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SPEC NOTE DESCRIPTION: Use as a guide to specifying boards applied to metal roofs of historic buildings.
SPEC NOTE SUPPORT: Has been developed with the contribution of the Public Works and Government Services Canada’s Heritage Conservation Directorate (Technical and Peer Review Committee, a national committee of conservation specialists). This section was informed by the heritage conservation principles and practices enunciated in the Standards and Guidelines for the Conservation of Historic Places in Canada, second edition.
SPEC NOTE: Was renumbered from 07 03 61- HISTORIC – COPPER SHEET ROOF REPAIR  to meet the recommendations of the MasterFormat 2016 classification system.
SPEC NOTE: Includes general requirements and procedures for compliance with the Canada Green Building Council's (CaGBC) - LEED Canada-NC prerequisites or credits required for LEED Project certification. Co-ordinate with Section 01 35 21- LEED Requirements.
Part 1 General
1.1 RELATED REQUIREMENTS
SPEC NOTE: Edit the following paragraphs to list documents or Sections with specific information that the reader might expect to find in this Section, but is specified elsewhere. Do not include Division 00 or Division 01 Sections in this listing.
.1 Section 07 52 00 – Modified Bituminous Membrane Roofing
.2 Section 01 33 00 - Submittal Procedures
.3 Section 01 74 19 - Construction/Demolition Waste Management and Disposal
.4 Section [_____]
1.2 MEASUREMENT AND PAYMENT
.1 Work of this Section will be measured by [Departmental Representative] [Consultant] [DCC Representative]. Work will be paid for under payment items:
.1 Inspecting and testing to identify [_____][_____]
.2 Repair work will be paid for on a unit price basis according to pre-established unit prices.
.3 Work necessary for completion of work of this section will not be paid for separately but will be considered as incidental to work of this section.
.4 [_____]
1.3 REFERENCE STANDARDS
.1 ASTM International
.1 ASTM B32-[04], Standard Specification for Solder Metal
.2 ASTM B370-[03], Standard Specification for Copper Sheet and Strip for Building Construction
.2 Canadian General Standards Board (CGSB)
.1 CAN/CGSB 37.5-[M89], Cutback Asphalt Plastic Cement.
.2 CAN/CGSB 51.32-[M77], Sheathing, Membrane, Breather Type
.3 CSA Group
.1 CAN/CSA O141-[05(2014)], Softwood Lumber
.4 Department of Justice Canada (Jus)
.1 Canadian Environmental Protection Act (CEPA), 1999
.5 Health Canada/Workplace Hazardous Materials Information System (WHMIS).
.1 Material Safety Data Sheets (MSDS).
.6 National Research Council Canada (NRC) - Canadian Construction Materials Centre (CCMC).
.1 CCMC - on-line edition, Registry of Product Evaluations.
.7 Canada Green Building Council (CaGBC)
.1 LEED Canada-NC Version 1.0-[2004], LEED (Leadership in Energy and Environmental Design): Green Building Rating System Reference Package For New Construction and Major Renovations (including Addendum 2007).
.8 South Coast Air Quality Management District (SCAQMD), California State (SCAQMD)
.1 SCAQMD Rule 1113-[04], Architectural Coatings.
.2 SCAQMD Rule 1168-[05], Adhesive and Sealant Applications.
1.4 DEFINITIONS
SPEC NOTE: It may be necessary to add definitions to clarify the intent of the work. Consultant to include appropriate definitions here.
.1 Anneal--the operation of heating and cooling the metal to  soften it and make it less brittle.
.2 Brazing--to solder with a non-ferrous metal that melts at a lower temperature than that of the metals being joined.
.3 Cleats or Clips--metal strips, cut to lengths to suit roll or seam, placed at intervals and securely fixed to the roof base, the ends being welted in with the edges of  the sheets to hold the roofing in position, made from same material as roofing.
.4 Solder--metal or metallic alloy of tin and lead used when melted to join metallic surfaces.
.5 Standing Seam--a double welted joint formed between the sides of adjacent bays and left standing.
.6 Flat Seam--a seam between adjacent metal sheets, formed by turning up both edges, folding them over, and then flattening.  A flat seam joint is usually soldered.
.7 Batten Seam--a seam in metal roofing that is formed around a wood strip.
.8 Cross Seam--cross seams are intended to provide the correct length for sheet metal pans, they should be staggered from bay to bay to make the seams stronger.
.9 Welting--joining copper sheets at their edges by folding together.  Welting may by single or double folds, such  joints being termed single or double welts respectively.
.10 Dummy Welt--folding of a long length of sheet metal without actually cutting the metal.  The resulting appearance mimics a true welt.
.11 Cross Welt or transverse seam--in flexible metal roofing, a seam between sheets; usually parallel to the gutter or to the ridge.
.12 Lock joint--a single or double welted joint.
.13 Turn up--where the two adjacent edges of metal sheets are brought together vertically and folded over.
.14 Pan--a formed metal sheet, usually about 21 inches wide by 28 inches long (maximum allowable length depends on the type of metal used).  Includes both the flat sections and any upturns or folds required for the seams.
.15 Bay--a unit of sheet covering as laid between rolls or standing seams.
.16 Capping--a copper strip, covering the top of a batten roll, welted to the edges of the sheets which are dressed  up the side of the roll.
.17 Additional appropriate additional definitions.
.1 Descriptions to be factual.
1.5 ACTION AND INFORMATIONAL SUBMITTALS
.1 Provide submittals in accordance with [Section 01 33 00- Submittal Procedures].
.2 Submit proof of manufacturer's CCMC Listing and listing number to Engineer.
.3 Submit Material Safety Data Sheets (MSDS) in accordance with Workplace Hazardous Materials Information System (WHMIS).
.4 Product Data.
.1 Provide product data in accordance with [Section 01 33 00- Submittal Procedures].
.1 Manufacturers’ printed data sheets for copper sheeting, plastic cement, underlay, slip sheet, sealant, solder, flux.
.2 Manufacturer's Instructions to indicate special handling criteria, installation sequence, cleaning procedures.
.3 [_____]
SPEC NOTE: Submit product data sheets to include product characteristics, performance criteria and limitations.
.5 Shop Drawings.
.1 Provide shop drawings: in accordance with Section [01 33 00- Submittal Procedures].
.1 Indicate arrangements of sheets and joints, types and locations of fasteners and special shapes and relationship of panels to structural frame.
.2 [_____]
.6 Samples
.1 Provide samples in accordance with Section [01 33 00- Submittal Procedures].
.1 Submit duplicate samples [300 x 300]mm of each sheet metal material.
.2 Submit sample of sealants
.3 [_____]
.4 [_____]
1.6 CLOSEOUT SUBMITTALS
.1 Record Documentation
.1 [_____]
.2 Sustainable Design Closeout Documentation.
.1 Submit data on recycled content as required by LEED MR credit 4.1 and 4.2.
.2 Submit data on weight or volume of CRD waste diversion as required by LEED credit MR 7.
1.7 QUALITY ASSURANCE
.1 Qualifications
.1 Copper should be applied by qualified sheet metal mechanics using methods devised or approved by the manufacturer of the metal.  Details may vary depending on the properties of the metal, local custom, and architectural effect required.
.2 [_____]
.2 Mock ups:
.1 Construct mock up in accordance with [Section 01 45 00 Quality Control].
.1 Construct a full size [1000]mm x [1000]mm mock up of [_____].[specified tolerances] [specified materials]
.2 Allow [48] [24]hours for inspection of mock up by [Departmental Representative] [Consultant] [DCC Representative]before proceeding with work.
.3 Obtain [Departmental Representative’s] [DCC Representative’s] [Consultant’s]approval of mock-up before proceeding with the Work.
.4 When accepted, mock-up demonstrates minimum standard for this work.
.5 Mock-up may [not]remain as part of finished work.
1.8 DELIVERY, STORAGE AND HANDLING
.1 Storage and handling of dismantled components:
.1 Protect from weather.
.2 Ensure easy accessibility.
.3 Store together in logical groupings.
.4 Pad, support and stack sashes and frames. Prevent damage to components.
SPEC NOTE: It may be permitted to burn large quantities of treated wood from commercial or industrial use (e.g., construction sites) in commercial or industrial incinerators. Check with regional, provincial and federal regulations to determine appropriate waste disposal for treated wood waste.
.2 Packaging Waste Management.
.1 Separate and [crates,] [packaging materials] [padding] [return] [recycle] [suppliers] [manufacturers] [pallets,] [to] [reuse]of products and systems in accordance with [Section 01 74 21- Construction/Demolition Waste Management And Disposal] [the Waste Reduction Workplan], [the Waste Management Plan]to the maximum extent economically possible.
.2 Separate corrugated cardboard in accordance with the Waste Management Plan and place in designated areas for recycling.
.3 Remove from site and dispose of packaging materials at appropriate recycling facilities.
.4 Place materials defined as hazardous or toxic in designated containers.
.5 Handle and dispose of hazardous materials in accordance with the CEPA, TDGA, Regional and Municipal regulations.
.6 Ensure emptied containers are sealed and stored safely.
.7 Divert unused metal materials from landfill to metal recycling facility as approved by Deaprtmental Representative.
.8 Fold up metal banding, flatten, and place in designated area for recycling.
.9 Unused paint, caulking, and sealing compound materials must be disposed of at an official hazardous material collections site as approved by Departmental Representative.
.10 Unused paint, caulking, and sealing compound materials must not be disposed of into sewer system, into streams, lakes, onto ground or in other location where it will pose health or environmental hazard.
.11 Do not burn waste at project site.
1.9 SITE CONDITIONS
.1 Ambient Conditions.
.1 [_____]
1.10 WARRANTY
.1 Extended Correction Period.
.1 For work of this Section [07 03 61.00– Historic – Copper Sheet Roof Reapirs], the 12 month warranty period is extended to [24]months.
Part 2 Products
2.1 SUSTAINABILITY CHARACTERISTICS
.1 Materials and products in accordance with [Section 01 47 15– Sustainable Requirements: Construction].
SPEC NOTE: Green building rating systems typically include credit for using regional materials in order to reduce the impact on transportation. For projects seeking LEED certification, regional materials must in compliance with LEED MR credit 5 i.e. wood should be harvested within 800km of the final manufacturing site or harvested, manufactured and shipped by rail or water within a radius of 2400km.
SPEC NOTE: Green building rating systems typically include credit for using regional materials in order to reduce the impact of transportation. For projects seeking LEED certification, regional materials must be in compliance with LEED MR credit 5, i.e. wood should be harvested within 800 km of the final manufacturing site.
.2 Regional materials:  in compliance with LEED credit MR 5.
SPEC NOTE: Co-ordinate the following paragraph when Section 01 35 21 - LEED Requirements is used for LEED Projects. Use the following paragraph to specify recycled content materials required for LEED Materials and Resources Credit MRc4.1 or MRc4.2, where recycled content of the total building materials must equal 7.5% (Post-Consumer + 1/2 Post-Industrial) or, 15% (Post-Consumer + 1/2 Post-Industrial) respectively.
.3 Recycled content of [_____]
SPEC NOTE: Green building rating systems typically include credit for using low-VOC emitting materials. For projects seeking LEED credits IEQ 4.2 paints and coatings used within the interior envelope of the building must be in compliance with SCAQMD rule 1113.
.4 Paints and coatings:  maximum VOC [_____]
SPEC NOTE: Green building rating systems typically include credit for using low-VOC emitting materials. For projects seeking LEED credits IEQ 4.1 adhesives and sealants used within the interior envelope of the building must be in compliance with SCAQMD rule 1168.
.5 Adhesives and sealants:  maximum VOC [_____]
2.2 PERFORMANCE/DESIGN CRITERIA
.1 [_____]
2.3 MATERIALS
.1 Sheet Metal Materials
.1 Copper sheet: to ASTM B370 H00 temper designation, alloy C11000 light cold-rolled copper.
.2 Roofing: 4.88 kg/m2.
.3 Flashing: 4.88 kg/ m2.
.4 [_____]
.2 Accessories
.1 Plastic cement: to [CAN/CGSB-37.5].
.2 Isolation coating: alkali resistant bituminous paint.
.3 Underlay: [asphalt laminated 3.6 to 4.5 kg kraft paper] [No.15 perforated asphalt felt to CSA A123.3] [dry sheathing to CAN/CGSB 51.32].
.4 Slip sheet: reinforced sisal paper or a heavy felt kraft paper.
.5 [_____]
SPEC NOTE: Insert appropriate text from Section 07 92 00 - Joint Sealing.
SPEC NOTE ENVIRONMENTAL: Many caulking materials contain volatile organic compounds (VOCs) such as petroleum distillates. Every year thousands of tonnes of VOCs are released into the atmosphere. These VOCs react with nitrogen oxides in the presence of sunlight to produce ground level ozone and photochemical smog.  The use of caulking materials with reduced levels of VOCs will reduce these emissions thereby helping to reduce source emissions and possible adverse health effects.  The Environmental Choice guideline ECP-45 provides acceptable standards for products that provide reduced environmental impacts.
SPEC NOTE ENVIRONMENTAL: Additional notes and recommendations can be found in Section 07 92 00 - Joint Sealing.
.6 Sealant: [Asbestos free sealant, compatible with systems materials, recommended by system manufacturer] [Caulking see  [Section 07 92 00- Joint Sealing] [____] [_____] ].
.7 Rubber asphalt sealing compound: to [[CAN/CGSB-37.29]].
.8 Cleats: of same material, and temper as sheet metal, minimum [50]mm wide. Thickness [ [_____] ]mm [same as sheet metal being secured].
SPEC NOTE: Specify fasteners to suit roof design and which allow for thermal movements.
.9 Fasteners: [_____].[concealed] [exposed]
.10 Washers: of same material as sheet metal, 1 mm thick with rubber packing.
SPEC NOTE: Refer to ASTM B32, Annex (Mandatory Information) A1.  Intended Use and select alloy composition designation to suit intended use.
.11 Solder: to [ASTM B32], alloy composition Sn50/Pb50, Sn [_____]
SPEC NOTE: Solder and flux are not used with aluminum or pre-finished galvanized steel. Check with sheet metal manufacturers regarding recommended tin and lead proportions in solder.
.12 Flux: rosin, cut muriatic acid, or commercial preparation suitable for materials to be soldered.
SPEC NOTE ENVIRONMENTAL: Solvent borne paints contain volatile organic compounds (VOCs) such as petroleum distillates.  Every year thousands of tonnes of VOCs are released into the atmosphere.  These VOCs react with nitrogen oxides in the presence of sunlight to produce ground level ozone and photochemical smog.  The use of paints with reduced levels of VOCs will reduce these emissions thereby helping to reduce source emissions and possible adverse health effects. The Environmental Choice guideline ECP-76 provides acceptable standards for products that provide reduced environmental impact
.13 Touch up paint: as recommended by sheet metal roofing manufacturer.
.14 Underlay: asphalt-impregnated felt to CAN/CGSB 51.32.
.15 Slip sheet: reinforced sisal paper or a heavy felt kraft paper.
.16 Sealant: One part polyurethane.
.1 Acceptable materials:
.1 Tremco Dymonic.
.2 Sonneborne NP1.
.2 Alternative materials: approved by addendum in accordance with Instructions to Tenderers.
.17 Nails for copper metal work: large flat-head, barbed metric wire gauge no. 20 (2.05232 mm diameter), Alloy C11000, length to suit application.
.18 Clips: non-ferrous, Alloy C11000.
.19 Cleats: 4.88 kg/ m2 sheet copper, H00 temper designation, minimum 38 mm wide, 3 mm thick.
.20 Edge strips: 4.88 kg/ m2 sheet copper, length to suit application.
.21 Fasteners: non-ferrous, concealed, size to suit application.
.22 Roofing Battens: softwood lumber to CSA O141, Douglas Fir – Larch Group, standard grade, clear, size to match existing.
.23 Batten screws: wide thread, coated, steel.
.24 Coating: 5 micrometers of ceramic on 1 micron of phosphate on 4 microns of zinc on base metal steel screw.
.25 Size: length to suit application
.26 [_____]
.3 Paint System.
.1 Primer: zinc [phosphate]rich [_____]
.2 Base coat: [epoxy] [polyamide] [two component].
.3 Top coat: [polyurethane] [glossy] [enamel].
.4 Epoxy primer filler: [two component] [epoxy].
.5 [_____]
.4 Filler.
.1 Compound formulated for metal.
.2 Automobile patching compound.
.1 Purpose-made, auto body self-drying filler paste.
.3 Plumbers’ epoxy.
.4 Mixture of steel fibres mixed in epoxy binder.
.5 [_____]
.5 Fasteners.
.1 Screws: stainless steel, to match existing heads and threading.
.2 Match existing profile, size and head.
.3 Stainless steel.
.4 Replace existing steel fasteners with new stainless steel fasteners [profile, size, head, dimensions and configuration] [to match existing].
.5 Glazing bead fasteners: [plated steel].
.6 [_____]
2.4 SHOP FABRICATION/REPAIR
SPEC NOTE: Project design requirements will indicate need for having decorative components fabricated or repaired such as spires, pinnacles and other features.
.1 Shop Repairs
.2 Make repairs of roof ventilators decorative elements in shop.
.1 Remove roof ventilators and frames from sub-frame, carefully pack in crates and transport to shop for repairs.
.2 [_____]
.3 [_____]
2.5 FABRICATION/REPAIR
.1 Form individual pieces in 2400 mm maximum lengths. Make allowances for expansion at joints.
.2 Hem exposed edges on underside 12 mm, mitre and seal.
.3 Form sections square, true and accurate to size, free from distortion and other defects detrimental to appearance or performance.
.4 Apply minimum 0.2 mm dry film thickness coat of plastic cement to both faces of dissimilar metals in contact.
.5 Protect metals against oxidation by back-painting with isolation coating where required.
.6 Tin edges of copper sheets to be soldered for width of 40 mm both sides with solder.
.7 [_____]
2.6 COPPER FLASHINGS
.1 Form copper flashings to profile indicated on Contract drawings of 4.88 kg/m2 thick copper.
.2 [_____]
2.7 FINISHES
.1 Hot-rolled steel: [epoxy coated] [zinc coated] [galvanized].
.2 Paint.
.1 Primer: [electro-deposited epoxy primer].
.2 Finish coat: [polyurethane].
.3 [_____]
.3 [_____]
2.8 ACCESSORIES
.1 Hardware:  straps and other concealed fastenings fabricate from [bronze] [stainless steel] [steel] [brass], [_____]
.2 Replacement Fittings:
.1 Straps: [steel ] [brass] [bronze] [stainless steel], sliding [brass]shoe, with screw-adjusted friction.
.2 [_____]
.3 Glazing tape: [high density] [urethane foam] [[open] [closed] cell].
.4 Weatherstripping.
.1 Spring [bronze] [aluminum] [stainless steel] [galvanized steel] [brass]strip, size [to suit application].
.2 Spring plastic strip, size [to suit application].
.3 [Extruded]vinyl strip, size [to suit application].
.4 [_____]
.5 [_____]
SPEC NOTE: Project design requirements will indicate need for having air barrier material installed and sealed to other areas. Confirm with Designer.
.6 Air barrier material: (this could be included in the scope of work, if site conditions permit some installation of air barrier material).
.7 Component labels: sheet brass tag with hole at one end, punched with required component information, and secured to component with stainless steel wire.
Part 3 Execution
3.1 VERIFICATION OF CONDITIONS
.1 Examine existing conditions, roof slopes, substrate and anchorage conditions.
.2 [_____]
3.2 PREPARATION
.1 Photograph back up conditions.
.2 Photographs to record existing conditions
.3 [_____]
3.3 PROTECTION OF IN-PLACE CONDITIONS
.1 [_____]
3.4 SURFACE PREPARATION
.1 Ensure substrate surfaces are clean, level are ready for new materials.
.2 [_____]
3.5 INSTALLATION
.1 During removal of sash/ventilators, avoid damaging material and window components.
.2 Re-install stored copper sheet roofing at original locations.
.3 Install new copper sheet roofing on new dormers as indicated on Contract drawings.
.4 Use concealed fastenings except where approved by Engineer before installation.
.5 Provide underlay under copper sheet roofing. Secure in place and lap joints 100 mm minimum.
.6 Apply slip sheet over asphalt felt underlay to prevent bonding between copper sheet and felt. Secure with minimum anchorage and lap joints 50 mm minimum in direction of waterflow.
.7 Install copper sheet roof panels using cleats spaced at 300 mm on centre.
.8 Secure cleats with two fasteners each and cover with cleat tabs.
.9 Stagger transverse seams in adjacent panels.
.10 Form seams in direction of water flow and make watertight.
.11 Perform soldering with well-heated coppers, heat seam thoroughly and sweat solder through its full width.
.12 Clean and flux metals before soldering.
.13 Follow copper sheet manufacturer's recommendations for soldering procedures.
.14 As work progresses, neutralize excess flux with 5% to 10% washing soda solution, and thoroughly rinse. Leave work clean and free of stains.
.15 [_____]
3.6 FLAT SEAM ROOFING
.1 Install edge strips at eaves and gable ends, hook pan over 4.88 kg/m2 edge strip. Extend edge strip up under metal roofing 100 mm and secure with nails at 100 mm on centre, 25 mm from upper end.
.2 Use [aluminum] [400 x 450] [ [_____] mm thick] [ [_____] g/m2 copper] [450 x 600] [stainless steel]mm rectangular sheets to make flat seam roofing. Notch corners and turn up [pretinned]edges 20 mm.
.3 Lay sheets with long dimension parallel to eaves.
.4 Lock cleats into seams and flatten smooth in direction of flow.
.5 At eaves and gable ends, terminate roofing by hooking over previously installed edge strip.
.6 [_____]
3.7 STANDING SEAM ROOFING
.1 Use [stainless steel] [ [_____] mm thick] [aluminum] [ [_____] g/m 5 copper]mm wide by [_____][_____]
.2 Fold lower end of each pan under 20 mm.
.3 Slit fold 25 mm away from corner to form tab where pan turns up to make standing seam.
.4 Fold upper end of each pan over 50 mm.
.5 Hook 20 mm fold on lower end of upper pan into 50 mm fold on upper end of underlying pan.
.6 Apply sheet metal roofing beginning at eaves. Loose lock pans to valley flashing and edge strips at eaves and gable rakes.
.7 Finish standing seams 25 mm high on flat surfaces [and 12 mm high on curved surfaces]. Bend up one side edge 40 mm and other 45 mm.
.8 Make first fold 6 mm wide single fold and second fold 12 mm wide, providing locked portion of standing seam with 5 plies in thickness.
.9 Fold lower ends of seams at eaves over at 45 degrees angle.
.10 Terminate standing seams at ridge and hips by turning down in tapered fold.
.11 Form valleys of sheets not exceeding 3 m in length. Lap joints 150 mm in direction of flow.
.12 Extend valley sheet minimum 150 mm under roofing sheets.
.13 At valley line, double fold valley and roofing sheets and secure with cleats spaced 450 mm on centre.
.14 [_____]
3.8 BATTEN SEAM ROOFING
.1 Use [ [_____] mm thick] [ [_____] g/m2 copper] [stainless steel] [aluminum]mm long sheets to make batten seam roofing. Turn up sides of sheets to exceed top of battens by 12 mm. Turn this 12 mm at right angles to battens.
.2 Form cross seams with 20 mm fold under on lower end and 50 mm fold over on upper end. Slit folds in cross seams at each corner 25 mm in from batten to form tab.
.3 Hook 20 mm fold on lower end of pan into 50 mm fold on upper end of underlaying pan.
.4 Apply sheet metal roofing beginning at eaves.
.5 Place cover strips over battens, locking edges with flanges of pan malleted down against sides of battens.
.6 Cover batten ends with cap folded and locked into extensions of batten covers and vertical legs of pans.
.7 At intersections of roof slope with ridge of hip battens, turn up edges of roof pans against ridge or hip battens, and terminate in 12 mm horizontal flange at top of battens.
.8 Install cover strips over top of hip and ridge battens.
.9 Form valleys of sheets not exceeding 3 m in length. Lap joints 150 mm in direction of flow.
.10 Extend valley sheet minimum 150 mm under roofing sheets.
.11 At valley line, double fold valley and roofing sheets.
.12 At eaves without gutters, hook pan over [_____]edge strip. Extend edge strip up under metal roofing 100 mm and secure with nails at 100 mm on centre, 25 mm from upper end. [ [_____] mm thick].[At eaves with gutters, loose lock end of roofing pans into gutters]
.13 Install batten flush with gable unless otherwise detailed. Extend batten cover down exterior face and lock into edge strip.
.14 [_____]
3.9 BUILT IN GUTTERS
.1 Form built in box gutter lining with [ [_____] g/m2 copper] [ [_____] mm thick] [stainless steel] [aluminum]conforming to profile of gutters.
.2 Use 1000 mm long sheets if section profile of gutter exceeds 1000 mm. Use 2.4 m or 3 m long sheets if sectional profile is less than 1000 mm.
.3 Longitudinal joints not acceptable.
.4 Secure gutter lining to substrate with screws, washers and expansion shields spaced maximum 1200 mm on centre along centre of lining
.5 At roof edges extend gutter lining under metal roofing 150 mm minimum and terminate in 20 mm folded edge secured by cleats. Hook lower end of roofing into lock strip to form 20 mm wide loose lock seam.
.6 [_____]
3.10 FINISH
SPEC NOTE: Use the following paragraphs for copper roofs only when dark brown finish is desired.
.1 Let copper roof weather through two heavy rains after final cleaning.
.2 Rub exposed surfaces with clean rags soaked in boiled linseed oil until desirable shade of brown is obtained.
.3 Touch up solder with copper bronze.
.4 [_____]
3.11 FLASHING
.1 Install new copper sheet flashing where indicated on Contract drawings.
.2 Prepare substrate in accordance with [Section 07 52 00– Modified Bituminous Membrane Roofing], article 2.05, Membrane.
.3 Use concealed fastening except where approved before installation.
.4 Provide underlay under sheet metal. Secure in place and lap joints 100 mm.
.5 Lock end joints with caulk and sealant.
.6 [_____]
3.12 FINISH
.1 Allow new copper roofing and flashing to weather naturally.
.2 [_____]
3.13 CAULKING
.1 Install sealant [where indicated on Contract Drawings] [between exterior window frames and sills and perimeter masonry].
.2 Apply sealant in accordance with Section [07 92 00– Joint Sealant]
.3 [_____]
3.14 REPAIRING COPPER SHEET ROOFING
.1 Repairing Holes In A Sheet metal Roof
.1 For Small Repairs:
.1 Thoroughly clean the area to be patched of all corrosion products  and/or roofing cement.  When finished, the metal should be bare and shiny.
.2 Cut a metal patch, using the same material as the roof, to the required size and shape.  Fold the edges under 1/2 inch and snip off the corners (this makes the patch stronger and takes off easily damaged sharp corners).
.3 Place a weight, such as a brick, over the patch to hold it firmly to the metal.  If the patch is on a steep slope or vertical surface, clamp or tack-solder it in place.
.4 Soft solder the patch over the defect.
.2 For Medium-Sized Repairs:
.1 Brazing:
SPEC NOTE: Silver brazing requires extremely high temperatures, so the method can only be used where the metal can be raised from the decking allowing a fire-resistant insulation sheet or pad to be placed between the two.  This will require a nearby seam to be unfolded.
.1 Carefully remove the damaged piece of metalsheeting.
.2 Level the indentation in the decking with a suitable wood filler.
.3 Silver braze the new metal to the existing bay using a "dog tooth" joint to hold the edges together and prevent undue distortion.
.2 Welting:
SPEC NOTE: If fire precautions make it impractical to use brazing, try welding.
.1 Welt a new square of sheet metal into the existing damaged bay.  Make sure the metal patch is the same material as the existing roof.
.2 Replace rosin paper underlayment as required.
.3 Seal the welt by flowing soft solder under the final fold and into the mitered corners using a large copper bit.
.4 Pre-tin the edges of the new and existing metal and dress the welt tight to create a capillary soldered joint for maximum strength.
.3 For Large Repairs:
.1 Remove the damaged sheets carefully.
.2 Repair the decking.
.3 Replace the rosin paper underlayment.
.4 Close the covering with new metal, matching original seam type, pan size, metal type, etc. Install new clips or cleats as required.
.2 Patch Repairs
SPEC NOTE: The best practice  in repairing of copper sheeting is to use soldering to make the repairs. If the area is easily indented with minimal finger pressure, a patch should probably be soldered over the area.
.1 Thoroughly clean the area to be patched of all corrosion products  and/or roofing cement.  When finished, the metal should be bare and shiny.
.2 Cut a metal patch, using the same material as the roof, to the required size and shape.  Fold the edges under 1/2 inch and snip off the corners (this makes the patch stronger and takes off easily damaged sharp corners).
.3 Place a weight, such as a brick, over the patch to hold it firmly to the metal.  If the patch is on a steep slope or vertical surface, clamp or tack-solder it in place.
.4 Soft solder the patch over the defect.
SPEC NOTE: The following procedure is for repairing corroded copper sheet metal roofing materials that are either stained or damaged as a result of acid rainwater run-off from other materials.
SPEC NOTE: Copper roofing materials usually retain a long life. Copper's longevity can be attributed to its surface patina that develops naturally over time and protects the surface against corrosion from atmospheric conditions or acids derived from organic growths on other roofing materials. - Deterioration of the patina may be caused by acidified rainwater runoff, bituminous roofing cements, and alkali, ammonia or sulfate compounds. -  Corrosion attacks may also occur on copper roofing (especially in the valleys) where rainwater passes over roofing materials covered with mosses or lichens. If the moss or lichen buildup is great enough, it may reduce the pH level of the rainwater, causing the copper oxide film to dissolve. - Rainwater passing over tile or slate onto a copper roof can also negatively affect copper sheet metal roofing materials. Deposits from the tile or slate can abrade the sheet metal surface and inhibit the formation of a protective oxide coating. - Renewal and dissolution of the surface oxide progressively thins the metal at the drip points, leading to perforation unless steps are taken to prevent this.
.3 Repairing Corroded Copper Sheet metal Roofing Materials
.1 If the metal has not thinned and is only slightly stained, remove any moss or lichen that has accumulated on the roof (see Section 3.14.3.4.1below). No other remedial action should be necessary.
.2 If the metal has thinned or has developed small perforations, solder a patch over the damaged area.
.3 If the entire length of roof slope upstand is badly corroded (especially at valleys or parapet gutters), replace the damaged metal and install a sacrificial copper apron.  Acids in the rainwater running over the copper apron will react with the copper to reduce the corrosive effects of the acids running directly onto other copper roofing materials.
SPEC NOTE: This apron will also eventually be corroded, but it is easier and less expensive to replace.
.4 To prevent future copper corrosion problems caused by acid rainwater run-off over biological accumulations on other materials, remove growth from these surfaces.
.1 Apply a copper sulfate solution over the shingles or tiles supporting biological growth.
.1 Mix 1 part copper sulfate crystals in 10 parts water.  Add the crystals slowly to the water and stir until dissolved.
.2 Spray the solution over the roof material covered with growths so it is thoroughly wet. Allow to drain from the roof.
.3 Thoroughly rinse gutters and pipes with clean, clear water.
.4 Repeat this treatment every three years.OR
.2 Install strips of copper cut to fit under roof shingles or tiles to treat rainwater run-off and deter growth of mosses and lichen on those surfaces.
.3 Cut long, 3" wide copper strips and slip under a course of shingles so that only 1/2" is exposed.
.4 Place strips every five to six courses, or even every 10 to 15 feet vertically along the slope of the roof. As rainwater washes over these strips, copper particles will be dissolved, acting as a biocide as it continues to wash over mosses and lichen below.
SPEC NOTE: This procedure includes guidance on repairing a detached standing seam on a copper roof. This work should be accomplished by an experienced roofing contractor. Standing seams may become detached for several reasons: - If the fasteners securing the cleats have pulled out. - This is especially true when copper tacks have  been used instead of the proper nails. - Tacks are tapered throughout their length and, therefore, even the slightest withdrawal will seriously reduce their hold in the decking - The normal shrinkage of wooden deck members due to natural drying out will aggravate the situation. - If a seam has an insufficient number of cleats or some existing cleats coincide with joints or splits in the decking. This, combined with localized high wind turbulence may cause individual seams to become detached. - Cleats should be spaced at a maximum of 1'-3" on center, and fastened to the deck by two copper nails close to the turn up. - Cleats spaced too far apart can break under the repeated strain of wind loading.
.4 Repairing A Detached Standing Seam On A Copper Roof
.1 Using soldering iron, heat seam (anneal) as necessary to open it sufficiently to insert new cleats as required.
.2 Fix new cleats at appropriate intervals and with proper fasteners, taking care to nail near the turn up.
.3 Re-heat edges of sheet as required to make them workable.
.4 Dress upstands together and fold over (welt) as required to finish seam. Match existing appearance.
.5 Repair Of Star Cracks In Copper Roofs
.1 For localized damage such as at the verge, ridge or eaves of a roof, replace damaged sheets with narrower and possibly shorter verge bays and shorter ridge and eave bays.
.1 Remove and replace the affected section, or shorten the original bay by at least a third.
.2 If cracks are widely distributed across a bay, replace the entire bay with two new bays.
SPEC NOTE: Each new bay section should be approximately half the length of the original.
.1 Before replacing a bay, cut back worked edges of affected bays to flat unworked metal.
.2 If worked edges must be retained, flatten edges and anneal before reworking to join replacement bays.
SPEC NOTE: When annealing, take precautions against fire. Insert fire-resistant  insulation pads or sheeting between copper and any combustible material during annealing and leave in place until the copper has cooled. Do not anneal later than two hours before work is finished for the day.
SPEC NOTE: Do not re-use fasteners of any kind. Copper clips, fixing strips, nails and screws should be new and of the approved size and/or thickness.
.3 If cracks are widely distributed throughout the entire roof, the roof will need to be replaced using narrower and shorter bays.  Selective replacement is not appropriate, because it is likely that remaining undamaged bays will eventually become damaged.
SPEC NOTE: The following procedure is for installing an expansion joint in a standing seam copper sheet metal roof to prevent future sheet metal cracking. This work should be accomplished by a experienced roofing contractor. - Standing seam copper sheet metal roofs sometimes crack in long roof slopes (generally exceeding 30 feet). In roof lengths greater than 30 feet, the sheet metal bays are unable to accommodate the cyclical stresses of expansion and contraction over a long period of time. One way of eliminating this problem is to install an expansion joint across the roof slope to absorb some of the longitudinal movement. - Long roof slopes of batten seam copper sheet metal typically do not experience this type of problem, as the up-stands in a batten roll system are separated by a wood-roll which allow the individual bays to move independently of one another. - Cracks caused by long roof slopes are usually concentrated in the center of the roof area about 1/3 of the way down the slope.
.6 Installing A Transverse Expansion Joint In A Standing Seam Copper Sheet metal Roof
.1 For a temporary repair where the number of cracks are minimal, small copper patches may be soft-soldered over cracks. Though the patches will last for several years, it will eventually be necessary to install an expansion joint across the full slope of the roof to permanently reduce thermal stresses.
SPEC NOTE: For a detail of this procedure, see the book Practical Building Conservation by John &amp; Nicola Ashurst, English Heritage Technical Handbook.  Vol. 4:  Metals. New York:  Halsted Press, 1988, p. 63.; check for latest edition of this book.
.2 Introduce a transverse expansion joint:
.1 Make two cuts across the slope of the roof and remove a section of roofing of sufficient width to allow a wood cant strip to be nailed to the roof deck.
.2 The vertical height of the front of the cant strip should be minimum of 1-3/8" with a gentle taper on the uphill side of the slope of the roof.
.3 Replace rosin paper as required where copper roofing has been cut and the new copper will be inserted.
.4 Turn up the ends of the existing copper roofing below the cant strip so that an upstand may beformed to go against the front of the cant strip.
.5 Anneal the seams on the existing copper roofing above the cant strip for a distance of about one foot, and carefully unfold the seams.
.6 Along the full length of the new expansion joint cut back alternate bays by 6" in order to create a stagger in the final cross welts.
.7 After a further anneal, fasten additional cleats or clips into position as required.
.8 Join new copper to the existing sheets with double-lock cross welts.
.9 Complete the standing seams and drip-edge welt.
.7 Repairing A Bowing Sheet metal Roof
SPEC NOTE: The following procedure includes guidance on refastening a bowing sheet metal roof. Generally, this work should be accomplished by an experienced roofing contractor. Where cross welt clips have been omitted between pans of a sheet metal roof, the central zones of entire pans can be pulled upwards, eventually by as much as four to six inches. At this point upstands to standing seams and roll joints are pulled apart and the sheets of metal will be irreparably damaged. The amount of bowing varies depending on the metal used, and its weight.
.1 If the damage is discovered early, when deformation is no  more than 1-1/4 inches, several options are available.
.1 For small areas, 2-3 pans:
.1 Carefully pry open the cross welts.
.2 Anneal each opened joint.  Use damp rags tokeep the surrounding metal cool where it is in contact or close to the wood roof decking.
.3 Insert a 2" wide clip into the crosswelt.  Make sure the metal used is compatible with the metal of the roof.
.4 Fasten the clip to the understructure withnails or screws, again they should be compatible with the metal of the roof.
.5 Re-anneal all edges and close all seams as originally finished.
.2 For a large area:  Each bowed area or bay is cutdown the center, its entire length, from ridge to eaves.  The edges are turned up to form upstands as required by either a standing seam or batten seam,  depending on the seam type of the remainder of the roof.
.1 Standing seam method:
.1 Prepare a new narrow strip of appropriate sheet metal with upstands to complement those of existing sheets.  Lay over new rosin paper or other appropriate underlayment.
.2 Space new clips at 15 inches on center along the length of the new seams.
.3 Fasten clips to deck with two nails or two screws per clip, using fasteners compatible with the clip metal.  Clipsshould not be placed at junctions with cross welts to avoid building up an unmanageable thickness of metal in the standing seams.
.4 Provide for longitudinal expansion by using dummy welts.
.2 Batten seam method:
.1 Fasten a new timber batten into the decking with countersunk head steel screws (screw must not contact capping material).
.2 Insert clips under the batten, turn up on each side, and fold in with the new capping strip welt.  Make sure metal of is the same metal as the roof.
.3 New capping strips to cover the top ofeach batten are to be formed from a fully annealed metal strip the same thickness as the existing roof covering and the same metal. Les nouvelles bandes de couronnement qui couvriront la partie supérieure de chaque tasseau doivent être formées d’une bande métallique entièrement chauffée (recuit) de la même épaisseur que la couverture existante et du même métal.
SPEC NOTE: The following includes guidance on repairing a copper sheet metal roof ridge by removing the damaged section and welting on a new metal capping over timber battens. Wind loading is increased at the ridge of a roof. Cracks in the pans close to the ridge, or cracks on the ridge seam itself, are indications of wind displacement. The cracks occur because the standing seam, typically found at the ridge, lacks the necessary strength to withstand this pressure. Typically a ridge roll is preferred over a standing seam ridge because it provides more strength at the ridge to withstand the forces of wind loads. Therefore, replacement of a standing seam ridge with a ridge roll is often the recommended treatment for wind damage of the ridge.
SPEC NOTE: This procedure has the potential to alter the historic appearance or character of a building.  It should only be performed by an experienced professional and only upon approval from heritage conservation expert and the departmental representative. This procedure should be performed under the direction of an conservation architect or engineer to decide the most efficient and least destructive manner for executing the work.
.8 Repairing A Wind-Damaged Copper Sheet metal Roof Ridge &amp; Installing A New Ridge Cap
.1 Cut out the entire length of standing seam ridge, undamaged as well as damaged sections.
.2 Turn back and fold up the edges of the ridge bays to form upstands which will be welted onto the new ridge cap.
.3 Screw new timber battens through the roof deck into the ridge beam or rafters.
.4 Nail 2 inch wide clips along the ridge, placed at two per bay.  Pass under the ridge roll and turn up on each side, or nail on the side of each section of the roll before fastening.
.5 Welt on a new metal capping.
SPEC NOTE: The following procedure includes guidance on restoring ornamental sheet metal, including fascia, built-in eaves trough and flashing.
.9 Restoration Of Ornamental Copper Sheet metal Fascia &amp; Roof Flashing
.1 Save, repair and restore all original fabric unless repair is not possible. Consult with the heritage conservation specialist to determine if restoration/ repair is not possible. Flat sheet members may be replaced in kind where this facilitates the overall restoration and when original lines, dimensions, and workmanship are maintained.
.2 New Work to Replace and Repair Existing:
.1 Make to match existing work.
.2 Do all work, tinning, soldering, metal forming, etc., to highest standards as will produce weatherproof, properly seamed, joined, and soldered work, free from surface stains and wrinkled or buckled finishes.
.3 Reinforce seams and folds as required to prevent binding or tearing.
.4 Seal over all exposed fastenings in horizontal andwash surfaces with matching metal caps or Dutchmen and solder.
.5 Hem all flashing edges 1/2-inch.
.6 Lock and solder all joints other than expansion joints.
.7 Neatly form joints and seams with surfaces free from waves and buckles.
.8 Make exterior work permanently water tight.
.9 Provide for weep holes to permit water to drain from bases without damaging the base or penetrating  the roof.
.10 Connect gutter drops to existing rain drains.
.3 Flashing: Make to restore original details and design. Provide galvanic separation wherever copper metal is adjacent to other metals.
3.15 PROTECTION
.1 At the end of each work day, provide building protection for any exterior roofing element removed for repair.
.2 Remove only a quantity of roofing which may be replaced on that same day.  At the end of the day, use 15 pound roofing felt or polyethylene sheeting to drape over missing roofing and insert under roof unit laps or temporarily secure areas of existing roofing and roof as required to make roof watertight and windproof.
.3 Keep trees trimmed to prevent branches from scuffing roofing surfaces.
.4 [_____]
3.16 CLEANING
.1 [_____]
.2 Construction Waste Management.
.3 Waste Management: separate waste materials for [reuse] [recycling]in accordance with [Section 01 74 21- Construction/Demolition Waste Management and Disposal] [section 01 35 21- LEED Requirements].
.4 Separate and recycle waste materials in accordance with [Section 01 74 21- Construction/Demolition Waste Management and Disposal] [the Waste Reduction Workplan], [the Waste Management Plan]to the maximum extent economically possible.
.5 Collect, package and store partly used or unused containers of [_____]
.6 Do not burn waste at project site.
SPEC NOTE: Green building rating systems typically include credit for management of Construction, Demolition and Renovation Waste. For projects seeking LEED credit MR 7, include the following requirement.
.7 Collect data on weight or volume of CRD waste diversion as required by LEED credit MR 7.
SPEC NOTE: Co-ordinate the following paragraph when Section 01 35 21- LEED Requirements is used for LEED Projects. Use the following paragraph to specify recycled content materials required for LEED Materials and Resources Credit MRc4.1 or MRc4.2, where recycled content of the total building materials must equal 7.5% (Post-Consumer + 1/2 Post-Industrial) or, 15% (Post-Consumer + 1/2 Post-Industrial) respectively.
.8 Collect data on recycled content as required by LEED MR credit 4.1 and 4.2.
END OF SECTION

