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CHAPTER 9 SOIL EXPLORATION



9.1



INTRODUCTION



The stability of the foundation of a building, a bridge, an embankment or any other structure built on soil depends on the strength and compressibility characteristics of the subsoil. The field and laboratory investigations required to obtain the essential information on the subsoil is called Soil Exploration or Soil Investigation. Soil exploration happens to be one of the most important parts of Foundation Engineering and at the same time the most neglected part of it. Terzaghi in 1951 (Bjerrum, et al., 1960) had rightly remarked, that "Building foundations have always been treated as step children". His remarks are relevant even today. The success or failure of a foundation depends essentially on the reliability of the various soil parameters obtained from the field investigation and laboratory testing, and used as an input into the design of foundations. Sophisticated theories alone will not give a safe and sound design. Soil exploration is a must in the present age for the design of foundations of any project. The extent of the exploration depends upon the magnitude and importance of the project. Projects such as buildings, power plants, fertilizer plants, bridges etc., are localized in areal extent. The area occupied by such projects may vary from a few square meters to many square kilometers. Transmission lines, railway lines, roads and other such projects extend along a narrow path. The length of such projects may be several kilometers. Each project has to be treated as per its requirements. The principle of soil exploration remains the same for all the projects but the program and methodology may vary from project to project. The elements of soil exploration depend mostly on the importance and magnitude of the project, but generally should provide the following: 1. Information to determine the type of foundation required such as a shallow or deep foundation. 2. Necessary information with regards to the strength and compressibility characteristics of the subsoil to allow the Design Consultant to make recommendations on the safe bearing pressure or pile load capacity. 317
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Soil exploration involves broadly the following: 1. Planning of a program for soil exploration. 2. Collection of disturbed and undisturbed soil or rock samples from the holes drilled in the field. The number and depths of holes depend upon the project. 3. Conducting all the necessary in-situ tests for obtaining the strength and compressibility characteristics of the soil or rock directly or indirectly. 4. Study of ground-water conditions and collection of water samples for chemical analysis. 5. Geophysical exploration, if required. 6. Conducting all the necessary tests on the samples of soil /rock and water collected. 7. Preparation of drawings, charts, etc. 8. Analysis of the data collected. 9. Preparation of report.



9.2



BORING OF HOLES



Auger Method Hand Operated Augers Auger boring is the simplest of the methods. Hand operated or power driven augers may be used. Two types of hand operated augers are in use as shown in Fig. 9.1 The depths of the holes are normally limited to a maximum of 10 m by this method. These augers are generally suitable for all types of soil above the water table but suitable only in clayey soil below the water table (except for the limitations given below). A string of drill rods is used for advancing the boring. The diameters of the holes normally vary from 10 to 20 cm. Hand operated augers are not suitable in very stiff to hard clay nor in granular soils below the water table. Hand augering is not practicable in dense sand nor in sand mixed with gravel even if the strata lies above the water table.



Power Driven Augers In many countries the use of power driven continuous flight augers is the most popular method of soil exploration for boring holes. The flights act as a screw conveyor to bring the soil to the surface.



Helical auger



Extension rod



Post hole auger



Figure 9.1



Hand augers
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Sampler rod



Sampler



(a)



(b)



Figure 9.2 Hollow-stem auger (a) Plugged while advancing the auger, and (b) plug removed and sampler inserted to sample soil below auger This method may be used in all types of soil including sandy soils below the water table but is not suitable if the soil is mixed with gravel, cobbles etc. The central stem of the auger flight may be hollow or solid. A hollow stem is sometimes preferred since standard penetration tests or sampling may be done through the stem without lifting the auger from its position in the hole. Besides, the flight of augers serves the purpose of casing the hole. The hollow stem can be plugged while advancing the bore and the plug can be removed while taking samples or conducting standard penetration tests (to be described) as shown in Fig. 9.2. The drilling rig can be mounted on a truck or a tractor. Holes may be drilled by this method rapidly to depths of 60 m or more. Wash Boring Wash boring is commonly used for boring holes. Soil exploration below the ground water table is usually very difficult to perform by means of pits or auger-holes. Wash boring in such cases is a very convenient method provided the soil is either sand, silt or clay. The method is not suitable if the soil is mixed with gravel or boulders. Figure 9.3 shows the assembly for a wash boring. To start with, the hole is advanced a short depth by auger and then a casing pipe is pushed to prevent the sides from caving in. The hole is then continued by the use of a chopping bit fixed at the end of a string of hollow drill rods. A stream of water under pressure is forced through the rod and the bit into the hole, which loosens the soil as the water flows up around the pipe. The loosened soil in suspension in water is discharged into a tub. The soil in suspension settles down in the tub and the clean water flows into a sump which is reused for circulation. The motive power for a wash boring is either mechanical or man power. The bit which is hollow is screwed to a string of hollow drill rods supported on a tripod by a rope or steel cable passing over a pulley and operated by a winch fixed on one of the legs of the tripod.
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Pulley Tripod



Swivel joint Rope



Winch



Suction pipe



Chopping bit



Figure 9.3



Wash boring



The purpose of wash boring is to drill holes only and not to make use of the disturbed washed materials for analysis. Whenever an undisturbed sample is required at a particular depth, the boring is stopped, and the chopping bit is replaced by a sampler. The sampler is pushed into the soil at the bottom of the hole and the sample is withdrawn. Rotary Drilling In the rotary drilling method a cutter bit or a core barrel with a coring bit attached to the end of a string of drill rods is rotated by a power rig. The rotation of the cutting bit shears or chips the material penetrated and the material is washed out of the hole by a stream of water just as in the case of a wash boring. Rotary drilling is used primarily for penetrating the overburden between the levels of which samples are required. Coring bits, on the other hand, cut an annular hole around an intact core which enters the barrel and is retrieved. Thus the core barrel is used primarily in rocky strata to get rock samples. As the rods with the attached bit or barrel are rotated, a downward pressure is applied to the drill string to obtain penetration, and drilling fluid under pressure is introduced into the bottom of the hole through the hollow drill rods and the passages in the bit or barrel. The drilling fluid serves the dual function of cooling the bit as it enters the hole and removing the cuttings from the bottom of the hole as it returns to the surface in the annular space between the drill rods and the walls of the hole. In an uncased hole, the drilling fluid also serves to support the walls of the hole. When boring



Soil Exploration



321



Tower mast Swivel hole Water swivel
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Rotary drive Overflow ditch



Hoisting dru



Bit, replaced by sampling spoon during sampling operations



Figure 9.4



Rotary drilling rig (After Hvorslev, 1949)



in soil, the drilling bit is removed and replaced by a sampler when sampling is required, but in rocky strata the coring bit is used to obtain continuous rock samples. The rotary drilling rig of the type given in Fig. 9.4 can also be used for wash boring and auger boring. Coring Bits Three basic categories of bits are in use. They are diamond, carbide insert, and saw tooth. Diamond coring bits may be of the surface set or diamond impregnated type. Diamond coring bits are the most versatile of all the coring bits since they produce high quality cores in rock materials ranging from soft to extremely hard. Carbide insert bits use tungsten carbide in lieu of diamonds. Bits of this type are used to core soft to medium hard rock. They are less expensive than diamond bits but the rate of drilling is slower than with diamond bits. In saw-tooth bits, the cutting edge comprises a series of teeth. The teeth are faced and tipped with a hard metal alloy such as tungsten carbide to provide wear resistance and thereby increase the life of the bit. These bits are less expensive but normally used to core overburden soil and very soft rocks only. Percussion Drilling Percussion drilling is another method of drilling holes. Possibly this is the only method for drilling in river deposits mixed with hard boulders of the quartzitic type. In this method a heavy drilling bit
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is alternatively raised and dropped in such a manner that it powders the underlying materials which form a slurry with water and are removed as the boring advances.



9.3



SAMPLING IN SOIL



Soils met in nature are heterogeneous in character with a mixture of sand, silt and clay in different proportions. In water deposits, there are distinct layers of sand, silt and clay of varying thicknesses and alternating with depth. We can bring all the deposits of soil under two distinct groups for the purpose of study, namely, coarse grained and fine grained soils. Soils with particles of size coarser than 0.075 mm are brought under the category of coarse grained and those finer than 0.075 mm under fine grained soils. Sandy soil falls in the group of coarse grained, and silt and clay soils in the fine grained group. A satisfactory design of a foundation depends upon the accuracy with which the various soil parameters required for the design are obtained. The accuracy of the soil parameters depends upon the accuracy with which representative soil samples are obtained from the field.



Disturbed Samples Auger samples may be used to identify soil strata and for field classification tests, but are not useful for laboratory tests. The cuttings or chopping from wash borings are of little value except for indicating changes in stratification to the boring supervisor. The material brought up with the drilling mud is contaminated and usually unsuitable even for identification. For proper identification and classification of a soil, representative samples are required at frequent intervals along the bore hole. Representative samples can usually be obtained by driving or pushing into the strata in a bore hole an open-ended sampling spoon called a split spoon sampler (Fig. 9.5) which is used for conducting standard penetration tests (refer Sect. 9.5). It is made up of a driving shoe and a barrel. The barrel is split longitudinally into two halves with a coupling at the upper end for connection to the drill rods. The dimensions of the split spoon are given in Fig. 9.5. In a test the sampler is driven into the soil a measured distance. After a sample is taken, the cutting shoe and the coupling are unscrewed and the two halves of the barrel separated to expose the material. Experience indicates that samples recovered by this device are likely to be highly disturbed and as such can only be used as disturbed samples. The samples so obtained are stored in glass or plastic jars or bags, referenced and sent to the laboratory for testing. If spoon samples are to be transported to the laboratory without examination in the field, the barrel is often cored out to hold a cylindrical thin-walled tube known as a liner. After a sample has been obtained, the liner and the sample it contains are removed from the spoon and the ends are sealed with caps or with metal discs and wax. Samples of cohesionless soils below the water table cannot be retained in conventional sampling spoons without the addition of a spring core catcher.
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Figure 9.5
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Sampler Many types of samplers are in use for extracting the so called undisturbed samples. Only two types of samplers are described here. They are, 1. 2.



Open drive sampler, Piston sampler.



Open Drive Sampler The wall thickness of the open drive sampler used for sampling may be thin or thick Thin wall according to the soil conditions met in the field. sampling tube The samplers are made of seamless steel pipes. A thin-walled tube sampler is called as shelby tube sampler (Fig. 9.6), consists of a thin wall metal tube connected to a sampler head. The sampler head contains a ball check valve and ports which permit the escape of water or air from the sample tube as the sample enters it. The thin wall tube, which is normally formed Figure 9.6 Thin wall Shelby tube from 1/16 to 1/8 inch metal, is drawn in at the sampler lower end and is reamed so that the inside diameter of the cutting edge is 0.5 to 1.5 percent less than that of the inside diameter of the tube. The exact percentage is governed by the size and wall thickness of the tube. The wall thickness is governed by the area ratio, Ar, which is defined as d2-d2 Ar = ° ' x 100 percent,



(9.1)



where, di - inside diameter, do - outside diameter. Ar is a measure of the volume of the soil displacement to the volume of the collected sample. Welldesigned sampling tubes have an area ratio of about 10 percent. However, the area ratio may have to be much more than 10 percent when samples are to be taken in very stiff to hard clay soils mixed with stones to prevent the edges of the sampling tubes from distortion during sampling. Sample Extraction The thin-wall tube sampler is primarily used for sampling in soft to medium stiff cohesive soils. The wall thickness has to be increased if sampling is to be done in very stiff to hard strata. For best results it is better to push the sampler statically into the strata. Samplers are driven into the strata where pushing is not possible or practicable. The procedure of sampling involves attaching a string of drill rods to the sampler tube adapter and lowering the sampler to rest on the bottom of the bore hole which was cleaned of loose materials in advance. The sampler is then pushed or driven into the soil. Over driving or pushing should be avoided. After the sampler is pushed to the required depth, the soil at the bottom of the sampler is sheared off by giving a twist to the drill rod at the top. The sampling tube is taken out of the bore hole and the tube is separated from the sampler head. The top and bottom of the sample are either sealed with molten wax or capped to prevent evaporation of moisture. The sampling tubes are suitably referenced for later identification.
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Figure 9.7 Osterberg Piston Sampler (a) Sampler is set in drilled hole, (b) Sample tube is pushed hydraulically into the soil, (c) Pressure is released through hole in piston rod. Piston Sampler (After Osterberg 1952) To improve the quality of samples and to increase the recovery of soft or slightly cohesive soils, a piston sampler is normally used. Such a sampler consists of a thin walled tube fitted with a piston that closes the end of the sampling tube until the apparatus is lowered to the bottom of the bore hole (Fig. 9.7(a)). The sampling tube is pushed into the soil hydraulically by keeping the piston stationary (Fig. 9.7(b)). The presence of the piston prevents the soft soils from squeezing rapidly into the tube and thus eliminates most of the distortion of the sample. The piston also helps to increase the length of sample that can be recovered by creating a slight vacuum that tends to retain the sample if the top of the column of soil begins to separate from the piston. During the withdrawal of the sampler, the piston also prevents water pressure from acting on the top of the sample and thus increases the chances of recovery. The design of piston samplers has been refined to the extent that it is sometimes possible to take undisturbed samples of sand from below the water table. However, piston sampling is relatively a costly procedure and may be adopted only where its use is justified. Example 9.1 The following dimensions are given for a shelby tube sampler: External diameter = 51 mm Internal diameter = 48 mm Determine the area ratio Solution Per Eq (9.1) the area ratio A r is A. =



482



= 0.129 = 12.9%
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Example 9.2 75 mm is the external diameter of a sampling tube. If the area ratio required is 20%, determine the thickness of the sampling tube. In what type of clay would such a high area ratio be required? Solution



152-d2 di = 68.465 mm.



Solving



75.0-68.465



The wall thickness



= 3.267 mm



When samples are to be taken in very stiff to hard clay soils mixed with stones, sampling tubes with high area ratios are required.



9.4



ROCK CORE SAMPLING



Rock coring is the process in which a sampler consisting of a tube (core barrel) with a cutting bit at its lower end cuts an annular hole in a rock mass, thereby creating a cylinder or core of rock which is recovered in the core barrel. Rock cores are normally obtained by rotary drilling. The primary purpose of core drilling is to obtain intact samples. The behavior of a rock mass is affected by the presence of fractures in the rock. The size and spacing of fractures, the degree of weathering of fractures, and the presence of soil within the fractures are critical items. Figure 9.8 gives a schematic diagram of core barrels with coring bits at the bottom. As discussed earlier, the cutting element may consist of diamonds, tungsten carbide inserts or chilled shot. The core barrel may consist of a single tube or a double tube. Samples taken in a single tube barrel are likely to experience
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Figure 9.8
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(b)



Schematic diagram of core barrels (a) Single tube, (b) Double tube.
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considerable disturbance due to torsion, swelling and contamination by the drilling fluid, but these disadvantages are not there if the coring is conducted in hard, intact, rocky strata. However, if a double tube barrel is used, the core is protected from the circulating fluid. Most core barrels are capable of retaining cores up to a length of 2 m. Single barrel is used in Calyx drilling. Standard rock cores range from about 11A inches to nearly 6 inches in diameter. The more common sizes are given in Table 9.1. The recovery ratio Rr, defined as the percentage ratio between the length of the core recovered and the length of the core drilled on a given run, is related to the quality of rock encountered in boring, but it is also influenced by the drilling technique and the type and size of core barrel used. Generally the use of a double tube barrel results in higher recovery ratios than can be obtained with single tube barrels. A better estimate of in-situ rock quality is obtained by a modified core recovery ratio known as the Rock Quality Designation (RQD) which is expressed as



RQD =



(9.2)



where, La = total length of intact hard and sound pieces of core of length greater than 4 in. arranged in its proper position, Lt = total length of drilling. Breaks obviously caused by drilling are ignored. The diameter of the core should preferably be not less than 2V8 inches. Table 9.2 gives the rock quality description as related to RQD.



Table 9.1



Standard sizes of core barrels, drill rods, and compatible casing (Pecket al., 1974) Drill Rod



Core Barrel Symbol EWX, EWM AWX, AWM BWX, BWM



Hole



Core



dia



dia



(in)



(in)



l>/2 15



I /'16 1



3



2 /8



NWX, NWM



3



23/4 x 3 7 / g



j37//g



16



1% 2'/ 8 2 U / 16



Symbol E A B N -



Outside dia (in)



Casing Symbol



115/16



_



1 "V



EX AX BX NX



7



I / 3



2 '8 / L



-



Inside



Outside dia (in)



dia



_



_



113/



16



2V4 ?



2 /8



3V2



(in)



l'/2 I29/ 1



'32



2z 3/ 8 3



Note: Symbol X indicates single barrel, M indicates double barrel. Table 9.2



Relation of RQD and in-situ Rock Quality (Peck et al., 1974) RQD %



Rock Quality



90-100 75-90 50-75 25-50 0-25



Excellent Good Fair Poor Very Poor
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STANDARD PENETRATION TEST



The SPT is the most commonly used in situ test in a bore hole in the USA. The test is made by making use of a split spoon sampler shown in Fig. 9.7. The method has been standardized as ASTM D-1586 (1997) with periodic revision since 1958. The method of carrying out this test is as follows: 1. The split spoon sampler is connected to a string of drill rods and is lowered into the bottom of the bore hole which was drilled and cleaned in advance. 2. The sampler is driven into the soil strata to a maximum depth of 18 in by making use of a 140 Ib weight falling freely from a height of 30 in on to an anvil fixed on the top of drill rod. The weight is guided to fall along a guide rod. The weight is raised and allowed to fall by means of a manila rope, one end tied to the weight and the other end passing over a pulley on to a hand operated winch or a motor driven cathead. 3. The number of blows required to penetrate each of the successive 6 in depths is counted to produce a total penetration of 18 in. 4. To avoid seating errors, the blows required for the first 6 in of penetration are not taken into account; those required to increase the penetration from 6 in to 18 in constitute the N-value. As per some codes of practice if the N-value exceeds 100, it is termed as refusal, and the test is stopped even if the total penetration falls short of the last 300 mm depth of penetration. Standardization of refusal at 100 blows allows all the drilling organizations to standardize costs so that higher blows if required may be eliminated to prevent the excessive wear and tear of the equipment. The SPT is conducted normally at 2.5 to 5 ft intervals. The intervals may be increased at greater depths if necessary. Standardization of SPT The validity of the SPT has been the subject of study and research by many authors for the last many years. The basic conclusion is that the best results are difficult to reproduce. Some of the important factors that affect reproducibility are 1. 2. 3. 5. 6.



Variation in the height of fall of the drop weight (hammer) during the test The number of turns of rope around the cathead, and the condition of the manila rope Length and diameter of drill rod Diameter of bore hole Overburden pressure



There are many more factors that hamper reproducibility of results. Normally corrections used to be applied for a quick condition in the hole bottom due to rapid withdrawal of the auger. ASTM 1586 has stipulated standards to avoid such a quick condition. Discrepancies in the input driving energy and its dissipation around the sampler into the surrounding soil are the principal factors for the wide range in N values. The theoretical input energy may be expressed as Ein = Wh where



(9.3)



W = weight or mass of the hammer h = height of fall Investigation has revealed (Kovacs and Salomone, 1982) that the actual energy transferred to the driving head and then to the sampler ranged from about 30 to 80 percent. It has been suggested that the SPT be standardized to some energy ratio Rg keeping in mind the data collected so far from the existing SPT. Bowles (1996) suggests that the observed SPT value N be reduced to a standard blow count corresponding to 70 percent of standard energy. Terzaghi, et al., (1996) suggest 60 percent. The standard energy ratio may be expressed as
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ft, =



Actual hammer energy to sampler, Ea Input energy, Ein



^



'



Corrections to the Observed SPT Value Three types of corrections are normally applied to the observed N values. They are: 1. Hammer efficiency correction 2. Drillrod, sampler and borehole corrections 3. Correction due to overburden pressure 1. Hammer Efficiency Correction, Eh Different types of hammers are in use for driving the drill rods. Two types are normally used in USA. They are (Bowles, 1996) 1. 2.



Donut with two turns of manila rope on the cathead with a hammer efficiency Eh = 0.45. Safety with two turns of manila rope on the cathead with a hammer efficiency as follows: Rope-pulley or cathead = 0.7 to 0.8; Trip or automatic hammer = 0.8 to 1.0.



2. Drill Rod, Sampler and Borehole Corrections Correction factors are used for correcting the effects of length of drill rods, use of split spoon sampler with or without liner, and size of bore holes. The various correction factors are (Bowles, 1996). a) Drill rod length correction factor C,



b)



Length (m)



Correction factor (Cd)



> 10m



1.0



4-10 m



0.85-0.95



30



where qu is the unconfined compressive strength.



0°



q^ u', kPa 400
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(9.10)



where, k is the proportionality factor. A value of k = 12 has been recommended by Bowles (1996). Example 9.4 For the corrected N values in Ex 9.3, determine the (a) relative density, and (b) the angle of friction. Assume the percent of fines in the deposit is less than 5%. Solution



Per Table 9.3 the relative density and 0 are For N60 = 42, Dr = 11%, 0 = 39° For N70 = 36, Df= 71%, 0 = 37.5° Per Eq (9.8) For Dr = 77%, 0 = 30 + 0.15x77 = 41.5° For Dr = 71%, 0=30 + 0.15x71=40.7° Example 9.5 For the corrected values of N given in Ex 9.4, determine the unconfined compressive strength qu in a clay deposit. Solution



(a)



From Table 9.4 For N^ = 42\ For N = 361 Qu > ^00 kPa - The soil is of a hard consistency.



(b)



Per Eq_(9.9; qu= kNcor, where k = 12 (Bowles, 1996) For NMDu = 42, q•* M =12x42 = 504 kPa For yV70 = 36, qu = 12 x 36 = 432 kPa



Example 9.6 Refer to Example 9.3. Determine the corrected SPT value for Res = 1 0 0 percent, and the corresponding values of Dr and 0. Assume the percent of fine sand in the deposit is less than 5%. Solution



From Example 9.3, N60 = 42 °-6 ~ 25 ^ Hence Af, m = 2„ x — 1.0 From Table 9.3, 0 = 34.5° and Df = 57.5% From Eq. (9.8) for Dr = 57.5%, 0 = 30 + 0.15 x 57.5 = 38.6°.
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STATIC CONE PENETRATION TEST (CRT)



The static cone penetration test normally called the Dutch cone penetration test (CPT). It has gained acceptance rapidly in many countries. The method was introduced nearly 50 years ago. One of the greatest values of the CPT consists of its function as a scale model pile test. Empirical correlations established over many years permit the calculation of pile bearing capacity directly from the CPT results without the use of conventional soil parameters. The CPT has proved valuable for soil profiling as the soil type can be identified from the combined measurement of end resistance of cone and side friction on a jacket. The test lends itself to the derivation of normal soil properties such as density, friction angle and cohesion. Various theories have been developed for foundation design. The popularity of the CPT can be attributed to the following three important factors: 1. General introduction of the electric penetrometer providing more precise measurements, and improvements in the equipment allowing deeper penetration. 2. The need for the penetrometer testing in-situ technique in offshore foundation investigations in view of the difficulties in achieving adequate sample quality in marine environment. 3. The addition of other simultaneous measurements to the standard friction penetrometer such as pore pressure and soil temperature.



The Penetrometer There are a variety of shapes and sizes of penetrometers being used. The one that is standard in most countries is the cone with an apex angle of 60° and a base area of 10 cm2. The sleeve (jacket) has become a standard item on the penetrometer for most applications. On the 10 cm2 cone penetrometer the friction sleeve should have an area of 150 cm2 as per standard practice. The ratio of side friction and bearing resistance, the friction ratio, enables identification of the soil type (Schmertmann 1975) and provides useful information in particular when no bore hole data are available. Even when borings are made, the friction ratio supplies a check on the accuracy of the boring logs. Two types of penetrometers are used which are based on the method used for measuring cone resistance and friction. They are, 1. The Mechanical Type, 2. The Electrical Type. Mechanical Type The Begemann Friction Cone Mechanical type penetrometer is shown in Fig. 9.9. It consists of a 60° cone with a base diameter of 35.6 mm (sectional area 10 cm2). A sounding rod is screwed to the base. Additional rods of one meter length each are used. These rods are screwed or attached together to bear against each other. The sounding rods move inside mantle tubes. The inside diameter of the mantle tube is just sufficient for the sounding rods to move freely whereas the outside diameter is equal to or less than the base diameter of the cone. All the dimensions in Fig. 9.9 are in mm. Jacking System The rigs used for pushing down the penetrometer consist basically of a hydraulic system. The thrust capacity for cone testing on land varies from 20 to 30 kN for hand operated rigs and 100 to 200 kN for mechanically operated rigs as shown in Fig. 9.10. Bourden gauges are provided in the driving mechanism for measuring the pressures exerted by the cone and the friction jacket either individually or collectively during the operation. The rigs may be operated either on the ground or
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mounted on heavy duty trucks. In either case, the rig should take the necessary upthrust. For ground based rigs screw anchors are provided to take up the reaction thrust. Operation of Penetrometer The sequence of operation of the penetrometer shown in Fig. 9.11 is explained as follows: Position 1 The cone and friction jacket assembly in a collapsed position. Position 2 The cone is pushed down by the inner sounding rods to a depth a until a collar engages the cone. The pressure gauge records the total force Qc to the cone. Normally a = 40 mm. Position 3 The sounding rod is pushed further to a depth b. This pushes the friction jacket and the cone assembly together; the force is Qt. Normally b = 40 mm. Position 4 The outside mantle tube is pushed down a distance a + b which brings the cone assembly and the friction jacket to position 1. The total movement = a + b = 80 mm. The process of operation illustrated above is continued until the proposed depth is reached. The cone is pushed at a standard rate of 20 mm per second. The mechanical penetrometer has its advantage as it is simple to operate and the cost of maintenance is low. The quality of the work depends on the skill of the operator. The depth of CPT is measured by recording the length of the sounding rods that have been pushed into the ground.
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Note: All dimensions are in mm. Figure 9.9



Begemann friction-cone mechanical type penetrometer
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Fig. 9.10



Static cone penetration testing equipment



The Electric Penetrometer



The electric penetrometer is an improvement over the mechanical one. Mechanical penetrometers operate incrementally whereas the electric penetrometer is advanced continuously. Figure 9.12 shows an electric-static penetrometer with the friction sleeve just above the base of the cone. The sectional area of the cone and the surface area of the friction jacket remain the same as those of a mechanical type. The penetrometer has built in load cells that record separately the cone bearing and side friction. Strain gauges are mostly used for the load cells. The load cells have a normal capacity of 50 to 100 kN for end bearing and 7.5 to 15 kN for side friction, depending on the soils to be penetrated. An electric cable inserted through the push rods (mantle tube) connect the penetrometer with the recording equipment at the surface which produces graphs of resistance versus depth.
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Four positions of the sounding apparatus with friction jacket



The electric penetrometer has many advantages. The repeatability of the cone test is very good. A continuous record of the penetration results reflects better the nature of the soil layers penetrated. However, electronic cone testing requires skilled operators and better maintenance. The electric penetrometer is indispensable for offshore soil investigation. Operation of Penetrometer The electric penetrometer is pushed continuously at a standard rate of 20 mm per second. A continuous record of the bearing resistance qc and frictional resistance/^ against depth is produced in the form of a graph at the surface in the recording unit. Piezocone A piezometer element included in the cone penetrometer is called apiezocone (Fig. 9.13). There is now a growing use of the piezocone for measuring pore pressures at the tips of the cone. The porous element is mounted normally midway along the cone tip allowing pore water to enter the tip. An electric pressure transducer measures the pore pressure during the operation of the CPT. The pore pressure record provides a much more sensitive means to detect thin soil layers. This could be very important in determining consolidation rates in a clay within the sand seams.
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Piezocone.



1. Load cell 2. Friction sleeve 3. Water proof bushing 4. Cable



Figure 9.12



5. Strain gases 6. Connection with rods 7. Inclinometer 8. Porous stone (piezometer)



An-electric-static cone penetrometer



Temperature Cone The temperature of a soil is required at certain localities to provide information about environmental changes. The temperature gradient with depth may offer possibilities to calculate the heat conductivity of the soil. Measurement of the temperature during CPT is possible by incorporating a temperature sensor in the electric penetrometer. Temperature measurements have been made in permafrost, under blast furnaces, beneath undercooled tanks, along marine pipe lines, etc.



Effect of Rate of Penetration Several studies have been made to determine the effect of the rate of penetration on cone bearing and side friction. Although the values tend to decrease for slower rates, the general conclusion is that the influence is insignificant for speeds between 10 and 30 mm per second. The standard rate of penetration has been generally accepted as 20 mm per second.



Cone Resistance cr c and Local Side Friction f c» Cone penetration resistance qc is obtained by dividing the total force Qc acting on the cone by the base area A of the cone. (9.11)



Probe main frame Pressure transducer Retainer Housing Tip (Upper portion) Porous element Tip (lower portion) Apex angle



Figure 9.13



Details of 60°/10 cm2 piezocone
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In the same way, the local side friction fc is Qf



A



(9.12)



f



fc=^^



where, Qf = Qt - Qc = force required to push the friction jacket, Qt = the total force required to push the cone and friction jacket together in the case of a mechanical penetrometer, Af= surface area of the friction jacket. Friction Ratio, Rf Friction ratio, RAs expressed as fc



K /-—' *



(9.13)



where fc and qc are measured at the same depth. RAs expressed as a percentage. Friction ratio is an important parameter for classifying soil (Fig. 9.16). Relationship Between qo, Relative Density D r and Friction Angle 0 for Sand Research carried out by many indicates that a unique relationship between cone resistance, relative density and friction angle valid for all sands does not exist. Robertson and Campanella (1983a) have provided a set of curves (Fig. 9.14) which may be used to estimate Dr based on qc and effective
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Figure 9.14 Relationship between relative density Dr and penetration resistance qc for uncemented quartz sands (Robertson and Campanella, 1983a)
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Figure 9.15 Relationship between cone point resistance qc and angle of internal friction 0 for uncemented quartz sands (Robertson and Campanella, 1 983b) overburden pressure. These curves are supposed to be applicable for normally consolidated clean sand. Fig. 9.15 gives the relationship between qc and 0 (Robertson and Campanella, 1983b). Relationship Between qc and Undrained Shear Strength, cu of Clay The cone penetration resistance qc and cu may be related as or



5



The friction ratio R, varies greatly with the type of soil. The variation of R, for the various types of soils is generally of the order given in Table 9.5 Correlation Between SPT and CPT Meyerhof (1965) presented comparative data between SPT and CPT. For fine or silty medium loose to medium dense sands, he presents the correlation as qc=OANMN/m2



(9.16)



His findings are as given in Table 9.6. Table 9.6 Approximate relationship between relative density of fine sand, the SPT, the static cone resistance and the angle of internal fraction (Meyerhof, 1965) State of sand
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qc (MPa)



°



Very loose Loose Medium dense Dense Very dense



























des documents recommandant







[image: alt]





chapter 9 

need to calculate the second moment of area, I,, about this axis. Thus. 200 x 30O3 ..... Thus the core of a circular section is a circle of radius R/4. Example 9.6 A ...










 


[image: alt]





Chapter 9 Electrical system 

Exterior lamps - bulb renewal . .... distilled or purified water. 3 Always keep the battery ... Right front parking lamp and left rear tail lamp, instrument panel.










 


[image: alt]





Chapter 9 Braking system 

Vacuum servo unit - testing, removal and refitting . . . . . . . . . . . . . . ... A vacuum servo unit is fitted to all non-basic ..... necessary use air pressure from a foot pump.










 


[image: alt]





Chapter 9 Braking system 

5 Repeat the procedure on the remaining rear wheel, then lower the car to the ground. Note: The instrument panel warning lamps should glow if either inner pad ...










 


[image: alt]





Chapter 9: Animation - trueSpace 

Chapter9 Animation| 4. The main part of the view shows all the Clips on each Track. .... retains the state or pose from the last keyframe in its clip. The Pass Through ... current frame is outside the currently selected Clip, then Razor has no effect










 


[image: alt]





Chapter 9 Sinusoids and Phasors 

e-Text Main Menu Textbook Table of Contents. Problem Solving Workbook Contents ..... alternate domains is fundamental to all areas of engineering. TABLE 9.1 ...










 


[image: alt]





Chapter 9: Statistical Pattern Recognition 

ing, finance and many others. Some of ... ments (sometimes also called a case or pattern) has a class label attached to it. Now that we ... One of the main examples we use to illustrate these ideas is one that we ...... then passing this down the tre










 


[image: alt]





chapter 9 resource book lesson 9 1 answers dbid 3zo 












 


[image: alt]





Chapter 9, lesson 5 - English is cool 

Day 1 : I can't believe they attacked us! I can't believe the aliens attacked us! In the last ten years, they were nothing but friendly and yet, that didn't stop them ...










 


[image: alt]





Chapter 9 : Interactivity and Animation - sur free.fr 

The user can initiate hyperlinks to new Web pages (see Links out of SVG content: ... element and on the characteristics of the user agent, users are able to zoom into .... Events can be used in script or in attributes as 'begin' or 'end' for animatio










 


[image: alt]





Chapter 9, lesson 4 - English is cool 

We thought we were safe. We thought we had nothing to fear from robots thanks to the laws of robotics. But yesterday, something unthinkable happened:.










 


[image: alt]





chapter 9 microwave lumped elements, distributed equivalents 

12. "Rf and Microwave Porcelain Capacitors," Cazenovia, NY: Dielectric Laboratories,. Inc., 1998. 13. Garg, R., and L J. Bahl,. "Microstrip. Discontinuities ," Int. J.










 


[image: alt]





Contents Chapter 9: SAE Flange Valves 

NBR. 5. FPM. Code. Port size. 06. SAE Â¾". 08. SAE 1". 10. SAE 1Â¼". 121). SAE 1Â½". A .... AC: up to 7200, DC: up to 16000 switchings/hour. Coil insulation class.










 


[image: alt]





CCNA 1 Chapter 9 V4.0 Answers 2011 

www.ccna4u.org www.ccna4u.info. CCNA 1 Chapter 9 V4.0 Answers. 1. In the graphic, Host A has reached 50% completion in sending a 1 KB Ethernet frame to ...










 


[image: alt]





Chapter 9: Surface Grid Generation Systems 

The solution of a system of partial differential equations ..... Although one could solve the nonlinear Eq. 9.2 for k exactly, the presence of .... The formulas.










 


[image: alt]





chapter 9 muscular system test dbid 10usz 












 


[image: alt]





CHAPTER 9: USING THE PRODUCT CATALOG 

information about an organization's product and services. By implementing a .... by entering the following information: â€¢ Name: Enter [Unit Name] for the name.










 


[image: alt]





chapter 9 cellular respiration review dbid 67 












 


[image: alt]





CHAPTER 9 HP-GL Graphics Language 

Oct 29, 1999 - ROMAN 8 Extensions. 9. ISO IRV. 30. ISO Swedish. 31. ISO Swedish for Names. 32. ISO Norway, Version 1. 33. ISO German. 34. ISO French.










 


[image: alt]





Chapter 9: Bootstrap Router (BSR) Protocol 

of the Bootstrap Router (BSR) protocol are examined in great depth. .... Step 3 - if more than one candidate-RP have the same priority, the BSR hash function is ...










 


[image: alt]





Chapter 9: Surface Grid Generation Systems .fr 

Curves â€¢ Interpolation of Grid Points Between Boundary .... Curvature-weighted arc length spacing, wherein points are connected in areas of large curvature.










 


[image: alt]





Chapter 9 Working with Wireframe and Surface Design ... - CATIADOC 

Various workbenches in CATIA V5 with surface creation tools are: 1. Wireframe and .... in the Wireframe and Surfaces Design workbench of CATIA V5. To create a ..... TUTORIALS. In this tutorial, you will create the model shown in Figure 9-44.










 


[image: alt]





international financial management 11th ed chapter 9 pdf 

management 11th ed chapter 9 PDF file for free from our online library ... Myth Why Much What We Teach About Is Wrong Jonathan Wells, Instructions Sur La ...










 


[image: alt]





guided reading activities for civics today chapter 9 pdf 

Grundfragen Der Medienwirtschaft, Guided Reading Activity 18 2 Answer Key, Guillain Barre. Syndrome Through The Eyes Of A Mother, and many more ebooks ...










 














×
Report chapter 9





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



