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Guide for Design of Foundations and Shoulders for Concrete Pavements Reported by ACI Committee 325 Methods are suggested for material selection, moisture control, and compaction or treatment of soils and materials to assure volume stability and uniform support for concrete pavements.Various environments are considered and appropriate methods of subgrade preparation are outlined. Subbase functions are defined and adaptability of types of subbases are discussed. Placement of materials to aid in subbase moisture control is emphasized in shoulder design. A section on recognition of causes of deficiencies in existing pavements is included to alert the engineer to the consequences of improper construction or adverse environment.
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CHAPTER 1 - INTRODUCTION 1.1 - General 1.1.1 Adequate foundations are as essential to the endurance of concrete pavements as they are to the longevity of all structures. Although road and runway foundation failures are seldom catastrophic as is the case with vertical structures, inadequate foundations for pavements require continued costly maintenance with accompanying delays and inconvenience to users. Annual cost of a pavement with a poor foundation greatly exceeds that of a well-designed roadway or airfield. 1.1.2 The objective of this report is to show how to build a pavement foundation that will remain stable under anticipated traffic through all seasons and climatic conditions. As some soils are more adversely affected by excess water than others, the fundamental problems are: (a) rapid removal of water by good ACI Committee Reports, Guides, Standard Practices, and Commentaries are intended for guidance in designing, planning, executing, or inspecting construction, and in preparing specifications. Reference to these documents shall not be made in the Project Documents. If items found in these documents are desired to be part of the Project Documents. they should be phrased in mandatory language and incorporated into the Project Documents.
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Chapter 7 - Pumping, page 325.3R-5 7.1 - Pumping considerations



Chapter 8 - Joint faulting, page 325.3R-6 8.1 - Causes
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drainage and (b) replacement or confinement and protection of poor soils to minimize their adverse effects. 1.1.3 When preferred materials are available, utilization of the principles of soil mechanics makes the construction of an ideal foundation possible; for economy purposes, full use is usually made of the soils that comprise the roadway excavations and embankments. The diversities of soils, climates, and road use require that each street, highway, or airfield pavement be engineered individually, but the underlying objectives of stability and uniformity always prevail. 1.1.4 This committee effort is a brief review of materials, their basic properties, effects of environment, methods of stabilization, and principles governing design of pavement foundations and shoulders for optimum performance. This effort replaces the 1968 Committee report. CHAPTER 2 - DEFINITIONS 2.1 - General 2.1.1 A review of classification systems, soil properties, and terms (AASHTO M146) associated with pavement design is given to facilitate discussion. 2.1.2 Soils have been classified by AASHTO M145, the Unified Soil Classification Systems Mil-Std-619B (Reference 17). the FAA System, and others. These systems are discussed by Yoder and Witczak, Reference I. The commonly used AASHTO and Unified systems separate soils into divisions largely according to particle size and Atterburg Limits. Important soil properties are: 2.1.3 Plasticity index (PI), also referred to as plasticity - The range in water content through which a soil remains plastic. It is the numerical difference between liquid limit and plastic limit as calculated according to AASHTO T90 or ASTM D4318. 2.1.4 Permeability - The susceptibility of soils to the passage of water, as determined by AASHTO T-215 and ASTM D-2434 for granular soils. The effect of gradation on soil permeability is illustrated in Reference 1, page 363. 2.1.5 Expansive Soils AASHTO T-258 - Volume changes in soil caused by loss and gain of moisture, respectively. 2.1.6 Frost-susceptible soil - Material in which significant detrimental ice segregation will occur when the requisite moisture and freezing conditions are present. 2.1.7 In-place density - Weight per unit volume of soil as determined by AASHTO T191, T205, or T238 or ASTM D1556.



2.1.8 Standard density - Maximum density at optimum moisture according to procedure AASHTO Designation T99 and ASTM D698. 2.1.9 Modified density - Maximum density at optimum moisture as designated by AASHTO T180 and ASTM D1557.



2.1.10 Modulus of soil reaction (k-value) - The ratio of stress on a 30 in. (76 cm) diameter plate to the settlement of that plate when tested according to ASTM Designation D1196. Test procedures for military airfields are given in References 2 and 3.



2.1.11 A pavement foundation may consist of one or more components. Under favorable conditions a pavement for light traffic may rest directly on the subgrade. Less favorable conditions of soil type, climate, or heavier traffic may require intermediate layers. Definitions of these components are: 2.1.12 Subgrade - The basement soil in excavations (cuts), embankments (fills), and embankment foundation to such depth as may affect structural design. 2.1.13 Subbase (also called base) - A specified or selected layer or layers of material of planned thickness directly beneath the pavement. Two or more layers of subbase are often placed for support and drainage reasons. 2.1.14 Filter course - A layer of permeable material that restricts the infiltration of fine-grained soils into coarser material. Filter designs are given in References 4 and 5. Other terms applicable to foundations are: 2.1.15 Drainage - Control of water accumulations on or in foundations as necessary to insure satisfactory performance of the pavement. Methods to provide drainage at military installations and highways are described in References 4 and 5, respectively. 2.1.16 Frost action - Freezing and thawing of moisture in soils and resultant effects on the soil and the pavement. Freezing may result in increased volume and upward movement called frost heave. Thawing may cause reduction in ability of the foundation to support loads. 2.1.17 Pumping - The ejection of mixtures of water and subgrade or subbase material along joints, cracks, and pavement edges by the passage of wheel loads over the pavement. CHAPTER 3 - SUBGRADES AND EMBANKMENTS 3.1 - General 3.1.1 Materials suitable for subgrade or embankments are described in AASHTO M57. Samples for identifications should be taken by the standard method, AASHTO T86 or ASTM D420. 3.2 - Preparation of subgrades 3.2.1 Preparation of subgrades is dependent on the type of soil and environment. To secure uniform support at lowest cost, cross-hauling is used to place the most stable soils in the upper layers. Proper compaction is necessary to prevent nonuniform support. Compaction procedures are those of AASHTO M57 with the additional requirement that clay soils (A-6 and A-7’s) should be compacted at moisture contents not less than optimum as found by AASHTO T99. (See Reference 3 for compaction requirements for airfield pavements.)



3.2.2 In areas with expansive soils, embankments should be constructed with the most susceptible soils at the bottom restrained by the upper lifts. Cut sections should be allowed to rebound after restraint is removed before final grading. On projects with highly expansive soils the upper 1 to 3 ft (30 to 90 cm) of the subgrade
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should be compacted at moisture contents slightly above AASHTO T99 optimum, but to avoid temporarily weakening the soil, compaction to densities exceeding AASHTO T99 maximums should not be attempted. Additional benefit may be obtained by treating the upper layers of these soils with lime. However, effectiveness in control of expansive soils depends primarily on depth of treatment. 3.2.3 When the water table is near the surface, treatment of the layer with lime prior to subbase placement may be effective in moisture control. 3.2.4 In areas of deep frost penetration, pockets of highly frost-susceptible soil should be replaced by soil with the same characteristics as that surrounding the pocket to avoid discontinuities in soil behavior. Under airfield pavement, some Federal agencies require that replacement be to the full depth of frost penetration (Reference 2). However, for the majority of roads the most effective protection from frost is a uniform subgrade irrespective of frost-penetration depths. 3.2.5 Other conditions that warrant special treatment are the existence of organic materials and prevalence of rocks and boulders in frost areas. Organic materials such as peat must be removed because these materials reduce in volume with moisture loss and cause excessive settlement. 3.2.6 Method of removal is determined by economics. Boulders in subgrades in frost areas work upward to the surface with freeze-thaw action and should be removed to a sufficient depth to assure uniformity of bearing and soil volume changes. CHAPTER 4 - SUBBASES 4.1. -General 4.1.1 With adequate subgrade preparation, pavements for city streets with drainage systems and lightly traveled roads may be built directly on subgrades because moisture problems are not serious and strong slab support is not needed. For heavier traffic the soil should meet requirements of AASHTO Designation Ml55 or a subbase should be constructed. 4.1.2 The term “subbase” evolved from the fact that the select layer is not designed primarily for high-supporting value but is placed for bearing uniformity, pumping control, and erosion resistance. The fact that some stabilized materials used for this purpose improve bearing significantly permits the use of the term “base,” and usage now allows free interchange of the terms for concrete pavements without reference to bearing quality. 4.1.3 Subbases are prescribed when they are needed for one or more of the following functions (Reference 6): 1. To control pumping of highway pavements carrying a substantial number of heavy truckloads - more than 1000 18 kip ESAL’s. 2. To provide uniform support for pavement slabs in areas that vary in subgrade, types, and soil condition. Provision of a subbase may not sufficiently compensate for nonuniform subgrade conditions. Every effort
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should be made to improve nonuniform subgrade conditions. 3. To aid in the control of differential shrinkage. 4. To aid in the control of excessive or differential frost heave. 5. To afford a more stable working platform during construction. 4.2 - Types of subbases 4.2.1 Because a subbase must remain stable under all climatic conditions, it must be built of durable materials, such as (1) granular aggregates that resist change in volume or bearing value with changes in moisture content, (2) soils of low plasticity which have been made more durable by treatment, and (3) relatively lowstrength (lean) concrete. 4.2.2 Granular subbases can be open-graded with high permeability to remove water quickly before pumping can occur or the subgrade surface can be affected. These subbases may vary in composition from graded gravels or crushed stone to materials that are predominantly of uniform size. All have restricted amounts of fine material passing the No. 200 sieve (0.074 cm) and a plasticity index of usually 6 or less. They should not be used over expansive soils and it is essential that lateral drainage be continued through shoulders to ditches or to longitudinal drains. If an open-graded subbase has a grading that permits intrusion of the subgrade soil, a filter course or other medium is required. Filter designs are given in References 4 and 5. 4.2.3 Granular subbases can also be dense-graded with low permeability to divert the water from the subgrade to drains or ditches. They should have stability under service conditions to provide continuous uniform support. They are used to minimize the accumulation of water beneath pavements over moisture-sensitive subgrades. Appropriate gradations and plasticity requirements are given in AASHTO M147. Under heavy traffic, however, this type of subbase has pumped significantly. 4.2.4 Granular subbases vary in thickness according to their purpose and subgrade conditions. Normally they are in the range of 4 to 6 in. (102 to 152 mm) for highways and 4 to 9 in. (102 to 229 mm) for airfields. Greater thicknesses may be used for severe or unusual frost conditions, highly expansive subgrade soils, and for other very severe subgrade conditions. When pavements are built on subbases, design thicknesses should be based on the support afforded by the subbasesubgrade system. 4.2.5 Stabilized subbases are built with soils to which a cementitious, waterproofing, or modifying product has been added, and which, after compaction, form a hardened material of relatively lower permeability. These subbases are constructed from AASHTO Soil Classification Groups A-l, A-2-4, A-2-5, and A-3 soils which have less than 35 percent material passing the No. 200 sieve and which have a PI of 10 or less. Enough cement is added to produce a compressive
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strength that will assure durability in the area of construction, nominally 300 psi (21 kg/cm) at 7 days. In frost-affected areas the material must meet the standard freeze-thaw durability criteria. Specifically, in one procedure cement content is based on formalized wetdry and freeze-thaw tests and weight-loss criteria. Compaction of the treated material should be not less than 95 percent of standard density. Thickness recommendations are given in References 4 and 7. These subbases increase support to the concrete slab, and methods to determine the effect on pavement thickness design are given in Reference 4. Under heavy traffic, these subbases have also shown significant pumping. 4.2.6 Subbase treatments also include lime, lime and fly ash, bitumen, and other cementitious or modifying materials. Methods for base stabilization with these materials described in Reference 7 are also suitable for subbases. Thickness is usually based on experience with the treatments for the special condition prevailing. 4.3- Design and location 4.3.1 Where economically feasible, crowned or sloped granular and treated subbases should be built across the full width of the roadway and planed to final grade at the time of compaction. This provides a firm platform and drainage, minimizes delays due to rainfall, expedites the paving operation, and facilitates shoulder compaction. 4.3.2 Lean concrete subbases are impermeable. These subbases are comprised of portland cement concrete with relatively low cement contents and with aggregate not necessarily meeting the standards required for normal concrete. Slumps vary from 1 to 3 in. (25 to 75 mm). Compressive strengths range from 750 to 1500 psi (5.2 to 10.4 MPa) at 28 days of age. Desirable cement factors range from 200 to 350 lb/yd³ (119 to 208 kg/ m3). Workability can be improved by permitting extra fines in the aggregate, adding more entrained air than normally used, and by adding fly ash, water reducers, or workability agents. 4.3.3 Lean concrete subbase may be placed nonmonolithically with respect to the concrete surface, with a bond-breaker separating the two courses. Alternatively, the lean concrete layer may be cast in monolithic fashion with respect to the concrete surface. In this latter operation, the lean concrete is placed and scarified while still plastic, and the higher-grade concrete surface is then immediately placed thereon to achieve full bond between the two layers and produce a composite pavement. Normal paving equipment is used to place a lean concrete subbase, permitting good quality control, production rates, and grade control. Only transverse construction joints are placed in lean concrete subbases. Reference 8 provides more complete information regarding the construction of lean concrete subbases. References 8 and 9 report thicknesses ranging from 4 to 6 in. (102 to 152 mm) in the subbase mode, and from 4 to 9 in. (102 to 229 mm) as the bottom portion of a composite pavement. In the composite pavement, the thickness of the high-grade surface



course can be minimized by thickening the less expensive lower lean-concrete layer. CHAPTER 5 - SHOULDERS 5.1- General considerations 5.1.1 A highway shoulder is an area built parallel with and adjacent to the traffic lanes to serve the following purposes: 1. To provide space for vehicles which leave the traffic lanes during routine traffic interruptions or emergency escape. 2. To provide space for emergency parking and maintenance operations. 3. To serve as a traffic lane when maintenance operations require such a detour. 4. To enhance drainage. 5. To provide edge support along the traffic lane (tied concrete shoulders). 5.1.2 Shoulder design varies with use, available materials, climate, and road location. Surfacing materials range from soil on lightly travelled or rural roads to concrete on higher volume highways. 5.1.3 On airfields, shoulders must provide area for lights, operational instruments, and dust control and must support maintenance and emergency traffic and occasional passes of loaded aircraft. As airfield shoulders are wide for operational reasons, only the portion adjacent to the runway/taxiway is paved or surfaced and the remainder is constructed of stable soils that are protected from erosion by vegetation or light surface treatment. 5.1.4 Road shoulder design should be compatible with use and pavement foundation. It must withstand occasional repetitions of encroaching and parking loads of the type of operation on the pavement. The quality of the surfacing material should increase with traffic volume to reduce maintenance. 5.1.5 For pavements carrying light traffic, shoulders can be built of low volume-change soils when climate and drainage permit. The soil must be compacted tightly against the pavement to cause surface water to drain across the shoulder and prevent flow into the subbase. Methods of construction are similar to those for soil-aggregate roads. 5.1.6 Shoulders for pavements with greater loads and traffic volumes in areas where reasonable maintenance can be tolerated may be built with well-graded gravel or crushed stone. If the pavement subbase is open-graded the lower layer of shoulder material should be opengraded also to assure lateral drainage, and the upper 4 to 6 in. (10 to 15 cm) should have sufficient fines to produce a firmly compacted wearing surface. This surface may be treated with asphalt for improved surface stability in nonfrost climates where the treatment will not be disturbed by winter maintenance as is the case when shoulder heave causes the surface to raise above the pavement grade and be scraped off by a plow. 5.1.7 Paved shoulder surfaces of plant-mix asphalt should be designed for frost resistance (Reference 2) to serve roads in frost areas. The design of the shoulder
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section must insure stability to preclude heaving of the shoulder to elevations higher than the pavement surface which can result in snowplow damage to the shoulder surface. Similar surfaces on mechanically or chemically stabilized material may be used for shoulders on expressways in nonfrost areas. Maintenance of asphalt-paved shoulders should include filling or sealing of the longitudinal crack (References 10, 11, and 12) that develops between the shoulder and the pavement to prevent infiltration of water which causes pavement moisture damage and shoulder-base saturation. Shoulder saturation can contribute to swell and frost heave. For adequate performance, asphalt-paved shoulders should be properly designed. 5.1.8 Many concrete shoulders have been constructed on major highways since 1965. They have shown that they can provide good long-term performance (References 13 and 14). In metropolitan areas, expressways that operate at full capacity at peak periods of the day may require concrete shoulders to minimize maintenance. Additionally, highways that experience heavy wheel-loads and thus high edge stresses may require tied-on concrete shoulders to preserve the structural integrity of the traffic lanes. Design procedures are available for concrete shoulders (References 12 and 16). Such concrete shoulders may be cast monolithically with an adjacent traffic lane during new construction or placed in a separate operation during either new construction or rehabilitation. Tiebars spaced as closely as 18 to 30 in. (450 to 760 mm) at middepth of the traffic-lane slab should be placed along the longitudinal shoulder joint. The strength and durability of the concrete should equal the concrete used in the mainline pavement on these major highways. 5.1.9 This longitudinal shoulder joint should be sawed (if placed along with the traffic lane) to one-third the depth of the slab to provide a weakened plane. The top of the sealant should be 1/8 to ¼ in. (3 to 6 mm) below the pavement surface. The sealant will reduce water and chloride infiltration. (Reference ACI 504R). 5.1.10 Commonly, concrete shoulders are 8 to 10 ft (2.4 to 3.0 m) wide adjacent to an outside lane and approximately 4 ft (1.2 m) wide adjacent to an inside lane. Minimum shoulder width should be 3 to 5 ft (0.9 to 1.5 m) for structural adequacy, and greater if geometric and safety needs so dictate. Adequate foundation strength needs (minimum k-value approximately 100 pci or 27.2 kPa/mm) may necessitate use of a subbase. In frost areas, it may be necessary to provide a uniform section across the traffic lanes and shoulder (including subbase) to avoid differential frost heave problems. Transverse contraction joints should be placed at 15 to 20 ft (4.5 to 6.1 m)12,13 intervals in the concretre shoulder, in line with similar transverse joints in the traffic lane. Dowels are not necessary in these transverse joints unless continual traffic use is envisioned, such as near an intersection or where the possibility exists for eventual use as a temporary or permanent traffic lane. To prevent indiscriminate use of shoulders by mainline traffic, the concrete surface can be finished with inter-



325.3R-5



mittently spaced transverse corrugations. Reference 15 reports that all states delineate shoulders from pavements by placing a 4-in. (l00-mm) white stripe at the outside shoulder and a yellow stripe at median shoulders. The states more commonly place these stripes at the pavement edge, although some states place such stripes on the shoulder. Transverse and longitudinal joints should be sealed. 5.1.11 Some engineers prefer a shoulder section of uniform thickness over a tapered one. Shoulder thickness should be no less than 6 in. (150 mm). References 12 and 15 provide a design method for determining required thickness of concrete shoulders based on design life, slab properties, traffic, foundation support, and load transfer across the longitudinal joint. The design method satisfies the accumulated fatigue damage which has been related to severity of cracking in concrete shoulder slabs. 5.1.12 In areas of deep frost, it is important that the concrete shoulder have a similar thickness, subbase, and foundation to avoid uneven frost heave. Frost-susceptible materials should not be placed beneath the concrete shoulder. 5.1.13 An alternate design is a concrete base course with an asphalt wearing surface. This design preserves the color contrast between pavement and shoulder, but is susceptible to deformation by truck loads. CHAPTER 6 - EVIDENCE OF FOUNDATION DEFICIENCY 6.1- Design field survey 6.1.1 When designing foundations for concrete pavements, it is beneficial to observe the performance of existing pavements. If causes of persistent distress in old pavements can be learned, contributing factors may be corrected in the new design. For this evaluation, attempts must be made to distinguish among distress due to inadequate drainage, improper construction of subgrades. inadequate subbases, poor joints, insufficient slab thickness for prevailing traffic, or poor construction practices. Construction records should be correlated with observations. Evidence and causes of deficiencies in concrete pavement are listed in the following paragraphs. CHAPTER 7 - PUMPING 7.1- Pumping considerations 7.1.1 The ejection of water and suspended subgrade or subbase material results when frequent loads produce large deflections of a pavement on a susceptible soil when free water is present. Voids develop beneath the joints and corners of the slab (and sometimes beneath the stabilized subbase). Experience has shown that pumping can be reduced by placing a granular layer that meets the requirements of AASHTO Ml55 between the subgrade and the pavement or by using a stabilized subbase. Control of surface runoff and provision for adequate subdrainage will reduce pumping. Where qualifying granular materials are not available,
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subbases treated with cement or another stabilizing agent compacted in sufficient thickness to reduce pavement deflections will reduce pumping. The need for sealing joints and cracks and particularly the longitudinal lane/shoulder joint to exclude water is very important in controlling pumping. Dowels in transverse joints or a tied concrete shoulder will reduce joint deflections and deter pumping. CHAPTER 8 - JOINT FAULTING 8.1- Causes 8.1.1 This defect is an abrupt change in elevation at a joint and may be due in part to (1) the displacement of underlying materials from the subbase and/or shoulder materials and their buildup under the approach slab, or (2) soil densification from repeated loads under the leave slab. It is important to note that the lack of adequate load transfer across a joint will accelerate joint faulting. Displacement of subgrade or subbase material may result from pumping, and the lack of support may cause faulting. Densification of underlying soil may result if the subgrade or subbase are improperly compacted. Lean concrete subbases do not densify, are resistant to surface deterioration, and reduce deflections at the joints, and, therefore, resist faulting. CHAPTER 9 - HIGH JOINTS 9.1- General 9.1.1 In contrast to joint faulting, high joints result from infiltration of water and subsequent swelling of expansive clay. Compaction of expansive soils at moisture contents slightly above the standard AASHTO T99 optimum will reduce expansion due to water infiltration. Treatment of highly expansive material in the upper layer of the subgrade with lime or cement is beneficial. The degree of control of the uniformity of mixing the lime with the expansive clays is dependent on the equipment used and the depth of treatment. CHAPTER 10 - CRACKING 10.1- Causes and locations of cracks 10.1.1 Transverse cracks may result from overloading or fatigue damage (including slab curling) accelerated by displacement of underlying material from pumping, or they may indicate improper compaction of the subgrade or subbase. Longitudinal cracks may develop from overloads but often indicate nonuniform slab support, caused by variations in material or improper compaction. Uniform compaction over the entire roadbed is of extreme importance, and variations in the subgrade prior to subbase placement may be detected by proof rolling. CHAPTER 11 - PAVEMENT BREAKS AND SETTLEMENT 11.1- Causes and treatments 11.1.1 Lack of soil support due to large voids caused by improper backfill procedures in utility ditches or at pipe culverts may cause local breaking and settlement of the concrete. Other causes may be disintegration of



organic deposits or loss of saturated soil through drains. 11.1.2 Ditches for utilities and small culvert pipe must be backfilled in such a way that the column of replaced soil responds to load and environment in the same manner as the adjacent material (Reference 16). For utility ditches this is best accomplished by replacing the excavated material in reverse order at matching moisture and compacting in shallow lifts. The proof of good practice is replacement of all excavated material, A similar procedure is valid over most small culvert pipes. The soil displaced by the pipe is not replaced. 11.1.3 In freezing zones where the culvert cover is shallow and the native soil may freeze from both top and bottom, the backfill material should be granular or the native soil should be modified with cement or lime. CHAPTER 12 - UNDULATIONS 12.1- Causes 12.1.1 Deep-seated movements in the subgrade or moisture changes in high-volume-change subgrades may result in pavement undulations. Construction of pavement fills on deposits of readily compressible material generally results in nonuniform consolidation and postconstruction settlement. No general treatment is suitable for all cases. Solutions may include removal of compressible material, partial excavation, use of a precompression surcharge with or without sand drains, or some combination of these techniques. Much depends on the rate of consolidation, the construction schedule, and the permissible post-construction settlements. 12.1.2 Waves in pavements in arid to semiarid regions result from moisture changes in high-volumechange soils that may be identified by AASHTO T-258. Treatment has been suggested under “Subgrades and Embankments.” Expansion of overconsolidated clays on removal of overburden in cuts may produce waves. Research and special treatment may be necessary for successful control. CHAPTER 13 - SOIL REPORT 13.1- General 13.1.1 Considerations for the selection and treatment of foundation and shoulder materials presented by this committee are necessarily selective and must be supplemented by local investigations and experience. Much can be learned from analyzing successes as well as investigating causes of deficiencies. Procedures for designs that have histories of success in areas adjacent to proposed construction are likely to be adequate for similar soils, drainage conditions, and traffic when new foundations are prepared with good control. This report should indicate necessary changes when tests show that one or more factors such as drainage facilities, traffic, or water table depth has changed. CHAPTER 14 - REFERENCES 14.1 -Recommended references The documents of the various standards-producing organizations referred to in this document are listed
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with their serial designation, including year of adoption or revision. The documents listed were the latest effort at the time this document was revised. Since some of these documents are revised frequently, generally in minor detail only, the user of this document should check directly with the sponsoring group if it is desired to refer to the latest revision. American Association of State Highway and Transportation Officials (AASHTO)
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M146-70 M147-65



M155-63 T86-81 T90-86 T99-86



T180-86



T191-86 T205-86 T215-70 (1982) T238-86



T258-81



Standard Specification for Materials for Embankments and Subgrades Recommended Practice for the Classification of Soil and Soil-Aggregate Mixtures for Highway Construction Purposes Standard Definitions of Terms Relating to Subgrade, Soil-Aggregate, and Fill Materials Standard Specification for Materials for Aggregate and Soil-Aggregate Subbase, Base and Surface Courses Standard Specification for Granular Material to Control Pumping Under Concrete Pavement Recommended Practice for Investigating and Sampling Soils and Rock for Engineering Purposes Standard Method for Determining the Plastic Limit and Plasticity Index of Soils Standard Methods of Test for Moisture-Density Relations of Soils Using a 5.5-lb. (2.5 kg) Rammer and a 12-in. (305 mm) Drop Standard Method of Test for Moisture-Density Relations of Soils Using a 10-lb. (4.54 kg) Rammer and an 18-in. (457 mm) Drop Standard Method of Test for Density of Soil In-Place by the SandCone Method Standard Method of Test for Density of Soil In-Place by the RubberBalloon Method Standard Method of Test for Permeability of Granular Soils (Constant Head) Standard Method of Test for Density of Soil and Soil-Aggregate in Place by Nuclear Methods (Shallow Depth) Standard Method of Test for Determining Expansive Soils



American Concrete Institute 116R-85 Cement and Concrete Terminology



316R-82 504R-77
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Recommendations for Construction of Concrete Pavements and Concrete Bases Guide to Joint Sealants for Concrete Structures



ASTM



D 420-69 (1979) D 698-78



D 1196-64 (1977)



D 1556-82 D 1557-78



D 2434-68 (1974) D 2487-85 D 4318-84



Recommended Practice for Investigating and Sampling Soil and Rock for Engineering Purposes Test Methods for Moisture-Density Relations of Soils and Soil-Aggregate Mixtures, Using a 5.5-lb. (2.49-kg) Rammer and a 12-in. (304.8mm) Drop Standard Method for Non-Repetitive Static Plate Load Tests of Soils and Flexible Pavement Components, for Use in Evaluation and Design of Airport and Highway Pavements Test Method for Density of Soil in Place by the Sand-Cone Method Test Methods for Moisture-Density Relations of Soils and Soil-Aggregate Mixtures Using IO-lb. (4.54kg) Rammer and 18-in. (457-mm) Drop Test Method for Permeability of Granular Soils (Constant Head) Test Method for Classification of Soils for Engineering Purposes Test Method for Liquid Limit. Plastic Limit. and Plasticity Index of Soils



These publications may be obtained from the following organizations: American Association of State Highway and Transportation Officials 444 N.Capitol St. N.W. Suite 225 Washington, D.C. 20001 American Concrete Institute P.O. Box 19150 Detroit, MI 48219-0150 ASTM 1916 Race St. Philadelphia, PA 19103 14.2 - Cited references 1. Yoder, E.J., and Witczak. M. W., Principles of Pavement Design. 2nd Edition, John Wiley & Sons. New York, 1975. 711 pp. 2. “Pavement Design for Seasonal Frost Conditions,” Technical Manual No. TM 5-818-2, U.S. Department of the Army, Washington. D.C.. Jan. 1985. 3. “Airfield Pavement Design, Rigid Pavements.” Technical Manual No. TM 5-824-3, U.S. Department of the Army. Washington, D.C., Dec. 1970.



ACI COMMITTEE REPORT



325.3R-8



1. “Drainage and Erosion Control,” Technical Manual No. TM 5-820-3. U.S. Department of the Army, Washington D.C., Jan. 1978. 5 Ridgeway, Hallas H., “Pavement Subsurface Drainage Systems,” NCHRP Synthesis No. 96, Transportation Research Board, Nov. 1982,38 PP6. “Airport Pavement Design and Evaluation,” Advisory Circular No. 150/5320-6C. Federal Aviation Administration, Department of Transportation. Washington, D.C., Dec. 1978 (plus changes Aug. 1979). 7. “Subgrades and Subbases for Concrete Pavements,” Publication No IS029P. Portland Cement Association, Skokie, 1975, 24 pp. 8. “Lean Concrete (Econocrete) Base for Pavements: Current PractIces.” Publication No. IS205P. Portland Cement Association, Skokie, 1980. I2 pp. 9. “Econocrete. Base Course,” Guide Specifications for Highway Construction. American Association of State Highway and Transportation Officials, Washington. D.C., 1984, Section 310. 10. Cryderman. S.F., and Weinbrauck. W.A., “Sealing the Joints Between the Concrete Slab and Bituminous Shoulder,” Public Works. V. 95, No. 9. Sept. 1964. p. 116. 11. Barksdale. Richard D., and Hicks, R.G., “Improved PavementShoulder Joint Design,” NCHRP Report No. 202, Transportation Research Board, 1979. p. 54. 12. Sawan. Jihad S.. and Darter, Michael I., “Structural Design of PCC Shoulders,” Transportation Research Record No. 725, Transportatlon Research Board, 1979. pp. 80-88. 13. “Concrete Shoulders,‘* Publication No. IS185P, Portland Cement Association, Skokie. 1975. 10 pp. 14. Sawan. Jihad S., and Darter, Michael I.. “Structural Evaluation of PCC Shoulders.” Transportation Research Record No. 666, Transportation Research Board. 1978, pp. 51-60. 15. “Design and Use of Highway Shoulders.” NCHRP Synthesis No. 63. Transportation Research Board. Aug. 1979, pp. I-2. 16. “Excavation. Trenching and Backfilling for Utilities Systems,” Guide Specification No. 02221, Corps of Engineers. U.S. Department of the Army, July 1985. 17. “Unified SoiI Classification System for Roads. Airfields. Embankments and Foundations,” Military Standard 619B. Department of Defense. Washington. D.C., June 1968.



gineering Command, U.S. Department of the Navy. Alexandria, June 1973. 19. AASHTO Guide for the Design of Pavement Structures. American Association of State Highway and Transportation Officials, Washington, D.C., 1986, 440 pp. 20. “Rigid Pavements for Roads. Streets, Walks and Open Storage Areas,” Technical Manual No. TM 8-822-6. U.S. Department of the Army, Washington, D.C., Apr. 1977. 21. “Thickness Design for Concrete Pavements,” Publication No. EB 109P. Portland Cement Association, Skokie, 1984. 44 pp. 22. “Soil-Cement Laboratory Handbook,” Publication No. EB052S. Portland Cement Association, Skokie. 1971. 62 pp. 23. “Soil Stabilization for Pavements.” Technical Manual No. TM 5-822-4. U.S. Department of the Army, Washington, D.C., Apr. 1983. 24. Yrjanson. W.A.. and Packard, R.G., “Econocrete PavementsCurrent Practices,” Transportation Research Record No. 74. Transportation Research Board. 1980. pp. 6-13. 25. Staib. EC., “Sealing Pavement Edge Joints.” Public Works, V. 95. No. 6. June 1964, p. 127. 26. “Roadway Design in Seasonal Frost Areas,” NCHRP Synthesis No. 26, Transportation Research Board, 1974. 104 pp. 27. Peterson. Dale E., “Resealing Joints and Cracks in Rigid and Flexible Pavements.” NCHRP Synthesis No. 98, Transportation Research Board, 1982. 62 pp. 28. Downs, H.G., Jr., and Wallace. D.W., “Shoulder Geometrics and Use Guidelines,” NCHRP Report No. 254. Transportation Research Board, 1982. 71 pp. 29. Ridgeway. Hallas H., “Pavement Subsurface Drainage Systems,” NCHRP Synthesis No. 96. Transportation Research Board, 1982, 38 pp. 30. Dempsey. B.J.; Darter. M.I.; and Carpenter, S.H., “Improving Subdrainage and Shoulders of Existing Pavements.” State of the Art Report, FHWA/RD-81/077, and Final Report. FHWA/RD-81/078, Federal Highway Administration, Washington. D.C., 1982. 31. Majidzadeh, K.. and IIves. “Structural Design of Roadway Shoulders.” Executive Summary, FHWA/RD-86/088, and Final Report. FHWA/RD-861089, Federal Highway Administration. Washington, D.C., 1986.



14.3 - Additional references



This report was submitted to letter ballot of the committee which consists of 30 members: 24 voted affirmatively and 6 ballots were not returned.



18. “Airfield Pavements.” Design Manual DM-21, Naval Facilities En-



ACI COMMITTEE 325 Concrete Pavements R. W. Kinchen Chairman, Task Group



M. I. Darter Chairman W. C. Greer S. D. Kohn W. B. Ledbetter T. J. Larsen C. MacInnis R. A. McComb B. F. McCullough



R. O. Albright E. J. Barenberg J. A. Breite M. L. Cawley R. L. Duncan B. F. Friberg F. D. Gaus



R.E. Smith S. D. Tayabji W. V. Wagner C. P. Weisz J. H. Woodstrom E. J. Yoder W. A. Yrjanson



R. G. Packard T. J. Pasko K. H. Renner J. L. Rice R. S. Rollings M. A. Sargious M. Y. Shahin



The committee voting to revise this document was as follows: R. L. Duncan Chairman W. Abu-Onk R. O. Albright G. E. Bollin J. A. Breite B. Colucci M. I. Darter R. J. Fluhr *Revision task group co-chairmen



W. C. Greer. Jr. S. D. Kohn T. J. Larsen R. A. McComb, Sr. B. F. McCullough C. P. Meglan J. I. Mullarky



S. D. Tayabji Secretary T. J. Pasko. Jr.* R. W. Piggott S. A. Ragan J. L. Rice* R. S. Rollings M. A. Sargious



T. W. Sherman D. C. Staab W. V. Wagner, Jr. C. P. Weisz G. E. Wixson W. A. Yrjanson



























des documents recommandant







[image: alt]





549.1R-93 Guide for the Design, Construction, and Repair of 

documents are desired to be a part of the Project Docu- ments .... a similar welded mesh made from identical straight wires. .... tures such as ferrocement silos, bins, and water tanks can ... grading is desirable to achieve a workable high-density .










 


[image: alt]





440.2R-02 Guide for the Design and Construction of Externally 

sired by the Architect/Engineer to be a part of the ...... Foundation (NSF) and the Federal Highway Administration ..... Of all types of FRP composites for infrastructure applications, ...... Composites for Construction-State-of-the-Art Review,â€�.










 


[image: alt]





440.1R-03 Guide for the Design and Construction of Concrete 

affects the shear strength and dowel action of FRP bars, as well as the bond ...... Figure 8.1 shows a comparison of the theoretical moment- curvature behavior of ...










 


[image: alt]





440.2R-02 Guide for the Design and Construction of Externally 

Mar 20, 2018 - Chapter 2â€”Background information, p. 440.2R-8 ..... integrity after loss of the FRP system, is provided in Part 4. FRP systems used to increase ...










 


[image: alt]





foundations of argument effective communication for 

foundations of argument effective communication for critical thinking are a good way to achieve details about operating certainproducts. Many products that you ...










 


[image: alt]





Foundations Design 

bearing capacity calculated from shear strength determinations on the soil (Chapter 9). .... starting point is always the theoretical total and differential settlements ...










 


[image: alt]





design and evaluation of inventive avatars for 

Jan 14, 2015 - Creativity can be defined as the capacity to produce novel, original work ..... Creativity and Innovation Management Journal, 19(2), 160-166.










 


[image: alt]





design and evaluation of inventive avatars for 

Jan 14, 2015 - examining forms of virtual creative expression (Ward & Sonneborn, 2009). In sum, this project aims to provide the best conditions for teams who ...










 


[image: alt]





325.12R-02 Guide for Design of Jointed Concrete Pavements 

trucks per day, one way) have historically provided satisfactory perfor- ..... spaced (usually less than 6 m [20 ft] for doweled pavements .... mance of the pavement, a careful study of the service history .... (ASTM C 78, third-point loading) is oft










 


[image: alt]





362.1R-97 Guide for the Design of Durable Parking Structures 

David M. Fertal. John F. Gibbons ... issues related to parking structure construction and maintenance. The guide is ..... w/c-See water-cement ratio and water-cementitious ratio. ..... in repair. Unusual loads due to fire trucks, other .... The PCI D










 


[image: alt]





Avatars, People, and Virtual Worlds: Foundations for Research in 

May 25, 2008 - appearance; they can also have a personal focus through direct contact with other avatars. Whether personal focus or direct contact is the same in a metaverse as in face-to-face environments is yet unanswered ...... branding.










 


[image: alt]





Design and Use of Anatomical Atlases for Radiotherapy - Daniel 

A User Guide for PDFibAtl@s ..... The thesis is structured in three parts concerning the context of PD biomarkers, the pos- ... Future research areas and possibilities to follow ...... RIA provides a manual segmentation for the regions of interest.










 


[image: alt]





Design and Guideline Rules for the Performance Improvement of 

Sep 30, 2013 - and simulations to improve the performance of VING. 2. Nanogenerator .... possible to identify four optimization routes, which can be combined ...










 


[image: alt]





Design and specifications for FRP plate bonding of beams 

ening of reinforced (RC) and prestressed (PC) concrete beams. These rules ... classical reinforced concrete beam theory can be applied when using ad-.










 


[image: alt]





313-97 Standard Practice for Design and Construction of 

Apr 3, 2010 - revision reflects the most recent state-of-the-art in structural design, detail, and ... concrete shall not be larger than one-eighth of the narrowest dimension between sides of .... type complying with ASTM C 309, Type 2, and shall be 










 


[image: alt]





Design of Asynchronous STW Resonators for Filters and High Stability 

As above-mentioned, these latter coef- ficients are deduced from harmonic admittance computations. Assuming fs and fe as the edge of the frequency stop band.










 


[image: alt]





Design and Evaluation of Expressive Gesture Synthesis for Embodied 

sivity with a set of six attributes which we describe below in qualitative terms: Overall Activation: quantity of movement during a conver- sational turn (e.g. ...










 


[image: alt]





CATIA V5 Foundations for Chassis Designers .fr 

transmitted, in any form or by any means, including electronic, mechanical, ... Exercises Exercises Exercises. Familiari zation. Exercises. Drafting. Module.










 


[image: alt]





LES and DES simulations for aircraft design 

I. Introduction ... their range of application is well identified and they are used routinely for aerodynamic design. .... the basic k-Îµ consists in the following modification of the destruction term in the k-equation : ... Mean Mach number profiles










 


[image: alt]





Avatars, People, and Virtual Worlds: Foundations for Research in 

May 25, 2008 - understanding of behavior, management, and technology phenomena in this ..... theory to advanced communication technologies has been ...










 


[image: alt]





design for ears - UserManual.wiki 

6 sept. 2017 - 9 Mute / test button. 10 Bed shaker output. 11 Cable holder. 12 Table stand/battery compartment. 13 Smoke alarm menu button. 14 Power LED.










 


[image: alt]





An analysis and design concept for self 

Systems and Transportation Laboratory (SeT),. University of Technology ... Even more, it encourages a reusable modeling and provides agents with ..... without making any assumptions on the architecture of the holon which will play this role.










 


[image: alt]





design and operation for cost-effectiveness 

Guidelines for the design and effective use of teacher codes of conduct par Muriel Poisson. SÃ©rie de l'IIPE : Ã‰thique et corruption dans l'Ã©ducation. 2009, 94 p.










 


[image: alt]





Design for the TimecardDornain and TimecardWorkflow 

The most important goals for the TimecardDomain and TimecardWorkflow pack- ..... common reason to use bean-managed persistence is to achieve a tricky .... the length of the rime period in days, in case the customer ever decides to move.










 














×
Report 325.3R-85 Guide for Design of Foundations and Shoulders for





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



