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SUMMARY OF CHANGES

Team Maryland’s document set has been revised twice since its initial design development set
to the Solar Decathlon. Find below two sets of changes, the first changes between the 100%
Construction Documents set and this As-Built Document set and second changes between the
80% Design Development set and the 100% Construction Documents set.

CHANGES BETWEEN THE 100% CONSTRUCTION DOCUMENTS SET AND THE AS-BUILT
DOCUMENT SET:

CHANGES TO THE DRAWING SET:
G-102, G-103, C-102 — Ramp Slope
Slope of ramp/walking surface was decreased to 1:21 or less.

S-Series — Structural Carrying Beams
Four triple pack beams, composed of (3)2x10 wood members, added across foundation pads in
the east/west direction for lifting during transport.

A-Series — Interior Wall Reveal
Wall reveal at 3'6” above finish floor was deleted. Upper wall reveal expanded from 6” to 9 14",

A-Series — Interior Baseboard
Baseboard changed from extruded base to recessed base with trim detalil.

A-Series — Exterior Trim Material Change
Doug Fir used on exterior finish carpentry on Module B (middle).

A-Series — Interior Trim Material
Doug Fir trim added at LVL roof joint, baseboard and around all fenestration.

C-102 - Site Plan and A-100 SERIES
Removed railing and gate on south and west sides of pergola deck. Added 36" platform, 18"
grade.

A-111 — Bathroom Material Changes

Bathroom ceiling changed from corrugated metal to MDO plywood. Bathroom walls, ceiling and
floor in toilet and lavatory niche changed from drywall to vertical grain bamboo panels. Shower
floor changed to milled, woven strand bamboo flooring.

A-301, A-313 — Interior Parapet Wall Added
Parapet wall added above desk niche in Module C.

A-314 — Shade Pockets Added
Recessed shade pocket added in ceiling above both windows in Module B.

A-200s, A300s — Foundations
Perimeter jackstand footings changed to adjustable lock deck foundation pads.
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A-402 — Kitchen Changes
Kitchen cabinet dimensions and layout changed slightly to meet typical cabinet sizing.

A-401, A-402 — Countertop Material
Kitchen and bathroom countertops changed to concrete.

A-411, A-412 — Wetland Finish Material
Wetland modules wrapped in corrugated metal and poplar trim.

A-516, E-401 — Weatherhead
Din rail box changed to weatherhead on Module B roof.

A-518, S-500 — Pergola Structure
Pergola framing changed from aluminum to structural steel tubes.

F-101 — Fire Protection
Fire protection drawings replaced with drawings from “Absolute, Fire Protection, Inc” engineer.

O-Series — Operations
Site operation plans updated per new site information.

F-SERIES — Fire Suppression Layout
Third Party Fire Suppression Contractor updated fire suppression plan to comply with 2009 IRC.

P-Series — LDW
Added lighting to LDW specification.

P-101 — Supply Tank Water Piping
Updated supply tank piping to 4” PVC.

P-101 — Domestic Water Piping
Added Hose Bibb to West Exterior Wall of Module C.

P-102 — Heating Solar Collectors
Changed glycol loop piping from PEX tubing to copper piping.

P-102 — Regenerator
Changed location of Regenerator, updated specifications and increased size of regenerator.

P-104 — HXEST Water Piping
Changed mechanical room piping from PEX tubing to copper piping.

P-111 — Domestic Water Piping
Changed dishwasher piping to connect to kitchen sink hot water piping.

P-112 — Sanitary Waste and Vent Piping
Deleted Air Admittance Valves.

P-112 — Sanitary Waste and Vent Piping
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Changed waste and vent piping layout.

P-112 — Waste Filtration System
Added pumps and piping for waste filtration system.

P-401 — Water Storage Tanks
Changed expansion tank layout and products.

P-401 — PEX Manifold
Changed PEX Manifold Layout and added copper piping.

M-SERIES — HVAC Insulation
Added insulted flex duct to mechanical room.

M-SERIES — Metal Ducts
Spiral Duct substituted for hard ducting.

M-SERIES — Duct Layout
Revised supply and return runs.

M-SERIES - Diffusers, Registers and Grilles
Added and updated interior and exterior grilles.

E-101 — Interior Electrical Distribution Plan
Adjustments to quantity and location of outlets throughout house.

E-102 — Exterior Electrical Distribution Plan
Sheet added. Outlets added beneath house.

E-104 — Lighting Plan
Updated lighting schedule and added fixtures. Removed dimmer panel and added button
stations.

CHANGES TO THE PROJECT MANUAL.:

XX XX XX

Where multiple manufacturers or products were listed, divisions have been updated to reflect
product actually install in Project.

01 54 19 Temporary Cranes
Crane specification changed to 130 ton model.

05 05 23 Metal Fastenings
Division deleted and products listed as accessories under 26 31 00.

05 15 16 Steel Wire Rope Assemblies
Division deleted to reflect changes to the scope of work.

05 05 23 Metal Fastenings
Division deleted and products listed as accessories under 26 31 00.
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06 20 23 Interior Finish Carpentry
Division added to describe finish trim materials throughout house.

07 71 23 Manufactured Gutters and Downspouts
Eliminated from project. Materials consolidated into 07 62 00 Sheet Metal Flashing and Trim.

11 31 XX Residential Appliance
Appliance selections updated to different manufacturers and models.

22 41 26 Residental Disposers
Division added to describe garbage disposal element.

26 05 26 Grounding and Bonding for Electrical Systems
Division added to describe grounding rod.

26 32 00 Packaged Generator Assemblies
Division added to describe generator to be used during competition construction.

22 41 26 Residential Disposers
Division added to reflect changes to the scope of work.

25 XX XX Integrated Automated
Changes in manufacturer and product selection to accommodate changes in design.

25 30 00 Integrated Automation Instrumentation and Terminal Devices
Division deleted to reflect changes to the scope of work.

CHANGES BETWEEN THE 80% DESIGN DEVELOPMENT SET AND THE 100%
CONSTRUCTION DOCUMENTS SET:

CHANGES TO THE DRAWING SET:
A-SERIES - Stair
Exterior stair off west deck was deleted per competition requirements.

A-SERIES - Module B Floor
Extents of wood and tile flooring were changed.

A-SERIES - Shower Floor
Shower floor grated added to the shower.

A-SERIES — Murphy Bed
Murphy Bed removed.

A-101, A-302 — Pergola Structure
Columns and frame become 4” x 4” aluminum tubing. Columns are clad with 3/4” of exterior
finish wood material. Details were added to document changes.

A-103 — PFAS
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Fall arrested updated on Module C Roof; Added to Module B Roof.

A-202, A-303 — Exterior Wall Cladding
Exterior finish at mechanical room and solar thermal wall changed from corrugated metal panel
to shiplap siding with splines.

A-312, A-515 — South Wall

South wall moved adjacent to house on the east deck where structure lines up with south
module’s southernmost wall. Details updated to document changes. Top of wall elevated to
roof break. Solar tubes moves up on wall. Bottom of tubes are above the 36” knee wall that
was added below to act as a railing/barrier.

C-101 - Site Location
Solar Village drawing, including layout and lot numbers was updated in response to latest
information provided.

F-101 — Sprinkler
Addition of sprinkler head in Mechanical Closet.

M-101 — Mechanical
Dryer Duct and Electric Radiant Floor Mat in bathroom added.

P-SERIES — PEX
PEX tubing runs are updated throughout the drawings.

P-112 — Greywater Cistern
Greywater Cistern with pumps and piping added.

P-112 — Plumbing
Settling Tank and Waste Water Pump added.

E-101 — Receptacles
Added Office Receptacles, 4 GFCI Mechanical Room Receptacles, and Weather Proof Exterior
Receptacles on West wall of Module C.

E-103 - Lighting

Added Two “M" lights to Northwest Deck, two “M” lights to Entrance Deck, “F” rope lights to
Entrance Deck, and “R” lights to South wall of Module C. Removed “A” light, three “J” lights in
Kitchen, two lights in Bathroom and one in ceiling.

E-104 — Hardwired Electrical
Added Thermostat and switch for Radiant Floor Mat in Bathroom.

E-401 — Grounding Rod
Grounding Rod was added.

E-6XX — Schedules
Updated Schedules and included required information.
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T-101 — Dimmer Panel
Dimmer Panel was removed and remaining panels were relocated.

CHANGES TO THE PROJECT MANUAL:
05 12 00 — Structural Steel Framing
This section was removed from the scope of WaterShed'’s design.

05 14 00 — Structural Aluminum Framing
This section was added to the project manual to identify the structural elements of the pergola at
the northwest deck.

05 15 16 — Steel Wire Rope Assemblies
This section was added to the project manual to identify elements that will support plants on the
green walls of the southeast deck.

06 10 00 — Rough Carpentry

Section was significantly revised in order to clarify WaterShed’s carpentry specifications. Siding
moved to section 06 20 13. Decking moved to section 06 15 33. All structural wood members
moved to section 06 11 00. Furring strips added to this section.

06 11 00 — Wood Framing
This section was added to identify wood members used for structural purposes.

06 11 13 — Engineered Wood Products
Subflooring and LVL's were removed from this section and new sections 06 16 23 and 06 17 13
were created.

06 15 33 — Wood Deck
This section was added to identify exterior decking assemblies.

06 16 23 — Subflooring
This section was added to identify the %" ceramic tile underlayment and the 1 1/8” Advantek
subfloor.

0617 13 -LVL
This section added to identify the Laminated Veneer Lumber locations in WaterShed.

07 21 13 — Board Insulation
This section was expanded to include the addition of Extruded Polystyrene for use on exterior of
walls, and the addition of Composite Board Insulation for use on North Roof.

07 21 16 — Blanket Insulation
This section added to include fiberglass-free batt insulation for use as an acoustical barrier at
bathroom and washer/dryer closet.

07 21 29 — Sprayed Insulation
This section expanded to include addition of Open Cell Spray Insulation for use in interior
cavities of walls and ceilings.
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07 25 00 — Weather Barriers
This section was removed from the scope of WaterShed'’s design.

07 46 23 — Wood Siding
This section was removed, and elements from this section were consolidated in to division 06
20 13.

07 71 00 — Roof Specialties
This section expanded to include Fall Arrest Anchors and Siding Vents.

07 91 16 — Joint Gaskets
This section was added to include information about sill seal and neoprene tape.

08 10 00 — Doors and Frames
This section was removed in order to provide better clarity between door types. New sections
with greater specificity were created in its stead.

08 14 00 — Wood Doors
This section was created to specify interior and exterior wooden doors throughout WaterShed.

08 14 23 — Clad Doors
This section was created to specify exterior metal clad doors.

09 28 13 — Cementitious Boards
This section was created to lend greater specificity to interior finish board materials.

09 29 00 — Gypsum Board
Cementitious Board removed from this section and moved to section 09 28 13.

10 28 16.13 — Residential Bath Accessories
Some content within this section was moved to Division 22 — Plumbing Fixtures.

10 71 13 — Exterior Sun Control Devices
This section was eliminated and information was consolidated with section 08 14 00.

12 20 00 — Window Treatments
This section was revised to reflect changes in window treatment types, and addition of hidden
blind pocket assembly.

21 10 00 — Suppression Systems
Section number and name changed to reflect more appropriate designation for system.
Information moved to new section 21 13 13.

21 13 13 — Wet Pipe Sprinkler System
This section created for better designation of fire suppression system.

21 11 00 — Facility Fire-Suppression Water-Service Piping
Updated %" CPVC pipe to 1 %" pipe for fire suppression system.
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21 41 00 — Storage Tanks for Fire-Suppression Water
This section was eliminated and information regarding the fire-suppression water storage has
been included with section 22 12 19.

22 11 16 — Domestic Water Piping
All valves in this section moved to section 22 11 19. PVC pipe moved to section 22 13 16. PEX
changed to Uponor Type A.

22 11 19 — Domestic Water Piping Specialties
Valves added from section 22 11 16. Ball Valve and PEX manifold manufacturers also updated.

22 12 19 — Facility Potable-Water Storage Tanks
Manufacturer and size of pre-heat tank updated. Also added a statement noting reserves for fire
suppression system to be included with main potable storage tanks.

22 14 29.16 — Submersible Sump Pumps
This section was eliminated and information regarding the submersible sump pump has been
included with section 32 71 00.

22 35 00 — Domestic Water Heat Exchangers
This section was eliminated and information was moved to section 23 57 00.

22 41 13 — Residential Water Closets, Urinals, and Bidets
In-wall plumbing system added.

22 41 00 — Residential Plumbing Fixtures
Shower head moved to section 22 41 39.

22 41 23 — Residential Shower Receptors and Basins
This section was added to include information about the shower drain assembly.

22 41 39 — Residential Faucets, Supplies, and Trim
Shower head and shower mixing valve added to this section.

23 34 13 — Mechanical Room Ventilation Fans
This section was added to describe ventilation fans to be used in mechanical room.

23 56 13.19 — Heating Solar Vacuum-Tube Collectors
Glycol fluid and pump added to this section.

23 83 13.16 — Radiant Heating Units
This section was added to describe the radiant flooring to be installed in WaterShed’s bath
module.

26 05 33 — Raceway and Boxes for Electrical Systems
ENT and NEMA 4 box for PV wiring on roof added.

26 24 16 — Panel Boards
Main and sub panels were changed, and a surge breaker was added.
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26 28 13 — Fuses
This section was removed from the scope of WaterShed’s design.

26 31 00 — Photovoltaic Collectors
Roof and Trellis mounting systems added.

28 31 46 — Smoke Detection Sensors
This section added for Smoke Detectors to be used in WaterShed.

31 66 00 — Special Foundations
Added post and precast concrete footing foundation systems.
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RULES COMPLIANCE CHECKLIST

Drawing(s) showing the assembly and

disassembly sequences and the movement of 0-101,
Rule 4-2  Construction Equipment  heavy machinery on the competition site 0-102
015419
Rule 4-2  Construction Equipment  Specifications for heavy machinery and 0-101
Drawing(s) showing the locations and depths of
Rule 4-3  Ground Penetration all ground penetrations on the competition site  S-500, E-401
Drawing(s) showing the location, contact area,
and soil-bearing pressure of every component
Rule 4-4 Impact on the Turf resting directly on the turf C-104
Rule 4-5 Generators Specifications for generators 26 32 00
Drawing(s) showing the locations of all
equipment, containers, and pipes that will H-101,
Rule 4-6  Spill Containment contain liquids at any point during the event P-SERIES
07 33 63
07 71 23,
113113,
1131 23,
211313,
22 XX XX,
232000,
232300, 23
56 13.19,
Specifications for all equipment, containers, and 23 57 00,
pipes that will contain fluids at any point during 23 84 00,
Rule 4-6  Spill Containment the event 327100
Calculations showing that the structural design
remains compliant even if 18 in. (45.7 cm) of S-000,
Rule 4-7 Lot Conditions vertical elevation change exists Appendix A
Drawing(s) showing shimming methods and
materials to be used if 18 in. (45.7 cm) of vertical
Rule 4-7 Lot Conditions elevation change exists on the lot S-400
C-102,
Solar Envelope Drawing(s) showing the location of all house and  C-201,
Rule 5-2 Dimensions site components relative to the solar envelope C-202
List of solar envelope exemption requests
Solar Envelope accompanied by justifications and drawing
Rule 5-2 Dimensions references n/a
U.S. D.O.E. Solar Decathlon 2011 Page - 14
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List of, or marking on, all drawing and project S-SERIES,
manual sheets that have been or will be Appendix A
stamped by the qualified, licensed design Stamped
professional in the stamped structural drawings &
submission; the stamped submission shall calculations
Structural Design consist entirely of sheets that also appear inthe  submitted

Rule 6-1 Approval drawings and project manual 7/27/11
Drawing(s) showing all information needed by
the rules officials to measure the finished square

Rule 6-2 Finished Square Footage footage electronically G-101
Drawing(s) showing all movable components
that may increase the finished square footage if

Rule 6-2  Finished Square Footage operated during contest week n/a
Drawing(s) showing the accessible public tour
route and the ground surface area that will be

Rule 6-3 Entrance and Exit Routes covered by organizer-provided walkway material G-103
Drawing(s) showing the location of all vegetation
and, if applicable, the movement of vegetation

Rule 7-1 Placement designed as part of an integrated mobile system  L-101
Drawing(s) showing the layout and operation of  A-412,

Rule 7-2  Watering Restrictions greywater irrigation systems P-112

PV Technology

Rule 8-1 Limitations Specifications for photovoltaic components 26 31 00
Drawing(s) showing the location(s) and quantity
of all primary and secondary batteries and

Rule 8-3 Batteries stand-alone, PV-powered devices n/a
Specifications for all primary and secondary

Rule 8-3 Batteries batteries and stand-alone, PV-powered devices n/a
Drawing(s) describing the operation of the

Rule 8-4 Desiccant Systems desiccant system P-103

Rule 8-4 Desiccant Systems Specifications for desiccant system components 2384 00

Rule 8-5 Village Grid Completed interconnection application form. Page 19
Drawing(s) showing the locations of the E-103,
photovoltaics, inverter(s), terminal box, meter E-401,
housing, service equipment, and grounding 26 05 26,

Rule 8-5 Village Grid means 26 05 33
Specifications for the photovoltaics, inverter(s), 26 31 00,
terminal box, meter housing, service equipment, 48 19 16,

Rule 8-5 Village Grid and grounding means 26 24 16

Rule 8-5 Village Grid One-line electrical diagram E-602
Calculation of service/feeder net computed load

Rule 8-5 Village Grid per NEC 220 Pages 20-22
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Site plan showing the house, decks, ramps, tour

Rule 8-5 Village Grid paths, and terminal box E-102
Elevation(s) showing the meter housing, main
Rule 8-5 Village Grid utility disconnect, and other service equipment E-401

Drawing(s) showing the location of all liquid
containers relative to the finished square
Rule 9-1 Container Locations footage H-101
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
Rule 9-1 Container Locations October 1 P-101

Quantity, specifications , and delivery date(s) of
all team-provided liquids for irrigation, thermal

mass, hydronic system pressure testing, and Page 15,

Rule 9-2 Team-Provided Liquids thermodynamic system operation 23 84 00
Drawing(s) showing the layout and operation of

Rule 9-3  Greywater Reuse greywater reuse systems P-112
Drawing(s) showing the layout and operation of  A-411,

Rule 9-4 Rainwater Collection rainwater collection systems A-412
Drawing(s) showing the locations of liquid-based

Rule 9-6 Thermal Mass thermal mass systems n/a
Specifications for components of liquid-based

Rule 9-6 Thermal Mass thermal mass systems n/a

Greywater Heat Drawing(s) showing the layout and operation of

Rule 9-7 Recovery greywater heat recovery systems n/a
Drawing(s) showing the complete sequence of

Rule 9-8 Water Delivery water delivery and distribution events 0-111
Specifications for the containers to which water

Rule 9-8 Water Delivery will be delivered 221219
Drawing(s) showing the complete sequence of

Rule 9-9 Water Removal water consolidation and removal events 0-111

Specifications for the containers from which

Rule 9-9 Water Removal water will be removed 22 1353
Rule 11- Interior and exterior plans showing entire

4 Public Exhibit accessible tour route G-103
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STRUCTURAL CALCULATIONS

Structural calculations are attached in Appendix A of this document.
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DETAILED WATER BUDGET

WATER USE CALCULATIONS
FUNCTION (GALLONS) GAL EVENTS L\[eaya
240 15

Hot Water Draws 16
Water Vaporization 3 0.75 4
Dishwasher 25 5 5
Clothes Washer 48 6 8
assume daily watering; usage may decrease if rain
events happen during competition. Demand will be
Vegetation 150 30 5 met by greywater recycling.
Fire Protection 300 300 1
Testing 0 0 0
150 gallons - east rainwater cistern; 200 gallons - west
rainwater filtration system; 185 gallons - hot water
Initial Systems Fill 575 575 1 tank initial fill; 40 gallons - piping fill
Safety Factor 134.1

WATERREQUIRED | 14751 fgallons | |
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SUMMARY OF UNLISTED ELECTRICAL COMPONENTS

WaterShed is not using any unlisted electrical components.
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SUMMARY OF RECONFIGURABLE FEATURES
Reconfigurable features of WaterShed are as follows:

1. Kitchen table
This element is a combination of table and rolling cart components that can be
configured as a table, a countertop, or various combinations thereof. The kitchen table
consists of rolling carts supported on locking casters nested underneath and supporting
table components. The cart components have space within their frames that is used to
store dining stools. The entire kitchen table can be used as a wall or island counter or
can be pulled apart, allowing the rolling carts and table components to be used
separately.

For Public Tours the typical location and configuration of the kitchen table will be as
shown Figure 1.

The kitchen table will be located against
the north wall of Module A between the
refrigerator and the Liquid Desiccant
Waterfall. The rolling carts will be in their
nested positions under the table
components with casters locked.

During the Dinner Party sub-contest the

tables will be located in the center of the
kitchen/dining space and the rolling carts
will remain against the north wall of

Figure 1: Kitchen Table in Public Exhibit Configuration Module A with casters locked. As shown
in Figure 2.

During Public Tours and Juries
information about this reconfigurable
feature will be communicated through
signage that has been submitted and
approved as part of Team Maryland’s
Public Exhibit deliverable.

Figure 2: Kitchen Table in Dinner Party Configuration
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2. Bed and table
This element is a piece of furniture that can be configured as a table or a bed through
manual manipulation. For Public Tours, the typical location and configuration of this
element will be in the table configuration as shown in figure 3.

" For Public Tours and the duration of the
competition this element will be configured
in its table configuration demonstrating the
unit as a 6 foot long table adjacent to
cabinet storage. The table cannot be
change into a bed by curious members of
the touring public by virtue of locked
hinges that require a key to release.

Information about this element will be
communicated during both Public Tours
and Juries through signage that has been
submitted and approved as part of Team
Maryland’s Public Exhibit deliverable.

Figure 3: Bed and Table Element Shown as Table
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INTERCONNECTION APPLICATION FORM

Team Maryland, Lot 304

PV Systems

Sanyo 36 Sanyo HIT Power 220A’s on a standing seam 7920 Watts
metal roof

Sanyo 6 Sanyo HIT Power 220A’s integrated in trellis roof 1320 Watts

Total DC power of all arrays is 9.2 kW.

Inverters

Enphase M210 240 0.210 42

Total AC power of all inverters is 8.8 kW.

1. WaterShed’s one-line electrical schematic can be found on sheet E-602 of the drawing
set.

2. Calculations of service/feeder net computer load and neutral load are described in the
chart on the following page.

3. A plan view of the lot showing the house, decks, walking surface, tour paths and the
service point can be found on sheet G-103 of the drawing set.

4. Elevation views showing the terminal box, meter, and other service equipment can be
found on sheet E-401 of the drawing set.

Team Maryland'’s Electrical Engineer is Steve Emling. His contact information can be found in
the Team Officer Contact Information database on the Solar Decathlon Yahoo Group.
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Calculations of Service/Feeder, Net Computer Load, and Neutral Load

SERVICE FEEDER CALCS

MAIN SERVICE PANEL

GENERAL LIGHTING AND RECEPTICLES (NEC210.11(C))

GENERAL LIGHTING 876 SQFT X 3VA/SQFT 2628 | VA
SMALL APPLIANCE CIRCUITS 2 CIRCUITS X 1500VA/CIRCUIT 3000 | VA
LAUNDRY 1 CIRCUIT X 1500VA/CIRCUIT 1500 | VA
SUBTOTAL 3000 VA AT 100% + 4128 VA AT 35% | 4445 | VA
COOKING
COOKTOP 7700 VA AT 100% 7700 | VA
WALL OVEN 2400 VA AT 100% 2400 | VA
SUBTOTAL (NEC TABLE 220.55 NOTE (4), COLUMN C) 7700VA+2400VA=10100VA 8000 | VA
FIXED APPLIANCES
WATER HEATER (NEC 220.53) 4500 VA AT 75% 3375 | VA
DISHWASHER (NEC 220.53) 1500 VA AT 75% 1125 | VA
RANGE HOOD (NEC 220.53) 300 VA AT 75% 225 VA
DESSICANT REGENERATOR AND WALLS (NEC 220.53) 400 VA AT 75% 300 | VA
RADIENT FLOOR (NEC 220.53) 360 VA AT 75% 270 | VA
WATER TANK PUMP (NEC 430.24) 1150 VA AT 100% 1150 | VA
GARBAGE DISPOSAL (NEC 430.24) 560 VA AT 100% 560 | VA
SPRINKLER PUMP (NEC 430.24) 800 VA AT 100% 800 | VA
LIVING SYSTEMS PUMPS (NEC 430.24) (6) 45 VA AT 100% 270 | VA
RADIENT FLOOR (NEC 220.51) 360 VA AT 100% 360 | VA
SUBTOTAL 8435 | VA
DRYER (W=VA FROM NEC 220.54) 7200 VA AT 100% 7200 [ VA
HVAC COMPRESSOR AND UNITS 1800 VA AT 100% 1800 | VA
LARGEST MOTOR (NEC 220.14(C)) 1150 VA AT 25% 288 VA
TOTAL 30167 [ VA
TOTAL CURRENT 126 A
MAIN SERVICE PANEL BREAKER 150 A
NEUTRAL CONDUCTOR
GENERAL LIGHTING AND RECEPTICLES (NEC220.61(A)) | 4445 VA AT 100% 4445 | VA
COOKING (NEC 220.61(B)) 8000 VA AT 70% 5600 | VA
FIXED APPLIANCES (NEC 220.61(A)) 8435 VA AT 100% 8165 | VA
DRYER (NEC 220.619(B)) 7200 VA AT 70% 5040 | VA
TOTAL 23250 | VA
TOTAL CURRENT 97 A
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NORTH SUB SERVICE PANEL

GENERAL LIGHTING AND RECEPTICLES (NEC210.11(C))

GENERAL LIGHTING 450 SQFT X 3VA/SQFT 1350 | VA
SMALL APPLIANCE CIRCUITS 2 CIRCUITS X 1500 VA/CIRCUIT 3000 | VA
SUBTOTAL 3000 VA AT 100% + 1350 VA AT 35% | 3473 | VA
COOKING
COOKTOP 7700 VA AT 100% 7700 | VA
WALL OVEN 2400 VA AT 100% 2400 | VA
SUBTOTAL (NEC TABLE 220.55 NOTE (4), COLUMN C) 7700VA+2400VA=10100VA 8000 | VA
FIXED APPLIANCES
DISHWASHER (NEC 220.53) 1500 VA AT 100% 1500 | VA
RANGE HOOD (NEC 220.53) 300 VA AT 100% 300 | VA
DESSICANT WALL (NEC 220.53) 75 VA AT 100% 75 VA
GARBAGE DISPOSAL (NEC 430.24) 560 VA AT 100% 560 | VA
LIVING SYSTEMS PUMPS (NEC 430.24) (6) 45 VA AT 100% 270 | VA
SUBTOTAL 2705 | VA
LARGEST MOTOR (NEC 220.14(C)) 560 VA AT 25% 140 VA
TOTAL 14178 | VA
TOTAL CURRENT 59 A
NORTH SUB SERVICE PANEL BREAKER 100 A
NEUTRAL CONDUCTOR
GENERAL LIGHTING AND RECEPTICLES (NEC220.61(A)) | 3473 VA AT 100% 3473 | VA
COOKING (NEC 220.61(B)) 8000 VA AT 70% 5600 | VA
FIXED APPLIANCES (NEC 220.61(A)) 2705 VA AT 75% 2029 | VA
TOTAL 10595 | VA
TOTAL CURRENT 44 A
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SOUTH SUB SERVICE PANEL

GENERAL LIGHTING AND RECEPTICLES (NEC210.11(C))

GENERAL LIGHTING 426 SQFT X 3 VA/SQFT 1278 | VA
SMALL APPLIANCE CIRCUITS 2 CIRCUITS X 1500 VA/CIRCUIT 3000 | VA
LAUNDRY 1 CIRCUIT X 1500 VA/CIRCUIT 1500 | VA
SUBTOTAL (NEC TABLE 220.55 NOTE (4), COLUMN C) 3000 VA AT 100% + 2778 VA AT 35% | 3525 | VA
FIXED APPLIANCES
WATER HEATER (NEC 220.53) 4500 VA AT 100% 4500 | VA
DESSICANT REGENERATOR AND WALL (NEC 220.53) 325 VA AT 100% 325 VA
WATER TANK PUMP (NEC 430.24) 1150 VA AT 100% 1150 | VA
SPRINKLER PUMP (NEC 430.24) 800 VA AT 100% 800 VA
RADIENT FLOOR (NEC 220.51) 360 VA AT 100% 360 VA
SUBTOTAL 7135 | VA
DRYER (W=VA FROM NEC 220.54) 7200 VA AT 100% 7200 | VA
HVAC COMPRESSOR AND UNITS 1800 VA AT 100% 1800 | VA
LARGEST MOTOR (NEC 220.14(C)) 1150 VA AT 25% 288 VA
TOTAL 19948 | VA
TOTAL CURRENT 83 A
SOUTH SUB SERVICE PANEL BREAKER 100 A
NEUTRAL CONDUCTOR
GENERAL LIGHTING AND RECEPTICLES (NEC220.61(A)) 3525 VA AT 100% 3525 | VA
FIXED APPLIANCES (NEC 220.61(A)) 7135 VA AT 100% 7135 | VA
DRYER (NEC 220.619(B)) 7200 VA AT 70% 5040 | VA
TOTAL 15700 | VA
TOTAL CURRENT 65 A
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ENERGY ANALYSIS AND RESULTS

1.0 Introduction
1.1 Background
As part of the U.S. Department of Energy’s Solar Decathlon 2011, the University of

Maryland will compete with 19 other colleges and universities from around the globe to
demonstrate the application of sustainable designs to today’s residential building market.
The University’s entry into the competition, WaterShed, incorporates passive strategies with
advanced technology to achieve an integrated design that is both comfortable and resource
efficient.

In order to maximize energy efficiency, students, guided by faculty and mentors, have
completed numerous iterations of energy modeling to guide key design decisions pertaining
to system design, envelope construction, and equipment sizing. Our modeling process is
summarized as follows:

e Create a baseline model of the house incorporating the geometry, preliminary
envelope constructions, expected internal gains, and a preliminary HVAC system

o Perform parametric studies on the baseline house to determine the ideal envelope
construction that minimizes annual cooling and heating loads

e Determine optimum HVAC size
Predict annual electricity demand and determine optimum size of the photovoltaic
array

o Predict house performance in competition scenarios

Our approach to energy modeling incorporates the house with all of its systems, losses,
and gains into a single model. This method allows the designer to observe how individual
changes to an aspect of the model, such as lighting levels or U-values, impact the overall
energy consumption of the house. Parametric studies performed on these individual aspects
of the model have helped guide the team towards the current design of the house.

2.0 Tools
The team has used several computer tools to build models, run parametric studies, and analyze
results. These programs and a brief description of their uses are as follows:

2.1 Revit (2011)

Revit is an architectural drawing and design tool that is used in the project as the primary
documentation tool and repository of information about the house design. The Revit file
contains the most up-to-date geometry of the house. The geometry is exported to other tools
for analysis purposes as described below.

2.2 SketchUp — OpenStudio (Version 1.0.6)

The OpenStudio plugin to Google SketchUp dramatically streamlines the task of defining
3D geometry for EnergyPlus analysis. OpenStudio also provides an interface for visualizing
the output from EnergyPlus

Model views of the house, rendered in SketchUp, can be found in Appendix A.
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2.3 EnergyPlus (Version 6.0)

Parametric energy simulation studies on the house are performed using EnergyPlus, a
program distributed for free by the U.S. Department of Energy (DOE) for energy studies on
residential and commercial buildings. To develop a model, the user defines the geometry of
the house using SketchUp. The user then inputs a detailed array of parameters into
EnergyPlus including envelope material properties, internal gains and schedules,
equipment, lights, the HVAC system(s), and the photovoltaic array. The simulation uses
averaged weather data for a specific region to closely estimate the building’s energy usage
at user-specified intervals.

2.4 Microsoft Excel (2010)
Results from EnergyPlus are output to Excel spreadsheets. The energy analysis process
makes extensive use of Excel’s graphical analysis capabilities.

2.5 PVWatts (Version 2)
Solar photovoltaic array sizing simulations are performed using PVWatts, a tool provided
online for free by the National Renewable Energy Laboratory (NREL). The tool predicts the
array'’s electricity production for any region in the United States based on its nominal
wattage, angle, and inverter efficiency. The calculator can be found on the PVWatts website:
http://rredc.nrel.gov/solar/calculators/PVWATTS/version?2/.

3.0 Geometry and Systems — A Brief Explanation
3.1 Geometry

Model views of the house can be found in Appendix A (the EnergyPlus model, viewed in
SketchUp) as figures A-1 to A-4.

WaterShed is comprised of three linked modules. The two largest modules, the public
and private modules, face one another. The third module, containing the bathroom, links the
two. The roofs of the larger modules slope towards the center of the house, creating the
home’s signature split-butterfly roof form. The south-facing roof of the public module, angled
at 12.8°, supports the home’s photovoltaic (PV) system. The north-facing roof, angled at
10.0°, supports the home’s green roof.

Shaded by the overhanging roofs, the upper portions of the two large modules are
comprised of gable end-walls facing east and west and clerestory windows facing north and
south. Four partially shaded glass doors connect the interior and exterior spaces. Next to
the bedroom’s south-facing glass door is the entrance to the unconditioned mechanical
room.

Extending east from the south wall of the bedroom, a wall of vertically mounted solar
thermal tubes define the boundary for the southeast entry deck and help shade the space.
Extending west from the living room, vertical gardens and a photovoltaic-covered trellis
shade the northwest garden deck.
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3.2 Systems
Closely integrated with one another and with the house architecture, the engineering
systems are outlined below:
Heating, Ventilation, & Air Conditioning Systems (HVAC):

Mini Splits: Two indoor Mitsubishi MSZ-FEO9NA mini-split heat pump units condition
the space. One mini-split is housed in the public module and the other is housed in
the private module. They connect to a single outdoor compressor unit.

Energy Recovery Ventilator (ERV): WaterShed’s Ultimate Air RecoupAerator 200 DX
ERYV provides ventilation at 70 CFM and maintains indoor air quality. The ERV saves
heating and cooling energy by tempering the incoming ventilation air stream. It
exchanges energy and moisture between the incoming and outgoing air streams,
retaining indoor heat during the heating season and limiting incoming heat during the
cooling season.

Solar Energy Systems:

Solar Thermal: Two Paradigma CPC 45 Star Azzurro solar thermal evacuated tube
collectors gather thermal energy from the Sun to heat the home’s hot water tanks
and regenerate the liquid desiccant solution (explained below).

Photovoltaic (PV): Photovoltaic panels on the roof and trellis convert sunlight into
electricity to feed back to the grid. WaterShed supports a 9.24 kW system of 42
Sanyo 220A panels.

Fluid Systems:

Liquid Desiccant Waterfall (LDW): The LDW is the home’s unique humidity control
mechanism. Liquid desiccant dehumidification is an appealing alternative to the
traditional, electricity-intensive practice of cooling air to the dew point. Rather than
using electricity for latent cooling, desiccant dehumidification uses primarily thermal
energy, a much more efficiently obtained form of energy. Two liquid desiccant
waterfalls inside the house dehumidify household air by providing a site for
interaction between air and lithium chloride brine. Outside, in a desiccant
regeneration unit, heat captured by the solar thermal system concentrates the brine
to be reused in the waterfalls.

Heat Exchange for Excess Solar Thermal (HXEST): Heat exchangers, mounted on
the LDW indoor units, heat the indoor air during the heating season with energy
captured by the solar thermal tubes that is not needed to heat domestic hot water.

Control System:

Smart House Adaptive Control (SHAC): SHAC provides user control, feedback, and
data collected from its various sensors inside and outside the house. It also provides
automation for systems like the LDW and HXEST.

4.0 Envelope, Electrical Loads, & Internal Gain Analysis
The discussion and results presented in this section refer to the EnergyPlus model of
WaterShed.

4.1 Weather Data
The DOE provides weather data for over 2100 locations around the world specifically
intended for EnergyPlus simulations. EnergyPlus requires these data in order to calculate
building loads. For the purposes of WaterShed’s analysis, Team Maryland used the weather
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data for the Washington Dulles Airport region. Annual profiles for outdoor temperature
(Figure 4.1a) and direct solar insolation (Figure 4.1b) are shown below as examples:
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Figure 4.1a: Average Monthly Outdoor Temperature
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Figure 4.1b: Average Monthly Incident Solar Radiation

For further information on the sources of these data, refer to the DOE website,
http://appsl.eere.energy.gov/buildings/energyplus/weatherdata sources.cfm.
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4.2 Preliminary Studies
4.2.1 Envelope Studies
Given the weather data and the geometry outlined in Section 3.1, EnergyPlus was
used to perform parametric studies on a range of building characteristics such as wall R-
value and building performance issues such as HVAC load. Some of the key studies
explored the impact of wall, roof, floor, and overhang characteristics on heating and
cooling loads. The following figures illustrate the trends these studies revealed.
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In each of these studies, one building characteristic was varied, while the rest of the
model’'s parameters were held fixed. The above figures illustrate the resulting impact of
the changed characteristic on the annual HVAC load (the total heating and cooling load
over the course of a year). The results shown here indicate that increasing envelope
insulation beyond a certain point will produce diminishing returns in overall energy
efficiency. These envelope studies also reveal several other important points:

¢ Increasing the roof and wall insulation has a greater impact on load reduction than
increasing floor insulation.

¢ R-50 insulation provides a good balance between envelope thermal efficiency and
the various construction costs of using thicker insulation. The final design R-values of
WaterShed'’s solid walls and roof are 48 and 51 (hr-ft2-F/Btu) respectively.

e A 40-inch overhang over the bedroom clerestory provides a good balance between
HVAC efficiency and the various construction costs and solar-envelope issues
associated with deeper overhangs. The designed length of WaterShed’s southern
overhang is 40 inches.

Using these simulations, Team Maryland could readily identify the effect of building
characteristics on energy performance, establishing goals for the architecture team in
designing the envelope. This process has helped make WaterShed's envelope
optimized for energy efficient.

4.2.2 HVAC Sizing

EnergyPlus uses extreme yearly conditions from the weather data to calculate the
necessary sizes for the heating and cooling elements of the HVAC system. According to
competition requirements, the HVAC system must maintain a comfort zone between
71°F and 76°F. In order to meet the comfort zone requirements, even on the most
extreme days of the year, the simulation suggests the following:

e Cooling Coil Rated Total Capacity: 17.5 kBtu/hr
e Heating Coil Rated Total Capacity: 17.5 kBtu/hr

This recommendation provided a basis for the final design sizes of the HVAC
system. WaterShed'’s two indoor mini-split heat pumps provide a combined cooling
capacity of 18 kBtu/hr and a combined heating capacity of 21.8 kBtu/hr.

4.3 WaterShed Simulation Results
Independent research by students, with input from faculty and mentors, has helped
guide the choice of parameters for the EnergyPlus model. The primary parameters included
in the model are outlined below.

4.3.1 Envelope Constructions
EnergyPlus models surfaces as layers of materials. In cases where a layer

may be composed of multiple materials, such as stud walls with foam insulation,
accurate modeling is difficult to achieve. In order to provide flexibility in our
parametric modeling, we modeled the actual envelope construction with a
simpler layered system with easily-defined R-values. The following envelope
assemblies include the most thermally significant layers from the actual design of
WaterShed, listed from outside to inside.
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Public and Private Modules:

Lower Wall Assembly: 0.75” cooked ash wood siding, 4” XPS board
insulation, 1.5” Lock-Deck sheathing, 5.5” open-cell spray foam
insulation, and 0.5” gypsum board

Wall R-Value: 48 hr-ft*F/Btu

Gable Wall Assembly: 0.03" metal cladding, 0.5” wood sheathing, 3.5”
closed-cell spray foam insulation, and 0.5” gypsum board
Gable Wall R-Value: 25 hr-ft*F/Btu

Exterior Floor Assembly: 6” closed-cell spray foam insulation, 1-1/8”
subfloor, 9/16” hardwood flooring
Floor R-Value: 42 hr-ft*F/Btu

Exterior Roof Assembly: 0.03” metal roofing, 4” Polyiso board insulation,
1.5” Lock-Deck sheathing, 3.5” closed-cell spray foam insulation, and 0.5”
gypsum board

Roof R-Value: 51 hr-ft*F/Btu

The green roof provides an additional insulation value of approximately R-
2 to the bedroom roof.

Bath Module:

Wall Assembly: Exterior walls are glazed

Floor Assembly: 6” closed-cell spray foam insulation, 0.75” subfloor, 0.75”
ceramic tile
Floor R-Value: 41 hr-ft*F/Btu

Roof Assembly: 4” XPS rigid board insulation, 1.5” Lock-Deck sheathing,
7.25” open-cell spray foam insulation, and 0.5” gypsum board
Roof R-Value: 59 hr-ft*F/Btu

Glass Fenestration Characteristics:

U-Value (Btu/hr-ft>-F) | Solar Heat Gain
Coefficient (SHGC)
Fixed Windows" 0.27 0.23
Clerestory Windows 0.22 0.14
North Window* 0.28 0.23
Glass Doors® 0.30 0.32
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The two fixed windows face east and west and are located on either side
of the central bathroom module

*The north window is located on the north wall of the public module

3All other fenestration (East, West, and South exposures) is in doors,
selected to facilitate the public tours and extend the interior spaces.

4.3.2 Internal Gains
Any sources of energy dissipated inside the house, unrelated to
environmental gains such as direct solar or temperature, are considered internal
gains. The model includes gains due to occupants, lighting, and electric
equipment. A more detailed spreadsheet of internal gains can be found in
Appendix B.

4.3.2.1 Occupancy Loads
The model includes two working occupants. We assumed each
occupant contributes an average of 100W of internal gain and is absent
from the house for 8 hours each day between 9:00AM and 5:00PM.

4.3.2.2 Lighting Loads
The model includes 1175W of internal lights. These run for 4 hours
each evening.

4.3.2.3 Electric Equipment Loads
The model accounts for all electrical equipment expected to run in the
house. This includes appliances, electronics, SHAC controls, and
miscellaneous loads. The electric loads are based on EnergyStar data
from individual appliance specifications or on careful estimates for each
specific product. Data for the total gain of each piece of equipment and
the daily schedules for each can be found in greater detail in Appendix B.

4.3.3 Modeled HVAC System
We simulated the heating and cooling equipment of the HVAC system as
a heat pump with a coil in the air stream (the air stream is recirculated indoor air).
In the cooling mode, WaterShed’s two mini-split heat pumps have a SEER rating
of 16 and a rated capacity of 18 kBtu/hr. In heating mode, the system has a COP
of 4.22 and a rated capacity of 21.8 kBtu/hr. In the model, the HVAC system runs
under setpoint control, maintaining an indoor air temperature range of 72.5 °F to
74.5 °F, a range well within the competition requirements.
The home’s ERV provides ventilation at a rate of 70 cfm. WaterShed's
ERV efficiently tempers incoming air with a sensible and latent effectiveness of
95%.
4.4 Simulation Results
The results of these simulations illustrate a number of useful points that have impacted
the design process. Three major pieces of information resulting from the simulation are:

o Predicted performance of the envelope, guiding architectural design to an optimized
envelope design.
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o Predicted overall electricity use of the house & necessary PV array size required to
fulfill needs.
e Predicted external and internal gains to guide selection of HYAC system.

This information allowed Team Maryland to assess the energy efficiency of the building,
determine areas of the design that could be improved, and develop strategies for the
competition.

4.4.1 Electricity Usage
Energy Plus calculates the total predicted electricity usage over the course of
the year (Table 4.4.1). Using Excel, we can visually represent the relative
breakdown of electricity use (Figure 4.4.1).
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Table 4.4.1: Annual Electricity Usage by Subcategory
Electricity | Total
End Use Demand Electricity
End Use Breakdown (kWh) (kWh)
Lights
Internal 643
External 137
780
Equipment
Dryer 718
Washer 52
Fridge/Freezer 392
Stove 333
Dishwasher 117
TV 193
Computer 77
SHAC 350
Misc 500
2731
HVAC
ERV 686
Heating Coil 1763
Cooling Call 1126
Mini Split Fans 1085
4660
Solar Thermal
Glycol Pump 153
Main Water
Pump 137
LDW Pumps
& Fans 83
HEXST
Pumps &
Fans 36
Living
Systems
Pumps 228
Total: 8809
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Annual Predicted Electricity Use
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Figure 4.4.1: Annual Relative Electricity Use by Subcategory

These predictions indicate that the primary electricity draw will be the HVAC
system. For typical buildings in the DC metropolitan area, energy use is
dominated by heating. The EnergyPlus model for WaterShed, however, predicts
that because of its highly-insulated envelope and energy-saving ERV, this will not
be the case for WaterShed. The ERV alone reduces heating demand by 36%
(discussion of the ERV can be found in Section 4.4.1.1). WaterShed also uses
high-efficiency lights and appliances, limiting the draws from these areas as well.

4.4.1.1 Energy Recovery Ventilator (ERV)

The ERV is an important energy-saving component of the HVAC
system. Compared to an equivalent home without an ERV, WaterShed
saves 605 kWh annually on HVAC electricity demand. Table 4.4.1.1a
illustrates the simulation results of such an equivalent home; all
characteristics of the home are the same as WaterShed, but the
ventilation air is not tempered by an ERV. A breakdown of the home’s
HVAC electricity use (with and without an ERV) is as follows:
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Table 4.4.1.1a: HVAC Electricity Breakdown
for an Equivalent House with No ERV

Electricity

HVAC Component Demand (kWh)
Mechanical
Ventilation 248
Heating Coil 2736
Cooling Call 1197
Mini Split Fans 1085

Total 5265

Team Maryland
University of Maryland

Table 4.4.1.1b: HVAC Electricity Breakdown

for WaterShed (with ERV)

Electricity
HVAC Component Demand (kWh)
ERV
686
Heating Coil 1763
Cooling Caoil 1126
Mini Split Fans 1085
Total 4660

The total HVAC electricity demand for an equivalent house with no

ERV (Table 4.4.1.1a) is notably greater than that of WaterShed (Table
4.4.1b), especially in the heating season. The ERV saves WaterShed
36% on heating electricity (1763 kWh with an ERV, compared to 2736
kwh without one) and 11% on total HVAC electricity (5265 kWh with an
ERV, compared to 4660 kWh without one). It is an indispensible
component of WaterShed’s modern, energy-efficient HYAC system.

4.4.1.2 Solar PV Array Size

Based on the characteristics of the model, EnergyPlus predicts that
WaterShed will consume 8809 kWh of electricity over the course of a
year. Using PVWatts, we predicted the necessary PV array size to meet
this electricity demand.

WaterShed's PV array is comprised of 42 Sanyo 220A PV panels,
totaling 9.24 kW. 36 of those panels are fixed to the south-facing roof,
angled at 12.8° from the ground. The remaining 6 panels are fixed to the
trellis, parallel to the ground. PVWatts predicts the following output from

the system while on the competition site in Washington DC:
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Table 4.4.1.2: Predicted Annual AC Electricity Production by the PV Array

Annual AC Electricity
Production (kWh)

9128
Rooftop Panels
1383
Trellis Panels
10511

Total:

Under the simulation conditions, this annual production of 10511 kWh
will meet all of WaterShed's electricity demands. The size of the array
provides a 19% margin of safety, allowing for weather fluctuations,
additional electricity use, and any other factors not accounted for in the
model.

4.4.2 Liquid Desiccant Waterfall (LDW)

Liquid desiccant dehumidification offers an elegant and effective solution to
the seasonal humidity of the mid-Atlantic region. For homes like WaterShed, with
limited electricity-producing rooftop area, using solar thermal energy rather than
electricity to dehumidify household air is an appealing prospect.

As the team designed the LDW, latent cooling load predictions from
EnergyPlus provided design criteria. Table 4.4.2 illustrates the annual cooling
load breakdown:
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Table 4.4.2: Predicted Annual Sensible & Latent Cooling Loads

Annual Cooling Load
(kBtu)
Sensible Cooling Load 12936
Latent Cooling Load 1760
Total 14696

The LDW has been designed to handle as much of the latent cooling load as
possible, reducing the electricity used by the mini-splits in cooling by as much as
12%.

4.4.3 Internal & External Gains
It has been an important part of the design process to reduce or control
unnecessary gains into the house during the cooling season and maximize gains
during the heating season. Doing so places less demand on the HVAC system.

4.4.3.1 Internal Gains

Any energy that enters the house due to day-to-day activities by the house’s
inhabitants constitutes an internal gain. Sources of gains accounted for in this
model include people, lights, and electric equipment. These gains are constant
throughout the year and their relative daily contributions to household energy are
illustrated in Figure 4.4.3.1.
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Figure 4.4.3.1: Daily Internal Gains

Appliances such as the clothes dryer, dishwasher, and clothes washer do not
contribute significant internal gains because they are drained or vented to the
outdoors. Other appliances, lights, and electronics however, contribute
significantly to the internal gain. These gains must then be removed in the
cooling season by the HVAC system, creating energy inefficiency. In the heating
season, the gains reduce the required heat input, but since the house operation
will be dominated by cooling during the competition, cooling season conditions
dominate design considerations. Part of the design process for WaterShed
includes obtaining energy efficient appliances, lights, and electronics in order to
limit unnecessary internal gain.

4.4.3.2 Windows

Windows are both a visual connection to the outdoors and an energy bridge
between the interior and exterior of the building. They constitute one of the
greatest sources of heat gain in WaterShed. As illustrated in Figure 4.4.3.2a,
windows contribute a much larger percentage of heat gain to the building than do
the internal gains, especially during the cooling season.

WaterShed employs strategic shading and thermally insulated window
materials to limit unwanted gains. Compared to an equivalent home with no
shading devices (no trellis, solar thermal wall, or overhangs) and less insulating
glass (U value of 0.35 Btu/hr-ft>-F and SHGC of 0.35), WaterShed takes in 37%
less unwanted thermal energy through windows in July, the peak cooling month,
than the equivalent home. Figure 4.4.3.2b illustrates the gains of such a house
for comparison.
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Figure 4.4.3.2a: Window Gains Relative to Internal Gains for WaterShed
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Figure 4.4.3.2b: Window Gains Relative to Internal Gains for an Equivalent House with no
Shading Devices and Less Insulating Window Characteristics
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In order to minimize the building’s HYAC demand, gains are controlled to
the extent possible. While gains due to people, lights, and equipment will be
relatively constant throughout the year, proper window placement and shading
limit the cooling load in the summer and heating load in the winter.

Understanding the expected heat gains and losses through the
fenestrations on each surface of the house has played a role in the design
process for the windows, affecting choices in size, placement, and treatments.
The gains and losses through WaterShed’s cardinal faces are illustrated below in
Figures 4.4.3.2c — 4.4.3.2f. Red indicates monthly heat loss and blue indicates
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monthly heat gain.

These studies confirm conventional wisdom about window placement and
reveal several important points:

¢ Heat gains are optimized for passive heating on the south face. On this face,
gains are greatest in the winter and lowest in the summer, reducing HVAC
demand. For this reason, WaterShed maximizes south-facing window area.

¢ Heat gains on the east and west faces are not optimized for passive heating.
These faces are good design targets for shading and window treatments that
reduce undesirable summer gains. For this reason, WaterShed employs
shading on east and west doors and treatments on the east and west picture
windows.

o Heat losses are correlated to glass fenestration area. WaterShed's north and
south faces have the greatest fenestration area, and thus, winter heat losses
are greater on these faces than on the east and west faces. Low U-value
glass reduces undesirable winter heat losses. For this reason, WaterShed's
north and south clerestories are made of Kalwall, the most thermally
insulating window material in the home.

5.0 Competition Simulation
In an effort to predict WaterShed's energy performance during the competition, Team
Maryland ran EnergyPlus simulations that mimicked competition conditions.

5.1 Competition Weather

The competitions will occur over a nine day span in the fall. Team Maryland chose to

simulate the performance of the house between September 23 and October 2. An analysis
of the weather given in the weather file through September and October indicated that this
nine day period places the most demanding load on the HVAC system. This period acts as
the design criteria for the house during the competition. Profiles of the hourly temperature
(Figure 5.1a) and direct solar (Figure 5.1b) during this period are shown below:
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Figure 5.1a: Hourly Outdoor Temperature (September 23 — October 2)
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Figure 5.1b: Hourly Direct Solar Radiation (September 23 — October 2)

5.2 The Competition Model

A simulation of the WaterShed model during this nine day period helped Team Maryland
prepare for how the house might react to the environment of the competition. The
competition imposes rules on how the house will be run which differ from the conditions
used in the annual model. The same geometry and envelope construction outlined in
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Section 4.3.1 were used in this model; however, we redefined the internal gains and their
schedules.

5.2.1 Internal Gains
The peak power and the relative gain fractions remain unchanged for each
source of gain. The schedules however, approximate as closely as possible, the
competition schedules over the course of the Solar Decathlon. The competition
period model includes six occupants throughout the day and zero at night to
account for impound hours.
5.2.2 HVAC and Tour Simulation
In order to simulate the most demanding and unusual aspect of the
competition, the model incorporates tour periods. The following parameters were
used to approximate these periods:
o During the times of the day when a tour is scheduled, the ERV,
mechanical ventilation, and mini-splits are shut off.
e The building infiltration increases to 10 air exchanges/hour.
¢ The number of occupants rises to 20 people.

At the end of the tour, these parameters are returned to their normal state.
This simulation approximates the impact of the public exhibit hours on
WaterShed’s ability to return to the comfort zone temperatures during the Solar
Decathlon.

5.3 Results
The competition simulation yielded a number of interesting results that guide Team
Maryland’s strategy for operating the house during the competition week.
5.3.1 Tour Effect
The tour period causes a significant disruption of the house air temperature
and humidity. When the HVAC turns off and infiltration increases, the indoor air
conditions approximately equalize with the outdoor air conditions. As such, Team
Maryland expects that the HVAC load following a public exhibit period will be
primarily dependent on the outdoor temperature. This effect is illustrated in
Figure 5.3.1.
Figure 5.3.1 displays the hourly results of the competition simulation
(occurring over the nine day span of September 23 to October 2). The chart
illustrates predicted indoor and outdoor temperatures. For reference, the comfort
zone is indicated by two horizontal lines at 71 °F and 76 °F. Periods when the
indoor air temperature leaves the bounds of the comfort zone indicate the shutoff
of the HVAC system during a public exhibit period. These large indoor air
temperature changes are a major design consideration for the HVAC system
size.

U.S. D.O.E. Solar Decathlon 2011 Page - 45
ENERGY ANALYSIS AND RESULTS



Water Team Maryland
AT THE UNIVERSITY OF MARYLAND University of Maryland
35
30 /‘
25 lr\l 1 | 11 11
s 1 1\{" h 1 \7‘“"—'
T 0 T\ 7 v—J v
g \_j \ \\/ == Qutdoor Temperature
é’. 15 Indoor Temperature
A Comfort Zone Upper Limit
10 e Comfort Zone Lower Limit
5
0
0O 24 48 72 96 120 144 168 192 216
Hour
Figure 5.3.1: Competition Week Indoor Temperature Fluctuations

According to the rules and competition event schedule, each team has one
hour to return their house to the comfort zone following the tours, creating an
extreme design criterion for the HVAC system size. In order to meet the post-tour
cooling demand, EnergyPlus calculates that the size of the cooling component of
the HVAC be 37 kBtu/hr which is larger than the corresponding size calculated
without the tours.

These results indicate the necessity of limiting unnecessary gains during the
hour after the tour. Simple strategies such as emptying the house of people,
turning off electronic equipment, and shading windows will be employed.

5.3.2 Electricity Usage

A prediction of household electricity use over the course of the competition is
illustrated in Table 5.3.2a. Team Maryland anticipates that the 9.2 kW PV array
will be able to meet the competition demand. PVWatts predicts that the array will
produce 274 kWh (Table 5.3.2b) over a 9 day span in September. The size of the
array leaves a 43% margin of safety to account for unpredictable weather
conditions over the competition period. Although the array is oversized for the
competition period, the safety factor for the annual simulation is only 19%.
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Table 5.3.2a: Competition Week Electricity Usage by Subcategory

Electricity | Total
End Use Demand Electricity
End Use Breakdown (kWh) (kWh)
Lights
Internal 33
External 7
40
Equipment
Dryer 8
Washer 2
Fridge 10
Stove 4
Dishwasher 2
TV 7
Computer 3
SHAC 9
43
HVAC
ERV 13
Heating Coil 0
Cooling Call 57
Mini Split Fans 21
91
Solar Thermal
Glycol Pump 4
Main Water
Pump 1
LDW Pumps
& Fans 6
HEXST
Pumps &
Fans 0
Living
Systems
Pumps 6
Total: 191
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Table 5.3.2b: Predicted Nine Day AC Electricity Production by the PV Array in September

AC Electricity
Production (kWh)

238
Rooftop Panels
. 36
Trellis Panels
274

Total:

6.0 Conclusions

These computer models offer the team a prediction of WaterShed'’s behavior annually and
during the competition. Iterations of energy modeling have helped guide the design process and
continue to impact competition strategy.

The necessity of controlling the flow of energy through the house is important to Team
Maryland’s strategy. This means using passive concepts that limit electricity demand and lessen
the load on the HVAC. This will be especially true during and immediately after the tour periods.
Team Maryland expects to continue exploring ways to limit undesirable internal gains and
fenestration gains as much as possible during the hour following the tours.
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Appendix A: Model Views

The following are views of the EnergyPlus model of WaterShed as viewed in SketchUp.
Yellow surfaces are walls, blue surfaces are glass fenestrations, red surfaces are roofs, and
purple surfaces are shading groups (ie: the trellis, solar thermal, PV array, and roof overhangs).
The solid axis colors correspond to north (green) and east (red).

Figure A- 1: South-East View
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Figure A- 2: South-West View

Figure A- 3: North-East View
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Figure A- 4: North-West View
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Appendix B: Internal Gains Spreadsheet (Annual, No Tour Simulation)

Team Maryland
University of Maryland

Activity Total Gain
Level ea. No. of Fraction Hours Active |per Day
(w) People Radiant per Day (kBtu)
People 100 2 1 16 10.92
e i
Total Gain |Total Electric
Lighting Fraction |Fraction |Fraction |Fraction |Hours Active|per Day per Day
Level (W) |Radiant |Visible Convected|Lost per Day (kBtu) (kwh)
Lights
Internal 1175 0.78 0.12 0 0 1.5 6.01 1.76
External 380 t] [t] [¢] 1 1.5 0] 0.57
Total Gain |Total Electric
Design Fraction |Fraction |Fraction |Fraction |Hours Active|per Day per Day
Level (W) |Latent Radiant |Convected|Lost per Day (kBtu) (kwh)
Electric Equipment
Dryer 1966 0.05 0.15 8] 0.8 1 1.34 1.97
Washer 141.6 ] 0.8 0 0.2 1 0.39 0.14
FridgefFreezer 44,75 0 1 o i 24 3.60 1.07
Stovetop 3649.3 0.3 0.5 0] 0.2 0.25 2.49 0.91
Dishwasher 320.5 0.15 0.6 o] 0.25 1 0.82 0.32
™ 176 ] 0.5 0.5 0 3 1.80 0.53
Computer 70 ] 0.5 0.5 0] 3 0.72 0.21
SHAC a0 1] t] 0] 1. 24 0 0.96
Glycol Pump 60 0 0 0 1 7 0 0.42
HXEST Pumps 106 ] ] 0 1 2 {4 mo) 0 0.21
HXEST Fans 6l ] 1 Le] 0 2 {4 mo) 0.41 0.12
Desiccant Wall
Pumps 150 0 0.5 0 0.5 2 {4 mo) 0.51 0.30
Desiccant Wall
Fans 60 t] b [¢] 0 2 (4 mo) 0.41 0.12
Desiccant Regen
Pumps 70 0 0 0 1 2 {4 mo) 0 0.14
Desiccant Regen
Fans 60 t] 0] [¢] a1 2 (4 mo) o 0.12
East Wetland
Circulation
Pumps 22.5 0 0 0 1 10 0 0.23
West Wetland
Circulation
Pumps 33.75 ] ] 2] 1 8 ] 0.27
Wetland Sump
Pump 131 t] L] 8] 1 1 v 0.13
Main Water
Pump 500 ] ] Le] 1 0.75 ] 0.38
Misc 57.08 0.2 0.734 0 0.066 24 4.37 1.37
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Values included in the model come from a variety of sources. Where applicable, we have
derived values from EnergyStar predictions for annual electricity. In many cases, Team
Maryland followed the guidelines for internal gains required for a BuildingAmerica Building
Technologies Program benchmark home. More information on this program can be found at
http://www1.eere.energy.gov/buildings/building_america/.
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LIQUID DESICCANT SYSTEM DESCRIPTION

The University of Maryland was the first school to include a liquid desiccant system in
their U.S. Department of Energy Solar Decathlon 2007 submission, LEAFHouse. Now a patent-
pending innovation, the LEAFHouse liquid desiccant waterfall (LDW) has paved the way for
subsequent iterations. In the 2009 competition, two schools used liquid desiccant systems and
now in 2011 the University of Maryland will be showcasing an improved liquid desiccant
waterfall design.

The liquid desiccant dehumidifier works based on the ability of saline solutions to absorb
humidity from the surrounding air. The more salt dissolved in solution, the higher its propensity
to capture water from the air. By using a saline solution of 42% by weight Lithium Chloride
(LiCl), WaterShed's system will be able to dehumidify air to very dry conditions. The
dehumidification process occurs within two indoor wall units; one unit is in each of WaterShed’s
two primary modules. Each unit will have a Plexiglas spillway where LiCl solution is pumped
through packing media while air flows in the opposite direction, releasing its moisture in the
process. The packing media, comprised of spherical raschig rings, is a new component added
for the 2011 model; it allows the liquid to be dispersed over a wider surface area so there is
more contact between the desiccant solution and the air and thus a higher rate of moisture
transfer. The air is pulled through the system by a fan in each wall unit and then expelled into
the room.

The more moisture taken out of the air, the more dilute the desiccant solution becomes.
As the solution gains water, the ratio of LiCl to water decreases, as does its ability to capture
moisture from the air. Once the solution becomes too dilute to function as a desiccant, it is
pumped to the outdoor regenerator where the excess water is evaporated. To make water
leave the solution — as opposed to being absorbed by it — the working fluid must be heated until
its vapor pressure is greater than that of the atmosphere. When the desiccant solution is
heated, the water in the solution boils and evaporates off of the desiccant solution leaving a fully
regenerated salt-rich solution that is pumped back into the house to absorb moisture from
WaterShed's conditioned spaces.

The regenerator operates in a reverse manner to the indoor units, at a higher
temperature. The desiccant is heated to 180 °F using heat generated from the evacuated solar
thermal tube array. It is then sprayed down a Plexiglas spillway while air passes in the opposite
direction. Because the desiccant solution is heated, instead of picking up moisture from the air,
the solution evaporates it into the passing air.

Industrial desiccant systems use natural gas or electricity to produce the heat required
for regeneration. The WaterShed LDW uses renewable heat energy from the solar thermal
system to regenerate, but this heat source is hon-continuous on an hour-to-hour, day-to-day,
and even month-to-month basis. Team Maryland created the regeneration design to work with
this energy source by using a unigue batch approach instead of continuous regeneration. The
industry standard is for the desiccant to go through the dehumidifier once, then directly to the
regenerator, then back to the dehumidifier in a continuous cyclical process. In WaterShed's
system however, the indoor solution constantly dehumidifies until it becomes dilute. At this
point it is exchanged with the regenerated solution as a batch. Half of the working fluid is
contained in the regenerator and the other half is split evenly between the two indoor units.
Because there is always a batch of solution both inside and out, the dehumidifying process is
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independent from the regeneration process. This allows the indoor units to be dehumidifying
even when there is no sunlight to power the regenerator, a large advantage to the system
because the sun shines less than half the day. More importantly, this gives the system the
ability to dehumidify during rainy days when humidity increases but there is little sunlight. This

is also useful when the solar thermal heat energy is needed by another system such as the hot
water heater.
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Graph Describing Vapor Pressure of LiCl Solutions Based on Temperature and Concentration
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This graph, from M. Conde Engineering, 2001, shows the entire cycle of the desiccant
solution. Based on these vapor pressures, it can be shown that the desiccant will either absorb

U.S. D.O.E. Solar Decathlon 2011 Page - 56
LIQUID DESICCANT SYSTEM DESCRIPTION



Water Team Maryland

AT THE UNIVERSITY OF MARYLAND UnlverSIty Of Maryland

or expel water depending on the vapor pressure of the surrounding air: whichever substance
has the higher vapor pressure will expel the water. From the graph we can gather the following
important information:

Concentration (% Temperature of
by weight) Desiccant (°F) Vapor Pressure (kPa)
43 68 0.3
30 68 1.0
30 176 22.0
43 176 9.0

For the indoor units, Team Maryland used figures based on the Solar Decathlon
competition rules for the comfort zone contest. WaterShed must maintain an indoor
environment at 71-76°F at <60% relative humidity. For the dehumidification process, the vapor
pressure of the desiccant must be lower than that of the indoor air.

Various Indoor Air Conditions

Temperature (°F) Relative Humidity (%) Vapor Pressure (kPa)

76 60 1.85
76 40 1.23
76 20 0.62
71 60 1.56
71 40 1.04
71 20 0.52

As an example, when the desiccant is at 30% conc. and 68 °F, the desiccant vapor pressure is
less than the air water vapor pressure at 71 °F 40% RH to 76 °F 60% RH. 1.0 kPa < (1.04 to
1.85 kPa). Thus, the desiccant will extract water vapor from the air.

These figures, when compared to those from the graph above, clearly show that the
desiccant will absorb moisture from the air even when at the lowest concentration (30%
concentration). For the regeneration process the vapor pressure of the desiccant must be higher
than that of the outdoor air.

Various Qutdoor Air Conditions
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Situation Temperature (°F) Relative Humidity (%) Vapor Pressure (kPa)
Spring (humid) 70 80 2.02
Spring (avg) 70 50 1.26
Summer (humid) 88 85 3.86
Summer (avg) 88 55 2.49
Fall (humid) 68 85 1.99
Fall (avg) 68 55 1.29

As an example, when the desiccant is at 43% conc. and 176 °F, the desiccant vapor pressure is
greater than the air water vapor pressure under all outdoor conditions. 9.0 kPais greater than >
(1.26 to 3.86). Thus, the desiccant will expel water vapor into the air.

These figures show that the desiccant will evaporate water out of solution under any
outdoor conditions, even very hot and humid days. As can be seen in the graph and tables, if
the desiccant is at a very high temperature (above 60 °C/140 °F) it will always successfully
regenerate.

There are multiple precautions that were taken while constructing this project. LiCl is not
much different than regular table salt, but any highly concentrated salt solution has to be
handled with care because it absorbs moisture from any source. The side effects of human
contact with the desiccant are mild. Dermal contact can result in a mile to severe rash while eye
contact results in irritation, redness, and pain. Ingestion can cause nausea, vomiting, and
diarrhea. WaterShed's system uses 40 gallons of fully regenerated 42% (by weight) solution:
10 gallons in each indoor unit and 20 in the regenerator.

During construction, elbow length rubber gloves and protective glasses were worn at all
times. Each unit has been thoroughly tested to make sure there are no leaks or splashes that
could result in any solution leaving the apparatus. All pipe and tube connections have been
made with secure plastic fittings. All parts touching the solution are made of plastic or titanium
to eliminate the possibility of corrosion and material degradation. Metal has been eliminated
from construction in all applicable situations. All piping that touches the heated solution in the
regenerator is made of CPVC which can handle temperatures up to 200 °F. All air outlets have
been equipped with demisters to eliminate any droplets of desiccant from escaping the units.
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ARCHITECTURAL DESIGN NARRATIVE

WaterShed's architectural design responds to both the challenges of rethinking energy
use in the built environment and concerns over American attitudes toward water. Inspired by the
Chesapeake Bay, WaterShed's architectural design is derived from four guiding principles:

e water is a precious resource and should be handled conscientiously.

¢ homes should function as micro ecosystems.

¢ a sustainable house should both conserve and produce resources.

e merging the best of passive and active energy strategies is the most effective way to

create a

house that is in tune with its environment.

The forms of the house, in plan and in section, highlight the path of water — falling from
clouds to highlands, trickling down waterways, seeping into groundwater, and ultimately
evaporating back into our atmosphere. WaterShed’s split-butterfly roofline, comprised of two
sheds sloping towards each other, is intended to highlight storm water runoff from each module,
directing and collecting it into the celebrated water axis at the core of the home. Water used
within the house intersects this axis through a consolidated mechanical core. The design
physically and visually connects the home and its residents with their surroundings while
demonstrating the interconnected nature of an ecosystem.

Spatially, the house is designed as two shed modules slid apart along the central water
axis and connected by a third module — the bridge. The two larger modules express the
programmatic intent of a live/work environment and provide a rich variety of indoor and outdoor

=,

WaterShed takes inspiration from the Chesapeake Bay ecosystem and seeks to interconnect the house, the landscape, and the
residents who live there.
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spaces. The bridging module houses the bathroom, highlighting the connection between
interior water uses and the wetland axis outside while concurrently linking the public and private
spaces.

WaterShed's design showcases the potential of living systems to improve water
management. The green roof slows rainwater runoff to the landscape while simultaneously
improving the house’s energy efficiency by providing added thermal insulation. Storm water
runoff is also collected from the solar array in a cistern on the east side of the water axis where
it is stored for reuse in landscape irrigation. Grey water from the shower, lavatory, clothes
washer, and dishwasher are collected and filtered through a constructed wetland on the west
side of the water axis, nourishing the landscape without consuming potable water.

WaterShed’s design also demonstrates the potential for architecture to contribute to
healthy carbon cycles through the gardens and composting station. The process of growing
vegetables in the garden, cooking and consuming those vegetables in the house, and returning
the discarded food scraps to compost for gardening, directly and clearly illustrates the potential
for improved health, energy and cost savings inherent in a complete carbon cycle program.

The holistic design features integrated architecture and engineering as evidenced in the
sloping forms of the modules. The sloped forms create soaring living spaces that are daylit
using translucent clerestories and also allow the solar array to most efficiently create power.
This energy is used by the mechanical systems to condition the space and a robust envelope
ensures that once energy is used in space conditioning its value is retained.

Through integrated architecture, engineering, and living systems, WaterShed creates
inspiring spaces which bring delight to life’s every day activities.
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MARKET VIABILITY JUSTIFICATION

WaterShed is intended for a working couple who can use the house as both a home and
as an office. This demographic is highly prevalent within the Baltimore and Washington, DC
markets, where many sole proprietorships exist in consulting, law, architecture and other
professions. WaterShed is affordable to such residents because the upfront investment in
energy-saving and water-saving technologies eventually provide cost-savings to the consumer
given the increasing prices of utilities. For people in the Washington, DC corridor specifically,
WaterShed is affordable because it provides them the opportunity to telecommute, thus
reducing commuting expenses in one of the most congested areas in the country.

Simplified Target Market Identification:

o Geographical Market: Baltimore — Washington, DC corridor (primary); Other Mid-Atlantic
states (secondary)

¢ Housing Configuration: For sale product: one bedroom, plus work den / one bathroom
e Occupant Demographic: Self-employed couple, no kids living at home

e Household Income: $75,000-$115,000 (based on 2009 FHFA AMI figures of our primary
demographic market)

To demonstrate WaterShed’s livability, a typical week for the house’s residents might
include a standard work week Monday through Friday where the house functions as an office
during the day and a resting place at night. One partner telecommutes three days each week,
while the other manages his or her own business at an urban office. The reconfigurable furniture
in the south module allows the space to easily transform from a productive workspace to a
comfortable bedroom. In the evenings they spend time cooking with produce from their gardens.

On the weekends, they often host potluck dinners for friends in the north module,
maximizing usage of the full-sized dining table and transformable living room furniture.
Weekends are spent participating in social and community activities because WaterShed’s low-
maintenance, durable materials require limited time input from the owners. The couple enjoys
spending time outdoors as well as time in the city and chose not to move into an urban
apartment because of their desire to control their own water and energy consumptions, a desire
that is aided by WaterShed’s intuitive home automation system. The system provides the
residents information about their resource consumption, allowing them to customize settings for
maximum efficiency.

Water management is integrated seamlessly into daily life. Rainwater that lands on the
house takes one of two paths: it travels off the photovoltaic roof, enters a collection cistern and is
later filtered through the constructed wetlands or is absorbed by the green roof. The constructed
wetlands also filter grey water from the shower, dishwasher, and bathroom sink. The
constructed wetlands allow the residents to minimize their potable water usage because the
filtered water is able to be reused onsite to irrigate the landscape.
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On the technological side of the house, an appropriately-sized solar array powers the
house year round and allows the residents to earn the best return on their initial investment.
Solar thermal tubes use heat energy from the sun to heat all domestic hot water, regenerate the
desiccant solution, and provide supplemental space heating. These renewable energy technologies
are paired with high-efficiency systems throughout the house resulting in energy and cost savings.

WaterShed’s unique design, technology, and environmental balance make the home
appealing in today’s Baltimore-Washington, DC market area. The flexible design suits a wide
demographic that looks for long-term value and support for a live-work lifestyle. There is a
relationship between the house, the owners, and the environment — an important balance that
few homes accomplish with such simplicity. WaterShed moves the concept of housing forward
into the next decade of environmental awareness and responsibility through integrated
architecture, engineering, and living systems.
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ENGINEERING DESIGN NARRATIVE

WaterShed’s engineering design features an integrated set of systems that achieve
robust functionality and keep WaterShed comfortable under a wide range of climatic conditions.
Like the components of the Chesapeake Bay ecosystem, the engineering systems work in
harmony, each acting to increase the effectiveness of the others.

Innovative combinations of technology and passive strategies can greatly reduce energy
and material waste. WaterShed'’s engineering approach begins with a tight, well-insulated
envelope that reduces the need for mechanical heating and cooling. An envelope with a
thermal resistance of over R-40 paired with high-efficiency technologies throughout the structure to
minimize the size of the photovoltaic and solar thermal arrays.

WaterShed harnesses the Sun’s power through monocrystalline photovoltaic (PV) panels
and evacuated-tube solar thermal collectors. The 9.2 kW PV system is sized to fulfill the home’s
annual energy needs, but is limited to a practical size to optimize the homeowners’ return on
investment. WaterShed’s 106 square foot array of evacuated-tube solar thermal collectors allows
the home to meet 100% of its domestic hot-water needs, 100% of the energy required to
regenerate the liquid desiccant, and provides supplemental space heating in winter through an
innovative system dubbed HXEST that transfers solar thermal energy to the house air.

The indoor environment is conditioned using two mini-split heat pumps. With one unit in
each of WaterShed'’s primary modules, the homeowners can independently control temperature
of the spaces. An energy recovery ventilator or ERV exchanges indoor and outdoor air to
maintain air quality while conserving energy with 96% effectiveness. A free-cooling mechanism
in the ERV can be activated to cool the house with outdoor air when the temperature drops
below indoor temperature resulting in energy and cost savings.

The innovative Liquid Desiccant Waterfall (LDW) originally developed by the University of

Maryland’s Solar Decathlon 2007 team is improved in the 2011 iteration in three significant ways:

e a more effective desiccant solution with Lithium Chloride

e increased contact between the working fluid and air flow using spherical raschig

rings as packing media

e stronger integration with the solar thermal array for desiccant regeneration.
This next-generation system provides the independent humidity control necessary for Maryland’s
typically harsh, humid summers. Independent humidity control reduces the latent heat load on
the mini split air conditioning units and improves the overall efficiency of the entire HVAC system.
By considering systems holistically and looking for ecosystem-like synergies between components,
WaterShed's engineering systems are able to be more effective and efficient than conventional systems.

Inspired by the Chesapeake Bay ecosystem, WaterShed’s constructed wetlands are
engineered to harvest rainwater from the two shed roofs of the house and filter grey water from
the shower, clothes washer, and dishwasher. The wetlands system is also connected to the
mini-split units as the condensate line drains into the wetland. Once water in the wetlands has
been properly filtered through the plants, the water can be reused to nourish the landscape,
decreasing potable water usage.
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WaterShed is the embodiment of a way of life that is in tune with the natural processes
that surround us. The engineering design supports this relationship between nature and humans
by using technology to inform homeowners about the impacts their actions within the home have
on the surrounding landscape. WaterShed’s home automation system, called Smart
House/Adaptive Control or SHAC, is an integrated network of sensors, controllers and software.
SHAC automatically monitors and adjusts the temperature, humidity, brightness, and other
parameters of the engineering systems to provide maximum function with the least amount of
energy use and impact on the environment. The control system informs the homeowners of their
energy and water consumption and provides suggestions for reducing unnecessary use of these
important resources.

WaterShed is a house as ecosystem, an answer to today's many questions about how to
build a more sustainable future. The house’s engineering systems act as a unified, synergistic
system which is as much a part of the environment as the water that flows through it.
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SECTION 01 54 19 - TEMPORARY CRANES

PART 1 - GENERAL

1.01

SUMMARY

Structural Performance: Temporary cranes will withstand structural loads and lifts
incurred in lifting, placing, and handling of all modular components.

Submittals: Product Data, and structural analysis data signed and sealed by a qualified
professional engineer registered in the state where the project is located.

PART 2 - PRODUCTS

2.01

2.02

MANUFACTURERS

Acceptable Manufacturers
1. Liebherr International.

TEMPORARY CRANES

Type: 130 ton, Telescopic Crane.

1 Boom extension: 60 m

2. Lattice Jib: 33m

3. Carrier Engine/Output: Liebherr 6-cylinder, Turbo-Diesel 500 hp
4 Crane Engine/Output: Liebherr 4-cylinder, turbo-Diesel, 145 kW
5 Operational Weight: 60,000 kg
6 Total Counterweight: 42 ton

PART 3 - EXECUTION

3.01 INSTALLATION
A. Prepare ground by cleaning, removing projections, clearing obstructions, and
cordoning off safe working zone, and as otherwise recommended in temporary crane
manufacturer's written instructions.
B.  Ground crane securely in place, per operational specifications.
C. Allow only licensed operators to operate machinery, manage lifts, and issue signals
and commands.
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D. Ensure placement of modular components complies with foundational spacing and
load requirements.

E. Coordinate operations with structural requirements per specifications of structural
engineer and crane operator.

F.  Correct deficiencies in or remove and reinstall temporary cranes that do not comply
with requirements.

END OF SECTION 01 54 19
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SECTION 01 54 23 — TEMPORARY SCAFFOLDING AND PLATFORMS

PART 1 - GENERAL

1.01

SECTION REQUIREMENTS

Structural Performance: Design, engineer, fabricate, and install staging aids and fall
protection equipment to withstand structural loads required by OSHA and ANSI Z359.1
standards.

Submittals: Product Data. Structural analysis data signed and sealed by a qualified
professional engineer registered in the state where Project is located.

Structural and Accessory Components shall conform to the following Standards:
1. Steel Plates, Shapes, and Bars: ASTM A 36/A 36M.

2.  Steel Tubing: Cold-formed steel tubing, ASTM A 500.

3. Aluminum Extrusions: ASTM B 221.

PART 2 - PRODUCTS

2.01 FALL PROTECTION EQUIPMENT — STANDING SEAM ROOF
A.  Manufacturers
1. Guardian Fall Protection
B. Models
1.  Standing Seam Roof Clamp, Model# 00250
C. Operation
1. Portable and reusable anchor for use on standing seam roofs
2. Seam spacing range: 24" — 36"
3. Retractable Rotation: 360 degrees
4, Self-retracting lifeline adaptable
5. Meets or exceeds all applicable industry standards, including OSHA and ANSI
Z359.1.
2.02 FALL PROTECTION EQUIPMENT - THERMOPLASTIC POLYOLEFIN ROOF
A.  Manufacturers
1. Guardian Fall Protection
B. Models
1. CB-12 Roof Anchor, Model# 00485
U.S. D.O.E. Solar Decathlon 2011 Page -1

TEMPORARY SCAFFOLDING AND PLATFORMS 015423-1



Team Maryland
Water OF MARYLAND University of Maryland

C. Operation
1. Deck mounted anchor post
2. Load rating: 5000 lbs
3. Base and mount plates flashed into TPO membrane per manufacturer
specifications.

PART 3 - EXECUTION

3.01 INSTALLATION
A. Prepare substrate by cleaning, removing projections, filling voids, sealing joints, and as
otherwise recommended in fall protection and deck eye manufacturer's written
instructions.

B.  Set units level, plumb, and true to line, without warp or rack of frames and panels and
anchor securely in place, for permanent installation or duration of use.

C. Fasten fall protection securely in place, with provisions for thermal and structural
movement.

D. Correct deficiencies in or remove and reinstall fall protection anchors that do not
comply with requirements.

E. Repair, refinish, or replace fall protection anchors and deck eyes damaged during
installation, as directed by Architect.

END OF SECTION 01 54 23
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SECTION 05 12 00 - STRUCTURAL STEEL FRAMING

PART 1 - GENERAL

1.01 SECTION REQUIREMENTS

A. Structural Performance: Design, engineer, fabricate, and install structural steel
framing and weldments to withstand structural loads required by International
Residential Code 2006 and all applicable codes.

B. Submittals: Shop Drawings.
C. All structural steel work shall conform to the following governing standards:

1.  American Society for Testing and Materials:
a. ASTM Specifications for Structural Steel
b. ASTM Specification for Pipe, Welded and Seamless
C. ASTM Specification for Cold-Formed Welded and Seamless Steel
Structural Tubing in Rounds and Shapes
d. ASTM Specification for Hot-Formed Welded and Seamless Steel Structural
Tubing
2. American Welding Society:
a. AWS Structural Welding Code
b.  AWS Specifications for Welding Rods and Bare Electrodes
3. Industrial Fasteners Institute:
a. IFS Handbook on Bolt, Nut, and Rivet Standards

PART 2 - PRODUCTS

2.01 PRE-FABRICATED STRUCTURAL STEEL FRAMING
A. Hot Rolled Steel Provided by Gutierrez Studios

1. 4” x 4" and 6” x 4", 1/4” thick structural steel tube to be used in fabrication of
primary load-bearing structure for deck pergola.

2. System to be constructed per drawings, using appropriate fastenings and
hardware.

3. Steel components will support 6 photovoltaic panels mounted to unirac system,
and shall mount onto primary structural members of pergola decking system.

2.02 FINISHES

A. Hot Rolled Steel, Prime Only
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PART 3 - EXECUTION

3.01

A.

INSTALLATION

Prepare ground surface by cleaning, removing projections, filling voids, and as
otherwise recommended in steel manufacturer's written instructions.

Set units level, plumb, and true to line, without warp or rack of frames and panels and
anchor securely in place using appropriate fastening methods.

Separate dissimilar metals and metal products from contact with wood or cementitious
materials, by painting each metal surface in area of contact with a bituminous coating
or by other permanent separation.

Correct deficiencies in or remove and reinstall any steel framing that does not comply
with requirements.

Repair, refinish, or replace aluminum extrusions and connecting hardware damaged
during installation, as directed by Architect.

END OF SECTION 05 12 00

U.S. D.O.E. Solar Decathlon 2011 Page -2
STRUCTURAL STEEL FRAMING 051200-2



Team Maryland
Water OF MARYLAND University of Maryland

SECTION 05 52 13 — PIPE AND TUBE RAILINGS

PART 1 - GENERAL

1.01

SECTION REQUIREMENTS

Structural Performance: Design, engineer, fabricate, and install pipe and tube railings
to withstand a uniform load of 50 Ibf/ft. (0.73 kN/m) and a concentrated load of 200 Ibf
(0.89 kN) applied to handrails of guards in any direction. Uniform and concentrated
loads need not be assumed to act concurrently.

Submittals: Product Data. Shop Drawings.

PART 2 - PRODUCTS

2.01

2.02

SPEED-RAIL RAILING SYSTEMS
Manufacturer: Hollaender Manufacturing Company

Material: Aluminum 6005-T5 meeting or exceeding the requirements of ASTM B 429.

FINISHES

Aluminum Finishes: Anodized.

PART 3 - EXECUTION

3.01 FABRICATION
A.  Assemble railing system in shop to the greatest extent possible. Use connections that
maintain structural value of joined pieces.
B. Form changes in direction of railing members by use of prefabricated fittings.
C. Fabricate railing systems and handrails for connecting members with concealed
mechanical fasteners and fittings.
D. Provide manufacturer's standard wall brackets, flanges, miscellaneous fittings, and
anchors to connect handrail and railing members to other construction.
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3.02 PREPARATION
A.  Clean surfaces thoroughly prior to installation.
B. Prepare surfaces using the methods recommended by the manufacturer for achieving
the best result for the substrate under the project conditions.
3.03 INSTALLATION
A. Install in accordance with manufacturer's instructions.

B. Once installed, all handrails must be in compliance with the requirements of the all
federal, state and local building codes.

C. Correct deficiencies in or remove and reinstall railings that do not comply with
requirements.

END OF SECTION 05 52 13
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SECTION 05 53 00 - METAL GRATINGS

PART 1 - GENERAL

1.01

A.

B.

SECTION REQUIREMENTS

Structural Performance: Design, engineer, fabricate, and install metal grating to
withstand structural loads required by International Residential Code 2009, and per
ADA Accessibility Guidelines for Buildings and Facilities.

Submittals: Product Data.

PART 2 - PRODUCTS

2.01

A.

2.02

A.

B.

METAL GRATING
Manufacturer: McNichols Company

1. McNichols Quality SAFE-T-GRID® Bar Grating, Aluminum Type 6063-T6, TB-
940 Grooved, Locked by Swaging Construction, 1" x .94" Bearing Bars, 1-3/16"
on Center, Regular Cross Bars 4" on Center, 36.5630" Width x 288.0000" Length
(Span)

2. Item #6710316324

3. http://www.mchnichols.com/product/6710316324?navCode=cc:bar&navCode=avc:
safe-t-grid

4. Aluminum Finishes: Anodized.

STRUCTURAL ALUMINUM
Manufacturer: BMG Metals

Product Description

1. Aluminum tubing to be used in fabrication of structural bracing for metal grating.
System to be constructed per drawings, using appropriate fastenings and
hardware. Aluminum components will support metal grating system and shall
mount onto primary structural members.

2. 6063-T5 Aluminum Extruded Channel

3. 1-1/2" x 1-1/2” Tubing

PART 3 - EXECUTION

3.01

INSTALLATION
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A.  Prepare substrate by cleaning, removing projections, filling voids, sealing joints, and as
otherwise recommended in metal grating manufacturer's written instructions.

B. Set units level, plumb, and true to line, without warp or rack of frames and panels and
anchor securely in place.

C. Fasten metal gratings securely in place, with provisions for thermal and structural
movement. Install with concealed fasteners, unless otherwise indicated.

D. Separate dissimilar metals and metal products from contact with wood or cementitious
materials, by painting each metal surface in area of contact with a bituminous coating
or by other permanent separation.

E. Correct deficiencies in or remove and reinstall metal grating that does not comply with
requirements.

F. Repair, refinish, or replace metal grating damaged during installation, as directed by

Architect.

END OF SECTION 05 53 00
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SECTION 05 58 00 - FORMED METAL FABRICATIONS

PART 1 - GENERAL

1.01 SECTION REQUIREMENTS

A.  Structural Performance: Design, engineer, fabricate, and install aluminum channel and
angles to withstand structural loads required by International Residential Code 2009.

B. Submittals: Product Data.

PART 2 - PRODUCTS

2.01 ALUMINUM CHANNELS, ANGLES AND ROD

A. Manufacturer: BMG Metals

1.

2.

w

© N OA

Aluminum channel and angles to be used in fabrication of screen element on
north side of pergola.

System to be constructed per drawings using appropriate fastenings and
hardware.

Aluminum components will support light-weight wooden screen system and shall
mount to primary structural members of exterior pergola framing system.
6063-T5 Aluminum Extruded Channel

1-1/2” x 1-1/8” channel

1" x 3/4” channel

1" x 1” aluminum angle

1/2” aluminum rod

2.02 FINISHES

Mill Finish, typical for all exterior applications

PART 3 - EXECUTION

3.01 INSTALLATION

A.  Prepare substrate by cleaning, removing projections, filling voids, sealing joints, and as
otherwise recommended in aluminum channel and angle manufacturer's written
instructions.

B.  Set units level, plumb, and true to line, without warp or rack of frames and panels and
anchor securely in place.
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C. Fasten aluminum framework securely in place, with provisions for thermal and
structural movement. Install with concealed fasteners, unless otherwise indicated.

D. Separate dissimilar metals and metal products from contact with wood or cementitious
materials, by painting each metal surface in area of contact with a bituminous coating
or by other permanent separation.

E. Correct deficiencies in or remove and reinstall any aluminum extrusion that does not
comply with requirements.

F.  Repair, refinish, or replace aluminum extrusions and connecting hardware damaged
during installation, as directed by Architect.

END OF SECTION 05 58 00
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SECTION 06 05 23 - WOOD, PLASTIC, AND COMPOSITE FASTENINGS
PART 1 - GENERAL

1.01 SECTION REQUIREMENTS

A. Submittals: Product Data
PART 2 - PRODUCTS

2.01 MATERIALS
A. Sheathing nails: 8d common nails
B. Frame screws: 4”
C. Simpson Strong-Tie Company Inc.
1.  Joist Hangers for 2x10: Simpson LUS210-3 and Simpson HU9

2. Source: Simpson Strong-Tie Company Inc.
3.  http://www.strongtie.com

B. Simpson Strong-Tie Company Inc.
1. Inverted JH: Simpson HUS210-3
2. Source: Simpson Strong-Tie Company Inc.
3.  http://www.strongtie.com

C. Simpson Strong-Tie Company Inc.
1. Inverted JH: Simpson HUS210-3
2. Source: Simpson Strong-Tie Company Inc.
3.  http://www.strongtie.com

Simpson Strong-Tie Company Inc.

1.  Twist Strap: Simpson TS18

2. Source: Simpson Strong-Tie Company Inc.
3.  http://www.strongtie.com

Simpson Strong-Tie Company Inc.

1. Module Connector: SS All-thread PCS 34" x 15”
2. Source: Simpson Strong-Tie Company Inc.

3.  http://www.strongtie.com

Simpson Strong-Tie Company Inc.

1. SS Nuts: %"

2. Source: Simpson Strong-Tie Company Inc.
3.  http://www.strongtie.com
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G. Simpson Strong-Tie Company Inc.
1. SS Washers: for %"
2. Source: Simpson Strong-Tie Company Inc.
3.  http://www.strongtie.com

PART 3 - EXECUTION

3.01 INSTALLATION
A. Provide 2"x6” blocking at all free edges.

B. Soil anchors shall not penetrate more than 18” into the soil of the competition
site.

C. All sill plates shall be p.t. and anchored to foundation walls with 1/2" diameter
headed anchor bolts (ASTM F1554) at 4-0” o.c. and within 12" of all sill plate
slices (min. 7" embed.).

D. Joist Hangers shall be a minimum of 18 gauge steel.

E. Built-up beams less than 8” deep shall be spiked together with two (2) 16d nails
at 16” o.c.

F.  Built-up beams greater than 8” deep shall be spiked together with three (3) 16d
nails at 16” o.c.

END OF SECTION 06 05 23
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SECTION 06 10 00 - ROUGH CARPENTRY
PART 1 - GENERAL

1.01 SECTION REQUIREMENTS
A. Submittals: Product Data. Shop Drawings.
B. Refer to drawings for nominal size specifications.

C. Provide dressed lumber marked with grade stamp of inspection agency.
PART 2 - PRODUCTS

201 WOOD BLOCKING

A. Miscellaneous Blocking
1. Blocking will be provided as needed.
2. Standard, Stud, or No. 3 grade with 19 percent maximum moisture

content of any species.
B. Finish Framing / Drywall Blocking
1. Provide blocking for drywall and finish framing.
2 Drywall shall be supported at a minimum at 16” on center.

2.02 PRESERVATIVE-TREATED MATERIALS

A. Adhere to AWPA C2, except that lumber not in ground contact and not exposed
to the weather may be treated according to AWPA C31 with inorganic boron

(SBX).

1. Use treatment containing no arsenic or chromium.

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

3. Mark lumber with treatment quality mark of an inspection agency

approved by the ALSC Board of Review.

B. Provide preservative-treated materials for all rough carpentry in connection with
roofing, flashing, vapor barriers, and waterproofing.

C. Provide preservative-treated materials for all rough carpentry that is less than 18
inches (460 mm) above the ground.

D. Wood Battens: 1 x 4 nom. preservative-treated furring strip provided 16" on
center.
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2.04 PLYWOOD BACKING PANELS

E.

Plywood, Exterior, AC, fire-retardant treated, not less than 3/4-inch (19-mm)
nominal thickness.

2.05 MISCELLANEOUS PRODUCTS

Fasteners: Size and type indicated. Where rough carpentry is exposed to

weather, in ground contact, or in area of high relative humidity, provide fasteners

with hot-dip zinc coating complying with ASTM A 153/A 153M

1. Power-Driven Fasteners: CABO NER-272.

2. Bolts: Steel bolts complying with ASTM A 307, Grade A (ASTM F 568,
Property Class 4.6); with ASTM A 563 (ASTM A 563M) hex nuts and,
where indicated, flat washers.

Sill Sealer Closed-cell neoprene foam, 1/4 inch (6.4 mm) thick.

Use ply clips or other edge support as required for plywood sheathing.

PART 3 - EXECUTION

3.01 INSTALLATION

A. Set rough carpentry to required levels and lines, with members plumb, true to
line, cut, and fitted. Locate nailers, blocking, and similar supports to comply with
requirements for attaching other construction.

B. All plywood shall be glued and screwed to floor joists at 1/8” space at all panel
edge joints using an APA approved adhesive (B.F. Goodrich PL400 or equal).

C. Leave 1/16” space at all plywood panel end joists and 1/8” space at all panel
edge joints.

D. Unless noted otherwise, plywood wall sheathing shall be fastened to shear wall
stud framing with 8d common nails at 4” o.c. at each sheet perimeter and 12" o.c.
elsewhere. Provide 2"x6” nom. blocking at all free edges.

E. Fastening shall be in accordance with the most restrictive of: The International
Building Code 2009, the 1992 CABO for 1 and 2 family dwelling, or the
manufacturer’s recommended fastening schedules.

F. Lap all plates at corners and at intersection of partitions.

G. Stagger all top and bottom plate splices a minimum of 32 inches.
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H. Bridging for spans up to 14 ft., provide 1 row. Bridging for spans over 14 ft.,
provide 2 rows.

l. No joists shall be cut or notched without approval.

J. All light-gauge hangers supporting preservative treated wood shall meet or
exceed G185 (1.85 oz of zinc per square foot). Alternatively, stainless steel
connectors may be used. Fasteners shall match the selected hanger finish and
material.

K. Wood furring strips shall be installed with 6” flute head screws.

END OF SECTION 06 10 00
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SECTION 06 11 00 - WOOD FRAMING

PART 1 - GENERAL

1.01  SECTION REQUIREMENTS

A.

B.

Submittals: Product Data. Shop Drawings.
Provide dressed lumber marked with grade stamp of inspection agency.

All wood framing including details for bridging, blocking, fire stopping, etc., shall
conform to the latest edition of the “National Design Specification for Wood
Construction” and its supplements and shall be installed in accordance with the
NFPA “Manual for House Framing”.

Fastening shall be in accordance with the most restrictive of: The International
Building Code 2009, the 1992 CABO for 1 and 2 family dwelling, or the
manufacturer’'s recommended fastening schedules.

PART 2 - PRODUCTS

201 LUMBER

A. Dimensional Lumber:
1. Maximum Moisture Content: 19 percent
2. Non-Load-Bearing Interior Partitions: Standard, Stud, or No. 3
3. Framing Other Than Non-Load-Bearing Interior Partitions: Douglas fir-
larch: WCLIB or WWPA
4, Exposed Framing: Provide material hand-selected for uniformity of
appearance and freedom from characteristics on exposed surfaces and
edges that would impair finish appearance, including decay, honeycomb,
knot-holes, shake, splits, torn grain, and wane.
a. Species:
1) Rafters and Joists: Southern Yellow Pine
2) Beams, Girders, and Headers: Southern Yellow Pine
3) Studs and Plates: Southern Yellow Pine
B. Timbers 5-Inch Nominal (117-mm Actual) Size and Thicker:
1. Species
a. Douglas fir-larch,
b. Douglas fir-larch (north), or
c. Douglas fir-south
d. NLGA, WCLIB, or WWPA
2. Maximum Moisture Content: 23 percent
C. Miscellaneous Lumber:
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1. Standard, Stud, or No. 3 grade with 19 percent maximum moisture
content of any species.
2. Provide for nailers, blocking, and similar members.

PART 3 - EXECUTION

3.01 INSTALLATION
A. All flush-framed connections shall be made with approved galvanized steel joist
or beam hangers, minimum 18 gauge, installed according to manufacturer’s
recommendations.

B. Where framing lumber is flush framed to microlam, steel or flitch-plate girder, set
these girders 1/4” clear (min.) below top of framing lumber, to allow for shrinkage.

C. Stud walls are to be constructed of 2"x4” at 16” o.c. at the interior and 2"x6" at
16" o.c. at the exterior, unless noted otherwise on plan.

D. Use double studs at ends of wall and ends of wall openings.

E. Use double trimmers and headers at all floor openings where beams are not
designated.

F. Bridging for spans up to 14 ft., provide 1 row.
G. Bridging for spans over 14 ft., provide 2 rows.

H. Built-up beams less than 8” deep shall be spiked together with two (2) 16d nails
at 16” o.c.

l. Built-up beams greater than 8” deep shall be spiked together with three (3) 16d
nails at 16” o.c.

J. No joists shall be cut or notched without approval.

END OF SECTION 06 11 00
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SECTION 06 11 13 - ENGINEERED WOOD PRODUCTS

PART 1 - GENERAL

1.01

SECTION REQUIREMENTS
A. Submittals: Product Data

B. Manufacturer's published values of allowable design stresses shall be
demonstrated by comprehensive testing.

PART 2 - PRODUCTS

2.01 LOCK DECK
A. Dimensions: 2" x 6” nominal, 1-1/2" x 5-1/2" actual
B. Provide continuously supported, random length laminated decking in one of the
following species:
1. Douglas Fir
2. Larch
3. Southern Pine
2.02 Parrallam PSL Column
A. Dimension: 6” X 6” nominal, 5 1/4” x 5 1/2"” actual
B. Solid, one-piece column members used in dry-service conditions (SC1 and SC2).
C. Loads are based on simple axial-loaded columns using the design provisions of
BS5268: Part 2, 2002 edition.
D. The modification factor for compression members K12 is calculated using the equation
in Annex B.
E. The eccentricity factor (d) is taken as 0.01 of the slenderness ratio (h).
F. For side loads or other combined bending and axial loads, see provisions of BS 5268:
Part 2, 2002 edition
2.03 FINISHES
A. Lock Deck: Factory clear matte sealer, natural finish.
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B. Parrallam PSL Column: Wolmanized
PART 3 - EXECUTION

3.01 INSTALLATION

A. Lock Deck:

1. The deck must be continuous over three or more spans of approximately
equal length, with each piece of deck over at least one support. Other
situations require special design.

Place decking to disperse end-joints as randomly as possible.

The distance between end-joints in adjacent rows of decking is at least two

feet.

4.  The distance between end-joints in rows of decking separated by only one
row is at least one foot.

5. End spans shall be carefully planned and placed. To ensure that end spans

perform as indicated by the Span Tables, follow one of these practices:

a. Eliminate end-joints in one-third of the decking courses, or

b. Provide a cantilevered overhang, free of end-joints, equal to 20% of

the end span, or shorten the end span by 10%.

c.  Where one of these practices cannot be applied, end span deflection
may exceed the values shown.

Toenailing along courses: 8d at 30” o.c. for 2" nominal thickness

Face Nailing to Supports 20d for 2" nominal thickness

wnN

6.
7.

B. Parallam PSL Column:
1. Install to full compliance with specifications and details of manufacturer.

END OF SECTION 06 11 13
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SECTION 06 15 33 - WOOD DECK

PART 1 - GENERAL

1.01 SECTION REQUIREMENTS

A. Submittals: Product Data. Shop Drawings.
PART 2 - PRODUCTS

2.01 DECKS AND FRAMING STRUCTURE

A. Provide heat treated materials (“cooked wood") treated as follows: heated wood
up to 250c, using a water vapor as shielding gas.

B. Heat treated materials do not need to be stamped by WWPA as qualifying
lumber, with the KD - HT mark.

C. Exterior Decks

1. 5/4" x 6" Heat-Treated Ash
2. Manufacturer: Heister House, Inc.
3. http://www.hhmillworks.com/
B. Deck Framing Structure:
1. 2"x8" nom. Preservative-Treated Pine Lumber

2.03 PERGOLA

A. Provide heat treated materials (“cooked wood”) treated as follows: heated wood
up to 250c, using a water vapor as shielding gas.

B. Heat treated materials do not need to be stamped by WWPA as qualifying
lumber, with the KD - HT mark.

C. 5/4” x 6” Heat Treated Ash
1. Manufacturer: Heister House, Inc.
2. Provide product matching same specifications as all exterior decking

2.07 MISCELLANEOUS PRODUCTS

1. IQ Hidden Fastening System
a. Manufacturer: FastenMaster
b. http://www.fastenmaster.com
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PART 3 - EXECUTION

3.01 INSTALLATION

A.

Fastening shall be in accordance with the most restrictive of: The International
Building Code 2009, the 1992 CABO for 1 and 2 family dwelling, or the
manufacturer’s recommended fastening schedules.

IQ Hidden Fastening System shall be installed on deck boards prior to being
fastened to preservative treated 2 x 8 nom. structure.

Decking shall run perpendicular to substructure and end on a girder. Deck
boards will be fastened together at butt joints with 1Q Hidden Fastening System
prior to installation.

All light-gauge hangers supporting preservative treated wood shall meet or
exceed G185 (1.85 oz of zinc per square foot). Alternatively, stainless steel
connectors may be used. Fasteners shall match the selected hanger finish and
material.

END OF SECTION 06 15 33
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SECTION 06 16 00 - SHEATHING
PART 1 - GENERAL

1.01 SECTION REQUIREMENTS

A. Submittals: Product Data.
PART 2 - PRODUCTS

2.01 WOOD PANEL PRODUCTS, GENERAL

A. Plywood: DOC PS 1.

2.02 WALL SHEATHING

A.  Plywood Wall Sheathing: 1/2” thick, 32/16 span rating

2.03 ROOF SHEATHING

A. Plywood Roof Sheathing: 5/8” thick, 48/24 span rating

2.04 MISCELLANEOUS PRODUCTS
A. Fasteners: 8d common nails at 4” o.c. at each sheet perimeter and 12" o.c.

B. Adhesives for Field Gluing Panels to Framing: BF Goodrich PL400 or equal

PART 3 - EXECUTION
3.01 INSTALLATION

A. Securely attach to substrates, complying with the following:
1. "Alternate Attachments," in ICC's International Residential Code for One-
and Two-Family Dwellings.

B. Fastening Methods:
1. Wall and Roof Sheathing:
a. Nail to wood framing.
b.  Screw to cold-formed metal framing.

END OF SECTION 06 16 00
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SECTION 06 16 23 - SUBFLOORING
PART 1 - GENERAL

1.01 SECTION REQUIREMENTS

A. Submittals: Product Data.
PART 2 - PRODUCTS

2.01 SUBFLOORING AND UNDERLAYMENT

A.  Subflooring:
1. Plywood Subflooring: 1-1/8" thick tongue and groove, 48/24 span rating
Advantech subfloor. Glue and screw sheathing to floor beams.
2. Plywood Underlayment for Ceramic Tile: DOC PS 1, Exterior, C-C
Plugged, not less than 5/8-inch (15.9-mm) nominal thickness.

2.02 MISCELLANEOUS PRODUCTS
A. Fasteners: 8d common nails at 4” o.c. at each sheet perimeter and 12" o.c.

B. Adhesives for Field Gluing Panels to Framing: BF Goodrich PL400 or equal

PART 3 - EXECUTION
3.01 INSTALLATION

A. Securely attach to substrates, complying with “Alternate Attachments,” in ICC’s
International Residential Code for One- and Two- Family Dwellings.

B. Fastening Methods:

1. Combination Subfloor-Underlayment:

a. Glue and nail to wood framing.

b.  Screw to cold-formed metal framing.
2.  Subflooring:

a. Glue and nail to wood framing.

b.  Screw to cold-formed metal framing.
3.  Underlayment:

a. Nail to subflooring.

END OF SECTION 06 16 23
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SECTION 06 17 13 - LAMINATED VENEER LUMBER

PART 1 - GENERAL

1.01 SECTION REQUIREMENTS

A.

Submittals: Product Data

PART 2 - PRODUCTS

2.01 MATERIALS

2.02 ENGINEERED WOOD PRODUCTS

A.

Rim Boards: Provide continuous 1-3/4” thick rim boards, microlam LVL as
manufactured by Trusjoist Macmillan, or approved equal. Install in compliance
with the manufacturer’s recommendations at the perimeter of all floor platforms.

Microlam Beams: Provide engineered beams, sizes as shown in drawings,
microlam LVL (Fb=2600 PSI, E=1,900,00 PSI) or parallam PSL (Fb=2900 PSI,
E=2,000,000 PSI) as manufactured by Trusjoist Macmillan or approved equal.
Install in compliance with the manufacturer's standard recommendations and
details.

Laminated-Veneer Lumber: Manufactured with exterior-type adhesive complying

with ASTM D 2559. Allowable design values determined according to

ASTM D 5456.

1. Extreme Fiber Stress in Bending, Edgewise: 2250 psi (15.5 MPa) for 12-
inch nominal - (286-mm actual) depth members.

2. Modulus of Elasticity, Edgewise: 1,500,000 psi (10 300 MPa).

PART 3 - EXECUTION

3.01 INSTALLATION
A. Microlam LVL:
1. Install to full compliance with specifications and details of manufacturer.

END OF SECTION 06 17 13
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SECTION 06 20 13 - EXTERIOR FINISH CARPENTRY

PART 1 - GENERAL

1.01 SECTION REQUIREMENTS

A. Submittals: Product Data.

PART 2 - PRODUCTS

2.01 WOOD SHIPLAP SIDING

A. Milled 1" x 8", heat-treated poplar
B. Manufacturer: Heister House, Inc.
C. http://www.hhmillworks.com/

2.02 SIDING SPLINES

For north fagade and mechanical room bump out as indicated in drawings.
Milled 1"x2", heat-treated poplar with milled drip edge

Manufacturer: Heister House

http://www.hhmillworks.com/

oo

2.02 RAILINGS AND GUARDS

A. Deck Posts
1. Triple-member post, comprised of two (2) 2” x 6” nhom. members on sides
and one (1) 2" x 4" nom. member in center.
2. Heat-treated ash.
3. Manufacturer: Heister House, Inc.
4 http://www.hhmillworks.com/

Deck Post Top Rail

1 1"x6” nom.

2. Heat-treated ash.

3 Manufacturer: Heister House
4 http://www.hhmillworks.com/

C. Deck Railing Guard Infill

1. Milled 1" x 2" with milled drip edge
2 Heat-treated poplar.

3. Manufacturer: Heister House

4 http://www.hhmillworks.com/

2.03 WINDOW AND DOOR TRIM
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A. Douglas Fir, 1" x 4” nom.
B. Manufacturer: TW Perry
C http://www.twperry.com

2.04 EXTERIOR PAINTED TRIM
A. Douglas Fir, 1" x 4” nom. or 1” x 8" nom. as indicated in drawings.
B. Manufacturer: TW Perry
C. http://www.twperry.com

2.05 ACCESSORIES

A. Fasteners at Wood Stud Framing:

1. Nails: Galvanized steel
a. Type: Ring shank nails with a blunt or diamond point and a box or
siding type head
b. Length: Sufficient to penetrate tongue and groove sheathing, not
less than 1 1/4”
2. Screws: Corrosion resistant coating
a. Type: Phillips bugle head Rock-On screw fastener
b. Length: Sufficient to penetrate wood studs not less than 1”
3. Fasteners used with copper preservative treated woods shall be coated or

corrosion resistant metal (hot-dipped galvanized or stainless steel) sized to
suit application.

a. Plates and Connectors: Hot Dip Galvanized: ASTM A653; G185
coating class
b. Bolts, Shims, and Washers: Hot Dip Galvanized: ASTM A153;

G185 coating
PART 3 - EXECUTION

3.01 INSTALLATION

A. Shilap Siding and Splines:
1. Follow installation of furring strips and initial finish of siding material.
2. Set siding and spline level, plumb, and true to line, allowing
inconsistencies in plumbness of no more than 1/4” over 20’ and anchor
securely in place as required in manufacturer’s specifications

3. Correct deficiencies in or remove and reinstall siding and splines that do
not comply with requirements.
4, Repair, refinish, or replace siding and splines damaged during installation

or transit, as directed by Architect

B. Railings and Guards:
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Construct railings and guards to meet required safety standards.

Railing and guards should be constructed parallel to deck and sloped
walking surface as indicated in drawings.

Set railings and guards level, plumb, and true to line, allowing
inconsistencies in plumbness of no more than 1/4” over 20’ and anchor
securely in place as required in manufacturer’s specifications

Correct deficiencies in or remove and reinstall siding and splines that do
not comply with requirements.

Repair, refinish, or replace siding and splines damaged during installation
or transit, as directed by Architect

Following installation of flexible flashing around wall openings, install
wood trim in compliance with manufacturer’s instructions.

Fasteners shall be installed no more than 2” from end of each board.
Pre-drill nail holes if necessary to prevent breakage.

Touch up field cut edges before installing.

After installation, seal joints except lap joints of lap siding. Seal around
penetrations. Seal exposed cut edges.

END SECTION 06 20 13
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SECTION 06 20 23 - INTERIOR FINISH CARPENTRY
PART 1 - GENERAL

1.01 Grades of interior architectural woodwork shall comply with AWI's “Architectural
Woodwork Quality Standards.”

1.02 Submittals: Product Data.
PART 2 - PRODUCTS

2.01 STANDING AND RUNNING TRIM

A.  Doug Fir trim to be installed to conceal LVL in modules as indicated in drawings.
1.  AWI 300
2. Transparent Finish: Premium

B. Baseboard

1. Poplar
2. Finish: Painted Black

PART 3 - EXECUTION

3.01 INSTALLATION
A. All woodwork shall comply with Custom grade, per AWI section 400.

B. Wood to be conditioned to ambient level of humidity in installation area before
time of fabrication for no less than 24 hours. Moisture content of wood to meet
manufacturer’s recommendations for finish carpentry.

C. Woodwork to comply with quality standard for Grade 1. Substrate to be inspected
for plumb and rigidity before installation.

D. Woodwork shall be installed level, plumb, true and straight, with use of shims as
required. Level and plumb shall be inspected for a tolerance of 1/8 inch in 8 feet.

E. Carpentry shall be scribed and cut to fit adjoining framing. Nails to be
countersunk, then surfaces filled, sanded and refinished to match adjoining work.
Blind nailing used where possible, as in interior shelving.

END OF SECTION 06 20 23
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SECTION 06 40 16 - INTERIOR ARCHITECTURAL WOODWORK

PART 1 - GENERAL

1.01 CERTIFICATION OF WOOD STANDARDS

A. Grades of interior architectural woodwork shall comply with AWI's “Architectural
Woodwork Quality Standards.”

B. Submittals: Product Data.
PART 1 - PRODUCTS

1.01 MATERIALS

A. Lumber (solid stock):
1. AWI 100.
2. Wood Species and Grade: Doug Fir, select clear.
3. Refer also to Schedule of Finishes on drawings.

B. Particleboard:
1. ANSI A208.1, Grade M-2.

C. Softwood veneer plywood:
1. TypeDOCPS1

D. Hardwood plywood and face veneers
1. Type HPVA HP-10, using adhesive with no urea formaldehyde.
2.  Species: Birch

E. Bamboo Panels
1. Installed in bathroom niche.
2. Vertical grain carmelized bamboo flooring.

F. Shower Grate
1. Milled woven strand bamboo flooring.
2. Custom fabrication.

1.02 DOOR HARDWARE AND ACCESSORY MATERIALS

A. CRL anodized extruded aluminum track for OT series, top-hung bi-fold door
1. Manufacturer: C.R. Laurence
2. Partno. OTTR120SA, Technology LK
3. Source: C.R. Laurence Co., Inc. http://www.crlaurence.com
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1.03

INTERIOR WOODWORK

A.

Woodwork to be sized according to dimensions given in plan and elevation
drawings. Edges of shelving to be eased up to radius of 1/16 inch

Species of Wood:

1. Casework: Birch Veneer Plywood

2 Casing for sliding and bi-fold doors: select clear Douglas Fir
3.  Shelves fixed to walls: Birch Veneer Plywood

4 Interior door frames: select clear Douglas Fir

PART 2 - EXECUTION

2.01

INSTALLATION

A. Fabrication shall be completed to maximum extent possible before shipment to
site.

B. All woodwork shall comply with Custom grade, per AWI section 400.

C. Wood to be conditioned to ambient level of humidity in installation area before
time of fabrication, for no less than 24 hours. Moisture content of wood to meet
manufacturer’'s recommendations for finish carpentry.

D. Woodwork to comply with quality standard for Grade 1 as specified above. Walls
and other substrata to be inspected for plumb and rigidity before installation.

E. Woodwork shall be installed level, plumb, true and straight, with use of shims as
required. Level and plumb shall be inspected for a tolerance of 1/8 inch in 8 feet.

F. Carpentry shall be scribed and cut to fit adjoining framing. Nails to be
countersunk, then surfaces filled, sanded and refinished to match adjoining work.
Blind nailing used where possible, as in interior shelving.

G. Shelves to be offset from cabinetry no more than maximum of 1/16".

H. Cabinets: door hinges shall be installed with a maximums of 1/32” tolerance of

vertical and horizontal alignment. Adjust hardware to true doors after installation
and to provide for ease of operation.

END OF SECTION 06 40 16
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SECTION 07 21 13 — BOARD INSULATION
PART 1 - GENERAL

1.01 SECTION REQUIREMENTS
A. Submittals: Product Data.

B.  Applicable standards: ASTM C1289 — Standard Specification for Faced Rigid Cellular
Polyisocyanurate Thermal Insulation Board, Type Il, Class 1; ASTM C 1289, Type IV
or V; ASTM C578, Type IV — Standard Specification for Rigid Cellular Polystyrene
Thermal Insulation; E84 — Standard Test Method for Surface Burning Characteristics
of Building Materials

C. Related sections: 079200 JOINT SEALANTS
PART 2 - PRODUCTS

2.01 POLYISOCYANURATE THERMAL INSULATION BOARD

A. Firestone Building Products ISO 95+ GL
1. Fiber-Reinforced Polyisocyanurate Board Insulation: ASTM C 1289, Type II,
Class 1, faced on both sides with fiber reinforced facers. Thermal resistance R-
25; thickness 4 in., or as indicated on drawings.
2. http://www.firestonebpco.com/roofing/insulation/iso95/

2.02 TAPERED POLYISOCYANURATE THERMAL INSULATION BOARD

A.  Firestone Building Products ISO 95+ GL
1. Tapered Fiber-Reinforced Polyisocyanurate Board Insulation: ASTM C 1289,
Type Il, Class 1, faced on both sides with fiber reinforced facers. Tapered ¥4"/ft,
4’ x 4’ boards tapering from 2" to 3" and 3" to 4.”
2. http://www.firestonebpco.com/roofing/insulation/iso95/

2.03 EXTRUDED POLYSTYRENE FOAM INSULATION

A. Dow Styrofoam Square Edge insulation
1. Extruded Polystyrene Foam Insulation: ASTM C578, Type IV. Thermal
resistance R-10; thickness 2 in., or as indicated in drawings.
2. http://building.dow.com/na/en/products/insulation/squareedge.htm

2.04 ACCESSORIES

A. Vapor Retarder: Fire-retardant, reinforced polyethylene, 6 mils (0.15 mm) thick.
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B. Dow WEATHERMATE Construction Tape
1. Clear acrylic adhesive tape with polypropylene UV-treated film. Width 2 7/8”
2. http://building.dow.com/na/en/products/specialty/wmtape.htm

PART 3 - EXECUTION

3.01 INSTALLATION

A. Install 2 layers of 2 in. extruded polystyrene foam insulation board on all exterior walls
to a total thickness of 4 in., unless otherwise indicated on drawings. All joints to be
staggered and sealed with construction tape.

B. Extruded polystyrene foam insulation board to be attached using silicon sealant
approved by manufacturer and mechanically fastened with cap nails as recommended
by manufacturer.

C. Where indicated on drawings, install tapered polyisocyanurate insulation to allow for
positive drainage per manufacturer’s instructions.

END OF SECTION 07 21 13
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SECTION 07 21 16 — BLANKET INSULATION

PART 1 - GENERAL

1.01

A.

B.

SECTION REQUIREMENTS
Submittals: Product Data.
Applicable Standards: C518 — Standard Test Method for Steady-State Thermal

Transmission Properties by means of the Heat Flow Meter Apparatus; ASTM E84 —
Standard Test Method for Surface Burning Characteristics of Building Materials

PART 2 - PRODUCTS

2.01

A.

BATT THERMAL INSULATION

Knauf Insulation EcoBatt Insulation

1. Thermo-Acoustic Quilt manufactured from glasswool fibers. Unfaced; Thermal
Resistance, R-19; Thickness, 6.25 in.; width, 15 in., unless otherwise indicated in
drawings

2. http://lwww.ecobatt.us/eco_batt.html

PART 3 - EXECUTION

3.01

A.

B.

INSTALLATION
Install insulation in areas and in thicknesses indicated in drawings.

Insulation to be friction fit between wood framing members.

END OF SECTION 07 21 16
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SECTION 07 21 29 — SPRAYED INSULATION

PART 1 - GENERAL

1.01 SECTION REQUIREMENTS
A.  Submittals: Product Data.
B.  Applicable standards: ASTM C 518
C. Sustainability credentials: CAN/ULC 5774 — VOC Emissions from Polyurethane Foam;
ASTM D 6866 — Bio-based content

PART 2 - PRODUCTS

2.01 CLOSED CELL RIGID, SPRAY APPLIED POLYURETHANE FOAM INSULATION

A. Demilec HEATLOK SOY
1. Two component spray applied rigid polyurethane foam having a nominal density
2Ibs/ft3. Thermal resistance R-6.6/in.
2. http://www.demilecusa.com/Default.aspx?ip=3&sip=47

2.02 OPEN CELL SEMI-RIGID, SPRAY APPLIED POLYURETHANE FOAM INSULATION

A.  Demilec SEALECTION Agribalance
1. Two component, open cell, spray applied, semi-rigid polyurethane foam. Fully
water blown system having a low in-place density. Thermal resistance R-4.45/in.
2. http://www.demilecusa.com/Repository/File/TDS_SEALECTION_ Agribalance 08

2508.pdf

PART 3 - EXECUTION

3.01 INSTALLATION
A.  Mask all finish surfaces and areas not to receive insulation prior to spray process.

B. Install insulation in areas and in thicknesses indicated in drawings.

END OF SECTION 07 21 29
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SECTION 07 27 26 — FLUID-APPLIED MEMBRANE AIR BARRIERS
PART 1 - GENERAL

1.01 SECTION REQUIREMENTS
A. Submittals: Product Data.

B.  Applicable standards: ASTM E-2178 Standard Test Method for Air Permeance of
Building Materials; ASTM E-2357 Standard Test Method for Determining Air Leakage
of Air Barrier Assemblies

C. Related sections: 07 92 00 JOINT SEALANTS
PART 2 - PRODUCTS

2.01 FLUID-APPLIED MEMBRANE AIR BARRIER

A.  Tremco ExoAir 220 Fluid Applied Vapor Permeable Air Barrier Membrane
1. Fluid-Applied, Vapor-Permeable Air Barrier membrane: monolithic elastomeric
membrane, rolled on. Air permeance not greater than 0.00120 L/s/m? pressure
difference per ASTM E 2178-01 and water-vapor permeance not less than 12
perms per ASTM E 96.
2. http://www.tremcosealants.com/commercial/products/product _detail.asp?id=298

2.02 ACCESSORIES — SELF-ADHERED MEMBRANE FLASHING

A.  Tremco ExoAir 110 Self-Adhered Air & Vapor Barrier Membrane
1. 36 mil, self-adhering SBS rubber asphalt air and vapor membrane laminated to a
4 mil cross laminated polyethylene film with a siliconized release liner. 75 ft rolls,
width as indicated in drawings.
2. http://www.tremcosealants.com/commercial/products/product _detail.asp?id=211

B. Tremco ExoAir Primer
1. VOC-Compliant adhesive primer designed for use with Tremco 110 Self-Adhered
Air & Vapor Barrier Membrane
2. http://www.tremcosealants.com/commercial/products/product detail.asp?selecte
d_type=1&product id=246
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PART 3 - EXECUTION

3.01

G.

INSTALLATION

Prepare substrate by cleaning, removing projections, filling voids, sealing joints, and as
otherwise recommended in manufacturer's written instructions.

Fill gaps in perimeter frame surfaces of windows, curtain walls, storefronts, and doors,
and miscellaneous penetrations of air-barrier membrane with foam sealant.

Using roller or brush, apply primer to substrates at required rate and allow to dry. Limit
priming to areas that will be covered by air-barrier membrane in same day. Reprime
areas exposed for more than 24 hours.

Install termination strips and auxiliary materials according to air-barrier manufacturer's
written instructions to form a seal with adjacent construction and maintain a continuous
air barrier. Install termination strips so that a minimum of 4 inches (102 mm) of
coverage is achieved over both substrates.

Apply termination mastic at all seams of membrane flashing

Apply air-barrier membrane to form a seal with termination strips and to achieve a
continuous air barrier according to air-barrier manufacturer's written instructions.

Roller apply fluid-applied air barrier to a wet thickness not less than 80 mil.

END OF SECTION 07 27 26
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SECTION 07 33 63 - VEGETATED ROOFING
PART 1 - GENERAL

1.01 SECTION REQUIREMENTS

A.  Submittals: Product Data, color charts showing the full range of colors available for
factory-applied finishes

B. Warranties: Provide standard manufacturer's written warranty, without monetary
limitation, signed by manufacturer agreeing to promptly repair or replace products that
fail in materials or workmanship for the period of 1 year.

C. LEED Credits

SS 5.1 Site Development, Protect or Restore Habitat
SS 5.2 Site Development, Maximize Open Space

SS 6.1 Quantity Control

SS 6.2 Quality Control

SS 7.2 Heat Island Effect—Roof

WE 1.1 Water Efficient Landscaping, Reduce by 50 %
WE 1.2 Water Efficient Landscaping, No Potable Use or No Irrigation
MR 4.1-4.2 Recycled Content

MR 5.1-5.2 Regional Materials

0. MR 6 Rapidly Renewable Materials

el L o A

PART 2 - PRODUCTS

2.01 VEGETATED ROOFING

A. LiveRoof LITE
1. Modular Vegetated Roofing, manufactured in 1’ x 2’ trays. Saturated weight of
system to be approximately 15 — 17 lbs/sf.

a. Trays will be 100 mil thick recycled polypropylene and colored black, gray
or clear. Tray dimensions 12 inches wide by 24 inches long and 1 %
inches deep. Total soil height to be 2 % inches.

b. Growing medium - Engineered blend of inorganic and organic components
based upon German FLL granulometric guidelines modified so as to
contain ecologically sustainable levels of organic content.

C. Recommended plant mixes consisting of highly drought resistant ground

covers. Local horticulturalists should be consulted for specific
recommendations.
2. http://www.liveroof.com/?parent=System_Specifications&page=cad drawings#L.it
e
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2.02 ACCESSORIES
A.  Permaloc Corporation LiveRoof Edge
1. Extruded .25” aluminum green roof edge manufactured in 8-0” lengths. Leg
dimensions 3" x 3.25"
2. http://www.liveroof.com/?parent=System_Specifications&page=cad_drawings#R
oofEdge
B. EPDM Slip Sheet
1. Conservation Technology EPDM Rubber
2. 40 mil thickness, min. 7.5 ft membrane width.
3. http://www.conservationtechnology.com/waterproofing_epdm.html
2.03 FINISHES
A.  Trays — Black
B. Roof Edge — mill finish

PART 3 - EXECUTION

3.01

3.02

PREPARATION OF ROOF SURFACE

Slip sheet/roof barrier, specified by architect and approved by manufacturer, of 40 mil

thickness with overlapped and effectively bonded seams to ward against roof

penetration and to keep waterproofing layer safe and clean from soil during installation.

Slip sheet/roof barrier typified as follows:

1. Glued seam types (40 mil thickness)

a. EPDM, with seams overlapped a minimum of 3 inches and glued with roll

out adhesive or double sided tape adhesive of the type that is impervious
to and not affected by moisture, and recommended by the manufacturer.

INSTALLATION

Installation season: Module installation to be conducted when plants are:

1. Properly adapted and acclimatized to local weather conditions.

2. When weather is above 35 degrees F and there is no ice on the roof and
vegetated roof soil is unfrozen.

3. When plants cover 95% or more of soil surface.

Establish perimeter of green roof area with extruded aluminum roof edge

Interlock LiveRoof modules moving from low slope of roof to high slope until desired
roof area is covered

END OF SECTION 07 33 63
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SECTION 07 42 13 — METAL WALL PANELS
PART 1 - GENERAL

1.01 SECTION REQUIREMENTS
A.  Submittals: Product Data and color Samples.

B. Fabricate flashing and trim to comply with recommendations in SMACNA's
"Architectural Sheet Metal Manual" that apply to the design, dimensions, metal, and
other characteristics of item indicated.

C. Warranties: Provide manufacturer's standard written warranty, signed by manufacturer
agreeing to promptly repair or replace metal wall panels that show evidence of
deterioration of factory-applied finishes within 20 years from date of Substantial
Completion.

D. Related sections: 07 62 00 SHEET METAL FLASHING AND TRIM; 07 92 00 JOINT
SEALANTS

PART 2 - PRODUCTS

2.01 CORRUGATED METAL WALL PANELS

A. Fabral Corrugated ¥2”

1. Corrugated Panel for Commercial-Industrial Metal Roofing and Wall Cladding.
Exposed-fastener, lap seam %z in. corrugated metal wall panel, 2.667 in. ridge to
ridge, 40 in. net coverage.

2. http://www.fabral.com/products/1-2-corrugated#specs

2.02 FLASHING AND TRIM

A. Head Flashing
1. Galvalume steel sheet; Nominal Metal Thickness: 24 ga.; 0.028 inch (0.71 mm).

B. Endwall Flashing
1.  Galvalume steel sheet, Nominal Metal Thickness: 24 ga.; 0.028 inch (0.71 mm).

C. Closure Flashing
1. Galvalume steel sheet, Nominal Metal Thickness: 26 ga.; 0.022 inch (0.55 mm).
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2.03 FINISHES
1. Clear organic polymer surface treatment; material thickness as specified in
drawings

PART 3 - EXECUTION

3.01

3.02

FABRICATION

Custom fabricate sheet metal flashing and trim to comply with recommendations in
SMACNA's “Architectural Sheet Metal Manual’ that apply to design, dimensions,
geometry, metal thickness and other characteristics of item indicated. Fabricate items
at the shop to greatest extent possible.

Obtain field measurements for accurate fit before shop fabrication.

INSTALLATION

Anchor panels securely in place, with provisions for thermal and structural movement.
Field cutting exterior panels by torch is not permitted. Exposed fasteners finished to
match wall panels.

Install gaskets, joint fillers, and sealants where indicated and where required for
weatherproof performance of wall panel assemblies. Provide types of gaskets, fillers,
and sealants as indicated, or as recommended by panel manufacturer.

Separate dissimilar metals and metal panels from contact with wood or cementitious
materials, by painting each metal surface in area of contact with a bituminous coating
or by other permanent separation.

END OF SECTION 07 42 13
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SECTION 07 54 23 - THERMOPLASTIC-POLYOLEFIN ROOFING

PART 1 - GENERAL

1.01

A.

B.

SECTION REQUIREMENTS

Submittals: Product Data, and manufacturer's color charts showing the full range of
colors available for factory-applied finishes.

Warranties: Provide standard manufacturer's written warranty, without monetary
limitation, signed by manufacturer agreeing to promptly repair or replace products that
fail in materials or workmanship for the period of 20 years.

PART 2 - PRODUCTS

2.01 THERMOPLASTIC POLYOLEFIN ROOFING MEMBRANE
A. Tremco TPO Single Ply Roof System
1. Mechanically fastened Thermoplastic Polyolefin roofing membrane, thickness 60
mil, 10 ft width
2. http://www.tremcoroofing.com/fileshare/specs/tpo_single_ply roof system REV
8 2009.pdf
2.02 FIBERGLASS-MAT FACED GYPSUM ROOF BOARD
A.  Georgia-Pacific DensDeck Prime Roof Board
1. % inch (12.7 mm) thick, 4’ x 8 gypsum roof board, fiberglass-mat surfacing; R-
Value (ASTM C518): Not less than 0.56; Compressive Strength (Applicable
sections of ASTM C472): 500 — 900 psi
2. http://www.gp.com/build/product.aspx?pid=4664
2.03 ACCESSORIES — TPO FLASHING
A.  Tremco TPO Unreinforced Membrane
1. Thermoplastic Polyolefin non-reinforced flashing membrane, 55 mil membrane,
8” width.
2. http://www.tremcoroofing.com/fileshare/msds/TPO055 503 U.pdf
2.04 ACCESSORIES — TERMINATION BAR
A. 0.100 inch x 1 inch mill finish aluminum bar stock.
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2.05 FINISHES

A. Colors - white
PART 3 - EXECUTION

3.01 INSTALLATION

A.  Prepare substrate by cleaning, removing projections, filling voids, sealing joints, and as
otherwise recommended in manufacturer's written instructions.

B. Lay out roof substrate and fasten through to roof substrate. Fasteners to be installed
of type and quantity as recommended by manufacturer.

C. Fasten membrane securely in place, with provisions for thermal and structural
movement.

D. Correct deficiencies in or remove and reinstall roof membrane that does not comply
with requirements.

E. Install with appropriate heat welding equipment in accordance with specifications,
details and workmanship requirements.

END OF SECTION 07 54 23
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SECTION 07 61 13 — STANDING SEAM SHEET METAL ROOFING

PART 1 - GENERAL

1.01

SECTION REQUIREMENTS

Submittals: Product Data, Shop Drawings, manufacturer’s color charts showing the full
range of colors available for factory-applied finishes

Comply with  SMACNA's "Architectural Sheet Metal Manual® unless otherwise
indicated.

Warranties: Provide manufacturer's standard written warranty, signed by manufacturer
agreeing to promptly repair or replace roofing sheet metal that shows evidence of
deterioration of factory-applied finishes within 20 years from date of Substantial
Completion.

Warranties: Standard form in which roofing Installer agrees to repair or replace sheet
metal roofing that fails in materials or workmanship within 5 years from date of
Substantial Completion.

Related Sections: 07 62 00 — Sheet Metal Flashing and Trim; 07 92 00 — Joint
Sealants

PART 2 - PRODUCTS

2.01 STANDING SEAM SHEET METAL ROOFING
A.  Tremco TremLock VP
1. Factory formed double-lock, architectural standing seam metal roof panel utilizing
mechanical seaming.
2. Energy Performance of Roofing Sheet Metal: Initial solar reflectance not less
than 0.70 and emissivity not less than 0.75 when tested according to CRRC-1.
3. 2" seam height, 16” panel width, panel length to be determined by drawings. No
stiffening ribs or striations.
4. Metallic-Coated Steel Sheet: AZ-55 Hot Dipped Galvalume structural-steel
sheet, ASTM E 111-04, AZ-55; 24 ga. [0.025 in. (0.64 mm)] nominal thickness.
5. http://www.tremcoroofing.com/fileshare/specs/TremLock VP.pdf
2.02 ACCESSORIES
A. Panel Clips
1. Firestone UNA-CLAD UC-6 Fixed Clip
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C. http://www.firestonebpco.com/templateFiles/includes/common/displayFile.a
shx?fileld=12977

B. Metal Roof Trim:

1. Firestone UNA-CLAD ACRYLUME Steel Architectural Sheet

a. Matching sheet metal roofing in finish and material required for a complete
weathertight roofing system, including clips, flashings, ridge closure strips,
trim, copings, fasciae, gutters, and louvers.

b. Metallic-Coated Steel Sheet: AZ-55 Hot Dipped Galvalume structural-steel
sheet, ASTM E 111-04, AZ-55; 24 ga. [0.025 in. (0.64 mm)] nominal
thickness.

C. Profiles to be shop fabricated to thickness, material thickness and profiles
as indicated in drawings; fabricated in 10’ lengths.

d. http://www.firestonebpco.com/templateFiles/includes/common/displayFile.a
shx?fileld=15783

C. Roof Substrate
1. 1/2" Exterior Grade Plywood, 4’ x 8 sheets

D. Self-Adhering Sheet Underlayment, High Temperature:

1. Met-Fab MetShield High Temperature Waterproof Underlayment Membrane

a. Rubberized asphalt; slip-resisting-polyethylene surfaced; with release
paper backing; cold applied. Stable after testing at 250 deg F (121 deg C)
and passes after testing at minus 40 deg F (-40 deg C); ASTM D 1970.

b. http://www.met-fab.com/products/metshield-waterproof-underlayment/

E. Slip Sheet: Red Rosin Building paper, 3-Ib/100 sq. ft. (0.16-kg/sg. m) minimum, rosin
sized.

F. Fasteners: Wood screws, annular-threaded nails, self-tapping screws, self-locking
rivets and bolts, and other suitable fasteners.

1. Fasteners for Metallic-Coated Steel Sheet: Hot-dip galvanized steel or

Series 300 stainless steel.

G. Butyl Sealant: ASTM C 1311, single-component, solvent-release butyl rubber sealant;
polyisobutylene plasticized; heavy bodied for hooked-type expansion joints with limited
movement.

H.  Bituminous Coating: Cold-applied asphalt emulsion complying with ASTM D 1187.

2.03 FINISHES

A.  Steel Architectural Sheet, AZ-55 Hot Dipped Galvalume, thickess as specified. All
metal exposed to view to have Clear Organic Polymer Surface Treatment.
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PART 3 - EXECUTION

3.01

A.

3.02

FABRICATION

Fabricate sheet metal roofing to comply with details shown and recommendations in

SMACNA's "Architectural Sheet Metal Manual” that apply to the design, dimensions,

metal, and other characteristics of installation indicated.

1. Standing-Seam Roofing: Form standing-seam pans with finished seam height of
2 inches (38 mm) and pan width of 16 inches (406 mm).

INSTALLATION

Install plywood substrate in a staggered pattern and fasten to roof deck below using
fasteners in quantity and pattern recommended by manufacturer.

Apply self-adhering sheet underlayment over entire roof area

Apply slip sheet over self-adhering sheet underlayment before installing metal roof
panels.

Anchor roofing securely in place, with provisions for thermal and structural movement.
Install with concealed panel clips at 16” o.c. and fasten to roof decking unless
otherwise indicated.

Separate dissimilar metals with a bituminous coating or polymer-modified, bituminous
sheet underlayment.

Install work with lines and corners of exposed units true and accurate. Form exposed
faces flat and free of buckles, excessive waves, and avoidable tool marks, considering
temper and reflectivity of metal. Provide uniform, neat seams with minimum exposure
of solder and sealant. Fold back sheet metal to form a hem on concealed side of
exposed edges unless otherwise indicated.

1. Install cleats to hold sheet metal panels in position. Attach each cleat with two
fasteners to prevent rotation.
2. Nail cleats at 12 inches (300 mm) o.c.

Seal joints as shown and as required for leakproof construction. Provide low-slope
transverse seams using cleats where backup of moisture may occur.

END OF SECTION 07 61 13
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SECTION 07 62 00 — SHEET METAL FLASHING AND TRIM

PART 1 - GENERAL

1.01

A.

SECTION REQUIREMENTS
Submittals: Product Data, Shop Drawings, Product Samples.

Comply with SMACNA's "Architectural Sheet Metal Manual." Conform to dimensions
and profiles shown unless more stringent requirements are indicated.

Verify dimensions by field measurements before fabrication and indicate on Shop
Drawings

Related Sections: 07 71 00 — ROOF SPECIALTIES; 07 92 00 — JOINT SEALANTS

PART 2 - PRODUCTS

2.01 SHEET METAL
A.  Galvalume Steel Sheet: Galvalume structural-steel sheet, ASTM E111-04, AZ-55, 24
ga.; 0.025-inch (0.64-mm) nominal thickness, 26 ga.; 0.019-inch (0.48 mm) nominal
thickness.
B. Galvalume Steel Sheet: Galvalume structural-steel sheet, ASTM E111-04, AZ-50, 26
ga.; 0.019-inch (0.48 mm) nominal thickness
C. Galvanized structural-steel sheet, ASTM A 653/A 653M, G90, 24 ga.; 0.025-inch (0.64-
mm) nominal thickness.
D.  Aluminum sheet, ASTM B209; .032 inch nominal thickness.
2.02 ACCESSORIES
A.  Self-Adhering Sheet Underlayment, High Temperature: Butyl or SBS-modified asphalt;
slip-resisting-polyethylene surfaced; with release paper backing; cold applied. Stable
after testing at 250 deg F (121 deg C) and passes after testing at minus 40 deg F (-40
deg C); ASTM D 1970.
B.  Slip Sheet: Building paper, 3-1b/100 sq. ft. (0.16-kg/sg. m) minimum, rosin sized.
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C. Fasteners: Wood screws, annular-threaded nails, self-tapping screws, self-locking
rivets and bolts, and other suitable fasteners.

1. Exposed Fasteners: Heads matching color of sheet metal roofing using plastic
caps or factory-applied coating..
2. Fasteners for Metallic-Coated Steel Sheet: Hot-dip galvanized steel or
Series 300 stainless steel.
D. Butyl Sealant: ASTM C 1311, solvent-release butyl rubber sealant.

E. Bituminous Coating: Cold-applied asphalt emulsion complying with ASTM D 1187.

2.03 FINISHES

A. Galvalume Steel Sheet — AZ-55 Galvalume Coating with Clear Organic Polymer
Surface Coating

B. Galvalume Steel Sheet — bare AZ-50 Galvalume mill finish
C. Galvanized Structural-Steel Sheet — bare G90 mill finish
D.  Aluminum Sheet — Kynar/Hylar 5000 pre-finished

1. Color — medium bronze

PART 3 - EXECUTION

3.01 FABRICATION

A. Fabricate sheet metal flashing and trim to comply with recommendations in SMACNA's
"Architectural Sheet Metal Manual" that apply to the design, dimensions, metal, and
other characteristics of the item indicated.

B. Fabrication Tolerances: Fabricate sheet metal flashing and trim that is capable of
installation to tolerances specified in MCA's "Guide Specification for Residential Metal
Roofing."

C. Window Sill flashing — fabricated from 26 ga. Galvalume

D. Window and door head flashing — fabricated from .032 aluminum

E.  Clerestory sill flashing — fabricated from 24 ga. Galvalume

F. Receiver flashings and counter flashings — fabricated from 26 ga. Galvalume

G. Module C roof flashings - fabricated from 24 ga. Galvalume

U.S. D.O.E. Solar Decathlon 2011 Page -2
SHEET METAL FLASHING AND TRIM 07 6200 - 2



Team Maryland

Water University of Maryland

AT THE UNIVERSITY OF MARYLAND

H.

3.02

Drip edges - fabricated from 26 ga. Galvalume

Fasciae - fabricated from 24 ga. Galvalume

6” Half-Round Gutters — fabricated from 24 ga. Galvalume
4” Round Downspouts - fabricated from 24 ga. Galvalume
Copings — fabricated from 24 ga. Galvalume

Concealed Cleats — fabricated from 24 ga. Galvanized

INSTALLATION

Comply with SMACNA's "Architectural Sheet Metal Manual." Allow for thermal
expansion; set true to line and level. Install Work with laps, joints, and seams
permanently watertight and weatherproof; conceal fasteners where possible.

Sealed Joints: Form nonexpansion, but movable, joints in metal to accommodate
elastomeric sealant to comply with SMACNA standards.

1. Do not solder metallic-coated steel

Separate dissimilar metals with a bituminous coating or polymer-modified, bituminous
sheet underlayment.

Coordinate installation of sheet metal flashing and trim with interfacing and adjoining
construction to provide a leakproof, secure, and noncorrosive installation.

Apply Self Adhering Sheet Underlayment over all pressure treated lumber prior to
installing flashings.

END OF SECTION 07 62 00
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SECTION 07 71 00 — ROOF SPECIALTIES

PART 1 - GENERAL

1.01

A.

B.

C.

SECTION REQUIREMENTS
Submittals: Product Data and Product Samples.

Warranties: Provide manufacturer's standard written warranty, signed by manufacturer
agreeing to promptly repair or replace roof specialties that show evidence of
deterioration of factory-applied finishes within 5 years from date of Substantial
Completion.

SPRI Wind Design Standard: Provide roof-edge flashings tested according to
SPRI ES-1 and capable of resisting the following design pressures:

1. Design Pressure: ANSI/SPRI ES-1 Test Method RE-1 Test for Roof Edge
Termination of Single-Ply Roofing Membranes: The fascia system shall be
tested to secure the membrane to minimum 100 Ibs/ft

PART 2 - PRODUCTS

2.01 ROOF SPECIALTIES
A. Bar-Type Snow Guards: Rail-type assembly consisting of two 1 inch outside diameter
stainless-steel bars or pipe held in place by stainless-steel clamps attached to roof
substrate through insulation.
1.  Alpine Snow Guards 115R Pipe SnowGuard for Membrane Roofs with Insulation
— two rail version.
a. Snow Guard Bracket — 6000 Series Aluminum.
b. Base Plate — 11 gage 304 stainless steel with two 5/16 inch (8 mm) 304
stainless steel machine screws welded into countersinks.
C. Tubing - Stainless Steel — 304 alloy, 1 (25.4 mm) inch outside diameter and
.120 (3 mm) inch wall thickness, welded.
d. Couplings - Stainless Steel — 304 alloy, internal and concealed coupling 3
inches (76.2 mm) long.
e. End Caps — 304 Stainless Steel
f. Ferrules — 6000 Series Aluminum 1 inch (25.4 mm) o.c. 1/8 inch (3.1 mm)
wall thickness x 24 inch (609.6 mm) long. Cut to length on site.
g. http://www.alpinesnowguards.com/pdf/115r-snow-guard-spec.pdf
B. Siding Vents: heat resistant polypropylene
1. Cor-A-Vent SV-5 Siding Vent
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2.02

2.03

a. ¥’ x 3" x 4 heat resistant polypropylene siding vent, 8.5 sg. in. NFVA per
lineal foot
b. http://www.cor-a-vent.com/siding-vent-sv-3.cfm

ACCESSORIES

Aluminum  Extrusions: ASTM B 221 (ASTM B 221M), alloy and temper as
recommended by manufacturer for use and finish indicated.

Aluminum Finish: Mill finish

Fasteners: Manufacturer's recommended fasteners, suitable for application and
designed to meet performance requirements.

1. Exposed Penetrating Fasteners: Gasketed screws with heads matching color of
metal.

Fasteners for Aluminum: Aluminum or Series 300 stainless steel.

Fasteners for Zinc-Coated (Galvanized) Steel Sheet: Series 300 stainless steel
or hot-dip zinc-coated steel.

2.
3.
Butyl Sealant: ASTM C 1311, solvent-release butyl rubber sealant.

Bituminous Coating: Cold-applied asphalt emulsion complying with ASTM D 1187.

FINISHES

Finish to be selected by Architect from manufacturer’s full range of standard colors.

PART 3 - EXECUTION

3.01 INSTALLATION
A. General: Install roof specialties according to manufacturer's written instructions.
Anchor roof specialties securely in place, with provisions for thermal and structural
movement.
B. Coat back side of aluminum and stainless-steel roof specialties with bituminous coating
where they will contact wood, ferrous metal, or cementitious construction.
C. Bed flanges in thick coat of asphalt roofing cement where required by manufacturers of
roof specialties for waterproof performance.
D. Space movement joints at a maximum of 12 feet (3.6 m) with no joints within 24 inches
(609.6 mm) of corners or intersections unless indicated.
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E. Fastener Sizes: Use fasteners of sizes that will penetrate substrate not less than
recommended by fastener manufacturer to achieve maximum pull-out resistance.

END OF SECTION 07 71 00
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SECTION 07 71 00 — ROOF SPECIALTIES

PART 1 - GENERAL

1.01

A.

B.

C.

SECTION REQUIREMENTS
Submittals: Product Data and Product Samples.

Warranties: Provide manufacturer's standard written warranty, signed by manufacturer
agreeing to promptly repair or replace roof specialties that show evidence of
deterioration of factory-applied finishes within 5 years from date of Substantial
Completion.

SPRI Wind Design Standard: Provide roof-edge flashings tested according to
SPRI ES-1 and capable of resisting the following design pressures:

1. Design Pressure: ANSI/SPRI ES-1 Test Method RE-1 Test for Roof Edge
Termination of Single-Ply Roofing Membranes: The fascia system shall be
tested to secure the membrane to minimum 100 Ibs/ft

PART 2 - PRODUCTS

2.01 ROOF SPECIALTIES
A. Bar-Type Snow Guards: Rail-type assembly consisting of two 1 inch outside diameter
stainless-steel bars or pipe held in place by stainless-steel clamps attached to roof
substrate through insulation.
1.  Alpine Snow Guards 115R Pipe SnowGuard for Membrane Roofs with Insulation
— two rail version.
a. Snow Guard Bracket — 6000 Series Aluminum.
b. Base Plate — 11 gage 304 stainless steel with two 5/16 inch (8 mm) 304
stainless steel machine screws welded into countersinks.
C. Tubing - Stainless Steel — 304 alloy, 1 (25.4 mm) inch outside diameter and
.120 (3 mm) inch wall thickness, welded.
d. Couplings - Stainless Steel — 304 alloy, internal and concealed coupling 3
inches (76.2 mm) long.
e. End Caps — 304 Stainless Steel
f. Ferrules — 6000 Series Aluminum 1 inch (25.4 mm) o.c. 1/8 inch (3.1 mm)
wall thickness x 24 inch (609.6 mm) long. Cut to length on site.
g. http://www.alpinesnowguards.com/pdf/115r-snow-guard-spec.pdf
B. Siding Vents: heat resistant polypropylene
1. Cor-A-Vent SV-5 Siding Vent
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ROOF SPECIALTIES 077100-1



Team Maryland
Water OF MARYLAND University of Maryland

2.02

2.03

a. ¥’ x 3" x 4 heat resistant polypropylene siding vent, 8.5 sg. in. NFVA per
lineal foot
b. http://www.cor-a-vent.com/siding-vent-sv-3.cfm

ACCESSORIES

Aluminum  Extrusions: ASTM B 221 (ASTM B 221M), alloy and temper as
recommended by manufacturer for use and finish indicated.

Aluminum Finish: Mill finish

Fasteners: Manufacturer's recommended fasteners, suitable for application and
designed to meet performance requirements.

1. Exposed Penetrating Fasteners: Gasketed screws with heads matching color of
metal.

Fasteners for Aluminum: Aluminum or Series 300 stainless steel.

Fasteners for Zinc-Coated (Galvanized) Steel Sheet: Series 300 stainless steel
or hot-dip zinc-coated steel.

2.
3.
Butyl Sealant: ASTM C 1311, solvent-release butyl rubber sealant.

Bituminous Coating: Cold-applied asphalt emulsion complying with ASTM D 1187.

FINISHES

Finish to be selected by Architect from manufacturer’s full range of standard colors.

PART 3 - EXECUTION

3.01 INSTALLATION
A. General: Install roof specialties according to manufacturer's written instructions.
Anchor roof specialties securely in place, with provisions for thermal and structural
movement.
B. Coat back side of aluminum and stainless-steel roof specialties with bituminous coating
where they will contact wood, ferrous metal, or cementitious construction.
C. Bed flanges in thick coat of asphalt roofing cement where required by manufacturers of
roof specialties for waterproof performance.
D. Space movement joints at a maximum of 12 feet (3.6 m) with no joints within 24 inches
(609.6 mm) of corners or intersections unless indicated.
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E. Fastener Sizes: Use fasteners of sizes that will penetrate substrate not less than
recommended by fastener manufacturer to achieve maximum pull-out resistance.

END OF SECTION 07 71 00
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SECTION 07 91 16 — JOINT GASKETS
PART 1 - GENERAL

1.01 SECTION REQUIREMENTS

A. Submittals: Product Data.
PART 2 - PRODUCTS

2.01 BUILDING GASKET FOR USE IN ROOF SEPARATION JOINT:
A.  Conservation Technology

1.  Structural Gasket, Cellular EPDM (Ethylene propylene diene monomer);
ASTM D-7465, Type I; 5" wide, 82’ lengths

2. Part number: BG65

3. http://www.conservationtechnology.com/building gaskets.html

2.02 BUILDING GASKET FOR USE IN MODULE SEPARATION JOINT
A.  Conservation Technology

1. Gap Gasket, Cellular EPDM (Ethylene propylene diene monomer); ASTM D-
7465, Type I; 3/4” wide, 164’ lengths

2. Part number: BG46

3. http://www.conservationtechnology.com/building gaskets.html

B. Conservation Technology

1. Gap Gasket, Cellular EPDM (Ethylene propylene diene monomer); ASTM D-
7465, Type |; 1" wide, 82’ lengths

2. Part number: BG48

3. http://www.conservationtechnology.com/building gaskets.html
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PART 3 - EXECUTION

3.01 INSTALLATION

A. Prepare substrate by cleaning, removing projections and filling voids and as otherwise
recommended by manufacturer’s written instructions.

B. Install joint gaskets in accordance with reviewed product data, manufacturer’'s written
recommendations, and as indicated on the Drawings. Install joint gaskets at the depth
recommended by the sealant manufacturer. Do not use with hot-applied sealants.

3.02 COMPATIBILITY
A. Closed cell polyethylene foam is basically an inert material; and therefore, it is

compatible, both physically and chemically, with virtually all known cold-applied
sealants, including, but not limited to, self-leveling types.

END OF SECTION 07 91 16
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SECTION 07 92 00 - JOINT SEALANTS
PART 1 - GENERAL

1.01 SECTION REQUIREMENTS
A.  Submittals: Product Data and color Samples.
B.  Environmental Limitations: Do not proceed with installation of joint sealants when
ambient and substrate temperature conditions are outside limits permitted by joint-
sealant manufacturer or are below 40 deg F (4.4 deg C).
C. Compatibility: Provide joint sealants, joint fillers, and other related materials that are

compatible with one another and with joint substrates under service and application
conditions.

PART 2 - PRODUCTS

2.01 Gap Filler:
A. DOW

1. GREAT STUFF™ Gaps & Cracks Insulating Foam Sealant. Single-component,
closed cell polyurethane post-expanding foam. UL Classified

2. http://building.dow.com/na/en/products/sealants/gapscracks.htm

B. DOW

1. GREAT STUFF™ Window & Door. Single-component closed cell polyurethane
foam sealant. UL Classified.

2. http://building.dow.com/na/en/products/sealants/windowdoor.htm Joint Filler

C. TREMCO
1. Tremflex 834 gun-grade general purpose acrylic latex sealant. It can be used
indoors and outdoors and is tack-free in 15 minutes and ready to paint in 30-45
minutes with latexes or oil-based paint.

2. http://www.tremcosealants.com/fileshare/pds/tflex834.pdf
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2.02 Sealant for TPO Roof Penetrations:
A. FIRESTONE:
1. Water-Block Seal (S-20) Butyl Rubber Sealant. Designed to provide a seal when
used in compression as required by Firestone Details.
2. http://www.firestonebpco.com/templateFiles/includes/common/displayFile.ashx?fi
leld=2242
B. RED DEVIL
1. Butyl Rubber Sealant. A high quality, tough, butyl rubber sealant, ideal for
jobsrequiring a durable watertight seal
2. http://www.reddevil.com/msds-tds/tds _0698.pdf
2.03 Sealant for Use in Interior Joints in Ceramic Tile and Other Hard Surfaces in Kitchens
and Toilet Rooms and Around Plumbing Fixtures:
A. GE
1. SCS1700 Sanitary single-component, mildew-resistant silicone sealant.
2. http://www.siliconeforbuilding.com/pdf/speciality/Data_Sheet SCS1700_Sanitary
-pdf
2.04 Sealant for Exterior Use at Perimeters of Translucent Wall Panels:
A.  TREMCO
1. Spectrem® 1. Ultra low modulus, high performance, one-part, moisture curing
silicone joint sealant.
2. http://www.tremcosealants.com/fileshare/pds/Spectrem1DSEnglish.pdf
2.05 Fire Protection Sealant:
A.  Tremco
1. Fyre-Caulk intumescent acrylic sealant. Designed for use in commonly
encountered applications where both combustible and noncombustible through
penetrations are present. To be used with Roxul insulation where needed to fill
larger gaps in penetrations.
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2. http://www.tremcosealants.com/fileshare/pds/FyreCaulk DS.pdf

2.06 Sealant for Use on Galvanized Aluminum Flashing and Gutters:
A. DAP

1. Silicone Sealant. An all-purpose, one component, acetoxy cure sealant ideal for
indoor/outdoor use. It provides a watertight, flexible seal that won't crack,
crumble or shrink. It meets ASTM Specification C 920, Class 25, Type S, Grade
NS and has a 50 year durability guarantee.

2. http://www.dap.com/docs/tech/00000683.pdf

2.07 MISCELLANEOUS MATERIALS

A. Provide sealant backings of material that are nonstaining; are compatible with joint
substrates, sealants, primers, and other joint fillers; and are approved for applications
indicated by sealant manufacturer based on field experience and laboratory testing.

B. Cylindrical Sealant Backings: ASTM C 1330, of size and density to control sealant
depth and otherwise contribute to producing optimum sealant performance.

C. Bond-Breaker Tape: Polyethylene tape or other plastic tape recommended by sealant
manufacturer for preventing sealant from adhering to rigid, inflexible joint-filler materials
or joint surfaces at back of joint. Provide self-adhesive tape where applicable.

D. Primer: Material recommended by joint-sealant manufacturer where required for

adhesion of sealant to joint substrates indicated, as determined from preconstruction
joint-sealant-substrate tests and field tests.

PART 3 - EXECUTION

3.01 INSTALLATION

A. Sealants must be installed and maintained according to the manufacturer’'s current
instructions.

B. Prepare substrate by cleaning, removing projections, and as otherwise recommended
in manufacturer's written instructions.

C. Install sealant backings to support sealants during application and to produce cross-
sectional shapes and depths of installed sealants that allow optimum sealant
movement capability.

D. Install bond-breaker tape behind sealants where sealant backings are not used
between sealants and backs of joints.
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E. Acoustical Sealant Installation: At sound-rated assemblies and elsewhere as
indicated, seal perimeters, control joints, openings, and penetrations with a continuous
bead of acoustical sealant. Install acoustical sealant at both faces of partitions.
Comply with ASTM C 919.

END OF SECTION 07 92 00
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SECTION 08 14 00 - WOOD DOORS

PART 1 - GENERAL

1.01 SECTION REQUIREMENTS

A. Structural Performance: Provide doors engineered, fabricated, and installed to withstand
normal thermal movement, wind loading, and impact loading without failure, as
demonstrated by testing manufacturer's standard door assemblies representing types,
grades, and sizes required for this Project according to test methods indicated.

B. Submittals: Product Data. Shop Drawings.

C. Standards: Performance requirements for operating force, air infiltration, water
penetration, structural performance, and forced-entry resistance for doors are those
specified in NWWDA |.S. 2, "Industry Standard for Wood Window Units."

D. Test Criteria: Testing shall be performed by a qualified independent testing agency
based on the following criteria:
1. Design wind velocity at Project site is 60 mph.
2. Test Procedures: Test door units according to ASTM E 283 for air infiltration,
ASTM E 547 for water penetration, and ASTM E 330 for structural performance.

E. Performance Requirements: Testing shall demonstrate compliance with requirements
indicated in NWWDA I.S. 2 for water penetration and structural performance for the type
and performance grade of window and door units required. Where required design
pressure exceeds the minimum for the specified window grade, comply with
requirements of NWWDA 1.S. 2, Article 6, "Optional Performance Classifications," for
higher than minimum performance grades.

1. Air-Infiltration Rate for Doors: Not more than 0.15 cfm/sq. ft. for an inward test
pressure of 1.57 Ibf/sq. ft. (75 Pa).

2. Water Penetration for Doors: No water penetration as defined in the test method
at a static pressure of 4.16 p.s.f. after 15 minutes with water applied at a rate of
five gallons per hour per square foot.

3. Structural Performance: No failure or permanent deflection in excess of 0.4
percent of any member's span after removing the imposed load, for a positive
(inward) and negative (outward) test pressure of 22.5 Ibf/sq. ft. (1077 Pa).
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PART 2 - PRODUCTS

2.01 WOODEN EXTERIOR DOORS

A. Loewen Windows and Doors

1. Description: Swinging French Terrace, Heat Smart X, Clear Finish exterior,
Vertical Grain Douglas Fir with Clear Finish, ADA Compliant Flat Thresholds,
Manual Multi-Point Locking hardware, Clear Tempered Glass.
Item Numbers: FD2 2224 LRA, FD2 1824 LRA, and FD2 1520 LRA
http://www.loewen.com/sites/default/loewen/downloads/TechGuide/TG-
TerraceDoor.pdf

wnN

B. Custom Manufactured Doors
1. Description: French Outswing Solid Wood Doors, Vertical Grain Douglas Fir with
Clear Finish, Manual Multi-Point Locking hardware

2.02 EXTERIOR DOOR HARDWARE

A. Provide manufacturer’'s standard hardware necessary to operate, tightly close, limit
travel, and to securely doors. Do not use aluminum in frictional contact with other
metals.

1.  Provide hardware with a special coating finish and plated steel or brass/bronze
operating bars and rods in finish as selected by Architect.

2. Handles and escutcheon plates: Active handle, inactive handle, interior and
exterior escutcheon plates currently specified as brushed chrome.

Gaskets: Black Neoprene

Locking hardware shall have a 1 inch (25 mm) throw deadbolt with Schlage key lock

cylinder. Color:; Brushed aluminum.

All components are corrosion resistant.

Five Point locking system on primary active panels of high performance units.

Stainless steel.

Head and sill strike plates to be made of aluminum. Color: brushed aluminum with

aluminum strike.

G. Two Point flush bolt on secondary active panel. Top and bottom threaded shoot rods
are made of steel and die cast parts. Level face plate has a lacquer-coated Bright
Brass finish. Head and sill strike plates are made of Light Bronze anodized aluminum.

H. Commercial grade hinges, 4-1/2” x 4-1/2" ball bearing square corner with non-
removable pin in satin nickel finish.

I Weatherstripping to meet manufacturer’s standards for performance.

mo O®

n

2.01 WOODEN INTERIOR DOORS

A. Custom Manufactured Doors
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1. Interior Doors to be both track-mounted sliding and hinged outswing. Door
hardware to be purchased from Grant Hardware distributor, door structure to be
of standard birch or maple veneer type.

2.02 INTERIOR DOOR HARDWARE

A.  Grant Hardware
1. Top Line Grant 71-034 Hardware Set for Sliding Door
2. Wing Line Grant 1260 Series for Folding Doors
3. Grant Single Track 7001 Aluminum Extruded

2.03 EXTERIOR WOODEN DOORS FOR SUN SHADING

A.  Manufacturers
1.  Custom shop production based on shop drawings and field measurements

B. Description
1. Exterior wooden screen to be constructed from solid wood stiles and rails and
louvers.

2.04 EXTERIOR SUN SHADING DOOR HARDWARE

A.  Grant Hardware
1.  Wing Line Grant 1260 Series for Bi-Fold Doors
2.  Grant Single Track 7001 Aluminum Extruded

2.05 MATERIALS
A.  Wooden Framing Systems — Douglas Fir

B. Glass and Glazing Materials

1. General: Provide manufacturer's standard 5/8" Argon filled Low-E sealed clear
insulating glass units complying with the following minimum requirements:

2. Provide tempered or laminated glass insulated units for all locations.
a. Indoor Lite: Type | (transparent glass, flat), Class 1 (clear) float glass.
b. Outdoor Lite: Type | (transparent glass, flat), Class 1 (clear) float glass.
C. Total Unit “U” Factor: 0.29
d. Solar Heat Gain Coefficient: .40

3. Glazing Seal: Provide manufacturer's standard extruded, vinyl, or butyl glazing
gasket providing weather-tight seal.

4, Safety Glazing: Provide tempered or laminated glass insulating units at doors
and other locations immediately adjacent to doors and walking paths.

2.06 FINISHES
1. Clear Coat on Douglas Fir Frame

U.S. D.O.E. Solar Decathlon 2011 Page -3
WOOD DOORS 08 14 00- 3



Team Maryland

AT THE UNIVERSITY OF MARYLAND UnlverSIty Of Maryland

Handles and Hinges: Satin Nickel Finish

ADA Threshold: Bronze Anodized Aluminum

Glass: Clear Tempered Glass

See 09 93 13 - EXTERIOR STAINING AND FINISHING

arwn

PART 3 - EXECUTION

3.01

A.

3.02

FABRICATION

General: Fabricate wood door units to comply with indicated standards. Include a

complete system for assembly of components and anchorage of door units.

1. Comply with requirements of NWWDA |.S. 2, |.S. 610, and 1.S. 620 for moisture
content of lumber at time of fabrication.

2. Fabricate doors to produce units that are reglazable without dismantling sash
framing. Provide openings and mortises precut, where possible, to receive
hardware and other items.

Factory-Glazed Door Units: Except for light sizes in excess of 100 united inches (2500
mm width plus length), glaze window and door units in the shop before delivery, unless
factory glazing is not available from manufacturer. Comply with requirements of
NWWDA I.S. 2.

Complete fabrication, assembly, finishing, hardware application, and other work before
shipment to the Project site, to the maximum extent possible. Disassemble
components only as necessary for shipment and installation. Where necessary for
fitting at site, provide ample allowance for scribing, trimming, and fitting.

INSTALLATION

Prepare substrate by cleaning, removing projections, filling voids, sealing joints, and as
otherwise recommended in manufacturer's written instructions.

Set units level, plumb, and true to line, without warp or rack of frames and panels and
anchor securely in place.

Fasten door frames securely in place, with provisions for thermal and structural
movement. Install with concealed fasteners, unless otherwise indicated.

Separate dissimilar metals and metal products from contact with wood or cementitious
materials, by painting each metal surface in area of contact with a bituminous coating
or by other permanent separation.

Correct deficiencies in or remove and reinstall doors, glazing, or hardware that does
not comply with requirements.

Repair, refinish, or replace doors damaged during installation, as directed by Architect.
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G. Adjust operating parts and hardware for smooth, quiet operation and weathertight
closure. Lubricate hardware and moving parts.

END OF SECTION 08 14 00
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SECTION 08 45 00 — TRANSLUCENT WALL AND ROOF ASSEMBLIES

PART 1 - GENERAL

1.01 SECTION REQUIREMENTS

A.  Structural Performance: Design, engineer, fabricate, and install translucent wall panels
to withstand structural loads required by local codes.

B. Submittals: Product Data.

C. Design Loads: Framing components shall be designed to support following loads:

1.

Live Load

a. 3 psf

b. As indicated on the drawings

Wind Load

a. 90 mph per ICC maps

Deflection of a Framing Member in a Direction Normal to Plane of Glazing: Shall
not exceed L/100.

Safety Factors: Allowable Stresses shall incorporate following safety factors,
unless otherwise specified:

a. Load Carrying Members: 1.65

b. Load Carrying Fasteners: 2.0

D. Warranties

1.

Major warranties the merchandise to be equal to its established standards of
manufacture as to material and workmanship.

PART 2 - PRODUCTS

2.01 TRANSLUCENT WALL PANEL SYSTEMS

A.  Major Industries

1.

wn

2.02

Description: Fiberglass translucent panels set into thermally broken aluminum
vertical-lite framing system for higher U-value performance. Wall panel thickness
of 2.75,” panel lengths and widths vary per design specifications. Meets testing
and certification criteria per ASTM, AAMA, ICC, and NFRC agencies.
Guardian 275 Wall Panel System
http://www.majorskylights.com/products/quardian/

FINISHES

A.  Glazing: White/White .070” Ultimate Series “Silver Edition”
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B.

Frame: 70% Kynar Standard Black

PART 3 - EXECUTION

3.01

A.

INSTALLATION

Prepare substrate by cleaning, removing projections, filling voids, sealing joints, and as
otherwise recommended in translucent wall panel manufacturer's written instructions.

Set units level, plumb, and true to line, without warp or rack of frames and panels and
anchor securely in place.

Framing: size framing and blocking in accordance with load-bearing requirements and
manufacturer specifications. Install manufacturer framing assembly per manufacturer
specifications.

Fasten translucent wall panel securely in place, with provisions for thermal and
structural movement. Install with concealed fasteners, unless otherwise indicated.

Separate dissimilar metals and metal products from contact with wood or cementitious
materials, by painting each metal surface in area of contact with a bituminous coating
or by other permanent separation.

Correct deficiencies in or remove and reinstall translucent wall panels that do not
comply with requirements.

Repair, refinish, or replace wall panels and framing assembly damaged during
installation, as directed by Architect.

END OF SECTION 08 45 00
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SECTION 08 50 00 — WINDOWS

PART 1 - GENERAL

1.01 SECTION REQUIREMENTS

A. Structural Performance: Provide wood windows engineered, fabricated, and installed to
withstand normal thermal movement, wind loading, and impact loading without failure, as
demonstrated by testing manufacturer's standard window and door assemblies
representing types, grades, and sizes required for this Project according to test methods
indicated.

B. Submittals: Product Data. Shop Drawings

C. Standards: Performance requirements for operating force, air infiltration, water
penetration, structural performance, and forced-entry resistance for wood windows are
those specified in NWWDA |.S. 2, "Industry Standard for Wood Window Units."

D. Test Criteria: Testing s