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CERTIFICATE OF APPROPRIATENESS 
ISSUED: November 20, 2024 

EXPIRATION: November 20, 2025 
 
 
Larimer County Historic Alliance (Historic Larimer County) 
PO Box 1909 
Fort Collins, CO 80522 
 
Dear Historic Larimer County: 
 
As you are aware, last evening the Historic Preservation Commission gave Final Design Review 
approval for the work you are proposing for the Emma Malaby Grocery Property at 313 N. 
Meldrum St. 
 
More specifically, the Commission approved:   

• Roof work: 
o Structural stabilization to include sistering of rafters, installation of additional 

beams and supports 
o Re-shingling using Brava synthetic shingles 
o Associated ventilation and flashing 
o Structural reinforcement of chimneys 
o Replacement of ~75% of soffit and fascia in-kind 
o K-style gutters 

• Rear frame addition of 195 square feet for restroom and kitchenette 
o To include new water and sewer lines to building 
o Hipped roof also using Brava synthetic shingles 
o Single-hung windows 
o 4-panel wood accessible door 
o Wood siding with exposure different from historic building portions 

• Accessible entrance with associated ramp, landings, and permeable pavement path 
o Entrances into new addition and new opening in historic addition; 4-panel wood 

doors 
• Decorative sculpture bed (no planting) at southwest corner 
• Reconstruction of basement access platform 
• Rehab of façade features, including: 

o Restoration of parapet and trim details based on historic photos 
o Re-painting of historic signs based on historic photos 
o Repair or replica replacement of siding, as appropriate 
o Reroofing porch roof with Brava shingles 
o Fascia and soffit repair/replacement as needed 
o Repair of wood pilasters 
o Repair of decorative wood panels 
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o Porch decking replacement to match historic 
o Stair modifications, per code 
o Replacement of wood door trim as needed using replica trim boards 
o Other repair of wood features 
o Re-grading as needed 
o Concrete path to sidewalk 

• Window and door repair or replacement, depending on conditions (see window and door 
schedules, Sheets A1.2 and A1.3) 

• Removal of non-historic siding and replacement with siding to match historic profiles 
• Foundation and chimney tuckpointing 
• Insulation updates as needed 

 
Applicable 
Code 
Standard 

Summary of Code Requirement and Analysis (Rehabilitation) Standard 
Met 
(Y/N) 

SOI #1 A property will be used as it was historically or be given a new use 
that requires minimal change to its distinctive materials, features, 
spaces, and spatial relationships; 
 
The Emma Malaby Grocery Property historically had 
commercial use, and its current use is considered storage. It has 
a new proposed use as a store museum, office space, and library. 
This new use is compatible with the existing building, requiring 
minimal change to distinctive features. 
 

Y 
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SOI #2 The historic character of a property will be retained and preserved. 
The removal of distinctive materials or alteration of features, 
spaces, and spatial relationships that characterize a property will be 
avoided. 
 
The Emma Malaby Grocery Property was constructed in 1881 
for local portrait photographer G.T. Wilkins, who operated his 
studio from this building when it was located on College Avenue. 
After it was moved to its current location, it was used as a 
neighborhood grocery store, owned by the Collamer family, for 
many years. The building is one of the oldest wood frame 
buildings in Fort Collins and is also a rare example of a false-
front store in town. There is an L-shaped addition to the main 
store’s north and west, which was built in 1916 and was used as 
Fred Collamer’s “woodyard store” and as a second-hand store; 
it is considered a historic alteration to the building. At the rear 
of the property, there are three other historic structures: a 
frame barn, a stacked plank shed, and a stone-lined well. 
 
This proposed project includes the structural stabilization of the 
existing roof, including re-roofing with Brava synthetic shingle 
material, a rear addition for a bathroom and kitchenette, 
creating an ADA-compliant entrance, and other rehabilitation 
work such as façade restoration, window and door 
rehabilitation, replacement of non-historic siding, tuckpointing, 
and insulation. 
 
Roof: This work will necessarily include the loss of some 
character-defining materials (wood shingles), but the proposed 
substitute material, Brava synthetic shingles, approximate the 
appearance of the historic material well. [Please note that the 
plans currently state that the material proposed is CeDUR 
shingles; this is not accurate.] The form of the roof will not be 
changed due to the structural work required. Please note that 
the Chimney Detail drawing on plan set sheet A5.0 is not 
accurate; refer to note 7 under the Roof Replacement Notes 
table and the description on the applicant’s Design Review 
Application form. The chimney work will include some removal 
of the lower portions of brick for structural reinforcement using 
steel angle supports as well as tuckpointing, which should result 
in very little change to the appearance of the chimneys.  
 
Addition: Because of the reasonable scale and rear location of 
the proposed addition, the character of the historic store would 
not be impacted. The addition will not be visible from public 
rights-of-way. It should be noted that the location of the 
proposed addition (see Revised Floorplan A.10A) is in relatively 
close proximity to the stacked-plank shed, and so care should be 

Y 
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taken to protect this historic feature during construction. A plan 
of protection is required prior to building permit issuance (see 
condition below). Additionally, the path of the trenching 
necessary for extending water and sewer service to the building 
has not yet been identified on plans; this work should similarly 
be planned to avoid conflicts with historic resources on site. 
 
ADA Improvements: ADA improvements include the 
installation of a Gravelpave2 permeable pavement path, 
concrete landings, and concrete ramp. The ADA-compliant 
entrance would be located in the new rear addition, with an 
additional entrance at the southwest corner of the building. 
Although the location of the proposed accessible entrance to this 
building is at the rear of the building rather than the front, as 
advised by Preservation Brief 32, this choice ensures access to 
the greatest extent of the building given the physical limitations 
of the interior at present. Additionally, the placement of a ramp 
on the southeast side of the building is constrained by 
requirements from the Fire Authority to avoid constriction of 
the existing driveway for fire access. These ADA improvements 
would have a minimal impact on the historic character of the 
building. 
 
Other Proposed Rehabilitation: The other rehabilitation 
elements proposed would enhance rather than detract from the 
historic character of this building. For example, the proposal 
includes replacement of non-historic siding with more 
historically appropriate siding and façade restoration, which 
will include among other elements removing the boards from the 
boarded over storefront windows and doors and repairing those 
character-defining features. 
 

SOI #3 Each property will be recognized as a physical record of its time, 
place, and use. Changes that create a false sense of historical 
development, such as adding conjectural features or elements from 
other historic properties, will not be undertaken. 
 
The applicant discussed with staff that the material choices for 
the addition would include siding that is differentiated from the 
historic siding to ensure that the addition is clearly a modern 
alteration; please confirm material selection with staff. No other 
project elements create a false sense of historical development, 
and no conjectural features are proposed. 
 

Y 
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SOI #4 Changes to a property that have acquired historic significance in 
their own right will be retained and preserved. 
 
The el-shaped addition to the store does have significance in its 
own right, and it will be retained and preserved as part of this 
project, with minimal perforations for connections to the new 
addition. Again, a plan of protection must be in place prior to 
permit issuance to ensure that no damage befalls the stacked-
plank shed near the addition site. 
 

Y 

SOI #5 Distinctive materials, features, finishes, and construction techniques 
or examples of craftsmanship that characterize a property will be 
preserved. 
 
Many of the distinctive materials, features, finishes, and 
construction techniques represented in this historic building will 
be preserved and repaired as part of this project, such as 
through the restoration of missing façade elements, the 
structural stabilization of the roof, and the repair of historic 
windows and doors. Some materials are proposed for 
replacement, such as the roof’s wood shingles and deteriorated 
materials, such as soffit and fascia board and some wood trim 
material. Although historic material would be lost in these cases, 
replacement of deteriorated materials in-kind, as proposed, is 
considered appropriate under the Standards, and the proposed 
substitute roof shingle material, Brava, reasonably replicates the 
appearance of cedar shingles in terms of form, texture, and color 
and the HPC has approved the product for use on other historic 
properties in Fort Collins, such as the Bouton House at 113 N. 
Sherwood St. Additionally, the application proposes to replace 
all window glazing with low-E, tempered glass, but this change is 
necessary to conform with building code requirements. 
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SOI #6 Deteriorated historic features will be repaired rather than replaced. 
Where the severity of deterioration requires replacement of a 
distinctive feature, the new feature will match the old in design, 
color, texture, and, where possible, materials. Replacement of 
missing features will be substantiated by documentary and physical 
evidence. 
 
The wood-shingle roof of the store appears to be significantly 
deteriorated, requiring replacement. Although the roof is not 
proposed to be replaced in-kind, the proposed substitute 
material, Brava synthetic shingles, is appropriate. Brava 
shingles are Class 4 impact-resistant and Class A or C fire-
resistant, and they approximate the color and texture of wood 
shingles well (see attached product specification sheet). 
 
Other components of the rehabilitation work proposed include 
repair rather than replacement of several building features, such 
as many of the historic doors and windows and many other 
carpentry elements, tuckpointing of the foundation and 
chimneys, and other repair. Other elements will be restored 
based on historic photograph evidence, such as the painted 
commercial signs and some of the parapet and other woodwork 
detailing on the façade, which is appropriate under this 
Standard. The existing non-historic siding will also be removed 
and replaced based on photo evidence. Some building features, 
such as the soffit and fascia board or some wood trim, will be 
inspected and repaired or replaced in-kind as necessary, as 
described on the project plans; this approach is appropriate 
under this Standard. Similarly, the window and door schedules 
describe different treatment decisions for each unit and then 
each component of each unit (i.e., identifying repair 
methodology for each sash, the frame, the glazing, etc., rather 
than an entire window or door unit), which conforms to this 
Standard. 

Y 

SOI #7 Chemical or physical treatments, if appropriate, will be undertaken 
using the gentlest means possible. Treatments that cause damage to 
historic materials will not be used. 
 

N/A 
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SOI #8 Archeological resources will be protected and preserved in place. If 
such resources must be disturbed, mitigation measures will be 
undertaken. 
 
Because this property has significance under Standard 4, 
Information Potential, the applicant should be advised of this 
standard while performing any needed excavation for the 
proposed addition, utility trenching, re-grading, and other site 
work. Should any archaeological resources be uncovered, work 
should cease, and Historic Preservation Services should be 
contacted immediately at preservation@fcgov.com and 970-224-
6078. 
 

Y 

SOI #9 New additions, exterior alterations, or related new construction 
shall not destroy historic materials that characterize the property. 
The new work shall be differentiated from the old and shall be 
compatible with the massing, size, scale, and architectural features 
to protect the historic integrity of the property and its environment. 
 
The proposed addition uses an existing boarded opening in the 
wall of the historic addition as the only connection point (visible 
from the interior but not the exterior), and so the loss of historic 
material is minimized for this new construction. At 195 square 
feet, the design of the addition is subordinate to the historic 
structure. Its location is also set back from the south wall plane 
of the store, and the height is significantly below the ridgeline of 
the historic store; these factors make it invisible from the street. 
The hipped roof form of the proposed addition differs from the 
gable and shed roof forms of the historic building. The applicant 
shared with staff that in addition to the Brava shingles to match 
the proposed re-roofing of the main structure, other materials 
proposed for the new addition include wood siding with a 
reveal/profile different than the historic siding and wood 1/1 
sash windows. These material choices are compatible with the 
historic store, and a siding product with a wider or narrower 
reveal would help identify the new addition as a modern 
alteration. The applicant should provide confirmation of the 
material choices for the addition with staff. 
 

Y 
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SOI #10 New additions and adjacent or related new construction will be 
undertaken in such a manner that, if removed in the future, the 
essential form and integrity of the historic property and its 
environment would be unimpaired. 
 
Because the removal of historic wall material for connection 
between the proposed addition and the historic building has 
been minimized, the new addition could be reasonably removed 
in the future, if desired, with minimal impact to the essential 
form and integrity of the historic property. 
 

Y 

 
 
The Commission placed the following condition(s) on the approval: 
 

1. Applicant must submit a Plan of Protection for the stacked plank shed near the addition 
construction site to Staff prior to building permit issuance for the rear addition. Contact 
Staff for a Plan of Protection template. 

 
The Commission found that the proposed work meets the criteria and standards in Chapter 14, 
Article IV of the Fort Collins Municipal Code.  Notice of the approved application has been 
forwarded to building and zoning staff to facilitate the processing of any permits that are needed 
for the work. 
 
Please note that all ensuing work must conform to the approved plans. Any non-conforming 
alterations are subject to stop-work orders, denial of Certificate of Occupancy, and restoration 
requirements and penalties. 
 
If the approved work is not completed prior to the expiration date noted above, you may apply 
for an extension by contacting staff at least 30 days prior to expiration. Extensions may be 
granted for up to 12 additional months, based on a satisfactory staff review of the extension 
request. 
 
You may appeal this decision within two weeks by submitting a written notice of appeal to the 
City Clerk within fourteen (14) calendar days of this decision. Grounds and process for appeals 
are enumerated in Chapter 2, Division 3 of the Fort Collins Municipal Code.  
 
If you have any questions regarding this approval, or if I may be of any assistance, please do not 
hesitate to contact staff at preservation@fcgov.com or at (970) 224-6078. 
 
 
Sincerely, 
 
Jim Rose, Chair 
Historic Preservation Commission 

https://library.municode.com/co/fort_collins/codes/municipal_code?nodeId=CH14LAPR_ARTIVDEREPRALDERE_S14-52STISPE
https://library.municode.com/co/fort_collins/codes/municipal_code?nodeId=CH2AD_ARTIICICO_DIV3APPR
mailto:preservation@fcgov.com
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G. Submittals:  All Section 23 product submittals shall be provided in the manner detailed below regardless of  description provided elsewhere in
the Contract Documents.
1. All product submittals shall be provided to the Owner's Representative in a single three ring binder.  Each copy of  the product submittal

shall be provided in an individual three ring binder.  Each binder shall be white with a clear vinyl cover and contain three metal rings.
2. Each binder shall be appropriately sized for the number of product submittals.
3. Each binder shall contain a cover sheet with the project name, Contractor's name and submittal date.
4. Each binder shall contain dividers which divide the product submittals into sections matching the specification sections.  A table of  contents

identifying each section shall be included in the front of each binder.
5. The Owner's Representative will provide two (2) reviews of  the product submittals.  If  after two (2) reviews the submittals are not in

compliance with the Contract Documents, the Contractor shall be responsible for compensating the Owner for additional submittal reviews.
Compensation shall consist of  shipping and delivery costs, hourly wages and other costs incurred during the additional services submittal
review.

H. Shop Drawings:  Provide detailed drawings indicating mechanical equipment, piping and sheetmetal systems and components, and the spatial
relationship of  mechanical systems and equipment with other systems, equipment, and building components.  Indicate requirements for
equipment installation and all access and maintenance space required.  Shop drawings shall be prepared on sheets matching the sheet size and
scale of the Contract Documents.  Shop drawings for mechanical rooms shall be at ¼”=1'-0”.  Include the following in all shop drawings:
1. Planned hydronic and plumbing piping layout, including valve and specialty locations and valve-stem movement.
2. Planned sheetmetal layout including balance dampers, fire dampers, fire/smoke dampers, fittings, access panels, grilles, and diffusers.
3. All equipment connected to the piping or sheetmetal system including all maintenance access and clearances for each piece of equipment.
4. Equipment and accessory service connections and support details.
5. Exterior wall and foundation penetrations.
6. Fire-rated wall and floor penetrations.
7. Sizes and location of required concrete pads and bases.
8. Floor plans, elevations, and details to indicate penetrations in floors, walls, and ceilings and their relationship to other penetrations and

installations.
9. Reflected ceiling plans to coordinate and integrate installation of  air outlets and inlets, light fixtures, communication system components,

sprinklers, and other ceiling-mounted items.

1.12 OPERATION AND MAINTENANCE MANUALS

A. The Contractor shall prepare an operation and maintenance manual which shall cover all systems and equipment installed under Division 23.

B. Refer to Section 01 for general requirements.

C. Operation and maintenance manuals shall be provided at the completion of  the construction.  Submit three copies of  the operation and
maintenance manual to the Owner's Representative for review at least two weeks prior to the substantial completion site visit.  Failure to provide
the operation and maintenance manuals two weeks before the substantial completion site visit will result in delaying the site visit until the
manuals are received and reviewed.

D. Each operation and maintenance manual shall be indexed and contain the following information.
1. Contractors' names, addresses and telephone numbers.
2. Alphabetical list of  all system components with the name and address and 24-hour phone number of  the company responsible for servicing

each item during the first year of operation.
3. Guarantees and warranties for all equipment whenever applicable.
4. All manufacturers' data applicable to the installed equipment, including:

a. Approved shop drawings
b. Installation instructions
c. Lubrication instructions
d. Wiring diagrams

5. A simplified description of  the operation of  all systems including the function of  each piece of  equipment within each system.  These
descriptions shall be supported with a schematic flow diagram when applicable.

6. Temperature control diagrams including an explanation of the control sequence of each system along with the following instructions.
a. Emergency procedures for fire or failure of major equipment.
b. Normal starting, operating and shutdown modes of operation.
c. Summer or winter shutdown procedures.

7. Approved Testing, Adjusting and Balancing report.
8. Valve tag list when applicable.
9. An outline of  a preventative maintenance program for each system which shall include a schedule of  inspection and maintenance.  It shall

suggest the maintenance and inspection operations that should be performed by the Owner and the operations that should be performed by
contractors.

E. Each Operation and maintenance manual shall be provided in the manner detailed below regardless of  description provided elsewhere in the
Contract Documents.
1. Each manual shall be provided to the Owner's Representative in a single three ring binder.  Each copy of  the manual shall be provided in an

individual three ring binder.  Each binder shall be white with a clear vinyl cover and contain three metal rings.
2. Each binder shall be appropriately sized for the information contained in the manual.
3. Each binder shall contain a cover sheet with the project name, Contractor's name and submittal date.
4. Each binder shall contain dividers that divide the manual into sections matching the information sections listed above.  A table of  contents

identifying each section shall be included in the front of each binder.

1.13 WORKMANSHIP

A. The appearance of  the finished work shall be of  equal importance with its mechanical efficiency.  All work shall be done in accordance with
acceptable commercial practices.

B. Furnish the services of  an experienced superintendent who shall be constantly in charge of  the installation of  the work together with all skilled
workmen, plumbers, fitters, metal workers, welders, helpers, and labor required to unload, transfer, erect, connect-up, adjust, start, operate, and
test each system.

1.14 SAFETY AND HEALTH REQUIREMENTS

A. These Construction Documents and the construction hereby contemplated are to be governed at all times by applicable provisions of  the
"Williams-Steiger Occupational Safety and Health Act of 1970, Public Law 91-596" and the latest amendments thereto.

1.15 QUIET OPERATION AND VIBRATION

A. Mechanical equipment provided under this contract shall operate under all load conditions without sound or vibration which is objectionable in
the opinion of  the Owner's Representative.  In case of  moving machinery, sound or vibration noticeable outside of  room in which it is installed,
or annoyingly noticeable inside its own room, will be considered objectionable.  Sound or vibration conditions considered objectionable by the
Owner's Representative shall be corrected in an approved manner by the Contractor at his expense.  Vibration control shall be by means of
approved vibration eliminators in a manner as recommended by the manufacturer of the eliminators.

PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. Identification and Labels:
1. Seton Corp.
2. Brady Co.
3. Mechanical Identification
4. Brimar Industries

2.2 IDENTIFICATION AND LABELS

A. All ductwork, piping, valves, controls, and equipment on the project shall be identified as specified herein.  All identification shall be easily
visible from the floor or usual point of  vision.  All lettering, sizes, and colors shall comply with ANSI Standard. A13.1, unless more stringent
criteria are indicated below.

B. Ductwork:
1. The letters and flow arrow shall be pressure-sensitive, preprinted type or shall be made by precut stencils and black oil-base paint with

aerosol can.  Letters shall be a minimum of 2” high and the flow arrow shall be a minimum of 6” long.

C. Each piece of  equipment shall have a metal permanently fastened equipment nameplate provided by the equipment manufacturer with data
engraved or stamped.  Provide the manufacturer's name, product name, model number, serial number, capacity, operating and power
characteristics, labels of  tested compliances, and essential data.  The equipment nameplate shall be visible, accessible, and not covered with
insulation.

D. Each manual and control valve shall be identified with a 1 1/2” round brass tag, stamped or engraved with 1/4-inch lettering.  Each tag shall be
securely fastened to each valve with a brass bead chain or S-hook fastener.

E. Provide 1/16-inch thick, engraved plastic-laminate marker for each access panel with abbreviated terms and numbers corresponding to
concealed equipment and valves.  Each marker shall have 1” high white letters on a black background.

F. Provide 1/16-inch thick, engraved plastic-laminate marker for each piece of  equipment with title as indicated on the Contract Documents and
located in a position clearly visible from the floor.  Each marker shall have 2” high white letters on a black background.

G. Provide a wood or extruded aluminum framed valve schedule with ¼” clear Plexiglas cover in each mechanical room.  Each framed valve
schedule shall be securely attached to the mechanical room wall.

H. Controls: All controls and instruments shall be identified with labels mounted under the control or instrument.
1. Labels for remote devices shall be metal tags or engraved plastic laminate with letters not less than ¼" high.
2. Labels for internal panel-mounted devices may be laminate adhesive-backed printed strips (Kroy, DuraType, or Brothers P-Touch 30) with

12-point or larger type or engraved plastic laminate.  Door-mounted labels shall be engraved plastic-laminate with letters not less than ¼"
high and shall be screwed or riveted to the panel door.

I. Time of Application:  No identification shall be performed until all painting required under the project specifications has been accomplished.

2.3 FIRE STOP MATERIALS

A. Material shall be UL listed for filling openings around ducts and/or pipes passing through fire rated walls and floors.  Fire resistance ratings
shall be by testing per ASTM E814.
1. Caulk:  Intumescent latex based no-sag elastomeric caulk designed as a through penetration fire stop system.
2. Putty:  Intumescent water based elastomeric hand formable putty designed as a through penetration fire stop system.

B. All fire stop materials shall be installed per the manufacturer's UL Listed installation instructions.  Provide all necessary sleeves and inserts
required to meet the UL Listed installation instructions.

2.4 HANGER AND SUPPORT INSTALLATION

A. Pipe Hanger and Support Installation:  Comply with MSS-SP-69 and MSS-SP-89.  Install hangers, supports, clamps, and attachments as
required by manufacturer's installation instructions to properly support piping from building structure.

B. Channel Support System Installation:  Arrange for grouping of  parallel runs of  piping to be supported on field-assembled channel systems.
Channel systems shall be assembled and installed according to manufacturer's installation instructions.

C. Install hangers and supports complete with necessary inserts, beam clamps, bolts, rods, nuts, washers, and other accessories.

D. Install hangers and supports to allow controlled thermal and seismic movement of  piping systems, to permit freedom of  movement between pipe
anchors, and to facilitate action of expansion joints, expansion loops, expansion bends, and similar units.

E. Load Distribution:  Install hangers and supports so that piping live and dead loads and stresses from movement will not be transmitted to
connected equipment.

F. Pipe Slopes:  Install hangers and supports to provide indicated pipe slopes and so maximum pipe deflections allowed by ASME B31.9,
"Building Services Piping," is not exceeded.

2.5 IDENTIFYING AND LABELING SYSTEMS

A. Ductwork:
1. Identify ductwork to indicate air handler system number, type of  duct, and direction of  flow.  The air handler or exhaust system number

shall correspond to the equipment tag indicated on the Contract Documents.  The type of  duct shall correspond to the type of  air in the
ductwork, i.e. supply air, return air , exhaust air, outside air, or relief  air.

2. Provide identification for all ducts in finished and unfinished areas, machine rooms; and accessible maintenance spaces such as shafts,
tunnels, and plenums according to the following:
a. Near each main balance damper.
b. Near each branch connection, excluding short takeoffs to grilles, diffusers, or terminal units.  Mark each duct at branch, where flow

pattern is not obvious.
c. On each side of penetrations through walls or floors.
d. At entry and exit of shafts and chases
e. At access doors and similar access points that permit view of concealed duct.
f. Near major equipment items and other points of origination and termination.
g. Spaced at a maximum of 25-foot intervals along each run.
h. On ductwork above removable acoustical ceilings.

3.
4. Unless noted otherwise, do not identify exposed ducts in finished areas.

2.6 EQUIPMENT SIGNS AND MARKERS

H. Install engraved plastic-laminate signs on each major piece of  mechanical equipment.  Include signs for the following general categories of
equipment:
1. Main control and operating valves, including safety devices and hazardous units such as gas outlets.
2. Fire department hose valves and hose stations.
3. Meters, gages, thermometers, and similar units.
4. Fuel-burning units, including boilers, furnaces, heaters, and absorption units.
5. Pumps, compressors, chillers, condensers, and similar motor-driven units.
6. Heat exchangers, coils, evaporators, cooling towers, heat recovery units, and similar equipment.
7. Fans, blowers, primary balancing dampers, and mixing boxes.
8. Air handling units, VAV boxes, and CV boxes.
9. Tanks and pressure vessels.
10. Strainers, filters, humidifiers, water-treatment systems, and similar equipment.

2.7 DELIVERY AND STORAGE OF MATERIALS

A. Make provisions for the delivery and safe storage of  materials and make the required arrangements with other Contractors for the introduction
into the building of equipment too large to pass through finished openings.

2.8 MECHANICAL WIRING

A. Provide all temperature control wiring, all interlock wiring, and equipment control wiring for the equipment that is to be provided under Section
23 unless specifically shown on electrical drawings.

B. All line voltage interlock and control wiring shall be not less than No. 14 insulated color coded wire in conduit or raceway.  Conductors shall be
labeled at both ends.

2.9 MAINTENANCE MANUAL

A. The Contractor shall prepare a maintenance manual which shall contain maintenance information for all systems and equipment installed under
this Division.  Refer to Division 1 for submittal requirements.

B. The manual shall be indexed for each system and type of  component and contained within a 3-ring hard cover binder.  The binder shall be sized
to hold all of  the maintenance information.  The Contractor shall cross out all references to equipment and options which were not installed on
this project.  Provide the following information.
1. Contractors' names, addresses, and telephone numbers.
2. Alphabetical list of  all system components with the name, address and 24-hour phone number of  the company responsible for servicing each

item during the first year of operation.
3. Guarantees and warranties of all equipment whenever applicable.
4. All manufacturers' data applicable to the installed equipment such as the following:

a. Approved shop drawings
b. Installation instructions
c. Lubrication and maintenance instructions
d. Wiring diagrams

5. A simplified description of  the operation of  each system including the function of  each piece of  equipment.  These descriptions shall be
supported with a schematic flow diagram when applicable.

6. Temperature control diagrams including an explanation of  the control sequence for each system and the following instruction wherever
applicable.
a. Emergency procedures for fire or failure of major equipment
b. Normal starting, operating and shutdown
c. Summer or winter shutdown

7. System balancing report.
8. Valve tag list when applicable.
9. An outline of  a preventative maintenance program for each system which shall include a schedule of  inspection and maintenance.  It shall

suggest the maintenance and inspection that should be performed by the Owner and that which should be done using an outside service.

2.10 WATERPROOFING

A. Where any work pierces waterproofing, including waterproof  concrete, the method of  installation shall be as approved by the Owner's
Representative before work is performed.  Contractor shall furnish all necessary sleeves, caulking, and flashing required to make openings
absolutely watertight.

B. Flashing of  all building penetrations to the outside shall be per applicable codes and standards.  Refer to appropriate sections for acceptable
materials and methods.

2.11 OLD PIPE LINES

A. If  any old sewer, water, gas, or other pipes are encountered that interfere with the proper installation of  new work and that will not be used in
connections with the new work, promptly advise the General Contractor and Owner's Representative.

2.12 COORDINATION AND COOPERATION WITH OTHER TRADES

A. The Contractor for this work shall examine the Contract Documents for other trades.  If  clearance or space conditions appear inadequate or if
any discrepancies occur between his work and the work of  others, he shall report such discrepancies to the Owner's Representative and shall
obtain written instructions for any changes necessary to accommodate his work with the work of  others.  Any changes in the work covered by
the Contract Documents made necessary by the failure or neglect of  the Contractor to report such discrepancies shall be made by and at the
expense of this Contractor.

B. Where the mechanical work will be installed in close proximity to, or will interfere with work of  other trades, the Contractor shall assist in
working out space conditions to make a satisfactory adjustment.  If  so directed by the Owner's Representative, the Contractor shall prepare
composite working drawings and sections at a suitable scale not less than 1/4" = 1'-0", clearly showing how his work is to be installed in relation
to the work of  other trades.  If  the Contractor installs his work before coordinating with other trades, or so as to cause any interference with
work of other trades, he shall make the necessary changes in his work to correct the condition without extra charge.

2.13 INSTALLATION

A. Unless otherwise specifically indicated on the plans or specifications, all equipment and materials shall be installed in accordance with the
recommendations of the manufacturer.  Maintain maximum head room and space conditions at all points.

B. Coordinate work with other trades prior to fabrication and installation of  equipment, piping, and ductwork.  Adjust ductwork and piping to fit
into space available.

2.14 ACCESSIBILITY

A. Locate all equipment that must be serviced, operated, or maintained in fully accessible positions.  Equipment shall include, but not be limited to,
valves, traps, clean-outs, motors, controllers, switchgear, and drain points.  If  required for accessibility, furnish access doors for this purpose.
Minor deviations from drawings may be made to allow for better accessibility.

2.15 PAINTING

A. Paint field-fabricated hangers and frames, unpainted equipment, and uninsulated exposed piping (interior and exterior) with one coat of  primer
and two coats of flat enamel paint, color as selected by Owner's Representative.

2.16 CLEANUP

A. At the completion of  work, all equipment on the project shall be checked and thoroughly cleaned including coils, plenums, under equipment and
any and all other areas around or in equipment provided under this section.  Clean all exposed surfaces of  all piping, hangers, ducts, and other
exposed metal of all grease, plaster, or other foreign material.  Remove all stick-on labels and clean surfaces.

B. At the completion of  the work, remove from the building, the premises, and surrounding streets, alleys, etc., all rubbish and debris resulting
from this project and leave all equipment spaces absolutely clean and ready for use.

C. Any filters used during construction shall be replaced with new filters during final cleanup.

2.17 DAMAGED SURFACES

A. At the completion of  work, all mechanical equipment furnished under this contract shall be checked for paint damage, and any factory finished
paint that has been damaged shall be repaired to match the adjacent areas.  Any metal cabinet, jacket, or enclosure that has been deformed shall
be replaced with new material and repainted to match the adjacent areas.

SECTION 23 05 00 COMMON WORK RESULTS FOR HVAC

PART 1 - GENERAL

1.1 DESCRIPTION

A. This section describes basic materials and methods that may be common to two or more sections of Division 23.

1.2 SUMMARY

A. This Section includes the following basic mechanical materials and methods.
1. Identification and labels

1.3 SCOPE

A. The work covered by this Division of  the Project Specifications consists of  furnishing all labor, supervision, equipment, materials, incidentals,
and appurtenances, and performing all operations as necessary to complete the installation of  Division 23 work in strict accordance with this
Division of the Project Specifications and as indicated on the Project Drawings.

1.4 RELATED WORK SPECIFIED ELSEWHERE

A. The General Conditions of  the Contract, Supplementary Conditions, and General Requirements are a part of  these Specifications and shall be
used in conjunction with this Division as a part of  the Contract Documents.  Consult them for further instructions pertaining to this work.
Contractors shall be responsible for and be governed by all requirements thereunder.

B. Related Sections:
1. Common Work Results for HVAC Systems Section 23 05 00
2. Testing Adjusting and Balancing Section 23 05 93

1.5 WORK NOT INCLUDED

A. Painting except as otherwise specified within this Division.

B. Electric equipment and wiring except as otherwise specified within this Division.

C. Lintels over wall openings.

D. Framing around openings and chases.

E. Concrete equipment pads or bases except concrete fill for vibration isolation bases.

F. Installation of access panels in materials other than sheet metal.

G. Cutting and patching of new and existing work.

1.6 QUALITY ASSURANCE

A. Chemical and physical properties of  all materials, design, performance characteristics and methods of  construction of  all items of  equipment
shall be in accordance with the following applicable regulations, references and standards of  current editions in effect 30 days prior to receipt of
bids:
1. Air Movement and Control Association, Inc. (AMCA)
2. American National Standards Institute (ANSI)
3. Air Conditioning and Refrigeration Institute (ARI)
4. American Society of Heating, Refrigerating, Air Conditioning Engineers (ASHRAE)
5. American Society of Mechanical Engineers (ASME)
6. American Society for Testing and Materials (ASTM)
7. National Electrical Manufacturer's Association (NEMA)
8. National Fire Protection Association (NFPA)
9. Sheet Metal and Air Conditioning Contractors National Association (SMACNA)
10. Underwriters' Laboratories, Inc. (UL)

B. All work, materials and equipment shall comply with the rules and regulations of  all codes and ordinances of  the local, state and federal
authorities.  Such codes, when more restrictive, shall take precedence over these plans and specifications.  As a minimum, the installation shall
comply with the latest published version of the following codes:
1. International Building Code (IBC)
2. International Fire Code (IFC)
3. National Electric Code (NEC)
4. National Fire Code (NFC)
5. Occupational Safety and Health Act (OSHA)
6. International Mechanical Code (IMC)
7. International Plumbing Code (IPC)
8. Applicable state and local codes

C. Comply with ASME A13.1, "Scheme for the Identification of  Piping Systems" for lettering size, length of  color field, colors, and viewing angles
of identification devices.

1.7 DEFINITIONS

A. “Furnish” shall mean the Contractor will purchase and deliver to the site the referenced piece of equipment.

B. “Install” shall mean the Contractor will connect the referenced piece of equipment so it is complete, fully functional and ready for operation.

C. “Provide” shall mean the Contractor will furnish and install the reference piece of equipment.

D. “Contractor” shall mean the Contractor performing all work associated with this Division, except the Temperature Control System.

E. “Control Contractor” shall mean the Contractor performing the work associated with the Temperature Control System.

F. “Mechanical” shall apply to all work performed under this Division of the Specifications.

G. “Owner's Representative” shall mean the person representing the Owner of the project.

H. “Project Specifications” are the construction specifications for this project.

I. “Project Drawings” are the construction plans for this project.

J. “Contract Documents” shall mean the Project Specifications and Drawings.

K. “MSS” Manufacturers Standardization Society for the Valve and Fittings Industry.

L. “Environmental air duct” shall mean any supply or return duct conveying heating, cooling, exhaust or outside air.

M.  “WOG” Water or Gas pressure.

1.8 CONTRACT DOCUMENTS

A. The mechanical drawings are diagrammatic in character and do not necessarily indicate every required offset, valve, fitting, etc.

B. All drawings relating to this project, together with these specifications, shall be considered in bidding and construction.  The drawings and
specifications are complementary, and what is called for in either of  these shall be as binding as though called for by both.  Should any conflict
or omissions arise between the drawings and specifications, such conflict shall be brought to the attention of  the Owner's Representative for
resolution.

C. Unless otherwise indicated, all equipment and performance data listed is for job site conditions (elevation 5280  ft.).

D. Drawings are not to be scaled.

1.9 MATERIALS AND MANUFACTURERS

A. All materials and equipment shall be new, free of  defects, installed in accordance with manufacturer's current published recommendations in a
neat manner and in accordance with standard practice of the Industry.

B. Certain materials and/or equipment in this specification are specified by manufacturer and catalog numbers.  The design was based on the
specified equipment and establishes a degree of  quality, performance, physical configuration, etc.  If  the Contractor should elect to use
equipment other than the equipment used as a basis for design but listed as "acceptable" in the specifications, he shall be responsible for space
requirements, configuration, performance and changes in, bases, supports, vibration isolators, structural members, openings in structure and
other apparatus that may be affected by its use.

C. Contractor further agrees that if  deviations, discrepancies, or conflicts between reviewed submittals and/or shop drawings and the Contract
Documents are discovered after submittals and/or shop drawings are processed by the Owner's Representative, the Contract Documents shall
control and shall be followed unless modified by addenda or change order.

1.10 SUBSTITUTION APPROVALS

A. Equipment and/or materials manufactured by any one of  the manufacturers listed in the Contract Documents shall be acceptable.  Where no
specific manufacturer is listed, a first-class item of cataloged manufacture shall be furnished.

B. Prior Approvals:  Refer to Section 01.

C. Substitution Requests after Execution of  Contract:  If  Contractor wishes to furnish or use a substitute item of  material and/or equipment, he must
submit a change order request to the Owner's Representative.  The request for change order shall itemize each of  the proposed substitutions
identified by applicable specification section, paragraph number and/or drawing number.  A price change (increase or decrease) shall be listed
for each item along with complete data showing performance over entire range, physical dimensions, electrical characteristics, material
construction, operating weight and other applicable data.  The change order request will be reviewed for equality, suitability and reasonableness
of  price differential.  A single substitution change order listing the approved items will be issued with the net cost of  the change order being the
sum of  the approved item costs.  No subsequent substitution change orders will be considered.  The Owner's Representative's decision will be
final.

D. It shall be the responsibility of  the Contractor to assure that the substitute material and/or equipment fits into the space provided and the
Contractor shall pay for all extra costs incurred by other trades for any and all changes necessitated by these substitutions.

1.11 SUBMITTALS

A. Refer to Section 01 for general requirements.

B. Contractor agrees that shop drawings and/or submittals processed by the Owner's Representative are not change orders.  The purpose of  shop
drawings and/or submittals is to inform the Owner which equipment and materials the Contractor intends to provide.

C. Submittals and/or shop drawings are to be edited to show only specific data for the mechanical equipment that the Contractor intends to provide.

D. Submittals and/or shop drawings are to be identified with equipment tags identical to those listed in the Contract Documents.

E. All shop drawings for special systems (fire protection, temperature controls, etc.) that will become permanent record documents shall be
prepared on sheets of 4-mil mylar of the same size as the Project Drawings.

F. Provide submittals for all products the Contractor intends to use on this project and listed in Part 2 of this Division's Specifications.

Leffingwell
Consulting
Engineers, Inc.

Building Performance Service
Mechanical Engineering|Consulting

719.473.5998
Garyl@leffingwellce.com

Livermore, Colorado
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2.18 PROTECTION

A. The Contractor shall protect all work and material from damage by his work or workmen, and shall be liable for all damage thus caused.

B. The Contractor shall be responsible for work and equipment until finally inspected, tested, and accepted; he shall protect work against theft,
injury, or damage; and shall carefully store material and equipment received on site that is not immediately installed.  He shall close open ends
of work with temporary covers or plugs during storage and construction to prevent entry of foreign objects.

2.19 RECORD OF CHANGES

A. Refer to Division 1 for requirements.

2.20 RESPONSIBILITY OF CONTRACTOR

A. The Contractor is responsible for the complete and satisfactory installation of  the systems and equipment in accordance with the intent of  the
Contract Documents.  As part of  his work, he shall provide all incidental items necessary to provide a complete and operational system.  He
shall coordinate the installation of  the multiple components and parts so that the completed system will function as intended by the Contract
Documents.  At the completion of the project, he shall provide a system with all components and parts adjusted and in proper working order.

END OF SECTION 23 05 00

SECTION 22 07 00 PLUMBING INSULATION

PART 1 - GENERAL

1.1 description

A. This Section includes semi-rigid and flexible duct, plenum, and breeching insulation; insulating cements; field-applied jackets; accessories and
attachments; and sealing compounds.

1.2 SUMMARY

A. This section includes the following materials and methods.
1. Mineral-Fiber Insulation

1.3 RELATED WORK SPECIFIED ELSEWHERE

A. The General Conditions of  the Contract, Supplementary Conditions and General Requirements are a part of  the Project Specification and shall
be used in conjunction with this Division as a part of  the Contract Documents.  Consult them for further instructions pertaining to this work.
Contractors shall be responsible for and be governed by all requirements thereunder.

B. Related Sections:
1. Common Work Results for Plumbing Systems Section 22 05 00
2. Valves and Piping Components for Plumbing Systems Section 22 05 23
3. Plumbing Fixtures Section 22 40 00

1.4 QUALITY ASSURANCE

A. All components of  the insulation system including insulation, facing, mastic, and adhesives, except elastomeric material specified elsewhere,
shall not exceed the following hazard ratings as determined by NFPA 255, ASTM E84, and UL 723.  For piping insulation systems: flame
spread rating of  25, Fuel contributed rating of  25, and Smoke developed rating of  50.  For duct insulation systems: Flame spread rating of  25,
Fuel contributed rating of 0, and Smoke developed rating of 50.

B. Protect insulation against dirt, water, chemical, or mechanical damage before, during, and after installation.  Any such insulation or covering
damaged prior to final acceptance of the work shall be satisfactorily repaired or replaced.

1.5 SUBMITTALS

A. Submit manufacturer's technical product data, installation instructions, and maintenance data for each type of  mechanical insulation, including
fittings, adhesives, and jacket.

PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. Mineral-Fiber Insulation:
1. CertainTeed
2. Knauf Fiberglass
3. Owens-Corning Fiberglas Corp.
4. Schuller International, Inc.

2.2 INSULATION

A. Specification Type “H”:  Preformed fiberglass complying with ASTM C 547, Type I or II.  Factory applied ASJ/SSL type jacket, ASTM C921
or C1136 Type I for vapor barrier or Type II for non-vapor barrier.  At Contractors option, Type I may be used for vapor barrier and non-vapor
barrier systems.  "K" factor of  0.23 maximum at 75°F mean temperature.  Factory-applied flap adhesive (SSL) or conventional staple and tape
seal at Contractor's option.  See schedule for thickness.

PART 3 - EXECUTION

3.1 PREPARATION

A. Surface Preparation:  Clean and dry surfaces to receive insulation.  Remove materials that will adversely effect insulation application.

B. Insulation shall be applied after testing duct or piping systems.

3.2 GENERAL APPLICATION REQUIREMENTS

A. Insulation shall be installed by workmen regularly engaged in this kind of  work in strict accordance with the manufacturer's recommendations
and recognized industry practices.

B. Refer to schedules at the end of this Section for materials, forms, jackets, and thickness required for each insulation system.

C. When installing multiple layers of insulation, stagger the longitudinal and end seams.

D. Keep insulation materials dry during application and finishing.

E. Apply insulation with the least number of joints practical.

F. For insulation application where a vapor barrier is indicated, seal ends as recommended by the insulation manufacturer to maintain vapor
barrier.

G. Cut insulation according to manufacturer's written instructions to prevent compressing insulation to less than 75 percent of  its nominal
thickness.

H. Pipe insulation shall be continuous through walls and floor openings except where walls and floors are required to have a fire resistant rating.
At fire resistant penetrations, stop the insulation on each side of  the penetration and fill the open space remaining between the sleeve and pipe
and/or duct with fire-stop insulation.

I. Insulation for all cold surfaces must be installed with a continuous, unbroken vapor barrier.  Supports, anchors, etc., that are secured directly to
cold surfaces must be adequately insulated and provided with a vapor barrier to prevent condensation.

J. Insulated cold pipes shall be insulated continuously through hangers.  Insulated hanger shields shall be provided at all pipe hangers and supports.
Pipe insulation shall abut the insulated hanger shield.  Apply a wet coat of  vapor barrier lap cement on all butt joints and seal the joints with
3"-wide vapor barrier tape or band.

K. For penetrations of  below-grade exterior walls, terminate insulation flush with mechanical sleeve seal.  Seal terminations with vapor barrier
mastic.

L. Fittings and valves shall be covered with premolded one-piece PVC insulated covers.  This product is not to be installed in locations where its
use is prohibited by local codes.

3.3 PIPING INSULATION APPLICATION

A. Apply insulation to straight pipes and tubes as follows:
1. Secure each layer of preformed pipe insulation to pipe with wire, tape, or bands without deforming insulation materials.
2. Where vapor retarders are indicated, seal longitudinal seams and end joints with vapor-retarder mastic.  Apply vapor retarder to ends of

insulation at intervals of 15 to 20 feet to form a vapor retarder between pipe insulation segments.
3. For insulation with factory-applied jackets, secure laps with outward clinched staples at 6 inches o.c.
4. For insulation with factory-applied jackets with vapor retarders, do not staple longitudinal tabs but secure tabs with additional adhesive as

recommended by the insulation material manufacturer and seal with vapor-retarder mastic.

B. Apply insulation to fittings as follows:
1. Apply insulation over fittings, valves, and specialties, with continuous thermal and vapor-barrier, unless otherwise indicated.
2. Where the factory premolded, one-piece, PVC-insulated fitting covers can be used, the proper factory precut insulation shall be applied to

the fitting using two layers for pipe temperatures above 250°F or below 35°F, single-layer insulation is suitable between 35°F and 250°F.
The ends of  the insulation shall be tucked snugly into the throat of  the fitting and the edges adjacent to the pipe covering, tufted and tucked
in, fully insulating the pipe fitting.  Covers shall overlap the adjoining pipe insulation and jackets.  On cold pipes, all fitting edges shall be
sealed with vapor barrier adhesive.  On hot piping, the circumferential edges of  all covers shall be sealed with pressure sensitive tape.  The
tape shall overlap the jacket and the cover at least 1”.

3. At locations where PVC covers are prohibited, the Contractor shall insulate fittings., using one coat of  insulation cement over premolded
fiberglass fitting covers and/or segments of  pipe insulation.  Finish shall be ASJ jacket or glass fabric embedded in fire-retardant mastic.
Raw ends shall be coated with vinyl acrylic mastic CP-10/11 for hot piping or shall be coated with vapor barrier mastic (CP-30 or Fosters
30-35) for cold piping.

C. Pipe installed below grade shall be spiral wrapped with 10 mil PVC tape (Scotchwrap No. 50 or equal) with 50% overlap, laid in a bed of  sand
with 3" min. cover on all sides.
1. Fittings shall be double-wrapped with second layer extended a minimum of 12" beyond fittings.
2. All hot piping systems installed below grade shall also be insulated using Type I ASJ vapor barrier jacket.  Cold piping shall be protected

with metal jacketing.

3.4 INSTALLATION OF PIPE INSULATION EXPOSED TO WEATHER

A. All insulation on exterior piping exposed to weather shall have a Type I ASJ/SSL factory jacket with a vapor barrier and shall be protected with
a weatherproof  metal jacket.  The outer metal jacket shall be 0.016”-thick aluminum with laminated vapor barrier and have “Z” groove to assure
watertight seal.  Each joint will be sealed with snap straps containing permanent plastic sealing compound and secured by 1/2”-wide stainless
steel bands.

SYSTEM APPLICATIONS

A. Insulation materials are specified in schedules at the end of this Section.

B. Unless otherwise indicated, do not insulate the following systems or equipment:
1. Testing agency labels and stamps.
2. Nameplates and data plates.
3. Manholes.
4. Handholes.
5. Cleanouts.
6. Fire-suppression piping.
7. Drainage piping located in crawl spaces, unless otherwise indicated.
8. Below-grade piping, unless otherwise indicated.
9. Chrome-plated pipes and fittings, unless potential for personnel injury.
10. Air chambers, unions, strainers, check valves, plug valves, and flow regulators.

3.6 GENERAL APPLICATION REQUIREMENTS

A. Insulate the following indoor equipment:
1. Domestic hot-water storage tanks, not factory insulated.

3.7 INSULATION APPLICATION SCHEDUL

                                                                                       Piping Insulation Schedule
                                                  Domestic Cold Water                                       1” for pipe sizes up to 4”, Type H with vapor barrier
                                                  Domestic hot Water                                          1” for pipe sizes up to 4”, Type H with vapor barrier
                                                  Domestic hot Water Circulation                       1” for pipe sizes up to 4”, Type H with vapor barrier

END OF SECTION 22 07 00

SECTION 23 31 00  HVAC DUCTS AND CASINGS

PART 1 - GENERAL

A. DESCRIPTION

B. This section describes the fabrication and installation of material and equipment associated with the air distribution system.

C. SUMMARY

D. This section includes the following materials and methods.
1. Ductwork

E. RELATED WORK SPECIFIED ELSEWHERE

F. The General Conditions of  the Contract, Supplementary Conditions and General Requirements are a part of  the Project Specification and shall
be used in conjunction with this Division as a part of  the Contract Documents.  Consult them for further instructions pertaining to this work.
Contractors shall be responsible for and be governed by all requirements thereunder.

G. Related Sections:
1. Common Work Results for HVAC Systems Section 23 05 00
2. Testing Adjusting and Balancing Section 23 05 93
3. HVAC Insulation Section 23 07 00
4. HVAC Ducts and Casings Section 23 31 00
5. Air Duct Accessories Section 23 33 00
6. HVAC Fans Section 23 34 00
7. Packaged Outdoor HVAC Equipment Section 23 75 00

H. QUALITY ASSURANCE

I. The air distribution system's construction and installation shall meet the requirements of any applicable codes and standards listed below:
1. National Fire Protection Association

a. NFPA 45, Fire Protection for Laboratories, 1991
b. NFPA 54, National Fuel Gas Code, 1992
c. NFPA 90A, Installation of A/C and Vent Systems, 1999
d. NFPA 90B, Installation of Warm Air Heating and A/C Systems, 1999
e. NFPA 91, Installation of Exhaust Systems for Air Conveying of Materials, 1992
f. NFPA 92A, Smoke Control Systems, 1993
g. NFPA 92B, Smoke Management Systems in Malls, Atria, Large Areas, 1991
h. NFPA 96, Ventilation Control and Fire Protection of Commercial Cooking Operations, 1994
i. NFPA 101, Life Safety Code, 1994
j. NFPA 204M, Smoke and Heat Venting, 1991
k. NFPA 211, Chimneys, Fireplaces, and Venting Systems, 1992

2. SMACNA HVAC Duct Construction Standards, Metal and Flexible, 2nd Edition, 1995
3. SMACNA Fibrous Glass Duct Construction Standards, 1992
4. Air Diffusion Council (ADC) Test Code 1062 and ASHRAE Test Standard 70-1991 for outlets and inlets.
5. Air Movement and Control Association (AMCA) 500- Test Methods for Louvers, Dampers, and Shutters.

J. SUBMITTALS

K. Submit the manufacturer's technical product and performance data for the following:
1. Factory-fabricated ductwork
2. Duct sealant and fire stop materials
3. Submit fabric duct manufacturer's drawings indicating size and placement of dispersion units, and mounting instructions.

L. ENVIRONMENTAL AIR DUCT CONSTRUCTION STANDARDS

M. All ducts shall be constructed and installed in accordance with SMACNA HVAC Duct Construction Standards for the pressure classes specified
below.
1. The proprietary TDC and TDF formed-on duct connector systems may be used provided they are limited to ductwork of  + 2” w.g. or lower

pressure class, Seal Class B, and a maximum dimension of 42” or less.  All corners shall have sealant back-up plates.
2. “Ductmate” or WDCI proprietary connector systems are acceptable provided the type of  joint and the maximum joint spacing for various

gages and pressure classes conform to the SMACNA Duct Construction Standards Manual.”
3. All longitudinal seams shall be Pittsburgh Lock or better.  “Snaplock” is not acceptable.
4. The Contractor will be required to replace all ductwork not in conformance with this specification.

N. Leakage criteria shall be as follows:
1. Constant Volume Systems:

a. Supply ductwork at 0-2” w.g.
1) Allowable Leakage: 2% of design cfm

b. Supply ductwork at 3” w.g. or higher
1) Allowable Leakage: 1% of design cfm

c. Return ductwork:
1) Allowable Leakage: 2% of design cfm

O. Duct sealing shall be per construction and installation standards published in the SMACNA HVAC Duct Construction Standards as follows:
DUCT SEALING REQUIREMENTS

                                 Seal Class         Sealing Required

                                       A              All transverse joints, longitudinal seams, and duct wall penetrations, up to 10" w.g. pressure class

P. SOUND CRITERIA

Q. All equipment and material furnished under this section shall be selected so that required NC sound levels in various spaces are not exceeded.
Attenuation by ceilings, duct liner, and room absorption may be taken into account when making fan, terminal unit, and air distribution
selections.  Refer to the latest edition of the ASHRAE Applications Handbook for further information.

R. Provide sufficient submittal data for terminal units, sound traps, duct liner, and air distribution devices to verify required space sound levels will
not be exceeded.

PART 2 - PRODUCTS

A. MANUFACTURERS

B. Factory Fabricated Ductwork:
1. Hercules
2. McGill Airflow

C. Fabric Duct:
1. DuctSox
2. Or pre approved equal

D. Duct Sealant:
1. Chicago Mastic Corp.
2. Foster
3. Hardcast
4. SOLVseal
5. Tough Bond
6. McGill Airflow

E. SHEET METAL DUCTWORK

F. All sheet metal used for duct and plenum construction shall be G-90 coated galvanized steel of  lock forming quality, conforming to ASTM
A653 and ASTM A924.

G. At installer's option, shop fabricated duct and fittings may be provided in lieu of  factory-fabricated duct and fittings.  All factory and field
fabricated ductwork shall meet the construction criteria established below.

H. Factory-fabricated, Low-pressure Round Ductwork (-1" to +2" w.g., Seal Class A):
1. Round ductwork shall be spiral seam (Type RL-1) for sizes 3" through 12", spiral seam (Type RL-1) for 14" through 78", and rolled

longitudinal butt welded seam (Type RL-4) construction for sizes 79" and larger.
2. Elbows shall have a centerline radius of 1.5 times the duct diameter.

a. 10” and smaller shall be one-piece construction for 90-degree and 45-degree elbows.
b. Over 10” shall be segmented with welded circumferential joint or standing seam construction.

3. Transverse joints shall be a beaded interior sleeve joint.
4. All round ductwork and fittings shall be constructed to be suitable for use on systems with positive static pressures up to 2" w.g.

I. DUCT LINER
1. Provide liner as indicated in table below.  All duct sizes shown on drawings are clear internal dimensions and do not include liner.

                                 Exposed Rectangular Supply 1”Flat board
                                 Exposed Round Supply 1”Round board
                                 Concealed Rectangular Supply 1”Flat board
                                 Concealed Round Supply 1”Round board
                                  Exposed Rectangular Return 1”Flat board
                                  Exposed Round Return 1”Round board
                                 Concealed Rectangular Return 1”Flat board
                                 Concealed Round Return 1”Round board

J. Material:
1. All liner material shall comply with the requirements of  NFPA 90A and 90B, UL 181 Class 1, ASTM C1071, and the Materials Standard of

the North American Insulation Manufacturer's Association (NAIMA); Type 200, Flame Spread 25 max. and Smoke Development 50 max.
2. All liner material shall not absorb more than 1% moisture when tested per ASTM C1104.
3. All liner material shall not cause corrosion of duct material (aluminum or galvanized steel) when tested per ASTM C665.
4. All liner material shall not breed or promote growth of  fungi and/or bacteria when tested per ASTM C1071, G-21, and G-22.  Coating shall

include an EPA-registered anti- microbial agent.
5. Airstream surface and transverse edge shall be factory coated with a tough composite material to provide a maximum average velocity

rating of 5,000 fpm or better at 250°F when tested per ASTM C1071.
6. Flat liner board shall have a nominal "k" value of  0.23 or less for 1" thick liner when tested per ASTM C518 at 75°F mean temperature.

Round liner board shall have a nominal "k value of 0.23 or less for 1" thick liner when tested per ASTM C518-85 at 75°F mean temperature.
7. Flat liner board shall have a sound absorption coefficient of  0.91 or higher at 1,000 Hz for 1” thick liner when tested per ASTM C423-90

Type A mounting.  Round liner board shall have a sound absorption coefficient of  1.01 or higher at 1,000 Hz for 1” thick liner when tested
per ASTM C423-90 Type A mounting.

8. All liner shall be installed in accordance with manufacturer's written installation instructions, including cut edge treatment, welded pins, pin
spacing and adhesive installation.  All liner shall be installed in accordance with SMACNA installation requirements.

9. static pressures up to 2" w.g.

K. FABRIC DUCT SYSTEM

L. Fabric duct system shall be woven fire retardant and permeable fabric complying with the following characteristics:
1. 100% Flame Retardant Polyester per UL 2518
2. 6.8 oz./yd² per ASTM D3776
3. Max. 0.5% per shrinkage DIN EN 26 630
4. Color as selected by architect
5. Temperature Range: -40°F to +284°F
6. Permeability: 2 (+2/-1%) per ASTM D737, Frazier - calandering of fabric NOT accepted

M. Fabrication Requirements
1. The air permeability of  the fabric must NOT be created by perforating the fabric.  The air permeability must be confirmed to third party

testing to eliminate the formation of  condensate on the fabric.  Warranty shall be minimum of  10 years.  Provide sewn in, but still
removable, aluminum hoops.

2. Elbows of 70° or more to have 2 hoops sewn in order to maintain shape.
3. The system is made of  permeable fabric. Permeability of  fabric must be reached based on weave construction only and weave must have

gone through thermo fixation in order to secure same permeability after wash. Fabric with permeability obtained based on calandering is not
accepted.

4. Provide system in sections optimized for maintenance, connected by zippers. Zippers must provide closure completely around the
circumference to prevent leakage. Required number of zippers as specified by manufacturer.

5. Each section to have a unique tag including information about: manufacturers order number, position, diameter of  section, length of  section,
maintenance instruction, code compliance and contact details for spare parts.

6. Fabric system shall include connectors to attach to suspension system listed below.
7. Inlet connection to metal duct via fabric draw band with anchor patches as supplied by manufacturer.  Anchor patches to be secured to metal

duct via. zip screw fastener - supplied by contractor.
8. Inlet connection includes zipper for easy removal / maintenance.
9. Lengths to include required intermediate zippers as specified by manufacturer.
10. System to include Adjustable Flow Devices to balance turbulence, airflow and distribution as needed.  Flow restriction device shall include

ability to adjust the airflow resistance from 0.06 - 0.60 in w.g. static pressure.
11. End cap includes zipper for easy maintenance.
12. Each section of  the textile shall include identification labels documenting order number, section diameter, section length, piece number,

code certifications and other pertinent information.
13. Air Dispersion System:

N. Air dispersion and extended throws are accomplished by reinforced orifices and permeable fabric.  Reinforced orifices are to be installed to keep
the integrity of  opening and withstand laundry processes.  Diameter, quantity, and location of  reinforced orifices to be specified and approved
by manufacturer.

O. Design Parameters
1. Do not use fabric air diffusers in concealed locations.
2. Fabric diffusers shall be designed from minimum 0.25” water gage to 3” as the maximum - 0.5” being the standard.
3. Design temperatures between -40°F and 284°F
4. Manufacturer shall approve all technical design parameters.
5. Use fabric air diffusers only for positive pressure air distribution.

P. Hangers and Supports
1. Hoops (IHS) System: Air diffusers shall be constructed with internal retention system.

a. System shall consist of an internal 360 degree hoop system, spaced 5' on center.
b. System shall be installed with a one row suspension system located 1.5” above top-dead-center of the textile system.
c. System attachment to cable or U-Track shall be made using Gliders spaced 12 inches.
d. Cable suspension hardware to include cable, eye bolts, thimbles, cable clamps, and turnbuckle(s) as required.  Cable suspension shall be

stainless steel steel cable

Q. DUCT SEALANT

R. All duct sealant shall comply with requirements of  NFPA 90A and 90B, Flame Spread 25 max. and Smoke Developed 50 max.  Sealant shall be
UL classified as fire resistive when dry.

S. Duct joint and Seam Sealant Options:
1. Tape System:  Woven fiber, 3" tape impregnated with a gypsum mineral compound using an Acrylic Copolymer adhesive to form a hard,

durable seal.
2. Liquid Sealant:  Polymeric rubber sealant formulated with a minimum of  70% solids and manufactured specifically for sealing joints and

seams in low, medium, and high pressure ductwork.

T. Sealant used on outdoor ductwork shall be listed and approved for outdoor service.

PART 3 - EXECUTION

A. DUCT CONSTRUCTION AND INSTALLATION

B. All ductwork shall be fabricated and installed so that no undue vibration or noise results.  Joints shall be sealed airtight using criteria established
for each seal class and additional sealant and caulking shall be provided if necessary.

C. Hang rectangular ducts with strap iron attached to bottom of ducts and spaced not over 5' center to center.

D. Square elbows shall have single-thickness turning vanes.

E. Provide all necessary manual, backdraft, and relief dampers as required for proper adjustment and control of air distribution.
1. Provide a 45-degree entry fitting at all branches in rectangular ductwork, except where parallel flow branches are used.
2. Manual dampers shall have rigid bearings and locking quadrants which allow no rattling.  Damper rods shall be marked to indicate the

relative position of the damper blade with respect to the rod.
3. Backdraft and relief dampers shall be installed per the manufacturer's recommendations.
4. Provide volume extractors similar to Titus AG45 set at 20° in ductwork behind sidewall supply registers.

F. Provide 1" angle collars for all exposed ducts passing through walls, ceilings, or floors.  Anchor collars in position after installation is complete.

G. Provide flexible connections at inlet and discharge duct connections to in-line fans, fan coil units, and air handling equipment.  Flexible
connections shall be securely fastened to the duct and equipment per SMACNA Duct Construction Standards.  Provide at least 1” of slack.

H. At all locations where interior of duct is visible through grilles, louvers, etc., paint interior of duct flat black.

I. Install sash lock type access panels or removable pin hinged access doors on ductwork to provide access to all parts of  every automatic damper,
fire and/or smoke damper, upstream and downstream of  duct coils, and any other item requiring maintenance or inspection.  Panels and/or doors
shall be gasketed to minimize leakage.  Fire damper access doors shall be painted red.

Leffingwell
Consulting
Engineers, Inc.

Building Performance Service
Mechanical Engineering|Consulting

719.473.5998
Garyl@leffingwellce.com

Livermore, Colorado
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A. Install sash lock type access panels or removable pin hinged access doors on ductwork to provide access to all parts of  every automatic damper,
fire and/or smoke damper, upstream and downstream of  duct coils, and any other item requiring maintenance or inspection.  Panels and/or doors
shall be gasketed to minimize leakage.  Fire damper access doors shall be painted red.

B. Transitions in ductwork shape and size shall be made with angles not exceeding 15 degrees diverging or 30 degrees converging.

C. Where vertical ducts pass through floors, supporting angles shall be rigidly attached to ducts and to the floor.  Angles shall be galvanized and of
approved sizes to properly support the ductwork.  The supporting angles shall be placed on at least two sides of the duct.

D. Where horizontal ducts pass through walls and vertical ducts pass through floors, opening shall be filled to provide a tight seal between duct and
opening.  Refer to Part 2 of this section for approved fire stop materials to be used at all rated walls and floors.

E. Contractor shall not provide holes in any duct for the installation of  hangers, conduits, other equipment, etc.  The work of  all other trades shall
be coordinated before work begins.

F. Clean ductwork internally of  dust and debris as it is installed.  Clean external surfaces of  foreign substances which might cause corrosion or
deterioration.  Where ductwork is to be painted clean all substances which might interfere with painting or cause paint deterioration.

G. Strip protective paper from stainless ductwork surfaces, and repair finish wherever it has been damaged.

H. A temporary cover shall be provided for ducts which when installed have not been connected to equipment, other ductwork, or air distribution
devices.  Temporary cover shall be plywood, corrugated cardboard backed polyethylene film, or other covering which will prevent entrance of
dust and debris until connections are completed.

I. Flexible ducts shall be installed using lengths at least 4' long, but not exceeding 8' for all connections.  Flexible duct shall be suspended at
intervals not exceeding 3 ft. with a 1"-wide, 22-gauge steel band.  Maximum allowable sag is 1/2" per foot of  spacing between supports.  All
connections shall be made with stainless steel duct clamp with worm gear fastener.

J. All moisture-laden air exhaust ducts shall be constructed with longitudinal seams on the top side of  the duct and shall be pitched to drain toward
a grille.

K. SEALING OF DUCTS

L. All ducts shall be sealed as defined in Part 1 of  this section.  Apply duct sealant per the manufacturer's written instructions, but at a minimum
perform the following.  Metal surfaces shall be clean, dry, and grease-free prior to applying sealant.  Apply a heavy brushed on coat of  sealant to
the surface of  the duct slip joint, position ducts and secure sections in place.  Apply a finish heavy brushed on coat of  sealant to the exterior
surface covering the joint and heads of lock joint screws.  Ensure that all voids are completely filled to ensure a continuous air pressure seal.

M. Where excessive duct vibration or mechanical abuse is possible, and additional joint finish shall be applied.  Apply a heavy brushed on coat of
sealant to the exterior surface joint and lay a reinforcing membrane of  glass fabric approximately 2” wide onto the wet sealant.  Press the
reinforcing membrane into the wet sealant.  Apply a second heavy brushed on coat of sealant.

END OF SECTION 23 31 00

SECTION 23 33 00 AIR DUCT ACCESSORIES

PART 1 - GENERAL

1.1 DESCRIPTION

A. This section describes the fabrication and installation of material and equipment associated with the air distribution system.

1.2 SUMMARY

A. This section includes the following materials and methods.
1. Duct dampers and accessories
2. Grilles, registers, and diffusers

1.3 RELATED WORK SPECIFIED ELSEWHERE

A. The General Conditions of  the Contract, Supplementary Conditions and General Requirements are a part of  the Project Specification and shall
be used in conjunction with this Division as a part of  the Contract Documents.  Consult them for further instructions pertaining to this work.
Contractors shall be responsible for and be governed by all requirements thereunder.

B. Related Sections:
1. Common Work Results for HVAC Systems Section 23 05 00
2. Testing Adjusting and Balancing Section 23 05 93
3. HVAC Ducts and Casings Section 23 31 00
4. Air Duct Accessories Section 23 33 00

1.4 QUALITY ASSURANCE

A. The air distribution system's construction and installation shall meet the requirements of any applicable codes and standards listed below:
1. National Fire Protection Association

a. NFPA 45, Fire Protection for Laboratories, 1991
b. NFPA 54, National Fuel Gas Code, 1992
c. NFPA 90A, Installation of A/C and Vent Systems, 1999
d. NFPA 90B, Installation of Warm Air Heating and A/C Systems, 1999
e. NFPA 91, Installation of Exhaust Systems for Air Conveying of Materials, 1992
f. NFPA 92A, Smoke Control Systems, 1993
g. NFPA 92B, Smoke Management Systems in Malls, Atria, Large Areas, 1991
h. NFPA 96, Ventilation Control and Fire Protection of Commercial Cooking Operations, 1994
i. NFPA 101, Life Safety Code, 1994
j. NFPA 204M, Smoke and Heat Venting, 1991
k. NFPA 211, Chimneys, Fireplaces, and Venting Systems, 1992

2. SMACNA HVAC Duct Construction Standards, Metal and Flexible, 2nd Edition, 1995
3. SMACNA Fibrous Glass Duct Construction Standards, 1992
4. Air Diffusion Council (ADC) Test Code 1062 and ASHRAE Test Standard 70-1991 for outlets and inlets.
5. Air Movement and Control Association (AMCA) 500- Test Methods for Louvers, Dampers, and Shutters.

1.5 SUBMITTALS

A. Submit the manufacturer's technical product and performance data for the following:
1. Flexible duct and takeoff fittings
2. Manual volume dampers
3. Grilles, registers, and diffusers

1.6 OPERATION AND MAINTENANCE DATA

A. Submit the manufacturer's operation and maintenance data for the following:
1. Grilles, registers, and diffusers

1.7 SOUND CRITERIA

A. All equipment and material furnished under this section shall be selected so that required NC sound levels in various spaces are not exceeded.
Attenuation by ceilings, duct liner, and room absorption may be taken into account when making fan, terminal unit, and air distribution
selections.  Refer to the latest edition of the ASHRAE Applications Handbook for further information.

B. Provide sufficient submittal data for terminal units, sound traps, duct liner, and air distribution devices to verify required space sound levels will
not be exceeded.

PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. Flexible Duct:
1. Flexmaster
2. Hart & Cooley
3. Hercules (IFM)
4. Thermaflex
5. Wiremold

B. Manual Volume Dampers:
1. Greenheck
2. Ruskin
3. Nailor

C. Grilles, Registers, and Diffusers:
1. Krueger
2. Nailor
3. Titus

2.2 FLEXIBLE DUCT

A. Dimensions shown on the plans are clear inside diameter.

B. Flexible duct shall comply with requirements of  NFPA 90A and 90B, and UL 181 Standards as Class 1 Air Duct, Flame Spread 25 max. and
Smoke Developed 50 max.

C. Flexible ducts shall have a minimum working pressure of 6" w.g. positive and 0.5" w.g. negative.

D. Flexible ducts upstream of air terminal units shall be medium-pressure type rated for 10" w.g. positive and 2" w.g. negative at 5,000 fpm.

E. Flexible ducts shall constructed of  a metalized polyester inner liner supported by helical-wound, mechanically locked galvanized steel wire,
insulation, and an outer vapor barrier with fiberglass reinforcing.
1. Insulation shall be 1" or thicker, 3/4 lb. density fiberglass with a minimum "R" value of 4.0 at 75°F.

2.3 MANUAL VOLUME DAMPERS

A. Rectangular manual volume dampers for low velocities (1,500 fpm or less)
1. Provide 16 gauge galvanized steel channel frame.
2. Provide 16 gauge galvanized steel opposed or parallel blades with ½" hex axle.  Maximum blade width of  8", except single blade may be up

to 12".  Blades 36" and longer shall be furnished with reinforcing cone.  Maximum blade length of 48".
3. Provide 3/8” control shaft with locking quadrant.
4. Basis of design is Ruskin MD 35.

A. Round manual volume dampers for low velocities (1,500 fpm or less)
1. Provide single blade to 20" diameter and multi-blades above 20" diameter.
2. Provide 20-gauge blade and frame to 12" diameter and 18-gauge blade above 12" diameter.
3. Basis of design is Ruskin MDRS 25.

C. Rectangular manual volume dampers for medium velocities (1,500 to 4,000 fpm)
1. Provide 16 gauge galvanized steel channel frame reinforced with corner braces.
2. Provide airfoil opposed blade double skin galvanized steel construction with 16 gauge equivalent thickness and flexible blade seals

mechanically locked to blade edge.
3. Provide permanently lubricated stainless steel sleeve bearings mounted in frame.
4. 1/2"-diameter control shaft with locking quadrant.
5. Basis of design is Ruskin CD60.

2.4 GRILLES, REGISTERS, AND DIFFUSERS

A. All grilles, registers, and diffusers shall be performance tested and rated in accordance with ASHRAE Standard 70-1991 and ANSI S1.31-1980.

B. Provide grilles, registers, and diffusers of  face size, neck size, and style indicated and scheduled on the Project Drawings.  Provide all scheduled
accessories and options from the grille, register, and diffuser manufacturer.

C. Provide all grilles, registers, and diffusers with white baked-on enamel finish, unless noted otherwise.

D. Provide all grilles, registers, and diffusers with a border style compatible with the required mounting surface.  Provide grilles, registers, and
diffusers that are specifically manufactured for each type of  mounting surface to provide an accurate fit and adequate support.  Refer to the
Project Drawings and Specifications for mounting surfaces and ceiling systems.

E. Ceiling Supply Grilles:
1. Provide grilles constructed of 22 gauge aluminum.
2. Provide removable core.
3. DO NOT provide a volume dampers at neck unless specifically indicated or scheduled.
4. Provide adjustable louver face with throw pattern (1,2,3, or 4 way throw) as indicated on the Project Drawings.
5. Basis of design as indicated in schedule.

F. Perforated Ceiling Return Grilles:
1. Provide perforated steel face return grille with steel back pan.
2. Minimum free are of perforated face shall be 50% using 3/16” diameter holes at ¼” on center.  Holes shall be staggered.
3. DO NOT provide a volume damper unless specifically indicated or scheduled.
4. Provide 90 degree return boot with acoustical lining as indicated on the Project Drawings.
5. Basis of design as indicated in schedule.

PART 3 - EXECUTION

3.1 GRILLES, REGISTERS, AND DIFFUSERS

A. Grilles, registers, and diffusers shall be installed and supported per manufacturer's recommendations.
1. Ceiling-mounted air devices or services weighing less than 20 pounds shall be positively attached to the ceiling suspension main runners or

to cross runners with the same carrying capacity as the main runners.
2. Devices or services weighing 20 pounds, but not more than 56 pounds, in addition to the above, shall have two No. 12-gauge hangers

connected from the device or service to the ceiling system hangers or to the structure above.  These wires may be slack.
3. Air devices or services weighing more than 56 pounds shall be supported directly from the structure above by approved hangers.
4. Seal the neck joints on all grilles, registers and diffusers.

B. Throw patterns (directions) shall be furnished and/or adjusted to match those shown and/or scheduled on the drawings.

C. Ductwork visible behind grilles, registers, and diffusers shall be painted flat black.

D. Appropriate Ak factors shall be transmitted to the Test and Balance Contractor.

END OF SECTION 23 33 00
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LayneWebber
Text Box
TYPE D4 - 4" DOWNLIGHT, WHITE TRIM

LayneWebber
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LayneWebber
Text Box
TYPE D12 - 12" SQUARE DOWNLIGHT, FIT OVER EXISTING SQUARE HOLE
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LayneWebber
Text Box
TYPE PG - GROCERY PENDANTBLACK, BLACK CORD, BLACK CANOPY
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LayneWebber
Text Box
TYPE PM - MTG RM & OFFICE PENDANTOPAL GLASS, BLACK CORD, BLACK CANOPY
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LayneWebber
Text Box
TYPE S4P/S4S - EXHIBIT SPACEPENDANT/SURFACE + PENDANTBLACK FINISHTYPE S4 - CRAWL SPACE - WIREGUARD
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Text Box
TYPE UC14/UC20 - UNDER CABINET
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LayneWebber
Text Box
TYPE EWE - EXTERIOR EGRESS DOORS
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LayneWebber
Text Box
TYPE EWS - RING EXTERIOR SECURITY/MOTION LIGHT

LayneWebber
Image

LayneWebber
Text Box
TYPE X1W/X1S - EXIT SIGN WITH LED EM LIGHT BAR







Beautifully Authentic High-Performance Roofing 

Brava Cedar Shake



Inspired by the 
timeless beauty  
and intricate 
patterns of 
authentic  
cedar shake.

The beauty of cedar shake:
Not every shingle is alike.

The beauty of Brava 
Roof Tile:
Not every synthetic 
shake is alike.

Brava Cedar Shake: Canyon Gray

Natural Cedar Shake

2 3



Brava Cedar Shake

Traditional Cedar Shake

Beautiful 
appearance 
that fits your 

home.

Beautiful 
appearance 
that fits your 

home.

Must be cleaned, 
repaired, and 
treated every  

4-5 years.

Replacement 
required  every 

20 years.

Burns easily, 
increases
insurance 

costs.

More 
susceptible to 
hail  and storm 

damage.

Being blocked 
by more local 

building codes.

No 
maintenance 

costs.

50-year 
transferable 

 warranty.

Class A fire 
rating available.

Highest 
resistance rating 
against hail and 
storm damage.

In compliance 
with major 

building codes.

Brava Cedar Shake: Lake Forest4 5



Truly Realistic
A hallmark of Mother Nature is her 

varied colors. Brava took that cue and 
visually matches natural cedar shake 
like no other engineered product. The 

subtle difference between hues creates 
a depth and texture for a rich, warm 
look with no discernible pattern. This 

results in variegated and multi-toned 
colors on every Brava shake.

Brava uses natural minerals 
for color and texture, with 
the most advanced UV  
stabilizing elements for 
superior color and strength.

Brava Cedar Shake: Natural 776



Our core collection of six Mother Nature-inspired hues.

Our premium collection of six magnificent color blends.

Legacy and custom colors available upon request.

Uniquely Crafted
Every Brava Cedar Shake roof is 

made to order. Our molds are cast 
from hand-split Western Red Cedar 

shakes, giving them an authentic 
feel. Forms are created naturally, 

look organic, and don’t have 
repetitive patterns.

Aspen

New Cedar

Aged Cedar

Sierra

Canyon Gray

White Woodland

Lake Forest Natural Cedar Weathered

Premium Blend Premium Blend Premium Blend Title 24 Title 24

Driftwood

8 9



Brava uses state-of-
the-art compression 
molding technology, 
making it the 
strongest shake 
available. It’s this 
attention to detail 
that makes Brava 
stand above the 
competition.

Brava Cedar Shake: Natural

Brava Cedar Shake: Natural

High Performance
Brava Cedar Shake has a Class 4 
impact rating and is available with a 
Class A fire rating, so it stands up to 
even the fiercest hail storms and has 
the highest level of fire resistance. 

10 11



Once you see 
it for yourself, 
you’ll understand 
the combination 
of artistry and 
technology that 
goes into every 
Brava shake. There 
is no comparison.

Fully Sustainable
All of our products use recycled 

material and we’re proud to share 
that our Cedar Shake is fully 

recyclable. Brava is committed to a 
sustainable future and works hard 

every day to keep used building 
materials out of landfills.

Brava Cedar Shake: Weathered

Brava Cedar Shake: Weathered

12 13



Brava shakes are 
crafted with a blend 
of high-grade, high-
spec pre-consumer 
recycled plastic, 
natural minerals, 
and binders.

“We prefer to use Brava synthetic 
roofing because it offers the ultimate  
protection for our homeowners while 

giving them the traditional natural 
look they desire.”

Lorena Vargas - Contractor 

“We get a lot of mold in South Florida. 
We will never have that issue with 
Brava. It is close celled. It doesn’t 
consume the water and collect mold.”

Steve Barone - Homeowner 

Brava Cedar Shake: Aged Cedar

Brava Cedar Shake: Aged Cedar

Brava Cedar Shake: Aged Cedar
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Bravarooftile.com
844-290-4196  

 
©2023 BRAVA ROOF TILE

Cover photo: Brava Cedar Shake: Canyon Gray
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The trusted choice for low maintenance porous paving since 1991, 
Gravelpave2 provides remarkable compressive strength (15,940 
psi / 2,295,000 psf—five times that of concrete) and can support 
the weight of virtually any vehicle. Gravelpave2 is crafted with a 
100% recycled plastic, ring-on-grid structure with a fabric backing 
that acts as a vegetation barrier, a dust inhibitor and provides true 
containment since it will never come off or disintegrate. A 92% 
void space allows for rapid stormwater drainage and filtration of 
environmental toxins through bioremediation. 

PAVING THE WAY

Porous paving is a type of pavement 
or surface material that allows 
water to pass through it, rather 
than creating a solid, impermeable 
surface. It enables rainwater to 
infiltrate the ground, reducing 
surface runoff and helping to return 
water to natural aquifers and 
restore groundwater. 

WHAT IS POROUS PAVING?

MEETING STORMWATER REQUIREMENTS AND EROSION CONTROL 
Because of our innovative design and specifications, you can meet Stormwater Requirements 
in less square footage than most porous paving types using Gravelpave2.



InvisibleStructures.com        3 

THE GRAVELPAVE2 ADVANTAGES
Gravelpave2

Stronger Compressive 
Strength (15,940 psi / 

2,295,000 psf)

Lifetime Warranty 
with a Long Lifespan 
& Low Maintenance

Rolls Out – Quicker to 
Install, Saves Labor

92% Void Space  
for Drainage

Permanent Fabric 
Backing Prevents Weeds, 

Rutting and Puddles

All-Weather 
Applications

Toxin Filtration Made From 100% 
Recycled Plastic

Available in  
Custom Colors

The urban heat island (UHI) effect 
refers to the phenomenon where 
urban areas experience higher 
temperatures than rural regions 
due to human activities and the 
modification of land surfaces. Urban 
areas have a higher percentage of 
impervious surfaces like asphalt and 
concrete, which absorb and retain 
heat more than natural surfaces. 
Gravelpave2 can make a difference.

WHAT IS THE URBAN 
HEAT ISLAND?

Created by a Landscape Architect, Gravelpave2 has been 
the trusted choice for low maintenance porous paving 
since 1991. With a compressive strength five times that 
of concrete, Gravelpave2 can support the weight of 
virtually any vehicle. Made from 100% recycled plastic, 
the lightweight and flexible rolls allow for quick and easy 
installation and can be easily trimmed for design versatility. 
Gravelpave2 is available in custom colors, making the 
possibilities limitless.

WHY GRAVELPAVE2?

ADA-certified and tested to meet  
the DOJ ADA requirements for a  

smooth and stable exterior surface.
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APPLICATIONS

Fire Lanes, Utility &  
Emergency Access Roads

Parking Lots Driveways Outdoor Event Spaces

Paths & Walkways Ramps, Docks & Loading Areas Airplane Taxiing Areas Stormwater Management



IT’S 
EASY
BEING 
GREEN
Sustainability starts from the ground 
up. Gravelpave2 not only protects the 
environment, but it also enhances it. 
All our products are made from 100% 
recycled plastic—plastic that goes into 
improving the environment and not into 
a landfill. 

Other benefits include:
• Reduces erosion and soil migration.

• Reduces site disturbance.

• Contributes to airborne dust capture 
and retention.

• Promotes the conversion of carbon 
dioxide (greenhouse gas) into oxygen.

• Has an “air-conditioning effect” to help 
cool the atmosphere and reduce the 
Urban Heat Island effect.

Through bioremediation, porous pavers 
can clean pollutants out of stormwater.

• Heavy metals: 96–99%

• Suspended solids: 95%

• Phosphorous: 65%

• Nitrogen: 82%

• Hydrocarbons: up to 100%

BIOREMEDIATION

Sustainability
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of recycled plastic are 
used every year for 
Invisible Structures 
products.

1.5 MILLION 
POUNDS
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BEAUTY BELOW THE SURFACE
How can something that’s invisible be beautiful? The end result is the real 
appeal. Gravelpave2 creates a more stunning surface and adds a unique 
look to a site. 

THE FAULTS OF ASPHALT
Most paving solutions, like asphalt and concrete, distract and detract from 
the surroundings in the name of functionality. But Gravelpave2 gives you 
design flexibility to integrate your paving with your setting for a stunning, 
complementary solution. 

HUG A TREE
Concrete and asphalt suffocate and 
starve tree roots of air and water. 
With Gravelpave2, plant or retain as 
many trees as your site will allow. 
Gravelpave2 can come within inches of 
mature tree trunks without damage. 
Plus, our mats uniquely flex with tree 
root growth that would otherwise crack 
hard surfaces.

GREAT SHAPE
Our trademark ring-on-grid design is what gives our products a competitive 
advantage. Evenly spaced rings make for a flexible yet strong structure with 
independent weight distribution and no stress points. You can create curves 
or customize layouts with pruning shears. It’s a beautifully simple solution. 
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Anchors decended

Sand and gravel
base course: 6in-12in

Compacted subgrade

Gravel Fill

Gravelpave2

Anchors and washers (2 anchors per 6 rings)

GRAVELPAVE2 INSTALLATION CROSS SECTION

AVAILABLE COLORS
Gravelpave2 is available in five colors (Granite, Black, Tan, Gray and 
Terra Cota). Granite is our newest color, and we highly recommend it, 
as it blends with just about any color of aggregate. 

HARDWARE MADE EASY
All water-safe, galvanized steel, 8” landscape anchors and washers 
needed for your project are included with every order, and no other 
geotextile is required for installation. We’ve got you covered. 
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ALWAYS ON A ROLL
Due to our trademark design and proprietary blend of HDPE 100% recycled plastic, our products offer distinct design and installation advantages. 

Installation and Maintenance:
• Install 430 square feet of product with one person in five minutes.
• A full installation of the same size can be completed in about an hour.
• Trim with pruning shears or use our curve chart to easily create curves or customize layouts.
• The recommended max slope for Gravelpave2 is 5% for fire lanes, 8% for cars and lighter weight trucks and 15% – 20% for golf carts, pedestrian 

use and trails. For a slope greater than 20%, Slopetame3 may be used (up to 45%) and will support pedestrian and light vehicular traffic. Installation

Model m ft m ft m ft m2 ft2 kg lbs

1010 1 3.3 10 32.8 .5 1.7 10 108 24 53

2020 2 6.6 20 65.6 .8 2.7 40 430 96 212

WIDTH LENGTH ROLL DIAMETER AREA WEIGHT

INVISIBLE STRUCTURES—STANDARD PRODUCT ROLL SIZES 

Heavy Fire Truck & H-20 Loading 
Max 130 psi 95,000 lb 14 in 12-14 in 12-14 in 12 in 12 in 10-12 in

Light Fire Truck & H-15 Loading 
Typical 85 psi 60,000 lb 12 in 10-12 in 10 in 8-10 in 8-10 in 8 in

Utility & Delivery Truck & H-10 
Loading Typical 60 psi 40,000 lb 8-10 in 8 in 8-10 in 6-8 in 6-8 in 6 in

Cars & Pick-Up Truck Access 
Typical 45 psi 8,000 lb 6-8 in 6 in 6 in 4-6 in 4-6 in 2-4 in

Trail Use and Cart Paths <1,000 lb 2-4 in 2-4 in 2-4 in 0-2 in none none

NORMAL TRAFFIC
CBR 2-4

ROLL DIAMETER INFREQUENT PASSES
CBR > 4 CBR 2-4 CBR > 4 CBR 2-4 CBR > 4

BASE COURSE DEPTH RECOMMENDATIONS
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Description Connectable ring, grid, and permanent fabric backing

Also Included Water-safe, galvanized steel, 8” landscape anchors and washers

Available in Large, Flexible Rolls Yes, various sizes

Colors Black, gray, tan, terra cotta, granite, custom colors extra

Components Needed for System Base course, 11/40 (3.2cm) of 3/16in to 3/8in decorative gravel, and labor

Traffic Low speed, unlimited use

Compressive System Strength Filled: 15,940 psi (2.29 million per sq ft / 109,906 kPa)

Life Span Lifetime with proper maintenance

Recommended Maximum Slope 5% fire lanes, 8% car/light truck, 15-20% golf carts, pedestrian use, and trails

Stormwater Storage Yes

Clean Pollutants through Bioremediation Good

Air-Conditioning Effect No

Heat Island Mitigation Yes with light colored gravel fill—Albedo .16

Reduces Runoff and Non-Point Source Pollution Yes

Recycled Content 100% recycled HDPE plastic with recycled remnant fabric

Erosion Control Yes

Airborne Dust Capture and Retention Good

Promotes and Retains Tree Growth Yes

Recharges Groundwater Yes

DESCRIPTION CONNECTABLE RING AND GRID SYSTEM

QUICK REFERENCE GUIDE FOR GRAVELPAVE2

See additional technical 
resources here:

PSI STRENGTH

Support
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See how Gravelpave2 reduced the runoff coefficient 
with maximum infiltration, while providing support 
for fire trucks, bus traffic and other vehicles. 

FEATURED CASE STUDIES 

Idea Camp Rio
Case Study Online

IDEA CAMP RIO
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Gravelpave2, Grasspave2 and Rainstore3 were all used in 
this project to replace the cracking concrete and clay soil, 
which became slick and oily when wet. The yard space was 
increased, and the concrete driveway was eliminated to create 
a beautiful, sustainable environment for people and pets.

PRIVATE RESIDENCE,  
CULVER CITY, CALIFORNIA

Culver City Private Residence 
Case Study Online



Gravelpave2 is the BMP choice for the EPA, US Army of 
Engineers, Center for Watershed Protection, and many other 
Federal and state agencies.
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GROUNDED IN PERFORMANCE™
Invisible Structures is the leader in porous paving and stormwater 
management solutions. We enhance your project and the planet 
with strong, stylish, and streamlined solutions for:

Grass Porous Paving

Erosion Control

Underground 
Stormwater Storage

Portable ADA 
Access Mats 

Gravel Porous Paving

Drainage

How long can an 
Invisible Structures 
product last? We’ll 
get back to you. All 

maintained installations 
are still functioning  

and beautiful!

303.233.8383 
sales@invisiblestructures.com 
www.invisiblestructures.com
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