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SECTION 035216 - LIGHTWEIGHT INSULATING CONCRETE
Verify that Section titles referenced in this Section are correct for this Project's Specifications; Section titles may have changed.

PART 1 -  GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

1.2 SUMMARY

A. This Section includes cast-in-place [perlite aggregate] [vermiculite aggregate] [cellular]-type lightweight insulating concrete for [roof decks] <Insert location>.

B. Related Sections include the following:

List below only products and construction that the reader might expect to find in this Section but are specified elsewhere.

1. Division 03 Section "Cast-in-Place Concrete" for structural lightweight concrete.

Retain paragraph below if allowances are specified in Division 01 Section for Work in this Section.

C. Allowances:  Refer to Division 01 Section "Allowances" for description of Work in this Section affected by allowances.

Retain paragraph below if unit prices are specified in Division 01 Section for Work in this Section.

D. Unit Prices:  Refer to Division 01 Section "Unit Prices" for description of Work in this Section affected by unit prices.

1.3 DEFINITIONS

A. Lightweight Insulating Concrete:  Low-density concrete, with an oven-dry unit weight not exceeding 50 lb/cu. ft. (800 kg/cu. m), placed with or without embedded rigid insulation board.

1.4 SUBMITTALS

A. Product Data:  For each type of product indicated.  Include mixing and application instructions for each type of lightweight insulating concrete.

B. Shop Drawings:  Include plans, sections, and details showing roof slopes, lightweight insulating concrete thicknesses, embedded insulation board, roof penetrations, roof perimeter terminations and curbs, control and expansion joints, and roof drains.

C. Design Mixtures:  For each lightweight insulating concrete mix.

Coordinate paragraph below with qualification requirements in Division 01 Section "Quality Requirements" and as supplemented in "Quality Assurance" Article.

D. Qualification Data:  For [Installer] [testing agency].

Delete paragraph below if material test reports are not required for lightweight aggregates.

E. Material Test Reports:  For lightweight aggregates, from a qualified testing agency, indicating compliance with requirements.

Delete paragraph and list below if material certificates are not required.

F. Material Certificates:  For each of the following, signed by manufacturers:

Edit list below to suit Project.

1. Cementitious materials.

2. Foaming agents.

3. Admixtures.

4. Molded-polystyrene insulation board.

Retain paragraph below if Contractor is responsible for field quality-control testing.

G. Field quality-control test reports.

Insert specific model code organization in paragraph below or revise if report must be from another source.

H. Research/Evaluation Reports:  For lightweight insulating concrete.

1.5 QUALITY ASSURANCE

Delete paragraph below if manufacturer's approval of Installer is not required.

A. Installer Qualifications:  A firm that is approved by lightweight insulating concrete manufacturer.

Retain paragraph below if Contractor or manufacturer selects testing agency.

B. Testing Agency Qualifications:  An independent testing agency qualified according to ASTM C 1077 and ASTM E 329 for testing indicated.

Delete paragraph and subparagraph below if no fire-resistance-rated roof assemblies use lightweight insulating concrete.

C. Fire-Test-Response Characteristics:  Where lightweight insulating concrete is part of a fire-resistance-rated roof-deck assembly, provide lightweight insulating concrete identical to that used in assemblies tested for fire resistance per ASTM E 119 by a testing agency acceptable to authorities having jurisdiction.

Revise subparagraph below if only assemblies tested by one or more specifically named testing and inspecting agencies are acceptable.  Indicate rating, testing agency, and testing agency's deign designation on Drawings.

1. Fire-Resistance Ratings:  Indicated by design designations from UL's "Fire Resistance Directory," from ITS's "Directory of Listed Products," or from the listings of another testing and inspecting agency.

Delete paragraph below if FMG listing is not required for lightweight insulating concrete.  Coordinate listing of lightweight insulating concrete with remaining roof construction requirements.  FMG-approved roof decks are placed in two rating categories for fire: noncombustible and Class 1 fire.  Each category requires a roof deck to comply with Class 1-60 wind-uplift rating, minimum; with ASTM E 108, Class C for exterior fire; and with Class 1-MH for hail.  Coordinate list of manufacturers in Part 2 with manufacturers having FMG approval.

D. FMG Listing:  Provide lightweight insulating concrete evaluated by FMG as part of a roof assembly and listed in FMG's "Approval Guide" for [Class 1 fire] [and] [noncombustible] rating.

Retain paragraph below if vermiculite aggregates are specified.  Revise test methods and compliance criteria if other statutory or jurisdictional requirements govern.

E. Provide vermiculite aggregates containing no detectable asbestos as determined by method specified in 40 CFR 763, Subpart E, Appendix E, Section 1, "Polarized Light Microscopy."

Delete paragraph below if Work of this Section is not extensive or complex enough to justify a preinstallation conference.  If retaining, coordinate with Division 01.

F. Preinstallation Conference:  Conduct conference at Project site to comply with requirements in Division 01 Section "Project Management and Coordination."

1.6 DELIVERY, STORAGE, AND HANDLING

A. Deliver materials in manufacturer's original undamaged packages or acceptable bulk containers.

B. Store packaged materials to protect them from elements or physical damage.

C. Do not use cement that shows indications of moisture damage, caking, or other deterioration.

1.7 PROJECT CONDITIONS

Consult manufacturers to determine minimum ambient temperature in first paragraph below for placing lightweight insulating concrete.

A. Do not place lightweight insulating concrete unless ambient temperature is [40 deg F (4.4 deg C)] [32 deg F (0 deg C)] and rising.

Retain subparagraph below if heated mixing water is permitted and first option is deleted from paragraph above.

1. When air temperature has fallen or is expected to fall below 40 deg F (4.4 deg C), heat water to a maximum 120 deg F (49 deg C) before mixing so lightweight insulating concrete, at point of placement, reaches a temperature of 50 deg F (10 deg C) minimum and 80 deg F (27 deg C) maximum.

B. Do not place lightweight insulating concrete during rain or snow or on surfaces covered with standing water, snow, or ice.

PART 2 -  PRODUCTS

2.1 MATERIALS

Select type of portland cement from first four options in paragraph below.  Select optional sentence if supplementing portland cement with fly ash is permitted.

A. Cementitious Material:  Portland cement, ASTM C 150, Type [I] [II] [I/II] [III].[  Supplement with fly ash, ASTM C 618, Class C or F.]

Select one aggregate from options in paragraph below for aggregate-type lightweight insulating concrete.

B. Mineral Aggregate:  ASTM C 332, Group I, [vermiculite] [perlite].

Retain first paragraph below for cellular-type lightweight insulating concrete.

C. Foaming Agent:  ASTM C 869.

D. Water:  Clean, potable.

Delete paragraph below if air-entraining admixtures are not required.  Air entrainment is normally not required for cellular lightweight insulating concrete.

E. Air-Entraining Admixture:  ASTM C 260.

Retain first paragraph below if control joints are required for either aggregate- or cellular-type lightweight insulating concrete.

F. Joint Filler:  ASTM C 612, Class 2, glass-fiber type; compressing to one-half thickness under a load of 25 psi (172 kPa).

G. Steel Wire Mesh:  Cold-drawn steel wire, galvanized, 0.041-inch (1.04-mm) diameter, woven into 2-inch (50-mm) hexagonal mesh, and reinforced with a longitudinal 0.062-inch- (1.57-mm-) diameter wire spaced 3 inches (75 mm) apart.

1. Available Product:  Subject to compliance with requirements, a product that may be incorporated into the Work includes, but is not limited to, "Keydeck," Style No. 2160-2-1619, by Keystone Steel & Wire.

Retain subparagraph above for nonproprietary or subparagraph below for proprietary specification.  Refer to Division 01 Section "Product Requirements."

2. Product:  Subject to compliance with requirements, provide "Keydeck," Style No. 2160-2-1619, by Keystone Steel & Wire.

Retain paragraph and subparagraphs above or paragraph below if reinforcement is required for steep decks, decks acting as structural diaphragms, or fire-rated deck assemblies.  If retaining below, revise wire spacings and sizes to suit application.

H. Galvanized Plain-Steel Welded Wire Reinforcement:  ASTM A 185, 2 by 2 inches (50 by 50 mm), W0.5 by W0.5, fabricated from galvanized steel wire into flat sheets.

Retain paragraph and subparagraph below if insulation board is required.  Embedded insulation increases thermal-insulation value of lightweight insulating concrete assembly and may be used to produce a sloped roof.

I. Molded-Polystyrene Insulation Board:  ASTM C 578, Type I, 0.90-lb/cu. ft. (14.4-kg/cu. m) minimum density.

1. Provide units with keying slots of approximately 3 percent of board's gross surface area.

2.2 DESIGN MIXTURES

A. Prepare design mixtures for each type and strength of lightweight insulating concrete by laboratory trial batch method or by field-test data method.  For trial batch method, use a qualified independent testing agency for preparing and reporting proposed mixture designs.

Revise percentage in subparagraph below to suit Project.  Delete subparagraph if fly ash is not permitted.

1. Limit use of fly ash to not exceed 25 percent of portland cement by weight.

B. Limit water-soluble chloride ions to the maximum percentage by weight of cement or cementitious material permitted by ACI 301.

2.3 AGGREGATE LIGHTWEIGHT INSULATING CONCRETE

Retain this Article if specifying lightweight insulating concrete with perlite or vermiculite aggregate.

A. Produce lightweight insulating concrete using the minimum amount of water necessary to produce a workable mix.

Delete subparagraph below if no entrained air.

1. Do not exceed maximum air content recommended by aggregate manufacturer.

Retain paragraph and subparagraphs below if using perlite aggregate.  Add other performance requirements, such as thermal conductivity and air content, if necessary.  Coordinate mix properties with method used to attach roofing membrane or base sheet.

B. Perlite Aggregate Mix:  Lightweight insulating concrete produced from cementitious materials, water, air-entraining admixture, and perlite mineral aggregates with the following physical properties:

See Editing Instruction No. 1 in the Evaluations for cautions about naming manufacturers and products.

1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:

Retain subparagraph above for nonproprietary or subparagraph below for semiproprietary specification.  Retain list of manufacturers with either subparagraph.  Refer to Division 01 Section "Product Requirements."

2. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

a. Airlite Processing Corporation of Florida.

b. Carolina Perlite Company.

c. Harborlite Corporation.

d. Redco II.

e. Silbrico Corporation.

f. Sun Gro Horticulture

g. <Insert manufacturer's name.>

Properties in four subparagraphs below are based on proportions published by Perlite Institute for a cement/perlite ratio of 1:6.  Revise properties if other cement/perlite ratios, such as 1:4 or 1:8, are required.

3. As-Cast Unit Weight:  38 to 44 lb/cu. ft. (610 to 705 kg/cu. m) at point of placement, when tested according to ASTM C 138/C 138M.

4. Oven-Dry Unit Weight:  24 to 30 lb/cu. ft. (385 to 480 kg/cu. m), when tested according to ASTM C 495.

5. Compressive Strength:  Minimum 125 psi (860 kPa), when tested according to ASTM C 495.

6. Cement-to-Aggregate Ratio, by Volume:  [1:6] <Insert ratio>.

Retain paragraph and subparagraphs below if using vermiculite aggregate.  Add other performance requirements, such as thermal conductivity and air content, if necessary.  Coordinate mix properties with method used to attach roofing membrane or base sheet.

C. Vermiculite Aggregate Mix:  Lightweight insulating concrete produced from cementitious materials, water, air-entraining admixture, and vermiculite mineral aggregates with the following physical properties:

See Editing Instruction No. 1 in the Evaluations for cautions about naming manufacturers and products.

1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:

Retain subparagraph above for nonproprietary or subparagraph below for semiproprietary specification.  Retain list of manufacturers with either subparagraph.  Refer to Division 01 Section "Product Requirements."

2. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

a. Mandoval Vermiculite Products Inc.

b. Palmetto Vermiculite Company.

c. Siplast.

d. Sun Gro Horticulture

e. <Insert manufacturer's name.>

Retain one set of physical properties from three sets of subparagraphs below.

Properties in four subparagraphs below are based on proportions published by various vermiculite producers for a cement/vermiculite ratio of 1:6.  Revise properties if other cement/vermiculite ratios, such as 1:4 or 1:8, are required.

3. As-Cast Unit Weight:  45 to 49 lb/cu. ft. (720 to 785 kg/cu. m) at point of placement, when tested according to ASTM C 138/C 138M.

4. Oven-Dry Unit Weight:  23 to 26 lb/cu. ft. (370 to 416 kg/cu. m), when tested according to ASTM C 495.

5. Compressive Strength:  Minimum 140 psi (965 kPa), when tested according to ASTM C 495.

6. Cement-to-Aggregate Ratio, by Volume:  [1:6] <Insert ratio>.

Properties in four subparagraphs below are based on Siplast's "ZIC System" for use over galvanized vented steel deck.

7. As-Cast Unit Weight:  44 to 60 lb/cu. ft. (705 to 960 kg/cu. m) at point of placement, when tested according to ASTM C 138/C 138M.

8. Oven-Dry Unit Weight:  22 to 28 lb/cu. ft. (352 to 450 kg/cu. m), when tested according to ASTM C 495.

9. Compressive Strength:  Minimum 125 psi (860 kPa), when tested according to ASTM C 495.

10. Cement-to-Aggregate Ratio, by Volume:  1:6.

Properties in four subparagraphs below are based on Siplast's "NVS System" for use over nonventing substrates.

11. As-Cast Unit Weight:  60 to 68 lb/cu. ft. (960 to 1090 kg/cu. m) at point of placement, when tested according to ASTM C 138/C 138M.

12. Oven-Dry Unit Weight:  34 to 42 lb/cu. ft. (545 to 673 kg/cu. m), when tested according to ASTM C 495.

13. Compressive Strength:  Minimum 300 psi (2070 kPa), when tested according to ASTM C 495.

14. Cement-to-Aggregate Ratio, by Volume:  1:3.5.

2.4 CELLULAR LIGHTWEIGHT INSULATING CONCRETE

Retain this Article if specifying cellular lightweight insulating concrete produced from cement, water, and liquid foam.  Select appropriate mixes from sets of properties below.  Coordinate mix properties with method used to attach roofing membrane or base sheet.

A. Produce cellular lightweight insulating concrete with the following minimum physical properties using cementitious materials, air-producing liquid-foaming agents, and the minimum amount of water necessary to produce a workable mix.

See Editing Instruction No. 1 in the Evaluations for cautions about naming manufacturers and products.

1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:

Retain subparagraph above for nonproprietary or subparagraph below for semiproprietary specification.  Retain list of manufacturers with either subparagraph.  Refer to Division 01 Section "Product Requirements."

2. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

a. Celcore Incorporated.

b. Elastizell Corporation of America.

c. Lite-Crete Inc.

d. Siplast.

e. <Insert manufacturer's name.>

Retain one set of physical properties from three sets of subparagraphs below.

Properties in three subparagraphs below are based on a range of proportions published by various manufacturers.  Revise to another specific range of properties if required.

3. As-Cast Unit Weight:  34 to 42 lb/cu. ft. (545 to 673 kg/cu. m) at point of placement, when tested according to ASTM C 138/C 138M.

4. Oven-Dry Unit Weight:  26 to 32 lb/cu. ft. (416 to 513 kg/cu. m), when tested according to ASTM C 495.

5. Compressive Strength:  Minimum 190 psi (1310 kPa), when tested according to ASTM C 495.

Properties in three subparagraphs below are based on Elastizell's "Range IIB."

6. As-Cast Unit Weight:  34 to 42 lb/cu. ft. (545 to 673 kg/cu. m) at point of placement, when tested according to ASTM C 138/C 138M.

7. Oven-Dry Unit Weight:  28 to 32 lb/cu. ft. (450 to 513 kg/cu. m), when tested according to ASTM C 495.

8. Compressive Strength:  Minimum 200 psi (1380 kPa), when tested according to ASTM C 495.

Properties in three subparagraphs below are based on Siplast's "Insulcel."

9. As-Cast Unit Weight:  38 to 48 lb/cu. ft. (610 to 770 kg/cu. m) at point of placement, when tested according to ASTM C 138/C 138M.

10. Oven-Dry Unit Weight:  30 to 36 lb/cu. ft. (480 to 577 kg/cu. m), when tested according to ASTM C 495.

11. Compressive Strength:  Minimum 200 psi (1380 kPa), when tested according to ASTM C 495.

PART 3 -  EXECUTION

3.1 PREPARATION

Delete first paragraph and subparagraph below if control joints are not required.

A. Control Joints:  Install control joints at perimeter of roof deck and at junctures with vertical surfaces, including curbs, walls, and vents, for full depth of lightweight insulating concrete.  Fill control joints with joint filler.

1. Provide 1-inch- (25-mm-) wide control joints for roof dimensions up to 100 feet (30 m) in length; 1-1/2-inch- (38-mm-) wide control joints for roof dimensions exceeding 100 feet (30 m).

B. Wire Mesh:  Place steel wire mesh with longest dimension perpendicular to steel deck ribs.  Cut mesh to fit around roof openings and projections.  Terminate mesh at control joints.  Lap sides and ends of mesh at least 6 inches (150 mm).

Retain paragraph above or below if steel reinforcement is required.  Revise side and end laps to suit Project.

C. Welded Wire Reinforcement:  Place steel welded wire reinforcement with longest dimension perpendicular to steel deck ribs.  Cut reinforcement to fit around roof openings and projections.  Terminate reinforcement at control joints.  Lap sides and ends of reinforcement at least 6 inches (150 mm).

3.2 MIXING AND PLACING

A. Mix and place lightweight insulating concrete according to manufacturer's written instructions, using equipment and procedures to avoid segregation of mixture and loss of air content.

Retain first paragraph and subparagraph below if applicable.

B. Install insulation board according to lightweight insulating concrete manufacturer's written instructions.  Place insulation board in wet, lightweight insulating concrete slurry poured a minimum of 1/8 inch (3 mm) over the structural substrate.  Ensure full contact of insulation board with slurry.  Stagger joints and tightly butt insulation boards.

Retain subparagraph below if different thicknesses of insulation board are required.

1. Install insulation board in a stair-step configuration with a maximum step-down of 1 inch (25 mm).

C. Deposit and screed lightweight insulating concrete in a continuous operation until an entire panel or section of roof area is completed.  Do not vibrate or work mix except for screeding or floating.  Place to depths and slopes indicated.

D. Finish top surface smooth, free of ridges and depressions, and maintain surface in condition to receive subsequent roofing system.

E. Begin curing operations immediately after placement, and air cure for not less than three days according to manufacturer's written instructions.

F. If ambient temperature falls below 32 deg F (0 deg C), protect lightweight insulating concrete from freezing and maintain temperature recommended by manufacturer for 72 hours after placement.

3.3 FIELD QUALITY CONTROL

Retain first option in first paragraph below if Owner engages agency; retain second option if Contractor engages agency.  If retaining second option, retain requirement for field quality-control test reports in Part 1 "Submittals" Article.

A. Testing Agency:  [Owner will engage] [Engage] a qualified independent testing and inspecting agency to sample materials, perform field tests and inspections, and prepare test reports.

B. Testing of samples of lightweight insulating concrete obtained according to ASTM C 172, except as modified by ASTM C 495, shall be performed according to the following requirements:

1. Determine as-cast unit weight during each hour of placement, according to ASTM C 138/C 138M.

Sampling frequency in first subparagraph below is based on ACI 318 (ACI 318M) for structural concrete and is an example only.  Revise to suit Project.

2. Determine oven-dry unit weight and compressive strength according to ASTM C 495.  Make a set of at least 6 molds for each day's placement, but not less than 1 set of molds for each [5000 sq. ft. (465 sq. m)] <Insert measurement> of roof area.

3. Perform additional tests when test results indicate as-cast unit weight, oven-dry unit weight, compressive strength, or other requirements have not been met.

a. Retest cast-in-place lightweight insulating concrete according to ASTM C 513 for oven-dry unit weight and compressive strength.

3.4 DEFECTIVE WORK

A. Refinish, or remove and replace, lightweight insulating concrete if surfaces are excessively scaled or too rough to receive roofing according to roofing membrane manufacturer's written requirements.

B. Remove and replace lightweight insulating concrete that fails to comply with requirements.
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