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ABSTRACT:

Site investigation and assessment of the charactrisicsofsol o rock are casental parts ofthe
okechnical desgn process. The principal parameters of iterest 1o designers are srngth,
K eformation modut, i sty borizonta strss and permeability. In it testing of soils bas become

INTRODUCTION:

‘St investigation and cvaluation of properics of sail or rock arcimportant aspecs of

‘dcsign. It is geacrally acoepted tha in st fests offcr one of the best meass of

Stermining,the. cogineering of sois. Thisi partiulary ru for sands snce t s requely very
ifficult o retrieve and test undisturbed samples, especially n very loose sands.
Mitchell @ al (1978) lsted the following four main reasons for a growing interes i the wse ofin
siu tsting techniques:
- Their abilfy to test  large volume of soil than can convenienly be testod in th laboratory.
2. The ability to determine propertcs of sois, such as sands and offshore deposits, that can not
be casily sampled in the undisturbed state.
3 el abilty to avoid some of the diffcutcs oflaboratory feting, such as sample distusbance
2nd. the proper simlation of in st strsse, temperature, and chemical and biological
caviroaments.
e increased cost effcctiveness of an exploration and_tesing program using thes n st
methods.

In contrast,there arc significant limitations o in st tesiog:
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1- Drainage conditions can not be controlled independeatly
2- Stress_direction and stress path can ot be independently varied in most cascs. Principal stress
directions and siress path in the test may differ from those in the real problem. Rotation of
principal sresscs may occur n the test but ot i the ral problem.
3 T prae! it Wl i immci couilin im st b rendly
ctermi

However, these limitations are often outweighted by the ignificant capabiltis of many in
situ test methods. Generally as_ indicated by Clarke (1995),tests can be ivided into lsboratory
and field tests and can be further subdivided as shown in table 1

TESTS
L Field

[Borchole ] _Full Scale_| Non Destructive

“Table 1. Types of in it and Iaboratory tests (afer Clarke, 1995)

Robertson (1986) prescais a partal list of the major in sitatest methods available their
percived applicabilty for use in_differcnt ground conditions, nd theiruse in obtaining various
geotcchiical information (able2). He coocluded that, among the cxistng in situ testing
techniques, the self boring pressurcmeter (SBP)is one of the best n situ devices for applicaion in
soils. The self boring pressuremeter appears o be idcally suitable for determining in situ
cagincering propertis of sand. The self boring pressurcmeter can be installed with minimized
inital disturbance and. results can be cvaluated analyticaly using cavity expansion theorics. For
this. rcason, the SBP is one of the most reliable and accurate methods of n it testing and can bo
used to determine the in sita borizonta stress, shesr modulus and strength parameters for both
clay and sand

The remarkable advance of the SBP asa sitcinvestigation tool i due tothe facttha the
boundary conditions and sircss-strain conditions around the soil may be properly defined in
theory (Wroth and Hughes, 1973; Lacasse, Diorazio and Bandis, 1990), Thercfore, it is possible
1o perform a more rigorous theorctcal analysis for the SBP. The pressurcmeter test consists of
placing a cylindrical probe into the ground and expanding the probe to pressurise the soil
horizontally, The pressure on the soil and the elative increase in caviy radius arc obtaincd and
use 10 give an n sit sires-strain curve (Briaud, 1992). The attraction of pressuremeter testing is
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its potential for measuring both deformation and strength parameters at the same time (Mair and
Wood, 1987). Strength parameters and deformation propertics of sil ar backcalculated by using
cavity cxpansion theories (i. Gibson and Anderson, 1961; Hughes ct al, 1977, Yo, 1994)
Thercfore, the  successful application of pressurcmeter testing of soils heavily depends ca
development of methods of interpretation the tets
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Note: A=high applicabilty, B-moderate applicabilty, C=limited applicabifty, Nenot applicsble

150l type_2=profile 3=piezometnc pressur (o) 4=anghe of riction S=undraincd shear strength
G=density 7=compressibility Serate of consolidation 9=permeabiliy 10=modaulus:shear and youngs 11-
insim stress 12-strss history 13-stress-strain curve. 14-Hard ock 15-s0f rocktll, e 16-gravel 17-
sand 18-sit 19-clay 20-peat

Table 2. In it test methods and their perceived applicablity (ater Robertson, 1986)

HISTORICAL DEVELOPMENT OF PRESSUREMETER:

The first documented evideoce of a pressuremeter is that of Kogler in 1933. In 1954, Fang
at Purdue university and Menard at the universiy of Ilinois, independently began to develop the
first modem pressuremeter (Clarke, 1995). Since its inovation by Louis Menard, the
pressuremeter bas been used extcasively in many of the world for determining in sita the
propertics of soils. The pressurcmeter was designed a5 a_cylindrical device to apply uniform
pressure to the walls of  borchole by means of aflcxible membrane. The major differcace
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betwecn catagories of pressuremeter tetslcsinthe method ofinstallaton of th istrumert i
et bevice can be nstalled n prefomed holes (. Meardpressuremete, self bl
e v pish o the ground from the base ofboreholes and drven nto th grouod with
a standard cone.

e “elf ‘boring pressuremeter was developed indopendently in the United Kingdom by the
Lol shasis gwoup at Cambridge university (Wroth and Hughes, 1973)and in France by the
oo tc dus pons at Chausccs (Baguelin ot al. 1972) in tho carly soventies, for
e wih minirmum disurbanc, and thus o oban values f oi paramctrs which
o Prons undistrbod i it conditons. The slf boring pressurencts displace the oil
ring imstalation using a cuting had which breaks te oil nto smal pieces vith  roatng
cutter and then flushes the soil cuttings o the surface.

S adiin preseremetr was developed to avoid the nced for carful insalaion
(Henderson- ¢ l, 1970, Reid ot a, 1982). Thisis nommaly insctod by pushing the pressuremcler
e o andcrsize pre<orod. hole o o the boxton of  borchol without any pre-aring
s "t Wood, 1687, Tho cone presuremeter can bo consdered 35 & special pusa
prossuremeter and s aso known as & full displacement dovico tis anew sie investigation
B waich  preseuremetr probe is incorporated. behind a tandard cone (Withers t o,
1986)
The materials in which prssuremctr tess have becn carried out range from vry soft i,
through stffclays and sands, to weathered and even solid rock.

THEORETICAL METHODS:

O e eoretical method for interprtation of pressuremetcr test data have been
sroposc by Gibson and Anderson (1961) They assumed ht th pressuromets s nfnic Jong,
e e suounding sl i deformed under the conditins of axialsymmetry and plane
e interpretation was doveloped for cxpansion sts i both cohesion and cohesioricss
e evumed.that the soil 1 heared at  constant effctive trss raio with 20 volue
e o esumption 15 nox resonable fothe soil can drined auiekly duing the
pressuremcter test. Thereforethe amount of volume chango i ‘onsiderable and should b taken
e Geveral aiempis have boen made o includ relstic volumo change aws n the
Salution of the expansion of a cylindrial cavity (Felio and Brisud, 1986).

e o e (197%) developed a method to conider the volume change of a drained
pressuremecr test. Windle (1976) concluded tia the assumption of 2er0 dilation inthe plastic
e eauses an overcstimation of friction angl valus for dense sands and an undercstaton
e nd. Hughes, Wrothand Windle (1977) proposed a method to nalyseth sef boring
presouremeter test in dense sand. This method was useful for driving the fandameatal soil
parameters, Also, it is found, this method is ‘reliable for very dense sands, but lss reliable for
loose sands.

e Manassero (1989) developed . drained analyssin which e propased a mumericl
ethod sl on Rowes (1972) stessiltancy theory, A new asalysis of self boring
Dressuremeter tests in sand has becn developed by Yu (1994), ‘using an clastic-plastic train
e saning model. This metbod s basedon th st parameer nroduced by Wroth od
Bassett (1965) and Been and Joffries (1985)

PRESSUREMETER APPLICATIONS:

i method_asociated with the pressuremete test oovers several by of
sl soncture bt has b cspocialy developod orfoundation. This method s sl
e elations betwicen the test parameters and the parameters which chiaractrizo
behaviour of actual foundations.
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ork to be doe by the Highway Department (Baguelin and Tiraat, 1982).

“The Icading feature of sef boring pressurcmeter s that the probe i inseted nto the ground
with a very ltle amount of disturbance. The major application or tis type of pressuremetcr has
becn inthe determiation of the in situshear modulus (Wroth, 1982). The next most common usc
ot the self boring pressuremeter is the measurement oflatera sress and undrained sbcar srength
i clay deposit. Howover, the test docs bavea useful rolc to play in n-situ teting, cspecially
‘when combined with a good logging tool,such as the cone penefration est.

CONCLUSION:

The advantage of the pressurcmeter test over other in situ ests s the ability of deriving
accurste soil parameters from the test data. One of the most common uses ofa slf boring
pressuremeter is for th derivaion ofthe soil moduli, The soil moduli varics it both trss level
£ strain, The clastic. shear modulus of a_soil can be measured by performing an unloading
reloading cycle during a pressuremeter expansion St

“The possibiliy of evaluating the in sit horizontal stress represents one of the most
imeresting featurcs  of the self boring pressuremeter test” Soveral Studies bave shovn hat
Teasonably good estimates of ateral strss can be obtained from good sef boring pressurcmeter i
soft, normally to lightly overconsolidated clay deposits

“The prebored pressuremeterscan be uscd for design of both shalow and decp foundations.
In general, the prebored pressuremeter tst is @ usefl ool for the investigation and design of
foundations. In prebored pressurcmeter test, because.of disturbance, can nit be obiained the true
in sita lateral stress. In contrary, the limit pressure can be estimated from the prebored
pressurcaeter test.
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