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SPEC NOTE SUPPORT: This Section has been developed by the contribution of the Public Works and Government Services Canada Technical and Peer Review Committee, a national committee of conservation specialists.
SPEC NOTE ENVIRONMENTAL: This Section specifies environmentally responsible material choices, utilizing the three R's (reduce, reuse and recycle) whenever possible, and providing generally available disposal options. For construction and demolition waste management practices in Federal Government projects refer to PSPC's Report on Plans and Priorities which presents the department's response to the Federal Sustainable Development Strategy. The Report on Plans and Priorities is where these requirements have been specifically targeted as an element in the commitment to use tools such as LEED and Green Globes in project delivery.
SPEC NOTE: Mortar for historic masonry structures has to be designed to be: workable and compatible (in compressive strength and deformability, water transmission of mortar and water absorption of masonry) with the materials to be bonded and with service conditions; durable (resistance to frost action and salt crystallization, and controlled shrinkage and bond); breathable (permeable, water absorption and vapour transmission); lower in compressive strength and sacrificial to the masonry unit; and, faster gains in initial setting is needed in Canada's cold climate, and in salty and/or saturated environments. These performance criteria have led to the use of mortar mixes for historic masonry structures such as Lime-based mortar, Portland Cement-Lime (PCL) and Masonry Cement-Lime (MCL) mortars.
SPEC NOTE: This Section includes general requirements and procedures for compliance with the Canada Green Building Council's (CaGBC) - LEED Program. Co-ordinate with Section01 35 21- LEED Requirements.
SPEC NOTE: Masonry mortars are made of a combination of materials that require significant amounts of energy in their manufacture like cement or hydrated lime, combined with other naturally available materials like sand or water, as well as chemical admixtures. The possibility of replacing cement with fly ash, or sand with recycled aggregate, such as pulverized brick, could be considered, but tests should be preformed to demonstrate their performance in similar conditions. The use of lime-based mortars that are easy to remove and repair helps reduce the waste over time from damaged masonry. Softer mortars are also easier to remove from masonry, making both easier to reuse or recycle. However, in Canadian climate softer mortars will not be durable.
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 [_____]
1.2 MEASUREMENT AND PAYMENT
.1 Payment for this work will be on [_____]
1.3 ALTERNATIVES
SPEC NOTE: The characteristics of binder materials such as Portland cement, masonry cement and limes can vary considerably from one source to another. The compatibility of specified materials is the key to a workable and durable mortar mix; changes could compromise the quality of work. Substitution of materials is not recommended. If contemplated, mixes should be re-tested using the substitute materials.
.1 Obtain [Departmental Representative's] [Consultant's] [DCC Representative's]approval before changing manufacturer's brands or sources of supply of mortar materials during entire contract or other methods of mixing mortar specified elsewhere in this specification.
1.4 REFERENCE STANDARDS
SPEC NOTE: Edit the following paragraphs for this specific project.
.1 ASTM International
.1 ASTM C5-[10], Standard Specification for Quicklime for Structural Purposes.
.2 ASTM C144-[11], Standard Specification for Aggregate for Masonry Mortar.
.3 ASTM C185-[08], Standard Test Method for Air Content of Hydraulic Cement Mortar.
.4 ASTM C207-[06(2011)], Standard Specification for Hydrated Lime for Masonry Purposes.
.5 ASTM C260/C260M-[10a], Standard Specification for Air-Entraining Admixtures for Concrete.
.6 ASTM C270-[12a], Standard Specification for Mortar for Unit Masonry.
.7 ASTM C780-[12], Standard Test Method for Preconstruction and Construction Evaluation of Mortars for Plain and Reinforced Unit Masonry.
.8 ASTM C1072-[11], Standard Test Method for Measurement of Masonry Flexural Bond Strength.
.2 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]).
.2 LEED Canada-CI Version 1.0-[2007], LEED (Leadership in Energy and Environmental Design): Green Building Rating System Reference Guide For Commercial Interiors.
.3 LEED Canada 2009 for Design and Construction-[2010], LEED Canada 2009 for Design and Construction Leadership in Energy and Environmental Design Green Building Rating System Reference Guide.
.4 LEED Canada for Existing Buildings, Operations and Maintenance-[2009], LEED Canada 2009 Leadership In Energy and Environmental Design Green Building Rating System Reference Guide.
.3 CSA International
SPEC NOTE: For masonry construction using other than clay or shale masonry units, sand-lime masonry units or concrete masonry units, the proportions of ingredients and any additives to be used in the mortar should be based on laboratory field experience with the mortar ingredients and the particular masonry units to be used.
SPEC NOTE: CAN/CSA-A179 provides: performance pre-qualification requirements for "unconventional" materials; mixing procedures and admixtures not specifically recognized by the standard; and, performance pre-qualification requirements for mortars prepared in accordance with the property specifications.
SPEC NOTE: CAN/CSA-A179 Appendix B states to carefully design mortar, the following must be considered: physical properties of the masonry unit; service conditions; and, results of the pre-qualification testing and the pre-construction testing. CAN/CSA-A179 Appendix B provides guidance on testing and test frequency of mortar - with acceptance criteria based on property specifications.
.1 CSA A23.1/A23.2-[09], Concrete Materials and Methods of Concrete Construction/Test Methods and Standard Practices for Concrete.
.2 CAN/CSA-A179-[04(R2009)], Mortar and Grout for Unit Masonry.
.3 CAN/CSA-A3000-[08], Cementitious Materials Compendium (Consists of A3001, A3002, A3003, A3004 and A3005).
1.5 ACTION AND INFORMATIONAL SUBMITTALS
.1 Submit in accordance with Section [01 33 00- Submittal Procedures].
SPEC NOTE: Include requests for relevant data to be furnished by the Contractor, before, during or after construction.
.2 Product Data:
.1 Submit manufacturer's instructions, printed product literature and data sheets for [mortar]and include product characteristics, performance criteria, physical size, finish and limitations.
.2 Prior to mixing or preparation of mortars submit for review to [Departmental Representative] [Consultant] [DCC Representative]confirmation of source or product data sheet of:
.1 Aggregate.
.2 Cement.
.3 Lime.
.4 Premixed products.
.5 Pigments.
.3 Samples:
.1 Provide samples in quantity and size in accordance with CAN/CSA-A179.
SPEC NOTE: For a particular mortar mix, testing is normally required prior to any site work and once site work gets under way. This helps ensure that the key mortar properties of compressive strength and bond are met. Several mortars should be tested prior to any site work. For cost effectiveness reasons, the larger the job size, the greater the number of tests should be, keeping however testing portion reasonable. In general, it is recommended to test the plastic properties on a larger spectrum of mortars and to test the hardened properties on a few mortars at 7 and 28 days. If special types of mortars are designed, it is suggested to follow the appropriate testing required for that type of mortar. For any given sand and given moisture content of the sand, variation of parameters such as flow and mixing equipment should be tested.
.4 Test reports:
.1 Submit test results during site work as directed by [DCC Representative's] [Departmental Representative's] [Consultant's]as follows:
.1 Sieve analysis: sand.
.2 Bulking analysis: sand.
.3 Air content: mortar mix in plastic state.
.4 Vicat cone penetration: mortar mix.
.5 Mortar compressive strength: at 7 and 28 days or otherwise required.
SPEC NOTE: Co-ordinate the following paragraph with Section 01 35 21- LEED Requirements.
.5 Sustainable Design Submittals:
.1 LEED Canada submittals: in accordance with [Section 01 35 21- LEED Requirements].
.2 Construction Waste Management:
.1 Submit project [Waste Management Plan] [Waste Reduction Workplan]highlighting recycling and salvage requirements.
.2 Submit calculations on end-of-project recycling rates, salvage rates, and landfill rates demonstrating that [75] [50]% of construction wastes were recycled or salvaged.
.3 Recycled Content:
.1 Submit listing of recycled content products used, including details of required percentages or recycled content materials and products, showing their costs and percentages of [post-consumer] [post-industrial]content, and total cost of materials for project.
.4 Regional Materials: submit evidence that project incorporates required percentage [_____]
1.6 QUALITY ASSURANCE
.1 Qualifications:
SPEC NOTE: This article should include standards, limitations and criteria which establish an overall level of quality for products and quality of work for this Section. Co-ordinate with Section 01 45 00- Quality Control.
SPEC NOTE: Preparation of mortar is as much an art as a science. Only experience can determine the most appropriate mixture to avoid inconsistencies and a poor quality product. Testing will reveal poor quality, but only after 28 days - the reliance on testing could result in serious job disputes and constant rectification of defective work. It is always recommended to keep a survey of application of each type of mortars.
.1 Mechanics to have minimum of [5]years experience in lime mortar preparation.
.2 Mortar to be mixed by same mechanics throughout project.
.2 Mock-ups:
SPEC NOTE: Use pre-construction testing for assessing mortar mixing requirements, colour and texture of mortar.
.1 Construct mock-up in accordance with Section [01 45 00- Quality Control].
.2 Submit methods of reproducing existing mortar colour, texture and pointing types, and samples.
.3 Construct mock-up [1000]x [1000]mm.
.4 Mock-up will be used:
.1 To judge quality of work, substrate preparation, and material application.
.2 For testing to determine compliance with performance requirements.
.5 Locate as [indicated] [directed]by [Departmental Representative] [DCC Representative] [Consultant].
.6 Notify [DCC Representative] [Departmental Representative] [Consultant] [24]hours before commencing mock-up.
.1 Obtain approval from [DCC Representative] [Departmental Representative] [Consultant]before commencing mock-up.
.7 Allow [24]hours for inspection of mock-up before proceeding with work.
.8 When accepted, mock-up will demonstrate minimum standard for this Work. [Approved mock-up will not]remain as part of finished work.[_____] [Remove mock-up and dispose of materials when no longer required and when directed by  [Departmental Representative] [Consultant] [DCC Representative]].
1.7 DELIVERY, STORAGE AND HANDLING
.1 Deliver, store and handle materials in accordance with Section [with manufacturer's written instructions] [01 61 00- Common Product Requirements].
.2 Delivery and Acceptance Requirements: deliver materials to site in original factory packaging, labelled with manufacturer's name and address.
.3 Storage and Handling Requirements:
.1 Store materials [off ground] [indoors] [in dry location]and in accordance with manufacturer's recommendations in clean, dry, well-ventilated area.
.2 Store cementitious materials and aggregates in accordance with CSA A23.1/A23.2.
.3 Store lime putty in plastic lined sealed drums.
.4 Protect from weather, freezing and contamination.
.5 Remove rejected or contaminated material from site.
.6 Store and protect [mortar materials]from [nicks, scratches, and blemishes].
.7 Replace defective or damaged materials with new.
SPEC NOTE: Co-ordinate the following paragraph with Section 01 35 21- LEED Requirements.
.4 Develop [Waste Reduction Workplan] [Construction Waste Management Plan]related to Work of this Section and in accordance with Section [01 35 21- LEED Requirements].
.5 Packaging Waste Management: remove for reuse [by manufacturer] [and return]of [padding,] [packaging materials] [crates,] [pallets,]as specified in [Waste Reduction Workplan] [Construction Waste Management Plan]in accordance with Section [01 74 21- Construction/Demolition Waste Management and Disposal] [Section 01 35 21- LEED Requirements].
1.8 SITE CONDITIONS
SPEC NOTE: High temperatures cause rapid decrease in workability. A range of from 10 to 25 degrees C is preferable but may reduce the working season to unacceptable levels.
.1 Ambient Conditions:
.1 Provide weather-tight enclosure to store materials and mix mortars, maintain air temperature above 10 degrees C at all times.
.2 Maintain maximum/minimum thermometers and relative humidity gauges on site and in enclosures.
.1 Maintain a daily record of temperature and humidity.
.2 Install relative humidity and temperature equipment, record temperature and relative humidity and submit report to [Departmental Representative] [DCC Representative] [Consultant].
Part 2 Products
SPEC NOTE: The most common historic mortar, and the base for all mortar, is lime combined with sand. Lime hardens in the presence of carbon dioxide over a period of years. Hydraulic lime sets in the presence of water. Portland cement mixes set rapidly in the presence of water providing higher strength earlier to speed up construction. Adding Portland cement to lime-based mixes is called "gauging". The greater the proportion of Portland cement in the mix, the higher the compressive strength, but workability, flexibility and permeability are reduced proportionately. Although CAN/CSA-A179 referred to in the NMS describes the proportions and properties of mortar types N and O, these types may not necessarily meet the performance requirements for historic masonry assemblies. Such properties are not desirable for historic masonry as they limit deformability, causing damage to the masonry units, and they also reduce durability and bond. Therefore, to carefully design mortar for historic building, the following must be considered: physical properties of the masonry unit, service conditions, such as the material saturation stage, and the exposure zone level.
2.1 MATERIALS
SPEC NOTE: Using performance specification implies that mortar materials will be selected by contractor (and appropriate subcontractors).
SPEC NOTE: Use same brand of materials and source of aggregate for entire project.
.1 Water: potable, clean and free from contaminants.
SPEC NOTE: Most historic mortars contain aggregates obtained locally. Local sources included pits, beaches and river beds. Grains were often rounded and the gradation poor, ranging from very fine sands to occasional mortars with much coarser particles than are typically found today. Sands were often not thoroughly washed and contained impurities. In coastal locations this would have included chlorides that could cause development of undesirable efflorescence and/or sub-fluorescence. Sand from ocean beaches should never be used for mortar.
SPEC NOTE: While it is generally true the appearance of historical mortar is largely influenced by the original sand used, these sands are typically no longer available and rarely comply with current standards for cleanliness and gradation. Examination of the original sand is useful, however, to help determine the overall characteristics of the historic mortar and the final colour of the mortar.
SPEC NOTE: If local sand is available, it should be tested determine if it is of appropriate quality. The use of regional materials contributes to reducing the use of energy for transportation, and can contribute to reducing packaging materials and waste.
SPEC NOTE: Well-graded sands are critical to good performance. As a general rule the largest particle size may be up to 1/3 the joint width. A gradation chart of sizes should be included to define the distribution required. This is helpful in assessing sieve analysis data submitted by aggregate pits or testing agencies. Standard sands may not meet the specified grading and the blending of two or more sands may be required to meet the specification. Table 1 shows a trial sand gradation together with the CAN/CSA-A179 gradation limits. A coarser gradation than the CSA gradation is typically preferable.
.2 Sand: to CAN/CSA-A179.
	Sieve Size
	% By Weight Passing Each Sieve
	% By Weight Retained on Each Sieve

	No. 4 (4.75 mm)
	100
	0

	No. 8
	90
	10

	No. 16 (1.18 mm)
	70
	20

	No. 30 (600 mm)
	50
	20

	No. 50 (300 mm)
	30
	20

	No. 100 (150 mm)
	15
	15

	No. 200 (75 mm)
	0
	15


.1 Sharp, screened and washed pit sand, free of organic material, with final grading and colour to [approval] [review]of [DCC Representative] [Consultant] [Departmental Representative].
.2 Custom blend sands where necessary to provide appropriate colour match and gradation to [review] [approval]of [Consultant] [Departmental Representative] [DCC Representative].
SPEC NOTE: Once Portland cement became readily available in Canada in the late 1800's and early 1900's, more and more mortar mixes employed the faster setting cement as a partial lime replacement. Portland cement in the presence of water hardens relatively rapidly by a process called hydration. Pure Portland cement-sand mortars display harsh workability, inadequate water retentivity, too much compressive strength, and too little deformability; their use should be avoided for historic masonry. Basically in Portland cement-lime mortars, the lime contributes to the mortar's workability and water retentivity while the Portland cement controls the mortar's strength gain and final compressive strength. The interaction between the two binders - Portland cement and lime - means the greater the proportion of Portland cement in a mix the greater the compressive strength but the worse the workability and water retentivity, and conversely, the greater the proportion of lime in a mix the lower the compressive strength but the better the workability and water retentivity. For a project's particular masonry units, a good Portland cement-lime mix design must ensure just the right proportions between the two binders, sand aggregate and water to achieve satisfactory compatibility with the masonry units. Compatibility between units and mortar is vital for ease of construction (a harsher mortar will not work well with a fairly absorptive unit), proper bond, and long term durability. Since unit properties vary widely - from low strength (soft), highly absorptive clay bricks to high strength, relatively non-absorptive granites - proper compatibility is not a given but must be carefully defined for each project. Mortars for historic masonry should be weaker and more porous than the units they are binding.
SPEC NOTE: Grey Portland cements may introduce soluble salts and generally produce an inappropriately dark grey colour. For historic masonry projects and for those employing lightly coloured units such as Tyndall limestone or Indiana limestone, a white Portland cement should be used instead of grey Portland cement. On certain projects a blending of white and grey cements may be appropriate. Attention should be paid to the impurity issue. Type 10 (GU) cement is normally specified. Where sulphate resistance is a particular concern, type 50 (HS) should be considered. If preconstruction testing has been completed, the manufacturer should be specified.
.3 Portland cement: to CAN/CSA-A3000.
SPEC NOTE: Masonry cement - lime mortars: proprietary masonry cements came on the market in the 1920's to simplify job-site mixing operations and to more closely control strength variations. Initially masonry cements constituted pre-bagged blended Portland cement-lime mixtures to which only sand and water were added on site. Soon portions of the two expensive binders were replaced by cheaper plasticizers and fillers. Today masonry cements typically contain a complex variety of materials including Portland cement and/or hydraulic cement, plasticizers (possibly including hydrated lime), and air entraining agents. Although masonry cements are manufactured to CSA Standard A8, specific ingredients vary between manufacturers and also for a given manufacturer, with time. In specifying masonry cement mortars, care should therefore be exercised in ensuring that a particular masonry cement has a proven performance record under the climatic conditions of the heritage masonry project. A masonry cement mortar's compressive strength is typically too high and its deformability too low for traditional masonry assemblies; these properties can be improved by the addition of lime in a somewhat analogous fashion as for Portland cement mortars.
SPEC NOTE: Normal masonry cement produces a greyish coloured mortar joint. Where a much lighter joint colour is required, white masonry cement can be specified and can also be blended to achieve lighter greyish tones. Because masonry cements are proprietary products, and fillers and additives have been known to cause staining problems occasionally, it is important to ascertain the problem-free performance record of a particular brand and to use a particular manufacturer's masonry cement throughout a project. If preconstruction testing has been completed, the manufacturer should be specified.
.4 Masonry cement: to CAN/CSA-A3000.
.5 Lime:
SPEC NOTE: Lime/sand mortar has been in use for several thousand years. Mortars containing lime must be exposed to air to permit carbonation by carbon dioxide but must not be exposed to drenching rain until the joint surface has "skinned" or hardened. Too rapid drying means that carbonation will not occur properly with the material losing bond with aggregate and reduction in joint plasticity; too slow and the surface of the joint may never set properly. Water placed on the joint too early will cause lime to be sucked out of the joint by capillary action and lime streaks to stain face of the wall. Difficult to mix and slow to cure, lime/sand mixes may be superior in longevity (although weaker) than gauged formulations. Thin elements, such as tracery, may carbonate in 5 to 10 years while thick walls may require several hundred years. Their initial softness, slow rate of set, and the need for careful mixing can be liabilities. These are, however, compensated by the benefits of this proven system. The flexible joint permits a range of structural movement. Carbonation re-heals cracks as does the dissolving of lime and re-deposition in acidic rainwater to maintain joint integrity. Lime mortar, more porous than most building stones and gauged mortars, acts as a wick to draw moisture from masonry (resulting in dryer walls and reduced spalling), and disinfects imbedded wood elements.
SPEC NOTE: The fresher this material is, the better will be the final product. Aged quicklime can become "air slaked" by drawing moisture out of the ambient air, and will become degraded with time. It is therefore critical that all materials be stored in a dry area and in air-tight containers before use.
.1 Processed Lime (Quicklime): to [ASTM C5], fresh, finely ground and crushed; high calcium, 3/16" fines, dry bagged.
SPEC NOTE: Specifications on Portland cement-lime or masonry cement-lime mortars deal with hydrated limes. Hydrated limes are available as type N, type S, and types NA and SA. Because types S and SA develop a better level of plasticity, they are preferable for many projects. There are some concerns, however, that the Dolomitic type S and SA limes have a potential for development of salts and eventual staining problems; the specifier should therefore check the performance record of a particular brand. Type SA should not be used together with masonry cement because masonry cement also includes an integral air-entraining agent and the resultant mortar mix would contain too high a level of air entrainment for good bond and durability. If preconstruction testing has been completed, the manufacturer should be specified.
SPEC NOTE: Other sources of material include the U.S. and the U.K., each of which have manufacturers that will supply pre-made lime putty which is believed to be of a higher quality than site-mixed material.
.2 Hydrated Lime:
.1 Dolomitic finishing lime, Type "S", to [ASTM C207].
.2 Hydrated, high calcium, Type "N" masons' lime to [ASTM C207].
.3 Air-entrained dolomitic lime, Type SA lime:[_____]
.4 Lime putty.
SPEC NOTE: There are other types of lime mortars that achieve a hydraulic set in the presence of water. A full range of hydraulic limes is available in Canada. Their properties can vary from manufacturer to manufacturer. Research has not been completed to confirm the viability and long-term performance of hydraulic lime mortars in historic masonry assemblies. It is essential to determine the physical properties in each case prior to designing such a product. Therefore, hydraulic lime mortars should only be used by experienced practitioners and where appropriate research and demonstrate that this choice is the best match to the historical project..
.5 [_____]
SPEC NOTE: Many historic mortars relied on the aggregate for colour as these tended not to fade with time - this is still the preferred manner in which to colour the mortar. The colour of mortar is usually at first governed by the smallest sized particles of the mix (initially the lime particles) and later by atmospheric soiling and/or weathering of the surface to expose the larger aggregate particles. The inclusion of various colourant additives is also known historically. Pigments include both metal oxides (such as brown, yellow and red tones from the heating of iron oxides) and natural earth compounds (such as amber, ochre and sienna). Brick dust added to mortar to improve setting or strength properties will also affect the final colour, as will pozzolanic material. If granite and marble dust are used the breathability of the mortar will be decreased for the tested materials.
SPEC NOTE: Mortar will stain with atmospheric pollutants. If preconstruction testing has been completed, the manufacturer should be specified.
.6 Colour:
SPEC NOTE: The colour of many historic mortars was determined by the aggregate. Colour is governed by the smallest size fraction of the aggregate, but it may change as weathering erosion exposes larger aggregate granules. This is still the preferred colouring technique. Fine aggregates (such as brick dust, black carbon, and fly ash) can also add colour, but they may affect the mortar properties and characteristics as well. Also, a variety of colouring agents have historically been used. Colourants include metal oxides (such as brown, yellow and red tones from heating iron oxides) and natural earth compounds (such as umber, ochre and sienna). Some staining of masonry and fading of pigments have been observed with these materials. Every effort should be made to minimize the use of colouring agents. For best colour retention select inorganic (metal) oxides.
SPEC NOTE: For black mortar, carbon black or an aggregate with a black colour are used. Carbon black may change the amount of water required for the mix and increase the compressive strength.
.1 [Ground coloured natural aggregates,] [metallic oxide pigments,] [coloured sand to match existing] [carbon black]. Use minimum amount necessary.
SPEC NOTE: Although a maximum of 10% occasionally acceptable, this is an extreme case, usually only required for black mortars.
.2 Maximum colour: [2]% of total volume of aggregate.
.3 Match core of freshly broken sample of original mortar.
SPEC NOTE: Above 15% physical properties change the durability of the mortar.
.4 Coloured admixtures: maximum [15]% of binder content by mass.
SPEC NOTE: Additives may change setting times, improve workability, increase water resistance as well as compressive and bond strengths. Carefully check out the performance of additives before specifying any as some have led to undesirable discolouration of mortar, salt formation, moisture problems, and premature corrosion of embedded steel. Calcium chloride is not recommended because it may contribute to efflorescence and promote rusting of embedded steel. Therefore, for historical mortar mixes it is not recommended to use additives.
SPEC NOTE: Additives are sometimes needed to satisfy performance requirements, and they have been used in mortars since earliest times. Common additives include oils to reduce water permeability (risk: may inhibit carbonation); salt or wine to retard drying (risk: might prevent mortar from drying in damp climates); mud or clay to shed water (risk: may weaken the bond); egg whites and animal protein to fix colour and to make a waterproof yet breathable mixture (risk: surface membrane phenomenon may prevent mortar from drying); and sugar, beer and urine to improve frost resistance (risk: may delay carbonation). Other components found in historic mortar include fine brick dust, which acted as pozzolan allowing the mix to set hydraulically, and coarse brick dust promoted air entrainment. Modern additives like latex may improve bond strength but reduce the desired permeability of historic masonry; air entrainment agents may improve frost resistance, but excessive amounts will adversely affect mortar durability. Mortar testing, analysis and design should take historic and modern additives into account and any effects they may have on performance.
.7 Additives:
.1 Obtain written approval of [Departmental Representative] [Consultant] [DCC Representative]before using additives.
.2 [_____]
SPEC NOTE: Chemical admixtures are used to induce air entrainment. Masonry cement and types NA and SA lime contain integral air entraining agents, which can typically generate the desirable 9% to 18% level of air. Portland cement-lime based mixes used in exterior exposure conditions where heavy saturation is present should either have air intentionally added by means of an air entraining agent or employ types NA or SA lime. If the proportion of types NA or SA lime is relatively low in a Portland cement mix, an air content of say 8% may not be reached. It is not recommended to employ an additional air-entraining agent in such a case since the two agents may not be compatible; instead, the mix design should be altered. If preconstruction testing has been completed, the manufacturer should be specified. Tight site control is required.
.8 Air entrainment:
.1 Vinsol resin type: to [ASTM C260/C260M].
.2 [_____]
.9 Brick dust:
.1 Type: [_____]
.2 Gradation: [_____]
.10 Mortar mill:
SPEC NOTE: Mortar mills have been known since Roman times and consist of a set of stone or iron rollers, which squeeze the sand and lime together. The resulting mixture can be produced with the addition of minimum water and results in a mortar which is exceptionally putty-like, workable, and superior in performance to that obtained from other mixing procedures (generally with a higher compressive strength). Extended mixing with the mortar mill will, however, crush the grains of aggregate thus reducing the desirable range - therefore lower mixing times in the order of 2 to 4 minutes are recommended.
SPEC NOTE: A mortar mill will break down the balls of lime and, therefore, achieve better mixing.
SPEC NOTE: Mortar mills are only recommended for lime putty.
.1 Mortar mill comprising mortar pan with adjustable cast iron sprung rollers on cranked roller shaft, steel scrapers and blades for lime putty mixing.
SPEC NOTE: If a sieve is used in the preparation of a mortar then all the material will be passed through and therefore no unmixed balls will be produced.
SPEC NOTE: Paddle mill types of mixers are gentler than the mortar mill, but may not be as thorough, resulting in balls of unmixed lime which will deteriorate under freeze/thaw conditions. An extended mixing time, by gradually mixing aggregate into putty, is therefore critical as is mixing until there is no further streaking of lime. In addition, there is a tendency to add much more water when mixing, which increases the water/binder ratio, which then radically reduces performance. With this system, it is critical that the quantities be established in advance and strictly adhered to.
.11 Spiral paddle mill comprising a mechanically driven rotating barrel with integral internal paddles for other than lime putty mixing
SPEC NOTE: The paddle mill may not break down the lime balls and, therefore, the mortar will have white spots. However, a sieve could be used when adding the lime to the mix. Or a paddle mill could integrate big stones to do the job of dissolving the lime.
.1 Each batch add up to 6 large stones to tumble and pound mortar during mixing process.
SPEC NOTE: The following method should be for small batches. There is a risk with this system of too long a period between mixing and placing the mortar such that there may be an additional temptation on the part of the masons to retemper the mortar.
.12 Plasterer's metal troughs.
2.2 MORTAR MIXES
SPEC NOTE: CAN/CSA-A179 provides: performance pre-qualification requirements for "unconventional" materials; mixing procedures and admixtures not specifically recognized by the standard; and, performance pre-qualification requirements for mortars prepared in accordance with the property specifications.
SPEC NOTE: CAN/CSA-A179 states that, generally, the plastic and hardened properties of mortar prepared using the requirements of the property specification will differ from the plastic and hardened properties of mortar prepared using the proportion specification, though they may have the same mortar type letter designation. (i.e., using the same mortar type, a mortar prepared using the proportion specifications will generally achieve a higher compressive strength than the same mortar type prepared using the property specifications.)
.1 Proportion requirements:
SPEC NOTE: In practice it is important to specify a mortar mix which is readily workable in the plastic state and produces desirable hardened properties of compressive strength (enough for structural requirements but not too much), bond strength (to prevent cracking and control moisture ingress), deformability (to accommodate slight movements without cracking), breathability and frost resistance. In essence, the mix must be compatible with the units and perform well under the environmental conditions the masonry is subjected to over the long term.
SPEC NOTE: Compressive strength has traditionally been used as a broad indicator of the overall mortar properties. The traditional rule of thumb is that the mortar's compressive strength should be no more than 25% of the compressive strength of the masonry units. This rule may be appropriate for historic clay brick where unit strengths are often low (unit strengths of 20 to 30 MPa would entail maximum mortar strengths of 5 to 7.5 MPa), but would be inappropriate for stone units where unit strengths for common sandstones and limestones are 50 to 100 MPa; using the 25% rule, mortars with compressive strengths of 12 to 25 MPa would be too dense and too inflexible to allow the stone masonry to perform well over the long term. Increased mortar compressive strengths also do not lead to increased bond strengths between mortar and unit. Mortar strengths in the range of 4 to 10 MPa are typically appropriate for most applications.
SPEC NOTE: The recommended trial test proportions are for pointing mortars but may also be used for bedding mortars. The plastic and hardened physical properties of pointing mortars are typically more difficult to control within specified limits than those of bedding mortars. This is due to the relatively stiff consistency of pointing mortars (typical Vicat cone penetrations 15 to 25 mm) which with low water/binder ratios (typically 0.6 to 0.9) tend to gain too much compressive strength while not bonding well enough to the masonry units. With the low water/binder ratios, care must also be taken to ensure uniform distribution of any air-entraining agent if such an agent is not an integral part of the binder (masonry cement and types NA or SA lime contain an integral air entrainer).
SPEC NOTE: Use appropriate sub-paragraph below.
SPEC NOTE: Be clear about whether lime is in putty form or dry hydrated lime. The volume is not equivalent between the two.
.1 Portland cement-lime mortar:
.1 For normal exterior [bedding] [pointing]: type [_____]Portland cement, [_____][white] [grey]
.2 For severely exposed exterior [pointing] [bedding]: type [_____]Portland cement, [_____][white] [grey]
.3 For interior [pointing] [bedding]: type [_____]Portland cement, [_____][grey] [white]
.2 Masonry cement mortar:
.1 For normal exterior [pointing] [bedding]: type [_____]masonry cement, [_____][grey] [white]
.2 For severely exposed exterior [pointing] [bedding]: type [_____]masonry cement, [_____][grey] [white]
.3 For interior [pointing] [bedding]: type [_____]masonry cement, [_____][grey] [white]
.3 Lime mortar:
.1 For normal exterior [pointing] [bedding]: type [_____][_____]
.2 For interior [bedding] [pointing]: type [_____][_____]
SPEC NOTE: Using property specification implies that mortar materials will be selected by the Contractor (and appropriate Subcontractors).
.2 Property requirements:
.1 Mixes: as required to achieve specified performance criteria, functionally compatible with adjacent materials and components.
SPEC NOTE: It may be required to alter the mix proportions slightly following the results of the preconstruction test program in order to meet the prescribed mortar properties.
.2 Obtain written approval of [Consultant] [DCC Representative] [Departmental Representative]before changing mix proportions. Change mix proportions only as directed by [Departmental Representative] [Consultant] [DCC Representative].
2.3 COLOURED MORTAR
.1 Use [sand]as colouring agent.
.2 Maintain one mortar mixer exclusively for coloured mortar.
2.4 ALLOWABLE TOLERANCES
SPEC NOTE: Addition of Portland cement to lime mortar provides necessary acceleration of compression strength. Lime mortars and lime-cement mortars reach their maximum compression strength much more slowly them pure Portland cement mortars.
.1 Mortar compression strength minimum [_____].[_____]
SPEC NOTE: CAN/CSA-A179 calls for 7 and 28 days. This applies for cement lime mortars only. For hydraulic limes the testing dates could be 7, 28, 56, 90 days or more.
.2 If mortar fails to meet the 7 day compressive strength requirements, but meets the 28 day compressive strength requirement, it is acceptable. If mortar fails to meet the 7 day compressive strength requirement, but its strength at 7 days exceeds two thirds of the value required for the 7 day strength, contractor may elect to continue work at his own risk while awaiting the results of the 28 day tests, or to take down the work affected.
Part 3 Execution
3.1 GENERAL PREPARATIONS
.1 Traditional Mortar:
.1 Prepare measuring boxes to ensure accurate proportioning of materials.
.2 Maintain separate measuring boxes for each component.
.3 Ensure sand is tested and volume corrected for bulking.
.4 Ensure air entraining agent is available together with a graduated container for accurate volume measurements.
.5 Ensure testing equipment is ready and in working order.
.6 Apply [Vicat cone]test to ensure desirable performance of the mortar and record results.
.7 [DCC Representative] [Consultant] [Departmental Representative]to apply [Vicat cone]test to ensure desirable performance of mortar and record results.
SPEC NOTE: If traditional mortar preparation is not possible then select the premixed mortar that matches the traditional mortar that would have otherwise been used.
SPEC NOTE: Ready lime putty is available in stores.
.2 Premixed Mortar:
.1 Follow manufacturer's written instructions.
.2 Whole bag has to be prepared.
.3 Apply [Vicat cone]test to ensure desirable performance of the mortar and record results.
.4 [Consultant] [Departmental Representative] [DCC Representative]to apply [Vicat cone]test to ensure desirable performance of mortar and record results.
3.2 BULKING OF SAND
SPEC NOTE: Damp sand can occupy as much as one third more volume than either dry or saturated (wet) sand. Bulking is the increase in volume of dry sand when it becomes damp. Damp sand can be used, however, if its volume is adjusted for bulking.
.1 Test sand for bulking:
.1 At start of work.
.2 After each new delivery of sand.
.3 After severe change in weather.
.2 Test and adjust sand quantities for bulking:
.1 Obtain sample of sand which accurately reflects average condition of pile of damp sand, as follows:
.1 Take 4 shovels full of sand, each from a different level of the pile, and mix thoroughly.
.2 Place sand in a conical pile and divide into 4 quarters with a board. Remove 2 opposite quarters from pile, and combine remaining 2 quarters and mix thoroughly.
.3 Repeat quartering and mixing procedure until a sample of size required for testing remains.
.2 Fill a 1-litre capacity jar, about two-thirds full with damp sand to be tested. Drop sand in loosely. Do not pack it in. Level off surface, measure depth of damp sand (D).
.1 Carefully empty sand into another container, and half fill first container with water.
.2 Pour back about half of test sample of sand slowly into water so it is entirely saturated. Rod it thoroughly to remove air.
.3 Add rest of sand, rodding again to remove air and level off surface. Measure depth of saturated sand (S), which will be less than depth of damp sand.
.4 Calculate percentage bulking using formula: [(D-S) x 100%]/S = percentage bulking; where D = depth of damp sand, and S = depth of saturated sand.
SPEC NOTE: When batching the sand for use in mortar, increase the volume of the sand used by the percentage bulking shown in the test. For example, if the mortar mix is a standard 1:3 mix requiring 3 parts of sand and the percentage bulking is found to be 20%, the volume of sand used in the mortar should be: (3 x 120)/100 = 3.6 parts. To adjust for bulking, the actual mortar mix will therefore be 1:3.6 when this same damp sand is being used.
.3 Increase volume of sand by percentage bulking shown in test.
3.3 PREPARATION OF MORTAR
SPEC NOTE: This specification deals with lime putty prepared with hydrated lime only.
SPEC NOTE: Most lime products contain air entrainment. For those that do not contain air, there is a need to add air on site, follow the manufacturer's instructions.
.1 Lime Mortar:
.1 Prepare measuring boxes to ensure accurate proportioning of dry lime putty and sand.
.2 Mix dry lime and sand thoroughly in [mortar mill], [spiral- blade mechanical mixer]for [maximum 10] [minimum 3]minutes. Do not add  water. No spots or streaks of lime to remain upon completion of mixing.
.3 Add water as required.
.2 Lime-Cement Mortar:
.1 Prepare measuring boxes to ensure accurate proportioning of dry lime putty and sand.
SPEC NOTE: Lime based mortars must both be as stiff as possible and remain workable. The best mix is achieved through the use of a mortar mill.
.2 Mix dry lime and sand thoroughly in [mortar mill], [spiral- blade mechanical mixer]for [maximum 10] [minimum 3]minutes. Do not add  water. No spots or streaks of lime to remain upon completion of mixing.
.3 Add water as required.
.3 Lime Putty Mortar:
.1 Prepare lime putty from hydrated mason's lime by adding dry bagged hydrated lime to water. Stir and hoe the mass to form a thick cream.
.2 Seal containers.
.3 Label and date all containers.
.4 Keep prepared material from freezing. Discard frozen material.
SPEC NOTE: Standing time should be extended beyond 48 hours.
.5 Allow to stand at least 48 hours in covered containers before use, preferably longer.
.6 Take lime putty from bins, siphon off water by screening lime through muslin, or cheesecloth, to remove excess water. Rework lime without adding water until it regains its plasticity by beating, ramming and chopping.
.7 Adjust sand for bulking as described in article [3.2].
.8 Mix lime putty with sand as required.
SPEC NOTE: The older the putty, the better it is. Therefore, the storage period would ideally be extended to as long as practical prior to actual construction.
SPEC NOTE: The standing water over the top of the lime putty is lime water, which is an excellent preservative and a material which can be used in lime washes, wood preservation, as a bonding agent when new work is laid up to old, and as a pre-wash under plasters and renders. Ideally it should be siphoned off when the putty is to be used and stored for other uses.
3.4 PREPARATION OF LIME-SAND ROUGHAGE (COARSE STUFF)
SPEC NOTE: Some advocate the use of hydrated lime mixed dry with the sand in the mortar mill (no lime putty). This may ensure the absolute quality control over proportions as lime putty can have from 40% to 70% moisture content. After dry mixing, water is added gradually to produce the correct level of plasticity. This method, however, is not traditional and the long-term implications are not certain - there is a possibility that the method may cause some of the lime particles to remain unwetted thus promoting later wash-out of the lime from the joints. Note, however, that, limes containing air entraining agents must be mixed dry in the mortar mill in this manner.
SPEC NOTE: Lime-sand roughage may be stored indefinitely if protected from air by storing in plastic air-tight bins.
.1 Store lime sand roughage in air-tight plastic bins.
.2 Keep prepared material from freezing. Discard frozen material.
.3 Maintain measuring containers for correct quantity of materials for use in batches.
.4 Thoroughly clean mortar boards, measuring boxes and mixers between batches.
3.5 MIXING
.1 General:
.1 Use batching box.
.2 Follow proper batching procedure.
.3 Monitor mixing time.
.2 Mortar:
.1 Mix Characteristics:
.1 Pointing mortar: slightly stiffer than bedding mortar with a consistency such that the mortar can be hand-formed into a stiff ball.
.2 Record amount of water required to reach this consistency and use for subsequent mixes.
.2 Prepare only enough mortar to be used within two hours. Do not retemper mortar beyond this time.
.3 Follow manufacturer instructions when premixed mortar is used.
.4 Contractor to appoint 1 individual to mix mortar for duration of project. If this individual must be changed, mortar mixing must cease until new individual is trained, and mortar mix is tested.
3.6 CONSTRUCTION
.1 Do masonry mortar and grout work in accordance with CAN/CSA-A179 except where specified otherwise.
3.7 CLEANING
.1 Progress Cleaning: clean in accordance with Section [01 74 11- Cleaning].
.1 Leave Work area clean at end of each day.
.2 Final Cleaning: upon completion remove surplus materials, rubbish, tools and equipment in accordance with Section [01 74 11- Cleaning].
SPEC NOTE: When the joint is thumb print hard, a bristle brush and/or a slightly moistened sponge may be used to finish the joint, partly remove the very thin layer of binder and so expose some of the surface of the aggregate. Various more natural textures can be achieved by a combination of tooling, brushing and sponging techniques. It is thought that a sponged joint may be superior to a hard tooled joint as the more open pores may admit a greater amount of CO2to promote carbonation.
.3 Remove droppings and splashings using clean sponge and water.
.4 Clean masonry with low pressure [15 to 45 psi] [1 to 3 bar]clean water and soft natural bristle brush.
.5 Obtain approval of [Departmental Representative] [Consultant] [DCC Representative]prior to using other cleaning methods for persistent stains.
.6 Waste Management: separate waste materials for [recycling] [reuse]in accordance with Section [01 74 21- Construction/Demolition Waste Management and Disposal] [01 35 21- LEED Requirements].
.1 Remove recycling containers and bins from site and dispose of materials at appropriate facility.
3.8 PROTECTION OF COMPLETED WORK
SPEC NOTE: Rapid drying of lime rich mortars will cause lime fines (laitance) to migrate to the surface of a joint. This will whiten joints, preventing the natural colours of the sand fines from showing through until the joints have weathered for some time. In the worst case, the lime could run down the face of the wall and cause unsightly streaking. The drying process is therefore very critical and must not be overlooked. This is the case both in summer and winter conditions - heated winter enclosures can cause significant early drying and failure in much the same way as summer sun.
.1 Cover completed and partially completed work not enclosed or sheltered at end of each work day.
.2 Enclose and protect work using wetted burlap.
SPEC NOTE: Select minimum time period based on the type of mortar used.
.3 Cover with waterproof tarps to prevent weather from eroding recently laid material.
.1 Maintain tarps in place for minimum of [3 days] [1 week] [2 weeks] [4 weeks]after laying.
SPEC NOTE: To allow carbonation of the lime in the joint, humidity and air must reach the joint.
.2 Ensure that bottoms of tarps permit airflow to reach mortar in joints.
.4 Anchor coverings securely in position.
END OF SECTION

