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This guide presents information on materials, fabrication, properties, design, and handling of precast concrete floor, roof, and wall units having oven-dry unit weights of 50 pcf (800 kg/m3) or less. The concrete achieves the low density through the use of gas-releasing agents or the mechanical incorporation of air. Keywords: cellular concretes; concrete construction; concrete slabs; deflection; floors, lightweight concretes; precast concrete; prefabrication; roofs; structural design; thermal conductivity; walls.
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Chapter 7—Handling, p. 523.2R-5 Chapter 8—Fire resistance, p. 523.2R-5 Chapter 9 —References, p. 523.2R-5 9.1—Specified references 9.2—Cited references CHAPTER 1—GENERAL 1.1—Objective The primary objective of this guide is to outline practices for design and fabrication of precast reinforced cellular concrete (50 pcf [800 kg/m3] and under) floor, roof, and wall units that will result in structural members of adequate load capacity, durability, appearance, and overall serviceability for the function intended. Units covered by this Guide should be protected from exposure to weather. 1.2—Scope The recommendations of this Guide apply to precast reinforced cellular concrete units, which are designed and factoryproduced for use in structures. These recommendations are based largely on the experience gained with a large variety of units in service. The report does not cover job site fabrication. 1.3—Definition of cellular concrete This Guide includes precast concretes having oven-dry unit weights, as measured by ASTM C 495, of 50 pcf (800 kg/m3) or less. The material, which is commonly referred to as cellular or aerated concrete, may be defined as: A lightweight product consisting of portland cement and/or lime with siliceous fine material, such as sand, slag, or fly ash, mixed with water to form a paste that has a homogeneous void or cell structure. The cellular structure is attained essentially by the inclusion of macroscopic voids resulting from a gas-releasing chemical reaction or the mechanical incorporation of air or other gases (autoclave curing is usually employed). CHAPTER 2—MATERIALS 2.1—Sand Sands conforming to ASTM Specifications C 33 and C 144 are acceptable. 2.2—Fly ash Fly ash should conform to ASTM C 618. 2.3—Hydraulic cements Cement should conform to ASTM Specifications C 150 or C 595. 2.4—Lime Lime should conform to ASTM C 911. 2.5—Foaming agents Cellular concrete foaming agents shall conform to ASTM C 796 and C 869.



2.6—Mixing water Mixing water for concrete should be clean and free from injurious amounts of oils, acids, alkalies, salts, organic matter, or other potentially deleterious substances. 2.7—Admixtures Air-entraining, accelerating, retarding, water-reducing, or pozzolanic admixtures may be used, if desired, provided that they conform to ACI 318. Information on such materials is available in ACI Report 212.3R. Calcium chloride and accelerators containing chloride salts should not be used when steel reinforcement or uncoated aluminum members are embedded in or in contact with the concrete. 2.8—Reinforcement 2.8.1—Reinforcement should be weldable steel conforming to ASTM Specifications A 615, A 82, or A 185. Electrical resistance spot welding is usually employed to fabricate the reinforcing steel cage or mesh. All welding should conform to AWS D12.1. 2.8.2—Reinforcement in cellular concrete units should be protected by a corrosion-inhibiting coating such as a latexmodified portland cement slurry or hot dipped zinc coating. CHAPTER 3—CONCRETE PROPERTIES 3.1—Compressive strength Low-density concrete used in precast reinforced cellular concrete floor, roof, and wall units should have a minimum compressive strength of 300 psi (2.07 MPa). The compressive strength of these units should be determined by ASTM C 495, ASTM C 513, or ASTM C 796, whichever is applicable. 3.2—Drying shrinkage The potential drying shrinkage of cellular concretes should be determined on three specimens, in accordance with ASTM C 426 or ASTM C 341. The average drying shrinkage should not be in excess of 0.20 percent. The test should be conducted employing either a test specimen cut from a manufactured unit that is unreinforced or at least has no steel reinforcement in the longitudinal direction or molded from the same batch of concrete from which the units are made. The specimens should be 2 in. x 2 in. (50 mm) in cross section and of sufficient length to provide the 10 in. (254 mm) gage length required. Specimens should be conditioned by immersion in water at 73 ± 2 F (23± 1.1 C) for 48 hr. Length measurements should commence immediately upon removal from the water 3.3—Thermal insulation values The thermal conductivity of cellular concrete should be measured by means of the Guarded Hot Plate (ASTM C 177) or the Heat Flow Meter (ASTM C 518). When test data for a specific concrete are not available, Table 3.3 may be used as a general guide.
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Table 3.3— Thermal conductivity of various low-density concretes Oven-dry unit weight pcf 20 30 40 50



kg/m3 320 480 640 800



k 0.60 0.83 1.10 1.40



Thermal conductivity (k factor)* Oven dry Air dry W/mK k W/mK 0.09 0.83 0.12 0.12 1.10 0.16 0.16 1.40 0.20 0.20 1.80 0.26



*Representative values for oven dry and air dry materials. These values should not vary more than 5 percent. They are intended as design (not specification) values for materials in normal use. For the conductivity of a specific concrete, the user may obtain the value supplied by the producer or secure the results of test. “k” is in units Btu in./hr ft2 F (SI equivalent is in W/mK).



CHAPTER 4—DESIGN 4.1—Structural analysis The design of the concrete units covered by this Guide should be made with reference to permissible stresses, service loads, and the accepted linear elastic theory of design. 4.2—Notation Ec = static modulus of elasticity of concrete Es = modulus of elasticity of steel = 29,000,000 psi (200 GPa) fc = allowable compressive stress f'c = compressive strength of concrete specimen at 28 days unless otherwise specified h = vertical distance between lateral wall supports I = moment of inertia L = span length of slab or beam n = Es/Ec t = thickness of unit vs = allowable shear stress w = total load per unit length of beam or per unit area of slab D = deflection 4.3—Allowable design stresses in concrete and reinforcement 4.3.1—For steel reinforcement, the design allowable stresses should not exceed one-half of the specified yield strength, with a maximum of 24,000 psi (165 MPa). 4.3.2—The design allowable stresses in the concrete should conform to the requirements Appendix A of ACI 318, except as noted below a.Unreinforced web shear stress vc permitted should not exceed 0.03 f'c. b.Walls—Allowable compressive stress in concrete for precast cellular concrete load-bearing walls should not exceed the following fc = 0.2f’c[1—(h/40t)3] Non-load-bearing partitions or curtain walls should be limited to an h/t ratio of not greater than 48, with the maximum height and length of the wall not exceeding 20 and 40 feet respectively.



4.4—Deflection Precast reinforced cellular concrete units used as floors and roofs shall not exceed either of two deflection limitations: I. The maximum deflection requirements of the Local Building Code, and II. The maximum deflection requirements recommended by Table 9.5(b) of ACI 318. In no case should the span-depth ratio exceed 30, nor should the thickness be less than 2 in. (50 mm). For this purpose the thickness of a topping should not be included in computing the depth. 4.5—Concrete protection for reinforcement Due to the high porosity of cellular concretes, the reinforcing bars must receive a rust-resistant coating before casting. The minimum clear cover should be 1/2 in. (12 mm), composed of cellular concrete and any coating that has been applied to the steel reinforcement. The protective cover for fire hazard should be at least that necessary to comply with local building codes or other applicable codes. 4.6—Modulus of elasticity The modulus of elasticity should be determined in accordance with ASTM C 469, except that the specimens may be rectangular prisms, and only the results of the first cycle of loading should be utilized. Strains may be measured by use of electrical resistance strain gages, mechanical strain measuring devices, or dial gages attached to a suitable frame. Maximum strains should not exceed 0.001. It is possible to determine Ec and n by direct measurement of deflection of production members, in accordance with ASTM E 72. Using the deflection formula ∆ = 5wL4/384EcI a value for EcI can be calculated. By trial and error calculations for I of the uncracked transformed section, using assumed values of n, a value for Ec can be calculated. Correct values of Ec and n are obtained when the relationship Es/Ec is equal to the assumed value for n.
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4.7—Bearing The allowable bearing unit stresses should be as provided for in Appendix A of ACI 318.



5.3—Dimensional tolerances Dimensional tolerances should be as listed for precast concrete in ACI 117.



4.8—Interaction between units The concrete roof and floor units should be detailed and constructed to provide interaction with adjacent units, thus permitting the transfer of loads without differential displacement. Interaction between adjacent roof units may be omitted provided that the maximum difference in deflection between units is not greater than 1/8 in. (3.2 mm) under any condition of load for which the units are designed. Where a floor system that provides interaction between units, supports partition walls parallel to the unit, or will be subjected to heavy concentrated loads, such loads may be considered to be uniformly distributed over not more than two identical units on each side thereof, but not over a greater total width than 0.4 of the clear span distance.



5.4—Identification and marking All units should bear a permanent identifying symbol as well as a mark indicating the top of the unit and its orientation. The identifying symbol should be the same one used for the unit in the manufacturer’s literature. It should be shown in a table on the erection drawings, together with the length, type, and size of unit, and the amount, size, and arrangement of all reinforcement. The tabulated information should be complete enough to permit the calculation of the load capacity of the unit.



4.9—Anchorage 4.9.1 Cross rods—All tensile steel reinforcement should be anchored by a minimum of two cross rods welded in accordance with AWS D12.1 and located within 8 in. (200 mm) from each end and spaced at least 3 in. (75 mm) apart. Additional cross rods should be spaced at intervals not exceeding 40 in. (1 m). For compressive steel reinforcement, at least one cross rod should be placed 4 in. (100 mm) from each end. Additional cross rods should be spaced at intervals not exceeding 40 in. (1 m). The area of the cross rods should be no less than one third the area of the longitudinal steel reinforcement. 4.9.2 Weld shear strength—A weld in shear should develop a minimum of one-half the specified yield strength of the longitudinal steel times its cross-sectional area. 4.10—Holes and openings Holes may be drilled or cut providing the steel reinforcement area in a unit is not reduced in excess of 30 percent. Slabs immediately adjacent to the cut slab should be made to act monolithically with the cut slab, either by keying, welding, doweling, or other mechanical means. Engineering calculations should be provided for cut slabs. CHAPTER 5—MANUFACTURING 5.1—Curing After molding, the units are normally cured by high-pressure steam curing (autoclaving) or by atmospheric steam curing. However, other processes may be used that prevent the loss of water during curing, and that result in the attainment of all minimum values of mechanical properties recommended in this guide. 5.2—Workmanship The mix, gradation of the aggregate, and workability should be such as to insure complete filling of the form and intimate bond between the concrete and all steel reinforcement. The finished product should have a uniformly textured surface, and be essentially free of flaws and cracks that would detract from its appearance and structural performance.



CHAPTER 6—TESTS 6.1—Tests of an individual flexural unit When an individual unit designed by the working stress method is to be tested as a simple span beam, the zero point for deflection measurements should be under the total dead load to be carried. The maximum 24 hr midspan deflection due to a test load of twice the service live load (with minimum test loads of 80 and 60 psf [3.8 and 2.9 kPa] for floors and roofs respectively) should not exceed 1/160 of the span. The residual deflection immediately after removing the test load should not exceed 1/400 of the span. Such units should then be tested to complete failure. The test load at failure should be not less than two times the sum of dead and service live loads, nor less than three times the service live load alone. If no failure occurs, the load causing a deflection of 1/ of the span should be considered the failure load (refer 60 also to the deflection requirements of Section 4.4 herein). 6.2—Quality control, sampling and acceptance testing The selection of minimum, average, and maximum concrete strengths, load capacities and other characteristics of precast units, should be based on standard statistical methods. To determine the range of acceptable values for these properties, a coefficient of variation must be selected. According to ACI 214, good field practice in making concrete would be indicated by a coefficient of variation in the range of 10 to 15 percent for compressive strength. For precast concrete products made under factory controlled conditions, a coefficient of variation not greater than 10 percent should be maintained. It is recommended that the procedures outlined in ASTM E 122 be used. This procedure presents methods for calculating how many units to include in a sample in order to estimate, within a prescribed precision, the average strength or other characteristics for all the units of a lot of material or the average produced by the process. CHAPTER 7—HANDLING Units should be stored on suitably prepared supports, free from warp. They should not be delivered until they have sufficient strength to be safely transported. They should be carefully placed in final position without overstressing or
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damage. Instructions from the manufacturer on how to handle the units must be followed. Special equipment is usually used or recommended by the manufacturer to assist in the transportation and erection of the units. CHAPTER 8—FIRE RESISTANCE The fire-retardant functions of cellular concrete range from that of supporting loads during and after a fire to that of significantly reducing heat transfer. This ability to resist the flow of heat at high temperatures, as measured by the rise in temperature on the unexposed side of an assembly during a fire test, is an important criterion in measuring fire retardance. Fire retardance tests have been conducted on wall, floor, and roof assemblies constructed of cellular concrete. Test results and construction details are published by ACI Committee 216 in their “Guide for Determining the Fire Endurance of Concrete Elements (ACI 216R-89),” by the American Insurance Association, and by Underwriters Laboratories, Inc. CHAPTER 9—REFERENCES 9.1—Specified references The standards and ACI documents referred to in this document are listed below with their serial designation. The standards and reports listed were current at the time this document was revised. Since some of these publications are revised frequently, the user of this document should check directly with the sponsoring group to refer to the latest revision. 9.1.1—ACI Documents 117 Standard Tolerances for Concrete Construction and Materials 212.3R Chemical Admixtures for Concrete 214 Recommended Practice for Evaluation of Strength Test Results of Concrete 318 Building Code Requirements for Reinforced Concrete 9.1.2—ASTM Standards A 82 Standard Specification for Steel Wire, Plain, for Concrete Reinforcement A 185 Standard Specification for Welded Steel Wire Fabric, Pain, for Concrete Reinforcement A 615 Standard Specification for Deformed and Plain BilletSteel Bars for Concrete Reinforcement C 33 Standard Specifications for Concrete Aggregates C 144 Standard Specification for Aggregate for Masonry Mortar C 150 Standard Specification for Portland Cement C 177 Standard Test Method for Steady-State Heat Flux Measurements and Thermal Transmission Properties by Means of the Guarded-Hot-Plate Apparatus C 332 Standard Specification for Lightweight Aggregates for Insulating Concrete C 341 Standard Test Method for Length Change of Drilled or Sawed Specimens of Cement Mortar and Concrete C 426 Standard Test Method for Drying Shrinkage of Concrete Block
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Standard Test Method for Static Modulus of Elasticity and Poisson’s Ratio of Concrete in Compression C 495 Standard Test Method for Compressive Strength of Lightweight Insulating Concrete C 513 Standard Method for Securing, Preparing, and Testing Specimens from Hardened Lightweight Insulating Concrete for Compressive Strength C 518 Standard Test Method for Steady-State Heat Flux Measurements and Thermal Transmission Properties by Means of the Heat Flow Meter Apparatus C 567 Standard Test Method for Unit Weight of Structural Lightweight Concrete C 595 Standard Specification for Blended Hydraulic Cements C 618 Standard Specification for Fly Ash and Raw or Calcined Natural Pozzolan for Use as a Mineral Admixture In Portland Cement Concrete C 796 Standard Test Method for Foaming Agents for Use in Producing Cellular Concrete Using Preformed Foam C 869 Standard Specification for Foaming Agents Used in Making Preformed Foam for Cellular Concrete C 911 Standard Specification for Quicklime, Hydrated Lime, and Limestone for Chemical Uses E 72 Standard Method for Conducting Strength Tests of Panels for Building Construction E 122 Standard Recommended Practice for Choice of Sample Size to Estimate the Average Quality of a Lot or Process 9.1.3—American Welding Society Documents D12.1 Recommended Practices for Welding Reinforcing Steel, Metal Inserts, and Connections in Reinforced Concrete Construction 9.2—Cited references 1. Klieger, Paul, and Lamond, Joseph, eds., Significance of Tests and Properties of Concrete and Concrete Making Materials, ASTM Publication STP 169C, Part VI, Chapter 49, 1994, 7 pp. 2. Zollo, R. F., and Hays, C. D., “A Habitat of Fiber Reinforced Concrete,” Concrete International, Vol. 16, No. 6, June 1994, pp. 23-26. 3. “Autoclaved Aerated Concrete—Properties, Testing, Design,” RILEM Technical Committees 78-MCA and 51-ALC, London, 1993, 404 pp. 4. Short, A., and Kinniburgh, W., Lightweight Concrete, John Wiley and Sons, Inc., New York 1963, 368 pp. 5. Short, A., and Kinniburgh, W., “The Structural Use of Aerated Concrete,” The Structural Engineer (London), V. 39, No. 1, Jan. 1961, pp. 1-16. 6. Valore, R. C., Jr., “Insulating Concretes,” ACI JOURNAL, Proceedings V. 53, No. 5, Nov. 1954, pp. 509-532. 7. Valore, R. C., Jr., “Cellular Concretes,” ACI JOURNAL, Proceedings V. 50, No. 9, May 1954, pp. 773-796; and No. 10, June 1954, pp. 817-836. 8. Kluge, Ralph W.; Sparks, Morris M.; and Tuma, Edward C., “Lightweight-Aggregate Concrete,” ACI JOURNAL, Proceedings, V. 45, No. 9, May 1949, pp. 625-642. 9. Fire Resistance Directory—V. 1, Underwriters Laboratory, Inc., Northbrook, IL, 1995, 1516 pp. 10. Grimm, C. T., “Vermiculite Insulating Concrete,” Civil Engineering— ASCE, V. 33, No. 11, Nov. 1963, p. 69. 11. “Sound Transmission Loss Test,” Report L-136-3-63 and L-136-6-63, Michael J. Kodaras Acoustical Laboratories, Perlite Institute, New York 1963. 12. Ryan, J. V., and Bender E. W., “Fire Tests of Precast Cellular Concrete Floors and Roofs,” Monograph 45, National Bureau of Standards, Washington, D.C., 1962. 13. Lightweight Concrete, RILEM Symposium (Goteborg, 1960); RILEM, Paris (published by Akademiforiaget-Gumperts, 1961), 618 pp.
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