: 200 foot
C. ProPEX Rings
1. Ring with Stop -1/2 inch, Quantity: 8
2. Ring with Stop - 3/4 inch, Quantity: 2
3. Ring - 1 inch, Quantity: 28
D. Supports
1. Tube Talon
a. 1/2 inch, Quantity: 100
b. 5/8 inch, Quantity: 100
c. 3/4 inch, Quantity: 100
d. 1 inch, Quantity: 100
2. PEX Wall Support Bracket
a. 1/2 inch, Quantity: 3
b. 3/4 inch, Quantity: 3
3. Plastic Bend Support - 1/2 inch, Quantity: 4
E. Tees
1. ProPEX LF Brass Tee
a. linch PEX x 1 inch PEX x 1 inch PEX, Quantity: 1
b. 1 inch PEX x 3/4 inch PEX x 1 inch PEX, Quantity: 1
c. 1inch PEX x 1 inch PEX x 1/2 inch PEX, Quantity: 1
2. EP Multi-port Tee
a. 3/4 inch EP Branch Opposing Multi-port Tee- 3 Outlets, Quantity: 1
F. Valves
1. ProPEX EP Angle Stop Valve for 1/2 inch PEX, Quantity: 3

2. UL/FM Ball Valve Full Port 1 inch, Quantity: 1
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G. Finishes
1. Concealed Flat Cover Plate - White, Quantity: 10
2. ProPEX LF Copper Tub Ell - 1/2 inch PEX x 1/2 inch Copper (3 inch x 4 inch), Quantity: 1
3. ProPEX Escutcheon for 1/2 inch PEX (11/16 inch O.D.) White, Quantity: 3
H. Sprinkler Assembly
1. RFC43 (1650F) Flat Concealed Sprinkler, Quantity: 10 inch
I. Cabinet
1. Sprinkler Cabinet without Sprinkler Heads, Quantity: 1
J. Adapters
1. ProPEX LF Brass Sweat Adapter -1 inch PEX x 1 inch Copper, Quantity: 1
2. Fire Sprinkler Adapter Push-On Nut, Quantity: 25
3. Fire Sprinkler Adapter Mounting Bracket
a. 3/4 inch, Quantity: 10
b. 1 inch, Quantity: 10
4. ProPEX LF Brass Fire Sprinkler Adapter Tee - 1 inch PEX x 1 inch PEX x 1/2 inch FNPT, Quantity: 10
K. Tools
1. In-Line Flow Test Kit, Quantity: 1
2. Concealed Sprinkler Wrench for RFC43 Heads, Flat, Quantity: 1

3. Cover Plate, Quantity: 1

PART 3 — EXECUTION (Not Used)

END OF SECTION 21 13 13
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DIVISION 22 — PLUMBING

SECTION 22 05 00
COMMON WORK RESULTS FOR PLUMBING

PART 1 — GENERAL

1.01

1.02

1.03

1.04

SECTION INCLUDES:
A. Piping
B. Miscellaneous

RELATED REQUIREMENTS

REFERENCE STANDARDS
A. NSF Standard 61 Drinking Water System Components - Health Effects

SUBMITTALS

PART 2 — PRODUCTS

2.01

2.02

PIPING

A. Copper; Type L

B. Cross-linked Polyethylene (PEX)
C.PVC

GROUT

PART 3 — EXECUTION

3.01

3.02

GENERAL PIPING INSTALLATION
A. Install piping free of sags and bends.
B. Install Fittings for changes in direction and branch connections.

GENERAL EQUIPMENT INSTALLATIONS

A. Install equipment to allow maximum possible headroom unless specific mounting heights are not indicated.
B. Install equipment level and plumb, parallel and perpendicular to other building systems and components,

unless otherwise indicated.

C. Install mechanical equipment to facilitate service, maintenance, and repair or replacement of components.

Connect equipment for ease of disconnecting, with minimum interference to other installations. Extend grease

fittings to accessible locations.

D. Install equipment to allow right of way for piping installed at required slope.

END OF SECTION 22 05 00
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SECTION 22 11 16
DOMESTIC WATER PIPING

PART 1 - GENERAL

1.01  SECTION INCLUDES:
A. Piping
B. Fittings
C. Joining Materials

1.02 RELATED REQUIREMENTS

1.03 REFERENCE STANDARDS
A. NSF-61 - health requirements
B. ASTM F876 - dimensions and
C. ASTM F877- ability to withstand pressure and temperature
D. SDR 9 - Standard Dimension Ratio

1.04 SUBMITTALS

PART 2 — PRODUCTS

2.01 PIPING AND FITTINGS
A. Hard Copper Tubing: Type L
1. Joining Material: lead-free flux
B. Soft Copper Tubing: Type L
1. Joining Material: lead-free flux
C. Wirsbo PEX Tubing and Fittings

PART 3 — EXECUTION

3.01 PREPARATION
A. Make sure that the pipe is clean and clear of debris.

3.02  INSTALLATION
A. Install domestic water piping without pitch for horizontal piping and plumb for vertical piping.
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3.03  INSPECTING
A. Inspect all pipe as follows:
1. Fill domestic water. Check components to determine that they are not air bound and that piping is full
of water.
2. Test for leaks and defects in new piping and parts of existing piping that have been altered extended,
or repaired.

END OF SECTION 22 11 16
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SECTION 22 11 19
DOMESTIC WATER PIPING SPECIALTIES

PART 1 - GENERAL

1.01 SECTION INCLUDES:

A. Specialty Items

1.02 RELATED REQUIREMENTS

A. 22 11 16 Domestic Water Piping

1.03 REFERENCE STANDARDS

A. ASSE 1015
B. AWWA C510
C. ASTM F877
D. ASTM F1960
E. ANSIB18.18
F. NSF61-8

1.04 SUBMITTALS

PART 2 — PRODUCTS

2.01 MANUFACTURED UNITS
A. Reduced-Pressure Backflow Preventers
B. Laundry Outlet Boxes
C. Stop-and-Waste Drain Valves

PART 3 — EXECUTION

3.01  INSTALLATION
A. Install backflow preventer at main water-supply connection.
B. Install Cloths Washer Box To wall and connect pipes as specified by Manufacturer.
C. Install Stop-and-Waste Drain Valves as specified by Manufacturer.

END OF SECTION 22 11 19
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SECTION 22 12 19
FACILITY POTABLE WATER STORAGE TANKS

PART 1 - GENERAL

1.01 SECTION INCLUDES:
A. Water Tanks
B. Fresh Water Transfer Pump
C. Pressure Regulating Tank
1.02 RELATED REQUIREMENTS

A. 22 33 30.16 Residential, Storage Electric Domestic Water Heaters

B. 22 33 30.26 Residential, Collector-to-Tank, Solar-Electric Domestic Water Heater

1.03 REFERENCE STANDARDS

A. PPI63101-016H
B. XR3 FDA/NSF-61
C. C-UL

1.04 SUBMITTALS

PART 2 — PRODUCTS

2.01 DOMESTIC WATER STORAGE TANK

A. Manufacturer: Aire Industrial, Model#: 951-015002

B. Size: 1500 Gallon Fresh Water Bladder Tank, Dimensions 9' (W) x 13' (L) x 18" (H)

C. One 4 inch PVC Fill Fitting/Scotty Cap and one 1-1/2" PVC Flange Fitting with PVC Ball Valve

D. Bladder Tanks are manufactured using XR3 FDA/NSF-61 approved materials, which are specifically
engineered for the storage of consumable fluids

E. To view this product’s technical data, CLICK HERE

2.02  FRESH WATER TRANSFER PUMP

A. Manufacturer: Craftsman model Professional 3/4 hp Hydro-Glass® Shallow Well Jet Pump
B. Description: Used to provide a constant pressure to domestic water lines
C. Motor: 3/4 Hp, Capacitor Start, Dual voltage 115 or 230
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D. Tap Size: Discharge Two 1 inch, Suction 1-1/4 inches
E. Pressure Rating: 40/60 PSI
F. To view this product’s technical data, CLICK HERE

2.03  PRESSURIZATION TANK
A. Manufacturer: Amtrol, Model WX-202P
B. Description: Holds pressure in tank to reduce the amount of times the pump is needed. When pressure is
dropped below a certain rating the pump will recharge the tank.
C. Size: 20 Gallon 32-1/8” (H) x 15-3/8 (D)
D. Pressure Rating: Pre-charge 38 PSI, Working Pressure 125 PSI
E. Inlet/Outlet: 1” NPTF Stainless Steel
F. To view this product’s technical data, CLICK HERE

PART 3 — EXECUTION
A. There must be an accessible area around openings for filling and emptying the tank of no less than 12 inches

END OF SECTION 22 12 19
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SECTION 22 13 16
SANITARY WASTE PIPING AND VENT PIPING

PART 1 - GENERAL

1.01 SECTION INCLUDES:

A. Piping
B. Fittings
C. Joining Material

1.02 RELATED REQUIREMENTS

1.03 REFERENCE STANDARDS

A. ASTM D 1784 - Rigid Vinyl Compounds

B. ASTM D 1785 - PVC Plastic Pipe, Schedule 40

C. ASTM D 2466 - PVC Plastic Fittings, Schedule 40

D. ASTM D 2564 - Solvent Cements for PVC Pipe and Fittings

E. NSF Standard 14- Plastic Piping Components and Related Materials

F. NSF Standard 61 - Drinking Water System Components - Health Effects

1.04 SUBMITTALS

PART 2 — PRODUCTS

2.01 PIPING
A. Polyvinyl Chloride (PVC)
B. Polyvinyl Chloride Fittings
1. 1. Coupler
2.90 degrees
3. 45 degrees
4. Tee

2.03  Joining Materials
A. Primer

B. Cement

PART 3 — EXECUTION

U.S. D.O.E. Solar Decathlon 2011
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3.01 PREPARATION
A. Prepare pipe by reaming burrs.
B. Remove scale dirt on inside and outside of pipe.
C. Prepare piping fittings.

3.02 INSTALLATION
A. Cut pipe to desired length.
B. Support pipe with hangers every 5 feet
C. Add Primer and Cement to pipe and fitting then press together holding for several seconds till cement has

cured.

END OF SECTION 22 13 16
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SECTION 22 13 53
FACILITY SEPTIC TANKS

PART 1 - GENERAL

1.01

1.02

1.03

1.04

SECTION INCLUDES:

A. Water Tank

RELATED REQUIREMENTS

REFERENCE STANDARDS

A. ASTM D 751

SUBMITTALS

PART 2 — PRODUCTS

2.01

GRAY WATER STORAGE TANK

A. Manufacturer: Aire Industrial, Model#: 951-010001

B. Size: 1000 Gallon Fresh Water Bladder Tank, Dimensions 9' (W) x 12' (L) x 16" (H)
C. One 4 inch PVC Fill Fitting/Scotty Cap and one 1-1/2" PVC Flange Fitting with PVC Ball Valve
D. Bladder Tanks are manufactured using rugged 22 oz. reinforced PVC fabrics, which are specifically engineered

for the storage of gray water

E. To view this product’s technical data, CLICK HERE

PART 3 — EXECUTION
A. There must be an accessible area around openings for filling and emptying the tank of no less than 12 inches

END OF SECTION 22 13 53
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2233 30.16
RESIDENTIAL, STORAGE ELECTRIC DOMESTIC WATER HEATERS

PART 1 - GENERAL

1.01  SECTION INCLUDES:
A. 50 Gallon Back-Up DHW Storage Tank

B. Heat Pump used to augment solar thermal system

1.02 RELATED REQUIREMENTS
A. 22 33 30.26 Residential, Collector-to-Tank, Heat-Exchanger-Coil, Solar-Electric Domestic Water Heaters
B. 22 11 23 Domestic Water Pumps

C. 22 05 00 Common Work Results for Plumbing

1.03  REFERENCE STANDARDS

A. ANSI STANDARD 61 DRINKING WATER SYSTEM COMPONENTS

1.04 SUBMITTALS

A. DHW system schematic

B. Mechanical room layout drawing

PART 2 — PRODUCTS

2.01 BACK-UP HOT WATER STORAGE TANK
A. Manufacturer: State Water Heaters
B. Description: This 50-gallon tank (designated the back-up hot water tank) stores the DHW at the desired set
point of 120 degrees F. Its cold water inlet is connected to the 80-gallon solar hot water tank, and its hot water
outlet is connected to the hot water piping for the home. This tank’s water is heated primarily by the Green Star
heat pump mounted on top of it, but also has a built-in electric element to augment the heat pump.
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C. Equipment:
1. State Water Heaters model ES6 50 DOCS
a. Weight: 155
b. Warranty: 10 years
c. Substitutions: any 50 gallon electric hot water tank.
d. To view this product’s technical data, CLICK HERE

2.02  HOT WATER HEAT PUMP
A. Manufacturer: USI Green Energy
B. Description: This heat pump operates by transferring heat from the surrounding air to the water stored in the
tank on which it is attached. This technology is a relatively new application to an old idea, and is more than
twice as efficient as traditional electric water heaters. A copper coil is inserted into the tank, through which the
heat transfer fluid circulates. The heat pump should be able to keep the water at the desired set point for most
loads. At high loads, the back-up electric element build into the tank will activate and augment the heat pump.
C. Equipment
1. Green Star Model WH 270

a. Weight: 48 Ibs

b. Warranty: 1 year labor, 6 year parts

c. Substitutions: a 50-gallon hot water tank with a built-in electric heat pump could replace this heat

pump along with the 50-gallon tank on which it sits.

d. To view this product’s spec sheet, CLICK HERE.

PART 3 — EXECUTION

END OF SECTION 22 33 30.16
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2233 30.26
RESIDENTIAL, COLLECTOR-TO-TANK, HEAT-EXCHANGER-COIL, SOLAR-ELECTRIC DOMESTICWATER HEATERS

PART 1 - GENERAL

1.01

1.02

1.03

1.04

SECTION INCLUDES:

A. SunDrum Hybrid Solar Collector System

B. Solar-heated hot water tank storage tank

RELATED REQUIREMENTS

A. 22 33 30.16 Residential, Storage Electric Domestic Water Heaters
B. 22 11 23 Domestic Water Pumps

C. 22 05 00 Common Work Results for Plumbing

REFERENCE STANDARDS

A. ANSI Standard 61 Drinking Water System Components

B. Solar Rating & Certification Corporation (SRCC) Standards

SUBMITTALS

A. Solar hot water system schematic

PART 2 — PRODUCTS

2.01

SOLAR THERMAL SYSTEM

A. Manufacturers
1. Solar thermal panels: SunDrum Solar
2. Controller: Steca Elektronik GmBh
3. Expansion tank: Amtrol, Inc.
4. Circulator pump: Grundfos

B. Description: The closed-loop system used is the SDM300-6-B, consisting of two strings of three panels
connected in parallel. Thisis a hybrid system that not only provides heat to the DHW system, but also helps
cool the PV array. Each of the six panels is mounted directly underneath a PV panel, and hence will not be
visible. While the sun is shining, heat from the PV panels is transferred to the fluid flowing through the
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SunDrum panels. This fluid is pumped to the 80 Gallon solar water tank, where it flows through a heat
exchanger coil inside the tank. The heat is transferred to the water in the tank, and thus the fluid leaving the
coil is cooler than the fluid exiting from the collectors. This cooler fluid then circulates back to the collectors and

the process repeats. There is a temperature sensor in one of the collectors, and another in the water tank. A

preprogrammed controller is connected to these two sensors. It activates a circulator pump when it detects a

collector temperature 16° F higher than tank temperature and will shut the pump off when collector
temperature drops to within 8° F higher than tank temperature. The heat transfer fluid is distilled water.

C. Equipment

1. Six (6) SunDrum SDM100 solar thermal collector panels.

a.

b
C.
d.

Dry weight: 22 Ibs. Installed weight: 26 Ibs.

. Operating temperature range: -40° C to +90° C

Warranty: 10 years
Substitutions: none. All components listed make up one complete system and are all provided by

SunDrum Solar, LLC, per MOU with Team Massachusetts.
d. For this product’s tech data, CLICK HERE.

2. Six (6) SDM100 Connection Kits

a.

Each kit includes 2-3/8 inch barbs, 2 plugs, 2 stainless steel hose clamps, 5 feet of industrial hose,

and 5 feet of UV resistant insulation.

3. One (1) HK-2 Header Kit

a.
b.

x inch diameter copper piping
Air expansion valve

4, Controller

a.

Steca Solar TRO301U

b. For this product’s data sheet, CLICK HERE.
5. Pump Station: pump and check valve

a.

Grundfos Alpha pump

b. For this product’s data sheet, CLICK HERE.

6. Expansion tank
a. Amtrol Extrol Rx-15
b. For this product’s data sheet, CLICK HERE.

7. Five Gallons of Distilled Water

2.02 SOLAR HOT WATER TANK

A. Manufacturer: Heat Transfer Products, Inc.

B. Description: This is a Heat Transfer Contender SSC-80SE 80 Gallon Water Tank that includes a built-in heat
exchanger coil used for a solar thermal system. The water in this tank serves  two purposes: as a “heat sink” to

absorb heat from the solar thermal system; and as “pre-heat” tank for the “cold” water entering the back-up, 50 gallon

hot water tank (see section 22 33 30.26). This tank will not be connected to power so that the electrical heating
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element in this tank will never turn on. The solar thermal system controller will control the water temperature in this
tank.
C. Equipment
1. Manufacturer: Heat Transfer Products, Inc.
2. Model: Contender SSC-80SE .
3. For this product’s data sheet, CLICK HERE.

2.03 DISTILLED WATER - 5 gallons

PART 3 — EXECUTION

3.01 INSTALLATION
A. Special Techniques
1. Follow SunDrum Solar SDM300 Series Installation Manual.
A. Interface with Other Work
1. The solar thermal panel installation must be coordinated with the installation of the PV system, since

the panels are mounted directly into six PV panels. Exact location of the six chosen PV panels in the PV
array must be confirmed, so that SunDrum solar panels are placed correctly.

3.02  SYSTEMS START-UP

A. This closed loop solar thermal system must be charged differently than most solar thermal systems. Follow
steps in SunDrum Solar SDM300 Series Installation Manual starting under the heading “System Startup and
Shutdown”.

END OF SECTION 22 33 30.26
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DIVISION 23 — HEATING, VENTILATING AND AIR-CONDITIONING

233113.16
ROUND AND FLAT-OVAL SPIRAL DUCTS

PART 1 - GENERAL

1.01 SECTION INCLUDES
A. Metal ductwork

B. Duct fittings

1.02  RELATED SECTIONS
A. Section 23 33 13 — Back Draft Dampers
B. Section 23 37 13 — Diffusers, Registers, and Grilles
C. Section 23 72 00 — Air to Air Energy Recovery Equipment
D. Section 23 81 26 — Split System Air Conditioner
1.03 REFERENCE STANDARDS

A. National Fire Protection Association (NFPA) 90A, Standard for the Installation of Air Conditioning and
Ventilating Systems

B. American Society for Testing and Materials (ASTM) A653, Standard specifications for Steel Sheet, Zinc-
coated (Galvanized) or Zinc-lron Alloy Coated (Galva-nealed) by the hot-dip process.

C. Sheet Metal and Air Conditioning Contractor’s National Association (SMACNA) — HVAC Duct Construction
Standards (DCS) — Metal and Flexible

1.04 SUBMITTALS
A. Construction Drawings, Ductwork

B. Product datasheets from manufacturer

1.05 QUALITY ASSURANCE
A. Qualifications

1. Company specializing in manufacturing the type of products used here should have a minimum of
three years of documented experience.
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PART 2 — PRODUCTS

2.01 MANUFACTURERS
A. Fantech
B. The Duct Shop

2.02  MATERIALS

A. Ductwork

1. Rigid ducts are hot dipped galvanized steel, ASTM A653/A653M FS type B, with G60/Z180 coating.
2.5”,8"”,and 10" circular ductwork is used.

3. Minimal amounts of flexible round insulated ductwork will be used.
B. Duct fittings
1. Saddle taps on round — The Duct Store

a. 6” saddletap to fit on 10” round; for supply run off to secondary bedroom.
b. 6” saddletap to fit on 8” round; for fresh air supply run off to HRV.

c. 26 gauge galvanized steel
2. Reducer — Fantech

a. Fantech CKR Series (Model CKR 54); 5” to 4”
b. Use to reduce 5” HRV return to 4” for bathroom return

c. Lengthinline: 3%”
3. Reducer — The Duct Shop

a. (2) 10” to 6”; reduce 10” main line to 6” bedroom registers

b. (2) 6” to 5”; (1) expand 5” HRV supply collar to 6” to use the 6” saddletap on the 8” fresh air
supply duct, and (1) expand 5” HRV exhaust collar to 6” to then expand to 8”, for the combined
8” exhaust duct.

c. (1) 6” to 8”; expand 6” HRV exhaust section to 8” for 8” combined exhaust.

d. 26 gauge galvanized steel

4. Elbows — The Duct Shop
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a. 45 degree adjustable elbow; 8”, 5", 4”
b. 90 degree adjustable elbow, 10”7, 8”, 5", 4”

C. 26 gauge galvanized steel
5. Wye adapters — The Duct Shop

a. 10 x 10 x 8”; used to connect dehumidifier supply to main 10” supply.
b. 10 x 10 x 10”; to split heat pump supply.
c. 8 x 8 x 8”; used to branch the dehumidifier exhaust into the combined exhaust.

d. 26 gauge galvanized steel
C. Exterior Vents, weather hoods — Fantech

1. Roof cap (Model RC 8), 8”, with damper flap closure, duct connection and screened exhaust opening.
a. Total height from bottom of collar to top of bend: 11 %"

2. Supply outdoor weather hood (Model FML 8, UPC # 24118), 8”, single unit

D. Duct accessories — Fantech

1. Stabilizing mounting clamps (5, 8", 10”’) — two inch wide galvanized steel bands lined with neoprene

2. Inlet guards (8"') — Wire ring, zinc chromate plated steel. Used at fresh air intake.

PART 3 — EXECUTION

3.01 INSTALLATION
A. Install in accordance with manufacturer’s instructions.

B. Special instructions
1. Minimize flexible ductwork.
2. Arectangular to round transition is required to connect the Mr. Slim unit.
3. Use fittings that minimize head loss.

4. Maintain access to volume dampers and backflow dampers for airflow tuning and maintenance.

END OF SECTION 23 31 13.16
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SECTION 23 3313
BACK DRAFT DAMPERS

PART 1 — GENERAL

1.01

1.02

1.03

1.04

1.05

1.05

SECTION INCLUDES
A. Back draft dampers

B. Volume dampers

RELATED SECTIONS

A. Section 23 31 13.16 — Round and Flat-Oval Spiral Ducts

REFERENCE STANDARDS

SUBMITTALS
A. Construction Drawings, Ductwork
QUALITY ASSURANCE

A. Manufacturer Qualifications: Company specializes in manufacturing the products specified in this section with
minimum 10 years’ experience.

SYSTEM DESCRIPTION

A. Back draft dampers are used where backflow could occur.

B. Supplies from air-to-air heat pump, HRV, and dehumidifier are combined to form a single supply duct. Returns
from house and from bathroom combine before entering the HRV. A single fresh air and single exhaust house
penetration serve both the dehumidifier and HRV. Back draft dampers are needed in the house supply and
exhaust lines, mainly where duct runs join together.

C. Not included in this section are back draft dampers installed at the diffuser/register collar. See Section 23 37
13 - Diffusers, Registers, and Grilles.

D. Volume dampers are used to control the airflow to/from equipment and the house.

E. Volume dampers are needed in the return line to the house to the dehumidifier, in the supply from the house
to the dehumidifier, and at the combined supply to the house and to each bedroom.
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PART 2 — PRODUCTS

2.01 MANUFACTURERS
A. Fantech
2.02 MATERIALS
A. Back draft damper

1. RSK back draft dampers, models RSK 8 and RSK 10 (UPC # 69080 and 69100)
2. 8”diameter and 3 1/8” wide, 10” diameter and 3” wide

3. Galvanized Steel Collar and Lightweight Aluminum Damper Blades

4. Spring loaded for positive closure

B. Volume damper
1. Iris Damper, models IR 6, IR 8, and IR10 (UPC # 63060, 63080, 63100)
2. 6”diameter and 2” wide, 8” diameter and 2 %” wide, 10” diameter and 2 3/4” wide

3. Include calibrated airflow measuring device.

PART3 — EXECUTION

3.01  INSTALLATION

A. Install back draft dampers in locations to eliminate backflow.
B. Install volume dampers in locations where air tuning is required.

C. Follow manufacturer’s instructions for ductwork installation, and follow measures for maximizing efficiency.

END OF SECTION 23 33 13
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SECTION 23 37 13

DIFFUSERS, REGISTERS, AND GRILLES

PART 1 - GENERAL

1.01 SECTION INCLUDES
A. Diffusers
B. Registers

C. Dampers installed at diffuser collar

1.02  RELATED SECTIONS

A. Section 23 31 13.16 — Round and Flat-Oval Spiral Ducts

1.03  REFERENCE STANDARDS

A. ANSI/ ASHRAE Standard 70-2006.

1.04 SUBMITTALS

A. Product datasheet from manufacturer.

PART 2 — PRODUCTS

2.01 MANUFACTURER
A. Fantech
B. Hart and Cooley
2.02 PRODUCTS
A. Supply and exhaust grilles
1. Fantech DG Series exhaust grille (Model DG 4, UPC # 67940)
a. Low profile, fixed circular plastic.
b. Used in bathroom ceiling; return from bathroom to HRV.
c. For use with 4” duct; duct connections are 1/8” smaller than duct size.
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d. Matching diameter galvanized mounting collar with nailing strip is included.

e. Total length: 3 %”, grille outer diameter: 4 7/8”

2. Hart and Cooley CBPS/CBPR T-bar curved-blade perforated supply/return diffuser, steel

a. Used at each 6” diameter bedroom supply, at the 8” dehumidifier hallway return, and at the
10” combined hallway supply.

b. Dimension: 23-%" x 23-%"

c. Perforated steel face, white finish

d. Available in 6”, 87, 10”, 12”, 14”, and 16”diameter necks.

e. 2” high collar permits easy flex connections

f. Individually adjusted pattern deflectors can be field-adjusted for 1, 2, 3-way air patterns.
3. Hart and Cooley T-bar accessories

a. 5400 Series Collar Ring; 2” high collar permits easy flex connections.

b. 3800 Series adjustable damper; for use with 5400 series collar.

PART 3 — EXECUTION

3.01 INSTALLATION

A. Follow manufacturer’s instructions for installation

END OF SECTION 23 37 13
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SECTION 23 40 00
SUPER ULTRA-LOW PENETRATION FILTRATION

PART1 — GENERAL

1.01  SECTION INCLUDES

A. Super Ultra-Low Penetration Air-filters

1.02  RELATED SECTIONS

A. Section 23 37 13 — Diffusers, registers, and grilles

1.03 SUBMITTALS

A. Product datasheet from manufacturer.

PART2 — PRODUCTS

2.1 MANUFACTURERS

A. Flanders Corporation

2.2 Materials
A. Flanders Precisionaire 2 inch LEED MERYV 13 Filters

B. Actual filter face size for 12 inch x 24 inch and 24 inch x 24 inch filters is 5/8 inch under on height and width
Actual face size on all other sizes is 1/2 inch under on height and width

C. Actual filter depth is 1/4 inch under for these nominal 2 inch deep filters

PART3 — EXECUTION (Not Used)

END SECTION 23 40 00
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SECTION 23 72 00
AIR TO AIR ENERGY RECOVERY EQUIPMENT

PART 1 - GENERAL

1.01  SECTION INCLUDES

A. Ventilation Equipment

1.02  RELATED SECTIONS

A. Section 23 31 13.16 - Round and Flat-oval Spiral Ducts

1.03  REFERENCE STANDARDS

A. HVI, CSA C22.2

1.04 SUBMITTALS
A. Product datasheet from manufacturer
1.05 QUALITY ASSURANCE

A. Manufacturer Qualifications: Company specializes in manufacturing the products specified in this section with
minimum 10 years’ experience.

B. Memberships & Certification: CSA, Air-Conditioning, Heating and Refrigeration Institute (AHRI), NRTL/C,
Heating, Refrigeration and Air Conditioning Institute of Canada (HRAI), Home Ventilating Institute (HVI),
Canadian Home Builders Association (CHBA).

PART 2 — PRODUCTS

2.01 MANUFACTURERS
A. Nu-Air Ventilation Inc.
2.02. COMPONENTS
A. Heat Recovery Ventilator (HRV), Model ES100
B. Housing/Core
1. Painted 0.032 Aluminum casing with a white enamel finish

2. Cabinet insulation is 1-inch polyurethane
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3. Core is a cross-flow heat exchanger
C. Characteristics
1. Defrosting system for outdoor conditions below -5 degrees Celsius.
2. Polyester Air Filters: MERV rating of 9
3. Expanded Polystyrene Insulation
4. 24V circuit protection with self resetting fuse
D. Specifications
1. Airflow: 104-129 CFM at 0.4 in wg

2. Electrical: 120V/1 /60 Hz, 0.7 A, 84 W

E. To view this product’s technical data, CLICK HERE.

PART 3 — EXECUTION

3.01 PREPARATION

A. Clean surfaces thoroughly prior to installation. Remove all debris and confirm structural support for
connections and supporting elements.

B. Verify all clearances and requirements as specified by manufacturer.

3.02  INSTALLATION

A. Follow manufacturer’s instructions for handling and installation, and follow measures for maximizing
efficiency in the duct layout.

B. Install units with adequate spacing to access heat recovery coils and filters for maintenance.

C. To view this product’s technical data, CLICK HERE.

END OF SECTION 23 72 00
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SECTION 23 81 26
SPLIT SYSTEM AIR CONDITIONER

PART 1 - GENERAL

1.01  SECTION INCLUDES
A. Indoor and outdoor units of split-ducted air-conditioning system
B. Refrigerant piping
C. Controls

D. Fan

1.02  RELATED SECTIONS

A. Section 23 31 13.16 - Round and Flat-oval Spiral Ducts

1.03  REFERENCE STANDARDS

A. Comply with ASHRAE 15, EPA, AHRI, UL, ETL and ISO Standards

1.04 SUBMITTALS

A. Product datasheet from manufacturer

PART 2 — PRODUCTS

2.01 MANUFACTURER

A. Mitsubishi Electric

2.02 COMPONENTS
A. Mr. Slim Concealed Duct Mini Split Heat Pump System

1. Includes (1) SEZKDO9NA4 Indoor unit and (1) SUZKAO9NA Outdoor condensing unit
2. External finish: Galvanized-steel sheets
3. Built-in drain mechanism for condensate removal

4. Polypropylene Honeycomb Air filter included with indoor unit
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5. Cooling capacity: 8100 BTU, Cooling capacity range: 3,800 — 10,900 BTU

6. Heating capacity: 10,900 BTU, Cooling capacity range: 4,800 — 14,100 BTU

7. Total Input: 670 W Cooling and 1,020 W heating

8. Power Supply: 1-phase, 60 Hz, 208/230V

9. Air Flow, Lo-Med-Hi: 194-247-317 CFM (dry), 174-222-285 CFM (wet)

10. Weight: 42 |b (indoor unit), 66 lb (outdoor unit)

11. Dimensions [W x D x H]: 31-1/8" x 27-9/16" x 7-7/8” (Indoor unit), 31-1/2"" x 11-1/4"" x 21-5/8”
(outdoor unit).

B. Refrigerant

1. R410A refrigerant

2. Piping: Insulated Copper tubing size at gas side 3/8 inch and liquid side 1/4 inch
C. Controls

1. PAR-21 MAA wired remote controller included
2. Indoor unit powered from outdoor unit using A-Control
3. Automatic fan speed control

4. Auto restart following a power outage
D. Fan

1. Two Sirocco Fans

2. Direct-driven DC Brushless Motor

w

. Motor Output: 96W

E. To view these products technical data, CLICK HERE.

PART 3 — EXECUTION

3.01 PREPARATION
A. Clean surfaces thoroughly prior to installation

B. Mount the indoor unit into a ceiling strong enough to withstand the weight of the unit

3.02  INSTALLATION

A. Perform the installation securely referring to the product installation manual.
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B. Be sure to install the unit level
C. Use an exclusive circuit as accordance to NFPA 90B.

D. To view this product’s technical data, CLICK HERE.

END OF SECTION 23 81 26
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SECTION 23 84 16
DEHUMIDIFIER

PART 1 - GENERAL

1.01

1.02

1.03

1.04

1.05

SECTION INCLUDES
A. Dehumidifier
RELATED SECTIONS

A. Section 23 31 13.16 — Round and Flat-oval Spiral Ducts

REFERENCE STANDARDS

A. ETL listed, UL 474

SYSTEM DESCRIPTION

A. Ducted, with dedicated return to main supply.

SUBMITTALS

A. Product datasheet from manufacturer.

PART 2 — PRODUCTS

2.01

2.02

MANUFACTURER

A. Honeywell International Inc.

COMPONENTS

A. Honeywell TrueDRY DR65 ventilating dehumidification system

1. Energy performance: 2.22 liters (4.7 pints) per kilowatt hour.

2. Dimensions (L x W x H) / weight: 28.5” x 12” x 12” / 55 Ibs (length includes duct collars)
3. Electrical: 120V AC, 60HZ, 5.2 Amps

4. Blower: 160 CFM @ 0.0 inches WG

5. Capacity at 60% RH: 21 pints/day (60 F), 42 pints/day (70 F), 65 pints/day (80 F)

6. Drain connection: %’ threaded female NPT, with attached %"’ threaded male NPT.
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7. Refrigerant: R-410A
8. Filter: standard MERV-11, 1” (D) x 9” (H) x 11" (W)
9. Duct connections: 8” duct collars for inlet and outlet, ABS plastic

10. For this product’s data sheet, CLICK HERE.

PART 3 — EXECUTION

3.01 INSTALLATION
A. Installation must conform to NEC, ANSI/NFPA 70 and National Fuel Gas Code ANSI 7223.1
B. Install in accordance with manufacturer’s instructions.
C. Use backdraft damper immediately before connection of dehumidifier outlet to main supply.

C. Allow for adequate clearances for servicing and proper operation.

END OF SECTION 23 84 16
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DIVISION 26 - ELECTRICAL

SECTION 26 05 19

LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES

PART 1 - GENERAL

1.01

1.02

1.03

1.04

1.05

SUMMARY

A. Wire and cable for 600 volts and less.

B. Wiring connectors and connections.

RELATED SECTIONS

A. Section 26 05 33 — Raceway and Boxes for Electrical Systems
REFERENCE STANDARDS

A. NECA 1 — Standard for Good Workmanship in Electrical Contracting; National Electrical Contractors
Association; 2006.

B. NFPA 70 — National Electric Code; National Fire Protection Association; 2008.
SUBMITTALS

QUALITY ASSURANCE

A. Conform to requirements of NFPA 70.

B. Manufacturer qualifications: Company specializing in manufacturing the products specified in this section
with a minimum of 10 years experience.

C. Products: Furnish products listed and classified by Underwriters Laboratories Inc. as suitable for the purpose
specified and indicated.

PART 2 — PRODUCTS

2.01

MANUFACTURERS
A. Southwire

B. General Cable
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C. Belden
2.02  MATERIALS
A. Southwire CU-USE wire
1. Type USE-2 copper conductor
2. Insulation voltage rating: 600V
3. Cross-linked polyethylene insulation
B. Southwire Simpull THWN-2 wire
1. Type THWN-2 copper conductor
2. Insulation voltage rating: 600V
3. Thermoplastic insulation/SIM nylon sheath
C. Southwire bare copper wire
D. Southwire Romex wire
E. General Cable, Carol Brand 18-3 thermostat wire
1.150V
2. Type CL2
F. Belden RG6/U cable
1. Quad shielded
2. Coaxial
D. Wiring Connectors
1. In accordance with UL and NEC.
2. Branch Circuits 10 AWG and smaller:

a. Connectors shall be solderless, screw-on, pressure cable type, 600 volt, 105 degrees C, with
integral insulation; approved for copper and aluminum conductors, and reusable.

b. Integral Insulator: Must have skirt to completely cover stripped wires.

c. Comply with manufacturer’s listing/labeling as to the number, size, and combination of
conductors that may be joined.
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3. Feeder Circuits: Connectors shall be indent, hex screw, or bolt-clamp type. Material shall be highly
conductive and corrosion resistant.

2.03  WIRING REQUIREMENTS

A. See “Conductor and Conduit Schedule” on page E-602 (Three-line diagram) of Construction Documents for
required wire gauges/colors.

B. Concealed Dry Interior Locations: Use only building wire in raceway, nonmetallic-sheathed cable, armored
cable, or metal clad cable.

C. Exposed Dry Interior Locations: Typically, use only building wire in raceway.

1. At equipment rooms use building wire in raceway, nonmetallic-sheathed cable, armored cable, or
metal clad cable.

D. Wet or Damp Interior Locations: Use only building wire in raceway, direct burial cable, armored cable with
jacket, or metal clad cable.

E. Exterior Locations: Use only building wire in raceway, direct burial cable, service-entrance cable, armored
cable with jacket, or metal clad cable.

F. Underground Installations: Use only building wire in raceway, direct burial cable, or service-entrance cable.
G. Use solid conductor for feeders and branch circuits 10 AWG and smaller.

H. Use stranded conductors for control circuits.

I. Use minimum of 12 AWG conductors for power and lighting circuits.

J. Use minimum of 16 AWG conductors for control circuits.

K. Use 10 AWG conductors for 20 ampere, 120 volt branch circuits longer than 25 meters (75 feet).

L. Use 10 AWG conductors for 20 ampere, 240 volt branch circuits longer than 60 meters (200 feet).

PART 3 — EXECUTION

3.01 EXAMINATION
A. Verify that any mechanical work likely to damage wire and cable has been completed.
B. Verify that raceway installation is completed and supported.

3.02 PREPARATION

A. Swab raceway before installing wire.
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B. Clean conductor surfaces before installing lugs and connectors.
3.03 INSTALLATION
A. Install wire and cable securely and neatly, as in NECA 1.
B. Route wire and cable as required to meet project conditions.
1. Wire and cable routing indicated is approximate unless dimensioned.
C. Pull all conductors into raceway at same time.
D. Protect exposed cable from damage.
E. Neatly train and lace wiring inside boxes, equipment, and panelboards.

F. Trench and backfill for direct burial cable installation. Install warning tape along entire length of direct burial

cable, within 75 millimeters (3 inches) of grade.

END OF SECTION 26 05 19
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SECTION 26 05 26
GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.01

1.02

1.03

1.04

SUMMARY
A. Ground rod kit
B. Washer Electrical Equipment Bond (WEEB) hardware

RELATED SECTIONS

A. Section 05 14 13 — Architecturally-exposed structural aluminum

REFERENCE STANDARDS
A. UL 467, CSA C22.2#41 2007
SUBMITTALS

A. Product datasheet from manufacturer

PART 2 — PRODUCTS

2.01

2.02

MANUFACTURERS

A. Wiley Electronics LLC

MATERIALS

A. Copper Bonded Grounding Rod 5/8 inch x 8/ feet
B. Bronze Clamps

C. Conductor

D. Ground Rod Connector

E. Drive Sleeve

F. WEEB-DMC Compression Clip

G. WEEBL-6.7 Grounding Lug

H. WEEB Bonding Jumper-6.7
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I. To view these products’ technical data, CLICK HERE.

PART 3 — EXECUTION

3.01  INSTALLATION
A. Install in accordance with manufacturer’s instructions.
B. WEEBs are single use only.

C. WEEB clip and lug assembly: Tighten fasteners to 10 ft-Ib / 13.5 N-m using general purpose anti-seize
compound on threads.

D. WEEB lug assembly: Lay in equipment grounding conductor and tighten bolt to 7 ft-lb / 10 N-m.

E. WEEB bonding jumper assembly: Torque to 10 ft-Ib / 13.5 N-m using general purpose anti-seize compound on
threads.

END OF SECTION 26 05 26
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SECTION 26 05 33

RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL
1.01 SUMMARY
A. RACEWAY
B. CONDUITS
1.02  RELATED SECTIONS
A. 26 05 19 — Low-Voltage Electrical Power Conductors and Cables
1.03 REFERENCE STANDARDS
A. UL 797 — Electrical Metallic Tubing.
B. UL 514B Conduit, Tubing and Cable Fittings.
C. UL 6 —Electrical Rigid Metal Conduit — Steel
D. ANSI C80.1 — Electrical Rigid Steel Conduit
E. ANSI C80.3 — Steel Electrical Metallic Tubing.
F. ANSI B1.20.1 — Pipe Threads, General Purpose.

G. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum); National Electrical Manufacturers
Association; 2003.

H. NFPA 70 — National Electrical Code; National Fire Protection Association; 2008.
1.04 SUBMITTALS
1.05 QUALITY ASSURANCE

A. Conform to requirements of NFPA 70

B. Manufacturer qualifications: Company specializing in manufacturing the products specified in this section
with a minimum of 10 years experience.

C. Products: Furnish products listed and classified by Underwriters Laboratories Inc. as suitable for the purpose
specified and indicated.
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PART 2 — PRODUCTS
2.01 MANUFACTURERS
A. Allied Electrical Group
B. JM Eagle
2.02  MATERIALS
A. Allied Kwik-Fit EMT (Electrical Metallic Tubing) for indoors, 1-1/4 inch Trade Size
1. Nominal outside diameter: 1.510 inch
2. Nominal wall thickness: 0.065 inch
3. Approximate weight per 100 Feet: 101 pounds
4. Bundle: 840 feet, approx. 720 pounds
5. To view this product’s technical data, CLICK HERE
B. Allied Rigid Steel Conduit, hot-dip galvanized steel, exterior, 1-1/2 inch Trade Size
1. Nominal outside diameter: 1.900 inch
2. Nominal wall thickness: 0.138 inch
3. Approximate weight per 100 Feet: 263 pounds
4. Bundle: 800 feet
5. Allied RIGID is recognized as an equipment grounding conductor by NEC Article 250.
6. To view this product’s technical data, CLICK HERE
C. JM Eagle Electrical Conduit
1. PVC/non-metallic
2. ANSI/UL 651 conforming
3. NEMA TC-2 conforming

4. To view this product’s technical data, CLICK HERE

PART 3 — EXECUTION (Not Used)

END OF SECTION 26 05 33
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SECTION 26 24 16

PANELBOARDS

PART 1 - GENERAL
1.01 SUMMARY
A. CIRCUIT BREAKERS
B. LOAD CENTERS
1.02 SUBMITTALS

A. Construction Drawings: Wiring diagram

PART 2 — PRODUCTS
2.01 MANUFACTURERS
A. Schneider Electric
2.02 PRODUCTS
A. Homeline Load Center HOM1632L200TC, single phase, indoor main lugs, ground bar included.
1. 32 branch circuits
2. 200 Amp Mains Rating
3. To view this product’s technical data, CLICK HERE
B. QO Load Center QO612L100RB, single phase, outdoor main lugs, ground bar sold separately
1. 12 branch circuits
2. 100 Amp Mains Rating

3. To view this product’s technical data, CLICK HERE

PART 3 — EXECUTION (Not Used)

END OF SECTION 26 24 16
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SECTION 26 27 00

LOW-VOLTAGE DISTRIBUTION EQUIPMENT

PART 1 - GENERAL
1.01 SUMMARY
A. Wall Receptacles
B. Switches
1.02  RELATED SECTIONS
A. 26 05 19 — Low-Voltage Electrical Power Conductors and Cables
1.03 REFERENCE STANDARDS
A. UL 2003
B. UL 943
C. UL 1472

D.CSA C22.2 184.1

PART 2 — PRODUCTS
2.01 MANUFACTURERS
A. Hubbell
B. Leviton
2.02  MATERIALS
A. Hubbell Tamper-Proof Receptacle RRD15SWTR
1. 15A/125V
2. Self-Grounding
3. To view this product’s technical data, CLICK HERE
B. Hubbell Tamper-Proof Receptacle DR20OWHITR

1. 20A/125V
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2. 3-Wire Grounding

3. To view this product’s technical data, CLICK HERE
C. Leviton Single-Pole Switch 5601-2W

1. 15A/120V

2. To view this product’s technical data, CLICK HERE
D. Leviton 3-Way Switch 5603-2W

1. 15A/120V

2. To view this product’s technical data, CLICK HERE

PART 3 — EXECUTION

3.01  INSTALLATION

A. Install in accordance with manufacturer’s instructions.

END OF SECTION 26 27 00
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SECTION 26 27 13

ELECTRICITY METERING

PART 1 - GENERAL
1.01  SECTION REQUIREMENTS
A. Submittals: Product Data and Construction Drawings.

B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified
testing agency, and marked for intended location and application.

C. Coordinate with utility companies for services and components they furnish.

PART 2 - PRODUCTS
2.01 EQUIPMENT FOR ELECTRICITY METERING BY UTILITY COMPANY
A. Meters will be furnished by utility company.
B. Current-Transformer Cabinets: Comply with requirements of electrical power utility company.
C. Meter Sockets: Comply with requirements of electrical power utility company.
D. Meter Sockets: Steady-state and short-circuit current ratings shall meet indicated circuit ratings.

E. Modular Meter Center: Factory-coordinated assembly of a main service terminal box with disconnect device,
wireways, tenant meter socket modules, and tenant feeder circuit breakers arranged in adjacent vertical
sections. Assembly shall be complete with interconnecting buses and other features as specified below:

1. Comply with requirements of utility company for meter center.
2. Housing: NEMA 250, Type 3R enclosure.
3. Minimum Short-Circuit Rating: 10,000 Amp symmetrical at rated voltage.

4. Main Disconnect Device: Circuit breaker, series-combination rated for use with downstream feeder
and branch circuit breakers.

5. Tenant Feeder Circuit Breakers: Series-combination-rated molded-case units, rated to protect circuit
breakers in downstream tenant and to house loadcenters and panelboards that have 10,000-Amp
interrupting capacity.

a. ldentification: Provide legend identifying tenant's address.

b. Physical Protection: Tamper resistant, with hasp for padlock.
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6. Meter Socket: Rating coordinated with indicated tenant feeder circuit rating.
2.02 MANUFACTURERS
A. Landis & Gyr
B. General Electric
2.03  MATERIALS
A. Landis & Gyr Meter Socket UAT-4
1. Single phase, 200A
2. OH/UG Service feeder location
3. Standard 4-jaw, ringless
4. NEMA 3R, rainproof enclosure
5. To view this product’s technical data, CLICK HERE
B. GE Singlephase Meter [-210+c
1. ANSI C12.1, C12.10, C12.20, C37.90.1 conforming
2. To view this product’s technical data, CLICK HERE
PART 3 - EXECUTION
3.01  INSTALLATION
A. Comply with equipment installation requirements in NECA 1.

B. Install equipment for utility company metering. Install raceways and equipment according to utility company's
written requirements. Provide empty conduits for metering leads and extend grounding connections as required

by utility company.

C. Install modular meter center according to NECA 400 switchboard installation requirements.

END OF SECTION 26 27 13
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SECTION 26 28 16

ENCLOSED SWITCHES AND CIRCUIT BREAKERS

PART 1 - GENERAL

1.01 SUMMARY
A. NONFUSIBLE SWITCHES

1.02  RELATED REQUIREMENTS

1.03  REFERENCE STANDARDS
A. UL98, Standard for Safety, Enclosed and Dead Front Switches. UL Listed under File E2875, or E154828.
B. NEMA Standards Publication KS1, Enclosed Switches.

C. NEMAKS 1 — Enclosed and Miscellaneous Distribution Equipment Switches (600 V maximum); National
Electric Manufacturers Association; 2001 (R2006).

D. NFPA 70 — National Electric Code; National Fire Protection Association; 2008.
1.04 SUBMITTALS

A. Construction Documents: Electrical wiring diagram.
1.05 QUALITY ASSURANCE

A. Conform to requirements of NFPA 70.

B. Manufacturer Qualifications: Company specializing in manufacturing the products specified in this section
with minimum 10 years experience.

C. Products: Listed and classified by Underwriters Laboratories Inc. as suitable for the purpose specified and
indicated.

PART 2 — PRODUCTS

2.01 MANUFACTURERS
A. Schneider Electric

2.02 COMPONENTS

A. Square D DC Disconnect Switch, model HU362RB, 3-pole, unfused.
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1. Product Data
a. Current Rating: 60 Amp
b. Voltage Rating: 600 Volt DC
c. Weight: 6 pounds
d. Dimensions: (H D W): 17.5 inch x 10.5 inch x 7.25 inch

e. To view this product’s technical data, CLICK HERE

PART 3 - EXECUTION (Not Used)

END OF SECTION 26 28 16

Published 11/23/2010

U.S. D.O.E. Solar Decathlon 2011
238416-17



SECTION 26 31 00

PHOTOVOLTAIC COLLECTOR SYSTEM

PART 1 - GENERAL
1.01 SUMMARY
A. Photovoltaic Modules, Frame, Junction Box, and Cables
B. Transition Box
1.02  RELATED SECTIONS
A. Section 26 27 17 — Equipment Wiring: Connection to facility power distribution.
B. Section 48 19 16 — Electrical Power Generation Inverters
1.03 REFERENCE STANDARDS
A. Photovoltaic modules
1. ASTM E 1799 — Standard Practice for Visual Inspections of Photovoltaic Modules.
2. UL 1703 — Flat Plate Photovoltaic Modules and Panels; 2002.
3. UL 4703 - Photovoltaic Cable.

4. |[EC 61215 — Crystalline Silicon Terrestrial Photovoltaic (PV) Modules — Design Qualification and Type
Approval; 2005; ed. 2.

5. IEC 61730 — Photovoltaic (PV) Module Safety Qualification; 2004; Class A.
6. UL Fire Safety Class C.
B. Combiner Box
1. CAN/CSA C22.2 No. 107.1-01 General Use Power Supplies; 2001.
2. CAN/CSA C22.2 No. 0.4-04 Bonding of Electrical Equipment; 2004.

3. CAN/CSA C22.2 No. 0.12-M1985 Wiring Space and Wiring Banding Space in Enclosures for Equipment
Rated 760 V or Less.

4. CAN/CSA-C22.2 No. 0-M91 General Requirements — Canadian Electrical Code, Part Il.
1.04  SUBMITTALS
A. Construction Drawings: Wiring diagram
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PART 2 — PRODUCTS
2.01 MANUFACTURERS
A. Sunpower
B. Wiley Electronics
2.02  MATERIALS
A. SunPower E19/240 Photovoltaic Modules

1. Description: 72 silicon solar cells in frame, factory assembled with junction box, series interconnection
cables, bypass diodes located in junction box; IEC 61215 compliant, UL 1703 listed.

2. Maximum System Voltage (UL): 600 Volt
3. Rated Power: 240 Watt
4. Rated MPP Voltage: 40.5 Volt
5. Rated MPP Current: 5.93 Amp
6. Open Circuit Voltage: 48.6 Volt
7. Short Circuit Current: 6.30 Amp
8. Series Fuse Rating: 20 Amp
9. To view this product’s technical data, CLICK HERE
B. Wiley Electronics ACE-2P Pass-through Box
1. Description: 2-string, unfused, with anodized aluminum mounting bracket.

2. To view this product’s technical data, CLICK HERE

PART 3 — EXECUTION
3.01  INSTALLATION
A. Install in accordance with manufacturer’s instructions.
B. Provide DC and AC lightning protection devices to protect inverter and PV modules.

C. Provide minimum clearance of 7mm (1/4 inch) between PV panels to allow for thermal expansion of the
frames.

Published 11/23/2010
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D. Note: SunPower modules are positively grounded. See installation manual for grounding requirements.

3.02  SAFETY

A. Install according to manufacturer’s handling, installation, and fire safety requirements and recommendations.

3.03  INSPECTION
A. Provide the services of manufacturer-training personnel to inspect and commission the system:

1. Energy Efficiency: Verify equipment is properly installed, connected, and adjusted. Verify that
equipment is operating as specified.

2. Renewable Energy: Verify proper operation in all modes of system operation by testing. Verify proper
operation under a wide range of conditions to verify energy delivery as calculated for those conditions.

a. Solar Energy Systems: Comply with ASTM E1799 — Standard Practice for Visual Inspections of
Photovoltaic Modules.

END OF SECTION 26 31 00
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SECTION 26 51 00

INTERIOR LIGHTING

PART 1 - GENERAL
1.01  SECTION INCLUDES
A. LED LIGHTING
B. FLUORESCENT
1.02  RELATED REQUIREMENTS
A. 26 06 50 Schedules for Lighting
1.03 REFERENCE STANDARDS
A. UL listed, ETL listed
1.04 SUBMITTALS

A. Product Data

PART 2 — PRODUCTS
2.01 LED
A. BKSSL
1. BQL-LED-E22-WHP-D, SL Brickstar Louvered 8 watt, e22 lamp, 2 Fixtures
B. USAI
1. 3140-10-S-LSTA4-8420-C1-20W-30-30-NC-120-DIML3, R1 BevelLED Adjustable 40 degree, 5 Fixtures
C. ALKCO
1. ARIS-21-40-120-PRL-HWC/AJC6, L1 LED Task Light, 4 Fixtures
2. ARIS 41-40-120-PRL-HWC/AJC6, L2 LED Task Lamp, 1 Fixture
D. Amerlux
1. CNTRV22-12-LED-E—WT-C-120-NF-3000-DIM, R3 Canopy, 4 Fixtures

E. Insight
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1. 3140-10-S-LSTA4-8420-C1-20W-30-30-NC-120-DIML3, R1 BevelED Adjustable 40 degree, 4 Fixtures
F. Philips

1. PWO01L30SAU-LED-6W-3000K-120+SGO02L, S1 Wall Mount, 2 Fixtures

2.02  FLUORESCENT
A. ADA
1. CSS2030-1-FC12T9-32W / 835-14, 1/2 inch to 3 inch, S2, 1 Fixture
B. ALKO

1. TAB125-ASY-120-BA/AL-CL+LS, F1 Surface Mount, 8 Fixtures

PART 3 — EXECUTION (Not Used)

END OF SECTION 26 51 00
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SECTION 26 56 00

EXTERIOR LIGHTING

PART 1 - GENERAL
1.01  SECTION INCLUDES

A. Exterior House Lighting

1.02  RELATED REQUIREMENTS
A. 26 06 50 Schedules for Lighting
1.03 REFERENCE STANDARDS

A.UL listing

1.04 SUBMITTALS (Not Used)

PART 2 — PRODUCTS
2.01 HOUSE LIGHTING
A. Lumiere
1. 904-12WLEDN-3000K-12-BK-NBR, T2 Canopy, 9 Fixtures

2.213-12WLEDW-3000K-12-BK-NBR, T1 Canopy, 2 Fixtures

PART 3 — EXECUTION (Not Used)

END OF SECTION 26 56 00
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DIVISION 27 - COMMUNICATIONS

SECTION 27 21 00
DATA COMMUNICATION NETWORK EQUIPMENT

PART 1 - GENERAL

1.01  SECTION INCLUDES

A. DATA LOGGING EQUIPMENT
B. RELATED SYSTEMS

1.02 RELATED REQUIREMENTS
1.03 REFERENCE STANDARDS
A. NFPA 70, Article 100, 2008 NEC
1.04 SUBMITTALS
A. Product datasheets
PART 2 — PRODUCTS
2.01  Manufacturers
A. Powerhouse Dynamics
B. Solectria Renewables
2.02  Dataloggers
A. eMonitoring System for energy consumption monitoring and logging.
B. Solrenview for PV production monitoring and logging, with revenue grade and weather station options.
C. For technical data on these products, CLICK HERE.
PART 3 — EXECUTION
3.01 INSTALLATION

A. Comply with product installation manual and related NEC codes
B. Connect the device to all the monitored sensors and systems

END OF SECTION 27 21 00
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SECTION 27 21 33
DATA COMMUNICATION WIRELESS ACCESS POINTS

PART 1 - GENERAL

1.01  SECTION INCLUDES

A. WIRED DATA CONNECTIVITY EQUIPMENT
B. WIRELESS DATA CONNECTIVITY EQUIPMENT

1.02  RELATED REQUIREMENTS

A. Data communication modem and switch

1.03  REFERENCE STANDARDS

1.04 SUBMITTALS

PART 2 — PRODUCTS

2.01 Manufacturer

A. DLink

2.02 DIR-632 8 Port Wireless n Router

A. 802.3z, 10/100/1000 Mbps wired network access
B. 802.11n, for wireless standard
C. For datasheet on this product, CLICK HERE.

PART 3 — EXECUTION

3.01  INSTALLATION
A. Comply with product installation manual and related NEC codes
B. Service is used by all the devices connect to the Ethernet port and WIFI

END OF SECTION 27 21 33
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SECTION 27 22 26

DATA COMMUNICATION LAPTOP

PART 1 — GENERAL

1.01  SECTION INCLUDES

A. PERSONAL COMPUTER

1.02  RELATED REQUIREMENTS

REFERENCE STANDARDS

A. Electrical Components, Devices and Accessories Listed and labeled as defined in NFPA 70, Article 100

1.04 SUBMITTALS

A. Product datasheet: Manufacture specification sheets for all the products listed under products

PART 2 — PRODUCTS

2.01 Manufactures
A. Hewlett-Packard
2.02 Laptop
A. HP Pavilion dv7 Notebook PC

B. To view this product’s datasheet, CLICK HERE.

PART 3 — EXECUTION

3.01  INSTALLATION
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A. Comply with product installation manual and related NEC codes

B. Connect the device to the communication network device

END OF SECTION 27 22 26
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DIVISION 28 — ELECTRONIC SAFETY AND SECURITY

SECTION 28 31 46
SMOKE DECTION SENSORS

PART 1 - GENERAL

1.01  SECTION INCLUDES

A. Smoke detectors

1.02  RELATED SECTIONS

A. 27 15 00 COMMUNICATIONS HORIZONTAL CABLING

1.03  REFERENCE STANDARDS

A. UL 268, National Fire Alarm Code, NFPA 72, Article 760 NEC

1.04 SUBMITTALS

PART 2 — PRODUCTS

2.01  ALARM-INITIATING DEVICES

A. Kidde Firex i5000 Smoke detectors: UL-listed, 120 - Vac with 9-Vdc back-up, ionization type, hardwired.

1. For this product’s technical data, CLICK HERE.

2.02  NOTIFICATION APPLIANCES

A. Built-in piezoelectric horn rated at 85 decibels at 10 feet.

Published 03/22/2011
U.S. D.O.E. Solar Decathlon 2011
283100-1


http://www.kidde.com/utcfs/Templates/Pages/Template-53/0,8062,pageId%3D4363%26siteId%3D384,00.html�

2.03  WIRE AND CABLING
A. General: UL listed and labeled as complying with NFPA 70, Article 760.
B. Signaling Line Circuits: Twisted, shielded pair, size as recommended by system manufacturer.
C. Non-Power-Limited Circuits: Solid-copper conductors with 600-V rated, 75 deg C, color-coded insulation.
1. Low-voltage Circuits: No. 16 AWG, minimum.

2. Line-Voltage Circuits: No. 12 AWG, minimum.

PART 3 EXECUTION

3.1 INSTALLATION
A. Install and test systems per manufacturer's instructions, NFPA 72 and NEC Article 760.
B. Wiring Method: Install wiring interior to walls and ceilings as indicated in schematics.

C. Wire all alarms to a single, continuous (non-switched) power line, not protected by a ground fault interrupter.

END OF SECTION 28 31 46
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SECTION 28 31 49
CARBON MONOXIDE DETECTION SENSORS

PART 1 — GENERAL

1.01  SECTION INCLUDES

A. Carbon monoxide detector

1.02  RELATED SECTIONS

A. 27 15 00 COMMUNICATIONS HORIZONTAL CABLING

1.03  REFERENCE STANDARDS

A. UL 268, National Fire Alarm Code, NFPA 72, Article 760 NEC

1.04 SUBMITTALS

PART 2 — PRODUCTS

2.01  ALARM-INITIATING DEVICES
A. First Alert CO5120BN Carbon Monoxide Alarm

1. For this product’s technical data, CLICK HERE.

2.02  NOTIFICATION APPLIANCES

A. Built-in piezoelectric horn rated at 85 decibels at 10 feet.

2.03  WIRE AND CABLING

A. General: UL listed and labeled as complying with NFPA 70, Article 760.
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B. Signaling Line Circuits: Twisted, shielded pair, size as recommended by system manufacturer.
C. Non-Power-Limited Circuits: Solid-copper conductors with 600-V rated, 75 deg C, color-coded insulation.
1. Low-voltage Circuits: No. 16 AWG, minimum.

2. Line-Voltage Circuits: No. 12 AWG, minimum.

PART 3 EXECUTION

3.1 INSTALLATION
A. Install and test systems per manufacturer's instructions, NFPA 72 and NEC Article 760.
B. Wiring Method: Install wiring interior to walls and ceilings as indicated in schematics.

C. Wire all alarms to a single, continuous (non-switched) power line, not protected by a ground fault interrupter.

END OF SECTION 28 31 49
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DIVISION 31 — EARTHWORK

SECTION 31 05 00
SOILS FOR EARTHWORK

PART 1 - GENERAL

1.01  SECTION INCLUDES

A. Sand for Temporary Footings

1.02  RELATED SECTIONS

A. 02 05 19.13 Geotextiles for Existing Conditions
B. 05 50 00 Metal Fabrications

1.03  REFERENCE STANDARDS

1.04 SUBMITTALS

PART 2 — PRODUCTS

A. Quikrete 50 pound All Purpose Sand

PART 3 — EXECUTION

END OF SECTION 31 05 00
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DIVISION 32 — EXTERIOR IMPROVEMENTS

SECTION 32 90 00
PLANTING

PART 1 - GENERAL

1.01  SECTION INCLUDES

A. Plants
B. Planters

1.02  RELATED REQUIREMENTS

A. 32 06 90 Schedules for Planting
B. 26 56 00 Exterior Lighting

1.03  REFERENCE STANDARDS

1.04 SUBMITTALS

A. Care and Maintenance Instructions

PART 2 — PRODUCTS

2.01  PLANTS

A. Blue Sedge
B. Feather Reed Grass
C. Maiden Pink

2.02  PLANTERS

A. Custom, mobile style to be determined

U.S. D.O.E. Solar Decathlon 2011
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PART 3 — EXECUTION

3.01 INSTALL

A. Furnish appropriate soil and nutrient mixtures for plantings

END OF SECTION 32 90 00
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DIVISION 48 — ELECTRICAL POWER GENERATION

SECTION 48 19 16

ELECTRICAL POWER GENERATION INVERTERS

PART 1 - GENERAL

1.01

1.02

1.03

1.04

1.05

SECTION INCLUDES

A. Photovoltaic inverter system

RELATED SECTIONS

A. Section 26 31 00 — Photovoltaic Generation

REFERENCE STANDARDS

A. UL 1741 — Inverters, Converters, Controllers and Interconnection System Equipment for use with Distributed

Energy Resources; 2007.
SUBMITTALS

A. Electrical wiring diagram.
QUALITY ASSURANCE

A. Conform to requirements of NFPA 70.

B. Manufacturer Qualifications: Company specializing in manufacturing the products specified in this section

with minimum 10 years experience.

C. Products: Listed and classified by Underwriters Laboratories Inc. as suitable for the purpose specified and

indicated.

PART 2 — PRODUCTS

2.01

2.02

MANUFACTURERS

A. Solectria Renewables

COMPONENTS

A. Solectria inverter model PVI 4000

U.S. D.O.E. Solar Decathlon 2011
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1. Product Data

a. DC Specifications
1. Continuous Power: 4100 Watt
2. Recommended Maximum PV Array Power, STC rating: 4900 Watt DC
3. Maximum Input Voltage: 600 Volt
4. Maximum Input Current: 20 Amp

b. AC Specifications
1. Continuous Power: 3900 Watt
2. Nominal Voltage: 240/208 Volt
3. Continuous Current (Max.): 16.5 Amp
4. Frequency: 60 Hz; £1 percent
5. Distortion Factor (THD): <3 percent
6. Maximum Efficiency: 96.7 percent

¢. Mechanical Specifications
1. Aluminum housing, NEMA 3R, rainproof enclosure.
2. Dimensions (L W H): 28.8 inch x 17.75 inch x 6.75 inch
3. Weight: 50.7 pounds
4. Ambient Temperature Range (full power operation): —-13 degrees F to +131 degrees F

d. To view this product’s technical data, CLICK HERE

PART 3 — EXECUTION
3.01 INSTALLATION
A. Provide fire-resistive plywood backing as necessary to support the power conditioning unit.

B. Solectria Installation Manual: PVI4000 Installation Manual

END OF SECTION 48 19 16
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Appendix Product Data Sheets

Division 11 — Residential Appliances

Refrigerator/Freezer

mirlpbor Whirlpool Gold® Resource Saver™ ENERGY
- STAR® Qualified 192 cu. ft. Bottom Mount

Refrigerator
GESFHDXWS Write the first review

why you'll love it...

Built-in Sensors Inside Help Keep Conditions
Cool and Your Food Fresh

food fresh and cold.

Adustable Storage Gives You Flexibility and
Adaptability
Arrange your fresh and frozen food exactly how you want it.

find what you need.

Resource Saver™ Refrigerator

| _ @This Resource Saver™ bottom mount refrigerator exceeds the
minimum federal energy standard by 50% and wses less energy

each year than a G0-watt light bulb.

Smart, built-in sensors enabled by Gth 32nse™ technology do the
thinking for you and adjust conditions inside helping keep your

Adjustable door bins, slide-out shelves, and more make it easy to

specifications...

Energy and Eco-Friendly
Eneragy Star® Qualified: Yes

Style and Extras
Lighting: 1 - 40 Watt Blue Refrigerator Pantry Door: 13"

Standard

Shelves: Spillproof
lcemaker Type: Factory Installed  Control Type: Electronic 1-7

Capacity
Total Capacity: 18.5 Cu. Ft. Refrigerator Capacity: 12.9 Cu. Ft. Freezer Capacity: 5.6 Cu. Ft.
Dimensions
Depth: 33 3/8 Depth Closed Including Handles:  Depth Radius: 59
33 3/8 Width: 20 5/8
Height To Top Of Cabinet: 65 1/2 Height: 66 15/16

Published 03/22/2011

U.S. D.O.E. Solar Decathlon 2011

329000-5



Description  Specifications

Description
18,5 Cu, Ft Bottom Freezer Refrigerator (Color: Stainless Steel) ENERG Y STAR

ENERGY STARE qualified

Electronic temperature controls: easily navigate with just a touch to instantly adjust refrigerator and freezer temperatures

Factary installzd automatic ice maker

Freezer light illuminates the freezer compartment for easier access to all wour frazen items

Lenwar wira freezer baskst

Smaoth daar finish

Reversible door swing allows door swing ta be changed to accommodate user praference

Resource Saver ™ refrigerator exceeds the minimum federal energy stancard by S0% and uses less enargy sach year than a

Gi-watt lght bulp

Adaptive Defrost System (ADS): depending upon wsage, ADS models can have fewer defrosts, 2aving energy and

presening food more efficisrtly

Accu-Chill ™ Temperature Managemert System

Humidity-controlled crispers helps yau preserve the freshness of your favarite fruits and vegetables with cortrolled humidity

levels in the cear, extra-desp crisper

Half-width adjustable slide-out shebhves

» Adjustable door bins (1 gallon size) give you the flaxibility to store beverages anywhere in the refrigerator door by maving
bans where and when you need them

= Drawer freezer door: generous storage baskets in the drawer shde out for easy access to itlems in the back

Upper shide-out freezer basket makes it even easier to quickly spat and grab what youre locking for

@ @ & @ @ & & @

&

&

Specifications

Appliance ColonFinish Stainless CEE Tier Cualified CEE Tier
slael 1}

Dz pereer Options HiA Height to Top of Case (Inches) 655

Child Safaty Locks Mo Height to Tap of Daor Hinge (Inches) 66.9375

Veater Filter Indicator Mo Width (Inchas) 20,625

Daot Alarm Mo Depth (Including Handles) (Inches) 33,375

Dispersar Light Ho Freszer Capacity {Cu, Fast) 56

Ice Maker Single Cepth (Excluding Handles) (Inches) 30,875

Space-Saving In-Door Iee Mo Depth (Less Door] {Inches) 28.125

At Filtration No Depth with Door Gpen (Inches) 59.0
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Dual Evaparator Cooling System
Refrigerator Intenor Lighting
Owverall Capacity (Cu. Feat)
Electronic Temparature Condrol
Shell Optons

Tarmperature Cantrolled Drawer
Snack/Dek Drawer

Pantry Drawer

Dot Shealvas

Gallen Daar Storage
Hurridity-Contralkad Crispers
Fraezer Doar Bins

Fraezer Doar Shelves
Refrigerator Capacity (Cu, Fast)
Freezer Baskets

Fraezer Shelves

Fraezer Doar Style

Frast-Fres
EMNERGY STAR Cualified

U.S. D.O.E. Solar Decathlon 2011

Incandescant
18.5
fes

Glass
shalves

Wias
el

30
Yes

Puillout
Urave

es

Yes

Cabiret Calor
Daar Handle(s) Color

Manufacturer Calas/Firish

Toe Grille Color

Reversibie Door

Cuziom Door Kit Compatible
Lowe's Exclusive

Daar Fines b

Manufacturer's Warranty (Labor)

TANUALIUN S LY (P s)

rbar Firich Farhy

C5A Safety Listing
ETL Safety Listing
UL Safety Listing
Daor Style

Hedden Hings
Handle Ty pa
Waiter Filtration

Black

Stainless
stee|

Stainless
steel

Black

Smacth
Lirted
1-year
Lt
1-year
Staal
Stainless

e

Mo

Yes

Flat

e
Stardard
e
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PERFORMANCE DATA SHEETS

This

Interior Water Filiration System
Model UKFS001AXX-T50 Capacity 750 Gallons (2839 Liters)
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Dishwasher

Fisher&Paykel

Dishwashing

Single DishDrawer®

DD24SCX6V2 EZKleen Stainless Steel Single

Key Features

» Flow through detergent dispenser

» Folding tines

» Key lock and child lock option

» Three stage flood protection
Dimensions

H163/32xW 23916 x D 22 7116

Product Info

We imagined the ideal dishwasher...and the concept of the DishDrawer was bom. Years of research and refinement have
created an appliance that offers a compelling blend of form and function. Each drawer is independently operated, allowing you
to wash small loads as economically as large ones. DishDrawer lets you match the wash programme to the contents, so

dishes are better cared for.

Finishes

Lol N T S SR IO RVETE Tl Are you a developer? Try out the HTML to FDF AP
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.] EZKleen Stainless Steel

Consumption Data

Energy RatingENERGY STAR rated

Features

Quiet operation

Performance Features

163° F temperature in final nnse

Choice of wash programmes9

Economical eco option

Flow through detergent dispenser

Heating element in each drawer

Rinse aid dispenser

Uses as little as 1.95 gallons of water per drawer

Usability Features

Accomodates long stemmed wine glasses

Easy to use, pimary and secondary (concealed) control panels with single touch programming

End of cycle beeps

Energy saving, delay start option - up to 12 hours
Flexible racking system

Flood protection built in

Folding tines

Fully adjustable racking system

Holds 6 place settings

Holds plates up to 11 1/2 inches

Intelligent load sensing for optimum performance
Key lock and child lock option

Rinse aid indicator light

Self diagnostics for senicing

LR TSRO RN Are you a developer? Try out the HTML to PDF AP|
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« Smart Dnve intelligent technology
& Three stage flood protection
+« Wash progress and time remaining display

Warranty
» 1 year parts & labor warranty

Wash Programmes

Delicate
Delicate Eco
Fast

Fast Eco
Heawy
Heaw Eco
MNormal
Normal Eco
Rinse

Dimensions

A- Overall Height of product16 3/32
B- Overall Width of Product23 9/16
C- Owerall Depth of Product22 7716
D- Depth of Draw (open)20 1/2

Contact Details

Fisher & Paykel Appliances Inc.
5900 Skylab Road

Huntington Beach CA 92647
USA

Phone: 1.888.936.7872
Fax: 1.800.547.1971

open in browser PRO version L3N per? Try out the HTML io PDF AP pdfcrowd.com

Continued on next page..
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Description

2% Bulnch Dravwar Diskraacher (Cadar Stainless Stesd) EMERGY STAR

= Singls drawer offers perfect ergonomics - ng2 more bending

» [Mne cycles for every washng nesd

s Supenor washing performance inconporates the world's first fiow through detergent dispenser detergent burn so your dishes
last langer

# The drawer is a carbon impregnated polymer tub which is seamless, stain resistant, and odor resistant

Specifications
Lowe's Bxclusive ko Rinsa and Hold Cycle (i)
Removable Top Rack iz The first
deshwwasher
Fald-Down Tines Lowerrack with
by i
variakle
Removable Silverwvare Bashket Hes water
Silverware Basket Cowers Mo eSS
"Secruk”
Stemare Helder e Uninue or Exclusive Gy slean on
Alr Dry eE the heavy
Automatc Temperaiure Control Yes dufly and
wash
Direct Feed es genlly on
Murmbes af Drawers 10 the
Hi-Tetmg Wash Option Mo E‘“"Ic“f’
cycle
MEF Cartified Sandization Oplicn Mo
) Mumber of Cycles x|
Salf-Cleaning Fiter Ho
Humber of Wash Levels 14
Steam Option ko
FMurrbes of AHAM Flace Settings 5.0
Targeted Scouring Module iz
Sound Rating (Dacgitels) 475
Targeted Silverware Wash Module i
Cyale Stalues Lights s
The worlds
firet Rinse Aid Disparser Indicalon s
varalds Control Panel Color Stainlese
s Control Panel Style Hidden
e CEE Tier Cualified CEE Tier |
er ler
Wash System andfiaw
through Contral Type Electronic
detergent
ok ar Custom Doar Panel Color Pl
and 163 F Custom Doar Panels 5]
sankizing Tuk: Hesght Standard
temparatura
Height {Inches) 161

Published 03/22/2011
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Wash System Type Direct feed Width (Inches) 236

Water Filtration Mo Depth - Door Shut (w/ Handle) {Inches} 241
Control Lock/Child Lock Yes Depth - Door Shut (w/o Handle) (Inches) 241
Manufacturer Color/Finish g:awllless Depth with Door Open {Inches) 441

ee Fill and Drain Hose Included Yes
Hard Food Disposer or Filtration Fittration Rack Material Bye
iabiand s e Power Cord Included ves
Aayerzes] Senaer Wiy bpa o Manufacturer's Warranty (Labor} Full 1-year
Bentis ash.eyols Yes Manufacturer's Warranty (Parts) Full 1-year
Heated/Hi-Temp Dry [RL] Steel-

lariFini il
Heavy/Pots and Pans Cyole Yes o ineh. Ay Stainless
MNormal Cycle Yes ETL Safety Listing No
Pre-Soak Cycle Mo CSA Safety Listing No
Quick Rinse Cycle Yes UL Safety Listing Yes
Quick Wash Cycle Yes Tub Material G;rag:_
ENERGY STAR Qualffied Yes PSS
Adjustable Upper Rack No
Culinary
Rack Options and utility
racks

TO GO BACK, CLICK HERE
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Cooktop

NET5054UC

200 Series
307 Stainless Steel Electric Cooktop with Touch Control

ics BOSCH

« ‘Gleek Towch Control Panel Offers a Choice of 17 Settings for
Unprecedented Control. Features PreciseSelect™: Towch
‘Conirois with Direct Cocling Selection.

« [Front and Back Stainiess Stesl Strip for 3 Premium Look

Performance

» Bridge Element Accomodates Oblong Pans and Multiple Diameter Stzad
Cookware

» Dual Blement Offers ihe Capabillty to uss Mulbipie Pan Stzes

Convenlence

» Clean Lock - Pravents Unwanted Changing of Settings while Cleaning
Spll-Overs.

= Keep Warm function allows meals to remaln ready to serve

sarety
» 3-Leval Heat Indicator - Wams It Cooktop |5 Wamm or Hot

+ ChildLock - Prevents e Cookiop from Being Accldentially Switched on.
Locks Temperature Settings If in Use.

m.ﬂI'*.ﬂﬂMmmmhm“mnmmﬁn“mﬂmﬁmﬂwﬂn
e final protuct

Hmmdm-mu“whm

wsTanEy Caf O Yo iy eonlicL Ut Scounl maniged tof Rifther detalls.

Fook i ntlre Wk of g @ il 15008442804,
Copyright GIN BEH Home Appliances Corsorton. All Aghts resanved. Busch b o registere nasemark of Robert Bosch GmisH.

it Dte: DAC00H

W ®
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NETS3054UC
200 Series

307 Stainless Steel Electric Cooktop with Touch Control

Features
. - Sealed Bumers No
l;{ ‘Bumers with boosier
A Type of grate
'Nafural (Gas Connection Rating (BTU)
[P Gas Connecton Rabing (BTU]
Dimengion of 15t heating element gnj T
POWET of 151 heaing slement (kW) 18,4
Power of 15 bumer (BTU)
Dimengion of 2nd heating element gn) T
'POWET of 2nd healing elament (kW) [F]
Power of 2nd bumer (BTU)
Dimension of id heatng element i)
'POWET of 3rd heating lement (kW) 11.25
Power of 3rd bumer (BTU)
Dimension of &1 Nealing slement jn] Ei
Power of 41h heating element (kW) 12
Power of 4ih bumer
Dimension of 5ih ealing siement jn] &
Power of Sih heating element (kW)
Power of Sih Dmer ([BTU]
'Dimengion of 6ih Neating sement grj
Technical Specification
UPC come B25225867623
Main color of product Black
[Energy source Eleciric
Gasfype
= ‘Aniemative gas fype
ST Convn ey, NS85 (W) 700
Curment (A) 32
Volls (V) 24208
Frequency (i) El
Approval certficates CuL
'POWET CONd lengin @n)
Plug fype Na piug
Required cLiout size (HXWxD) i) 4727 g X 20"
Minimum dstancs froem courter fromt jn) 21
distance from rear wall fnj Fa
‘Cwerall appliance TR ] T +4 %31 X 21 1d
‘Proguct p: "dIMEnEIons (HEWD) in] 7.67 X 24.21 X 37.40
Net welght (ibe) 30
Giniss welght (Ibs] 35
Motwa: Al haight, wiSth and depth dimenaions ar shown in inche. *Fess refe b instalaton imstructions: prict b meking cutoul BSH resarves B atnoiuis and unsestscied sght i
changs product matsrals end specifications, St any Bae, Withoul notics. Conaull e progucTs Bt
wartanty can be Fundn a o you iy pour eocount manage: %or Rurther detaila.
For man entire line of o L el 1-500-044-2904.
Comyighl E2008 BSH Home Apollances CorporBon. All dghts seaanved. Bosch b a reghalered trademarh of Fober? Bosch GmbH.
[T

TO GO BACK, CLICK HERE

U.S. D.O.E. Solar Decathlon 2011

W ®

Published 03/22/2011

329000-15



Microwave/Convection Oven Combo

ZSC1201NSS/ZSC1202NSS
GE Monogram® Built-In Advantium® 120 Oven

Features and Benefits

» Remarkable Versatility - Multiple cooking options. |22 i K
create four ovens in cne—Speedcook, True 4;
European comvection, sensor microwave and :
warming ovens—to bake, broil, brown, roast and — ai//%;
warm and proof foods %

= Speadcook Technology - Halogen light system
combines with microwaves and speedcooks your

fovorite foods to delicious perfection in minutes, . /
with no preheating -

« Powerful F'grfonnunu:e— Oven-quality fucds cook ////////////////ﬁ%
up to four times faster than a conventional oven,
with no preheating reguired

= Spacious Interior - Large 1.7-cu-ft rounded Integrated
oven cavity with 16" turntable allow full and
continual rotation of a 9" x 13" casserole dish;
removable oven rack offers the convenience of
multi-level cooking

« Installotion Flexibility - Ovens can be installed
in 30" wall cabinet and can also be installed
below o countertop or below a GE Monogram
electric rodiont or gas-on-glass cooktop—models
ZEU3ER, ZEUZ0R and ZEUZ6K

=« Sophisticated Styling - Integrated models make
a singular architectural impression with sleek,
horizontal ines set off by a tubular handle and
stainless steel control knob

« Professional Stling - Professional models exude ]
power with a premium-grode stainless steel Professional
exterior, Chamfered edges and a die-cast
control knob

« Model Z5C1201N55 - Integrated stainless steel

= Model Z5C1202N55 - Professional stainless steel

= Optional Accessory Storage Drower - ZX2201N55
[for use with ZSC1201M55 only]

FOT QnNSwWers (o your Monogram:® GE Profle™ or
GE® gppliance questions, vish our webske ot
Qe.com or coll GE Answer Center® service,
BO0E2E.2000.

% imagination ot work

Specificotion Created 11,08 130316

Continued on next page
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ZSC1201NSS/ZSC1202NSS
GE Monogram® Built-In Advantium® 120 Oven

Dimensions and Installation Infiormation (in inches)
Installation Flexibility

The Monogrom Advantium 120 bullt-In oven con be Installed
directly Into awall, or a 30" wide wall oven cobinet.

Install [ olong, with a woll ven, 0 MICTOWEVE OVen or
WOrming arower.
= This oven may be Installied below 0 CooKEDD O Dalow
O Coumtertop
= Two Advantium 120 owvens may be Installed slide-Dy-side
= Twio Advantium 120 owvens may be Installed, stocked, one
over the other

Alays refer to each speciic product Instaliotion Instructions
far detalls.

Blectrical Requirements

Product roting Is 120-vaolt, 60 Hz, 15 amp cincut and drows 29-1/2"
L8 Kliowatts. It must be connectad to 0 supply drcult of tha Becossad
proper votboge ond frequency and protected by a time-delay Depth

fuse or circult breaker.

= AN Advantium 120 oven Instalied In combination with any
other oppliance must be suppiied with separote electrical =l |
connections. W=l | 22-1/4"

Installation Information — before Instaling, consult
Instaliotions Instructions packed with the product and with opticnal storoge
avaliabie on-line ot WwWW.monogram.com far current drower ZX2201N55
dimensional date.

Installation Delow a 30" or 367 cooktop 1472 Min.
This Advantulm 120V oven con be Instalied below o
countertop or beneath a 30 or 36" GE Monogram
glactric rodiant or gos-on-gioss cooktop.

Modals Include ZEU3ER, ZEU3OR ond ZEU3EK. ; e
Install the oven In a 36" or wider Dase capines. . Conmtirtiy

FOF ONSWES f0 your Monognam:® GE Profie™ ar

GE® oppliance questions, vist our websks ot Note: The oven IS only approved

geucom or call GE Answer Center® sendoe, . o be Insiallad under tha speciiic

BODE2E.2000. 4 High models labaled on ihe unit.
hmxf’

@ E
Undarwriars

¥ imagination ot work

b

Specification Created 11/08 130316
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Range Hood

SPECIFICATION SHEET

41000 SERIES
TWO-SPEED

NON-DUCTED
RANGE HOOD

Broan's most economical non-ducted hood with
filtration of airborne cooking contaminants.

FEATURES

» Rocker-type fan and light switches

* Polyrmeric biade and light lens (accepts up to TSW bulb)

» Mon-ducted filter — effective non-ducted filration system
Memowes Smoke and odors

* Mitered sides and hemmed bottom for safety and good
IDoks

» Contemporary styling in White, Almond, Black and
Stainkess Steel

* Availabie in 247, 307, 367, and 42 widths

» Special Order Size: 21°

SPECIFICATIONS
VOLTS AMPS RPM
120 20 2850

TYPICAL SPECIFICATION
Range hood shall be Broan Mooel 41000.
Unit shall be non-gucted and have a non-ducted fitter.

Maotor to be permanently ubricated. APM not to exceed
2850,

Unit shall have a two-speed fan switch and separate light
swilch.

Sides shall be mitered and botiom edge hemmed —

with no sharp edges.

Unit shall be LI.L. listed.

Broan-HuTone LLC, 826 West State Street. Hartford, Wisconsin 53027 (1-800-837-1453)

REFERENCE QY. REMARKS

Project

Location

Architect

Engineer

Contractor

Submitted by Date

S0H 98041055K

TO GO BACK, CLICK HERE
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Washer/Dryer Combo

WM3455HW @LaG
WM3455HS e Good

Front Load Carmpact Washen/Dinper Combe:

HIGHLIGHTS

Vantless Condensing Dryer
SansaClean™

LoDecksl™ Guist Operation

FEATURES

27 cuft Capactty {IEC)

Direct Driva Motar (10 year Wasranhy]
1200 RPM
LoDecibal™ Cuset Oparation
Highly Energy and Water Efficiant
SensaClaan™

9 'Washing Cycles

& Dinping Cycles

E Temparatura Lavals

Sanitary Cycle

Delay Wash jup to 19 hours)

Elactronic Contral Panal
with LED Display and Dial-A-Cycle™

Chrama Rimmad Door with Glass
Weniless Condensing Drying System

IS IT A WASHER?
OR SOMETHING BETTER?

L&'s all- n-ongwasher and dryer comba does it all in jusi ona machine it's geeat for thasa
wihowant fo ba able fo do laundry at home but do not hawa an echemal vaniing sounce which
comventional dryers require. Parfect for homes, aparsments, businesses and vacation harmes
wihara space swaluable

Awailable colors:

(I White i siver

Continued on next page
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WM3455HW
WM3455HS

Front Load Compact W ashes/Dryer Combo

OLe,

CAPEEITY WARRANTY
Capacity® ECTTeuft Vnar Parta e Lubcr,
APPEARARCE 0 Fiamen Ao, Lifwsiens on D
[T — Front Conteal UPC CODES
Irfimbigent Elactroniz Canfrob WSS Combo Wanter & Drper - Witine [ ra gl )
with LED) Chiagary - WWRIREEHS  Combo Wasber & Drper - Shee O4EI omaaT
DoA™ -
ENEROY
Ermegy Str Comphant -
WASHIDRY PROCAAME
9 Wt Czlan CottonMormal, Perm. Press, Debcsies,
FFand WasktyWioal, Drein & Sgin,
Bty Wiwer, Spmed Winsh, Santary,
Bulkcp/Lags
B Dy Cyclen Spemd Dry, Sanitary, Cottonhormal,
Purm. Prasa, Saby Weer, Drein & Spin
B Wamtiflinas Tempe Extn HoyCold, HotiCold,
WarmiWWarm, WarmyCold, ColdfCold
Spin Speads Exten High { T300 muxl, High,
Mdwdiom, Low, Mo Spn
Mo of Winter Laresis Autornutionby wdjunta ko sire of load
9 Opbona Prewush, Extrs finas, Stan Cych,
Firam & Spin, Weisr Plus, Tub Clean,
Chwlary Winnt: g 10 10 bseral,
Child Lock , Cusiom Program
FABRIC CARE FEATURES
“éantass Conmraing Drpng System -
Larawliman™ Syxiem -
Smran: Dry -
COMYENIENCE FEATURES
A Trary Drapanssr Prowush, Wan Wash, Sotiener
LoDwcital™ Cuint Opsrtion -
End of Cyzle Besper -
Child Lock -
Barin Sachs Famanl -
Foroed Drmn System -
Statun Indicatoris) -
vl Whintnr Haster [1000W) -
Lawwing Laga 4 Adjuntabia Laga
MO TOR AND AOITATOR
Bdoicr Trpa Cermct Direw biotor
Bdotor Spmed ‘urinble
Axm Horizontal
MATERIALE AND FINISHES
Pevafleat™ Stmniexs Stesl Drom -
Catinet Paintms Sasl
Corinl Parsl Plantic
Top Pats LPWi Board
Traraparent Deor Glesa -
Dt Bim Chroma
Aovmilmtla Colora \Wiite (], Sikeer (5] Controd Panel
FOWER SOURCE
Farirga LA Lates
Elactrical Rguismants | Typs 120V, 12 Ampa | Bactic
DIVE HEIONS
Product (WD Fr -t
(4571 with door cpanl
Carton (Wi Dy 5% 35 30" 2T 3"
Waight- Froduct | Shipping 1D b [ 168 .
wew. LG.com Daranucns ard waghts an appraomare. Doecr, feshoes and specfiarion
mabsgact e chargs wibout nesoe,
L= Elactronics IULEA | Inc. @ 2070 LG Blectronics LISA, nc. Al rights neserved, LG Life's Good" e
o e o mnum Englewood Ciffa, M regtered] tdermark of LG Corp A 0 ot product snd brend names s

oo

U.S. D.O.E. Solar Decathlon 2011
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Television

Specifications

Pawer Source T 110137 . 60 Ha
il 7 | maxinum 130W 137 W
= 8 | Siandby condisian a3aw LER
L]
o | Asgeci Rata 164
- [T - A7 cipes |AT O fnchas mas wred daganaly) |47 ¢iaes |47 0 nchasmastumd dagonaty)
= . 3277« 181" 370" AGET %M 6k 4207
-E {W x H = Disgonal] 1818 = S50 mm = 540 mm | 1A30 mm = 523 mm = 1 067 mm
B | (Mo of pixsis) 2073 6001 920 (W) <1 OBO{HY 5760 = 1080 dots]
LR Py 1-mity 2 &pankacs Som under SP Systam
E Audia Quipul 20W [10W + 10W] {10 % THD}
WA, EVGA, KA, WRGH, KA
PC signais Ha e &can g Tagquanty 31 - 61 kHe
Vel scann g Iwgquency H{l B He
?ﬁ%mﬂmﬂg] VHFJ UHF 2-89, 0TV 1-135
Tamparatura A7 °F - @5 "F |0 "0 - 35°0)
Oparsling Condifions Humdy 20 % — 80 % RH |non-condansng
VINFD ROAPIM Typa < 1 10 Wpp] |75 O
VIS0 M 1-2 AURID L-R ROAPIN Typa 2 05V jims]
¥ 1.0 ¥ o p| {mcludng synchroneatan|
£ | COMPOMENT M Fu_Fr 035V [oal
3 ALUDIDL & RCARM Type = 2 0.5 W mma|
H T¥ FE A Connector s 3
i How 13 & This TV supiparts "H AW Conte 5 functon
#C N-EUR 15PN ROE!O7V Jp-p] |75 0y
HOL W0 1 0= 50 [pp] {hogh impadance)
£ |Dock toriPedt N 5 S0 mA MAK
&
Caed et S0 CARD sl « 1
DIGITAL AUDID OUT POM ) Datry Thgida, Fhar Dipte
ANYIC FITER, CLOEED CAPTION
FEATURES WChip, HOAYI Domes §
Vaga g mpat e, VIERA MAGE VIFWFR
=2 N LR AER 40778 76" £ 1307
T | cudng TV send {817 mm =632 mm 287 mm ) {1,002 mm % 637 mm x 9 mm)
Ta
W g 3617w 232 w17 7207} 40772 5B 2157307
£§ | TV e iy 1817 mm 581 mm =45 mm {77 mm}} {1,037 e o B55 e 1 35 mo | 77 e
E | Mchuding TV stend G m |17 e NET A7am (M sEEMNET
B | TV Se aniy 3200 |14 SKE MET 408 [1ASEENET
[TC-L37D3] [TCL4303]
17"
3817 A7 mm) {4 i) 407 " i1z mm)
Mote ':. 11.3" (2= mm)

& Desige and Speclications are subject o change withoul police. Mass ard Dimessions sPown ane sppno imste.

h2
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18} An cutsice anenna sysiem should not ba boated in T vidnity of overhead lines, ofher aleckic lght, power cnouits,
or whara it can fall into such power lines or drauiss. Whan ] an L] Sysiam, oo should be
“h-qimhu.guulpm-n:nrm-mr-d_lhmmgihl_.

s L0 TV from tha wall oufiet and sl r serdon g to qualfisd serdos pensonnal und ar e foliowing condions:
e power cord or plug is d o faryed.
I:. Hliquid has bean spillad nio tha LCD
a H e LOD TV has baen sxposed 1o min orwater.
d  Hihe LD TV doasnot oparate nommaly by foliowing the oparating instuctions.
idjust only thasa confrok Tatam msemd by e opsming instnudions asimproper adjustment of ofer
mrimis may resulin damage and will ofien mquine exdensive work by a quaified lechnican 1o resiom fe
LD TV o nomnal
a  Hia LD TV has baen dropped or fa cahinet has baan dam
i ‘Whan e LOD TV ashibiss a dissnct dhangs in padormancs - Sis indoatesa nead for sanvios.
21} Wihen replacement parts are mquinsd, be sure e senice tedhnican uses mplamement parts spedfied by e manuactuer Bt
mnmm;nagu‘mmm mlmhdmmanm
) WARNING: TO REDUCE THE RISK IRE OR ELECTRIC SHOCK, DO EXPOSE THIS APPARATUS TO RAIN,
MOISTURE, DRIFPING OR SPLASHING.
D0 HOT PLACE LIGUID CONTAINER S [FLOWER VA SES, CUPS, COSMETICS, ETC ) AROVE THE SET
(INCLUDING ON SHELVES

ZN) WARNING: SMALL PARTS CAN PRESENT CHOMING HAZARD IF ACCIDENTALLY SWALL OWED. KEEP SMALL
PARTS AWAY FROM YOUNG CHILDREN
DISCARD UNNEEDED SMALL PARTS AND OTHER OBJECTS, INCLUDING PACKAGING MATERIALS
AND PLASTIC BAGS/SHEETS TO PREVENT THEM FROM BEING PLAYED WITH BY YOUNG CHILDREN,
CREATING THE POTENTIAL RISK OF SUFFOCATION.

24) CAUTION: Tha Power switdh on fhis unit will not complately shut off all power fom AC. ouiat. Sinoa Tha powaroond serves:
as e main disconnect dedon for e unit, you wil need fo unplug it fom e AC oulet to shut down all power.
Theraiora, makcs sura tha unit has bean instaled so fat fe power oord can ba easly unplugged fom AC. ousiet
in casa of an accdent. To awaid fim hazamd, e power @ should also ba unplugged fom e AC ouliet whan
laft urumad for @ hong paniod of Sme (o s xm phe, whan on vaoafion].
25) CAUTION: TO PREVENT ELECTRIC SHOCK, DONOT USE THES PLUG WITH A RECEFTACLE OR OTHER OUTLET
UNLEES THE BLADES CANBE FULLY INSERTED TO PREVENT BLADE EXPOSURE.

25) CAUTION: USE WITH OTHER STAND MAY RESULT N INSTABILITY POSSIBLY CALSING IRIURY.

IT) CAUTION: DANGER OF EXPLOSION IF BATTERY IS INCORRECTLY REFLACED. REFLACE OMLY WITH THE SAME
OR EGURAL ENT TYPE.

28) CAUTION: This LCD TV is for use only with the ¥- Use with any other type of opSonal
A0CCEESOTIES May O3S 8 h“jﬂlﬂhmﬂuldr-l.lh the p-l-l:-j ofinjurg

(Al of T following amessones are man uiachursd by Panasonio Compaoration)
+Walkhanging bracikoat TY-WEILIRW o =
iwerys ba sune 10 ask a qualifiad fedhnician o oy out sabup.

HOTE: Thisaqupmant is dasigned to opamte in Mosh Amarca and o e whem $ha bmadmsing sysem and AC
hu-.nr-l--ijh-l-hﬂﬂnl-h. -

FCC STATEMENT

i:;:rn-'ll'-b-m-dlndhmdhmym e limits for a Class B digital devics, pursuant to Part 18 of ha FOC

asa imits ane designad 1o pmida ressonabis potedion against harmiul inerfemna N a msidential instaliation.
equpmant gererahees., Lses and can diats mdo fequency anengy and, i rot irstalied and usad in scordancs waith e

mmmrﬂl-ﬁuhmmmmnmmﬂmﬂmm

N a partculr rstaliaton. H his equipment doss cause hammiul nterlernce o @dio or teledsion which can ba determined

by lurming the equipment off and on, Be user 5 encouaged o iy ko comect e iIntederence by one or mone of the iolowing

T e

+ Rsoant or neioaats fha necondng anionma.

+ Incm amn e sop T a aqup and mon e

+ Connect tha aquipment into an cutist on a cirowit difler nt from Tat to which Se mosiver is connacted .

+ Consull e daaler or an exparisnosd m@do/TV tedhniokan for help.
'I'I'lldnﬂcunw:wlllp-'IEdhlmcﬂuﬁp-hnluqﬂhlmtlﬂ-glmmnlﬁldlum
nat causa ha emiulinterferenca, and (2) this devios must acoept any interfenanca m aived, including interfem nca fat may cusa
wndesined oporafon.

FCC Cation:
Toassure confinued compliance. follow the attached installaion ins tructions and use only shislded interface cables
when connecting to compuisr or peripheral devices. Any changes or modificati ons not expressly approved by
Panasonic Conp. of North Amenica could woid the user's authorty io operate this devios
FCC DeclaraBon of Confonmity
Model Ho. TCAL3T0Z, TCAL43032
Responsibis Party:  Panasonic Corporation of North Am anica
Ona Panasonio Wary, Secauaus, NJ 07084
Contact Soume: Panasonic Consumer Elactronias Company
18 778 SVIERA | 9584072 )

amaik 0 ST LC s pana S0 nicLoom
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Safety Precautions (continueq)

& CEA

wwe.CE.org fsufary

CEACHILD SAFETY NOTICES: Flat panel dsplays are not alwerys on the proper stand s or
iretalled according bo the manufachrer' s recommendations. thpa':lp 2rys that ane inappropriabely

situate d on dressers, bookcames, shebres, desks, speskers, chests or cartsmay fall ower and may cause
personal injury or even death,

The cormumer electronicsindusiny {of which Panesoniciz a member) is commitbed to mzking home
ertertanment enjoyable and safe. To prevent personal injuryor death, be ure bo follow the Folowing safety
guideiines:

TUNE INTO SAFETY:

# One sSze does NOTHREal. Follow the manufachrer's recommendations for the safe insellation and use

of your Azt panel displey.

Carefuly read and understand all enclosed ireructions for proper use of this product.

D't allow children bo dirmb on or play with fumibure and belevision sets.

D't place flat panel deplays on fumibore that can easly be used s sbeps, 21ch aza chest of drawers.,

Rermermber that child ren can becorne excibed while wabching & program, sspedally on "larger than life”

fat panel deplays. Care should be taken to ingall the d where it cannet be pushed, pulled ower,

or kniocke d down.

#  Care should be tzken to route all cords and cable s connecbed to the Rat panel display so that they
carnot be pulled or grabbed by curicus children.

WALLMOUNTING: IFYOU DECIDE TOWALL MOUNT YOUR FLAT PANEL DISPLAY, ALWAYS:

#  Lse 3 mount that hes been recommended by the display manufactiurer andlor listed by an independent
leboratory (mdh as L, CS8, ETL).

#  Follow allirsimuctiors supplied by the display and wall mount manufadurers.

& Fyou hawe any doubis shout your ability to safelyirmtal your Flat pane] displag contad your retaier
about professonal insallation.

«  Make are the wal where are mounting the [ iabe. Some wall mounts ane not
designed bo be mounted bowu;ldls. with Mmmﬁﬂcirﬁmk cormruction . Fyou ane urere,
conkad & professional iretaller.

«  Aminimum of bwo people are requined for iretall stion. Aat panel dsplays can be heavy.

The American Acaderny of Pediatrics discourages television viewing for children younger than
two years ofage.

This product ncorporates the following so bware:

1 1) software developed independenty by o for Panzsonic Corporation,

| 2) software cwned by a third party and licersed to Panasonic Corp-mmm

{3 moftware licermed under the G General Public Licsres, Version 2 (GPLvE),
{4) moftwars licermed under the GNU LESSER General Public Liceres (LG PL) and'or,
1 5) open source software other than software licersed under the GPLandlor LGPL

Fior the s ofbware ized ars (3 or (4), please refer bo the terms and condtions of GPL w2 and LGPL, asthe
carse vy be at hitpe gruorglicersesiold-foersesigpl -2 0 hml and

it wen w. gri orgllicerses fol dicerses dgpl -2 1.l In addiion, software cabegorized as (3) or (4)is
coprighted by several individuals andior eniiies. Plesse refer bo the copyright notice of these individuals at
bt s we. il IOV OUITY

GPULGPLSOFTWARE IS DIETRIBUTED M THE HOPE THAT IT WILL BE USEFUL, BUT WITHOUT ANY
WARRANTY, EXPRESS, IMPLIED ORSTATUTCRY, NCLUDNG THE MPLIED WARRANTIES OF
MERCHANTARILITY OR FITMESS FOR A PARTICULAR PURPCEE.

For ot bt three (3) years from delivery of products, Panesonic will give to aryone who contads us at the
addres s provided bedow, for a cherge of o mane then our cost of physical y performing source code

disrbution, & complete machine-readable copy of the comespading sounce code coveredunder GAL v2LGPL
Contact Information

cdr firw

mdm #epdyuidﬂemwrdryoﬂ'm mermber of the public va our website below.

ity N armdinue pdDTVI0UTY
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Home Theater
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Blu-ray Clsc™ Pyl e Enthrialnmint Syshin
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W Ersaibbenl i 30 Blw-ray D™ playback copm il
uaich Start Lol 4 wrich rewvies fastes fvn wear
admiuss pleyback vis et LS slet!
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B, it ] o Vi S P e

Pl Bl -y D™ s Pl I 180
Colloy® Trust-Hlt sl sty W Brursciel fulle Coslier="

LI T

ERMAA* inbemet Videa

Insiastly sirwmna wiie varisty ol merie, TV uplewde, videss arnl reusk frem o s
sviectinn of sniertainmeent wppe |nchading: Metiits, YouTube™, Fansiom, Sacier -
Rt Bt el iy Bt Lt

‘Wireleo Rear Ipeslers

Enjey F.1 channsl ravs il 2eumil withaut newling W nn wires woes in mamw
the rmnr 2 ppenlery.

WHT Emainlnd

(i Jr hasted lradass. busstiliaral Rrbu ™

A0 Bu-rmy D™ Full HD

1580p phrytack

Py RT3 AP (A At [ U I 10B0R. ALk 4L el P8 ek BLLriy DAt
rrowviirin il b slimitiors srwd wapmral. DA o reer HID ol

Quibck FiwrtAOnick Lead

Joying ymur fnstnr Hean evar:
Sl-nhml&ﬁrﬂn-ntm'l
Stpier e, il d bty Frerm Subis DLHA* shieriosi o m PCY ko
ywrur bormm naleweric”
GHADALE™ Mt ath Sarvios

Iratnathy glves vou norasy e cetading irfrmaiion shaut tha marvias you am
.

s Snarch
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ﬂmﬂhhkﬂp-m‘

U.S. D.O.E. Solar Decathlon 2011

Published 03/22/2011

329000 - 25



Listan v yweur Fanenetin snsssie o slvars your bosns vidwes or photes wn tha kg sceen.
mrnﬂw. |Pedl. digital conass, UEE-anakiad MPS pleyes, or LU SE MErnge

Amplifier

Zeh STERER Yo
s Fammats

AAD Pwrlit] Vi
—'_‘_"“ -ﬁ“ = AU TV
Expandienr il DU L]

Pamar (=] ]
Pemctina o 1 Ve [Plcpleurc
ol el

e 1 Iy
LTl
Tadew A 1
Iyt e
_-'n-p.-u 1
BRI v msmsiis
Colginall You FLFRALS
it o
Iy wrHl TR MEEBA w1
1T T
Masssesnerds  eppeen) mm A mmN
Duloy" gl T
L Y
L=y Y
Doy TheeHD P
= e
A Coculing  Ya
Ty  =Prmy
e HD Yo
L [ Haplnk  Yu
Tamar j":-"lu"'l' [
T T
= et b~ R
S Py LM i ol
e N ] mapmas
(a1

TO GO BACK, CLICK HERE

U.S. D.O.E. Solar Decathlon 2011

LTI

T

|

L

z
L
]
[+
i

T . e
o i

[}
i
!

it F F¥a 0 0 i

e ™
PrTnA W
-t
v
O " iy,
il 4 .
-l vl
Y M
Pl bl L
v vl
PATUparsling  Ter D
b Pl
ey
w Commection | Bulpat
- e, bEYE
S Lowymryn LI ENE
B e LT a
Lo 3 L =
Lo L= =
Ll ek
w T
s i
B g Onadvach Py Taa
| el
war
Feser L
it AL i
e RS e
M Einrviny Meidn m"
i
AR drec™
St b o,
Cnlar T Tov gl

Published 03/22/2011

329000-26



Division 22 — Plumbing

Fresh Water Storage Tank

Product Description: 1,500 Gallon Potable Water Tank

Manufacturer: AIRE Industrial Products

Bladder Width
Bladder Length
Height

Valves

Tie Down Points
Gal. Capacity
Pad Area

Fabric

Bladder Weight

U.S. D.O.E. Solar Decathlon 2011

13

18

4

1500

117

22 oz PVC

70

ft
ft

inches

ea.

gal.

Sq Ft

Ibs

Package Contents:

One (1) Bladder
One (1) Basic Repair Kit

One (1) Ground Pad

Mfg Part #

950-026500

MFG Cage Code

1MDS4

Valve Upgrades available

Published 03/22/2011
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Fresh Water Transfer Pump

Product Description Specifications

314 hp Hydro-Glass®, Craftisman Professional Shallow Well Water Pump capable of pumping up to 10.9 GPM. Performance is based on

depth to water of 20 ft orless and a 40/60 pressure rating. DIMENSIONS

Built-in Check Valve - prevents pumped water fram returning to source
Built-in shallow well jet - eliminates additional purchase

Dual voltage (115 or 230)

JERVIEW-
Capacitor start motor - more efficient motor start PRODUCT OVERVIEY

Dual discharge - simplifies hookup
Draincock - simplifies draining and winterization

Limited 3 year warranty POWER
W

Added on February 12, 2009

INSTALLATION REQUIRE
QUALITY

PUMP'

PERFORMANCE AT 40 |

TO GO BACK, CLICK HERE
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Pressurization Tank

A AMTROL™

WELL-X-TROL &=D°

Pre-pressurized diaphragm-type well tanks
Stainless steel system connection piped to he stand

——B——~ Stand Models
/”F__h"\ $ Tk | Max A B Sy | Fectry | wonang|  smp
Moded Yol ALTEPL Heigit Mameter Comm. | Pre-changs | PrESSIE Wt
M. Lt | Gal | Factor | mm | In& | mm | s Ins. PEiG PSIE g | ba
WE-22P | 76 | 200 [ 057 | 803 | 3% [ 390 |45% | 1 38 126 |150 | =
CL-20ZXLP| 98.4 | 26.0 | 044 |O7T1.5| 38Y (3005 45% | 1 38 126 |163 | 38
WE-203F | 124 | 320 [ 035 | 1184 | 46% [ 300 |45% | 1 38 125 | 200 | 43
A WH-205P | 120 | 340 | 1.00 | 752 | 20FL | 554 | 22 1% 38 126 | 280 | B
WE-250F | 167 | 440 | 077 |4 | 36 (580 | 22 | 1Y 38 125 | 3.0 | 64
WE-251F | 235 | 620 | 055 | 1187 [46% (588 | 22 | 1% 38 125 | 40 | o2
WX-255P |306.6) 8.0 | 0.44 | 1432 | 56% [sEAB) 22 | 1% 38 125 | 384 | 103
WX-302F | 326 | 86.0 | 054 |1200( 47 (ee0 | 26 | 1% 38 125 | 560 | 123
WX-350P | 450 |149.0| 039 [1572 | 61°% | 680 | 26 1 38 126 | 75.0 | 166
" 125 P3G = BE2 kPa.
E; '
Max. Operating Conditions Specifications
(Operafing Temperabure | 200° F (23° () Description Stamdand Construction
Woaking Pressura 125 PSIG (862 kPa) Sheall Steel
Diaphragm Bartyl
Linar Polypropyiane
System ConnecBon | Stainless Steal NFTF
MM H
Complies with Low Lead Plumibing Law
Jotr Mame Modiel lo. Orndered
Location PumpCutdin _____ P PumpCut-Out_______ P3
FUMpGPM______ PHl
Engineer
Contracior
Contractor P.O. Mou
Sales Reprasentative
Rew. 03M0 ‘Eubmitial daia shasts can ONLY be ordared s a “Submitial Deta Sheot Pack”, using MCE 4400. Thay ams ot avalisbie o orar on an 3
E 4400008 Incividual basis, however each at shaet i avaliabis on e AMTROL Wb St and can b downicaded and printed for uss s needad.

For tha: maost updated technical specifications, piaasa downinad shaet at www_aminol.oom

TO GO BACK, CLICK HERE
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Grey Water Storage Tank
Husky 1000 Gallon Potable Water Bladder Tank

Bladder tanks have unlimited practical uses including:

Providing drinking water storage for disaster area victims
Additional fresh water for boats or RV

Waste water containment

Rain Water Collection for Irrigation Systems

Pesticides and insecticides

Nurseries

Farming, watering livestock or treating with insecticides
Fuel storage,diesel,gas,jet,etc.

Gray water storage for pressure washing systems

Fire Fighting

Black Water (sewage)

Flatbed Truck Tanks

Railcar Tanks

*Materials NSF-61 Approved (potable water)

*25-75 gal. comes with a 3/4" Flange and Ball Valve

1 1/2" Flange and Ball Valve Standard on Sizes 100-1000 gal.

*4" Fill Cap or 7" Diameter Fill Sleve
*Easy to Handle, Folds down for Compact Storage

Part Number: HPC-BT-1000PW
Capacity: 1000 Gallons

Size: 108"L x 132"W x 16"H
Weight: 60 Ibs.

TO GO BACK, CLICK HERE
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50 Gallon Back Up Hot Water Tank

¥ % r} - )

< a.' _'q.' b t’ 6 j t B -I'? f}
oo l:r B F o

Fl ; D {’ " F ] T

e

SELECT ‘High Efficiency B

High-Efficiency Residential Electric Water Heaters

B - s New, Higher Energy Factor of .93, meets
efficiency requirements for most electric utility

& rebate programs — 2-1/2"-thick CFC-free foam insulation, heat
trap nipples and other features produce performance that meets Enerpy Star
Home Program recommendations.

Diffuser Dip Tub€ — Helps reduce lime and sediment buildup, maximizes hot water
catput. Made of Sate PEXAN," a cros-link PEX polymer that can withstand long-
term exposre b water emperatures wp to 4000E

—
——

Aluminum Anode Rod — Helps prosect agains corrosion for longer life
Durable Tamper-Resistant Brass Drain Valve
Glass-Lined Tank - For long-lasting protection against rust and comodon.
Upgrade Tank Warranty to 10 Years — See desils on page 2.

Certified and Rated Side-Mounted T& P Relief Valve - Top-Mounied
TP Relief Valve svailisble as an option on some models.

&Year Limited Tank and Parts Warranty

Code Comp lance - meetsor exceeds lederd minimum energy standard
—i arrording to the latest edition of the National Appliance Energy
= Coms eration Adt (WAECA). Mlso complies wilh ASHRAE 20.1-2004
g and aument edithons of | CC Codes and HUD Standands.

" For iore information on Select® cantact-
mhmhm
500 Temessce Wiz Parinay, A and Gy, TH 370
. B00-365-0024 Tallfree USA

Published 03/22/2011
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SELECT ‘High Efficiency &

High-Efficiency Residential Electric Water Heaters

[PERE ELEMERT WIRTTAGE [DIMEMEIDME [N NCHES
DEMARD 240VAC APPRDL
MIOIDEL DUTPUT | EMERGY | GALLOM RECOVERY H BHFPHG
HUMEER st Howr | FACTDR |CAPACITY SIFF RISE WALUE A B [ WHEHT
Rating GTAMOARD | MAXMUM HESBHT [DAMETER (LBS)
Galkos]
T MODELS
ES6 4 DOCT st | m | @ | m (277 A . | Bl 1 s34 m
ES6 52 DOCT * B | m | = | sm ] # n 5612 HAR a74r s
ES6 65 DOCT ® | B | % | s (] H n B n 5 1
56 8 DOCT * wo| m | ®m | sw 00 H n Bi-12 5 52 =
MECTLN MODEL
5650 DOCS | B2 | ] | E| | 4500 | 500D | A . | A b a7 155

R s e rsanchisd o s i igaslion

"Wt (Conmasc s - 30" mais NPT on il madels

For W0+ Vs “Tanks "W aniby, chaange = 5™ B0 ™ I hcadel Moty (25 1 4000OCT)
el oo vl ek Bopr-mmeanted TP Vale:

&l

Lixatien For ool op-madnisd TRP @by,
For complete inform.ation on limited warranties, consult writhen warranty, Bakatic ane oramd fram Gotom
or contact the State Customer Care Centes, H800-365-0024.

Staite Industries, lnc. resenves the right io mae product changes or improvements without prioe notie.

S0l For more informagion on S eled® wntad:

S h T Staie Water Healers

0 500 Tennesses Waltz Parkway, Ashiand City, TH370S
L BOD-385-0024 Tol-free USA

g

s
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Hot Water Air-Source Heat Pump

GREEN
ENERGY

UsS

Affordable, High Efficiency
Water Heater

Featwres and Benefits

Highest Efficency Watoer Hoater
Instead of buming s, 2 Green Star 'Wiier Hester ses 2 hest pumnp o
trarsfer salar hest from the sumounding airimo your eater ek While the
best fued buming waier hesters have 2 madmum efficency of less than 955,
in warmer dimates the eficency of 3 heat pump waier heater can eomed
I00%. Bven in 33F air Green Star Wiater Hesters have an eficency of 1688

Retrofit for Exdsting ¥ater Heator
& Green Star & mounted on top of or nesr an edstng water begter and the:
its heat condenser iz inseried imo the heater tank. Green Star Water Heabers
trarsfer salar hest from the sumounding air to the heat oondenser which
trarsfers the heat to the waber in your tank

Simplified Heat Control
Green Star heaters use 2 simple: in-ank themmometer to directy messune the
tank water temperziure and mantn the water at the o=t tempeate

Low Cost & High Reliabilicy
The= simpie, edegant design of the Gneen Star hester does not wse any pumgps,
pump: camtmillers or heat conbrolbers making Gresn Star the most affordable,
highe=t refizhility water hester availible — supassng other type of solar water
hezters which are much mare: expensiee to buy and install

Exsy to Install
& Green Star heater @n be eosly installed using basic pipe ftting skills.
Loww Maintonancs
Gresn Star water hesters are virhaly mantenancs fres, thousinds have:
besn installed,
Chuisit
A1 53dB 2 Green Star heater s quister than 2 small window air conditioner.
Dehumidification & Air Conditioning
Grean Star™ removes moisture and cools airas it moves heat fom the ar
to the water in the water hegier tank.

GREEN 4 = Water
Heater

STAR

Making Your ¥Water Heater
¥Wery Energy Efficient

Green Shar water heaters replace the
fired burming heaier in your waber tank
with 2 pump which wuses sobar heat in the:
arto heat your water. They produce
mare hot water per hour sfefy and
mare efficenty than ather types of
water hegters. According ta Salar Energy
Imemrationat *Heat Fumnp technoiogy,
whan oppiled to o woter hoating
inclustry, provides e fighast anengy
afficient woter heotors in bhe countne ™

In adidition to heating water, Green Star
hegters amit coal, dry zirwhich @n
providing additional svings by cooling
yaur hame in the semmer [kt sald

Green Star hegters run on
standard | 10V and cormsme sbost =
mich enengy a5 tweo oofies machines.
Compared 1o standard slerinic water
hesters, Green Star heaters proside:
pperating oost =vngs up 1o TS while
hesting up to 3958 more water per hour.
| Hiites: and ather cusiomers as well 2=
artickss suich as Duke University's
recenty published artde' an HAWH all
ponchude that the supenor Green Star
hester despn makes it today's le=ding
Heat Pump Solar 'Water Hezter.
'hhzhmtmung
Jd‘mtﬁ L5

Published 03/22/2011
U.S. D.O.E. Solar Decathlon 2011
329000-33



T

WH 70 W Tl
:_"..'.-. Water 135 o
EMpeErEture [10 be=twemen cpen and cioae)
Efficiency 358 Fil]
Energy Factor ! 11 211
Mgy T B D 53+ Galn
Curtprt oo 13000 ETU
Dimensions 15| 4o | 4 IBeifeld  inches
Weight 4E o]
INioi= Lewvel 5 53
AT Povwer 115 115 Volts
Corrent
Oiperating & 8] A
Starhug 12 m Amps
Phas= | i
Frespi=ncy =) &l Hr

! Minimum 5 inches deararce requined above |4 heght
Al e rements made 1sng DOE {=ting standands at
arbient tempersiure of EB°F.

Irstalztion indoors nemrz drain (hipgh humicity nesds n
up 0 & gt of pondersate daily) whers ambient
tempeatne ane shove 35F i recommended

Estimated § Year Cost of Orwnership

- £ g

s 2 E

e B -i

g & <

- g =

o] ":

E # E

; E -

8 ot

' n B TEE  B7E

SMEEN 4° Goo  Eleciric Tarkless Solar
Amteent Temperabure F ETAR : Gl

By cormpartsan, sandard water heaters bave E5-95% C0F I uddes purtieee, installation, & years maimerance & fied
= (v Sk . w ke of LIS G E =i AL ET )
US GREEN Phone 6104352112

ENERGY Fac GI0437.5042
‘#0 Brids Fath Ad, Aldlanicen P& 1BIE PR ST RN e Ty
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SunDrum Solar Thermal Modules

SunDrum® Solar SDM100-10, -21, & -30 Collector Assembly Guide, Rev 004

DRUM

SOLAR

SDM100- 10
SDM100 - 21
SDM100 - 30

Hybrid Solar Collector

L]
Assembly Guide
Revision & Descripticn Date Autthor Approved
(1L 8 Original Dooament 10,1408 MGl
ooz Release fo Publication 11508 MGl
T ‘Added SDM1D0-21, Clar¥ied step 15 and aded stacking warning FIIT] MGl PR

|
SunDrum® Solar, LLC all rights reserved. Specifications subject to change without notice. Page 1

Published 03/22/2011
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SunDrum® Solar SDM100-10, -21, & -30 Collector Assembly Guide, Rev 004

PARTS LIST:
aTY | Description
1 | SDM100-10, -21, or-30 Collector
4 Brackets with dlamips
{3 with 2 clamps per bracket, and 1 with only one Ha damp
damp)
2 Foil-Backed Insulation Panels
2 Stainless Steel Compression Wedges
{5DM100-10 only) g g
1 Hardware kit:
SDMI100-10 & -30: #10-32 lock nut, #10 star
washer, %&"-20 bolt and nut, %" star washer @
SDM100-21: #10-32 bolt, 2 10-32 lock nuts, s
#10-32 star washer ‘ﬁg
=
=
SunDrum® Solar, LLE all rights reserved. Specifications subject to change without notice. Page 2
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Steca Solar Thermal Controller

Steca Elektronik Gmbd | S7700 Memmingen | Germany | Fon +43 (0} 8331 £338-0 | Fax +49 (0) 8331 £338-132 | www.stecacom

Steca TRO0301 U

3 inputs,

1 output N-I,;ftu
The Steca TR 0301 U controller was spedialy developed for
the Morth American market based on the Stem TR 0301 basic
contralier. With it spedal certification (ETL labef) from a Ma-
tionally Recognized Testing Laboratory (WETL) in the US, the
controlier meets the safety standards and minimem requine-
mismts of thee Narth American market.

& feghare of the Steca TR 0301 series of controllers is the
animated graphic display, which offers 3 complete visuaiza-

tion of the solar enengy system's operating status and solr
siroait o gt
The clearty amanged display e Eiﬂr_ﬂpﬂiﬁt.lﬁ |n'n-g pic-
ngrams. The controler was jointly designed with an imber-
nationalty renovned design cenire. The controller is used for
monitonng and comntroling solar thermal systems with one i
collector amay and one storage tank. In addition, the controk- QMIIDE@ 5
ler performs important Syshern monitoring and satety func-
tions to ensure safe and long-lasting operation of the entie =
mystem. The numerous additional funcbons of the Stea TR
G301 U ako indude 3 masimum storage tank temperature
function, & tube collsctor function, an amt-freeze funchion,
@ hodiday and sorage recool furnction as well a5 3 choice of 1 3
temperature indications in sither degress Ceigius () or Fah- 5| =
renheit (F). The operational satety of the system & supported Tl e
by @& sophisticated Tault diagnosis. The multi-coloursd LCD B &
hacidighting snsures quick and safe kocation of oooaTing &=
rors and Tadiitates quick troubleshooting. "
The Stem@ TR 0301 U controller & sapplied with & pre-fitted = =
UE mains onnecion cable and @ preinstaled, pluggabis [r—
PUMp DUSpUL.
Product features mme v
» Compact, muttipart designer casing Cythue ugs 120V AC, Bl He
- B i optional 180 ¥ T, B0 Hs
. h--..n: mure age ..a-uk .-en-‘p:rr.l. e . - e ——
m High level o _Flﬂ'i'.I:ril safety through faul diagnosis i -
= Temperature display "C/ °F 2x laal o]
» Coliecior owertemperrture disconnection et B .mml‘““ml
= Spring camp terminals aliow rapid and easy instaliadon mac 400'W O3 HF 120 V.AG
or800W/ 1 HF 240 VAL
L card 7S inch, 3 x 1E AWG st 1Z1 T
Displays Turr-on Sempertors ditrence wer
= Graphical LCD dispiay with backlighting e T
» Animated representation of @he systems and operating ambient Ltk P b bl |
states Dugres = " 20 DI 40050
Dimnzions (K27 x2) 1803 157 247 mm
[E5x B 1E x 168 inch]
Operation Wegha 0 [12 =x]
m Hor-werbal men r'a;i;r. o TETEetTre e 1.5 e [ o]
= Side switch for manual, auta, off Frmrmos . ':‘:;.:::lmtﬂmﬂ

Functions
= Holiday {storage tank recoaling
m Intenal / tube collschor

m And-fresse

= Dizplay storage tank top Syziem typs

1 cellscior mmay

Irtwmal raut sechanpe, intsligen
FRTIR EEThE

[Araa T BPEECHLH (mpETLaETpT)
/e ]jf-a]e]
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Grundfos Alpha Solar Thermal Pump

GRUNDFOS ALPHA™

ERURNDFESS
ALPHA 1555F

0010

020 021 et

| AUTO

3 Stainless Steel
ALPHA 15-555F/LC

Powered by the Impossible
— The next generation of circulators

The Grundfos ALPHA will change the way you view
circulators. With its permanent magnet motor
design, this energy efficient dirculator reduces power
consumption by 50% or more. The unigue patented
AUTOsneer™ feature controls pump performance
automatically within defined performance range,
ensuring lowest possible energy consumption
without sacrificing comfort.

For installation, you now have the flexibility to
use either our unique ALPHA Plug with line cord
or the new ALPHA with terminal box for conduit
connection applications. The choice is yours.

m Cast Iron Cast Iron
ALPHA 15-55F ALPHA 15-55F/LC

BEJTHINK Y INNOVATE ) nnuunFuS'B{

Published 03/22/2011
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Solar Thermal Expansion Tank

THE UNIQUE FEATURES OF
THE GRUNDFOS ALPHA"

ug
with line cord condult connection
applications

‘Compact design Stalnless stee| and Integrated check-valve:
cast Iron pump (optional)
housing avallable

Forinstallation, you now have the
flexibility to use either cur unique ALPHA
Plug with line cord or the new ALPHA
with terminal box for conduit connection
applications The choiceis yours.

U.S. D.O.E. Solar Decathlon 2011

Technical Data: Per
Flow Range: 0to 21 GPM (-rl
Head Range: 0to019 Feet ::
Motor: IX115V .
Min. Fluid Temperature: I6°F(2°0) |:
Max. Fluid Temperature:  230°F (110°C) :
Max. Warking Pressure: 150 PS1 :
Watts: 5-45W
Amps: 0658 [ o
Product Offering: el
Model Desal
ALPHA 15-55F Castiron flange
ALPHA 15-55FR Cast iron rotated flar
ALPHA 15-555F Stainless flange '
ALPHA 15-55F/1C Cast iron flang
ALPHA 15-55FR/LC Cast iron rotated f
ALPHA 15-555F/L.C Stainless flang
Service Kif
| Service Kit -

Dimensional Drawing:

[ A~ ]88 cl|]o]e]JF
| 612 [6-306[a1506] 313716 2372 390

Published 03/22/2011
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Being responsible s our foundation
BEJTHINKE Y INNDOVATE ¥ Thinking ahcad makes it possibe
Innowation is the essence

GRUNDFOS HELPS YOU KEEP
IN TOUCH WITH THE FUTURE

At poweredby.grundfos.com you'l find all the Information about
events, downloads, marketing materials and tips you need.

| Order a FREE copy of the Grundfos Handbook

1 ‘?i' USA; Visit www.grundfos.us/handbook Promo Code: 18120
| CANADA: Vit wwnw.grundfos.cafhandbook Promo Code: 48170

LAL-5-08] 400 1S

M Sy
» ® o= o

GRUNDFOS Parmipss Comoztion GELMIDFOS Canada inc
17100 West 118th Temrace 2341 Brighton Road
Dlathe, Ka BE0E1 Cekwville. Omtario
Fhone- @13 400 L6H 63

Telefax: (9131 227-3500 Phome: (905 EI5-9533

Telefax: 0I5 B29-9512 w

v grunfios us WAW NI 3 GRLUINDFOS" /4

TO GO BACK, CLICK HERE
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Solar Hot Water 80 Gallon Tank

Arfvanced Haatlng and Hof Watar Systams S5C Solar
Water Heater
10D Bow 4251 LA Emilyy Mand Bost] meehown, RAGEETS SIE-GTREDT | e BOR- SRR Submittal Sheat

SuperStor Contender Solar Water Heaters
with Boiler (SB Series) or Electric (SE Series) Back-Up

JOB NAME:
LOCATION:
ARCH/ENGR.:
WHOLESALER:
MECH. CONTRACTOR:
MODEL NUMBER:

BACK-UP WATER HEATING SYSTEM:

Hizh Efficiency Solar Heat Exchanzer
* Specially formuolated Enamel Flow Coated steel solar

heat exchanger provides marimom heat transfer of
solar energy to domestic water and corrosion
resistance

* Low pressare drop

*»  Gaskefless heat exchanger design

+ 17 NPT selar heat exchanger owtlet size — all models

ClazzLined Tank

+ Specially formuolated Enamel Flow Coat gunarantees
10040 tank coverage, ensuring no exposed welds

+ Insmlated with emvironmentally safe, CFC free, water-
blown, extra thick foam insalation.

*  Allows less tham %2 degree Fahrenheit per hour heat
loss

«  Outer shell constructed of grey finished durable
plastic for rust amd impact resistance

* 3" NPT inlet and ontlet domestic conmection size for
50 gallon models — 1 %™ NPT for 80 and 119 gallon
maodels

* Inclnded temperatore and pressore relief valve

+ Sarface mounted sensor for accurate current
temperature measurement inside vessel

5B Series Solar Water Heaters

* Back-up Boiler Heat Exchanger — provides back-up
water heating from the boiler if the solar system fails
to keep up with domestic hot water demand

* Specially formuolated Enamel Flow Coated steel heat
exchanger provides maximum heat transfer of boiler
energy to domestic water and corrosion resistance

*»  Gaskefless heat exchanger design

+ 17 NPT boiler heat exchanger ounflet size — all models

* Tank mounted boiler thermostat to control back-up
operation

U.S. D.O.E. Solar Decathlon 2011

# Back-up Electric Element — 45000 | 240V electric
element provides back-up water heating if solar
system fails to keep up with domestic hot water
demand

* Sprface-mounted control provides accarate
temperature measnrement to tmely activate the back-
up electric element

Additional Features

»  Owersized anode rod protects tank from corrosion

#» Limited warranty — 7 years residential and 5 years
commercial coverage

* SRCC OG-3M Certified — applies to Federal Tax
Credit when conmected to a solar collector

*  May qualify for additional State and Local incentives
— ask your installer for more information

LP-197 sub
Eev. 51111

Published 03/22/2011
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COMTENDER SE SERIES SOLAR WATER HEATER
ittt BACK -UF ELECTRIC ELEMERIT)

LS S LA &

— R

LW WalLE =157
S s
COMNTEMDER STLAR WATER HEATER DIMLEHSIONS & SFECS
LMENEEIN HEAT ; ”
ExrHAKGER INI.EIS_;L:-UII.EI Il\l.!HHI:II‘HI":Hl-\l
MICELT GAlL[ A B [ D E F o ocnurrsee ! H1Ep
Il g | r e el M i1 kI o~
E L T R R T = e =
CE I T B 1= s HI Ay
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-
POTE JGLAR :.E-:FE" TACELF M FIFST JRAW "
Hx woLuWE S IRAF WIMJTES
AL R R
OF 38K 03 | an-mwE  en Aes | aeoEnr | e e
2rmal 15050A0 EHE LRy S ekl [ER
2 o gt et | oseal | s
=" Rl TRkl 1T H [ B Tl Ak
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Division 23 — HVAC

Heat Recovery Ventilator
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nu-air

“ml_ E51 00 Sustaimahility Throagh Innvction
VENTILATION PERFORMANCE ENERGY PERFORMANCE
EXT.
STATIC  NET SUPPLY GROSS AIR FLOW SUPPLY MET POWER SENSIBLE APPARENT
PRESSURE  AIR FLOW SUPPLY  EXHALST TEMP. AIRFLOW CONSUMED RECOVERY SENSIBELE
in wy (Pa) ofm _{Vs) chm V) cfm (Vs) £ [FC)  oim is) Waits EFFICIENCY _EFFECTWEMESS
oi (25 147 (B9} 160 (71) 172 (81} 432 [0}  B6 (26) 48 70 78
02 (50 131 {61} 134 (63) 163 (72} 432 (0} 66 (31) 52 2 76
03 (78 112 (56} 121 (&) 135 (B4} +32 (0} 40 (36) 72 23 73
0.4 [10a) 104 {49} 107 (50) 123 (58}
0.6 [128) o1 (43) 93 [24) 111 (52} 12 (25 64 (30) 58 B B0
06 (150} 76 (36) 7B (7] 9z (43
07 (175 £4 (30) 66 [31) 78 {37)
0.8 [20a0) B2 (24) 53 (25) 64 (300
sp , gt
: The case is constructad of 0.032 painted aluminum with 2 white ! HU

enamel finish. The cabinat is fully insulated with 1-inch polyurethane. The unit is b -

aquipped with a cross-flow heat exchange cora.

ELECTRICAL : 120W/1/60 Hz. 34W, 0.7A

BLOWERS: Two backward curve impellers using PEC motors and permanantly sealed bearings.

CERTIFICATION: HVI, CSA C22 2 REVERSIBLE: intemal components

can be accessed front or back

ADDITIONAL FEATURES:

% Built in furnace interlock options: commands furnace blower when HEV is on or just on high speed.

¥ Intelligent defrost adjusts to outdoor conditions below -5¢ C (23% F)

% Independent spead adjusiment of either supply or exhaust motor in BOTH high and low speed

* 24V drcuit protection with self resetiing fuse

¥ Drain, hanger kit, polyaster air fiters included

¥ 12 VDC ANDVOR 24 V connaction for remote control with mechanical switch or the following Nu-Air controls:

ES Sories: Unlimited numbers. Series or parallal. WINDSOR Serios

ES-M1: Off Stoy/ Lov Hi DSTAT-1: Humidity control

ES-M2: Offi Sty Lov 20 Lo-40 Stby Win-1: Humidity control OFF STEY! Continuous/

ES-M3: Offf Stby/ Lo/ 20 Lo—40 Recirculation Intermitient’ Full-time high speed

ES-T1: 20-40-60-minute fimer WIN-20: 20-minute timer {(up to &)

Defrost: When ouldoor tamperature is below -5° C (23° F), a defrost cycle is initiated for a fixed duration. The fresh air
motor will go to high speed and the exhaust air motor will go to low spead. A damper will shut off the cold supply port,
directing ambiant air throwgh the core for defrosting. The unit will resume normal operation for a fixed duration, then the
procassor will read outdoor temiperatura and initiate defrost as necessary. Defrost times and intervals will vary
according fo temperature below -5° C (23% F).

Warranty: There is a 5year warmranty on all internal components. The heat recovery core has a lifefime warranty.

Notes:
This product earned the ENERGY STARE by meating strict energy efficiency guidelines sat by Natural Resourcas
Canada and the US EPA. It mests ENERGY STAH reguiromants only whan wsad in Canada.

Mu-Air Ventilation Systaems Inc. reservas thea right to change specifications without notica.
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MECTRi M. SLIM.

Split-ductless A/C and Heat Pumps

SUBMITTAL DATA: SEZ-KD09NA & SU 9,000 BTU/H HORIZONTAL-DUCTED HEAT-PUMP SYSTEMS
Job Name: Location: Date:
Purchaser: Engineer:
Submitted to: For [JReference [ Approval [ construction
Systemn Designation: Schedule No.:
GENERAL FEATURES X
« Horizontal-ducted indoor unit for residential applications
* Ultra thin body: 7-7/8" high
+ Built-in drain mechanism for condensate removal; lifts to 21-11/16"
« Adr filter is included with indoor unit Indoor Unit; SEZ-KDDSNA
+ Quiet operation — as low as 23 dBA
* PAR-21MAA wired remote controller is included r-‘ -
= Indoor unit powered from outdoor unit using A-Control @ o
= Automatic fan speed control — it SUZ-KADINA
* Auto restart following a power outage Remote Controller: PAR-21MAA Ouldor Unit SUZ-RADSNA
* Limited warranty: five years on parts and defects and seven years on
COMPressors
OPTIONAL ACCESSORIES indoor Unit
indoor Unit | MCA...... .. e
« M-NET Control Adapter (MAC-399IF) Fan H&iﬁ‘ﬁ,’;’sn_"_“f __________
+ External Heat Adapter (PAC-YUZ25HT) Fan Motor OUtpUL . . ... ... 6 W
* CN24 Relay Kit (CN24RELAY-KIT-CM) FanMotor. . .. ... ... .. .. 0.51 F.LA.
* Three-pole Disconnect Switch (TAZ-MS303) Airflow (Lo-Med-Hi)................ 194 - 247 - 317 Dry CFM
A Fil P1I?4 - 22I2 - 28& Wet CFI\S
Outdoor Unit irFilter ... ... . .. olypropylene Honeycom
P External Static Pressure. . .. .. ...... 0.02-0.06 -0.14 - 0.20'WG
* Drain Pan Heater (MAC-640BH-U) N T T oa
- Drain Socket (MAC-860DS) Sound Pressure Level (Lo-Med-Hi) ....... .. 23-26-30dB(A)
DIMENSIONS UNIT INCHES / MM
W 31-1/8/ 780
gotoltijng‘ " D 27-9/16 / 700
ated Capacity. . .. ............. .. X
CapacityRange . ............ ... ........ H 77181200
SEER....... .. . . . . . Weight. . . ... ... 42 Ibs. / 19 kg
Totallnput. ... External Finish . .. ................... Galvanized-steel Sheets
Heating at 47°F* Field Drainpipe Size O.D.. . ... ................. 1-1/4" 1 32 mm
Rated Capacity. . .. ........................... 10,900 Btu/h Wall-mounted Remote Controller. .. .............. PAR-Z1MAA
Capacity gange ........................ 4,800 - 14,100 Btu/h (see Data Submittal Sheet)
HSPF . e 10.0 Outdoor Unit
Total Input. .. ... s 1,020 W
. P I COMPressor . ... ottt e e DC Inverter-driven
Heating at 17°F MCA 2A
Rated Capacity. . . ........ ... ... ... ............ 6,700 Btu/h MOCIi' """""""""""""""""""""""" 15 A
Rated Total Input ... .. ... .. ... . . ... . 810w Fan Motor . . .. oot 050 FLA
Maximum Capacity. .. ......... .. ... .. ... .. 7,300 Btu/h Sound Pressure Level Tt : T
g o ACosEat e SV (7 56, 69 (W ot Cooling ... 46 dB(A)
(35°C) DB, 75°F (24°C) WE. : . ' . Heating .. ... ... ... . ... . . 50 dB(A)
(Heating at47°F) - Indoor: 70°F (21°C) DB, B0°F (16°C) WE; Outdoor. 47°F (8°C) DB, 43°F (£°C)WB.
(Heating at 17°F) - Indoor: TOPF (21°C) DB, B0°F (16°C) WEB; Ouldoor: 17°F (-8°C) DB, 15°F (-9°C) WB. [DIMENSIONS INCHES / MM
Electrical Requirements W 31-1/2 / 800
Power Supply . .. ......... ... .. 208 / 230V, 1-Phase, 60 Hz D 11-1/4 1 285
BreakerSize. ... ... e 15A " 515787550
Voltage
Indoor - Qutdoor S1-52 ... ... . ... ............ AC 2087 230V
Indoor-QutdoorS2-83 ......... ... DC 12-24V Weight .. ... . 66 Ibs. / 30 kg
Indoor - Remote Controller. ... ... ... ... .. ... DC 12v External Finish . .. ........ .. ...... ... Munsell No. 3y 7.8/ 1.1
Refrigerant Type. . .. .. . R410A
OPERATING RANGE Refrigerant Pipe Size O.D.
- - GasSide . ... ... ... .. ... .. ............387952mm
Indoor Intake Air Temp. | Outdoor Intake Air Temp. Liquid Side. . . 1/4" | 6.35 mm
90°F (32°C) DB, R N Max. Refrigerant Pipe gth. ... ... 65 /19m
Maximum | 73.¢ (53.C) wa 115°F {46°C) DB Max. Refrigerant Pipe Height Difference . ... ......... 40'/12m
Cooling — 67°F (19°C) DB, ConnectionMethed . ...... ... ... ... . .. ... ... Flared
Minimum 57°F (14°C) W8 14°F {-10°C) DB
BO°F (27°C) DB, 75°F (24°C) DB,
Heating Medmum B7°F (19°C) W8 85°F (18°C) WE | W R
L 70°F (21°C) DB, -4°F (-20°C) DB,
Minimum | 5o+ (16°C) Wia -5°F (-21°C) WB
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U.S. D.O.E. Solar Decathlon 2011
329000-50



SEZ-KDO9NA INDOOR FAN PERFORMANCE AND CORRECTED AIR FLOW CHARTS

SEZ-KDOSNA
(External static pressure 0.02[in.WG](5Pa)) 208/230V 60Hz
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SEZ-KDO9NA

(External static pressure 0.14[in.WG](35Pa)) 208/230V 60Hz
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SEZ-KDOSNA

(External slatic pressure 0.06[in.WG](15Pa)) 208/230V 60Hz
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SEZ-KD09NA
(External static pressure 0.20[in.WG](50Pa)) 208/230V 60Hz
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DIMENSIONS: SEZ-KD09NA

345(13-19/32) Drain pipe(0.D.032(1-1/4)
ﬂ (Emergency draining)

Unit : mm(in.)

(@ Refrigerant piping (2 Refrigerant piping
flare conngction (gas fiare connection (liquid)

, (Actual lengih)

Required space for service and maintenance

175+5(6-20/32:7/32)

— 37(1-15/32
% E} /100315016
2| | sion bolt hole _20(13/16) 157 5(6-7/32)

Trare 84 Ul i T4X0OIEXT-3/18) St 1212) 1177 | 3701-15/32)
2XE-02.9(1/8) L-02.9(1/
0 -l 2XE-02.9(1/8) B3 _ f_ Kt @2.9( S)P\ [ A ]
A N
= g i
! I @
il 5 g ¥ =
& I a 2 i
=< 3 11
[ 83y <« | S o [Fols |3
ol & Air Air z| 3 | HE
5 @] outlet | inlet H g &
S| g S
2 g5 1 3 : -
! o oy =l
= i P 3 L
s o Ll 1 L =
& 8|8 | 2T ¥ 8 H] J52 2 & Alr filter
82| = io13152) H /5
gl5| g e 625(Suspension bolt pilch) 8s 3 g7
5|(1-15118)  (24-5/8) 3 &
P R Knockout hole 827(1-3/32
Drain pipe(0.D.032(1-1/4)) g Indoor/outdoor connecting ling
E TO0{27-9116) EE Kenrdor }
o =|&[ % hole 027(1-3/32)
§, = 23e932) [ \ sw%z;mrol b e %’ (Remote contreller transmission line)
g L — i e
o T ?E
L
8% -
7o 5

" _Terminal block {Indoor/outdoor connecting line)

Terminal block (Remote centroller transmission line

Drain pipe(0.D.a32(1-1/4
(Spontaneous draining)

(21-21/32)

Less than 550

—

e

b T
Ceiling surface  Access door

e

1332)

More than 20
13r16)

More than 10

for service maintenance.

\Drain hose (1.D.032(1-1/4))

<accessory>

mmiin.}
Model | A C E]F]G[H[J Gas pipe | @Liquid pipe
700 752 798 I sao 500 | 800 | 660
SEZ-KDOSNA |o7.1g) 1718 7 || ariz] 28 | 5 0.82(3%)
SEZ-KD12NA )
900 | 952 | 998 | 8 800 [1000 | 860
SEZ-KD1sNA =18 |7 (weste)|cenm [ @ foriz) | @as) | @m | 7 06.35(1/4)
1100 1152 1198 1 1000 (1200 |1 1239 |1190| °127(13)
sezko1aNA |00 157 | 100 40| 1 |00 115901 A0%0 o |sm 24 ﬂ&&-&?\%

Mote1.Use M10 screw for the suspension baolt (field supply).
2.Keep the service space for the maintenance at the
3.This chart indicates for SEZ-KD15NA model,which has 3 fans.
SEZ-KD03,12NA models have 2 fans.
SEZ-KD18NA models have 4 fans.
4.In case an inlet duct is used,remove the air filter(supply with
the unit), then install the filter{field supply) at suction side.

Make the access door at the appointed position properly

U.S. D.O.E. Solar Decathlon 2011
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DIMENSIONS: SUZ-KA09NA

< 15-3/4 Drain hole $1-5/8
B & Airin /
T & =
& <
| 1 3 o
o
Airin & || | | ol TI &
Q1| &
\ [ J | g2
1-9/16
< Air out
ZZ-_QL&LIM.G_OA@LDQIE_
7/8
handle
©
1
N
3
< o o
)y &
EI 11-20/32
2 1511 19-11/16
1
31-1/2 2-23/32

REQUIRED SPACE

Open two sides of left,
right, or rear side.

29132

11-1/4

Unit: inch

17/32

HIJ ﬁL"r." .
Ly

Liquid pipe  :1/4 (flared)
Gas pipe :3/8 (flared) (KA09/12)

1/2 (flared) (KA15)

6-23/32

Basically open 4 inch or more
without any abstruction in front
and on both sides of the unit.

A CERTIFIED.-.

www.ahridiractory.org

Unlug Small HP
AHRI Standard 210/240

Cerieaton sophes caly when e carplets syaten 4 hatee Wi AL

LsTEY @

C 8D - SEZ-KDO9NA & SUZ-KADSNA - 201003 & MITSUBISHI ELECTRIC / HVAC 2010

TO GO BACK, CLICK HERE

U.S. D.O.E. Solar Decathlon 2011

MITSUBISHI
ELECTRIC

HVAC Advanced Products Division
3400 Lawrencaville Suwanes Rd

Suwanee, GA 30024

Tele: §78-376-2000 » Fax: 800-883-9904

Toll Free: 800-433-4822 (#3)

‘www.mehvac.com

Specifications are subject to change without notice.
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Dehumidifier

About the TrueDRY™ DR65 Dehumidifier

The Honeywsll TrueDRY DRE5 ensures the home is maintained at proper humidity levels through its high
performance and afficiancy.

Benefits : S

* Remowves up to 65 pints (308 [} of water per day from tha it i
indoor air. :

*  Built-in humidity control requires no additional wiring to an mmﬂ\\dl
external control. Just plug in and go! Choice of extamal .‘__,d_:._--,l
control options also available for centrally ducted control. gz

* Feadback on operation and maintenance provided via
imtuitive on-board LED hght imterface.

Maintaining ldeal Humidity

Dew points and relative humidity (RH) affect the way your

body senses heat. Higher humidity levels cause the air to fesl

much hotter than the actual temperature. Whan maintained
propearty, your cooling equipment may not run a8 much because dehumidified air feels cooler.

WHAT THE MR FEELS LUKE

HOW HOT THE HEAT-H UMIDITY OOMBINATION MARES IT FEEL.
EXAMPLE: AR AT 2FF WTH 5% RH FEELELEE 3F°F TO THE HUBMAN B0

RELATVE HUMDRTY PERCEN TAGE)
o |85 |10 s|=|s o | |9 [im

Elh!lﬂﬂ-!ﬂﬂllﬂll-
E;s--nusﬁn o fiod
L2 W E B4 8 88 | &7 88 | W 93 (96 |9e | @ | we|wna)
siumunuluu B8 &7 83 (& | w0 | 9 | @ o | w0 .Eﬂlﬂfﬂ-‘"ﬂ
taunhuunnuuu.uu----ur--u I oesceR
’-'g_rsmnmhuuunnhrsumunnmnun- EXTREME CALTION
T[4 |64 (65 | 85 |68 [de a7 |67 |68 |6 (0 @ [T || (Ti|m| M MR (2 AL

SOURCE TEMPERATL RE -HUMIOR INDEX WAS DERIVED BY FLG STEADMAN, JOLURMAL OF APPUED METEQROL O0Y, JULY Wf. sETER

Ideal humidity is defined by industry ASHFIAE FECOMMENIE D \WINTER [E S10H LEVEL
axperts” as being betwean 40-60%
on an average annual basis. When
indoor humidity exceeds B0%, the
home is more susceptible to molkd
and mildew growth. TrueDRY DRGS
safeguards against excassive humid-
ity im the home yesar-round.

2 TrueDry DRES Debumidfication Systern  B5-2083EFE—11
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Specifications

Install InselDHY DHGD according to MNabonal Electnc Uodes.

Dry-Bulb Temp |Intake Humidity | Capacity [Pints/Day)

BO°F [(26.7°C) 60% RH B85

TO°F (21.1°C) 60% RH 42

G0°F [15.6°C) 60% RH o

Home Size | Dehumidifier Capacity Required to Maintain Desired Indoor RH*

(=quare i) 60% RH Indoor 50% RAH Indoor 40% RAH Indoor
(pints/day) [pints/day) (pints/day)

2080 49-54 55-58 71-78

2600 61-68 65-72 2087

320 722 T9-06 83-110

* Based on exireme climates where outdoor humidity is 70-80% RH. For less extreme climates, larger
homeas can be adequately served with leas capacity. Actual requirements may vary.

Dimensions in inches and (mm):

P 1y —ae] |t N (T a
13 B MEH 0
[ 1] CHAMETER
BESTHN

Product weight: 55 Ib (25 kg)

Shipping weight: 65 Ib (30 kg)

Shipping dimensions: 16 in. Hx 15in. Wx 31 in. L

Media Filter: MERV 11,8 in. Hx 11 in. Wx1in. D

Drain connection: 3/4-in. threaded fermals NFT
connection, with atteched 3/4-in. male connection.

Duct connections: B-in. round inlet and outlet. ABS
plastic, compatible for connection to rigid or
flaxible ducting with sheet metal screws and/or
tape.

Cabinet: 20 gauge galvanized stesl powdser-coat
painted.

Insulation: R valus 1

Compressor: Rotary-style, 5.8 KBTU

Refrigerant: R-4104, 15 oz

Operating Temp Range [outside cabinet):
34°F to 135°F (1.1°C to 57.2°C)

Operating Humidity Range: 0-88% RH

TO GO BACK, CLICK HERE

U.S. D.O.E. Solar Decathlon 2011

Airflow versus external static pressure
{01 n. water pressure} with collars

attached
0 in. 160 CFM
0.2 in. 140 CFM
0.4 in 120 CFM
0.6 in. 100 CFM
Input ratings
* Electrical input voltage: 120 VAC, 60 Hz
nominal

* lnput curment 5.2 A

Output ratings
* Power transformer to R/C terminals: 24
VAC, DBS A
* Energy Performance: 2.22 liters (4.7 pimts)
per kilowatt howr (KWH)
Standards and approval body require-
ments
ETL Tested per standard UL 474 ducted
dehumidifier.
ENERGY STAR rated.

TrueDry DRES Deburidification Systern  B2-2083EFS—11
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Division 26 — Electrical

Grounding Rods

ERITECH’

ERITECH® Copperbonded Ground Rods

In a grounding system, the ground elecirode provides the physical connection to the
earth and is the instrument used to dissipate curmentinto it There are two main types of
electrodes.

“MaturaF' electrodes are infinsic to the facility and include metal underground water
pipe, the metal frame of the building (if effeciively grounded), and reinforcing bar in
concrete foundations.

“"Made™ electrodes are installed specifically o improve the performance of the
grounding system and include wire meshes, metallic plates, bunied copper conductor
and rods or pipe driven into the ground.

The ground rod is the most widely used grounding electrode. ERICOE is the world's
largest manufacturer of ground rods and offers a complete line of rods and accessornies
o meet the needs of everyuser.

Features

Copperbonded Ground Rods
* Resist comosion better than gahanized rods allowing for a 30-year senice life in most soils
# State of the art manufacturing process ensures uniform plating thickness
» Aerage fensile stremgth of 80,000 psi and straightness tolerance of 010" per inear foot
» Exceed the requirements of ANSIEAULE 467-1884, CSAR, and ANSINEMAE GR-1
Pointe-d Copperbonded Ground Rods

» Manufactured of high strength 1035 cold drawn steel
» The ERICO preferred ground rod

Compression Couplers for Pointed Rods
* Foruse when coupling pointed rods
Sectional Copperbonded Ground Rods

» Foruse when itis necessary to deep-drive rods
* Cold-molled threads - sironger than cut threads

Threaded Couplers for Sectional Rods

» Foruse when coupling seciional rods
Drive Studs for Sectional Rods

» Screws into fhreaded coupler while rod is being driven
Applications

ERICO has a complete line of ground rods and accessories o meet the needs of everyuser.

More Information

View product information by region: Morth & Latin America - Eurcpe - Asia & Australia

Product Information - North & Latin Amernica Retumn to Top

Published 03/22/2011
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J
}

i

L7

Painbed Sechonal Comprassion Coupler for Threaded Coupler for Diriwe Stud for
Poimted Rods Sagtional Rods Sectional

GroundRod | Gmound Rod Fiods
Pointed Copparbondad Ground Fods
—— Plating Thicknsss Dameisr Lﬁm Standard Walght
(ot ] Packaps per 100
E13a52 5 38 5 5 160
13362 5 3E £ 5 193
E13380 10 IE B 5 270
E11255 5 1z g 5 795
E11283 5 12 £ 5 310
11285 5 1z B 5 482
113807 10 12 B 5 £53
E11205 g 12 10 5 E57
&11300° 10 12 10 5 733
E15850 10 58 5 5 420
E15860 10 5E £ 5 ED9
G15650° 10 5E B 5 £20
613683 13-REA SE B 5 £20
§13E00° 10 5E 10 5 Bas
15603 13-REA 58 10 5 B4
§15812° 10 5E 12 5 1000
§15615 10 SE 15 5 1275
13460 10 au 5 750
134807 10 3 5 1000
613483 13 3M 5 1000
134007 10 au 10 5 1240
G13412° 10 au 12 5 1480
§13415 10 3M 15 5 1650
14400 10 1 10 5 2704
" UL Lised

TO GO BACK, CLICK HERE
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WEEB Compression Clip
Note: the following listing document applies to all of the WEEB devices in this project manual.

Intertek AUTHORIZATION TO MARK

This authorizes the application of the Certification Mark(s) shown below to the models described in the Product(s)
Covered section when made in accordance with the conditions set forth in the Certification Agreement and Listing
Report. This authorization also applies to multiple listee model(s) identified on the comelation page of the Listing
Report.

This document is the property of Interiek Testing Services and is not transferable. The certification mark(s) may be
applied only at the location of the Party Authorized To Apply Mark.

Applicant:  Wiley Electronics, LLC Manufacturer: Same As Applicant

. 44 Peoples Rd :
Address: Saugerties, NY 12477 Address:
Country: Usa Country:
Contact Maggie Dulka / Mr. Brian Wiley Contact:
Phone: B45-247-4T08 Phone:
FAX: B45-247-7438 FAX:
Email: paul@we-lc com Email:
Party Authorized To Apply Mark: Same as Manufacturer
Report Issuing Office: Lake Forest, CA ;
Control Mumber: 3098177 Authorized by: )ézfi/m fjﬁdﬂﬂi

;h"* William T Starr, Cerfification Manager
C us
Intertek

This document supersedes all previous Authorizations o Mark for the noted Report Mumber.

This AuBerizstion ko Mark b for e sackeive uss of Istefisk’s Clent and i provided pusssent i the Certfication agreemest betwess Intertk aexd s Clant. Imiectel's resgonmibiity and lability are
lirrited B B berms and conditions of B egreermast. isieriek s no labiity i ey party, o B i the Clest s sccordencs Wi e sgresmend, for ey o, sxpasss or demege ocesloned
by B onm of this Actorization i Mark. Onfy e Clert i muthosized I parest copying or diatribetion of Bis Authodsetion fo Mark and Ben osly in i ereety. Ui of isieriek’s Cariication mark i

1 th I et e e nl in B A o Mark Ay forfer i of B isteriek same for B sele of scharisement of e tested melerl, product o servics st
first B apsprowed in weing by intertek initel Fiactony Asssssmasts aed Folow up Services ane for B pussoss of using scproorists ussgs of Be Ceficstion mark s scoordencs wi e
agrearren, they sne not for the purposes of prodocion quelity costesl nd do nol el B Cllest of Bl ablgetions in B repect

Intertek Testng Sensces MA nc.
165 Main Street, Corfland, NY 13045
Telephone 800-345-3851 or B07-T53-6711 Fax 607-T56-6600

cta UL Standard for Safety for Grounding and Bonding Equipment, UL 487, 8th Edition
ndard(S) .4 Grounding and Bonding Equipment, CSA C22.2 #41, Sth Edition, September 2007

[Product: Bum:ing Devices

Bonding Devices Model numbers WEEB-B.5, WEEB-8.5ML, WEEB-CL, WEEBL-8.7, WEEBL-8.2,
WEEBL-2.0, WEEB-DMC, WEEB-FMC, WEEB-CMC, WEEB-SMC, WEEB-Bonding Jumper-6.7, WEEB-
|Models: Bonding Jumper-8.0, WEEB-Bonding Jumper-8.2, WEEB-KMC, WEEB-UGC2Z, WEEB-UMC, WWEEB-
DFF, WEEB-11.5, WEEB-WMC, WEEB-CSG, Double Wedge Solar Giant, WEEB-55F, WEEB-LIR,
WEEB-WMR1, WEEB-WMR2, WEEB-UIR.

ATM for Report 3086176-002 Fage 1of 1 ATM Issued: 14-Jul-2011
ED A .04 (A-dun-00) Mardeleny
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LJILG

FAuhvercing Remewable Technology

WE E B Washer, Electrical Equipment Bond

The WEEE line of products iz designed to bond =olar P modules to mounting structures and create an
electrical path to ground. WEEBs eliminate the need for older, more cosfly grounding methods and greatly
reduce the amount of labor and materials used in installations. The innovative WEEB design removes the
need to run ground wire fo each individual module and eliminates the need for surface preparaticn on
anodized aluminum components. To install, WEEBs are placed between PV modules and mounting rails
at clamping pointz or at bolted connections. When anti-seize is applied and the hardware iz tightened
down fo the appropriate torque spec, the WEEBs" specialized teeth embed into anodized aluminum,
galvanized steel, or any electrically conductive metal to establish a gas fight elecirical connection.

=  Matenal: 304 stainless steel

* Listed to ANSIHUL 467 by Intertek ETL for use in Canada and the USA

*  Maximum electrical equipment ground conductor size when used with
2 WEEB= contacting each module in an assembly: 6 AWG

*  Qutdoor rated

Suka Mody e Frame
' Selar Madle Framz
e

)
il

WEEE 2.0

7 tourkng Ral

Mowuriling Fail

Contact us at: 845.247.4708 www.we-llc.com

TO GO BACK, CLICK HERE
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WEEB Grounding Lug

LJILG

fchnoing Renermble Teohnoingy

WEEB Lug

The WEEE Lug consists of a WEEB (Washer, Electrical Equipment Bond), lay-in lug, and hardware. ltis
used with one solid or stranded copper wire (BAWGS to 14AWG), or two copper wires (10AWGS fo 124WGE)
to provide a continuows ground on roof or ground mounted solar systems. Unlike fraditional lay-in lugs,
the WEEE Lug does not require surface preparation on rail or module to install. The WEEEB Lug is
installed using a 1/4-20 stainless steel screw which tightens the WEEB, allowing the specialized teeth to
embed into anodized aluminum, galvanized steel, or any electrically conductive metal to establizh a gas
tight electrical connection. The fin-plated Lug assures minimum contact resistance and protection against
corrosion. The copper wire is clamped by a 1/4-28 stainless steel screw, which iz horizontal to the tang for
easy access when mounted under a PV module. The low profile of the WEEB Lug allows it to be installed
im a variety of positions and comes with hardware fo mount it to a rail or through a 14 inch clearance hole.

Material: 304 stainless steel, tin-plated copper, outdoor rated
*  Low profile design
*  Multiple equipment ground conductor allowance:

One 14 AWG to 6 AWG or two 10 AWG, two 12 AWG
+  Listed to ANSIUL 467 by Intertek ETL

Contact us at: 845.247.4708 www.we-llc.com

TO GO BACK, CLICK HERE
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WEEB Bonding Jumper

LJILS

fuchrnoing Rerwmble Teohnolngy

WE EB Bonding Jumper

The WEEE Bonding Jumper s used to create an electrical connection between two pieces of anodized
aluminum, galvanized steel, or any electrically conductive metal which has been mechanically spliced.
Long spans of mounting rails are sometimes constructed from two shorter rail sections. Manufacturers
may recommend that a floating splice be used to allow for themnal expansion. A floating splice is nigidly
attached to only one rail, and allows the rails to expand and contract in line with each other. In such
cases, via MEC code, it is also necessary to make an electrical splice, which can be done with a WEEDB
Bonding Jumper. The Bonding Jumper is constructed of tin plated, braided copper wire with a WEEB
attached at each end of the Jumper. The WEEBs provide a reliable, gas tight electrical connection, and
the braided copper wire allows for thermal expansion. The examples below illustrate two ways to install
thie WEEDB Bonding Jumiper.

AEE SmapMRack

Contact us at: 845.247.4708 www.we-llc.com

TO GO BACK, CLICK HERE
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Electric Metallic Tubing

ALLIED

KWIK-FIT®* EMT

For Faster, Easier Installation...
Make It Kwik-Fit® EMT

KWIK-FIT® EMT is manufacturad
from high quality steal with a BUILT-
IM =sat-scrow coupling, eliminating
the need to purchasa, imlventory, and
install separate couplings.

1. Insert plain end into integrated
0On the job site, installation is much coupling.
faster and you've reduced both
matarial and labor costs.
Evan clean-up after installation is
easier — no clutter of extra
couplings and empty boxas!

& dlied

TJUBE & GONDUIT*

No separate couplings to -
purchase, store, carry or 1
install

2. Tighten set screws.
High grade durable and Fasent Mo, LS 7,804 582 B2 g

ductile steel for long life

Comosion Resistant

exterior and interior finishes No separate couplings to purchasa, store,

carry or install! You always have the right

UL listed and manufactured in type and size coupling with you — attached
accordance with ANSI CB0.3 at the end of the EMT!

Available in trade sizes 1 1/4-4

Contact your local Allied Tube & Conduit electrical distributor, or visit www _alliedeg.com.

ALLIED BECTRCAL Elecirical infrastructure Soluthons™

wiww _allledeg.com
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ALLIED

KWIK-FIT®* EMT

alied

TUBE & CONDUIT*

KWIK-FIT® EMT Specifications

Each 10° langth of KWIK-FIT EMT has an integral
staal screw coupling. Thasa built-in couplings
significantly reduce installation time, and
aliminate the nead to purch store, and install
separate couplings. Simply insart the plain end

of tha KWIK-FIT into the coupling and and
fighten tha sat-screws.

KWIK-FIT EMT is all steal for supenor strength,
parformance and excellant ground retum path.
Alliod EMT is hot galvanized using Allied’s patented
in-iina Flo-Coat* process. This procass combines
Zinc, a conversion coating, and a claar organic
polymer top-coat to form a tripke layer of

protaction against comosion and abrasion.

Tha interior of KWIK-FIT EMT is protected with
Allied's suparior EZ PULL® coating. This interior
coating makes wire-pulling even easier with a
209 lower coafficiant of static friction.

KWIK-FIT EMT is available in 107 lengths,
trada sizes from 11/4 - 4.

KWIK-FIT EMT is listed fo UL Standard 797
Electrical Metalic Tubing — Steel, and to

UL 5148 Conduit, Tubing and Cabla Fittings.
KWIK-FIT EMT iz manufactured in accordance
with AMNSI Standard CB0.3.

WEIGHTS AND DIMENSIONS FOR KWIK-FIT EMT
Irada . WL MNomunal MNomunal
Size o Outside Wall Master Bundlas
Designator (30.5M) Diameatar Thickness Cluantity Approx. Wi
LS | Metnic Ib. kg in. mam n mm fi. m Ib. kg
1% 35 101 45.8 1.510 38.4 0.065 1.65 840 2560 T20.0 F266
1148 H 116 526 1.740 442 0.065 1.65 720 2194 B12.0 3683
2 53 148 67.1 2187 55.8 0.065 1.65 500 1524 ] 3202
21% [=] B 8B.0 2875 73.0 0.072 1.83 350 1068 7560 3430
3 T8 263 1183 3.500 BB.A 0.072 1.83 300 81.5 TEAD 3578
ERE [ 349 1583 4,000 116 0083 211 250 76.3 BT25 X058
4 108 383 1782 4.500 114.3 0083 211 250 TE.3 [T 4455
"Dutsics diamaler iolarnoas: +f- 13 In [ 153mes) for e siee 2 feS) «- 0d in. [ for e sirg 2% (B3] - s I [3sEmm) o e =0 § (T +- 020 R [sames)
o frada st 3% (0] and| & [1 ).
WOTE: Langth = 10 ft. {i.0mm| with 2 iolorance of « = I jE.3smm).

= Alllied Tube & Condult - Electrical

16100 & Lamrop Awenue, Haney, IL 60426 TEl TD8-335-1610 BOO-E2-3743  Fax 7DE8-339-0613

ALLIES FIPETH CAL™ Soup
+ Allied Tube & Condult - AFC

il FE, E-Z Full, Allied Tube & Condull, #FCC
Iz 2w in 't Linles Staloe ndlin ol

© 200708 Allked Tubs & Condul, Primed

TO GO BACK, CLICK HERE
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Rigid Steel Conduit

ALLIED

RIGID STEEL CONDUIT clied

TLEE & CONDUIT*

Quality Long Lasting GRC (Rigid)

Steel Conduit...

Allied Rigid Steel Conduit is precision
manufacturad for depandable, long-
lasting value and ultimate protection
for electrical conductors. Highly
resistant to damage from impact, it
can be installed in all occupancies
and in all locations, including Class |
Division 1 hazardous locations.

Rigid steel conduit, covered by
Article 344 in the National Electric
Codae® (NEC), is recognized as an
equipment grounding conductor in
Article 250-118 of the NEC and also
provides excellent shielding from
electromagnetic fields.

Hot-dip galvanized to inhibit . ® -
white rust and increase Kwik-Couple® for Faster Installations

comosion resistance Get the Kwik-Couple® Connection

High strength ductile steel for Innovation from the conduit leaders at Allied.
long life and easy bending
Allied's patentad” Kwik-Couple rigid steel conduit
Provides smooth, continuous cuts threaded conduit installation time and

— i cost significantly. Kwik-Couple comes
raceways for fast wire-pulling el right s ek I
right where you need it

UL listed to UL 6, manufactured in

accordance with ANSI CBO0.1 Just line up the ends. spin the c.uuping
forward onto the next jI?IBDe and
Available in trade sizes 1/2-6 tighten. It's that easy! lrade sizes 2-1/2 - 4.

Contact Allied for details.

" ULE. Paient Numbers £258535, 4547004,

Contact your local Allied Tube & Conduit alectrical distributor, orvisit wwwialliedeq.com.

Eipctrical infrasfruciure Sowdlons™
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ALLIED

0' I
T, alied

TMUEE & SONZUIT

Allied Rigid Steel Conduit Specifications

Weights and Dimensions for Galvanized Rigid Tubing

B B Tegesge | Aporox wie Per | Momnaiouspe | MO n
combines damape-resistant strength with duct e 100 FL (30.5M) DEmet wan Mastar Gundl
355ure--as} bending, cufing and joining. It also provides Desigr ThEkness
smooth, confinucus raceways for fast wirepulling. No U5 Imetic] o n n ™
niz=d fio womy about damage o the conduit system even X o il -
when pulling theough multiple 807 bends iz 16 &2 372 | 0340 | 213 | 0904 | 250 | 2300 | LS
Alied RIGID is hot-dipped galvanized ngd.g and out. [f's 34 21 109 | 494 | 1050 | 267 | 0407 | 270 | 2000 | 6100
1o p—"ﬂﬁt‘d L] mh‘l‘ l"gﬂ"l‘ |-3}'F'f f inhibit white: 1 aF 161 730 [ 1315 | 3324 Jo1s | 20 1=0 | =13
nust and increase comosion resistance. | is impact and
crush resistant for maximum conductor protection. 1-14 B 3 030 | 1660 | 422 | 0135 | 340 ond a5
The 34" tzper NPT threads (AMS] B1:2001) are full cut and -z | 4 253 | 193 | 1900 | 463 | 0138 | 350 | E00 | 2440
ot gavanized after cutfing. Color-coded end-cap tread 2 | = | =0 |17 |23= | s0: |04 | 2m | o0 | a0
protectors kesp the an, sharp and dso provide
r gnifion. Trade sizes are color-coded 2112 =4 2535 | 287 | 730 | 045 | 490 ana 1129
b=, 1|..1ﬁd-.'ﬂ::-£h|-3:t and 1/ trade sizes red. 3 7B 727 | 2297 | 3500 | 880 Jo25 | 520 | 300 | 915
Hz = &0 3291 | 4000 | 1016 | 0215 | &30 50 T3
Alied RIGD) is very affecive in reducng slecromagneic fisld 4 105 | 1030 | 4570 4500 | 43 Jozes | s | 200 | &0
ks for encarsed power disiibufion ciruits, shiskding compuiers:
and cther sensiive alecnic Equgment fiam fhe ik o sk 5 13 1400 | 6345 | 5563 | 1413 | 05 | 620 150 458
magneic neference. Visit wawcsiesiconduit orgégemi iim io 6 155 | 1840 | E34.5 | 6625 | 1663 | 0266 | 680 00 | 305
obian the GEMI (Gmunding and Bedim-magnetic
|m,:e:|m;d}-;§mm ' For more: Inforrmaion only; not & spec requinement.
NOTE: Length = 10 % (305m) wih a ilerance of +~ 25 In. (5.35mm].
* KEMA Standard
Allied RIGID is coverad by arfide 344 of the Naional
Elecrical Code. ltis listed to Underwriters Laboraiones i . ; A
Safisty Standard UL A, and i manufacured o ANS] 01, . e e e
in fiew of WWIC: 581 Allisd FGID) i recogrized 2= an Desgnitor Apps. @S Diametr wal e
equipment grounding conductor by NEC Adice 250, Thickness
Installafion of Rigid Metal Conduit shall be in accordance wih US Metric] B | ky | in |mm | in |mm | o m
the Maional Becrical Code and UL General Information eard 212 550 | 2535|2875 | 730 [ o183 | 480 | 40 | 1220
FINE Mebe b i ERSSEES ARG O = ) S S R
Hz o 880 | 3991 | 4000 | 1016 | 0215 | 550 i 1] TE.3
RIGID Metal Conduit shall ba hot-dip gahvanized seel 2 | W05 | 1030 | %71 | 2500 | 1145 | 0Z= | 500 | 2o | 610
equal to that manufactured by Alied Tube & Conduit
Caorporation. Threads shall be hot gahanized after cutfing. ‘Culside diameter olsmnces: +~ [0S In. [ 54mm) *For informabion onkby; not & Spec neguirement.
RIGID shall be pmduced in accondance with UL Safely
Standard #3 and ANS1 C30.1 and shall be Ested by 3
naionally recognized festing |aboratony with folow-up
senvice. Whese Kwik-Couple* Rigid is used it shall also B .
meat UL Safety Standard 514-B. | is noted that tese UL For more infurmation, contact Allied at 1
standards have been adopted by the federal povermment (BOO) 882-5543,
and separaie military specificaiions no longer exist. of wisit cur website at www.aliedeg.com ]
-y

= Allled Tube & Condult™ - Electrical
16100 5. Lathop Avenue, Harvey, IL 60426 Tel. 7D8-339-1610 S00-383-5543 Fax TD8-3329-D615

Electrical & Support Diviskon www .allledeg.com
= Alled Tube & Concuit™ « ARC Calie Syseme® « Power-SIUe & Unisiu® Metl & Finemiass Framing - Cope™ Cabie Tiay

S et ks o on s e 2 owa o kray e o b st , a cr ftiy “nres|
u:-mrpn.-mm:hrqmmnnmmmwmmunmm

& 200708 Pres Isturmalior, Al Sghts raresd ATC-L-1700-0012
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Electrical Conduit

ELECTRICAL

CONDUIT

SUBMITTAL AND DATA SHEET

AN\

Jli%agli gt g

SCHEDULE 40 AND SCHEDULE 80 CONDUIT NSF NRTL" ANSI/UL 651 AND NEMA TC-2
RIGID MOMN-METALLIC COMDUIT FOR USE IN BOTH ABOVE GROUND AND UNDERGROUND INSTALLATIONS

SCHEDULE 40 CONMDUIT

Rated for 20°C Conductors

SIZE AVERAGE 0.D. NOM. LD MIN. T. APPROX. WTHDO FT
1/2 0840 0.622 0109 18
a4 1.050 0.824 0.113
1 1.315 1.049 0.133 33
1-1/4 1.6860 1.380 0.140 45
1-1/2 1.900 1.610 0.145 56
2 2375 2067 0.154 i
2-1/2 2875 2.469 0.203 126
3 3.500 3068 0.6 163
3-1/2 4.000 3.548 0.226 197
4 4.500 4026 0.237 234
5 5.563 5.047 0.258 319
B B.625 B.065 0280 411
B 625 7842 0322 622
Schedule 40 ts furnished in standard 10° lengihs with one bell end.
20" lengths are avallable upon request.
r1 Hon-UL or -NSF listed
SCHEDULE 80 CONDUIT Rated for 20°C Conductors
SIZE AVERAGE 0.D. HOM. 1.D. MIM. T. APPROX. WTHOOD FT
172 0.840 0.546 0.147 22
aa 1.050 0742 0154 a0
1 1.315 0957 0178 42
1-1/4 1.680 1.278 0181 B0
1-1/2 1.900 1.500 0.200 72
2 2.375 1.939 0.218 o3
2-1/2 2875 2323 0.276 160
3 3.500 2900 0.300 213
3172 4.000 3964 0.318 256
4 4500 3.8 0.337 310
5 5.563 4813 0.375 430
] 6.625 5.761 0.432 580

Schedule 80 Is furnished In standard 10" lengths with one bell end.
20 lengths are avallable upon request.

* NAMOMAL RECOGNIZED TESTING LABORATORY (MRTL) BY OCCUPATIONAL HEALTH AND SAFETY ADMIMISTRATION [OHSA)

U.S. D.O.E. Solar Decathlon 2011
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Main Load Center

Product Data Sheet

HOM1632L200TC

LOADCTH HOM MLO 240V 200A 1PH 16SP
NEMA1

Technical Characteristics

O] =ouarE o

Ly Schneinder £ coorlc

UstPrice  3357.00 UsSD
Avallabllty Stock rhem: This tbem ks normally sfocked in cur disfribution taciity.

Ampere Rating 20aA

Bus Material Tin Plated Aluminum

Enciosurs Type Indaor

Boor Mumiber 9

Enciosure Rating MEMA 1

Groundng Ear Factory Instaled

Madmum Single Pole Cicults 32

Applcation Designed to mest residentlal, commencial and Industral requirements to prodect elecirical
SYSiems, equipmant and peaple.

Shart Clircult Current Rating 10kA

Mamimum Tandem Circult Breakers 16

Approvals UL Listad

Main Type Convertible - Factory Instalied main ugs

Cover Typs Comisination Flush'Surface

Marketing Trade Name Homeling

Phase 1-Phase

Depth 3.75 Inches

Helght 20,56 Inches

Spaces 16

ioltage Rating 120240VAC

Wire Size #4 o 250 AWGTomill (AVCu)

Wiring Configuration e

Width 1425 Inches

Shipping and Ordering

Calegory 00045 - Load C=niers, Type HOM 12 - 42 Cincult, NEMA1 Indoor

Discount Schedule DE3IC

GTIN D07BS001 309338

Package Quanity 1

Weight 272 Ibs.

Avallabiity Code Siock hem: This Hem ks nommally stocked In our distribution facility.

Retamabllity Y

Coundry of Crigin us

As standards, specifications, and designs change from time fo ime, please ask for corfirmation of the Infarmation given In this document.

€ 2011 Schneider Eleciric. Al rights ressned.

TO GO BACK, CLICK HERE
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Aucxiliary Load Center

Product Data Sheet

QO612L100RB
LOAD CENTER QO MLO 240V 100A 1PH 6SP

Technical Characteristics

Iﬁl HELARE T

Ly Sehimeidler & corrlc

ListPrice  5$143.00 USD
Avallablity Shock Hem: This tbem ks normally stocked in our distribution tacility.

“Shont Clircult Cument Rating

Main Type

Maximum Single Pole Cireulis
Mamimum Tandem Clcult Breakers

Phase 1-Phase
Spaces [
Ampers Rating 100A
Voitage Rating 120r240VAC
Wire Size £ tn 1 AWGIALICU)
Wiring Configuration FHWire
Applcation Designed to mest residentlal, commencial and Industral requirements to prodect elecirical
Sysiems, equipment and people.
Depth 4.27 Inches
Approvals UL Listad
Height 1255 Inches
Cover Type Surface
Width .58 Inches
Bus Material Tin Plated Aduminum
Enciosurs Type Outdoor/Rainproal
Box Numiber 2R
Enciosure Rating MEMA 3R
Grounding Bar Oinder separately
" 7OA (max) branch clrcult braaker and T0A (Max) back fed main circut breaker.
Shipping and Ordering
Calegory 00101 - Load Centers, 1 Phase, NEMAT & 3R, 2 - § Cincult, Type QO
Discount Schedule DE3A
GTIN O07BS001 735500
Package Quanity 1
Wesght 9,58 Ibs.
Avallablity Code Sitock iem: This Item ks nommally stocked In our dstribution Tacity.
Rehamabliity ¥
Coundry of Crigin MX

© 2011 Bchneider Elednic. Al rigis resenved.

TO GO BACK, CLICK HERE
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Hubbell Tamper Proof Receptacles

U.S. D.O.E. Solar Decathlon 2011

The NEC® 2008 code:

NEC Article 408.11 requires tarmper-resistant receptacies for
dwelling unita. “In all areas apecified in 21052, all 125 voit

18- and 20-ampere receptacise shall be isted tamper-resistant
receptacies.” Aricle 210.62 specifies whers mceptacies ahall

be instalied.

What this means to you:

All 18- and 20-amp, 125 volt residential receptaciss must

ba of a type clasefied and Beted as Tamper-Resstant (TH).
Thiz includes duplexsa, GFCs, single receptacies, dock:
Receptacles, even if dedicated to a epecific uses and not readily

accessible, must be tampar-resistant.

Thiz affects all new conetruction and major renowvations for
eingle- and muiti-family hormes. In some instances, hotsl rooma

and coliege dormitories are clasaified as dwelling unite.

Published 03/22/2011
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Why Tamper-Resistant?

The tamper-resistant code requirement iz all about aafety.

*  Approximately 2,400 children per year suffer electrical outlet related injuries.

* Foryears, the deaign and use of tamper-resistant receptacles have besn proven efective in pediatric
areas and hospital installations naticnwide. it makes senae to have them in homea.

*  The additional coat per device ia minimal and well worth it
* Reguired by states that adopt 2008 NEC®.

Tamper-Resistant Receptacles

-

@

) o O o N
2y 1l 1l g 11 .
Los n ""'-_b i iow -ﬁ :.|_ D
LI - - - v (P =
J 1 2 [ g 1 d
ek Bk Tk o -
T Bt I-;il.'j Q= (]
‘Standard Duplgs ‘Bearvdand Duplas Diaoratod Duglhion Standard Duplix Stansdard Single
Cuiek Thiead Gt Enrs
154 125V TEA 125 1A, 155 154 1285 0A 1259
Arrand RASSALTR RASQALTR RADIGSALTR ARSKALTR ARZ0ALTR
Black RFHSSAKTR RFSOBKTR RADIESBKTR RFSKOKTR ARZ0IBKTA
Brawn RAISSTA RA1S0TA RADIGSTA RAISKTR ARZ01TA
Gray - - RADIBSGYTR - ARZMGYTR
Tery RAISSITR RA15QITR RADISSITR RAISKITR ARZ0MITA
Lightt Alerwarsd RASSLATR RASQLATR RADISSLATR RA1SHLATR ARZLATR
Whike: RAIGSWTR RR150WTR RADMSSWTR RASKWTR ARZTWTR
s # @ w8,
| : q Rl B -]
I | [ ] i i
i g e R z'2 — . 5
fu q o « B r B
] 1 Ly il 2h) | il
— — P— —— — -
P el 3.5 b 8- L)
Dustarabes Sirglhi Dastorabor Bingla Standard Combo Baandard Combo Dacormior Comisa Dusoraior Cambss
Rastapial L P Switeh 164 120V W Bwieh 158 120Y EP Bualiteh 158 120V W Swdboh 1684 120V
154 125V DB T Racepiacls 164 125V  Rocoeplacls 154 125 Aacaphasle 154 135 Raoapbnels 158 1268
Arrand RROS1ALTR RADC201ALTR RCH0BALTR AC30BALTR ACCAOBALTR ACDI0BALTA
Black RRDASIBKTR RAD2BKTR = - ACDHOBBKTR ACDMOARKTR
Bravri RRDASITR RAD2(1TA RCH00TR ACI0ATA = -
Gray RADASIGYTR RRAD2MGYTR = - ACDA0BGYTR ACDMBGYTR
Tty RROASUTA RACMITR RCI0MTA RCI0AITR ACDAOMTA ACDIOMTA
Lightt Alerwarsd RRDA5ILATR RAD201LATR RCH0ALATR RCIDALATR ACD0ALATR ACDMELATR
White: RAD5TWTR RADHWTR RCH0SWTR RCIEWTR ACDH0SWTR ACDMEWTR
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Increasing awareness of child electrical safety

The Mabonal Electrical Manufacturera Asecciation has developed a program titled Rieal Safady-that identifiss the damgera
alactrical moepiaciss may poas to children, educating users about tamper-resistant receptacle function. Fsal Safety
targets electrical professionals, inepectora, distributors, buildere and new homeowners. For more information visit the
wabsite at www.childoutlsteafety org.

Tamper-Resistant GFCls and Specialty ltems ®
?ﬁq""ﬂ g
i 3
_v'._ll ?
1 e ol !
i gk ek
OFCH Combo JLOAD™
GFCI Duplex ﬂw BF Bwiteh 164 1200 ﬂw
Armand
Black
Birawr
Gray
ey
Light Aderiond
Whibe
Alrrand
Black
Brown
ary
Wihibe
Brass
Sinirikess
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Residential Tamper-Resistant Performance

Protection iz always there with the tamper-rezistant mceptacles. It iz reliable, automnatic and
parmanant. With attention to design and performance, Hubbell has developed a new shutter
mechaniem to enable tamper-resiztance to be built into standard and decorator duplexes, single
receptacles, floor boxes and other power davices. At Hubbsll, performance iz our history, safety iz
our goal —now for your home.

Look for

Built=In Safety Action Power When Needed

Inzertion of a two or three bladed plug
reatrictz access to an object in any one will open the shutters, allowing
aide of the receptacla. alactrical contact.

Hubbsl Wiring Denice-Kellerns » Hubball Incorparated (Dalawars) « 185 Plaing Raad = Mifoed, OT 08461-2420
Phors {800 288-6000 « FAX (800) 2551031 = wass. homasslsct.net

Hubbel Canada LP » 870 Brock Road South = Pickering, Ontaro LYW 128

Fhonae (SO0} 260-4622 » {BO5) 830-1138 » FAX (B05) B38-8108 » wasw hubbel-canads com

Priraiind I LS Spasisdiom iniecd b chisge it folits. & Ericdarruas ol Hubsladl Penrorided. HEnEr

G
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Leviton Switches

[ | ]
HER :
B8 TWAcommecom

hitp:#www TWAgomm.com
Toll Free: (877) 802-2666

15 AMP Quickwire Push-In and Side Wired 120277V AC

DESCRIPTION CAT. NO. ROCKERFRAME COLOR"
Single-Pole 5601 Mahogany
5601-1 Ivory
5601-W White
5601-2A Almond
5601-2E Ebony
5601-2GY Gray
Double-Pole 5602-2 Mahogany
5602-21 Ivory
o602-2W White
5602-2GY Gray
5602-2A Almond
5602-2E Ebony
Three-Way 5603 Mahogany
56031 Ivory
5603-W White
5603-2A Almond
5603-2E Ebony
5603-2GY Gray
Four-Way 5604-2 Mahogany
5604-21 Ivory
5604-2W White
5604-2A Almond
5604-2E Ebony
5604-2GY Gray

5601-in 80301

5601-2GY in 80301-GY

0.99 (25.2 mm)

Note: To order Decora rocker switches with grounding screw add suffix -2 (e.g. 5601-21)
All devices are UL Listed and CSA Certified.

1.40 (35.5 mm)

b Qa9

2.61 (6.2 mm)

3.26 (82.8 mm)
4,20 (106.7 mm)

O@O

138 (349 mm) |
i

131 (33.3 mm)

DECORA AC QUIET ROCKER SWITCHES

Cat. Nos. 5601, 5602, 5603, 5604

SPECIFICATIONS & FEATURES

= Swatch frame shields aganst dust and fits in
wallplate to prevent rocker binding

= Side Wire and Quickwire (No.12 or No. 14
copper or copper-clad wire) push-in terminal
wiring options

= Sturdy construction for long senvice life

= Full rated current capacity with tungsten,

luorescent or resistive loads. Motor capacity

kil
is 80% of switch rating
= Conform to all NEMA standard specifications

TESTING & CODE COMPLIANCE

= UL Listed (File #E-7458)

= CSA Certified (File #LR-3413)

= NOM Certified (#057)

- Backed by a Limited Two-Year Warranty

*COLOR
Rocker/Frame colors available as listed.

HORSE POWER
158
@ 120V
2@ 240V

MATERIAL CHARACTERISTICS
Environmental: Flammability UL-94, W2 Rating
Operating Temperature: 40°C to 120°C

For more information regarding matching
wallplates, colors, materials, single and
multi-gang, refer to Wallplates, section G.

For answers to technical questions, call Leviton's Techline at 1-800-824-3005 ... Building a Connected World

(A

TO GO BACK, CLICK HERE
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Landis & Gyr Meter Socket

( LANDIS & GYR

Product
Schedule
410

TYPE UAT4 200A RESIDENTIAL METER MOUNTING DEVICES

Ciorimecin Features

w OHJLWG ooin st ruction

w 2004 continu ous duty rated

w 2504 max rated

w Quad ground on all devices

m Lay-in 350 komil max lugs

w Steel or aluminum constr ction

m Ring ar ringless style

wiGlas filled polyester block construction

s

iy .r...". ey
Wt s, )

m Hom bypas available bt
e _“\\

rf | | Optional 1 \ KN OCKOUTS (inches):

| ] Fietd Irstalabic - ! 5 1, 1-14, 1-12, 2, 2112

K! J!} Eth Terminal KL I AR 4, 100.7)8

- j/ B #2750 HUROP

[ Termend [T Hby Barmd Lock S0 Jaw Catakeg Numbss
Syl Sevice G Bypass W H D Dpening P, ate Abumi
Rnglex  OHUG F14- 20 L=y 110 140 45 BX Ol Aake MR HES30121 = l.l.ll'l‘l'l-IGlL
Rngles  OHUG #1430 Mo 110 140 45 BX O Pas MA HESRO121 " I.I.II'I‘I'I-\I‘IIZIL
Rnglex OHUG #6350 kol Mons 110 140 45 R Dipsinirey MA HES30121 ATAEE-DE l.l.ll'l‘llﬁ{a
RArglax  DHUG 5350 kol Mo 110 140 45 Elank Top MR HES30121 UATAZPE =
Rnglex  OHUG $5-350 kol Mo 110 140 45 R Oipsainiieg MR HES30121 UATAET-DE AT -0
Rngles  OHUG #5350 komil  Nons 110 140 45 R Oipsainineg MA HESRO121 LMATAET-DEF unmm;j}
Rnglax  OH 5350 womill | Mons 110 140 45 2 Hub brestallad MA HES30121 - AT 1 7D
Rrglax  OH 5350 kol Mo 110 140 45 25" Huly Irestallad MR HES30121 = TS TG
Rnglex UG $5-350 kol Mo 110 140 45 Elank Top MR HES30121 UATAETPE TS TPG
Rngles UG 5350 omill | Mone 110 140 45 Elari ToD MA HESRO121 WMAT4ET-PEF I.I.II'I‘I?\-FEIII
Rngles  OHUG  B5350 komil  Nons 110 140 45 BX Ol Fak MA HESR0121 MATEET-XE AT 7006
Rnglex  OHUG 85350 omill  Mone 110 140 45 BX 0L Fade MA HESS011 WMATAET-HEF l.l.ll'l‘lmlil
Rnglax  DHUG $5-350 kol Mo 110 140 45 BX Ol Aake MR HESRO121 UATEST-XG =
Rngles  OHUG #5350 komil | Nons 110 140 45 BX L Paw e Factory Ireialled - LNAT 1 7-30000A
Rnglex UG 5350 womill | Maons 110 140 45 Bl ToD e Factoey Irectalled " LNAT 1 7PIA
Rnglex  OHUG  B5-350 komill  Hoen 110 140 45 R Dipsainiivey MA HESS011 - LNAT S 7-0IFT
Rnglax  DHUG #5350 bomill | Hoen 110 140 45 R Dipsainiineg MR HESRO121 = LTS F-DIPOG
Rngles  OHUG #5350 koml  Homn 110 140 45 BX L Paw TAE r e Facioey braiallad - l.l.ll'l‘lmﬁ]
Rngles  OHUG  B5350 koml  Haomn 110 140 45 BX Ol Fak TB" Factoey Irectalled " AT ST 7-00FF
Rnglex  OHUG  B5-350 komill  Hoen 110 140 45 BX 0L Fade TE" Factcey brecialled - I.I.II'I‘I?-IFHL
Rnglax  DHUG #5350 bomill | Hoen 110 140 45 BX Ol Aake MR Factoey brectalled = I.I.II'I‘I?\-\I\IZIL
Rngles  OHUG #5350 koml  Homn 110 140 45 BX L Paw A HEF30121 - AT 7-30P0G
Rnglex UG 5350 omill | Harn 110 140 45 Bl ToD MA HEF30121 " AT 7-FPOG
Ry OHUG  B5-350 bomill  Mone 110 140 45 R Dipsainiivey MA HESS011 - I.I.II'IF-H@
Ring OHUG $5-350 kol Mo 110 140 45 BX Ol Aake MR HESRO121 = I.I.II'IB\-\IGIL
Ring OHUG  $5-350 womill | More 110 140 45 BX L Paw A HEF30121 - unmm&
Ring OHUG  B5350 bomill  None 110 140 45 BX O Pas MA Factoey Ireialled " ILAT:
Ringy [l B85350 womill | Mons 110 140 45 Elank ToD MA Factsy brectalled - l.l.ll'm-ﬂ@

[ i ledes stainiess sieal katch aind hasp.
) I ledas casdiboand matar

e

m
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(LANDIS % GYR

Product
Schedule
410

ke oot igrsration, alema e hasp mamesaland spacal kabsing.

CUSTOMIZED CATALOG NUMBER:
1) St coar sty and encioous: mat UATS -
) Saherct b syl * ! I
3] Salent e
1 = Ringless, S A = 17 Hub brestailad C = A ELED
2 = Aing Typs, St B = 1.35" Hubinstaliad 0 = 716 BL KD wiSracet
3 = ANgiaE, Alsmiresm € = 1.50° Hub instaiiad E = FEELED
5 = Binghaw, Fid Ausminam O = 27 Huh brectaillad F o= TE° BL KD wiltrac i
E = 2.5 Hub bstailad I = bhibier
1= 125 Amp confimees @ied | | O = Mo Hub instlled M = Sth v instalied 9:00
4 = 150 Amp ¢ ot @ied | | X = Conr Aaie saled P = Hom Sypass
Conaul T Roony for offer avalalbis opdons such X, T = 200 A ¢ eavinmsons @ied F = Mo Hiub Opsaning W= Hom Bypass wiSth lw
Bt mecit B e 30 ncdatad STh eemina k, alisma @ T = Whatas O Conad

GEMERAL INFORMATIOM:

Capadty: A0 ampere mtinuows, 600 vwolts ac.

Application: Single phase, 3 wire, self contsined conwertible 1o 5 e rminal.

Enchosunes: Al endlosures shown here are ringless, HEMA Type 30 All enclosures 2o available in either 16 gauge painted shesl . 063
aluminum in l finish. (For painbed alumi enchosures, consult Bsctany.}

Block Assemnbly:  Hlods assemblies am arcand tedk nesistant thermaos et

Terrminals : Lay-in style, fin-plated, extruded alumi B061-Té.

[TTH Al sovdoets s UL Febed unbess otherwisoe indicated.

ANSHC12.7: Al sodoets me et or exosed ANSHC12-7 stand ands.

Stud -Type: Optional stud-type conneciors are aailable, mnsult ctary.

Hubsz: Hube mnfomm to ANSI standard . 257 hulb masdmum.

Barel lodk Prow.: Inchudes bracket and knockout.

TO GO BACK, CLICK HERE
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PV Meter

we creale smart grids~

I-210+c® SmartMeter

profocob for dota storoge and transmisson.

companent for gas and water reads.

Functions & Features

Wireless Communicafions
* GPRS
* TigBee®
* Badger CRICH®

Advanced Metering Funclionality
* Remaote Disconnect/Reconnect
* Flexible Two-Way Data Refrieval
* Scheduled & On-Demand Reads
= Inferval Reods (5, 15, 30, 40 minutes)
= Real-Time Interval Reads
= Automated Register, Self-Read £ TOU
* Demand Resets
* Real-Time Meter Event L Alarm Retrieval
* Real-Time Power Outage & Restonaficon
= Service Diognostics & Tamper Detection
= Tilt Detecticn
* Meter Clock Synchronization
= Smarthieter Status Display
= Automated Meter Regisiration
= Secure L Encrypted Data Trarsmissions
* Bi-Directional Metering
* Ower-The-Al Smartheter Moduie Firrmeone
Upgrade

Supported Meter Forms
= Class 20r 35, 45
* Clhass 1002 15
= Class 2000 25, 125, 255
= Class 324 25
= See back poge for Supported Foms
with Remote Disconnect

asmmls-.m.:h, Inc.
4400 Od Carton Road

Jockson, Missdppi 27211
1-888-242-1780

wawes srmartsynch.oom

smartsynch's resdential smart metenng sciution features a communications module that
i infegrated info the GE F210+c elecincity meter. The F210Hc Smartheter communicates
ower an exsfing celular nehwork with the Ssmartsynch Transaction Management Systemm™
[TMS] or other ©12:21 head-end system (such as MVY-90] and complies with ARSI C12.19

Thie F210+c SmartMieter is g single-phase electronic watt-houwr meter for use in
resdential and light commercial service locations. The 1-210+c's key featunes include
Time of Use, Demand and Load Proflie, Remote Connect/Disconnect, and C12.22)
1221 compafibility. The 1-210+c SmartMeter also includes an optional TigBee® wireless
component for inpremise communications and an opticonal Badger ORON® wireless

Hardware Components
* Remote Disconnect/Reconnect
* Raodio Control Module Board [RCM)
= Capacitor Storage Bank (CSB)
= GEMGPRS Modem
= Tighee Transceiver
* Bodger ORIOH Receiver
* Infemal Antenna

Operaling Ranges
Temperature
= Operating: [-40°C, +85°C]
* Trarsmission [GPRS): [-40°C, +85°C]
Humidity
= 0% fo #5% non-condensing
Accuracy
= Meets AMSI 1220 for occunocy clas 0.5%

Regulatory & Indusiry Specifications

= FCC Part 15 Class B

« AMSI C3TR0.1 — 195 [SWC)

« ARSI C12.90 (Class 0L5) — 1998

= PTCRE Certifled

= Network Camier Cerifled

* Measurement Canada Cerlified

U.S. D.O.E. Solar Decathlon 2011
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Hardware Specifications Smar ynche

Hardware Component Descripfion
Radic Control Module Boord [RCM]  32-bit ARM processor, 258K RAM, 512K fiash

Supplies peak power for data trarsmissions and all functicns duing
power cutages — ne batteries required

EEM/GPRS Modem G5MA modem communicates with head-end wsing GPRS and SMS senvices

Capacitor Storoge Bank (CSE)

ligBee Trarsceiver Wireless component for in-premise two-way communications
Wireless component for receiving gos and water reads

Badger ORIOH Receiver

Intermal Antenna Aexible dgual frequency G5M antenna for the modem

Temperafure Ranges Supporfed Meter Forms With Disconnect

CH—. Class 20r 35, 45 Class 100 15
Operating: [-40°C, +85°C -
.. . ] Class 1000 15 Class 200 25, 125, 255
Transmission [wireless]: [-40°C, +B5°C) Class 200 95, 195, 255 Clqss 320 955
Class 320 25

Humidity Range ) . :
Regulotory & Indusfry Cerifications

0% to #5% non-condensing FCC Port 15 Cims B

Accuracy AMSICIT_P0.0 — 1988 Sunge Withstand Capability [SWC)
AMSIC12.20 [Chass 0.5) — 1998

Mests AN 12.20 for accuracy class 0.5% PTCEE Cartified

Measurement Canada Cerifled
Nehwore Camer Cerifled

InputfCufput Signal or Interfoce Definition/Values

Module Poswwer Input Voltage: 120 - 240 VAC
Meter Sefial Interface 3.3V / TTL compatible asynchrenous
Integrafion

The smartieter moduie i a fully integrated, under-the-cover option inside the F2104c mefer. The H210+c Smartheter
iz shipped as one complete unit, ready for fied deployment.

Vemsion and Compatibility Infornation

F2104c Meter Hardwane: Supported meter fomns, classes, and types, equipped with battery
2104 Meter Firmwane: Latest fully supported

Smarthoduie: F210+C GPRS Smarthleter Module

SmartSyrch TRS: Viersion §.0 or higher

About SmartSynch: Headquartered in Jackson, Miss., martfynch has been developing swccesshd Smart Grd Infeligence
solutions for the: ulifly industry since 2000. The compony’s clean-fech innovations in the hwo-way defvery of red-fime energy vsage
data over celiulor networds |ATAT, Rogems, =ic_|, in iew of pivole network buid-outs, hove to dofe simplfied Smorifdeter deployments
for 150 major Morth Americaon ulilifies, whie =nobling gresm-enengy infiotives and deffveing sgrificanty higher Refums on Besounces.

Unike= propri=tary, closed-orchitecturs solufions, Smartiynch’s Smortbeters represent fufureproof invesments in technology. The
stondards-based IP conneclivity enabled in every ImartMeter deployed maolkes them odoptable and remotely wpgrodoble to support
today’s s=nsor and communications needs, os well o3 tomomos’s opporfunifies, better than any olfemative.

Published 03/22/2011
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DC Disconnect Switches

Product Data Sheet

DU322RB
Safety Switch , 60A, Non-Fusible, 3-Pole

Technical Characteristics

Iﬁl HELARE T

Ly Schmeindicr £ corric

ListPrice  3443.00 USD
Avallablity Sbock Hhem: This tbem ks normally stocked in our distribution tacility.

Humier of Poles 3Poie

Teminal Type Lugs

Type of Duty Genaral Duty

Maximum Voltage Rating 24TVAC

Wire Size #10 to #2 AWG{AI) - F14 to #2 AWG{CU)
Depth 3.75 Inches

Helght 9,563 Inches

Action Singe Throw

Ampers Rating 504

Width 7.25 Inchas

Approvals UL Listed File Numiber E2875

Enciosure Rating HEMA 3R,

Enciosurz Type Ralnpmaf and Slestiics proof (IndoonCutdoor)
Factory Instaled Neutrad Mo

Disconnect Type Hon-Fusibie

Mouriing Type Surface

Shipping and Ordering

Category 00106 - Safety Swiich, General Duty, 30 - 200 Amp, NEMAIR
Discount Schedule DE1A

GTIN D07BS901491767

Package Quanity 1

Wiight 4.78 Ibs.

Avallablity Code Stock hem: This Hem ks nommally stockad In our distribution Taciity.
Fehamability Y

Coundry of Crigin MX

As standands, specifications, and designs change from time i ime, please ask for conmmation of the Infarmation given In this document.

& 2010 Schneider Eledric. Al rigihts resenved.

U.S. D.O.E. Solar Decathlon 2011
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PV Modules

SUNPOWER E19 / 240 SOLAR PANEL

MAKIMUM EFFICIEMCY AND PERFORMANCE

BEMNEFITS
Highest Efficiency

SunPower™ Solar Panels are the most
afficient phn‘rmrul'ruic pcmals on the

e,

More Power

Owr puna|s pruduuﬂ MOra power in
the same amount of space—up to 50%
more than conventional dasigns and
100% more than thin film salar p-un~a|5.

Reduced Installation Cost

More power per panel means fewer
p-una|s per install. This saves both time

and menay.

Reliable and Robust Design

Proven matarials, tempared front glass, . . .
e e e The SunPower™ 240 Solar Panel provides today’s highest efficiency and
panel to operate reliably in multiple performance. Utilizing 72 all bock-contoct solar cells, the SunPower
mounting configurations. 240 delivers a total panel conversion efficiency of 19.3%. The panel’s

reduced volioge-temperature cosfficient, anfirefladive glass and
excepfional lowlight performance afiribuies provide cutsionding energy

deliver:.r per pa-clk power walt.
SunPower's High Eficiency Advanioge
20 18% 19%
15% 14%
1085

10%

5%

Thin Film Convenfional SunPower SunPower

E18 Series E19 Series

SPR-240E-WHTD B

Published 03/22/2011
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SUNPQOWER

E19 / 240 SOLAR PANEL

MAKIMUM EFFICIEMCY AND PERFORMANCE

Hecirical Data IV Curve
hacrac] of ek et Corediom: 517 i ol 1000Wr, b 1.5 el ool et 257
Paok Powar |+5/-7%) — 0w 7
Efic 123% =
ey & 1000 W
Raied Voliags Vg AD5Y [4
Rated Cumant mpp 5914 = 2
Opan Circult Yolioge Ve ABEY E 3
w
Short Cirouit Current b £330 A :
Miimum Sysam Veboga 1 00 Y o - A
Tamparaime Coaficient Powar [ 038 S K o 10 20 10 Al ) &0
Volioga [Vl 132 5m¥ F K Violboge V]
Corrart [l 15mA K Correns'volingm cf with dapsrdarcs on irmod =l mochia
MNOCT AP C PO
Sarias Fusa Raing WA Tested Operatfing Conditicns
Temperature A0° F o +185% F [40° Cio + B5® )
Mechanical Deta dhocx bood 113 paf 550kgy/m? [5400 Pa] boat— o.g. snow:
Solor Cells 72 SunPower allbock comind momocrysiolline 50 pef 245kg/m’ (2400 Paj frant and back — a.g. wind
Front Gloss High transmissicn empered gloss with Impact Resistonce Hod 1in [25 mm) at 52mgh [23 m/:)
onfireflective [AR) coating
Jonclon Bax P45 rated with 3 bypass diodes Warranties and Carfifications
Dime=nsicns: 32 x 155 x 128 |mm| Warnanlies 25 yeor limited pawer warrangy
Chipadt Cobles 1000mm langth cables / MelConiod MC4] connedors
10 yeor limited product wormonty
Frame Anodized alsminum olloy type $063 (block)
Waight 3.1 I [15.0 kg) Cerfificofions Tested io UL 1703. Oass C Fire Rofing
Dimensions
3 Dirourclag Hole .
[47:24]

o (2] F 1 - [

SR L | o I = I~ £ ~| [ em

e n i+
* —rf=
. j [42]
! Lot 421 | =a [39:29]
N
4 & o
[41.3] 0 —"['JL‘— I3 1_"I [7.25]
[47] [40.45]

SUICAWE ol the SUNPOMWER oo oo rocleecsi o
8 Sieunbar 300 Senfizewr Copaion

TO GO BACK, CLICK HERE
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Combiner Boxes

LJILS

fchmnoing Renermble Teahnology

ACE Acme Conduit Entry Box

The ACE makes quick and simple transitions from USE-2 or PV amay wire to conduit protected THWHN-2
wire. The box features a compact two-piece UV resigtant, NEMA3R rated, enclosure that allows ample
wiring space and is compatible with any conduit type. The unigue wire entry seals the enclosure even if
entry slots are unused. Convenient side and bottom conduit drill out allow for easy conduit routing. The
cover comes with caplive screws for hassle-free assembily.

Captive scrows for

casy installation CHMBIIEILIV

rosistant enclasure

Waour chicke of wAring methods;
+  Wiaatherpraof butt splices

+  DiN ralil-mountod conneckor
= Adx¥#mm fuse holders

THWEL-2 wircs

botam
or side

Equlrmznl: ground
can

{Bare solid copper or
insulated wire only}

Special seal Mfor water-

Fail Mounted Pole Mounted

Contact us at: 845.247.4708 www.we-llc.com
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Specifications

Input Wire Diameter Range

5.0- 6.8 [0.20 -0.27in] 10-12 AWG USE-2'PV WV

Maximum number of Input Conductor Slots

a

Maximum number of PV strings

4

Maximum number of Combined Strings

4

Equipment Ground Conductor Type

Bare solid or jacketed only

Equipment Ground Conducior Diameter Range

4_0-8.8mm [0.16-0.27 in]

Acceptable Conduit Sizes

19.05mm, 25 4mm [0.75in, 1.0in]

Internal Vaolume 1840cm [112 in]

Internal Height T2.0mmi2.83 in]

Dl Ot Side, Botiom

Configurations
ACE Part ACE T inal TEETI [ FLEP G di
al Enmanal ombDiner roumcing -
Number Configuration Block | 'miernal | Fuse Holder Bus | Terminal |DWN Rail
Pass-Through wsing Butt
ACE-FT Splices/Wire Nuts A MiA WA MR A WA
ACE-1P 1-5itring Pass-through 2 WA WA MiA 1 1
ACE-2P 2-5iring Pass-through 4 WA WA MiA 1 1
ACE-3F | 3-String Pass-through ] MIA NiA MiA 1 1
ACE4F | 4-String Pass-through g MIA NiA MiA 1 1
: ) ) Mot resquired for 2-

ACE-2C 2-Sirings Combiner 4 2% 2-Puole siring combiner MiA 1 1
ACE-3C 3-Sirings Combiner 3 1% 3-Pole 3 1% 3-Pole 1 1
ACEAC 4-Sirings Combiner 4 1X 4-Puole 4 1% 4-FPole 1 1

Mounting Bracket is included with the purchase of the ACE. It iz made of lightweight, comosion resistant,

anodized aluminum. The mounting bracket assembly includes:

1% ACE Mounting Bracket
43 Mounting Screws
2x Bonding Washers

Contact us at: 845.247.4708 www.we-llc.com

U.S. D.O.E. Solar Decathlon 2011
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Intertek AUTHORIZATION TO MARK

This authorizes the application of the Certification Mark(s) shown below to the models described in the Product(s)
Coverad section when made in accordance with the conditions set forth in the Cerification Agreement and Listing
Report. This authorization also applies to multiple listee model(s) identified on the correlation page of the Listing
Report.

This document is the property of Intertek Testing Services and is not transferable. The ceriification mark(s) may be
applied only at the location of the Party Authorized To Apply Mark.

Applicant: WILEY ELECTRONICS, LLC Manufacturer: WILEY ELECTRONICS, LLC

Address: P.0. Box 361 Address: 1131 Kings Hwy
SAUGERTIES, NY 12477 SAUGERTIES, NY 12477

Country: USA Country: LUSA

Contact: Mr. Brian Wiley Contact: Mr. Brian Wiley

Phone: (845) 247-2875 Phone: (845) 247-2875

FAX: (845) 246-0189 FAX: (845) 246-0189

Email: btw@we-llc.com Email: btw@we-llc.com

Party Authorized To Apply Mark: Same as Manufacturer

Report Issuing Office: Corland, NY

Control Number: 3098177 Mﬁfm mﬁ-

Authorized by:
\ﬁ-- William T. Starr, Ceriification Manager

€n.

This document supersedes all previous Authorizations to Mark for the noted Report Mumber.

Thils Authorization fo Mark is for the exciusihve use of interiek’s Client and ks provided pursuant fo fhe Cerfification agreement between infertek and fiz Clent. inbertek’s responsbiEy and llablity are
limited fo e f=rms and conditions of the apreement. Interiek assumes no lablity o any party, ofer than o the Client In accordance with B agreement, for any loss, expense or damage occasioned
by the use of this Authorizaiion to Mark. Cnly the Client |s aufhorized o pemit copying or disirbution of this Authorization to Mark and then only in its entirety. Use of Interiek’s Certfication mark ks
restricted b0 e conditons iaid out In the agreement and In s Authorzation 10 Mars. Any furfier use of the intrek name for the sake or adverisement of e fesied malenal, product or SETvice must
first be approved In writing by Interek. Initial Faciory Assessments and Follow up Services are for fhe purpose of assuring appropriate usage of the Cerificaiion mark in accondanoe wih e
agresment, thiey are not for the purEeses of production quaity corsrol and oo not releve the Cllent of thair coigations In &S respect.

Intertek Testing Services NA Inc.
165 Main Street, Cortland, NY 13045
Telephone BOD-345-3851 or 607-753-6711 Fax 607-756-6699

UL Standard for Safety for Inverters, Converters, Controllers and Interconnection System Equipment for
Use with Distributed Energy Resources, UL 1741. First Edifion, May 7th 1999, Including Revisions
Standard(s): through November 7, 2005 ).

Product: PV Combiner boxes
Brand Name: N/A
Models: ACE-PT, ACE-1P, ACE-2P, ACE-3P, ACE- 4P ACE-2C, ACE-3C AND ACE-4C
ATM for Report 3145135CRT-002 Page 1 of 1 ATM lssued: 23-Jul-2009

ED 16.3.15 (3N2/08) Informamve

TO GO BACK, CLICK HERE
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Division 27 — Communications
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eMonitor System

TLA Number  G50-000008 Reve
we EM1A1 8144 TE3C
MAC Address. 00-90-C2-EQ-TE-3C

U.S. D.O.E. Solar Decathlon 2011

STATUS - NETWORK.  ALERT

@@ -

By Powrrhousethmamics

(; Momtor x

-i;;--.;a' monitor -

eMonitor™ Version 2.0

Installation Guide

Rev 1.2
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1. Getting Started

NOTE: Installation should not be started until the qualified installer has read this entire
Installation Guide.

Important Safety Information

The eMonitor is one of the first home energy management solutions that monitors all of the
circuits in your home independently, and therefore is able to provide you with a detailed view
of your electricity usage. In order to do this, sensors need to be installed on each circuit
breaker inside your electrical panel. The installation is very straightforward, and every effort
has been made to provide for the safe, secure installation of the eMonitor. However, the
installation of the eMonitor requires the cover of the main electrical circuit breaker panel to be
removed.

When this is done, there is the potential hazard of shock, burn,
or even electrocution.

Even when the Main Circuit Breaker has been turned to the
“OFF” position, there may still be areas within the circuit
breaker panel that are electrified, or “hot”. Installation should
be performed by a licensed electrician.

ELECTRICAL <y
HAZARD

This model of the eMonitor is suitable for installation with 120/240V single-phase 60Hz service,
r y normally found in North America (USA, Canada, Mexico and portions of
eMonitor™ the Caribbean). It is not suitable for 3-phase service, or for 230V 50Hz
F@ c@m service commonly found in other regions of the world.
ZJAA

Tested to comply with FCC All wiring in the United States must be installed in accordance with the
standards for Home or Office Use

o user-sarvicoatie perts nsice. | 1@1€St @adopted edition of the National Electrical Code (ANSI/NFPA 70,

Reter service 1o litted

sonico porsenna, et n U5A NEC) and state or local requirements. All wiring in Canada must be
([peenoeeinn=" ) installed in accordance with the latest adopted edition of the Canadian

Electrical Code (CSA C22.2 CEC, Part I) and any provincial or local requirements,

A typical installation of a 24-channel eMonitor unit should take approximately one hour.

© 2010 Powerhouse Dynamics, Inc. Page 4



One of my appliances is using a lot less power than | would have expected
¢ The first thing to check is whether the sensor that is attached to the circuit that has that
appliance is tightly connected to the eManitor

e |[f that is not the problem, it is possible that your circuit panel had the wrong label, and the
eMonitor is not monitoring the appliance you think it is. The way to check that is to turn off
the breaker which has the associated label, and see if the appliance turns off. If not, you
will need to perform a little trial and error to find the correct circuit and channel.

* NOTE: before turning the breaker off, be sure to turn off any computers or medical devices !
on that circuit to avoid damage to them.

E. Specifications for the eMonitor

[ ication Pr ols Hardware features

TCP-IP via Ethernet (802.3) 10/100base-T Scans circuit and outlet power consumption every

second, records average every minute
Wireless ZigBee® (802.15) mesh networking

Backlit display (128 x 64 graphics dot Matrix LCD)
Local via high speed Serial port

Power Requirements 3 LED status lights

120 VAC Power, 60 Hz 4 button membrane keypad
Calibrated Adapter: Embedded Web server provides local data access
Input 120 VAC 60 Hz 7W 8MB memory supports 1 day of data storage
Output: 12VAC 1000mA Firmware remotely upgradable
Dimensions Environmental conditions
LxHxW:8.80" x 4.25" x 1.75" Oneratineg Temperature: —10°C to +60°C (14°F to +140°F)

A

© 2010 Powerhouse Dynamics, Inc. Page 39
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- When the product exhibits a distinct change in performance — this indicates a need for service,

Replacement Parts — When replacement parts are required, be sure the service technician has used replacement
parts specified by the manufacturer or that have the same characteristics as the original part. Unauthorized
substitutions may result in fire, electric shock, or other hazards and voiding of warranties.

Safety Check — Upon completion of any service or repairs to this product, ask the service technician to perform
safety checks to determine that the product is in proper operating condition.

Heat — The product should be situated away from heat sources such as radiators, heat registers, stoves, or other
products that produce heat.

eMonitor 24 Declaration of Conformity:
Version 1.6

Tested to comply with FCC standards FCCClass B approval

for Home or Cffice Use

Warranty

Powerhouse Dynamics warrants this eMonitor unit against defects in materials and workmanship for the length of
the initially contracted monitoring service. For the first two (2) years from the date of purchase, Powerhouse
Dynamics will replace any defective product at no charge. Thereafter, if applicable, there will also be a $125 re-
stocking charge for replaced products. The defective product must be returned to PowerHouse dynamics; please
ensure that the unit is properly packed before shipping. Powerhouse Dynamics will not provide reimbursement for
shipping, removal, or reinstallation.

This Warranty does not cover damage from accident, misuse or abuse, incorrect installation, installation at
environmental conditions outside the specifications, lack of reasonable care, or the fixing of any attachment that
did not come with the product or is not specifically authorized by Powerhouse Dynamics. Powerhouse Dynamics
will not provide reimbursement for any non-approved repair services or for any damage caused by such services,
which would invalidate this Warranty.

THE FOREGOING EXPRESS WARRANTY IS IN LIEU OF ALL OTHER WARRANTIES, EXPRESS OR IMPLIED, INCLUDING
WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. UNDER NO CIRCUMSTANCES WILL
POWERHOUSE DYNAMICS BE RESPONSIBLE FOR ANY INDIRECT, CONSEQUENTIAL, SPECIAL OR INCIDENTAL
DAMAGES, OR PROPERTY LOSS OR INJURY.

© 2010 Powerhouse Dynamics, Inc. Page 41
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Solrenview

RENEWABLES

WEEB-BASED MONITORING

e L8 B b - e
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FEATURES

* |mverter direct & revenus
ade monitoring

Performanca chartng WEB-BASED MONITORING

Solectria Renewables’ SolrenView web-based monitoring solution is available for
use with any residential, commercial or SMARTGRID Inverters, allowing for real-time,
seamless recording and reporting of PV system production. The SolrenView gatewsy
hardware provides data via Ethernet (standard) or cellular modem. The Solren\iew
hardware comes standard and fully-integrated within all commercial and SMARTGRID
T inverters and is available fior residential use with LCD or LITE gateway systems.
(SolZone) The complete SolrenView series features inverter direct monitoring, revenue grade
Weather station monitoring, agency reporting, SolZone sub-array monitoring, Kiosk View (flash view)
imw (Flash View) system and a weather station.

Automated agency
reparting

Sun Spec alliance
compatible

# Built for the real werld

Published 03/22/2011
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SolrenView™ Inverter Direct
STANDARD DATA MONITORING PACKAGE

SolrenView™ Imverter Direct monitoring allows customens
to see detailed inverter deta (DC and AC) using 8 web
browser. This standard peckage allows customers to view
diaily, weekly and monthly graphs up to 5 years in the past

lewel of granularity to see multiple sub-arrey DC currents. B
viewing singls events or long-term performance trends. The E
package includes e-mail and czll phone alsrts with detailed SolZone™ hes the ebility to compare indwviduel PV zones
descriptions of system issues and a recommended course of ageinst ench ather based an the number of sub-array
action. This service iz anly aveilable far the industry-leading fuses or‘zones” builtinto a Solectrie factory-instelled DC
Solectria PVl and 561 series inverbars. sub-combiner. Each sub-arrey zone mey be monitored and

compared eguinst each other. The data collected, monitored -

SolrenView™ Revenue Grade Energy
Production
OFTIONAL MONITORING PACKAGE

SolrenView™ Revenue Grade Energy Praduction meonitaring
package option keeps an eccurate count of every kWh
praduced by & customer's PV system. The energy produced
iz automatically reparted to & solar program agency for
convenience, if the egency reporting option is chosen. This
package option also incledes e-mail alarms with detailed
descriptions of system problems and & recommended course
of action. This package option is available for systems 1kW -
moulti-MW utilizing any inverter make and modsl

SolrenView™ Weather Station

OFTION

The real-time weather packege allows customers to view
accurete readings for crucial environmentel information. The
weether station comes standard with & solarirrediance sensor
a5 well as tempearature sensors for embient and module
measurements. Wind speed end wind direction sensons are
options that mey be added to the weather station. Thisis &
great educational ool and & must for PPAS.

Viewabie Measurements:

= Solar Irradiance

= Ambient Temperature

* Moduls Temperature
Wind Speed (optional)

= Wind Direction (optional)

SolrenView" SolZone™ Sub-Array
Monitoring
OFTIDN

Whils SolrenView™ provides to the customer the ability to view
the totel system performance, SalZone™ provides an extra

and displayed via web browser is viewabls in various
maodes. SolZone™ is also compatible with many third party

maonitoring systems.

SolrenView"™ Agency Reporting
OFTION

The SalrenView™ Agency Reporting is an ideal option for
customers that require Revenus Grade reparting to be sent

to an egency swch as PTS, SCE, CCSE and PGE. A report is
generated from SaolrenView™ Revenue Grade outputs and sent
directly to the agency of choice.

SolrenView™ Kiosk View 'fn"_.'...."S.’l. Vie .f#'-;
L) -
OFTION

Thie Kiosk View [Flash View) option provides customers with

& cl=an, simple view and guick, sasy access to & customer’s
P\ system performance. This is a great tool for edvertising
and public viewing. This option includes custom Flash
Pragramming only. The iGosk View must be ordered in addition
to & SolrenView™ servics package. This option reguires =
dedicated computer and monitor, purchased elsewhere (not
mvailable for purchase through Solectria Renewables).

Aprl 2011 T

LLE

=1+l

#IEHIEIILIE www_solren.com | invertersi@sclren.com | 978.683.9700
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Wireless Router

WHAT THIS FRODUCT DOES
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Laptop

HP Pavilion dv7t series

Processors Intel 2nd gen Core

Usage Business

Type THE ultimate entertainment and performance machine.
Battery Life Up to 5.25 hours of battery life (6 cell)+++

Memory card reader Multi-Format Digital Media Card Reader
Accessible memory slots 2

Maximum Memory Expansion 8GB

Ports 4 USB (2 USB 2.0 and 2 SuperSpeed USB 3.0), HDMI, VGA
Additional Ports RJ-45, HDMI

Chassis aluminum chassis in dark umber color (metal)

Hard Drive Protection HP ProtectSmart protects the hard drive & data
Audio Beats(TM) audio + HP Triple Bass Reflex Subwoofer
ENERGY STAR Qualified Yes

DLNA Certified Yes

Adapter 120W AC

Dimensions 16.38" (W) x 10.83" (D) x 1.24" (min H)/1.42" (max H)
Thinness 1.24"

Weight 6.72 Ibs

Network Card 10/100/1000 Gigabit Ethernet LAN (RJ-45 connector)
Optical Drive Internal

Blu-ray Drive Optional

Webcam HP TrueVision HD Webcam

Fingerprint Reader Included

CoolSense Included

Security SW Norton Internet Security 60-day subscription
Included SW HP Games, Windows Live

Warranty 2-year hardware limited warranty
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Smoke Detector

& Kidde

120V AC Wire-In Smoke Alarm
Slide Load Front Battery Door, Alkaline Battery, 10 ¥r Warranty

Model i5000

—lonlzation Sansing Tadhnology

- Battary Backup (battarkas indudad)
— Hush® Button

—&larm Mamary Indic tor

—HNew 350° Mounting Plata

with Tampar Raslstanom
— Front Load Battary Door

Description

Tha Kidds 15000 ks an A0TCC powsrad, loniztion smoka
alarm that cperates on 2 120% powsr sourca with 2
alkaling batiory backup.

This alarm uses lorization sensing technology. leniztion
zansing alams may detect irwiskbla fire particls
tansocited with flaming fies) sooner than photodecic
alarmes Photoaledric sansing alims may delect vishle:
partickes fassociated with smolderng fires) soorer than
enization alanre.

Kidda strongly recommands that hoth fonizafion
and pho smake alarms be instaiied to help
insura maximum detection of the vanous types of
fire that can oo within the hame,

Tha frontdoading battary door allows wser 1o changs the
battory withiout ramaving the alamm from the mounting
bracket making battary replacement sagy and coweriont.
This aroks alamm & avallabks In a 5-pleo wt casa with
1ray fior ey display & wdl 28 a 6-plecs bulk pack for
carrackers and properly oarers. This unt Is 8 UL Lisbed
product with a 10-year Imbed warrany.

Install Confidence:

Easy Irstallation

= Front battory pull tab alows batieny activation
without remesing alam from mouring bracket.

# Large meunking makes mouring saslor, probacts
srface paint from dirt and overs impefections.

# Pra-sirppad wiring hamess with sasy off oyp doss
niat require strippsr tool Tinned strands Incresss
conductiviy and wira nut grip.

Farvar Callbads

# Large cantrally kecated TestHush® abam cortrol button.

« Dunt covar prodecis sensor from contamirates during
construction reducdng nubancs alamme.

User-Friendly Faaturas
+ Eagy access fromt loading battary door:
« Babiary backhup provides probection In cae of power falurs.
* Irferconnectabls with up to 24 devices (of which 18
can ba Intiating) rdudireg smoks, €0 and haat alarme.
Zz0 war's guids for complets Instnictions.
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1200 AC Wire-in Smode Alanm

Siige Load Frovi Battery Door

Architectural and Engineering Installation of Smoke Alarm
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Carbon Monoxide Detector

BRK ELECTRONICS"

cx¥o CO5120B

CARBON

MON O XIDE =

ALARM =
AC/DC USES

STANDARD SV BATTERY

NEW! CO5120B Series —

Carbon Monoxide Alarm
» Easier—Less time to install

» Sleek, low profile design

Features

Caniered "Ceick-Commed” wiring Ba—en

Benefits

Frovides quick snd CANY CONTECION i

AL pows:

Univerasi Moungeg Besciel

Hritg For wiringG comrect

el

mperfocSom, Seme six foolpring s cher B Elecimsics® smokes sis=m

Eawpcpening, precing side keed TV befery compariment

Mo nemed i remoss B onil rom B cdling o resiece the TV Bslery

TV esliory b pre-imesllcd

e pull B rwisr bk from e sty drewer sod e babery comeded

Imerconnedeiie—ep 1o 17 multipie setion TO5 108 sisrrm

o uniy comedied imETies

Linii tmi Sefwcts cartos mompids idos

il bl wnd snch sl aional o

3rd Genersiion sleckonic 00 meming circuil Lirwe powrer comumgEion

Fadior o nuasnce sisrms

DES wryn

dandiry 08T wmps in alarm

Doormies om 1HIVAC with TV ssber y bec-ug Pt LED) imclic mizn meiich powes mus ply

AL o OC

L =1

Luich T ELEITT IS o e

Sl s defecied] sisrm kevis of CO

L=l s Al lesire indicaim whics anifial im0 En iniccomeced e
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e CO5120B
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Luzormiaries. Inc. Satety Sisndard 2024 for singls sed mulips sxfon
carbon moncekde sisnm. aed with moel buildieg coden publssed by ICBO,
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CARBON MONOXIDE ALARM
9V BATTERY POWERED

4. The uni souid be - disgnossc wed heve o sl aed ssdibie s
iz ndiceis & mafunchion.
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Division 48 — Electrical Power Generation

PVI 4000 Inverters

ARG
M‘

STRING INMVERTERS

PVI 3000
PVI 4000
PVI 5000
PVI 5300
PVI 6500
PVI 7500

FEATURES
& % CEC aMilancy

= Wi Irpsaf operaling
wr i e v | Py

Fully-Inbsgiaied dasign

Daiat®ahle ®ling bas

STRIMG INVERTERS

&t 9e's CEC efficiency, the Solectria Renewnbles string inverier series, ranging from

GPFTIG RS .0 EW b 75 kI, |5 the most efficent transfosmer isctated string imverber on the market.

o Ilegrates paml Bsiasy Tha PV 3000-P 7500 serles of lwverters consist of ske power ratings to aotimally match

B Wl Dased el b g your grid-Bed PV systess, and boasts fully integrated DC and AL disconnects, am LCD

display, and a 3, &, or § fuse string combiner all contained within a detachable wirsg

b This feature aliows for a dean, simpde, and safe Installation with easy serdcesbdny.

The integrated panel assembly option allows for this inverter series to be pre-wined

and mounted on an Industrial grade aluminum pamel with Kih meterand opticnal

AL visiole: blade disconnect or circult beesiers on @ two-isverter panel assembly. @'

Lsaf Inlaiactbes LOD

dtapley

-‘j;:? Built for the real world

Published 03/22/2011

U.S. D.O.E. Solar Decathlon 2011
329000-110



SPICITE ATIO S P i P Al P4 SR P4 R ED Pl a5ED P4 7RAD

:
B il ¥
Abaciais Mo am | ppas ks P E
MFPT ingast alings Range 0558 VDE JI0-58 VEC i
Maalmam Opscating st Cuseat 164 WA /A A 1A A i
| oot |
el Carpat el B A0 VAD 308, 40 377 WAL i
AC Waitage Rangs [Stansare) ATRfsbTR £
20EVA 1r80W HDTW oW ey T F50W I
CzrtinEz Dt Pza VA IR00W AW sasow heow T F500W
IR . e P50 H
PAEVA 174 A TR AL A HiA 3
Czriinssi Duips Carrerk VAL 174 LT TR FET) WAk HIA =
IV - mEA WA 5
Mazbrams liscidesc Caeni a [
Sl i Fraqasacy b
Cuzgat Freqesacy Aange T 3-60.5 W F
Pawer Fackor Enkiy 0
Toiad Hamonie Dimiartian [THE % i
.
PORWAD AR PR AR ) L L ) j
Penk [Fcisacy L AR TR TR A% LS %
T WAL - TS TR
AT ja 250 i P A% s
CEC Eficisrcy VAL BE (s s P LD
IR LD
Tare Laa asw
| otepuledSweg Contbw . |
Fuaec Siring inpain 1 A A A 5 [
| reestis |
A Temasintars Burgs el pzaei -A0°F b U HEPF R b R E;ﬁ:ﬁ
Siziage TEmpsraius Raags -3 b+ NPT IS e+ 50 -13°F o = LARF [- 35" Ba-= 5™
elathes Humbdley (rom -conden singh R
| Mesteigepte |
Wab-havsd W e s mesme Dizsct) Saenvimm
Bremman Gonds Mg Faisral
Thire Pa1ip Compabialisy Stunciar vin EST1HRE4EE
| Tilord colosions . |
Salery Lintings & Costfzatizan UL A7%8/1EEE 3547, IEE £547.4, 54 C13. 174, FOC part 450
Testing Ageecy ET

Sinncard A yaar
ALSDC Memnmecin kg

AR EmIES e E T e TIo MAmTiT] e e
i ssa iz W O (713 s 454 T 5 el {713 mmx 454 w30 med (7N v A . 3 ]
Welghi Thetiidky)  ABsOLBkD  SR5BsDESkD 60T ke BP0, )
Eacicanms Bty WEMA 18
indeane Finink Falatsd slarinem

}#mh www.salren.com | iveeriers@sslencom | #TE.EE3.FT00 -lﬂ

CLICK HERE TO GO BACK

Published 03/22/2011

U.S. D.O.E. Solar Decathlon 2011
329000-111



	Team Massachusetts
	Summary of Changes
	Rules Compliance Checklist
	Structural Analysis
	Structural Narrative
	Calculation Results
	Project Overview
	Load Summary

	Structural Calculations
	Table of Contents
	Structural Design Loads
	Lateral Wind Load Analysis
	Typical Floor Joist
	Typical Floor Beam
	Typical Roof Framing Rafter

	Truss Analysis
	Roof Rafter With Trellis Load
	Typical Footing Load
	Appendix
	Nordic I-Joist Beam-Column Calculations
	Worst Case I-Joist Loading

	11-7/8" Nordic NI-40X Worst Case Loading

	Wind Load Supplement

	Snow Load Supplement


	Truss Calculations

	Summary of Unlisted Electrical Components
	Summary of Reconfigurable Features
	Interconnection Application Form
	One-Line Electrical Schematic
	Calculations of service/feeder net computed load and neutral load (NCE 220)
	Plan view of the lot showing the house, decks, ramps, tour paths and the service point
	Elevation view showing the terminal box (contains the service point), meter and other service equipment
	Energy Analysis Results and Discussion
	1. INTRODUCTION
	2. ENERGY EFFICIENT DESIGN
	2.1. PHPP as Design Tool
	2.2. Thermal Bridge Analysis and PHPP
	2.3. PHPP Results for Boston
	2.4. PHPP Results for Washington DC

	3. HVAC SYSTEM
	3.1. Heating & Cooling
	3.2. Dehumidification
	3.3. Ventilation
	3.4. Indoor Air Quality

	4. SOLAR THERMAL SYSTEM
	4.1. Sizing the System
	4.2. The SunDrum Collector

	5. SOLAR ELECTRIC SYSTEM
	5.1. The Modules
	5.2. The Array
	5.3. Optimal Tilt Angle
	5.4. Electrical Load

	6. DYNAMIC MODEL IN SIMULINK
	6.1. Description
	6.2. Modeling Philosophy
	6.3. Modeling the Building Envelope
	6.4. Modeling Moisture and CO2
	6.5. Modeling DHW
	6.6. Modeling Solar
	6.7. Modeling HVAC
	6.8. Inputs
	6.9. Initial conditions

	7. DYNAMIC MODEL RESULTS
	8. 4DHome ENERGY MONITORING
	8.1. Philosophy
	8.2. Real Time Energy Monitoring
	8.3. Energy Usage Analysis

	9. CONCLUSION
	Division 01 - General Requirements
	01 10 00 Summary
	01 54 00 Construction Aids

	Division 02 – Existing Conditions
	02 05 19.13 Geotextiles for Existing Conditions

	Division 05 – Metals
	05 14 13 Architecturally Exposed Structural Aluminum Framing
	05 50 00 Metal Fabrications

	Division 06 – Wood, Plastics, and Composites
	06 05 23 Wood, Plastic and Composite Fastenings
	06 10 00 Rough Carpentry
	06 16 00 Sheathing
	06 20 00 Finish Carpentry
	06 41 16 Architectural Woodwork
	06 46 00 Wood Trim

	Division 07 – Thermal and Moisture Protection
	07 21 00 Thermal Insulation
	07 41 13 Metal Roof Panels
	07 46 46 Mineral Fiber Cement Siding
	07 61 13 Corrugated Sheet Metal Roofing
	07 71 23 Manufactured Gutters and Downspouts
	07 91 00 Preformed Joint Seals

	Division 08 – Openings
	08 14 00 Wood Doors and Frames
	08 52 00 Wood Windows
	08 61 00 Roof Windows

	Division 09 – Finishes
	09 29 00 Gypsum Board
	09 30 33 Stone Tiling
	09 64 29 Wood Strip and Plank Flooring
	09 91 23 Interior Painting

	Division 10 – Specialties
	10 06 10 Schedules for Information Specialties
	10 06 20 Interior Specialties
	10 22 26.43 Operable Partitions
	10 44 16 Fire Extinguisher
	10 71 13.13 Exterior Shutters

	Division 11 – Equipment
	11 31 00 Residential Appliances

	Division 12 – Furnishings
	12 36 00 Countertops
	12 42 00 Table Accessories
	12 43 00 Portable Lamps
	12 44 00 Bath Furnishings
	12 45 00 Bedroom Furnishings
	12 46 00 Furnishing Accessories
	12 48 00 Rugs and Mats
	12 58 00 Residential Furniture
	12 58 29 Beds
	12 58 36 Nightstands

	Division 21 – Fire Suppression
	21 13 13 Wet-Pipe Sprinkler System

	Division 22 – Plumbing
	22 05 00 Common Work Results for Plumbing
	22 11 16 Domestic Water Piping
	22 11 19 Domestic Water Piping Specialties
	22 12 19 Facility Potable Water Storage Tanks
	22 13 16 Sanitary Waste Piping and Vent Piping
	22 13 53 Facility Septic Tanks
	22 33 30.16 Residential, Storage Electric Domestic Water Heaters
	22 33 30.26 Residential, Collector-to-Tank, Heat Exchanger Coil, Solar Electric Domestic Water Heaters

	Division 23 – Heating, Ventilating, and Air-Conditioning (HVAC)
	23 31 13.16 Round and Flat-Oval Spiral Ducts
	23 33 13 Back Draft Dampers
	23 37 13 Diffusers, Registers and Grilles
	23 40 00 Super Ultra-Low Penetration Filtration
	23 72 00 Air to Air Recovery Equipment
	23 81 26 Split System Air Conditioner
	23 84 16 Dehumidifiers

	Division 26 – Electrical
	26 05 19 Low-Voltage Electrical Power Conductors and Cables
	26 05 33 Raceway and Boxes for Electrical Systems
	26 24 16 Panelboards
	26 27 13 Electricity Metering
	26 28 16 Enclosed Switches and Circuit Breakers
	26 31 00 Photovoltaic Collector System
	26 51 00 Interior Lighting
	26 56 00 Exterior Lighting

	Division 27 – Communications
	27 21 00 Data Communication Network Equipment
	27 21 33 Data Communication Wireless Access Points
	27 22 26 Data Communications Laptop

	Division 28 – Electronic Safety and Security
	Divisions 31 – Earthwork
	31 05 00 Soils for Earthwork

	Division 32 – Exterior Improvements
	32 90 00 Planting

	Division 48 – Electrical Power Generation
	48 19 16 Electrical Power Generation Inverters
	A. REGULAR GYPSUM BOARD: Gypsum core panel solid set core enclosed in paper.  Complying with ASTM C1396.
	A. REGULAR GYPSUM CEILING BOARD: Gypsum Core panel with enhanced sag resistant core.  Complying with ASTM C 1396.
	1. ProRoc® Interior Ceiling, manufactured by CertainTeed Gypsum, Inc.
	2. Thickness: 1/2 inch
	3. Width: 48 inches
	4. Length: 8 feet
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