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Changes can be made in the design criteria during the progress of a job ... Many drilled pier shafts through soil or soft rock are drilled with the open-helix auger. 

















 Télécharger le PDF 






 3MB taille
 281 téléchargements
 1076 vues






 commentaire





 Report
























CHAPTER 17 DEEP FOUNDATION III: DRILLED PIER FOUNDATIONS



17.1



INTRODUCTION



Chapter 15 dealt with piles subjected to vertical loads and Chapter 16 with piles subjected to lateral loads. Drilled pier foundations, the subject matter of this chapter, belong to the same category as pile foundations. Because piers and piles serve the same purpose, no sharp deviations can be made between the two. The distinctions are based on the method of installation. A pile is installed by driving, a pier by excavating. Thus, a foundation unit installed in a drill-hole may also be called a bored cast-in-situ concrete pile. Here, distinction is made between a small diameter pile and a large diameter pile. A pile, cast-in-situ, with a diameter less than 0.75 m (or 2.5 ft) is sometimes called a small diameter pile. A pile greater than this size is called a large diameter bored-cast-in-situ pile. The latter definition is used in most non-American countries whereas in the USA, such largediameter bored piles are called drilled piers, drilled shafts, and sometimes drilled caissons. Chapter 15 deals with small diameter bored-cast-in situ piles in addition to driven piles.



17.2



TYPES OF DRILLED PIERS



Drilled piers may be described under four types. All four types are similar in construction technique, but differ in their design assumptions and in the mechanism of load transfer to the surrounding earth mass. These types are illustrated in Figure 17.1. Straight-shaft end-bearing piers develop their support from end-bearing on strong soil, "hardpan" or rock. The overlying soil is assumed to contribute nothing to the support of the load imposed on the pier (Fig. 17.1 (a)).
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Figure 17.1 Types of drilled piers and underream shapes (Woodward et al., 1972)



Straight-shaft side wall friction piers pass through overburden soils that are assumed to carry none of the load, and penetrate far enough into an assigned bearing stratum to develop design load capacity by side wall friction between the pier and bearing stratum (Fig. 17.1(b)). Combination of straight shaft side wall friction and end bearing piers are of the same construction as the two mentioned above, but with both side wall friction and end bearing assigned a role in carrying the design load. When carried into rock, this pier may be referred to as a socketed pier or a "drilled pier with rock socket" (Fig. 17.1(c)). Belled or under reamed piers are piers with a bottom bell or underream (Fig. 17.1(d)). A greater percentage of the imposed load on the pier top is assumed to be carried by the base.
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17.3 ADVANTAGES AND DISADVANTAGES OF DRILLED PIER FOUNDATIONS Advantages 1. 2. 3. 4. 5. 6. 7. 8.



Pier of any length and size can be constructed at the site Construction equipment is normally mobile and construction can proceed rapidly Inspection of drilled holes is possible because of the larger diameter of the shafts Very large loads can be carried by a single drilled pier foundation thus eliminating the necessity of a pile cap The drilled pier is applicable to a wide variety of soil conditions Changes can be made in the design criteria during the progress of a job Ground vibration that is normally associated with driven piles is absent in drilled pier construction Bearing capacity can be increased by underreaming the bottom (in non-caving materials)



Disadvantages 1. Installation of drilled piers needs a careful supervision and quality control of all the materials used in the construction 2. The method is cumbersome. It needs sufficient storage space for all the materials used in the construction 3. The advantage of increased bearing capacity due to compaction in granular soil that could be obtained in driven piles is not there in drilled pier construction 4. Construction of drilled piers at places where there is a heavy current of ground water flow due to artesian pressure is very difficult



17.4 METHODS OF CONSTRUCTION Earlier Methods The use of drilled piers for foundations started in the United States during the early part of the twentieth century. The two most common procedures were the Chicago and Gow methods shown in Fig. 17.2. In the Chicago method a circular pit was excavated to a convenient depth and a cylindrical shell of vertical boards or staves was placed by making use of an inside compression ring. Excavation then continued to the next board length and a second tier of staves was set and the procedure continued. The tiers could be set at a constant diameter or stepped in about 50 mm. The Gow method, which used a series of telescopic metal shells, is about the same as the current method of using casing except for the telescoping sections reducing the diameter on successive tiers. Modern Methods of Construction Equipment There has been a phenomenal growth in the manufacture and use of heavy duty drilling equipment in the United States since the end of World War II. The greatest impetus to this development occurred in two states, Texas and California (Woodward et al., 1972). Improvements in the machines were made responding to the needs of contractors. Commercially produced drilling rigs of sufficient size and capacity to drill pier holes come in a wide variety of mountings and driving arrangements. Mountings are usually truck crane, tractor or skid. Fig. 17.3 shows a tractor mounted rig. Drilling machine ratings as presented in manufacturer's catalogs and technical data sheets are
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Figure 17.8 Potential problems leading to inadequate shaft concrete due to removal of temporary casing without care (D'Appolonia, et al., 1 975)



viable option at any site where there is a caving soil, and it could be the only feasible option in a permeable, water bearing soil if it is impossible to set a casing into a stratum of soil or rock with low permeability. The various steps in the construction process are shown in Fig. 17.9. It is essential in this method that a sufficient slurry head be available so that the inside pressure is greater than that from the GWT or from the tendency of the soil to cave. Bentonite is most commonly used with water to produce the slurry. Polymer slurry is also employed. Some experimentation may be required to obtain an optimum percentage for a site, but amounts in the range of 4 to 6 percent by weight of admixture are usually adequate. The bentonite should be well mixed with water so that the mixture is not lumpy. The slurry should be capable of forming a filter cake on the side of the bore hole. The bore hole is generally not underreamed for a bell since this procedure leaves unconsolidated cuttings on the base and creates a possibility of trapping slurry between the concrete base and the bell roof. If reinforcing steel is to be used, the rebar cage is placed in the slurry as shown in Fig 17.9(b). After the rebar cage has been placed, concrete is placed with a tremie either by gravity feed or by pumping. If a gravity feed is used, the bottom end of the tremie pipe should be closed with a closure plate until the base of the tremie reaches the bottom of the bore hole, in order to prevent contamination of the concrete by the slurry. Filling of the tremie with concrete, followed by subsequent slight lifting of the tremie, will then open the plate, and concreting proceeds. Care must be taken that the bottom of the tremie is buried in concrete at least for a depth of 1.5 m (5 ft). The sequence of operations is shown in Fig 17.9(a) to (d).
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Figure 17.9 Slurry method of construction (a) drilling to full depth with slurry; (b) placing rebar cage; (c) placing concrete; (d) completed shaft (O'Neill and Reese, 1999)



17.5



DESIGN CONSIDERATIONS



The precess of the design of a drilled pier generally involves the following: 1. 2. 3. 4.



The objectives of selecting drilled pier foundations for the project. Analysis of loads coming on each pier foundation element. A detailed soil investigation and determining the soil parameters for the design. Preparation of plans and specifications which include the methods of design, tolerable settlement, methods of construction of piers, etc. The method of execution of the project. 5.
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In general the design of a drilled pier may be studied under the following headings. 1. Allowable loads on the piers based on ultimate bearing capacity theories. 2. Allowable loads based on vertical movement of the piers. 3. Allowable loads based on lateral bearing capacity of the piers. In addition to the above, the uplift capacity of piers with or without underreams has to be evaluated. The following types of strata are considered. 1 . Piers embedded in homogeneous soils, sand or clay. 2. Piers in a layered system of soil. 3. Piers socketed in rocks. It is better that the designer select shaft diameters that are multiples of 150 mm (6 in) since these are the commonly available drilling tool diameters.



17.6 LOAD TRANSFER MECHANISM Figure 17.10(a) shows a single drilled pier of diameter d, and length L constructed in a homogeneous mass of soil of known physical properties. If this pier is loaded to failure under an ultimate load Qu, a part of this load is transmitted to the soil along the length of the pier and the balance is transmitted to the pier base. The load transmitted to the soil along the pier is called the ultimate friction load or skin load, Qfand that transmitted to the base is the ultimate base or point load Qb. The total ultimate load, Qu, is expressed as (neglecting the weight of the pier)



where



qb Ab fsi P. Az(. N



= = = = =



net ultimate bearing pressure base area unit skin resistance (ultimate) of layer i perimeter of pier in layer i thickness of layer i number of layers



If the pier is instrumented, the load distribution along the pier can be determined at different stages of loading. Typical load distribution curves plotted along a pier are shown in Fig 17.10(b) (O'Neill and Reese, 1999). These load distribution curves are similar to the one shown in Fig. 15.5(b). Since the load transfer mechanism for a pier is the same as that for a pile, no further discussion on this is necessary here. However, it is necessary to study in this context the effect of settlement on the mobilization of side shear and base resistance of a pier. As may be seen from Fig. 17.11, the maximum values of base and side resistance are not mobilized at the same value of displacement. In some soils, and especially in some brittle rocks, the side shear may develop fully at a small value of displacement and then decrease with further displacement while the base resistance is still being mobilized (O'Neill and Reese, 1999). If the value of the side resistance at point A is added to the value of the base resistance at point B, the total resistance shown at level D is overpredicted. On the other hand, if the designer wants to take advantage primarily of the base resistance, the side resistance at point C should be added to the base resistance at point B to evaluate Q . Otherwise, the designer may wish to design for the side resistance at point A and disregard the base resistance entirely.
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Typical set of load distribution curves (O'Neill and Reese, 1999)
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Figure 17.11



Condition in which (Qb + Qf) is not equal to actual ultimate resistance



754



17.7



Chapter 17



VERTICAL BEARING CAPACITY OF DRILLED PIERS



For the purpose of estimating the ultimate bearing capacity, the subsoil is divided into layers (Fig. 17.12) based on judgment and experience (O'Neill and Reese, 1999). Each layer is assigned one of four classifications. 1. Cohesive soil [clays and plastic silts with undrained shear strength cu < 250 kN/m2 (2.5 t/ft 2 )] . 2. Granular soil [cohesionless geomaterial, such as sand, gravel or nonplastic silt with uncorrected SPT(N) values of 50 blows per 0.3/m or less]. 3. Intermediate geometerial [cohesive geometerial with undrained shear strength cu between 250 and 2500 kN/m 2 (2.5 and 25 tsf), or cohesionless geomaterial with SPT(N) values > 50 blows per 0.3 mj. 4. Rock [highly cemented geomaterial with unconfmed compressive strength greater than 5000 kN/m 2 (50 tsf)J. The unit side resistance /, (=/max) is computed in each layer through which the drilled shaft passes, and the unit base resistance qh (= 
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