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? Strain Softening
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Recent fill 5-50 0.5-3
Old fill 40 -150 4-10

90 Jlia Ky V- #

LT oSl Slidos S 0 3 Ui i e g b (5t g SRalesl G
SIS n e (VY=F) IS i a8 50 (NCSU) e sl 58
s o 0L 1 BX g 3l eslinel b 58 VF BY Ges s 2alesl

‘5.\7 JL.':J 4-:-&!‘?90—



3% S sla ol 5 gl s

A PL &W’—f’)j (\ \'—9) LSL'“ Jf‘.i) VL = V0‘|‘ Vc+V0 = 2V0‘|‘Vc A_EJ.‘) jl oaleiu! b

SCRPI R C

Ve=0r0 com’ I BX W g 6l (V=) Jgdr 3l e3lizd L (a
spd 6,5 Vo= A em’ 5 SVl as 56 (1Y-9) S 4 a5 L (b
VL= OVO+Y(\/\')=/\‘\O ZVL WB:A(C

PRESSUREMETER TEST RESULTS

700

600 //
S 500 -
e
%]
=
= o0
=
=
= /
= 300
= Pe ~
= L__J—E 4 160BaR

200 Po _—

—
—
Ve
100 7"
° 0 2 “ & 8 10
PRESSURE (BARS)
NCSU‘}J@@“;J,"JJ (S0 g g ﬂbj’@b’—’r—/cﬁ:

3 bagdts 0155 oas L Pr el 43 55 plonil AQ0 em’ b a1 oSyl s

JLJ)J}Mb&)ﬁyﬁlﬁﬁh@mju):ﬂjkw.zﬁwj
Mer:MJSW—?



SS5955 (qwdign )3 (S yihgmw  Ginles] \FA

Volume (cm3) Pressure (bars)
219 5.1
250 6.0
292 6.9
385 7.9
523 8.7
1000
700 4 //
800 - ad

N /
|
//

2000

100

4 6 8 10 12
NCSU@“%‘QL&J}&#JW&Q Jjﬁ&&,@’ﬁ?JL{’j&d}}Jw —"‘—fULCJ

P_ =) \/Y" bars : VL =895 em’ 5\v-f ISs Sl eslizad L (d

S e dlows —



14 S sla el 5 plis s

|, Epur « V= 0¥0 em’ 5 (\Y-9) IS By =2(1+V0)V% ol 5l esliull
D3 ped Ao 5 e 4 Ol
Vo =\A+ cm’ (Vi ,ldde s (2
Vi= 1YY cm’
Vin = +/Ox(YY+xVA) = Yoo cm®
Vs el (b
V = OY0 +Yr = VFO cm’
AP 5 AV ldie s (C
P SVl 4 5B s sd= 5 (VY=F) Ko 5 ealizad L
AP = 0/Y =Y/\ =Y bars
AV =YY+ =\Ar = ¥¢ cm’

. EPMT wbu: (d

AP
:("3'-)"’ EPMT = 2(1 +V0)VA_V Uagb )\ oalaa! L,
Epmt = YO+ /YP)VYO)(Y = ¥+ ) = V¥V Dbars

J}T"f‘;ﬂu—/\—p
Slayubly 5 s Ll 3 (SUe g b a8 Al ilses 15 s ey
3 giien olital AL axils 3 g0 Jaol 13 b (6 min (85l S aKais 5l e s 4
ol oslal 13 5l (gl GleS 53 a8 il o axtles 2o g sl 3k e g
JJHM\.MU&)L&}&bLaJ:.awﬁmsdﬁ\L}ﬁbMA.gj:ﬂf&J\J}

2l Sl 3 sl
o=l LS ool gl s a8 wes le Jféuﬁwﬁﬁsms
a3 il sl o i sbm) OISl &S St 65 o8 53 Ol o 1y s 2o g
(Chas LKaw 5 0l g s s 2o 0 dile sl alepw &l S ys S



S5 (wdis )3 (S agam  yiwle | V¥

QTQL::&):45:/,56«r@]ob}uu)ygutiuﬂ#wygﬁ.ogﬁﬂﬁ
)‘J))—}j"LSJ'.‘."""":")L?.""‘"C”';J‘)‘yb-@bjmj‘?“”‘)d}“)‘}MJB-L;JJPC"MJ

L e 0305 45 gl sl elis G bl s JiulesT opl elid 3 dial =
i 5 5Lis 6,8 S L Al s e 43S 513 Sa s s il
S b Caslie 015 oo i blusl (6585 Sleslial L elis plad b o
Sl b i 355 ¢ 5 0155 (r 0,8 ol 5l ped anlome ) en) IS0 0t sl
St 3t pU 1 (CSBP) gy oS Jlims s sy b eSSl 555 5 (PAF)
A2l o T s e 5 Bl ey 458 53 1 3 g eSSl 34

PLil Ll 550 combg 3 ol&ais 038 513 5l g (blail 2o s 2 53
Slals g 5 0l (6 S o3l C&Jﬁéng\ﬁjl:J:Jy)ué‘Lyg_é\Jb\ o i
Lt o gl Al el 5 e S ab s e

sl sl 15 S o3I sl e sla a3l 55 5 L ke e g
deas e Olis 5 3l sl 5 Shes Covw gla oy 5o s sls (68 ol
oS O B e gl ey el 5L el olSais pl S pe (iees
B sl gla (s 5 5l oo Sl e 25 5 0 s it 2313 ) 50
e e DL R - R e S NE P VIR E R e
Bl e a3 gl e i Ol LB 5 Ly B (sledS OIS e e e
3305 (6 S o3I 3 sdell O guo

a5l pe 5 535 5ol gl esls W5 s Sl e b il
S Sl ) 03 e Bl (038w pamie a2 ) (AL sl gla, S
03581 s a6 s WS e g £ cpl sy Ola) sla anle 3 5 p )

Al o b S gl Sy

! Pressiometre Auto Foreur

* Cambridge Self Boring Pressuremeter
* Expansion Pressuremeter

* Load Cell Pressuremeter



1F) S sla el 5 plis s

Ol oo as ol glsil Ao 1 aS a5 (la e gy K03 4
Sl i (L g 28 Ll by e Gla e g 5 5 LA e g
ol CPT i 65 bg e £ 55 53,5 a1 3 eslizul 5550 ol sla 3508
2 g 02 o AT L e 5 ediS S5 sl e (655 03I (sl
bl 5 LSl pll L cnline gy sln 655 50 ¢35 2525 B
= i 1 LS 5l s 058 g pasl e b aslie 3 Ogasl ol cciliies
L3l b a Cod (5 00 oS ke 5 S8 lnly bl a5 e
e el Iy e (g iy sl 5 8 oJ\.ATg;MJ‘Lg@u (e
las I8 G5 b slessl b amslie 3 (5 s calre 5 Ll 4 4 5L
Ly QT@L:;)-\ ool s @ Jal sy 5 S Cilises gla el ,b S 53 0030 gl
5 G osn ar s BB Coeal 05 o (SO 85 gl b s il il
a5 S5 1 sl al Sl eslixal 5> e anllas 5 Gl o)
Sl o3lall (3 Canl 31Ol (ST 55 sl 655 U3 L sl sl 030 el
clid 340 Olomen L e O se3T 5l (Gl Wlinlie Jl pl b dizas Sls, 45
Slr eism YL ez s a5 L o o @l eolinad 5550 208 5 0l &3l
L mmlize sl gl ol o3Y a3 opl (SESS 55 Sladllas oeal 5 Sl ee
pdos 5l U sla aua 3,8 13 eslinal 3,50 5 e antlid w0l A Lal
L - sl il Ol 53 aS Lewl 51aol Jials =1 b sl melil 5l Olseb!
C\,;\JJUﬂg\jsd,onéuaﬁyspsw\&uijéﬁwﬁ

'Full Displacement Pressuremeters
2

Push-In Pressuremeters
* Cone Pressuremeters



ST 955w digs )3 S pRagaw p yiwle)l \FY

jw_ajpuu_l\fl_..»;b)b_% oslaru! 240 u\ﬂléb-w); b dj“)Tu:’.| cj;'ﬁj.:.mﬁ
‘6J;'.A‘9¢_~uﬁ Sy > A_z.SLE.Ajd_:.a}r_?)J ‘JkSJ.‘."""‘—:" u:uw J.il.» L}"‘ﬂ‘ Q‘jiﬁ.ﬁ)}l
e Ll 5 L e e o%;)@)u}@uu;})om oslizad 5 oululis

sl axsls ol !



11.

12.

13.

Amar S. & Clarke B.G.F. & Gambin M.P. (1991), “The Application
of Pressuremeter Test Results to Foundation Design in Europe”, part
1, International Society for Soil Mechanics and Foundation
Engineering: European Regional Technical Committee.

Arthur J.R.F. & Rosco K.H. (1961), “An Earth Pressure Cell for the
Measurement of Normal and Shear Stress”, Civ. Eng. & Publ. WKS
Rev.56, No. 659, 765 — 770.

A.S.T.M. D4719 (1994), “Standard Test Method for Pressuremeter
Testing in Soils”, American Society for Testing and Materials,
Philadelphia, U.S.A.

Baguelin F. & Bustumants G. & Frank A., (1986) “The
Pressuremeter for Foundation”. , Reprinted from proceedings of in
situ, GT div., ASCE, June 23-25.

Baguelin F. & Jezequel J.F. & Shidds D.H. (1978), “the
Pressuremeter and Foundation Engineering, Trans”. Tech.
Publication.

Baguelin F., Jezequel J.F., Le M. (1974), “Self-boring Placement
Method of Soil Characteristics MeasurSement”, proc. Specialty
conf. Subsurface Exploration for Underground Excavation and
Heavy Construction, Henniker, pp. 312-332.

Baguelin F., Jezequel J.F., Le M.E., Le M.A., (1972), “Expansion of
Cylindrical Probes in Cohesive Soils”, Journal of Soil Mech. Fdn
Div. Am. Soc. Civ. Eng. 98, SM11, 1129-1142.

BRIAUD J.L., MAKARIM C.A., LITTLE R. & TUCKER L. M.
(1985), “Development of a pressumeter method for predicting the
behavior of single piles in clay subjected to cyclic lateral loads
“,Research report N°5112, Department of civil engineering, Texas A
& M University, July, 213 pages.

Briaud, J.L. (1992), “The Pressuremeter”, Balkema, Rotterdam.

. Cambridge-Insitu Web Site (2006), “Self Boring Pressuremeters”,

University of Cambridge.

Cambridge-Insitu Web Site (2006), “Cambridge In-situ Six Cell
Load Cell Pressuremeter”, University of Cambridge.
Cambridge-Insitu Web Site (2006), “Cambridge Self Boring
Expansion Pressuremeters”, Cambridge University.
Cambridge-Insitu Web Site (2006), “A Description of the Cone
Pressuremeter and Associated Parts”, Cambridge University



S 955 (g kigard (S yingmms yy sl @

14. Carder D.R. & Krawczyk J.R. (1975), “Performance of Cells
Designed to Measure Soil Pressure on Earth Retaining Structures”,
TRRL Laboratory Report 698, Transport Research Laboratory
Crohorne, Berks.

15. Chang C.I. & Cao L.F. (2001), “Interpretation of Pressuremeter
Tests Using Non-Linear Elasto-Plastic Analysis”, 15" Int. Conf.
SMGE, vol. 1, pp. 515-518.

16. Christopher D.P., Matthews, P., Bradshaw S., Sherrill P.E. (2005),
“Guidelines for Geotechnical Site Investigation in Rhode Island”,
University of Rhode Island.

17. CLARKE, B. G. & ALLAN, P. G. (1989)’A self-boring
Pressuremeter for Testing Weak Rock.” In: International Conference
on Soil Mechanics and Foundation Engineering, XII, 1986.
Proceedings... Rio de Janeiro, v 1, pp 211-213.

18. Clarke B.G. (1995), “Pressuremeters in Geotechnical Design”,
Chapman & Hall publication, Cambridge, U.K.

19. Clarke, B. G., 1996, “Pressuremeter Testing in Ground
Investigation, Part I: Site Operations,” J. Geotech. Eng., Vol. 119,
pp- 96-108.

20. Clayton C.R.I., Matthews M.C., Simons N.E. (1997), “Site
Investigation,  Department of Civil Engineering”, University of
Surrey.

21. Costet J. & Sanglerate G. (1981), “Cours Pratique de mecanique des
sols”, Dunod, Paris.

22.D60 (1975)"The Menard Pressuremeter, Interpretation and
Application of Pressuremeter Test Results to Foundation Design”,
Sols Soils, No. 26.

23. DALTON, J.C.P., HAWKINS, P.G. (1982) "Fields of Stress, some
Measurements of the In-situ Stress in a Meadow in the Cambridge
Shire Countryside". Ground Engineering Vol. 15, No. 4 pp 12 -23.

24. Darly, P. & Carder, D.R. & Steele, D.P. (1999), “Field Evaluation of
the TRL Load Cell Pressuremeter in Gault Clay”, Crow Thorne,
Berks.

25. Das, B. M. (1990). Principles of Geotechnical Engineering,, PWS-
Kent Publishing Company, Boston, MA, 665 p.



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

\FY &l gl

DENBY, GM. and CLOUGH, G.W. (1980) "Self-boring
Pressuremeter Tests in Clay". J. Geotech Eng. Divn. ASCE V 106
No. GTI2 pp 1369-1387.

Ervin, M.C. (1983), “The Pressuremeter in Geotechnical
Investigations”.
FERREIRA, R. S. & ROBERTSON, P. K. (1992)," Interpretation of

Undrained Self-boring Pressuremeter Test Results Incorporating
Unloading". Can. Geotech. J., v. 29, pp.918 — 928, 1992.

FRANK R. & ZHAO S.-R. (1982) "Estimation par les parametres
pressiométriques de l'enfoncement sous charge axiale de pieux forés
dans des sols fins", Bulletin de liaison des laboratoires des Ponts et
Chaussées, 119, mai-juin.

Frank R. (1985), “Recent Developments in the Prediction of Pile
Behavior From Pressuremeter Results”, Symposium: From Theory
To Practice on Deep Foundation, Prto Alegre RS Brazil.

Gambin M. (1963)," Calcul d'une fondation profonde en fonction
des resultants pressiométriques - Sols Soils,N° 7.

Gambin M.(1979), "Vingt ans d'usage du pressiometre en Europe" ,
Conges Européen de Mécanique des Sols et des Travaux de
Fondation, Brighton.

Gambin M.(1979), "Calculation of foundation subjected to
horizontal forces using pressuremeter data" , Sols Soils, N° 30/31,
1979.

GAMBIN, M (1988), "Derivation of the Ménard Pressurometers
Data", ISSMFE Eur, Committee on Pressurometer,

GAMBIN, M,; AMAR, S, y CLARKE, B,G, (1990), "The use of
Pressurometers to Determine Soil Data for use in Design", ISSMFE
3" Int Symp, on Pressurometers,

Gambin M.P. & Frank R.A. (1995), “The Present Design Rules For
Foundation Based on Menard PMT Results”, The Pressuremeter and
its New Avenues Conference proceeding.

Gambin. M.P.(1990), “The History of Pressuremeter Practice in
France”.

Gibson R.E., & Anderson W.F. (1961), “In-situ Measurement of Soil
Properties with the Pressuremeter”, Civ. Eng. Pub. Wks Rev. 56, No.
658, May, 615-618.



S 955 (g kigard (S yingmms yy sl @

39. Hai-Su-Yu (1990), “Cavity Expansion Theory and its Applications
to Analysis of Pressuremeters”, Doctor of Philosophy thesis,
University of Oxford.

40. Houlsby G. T., Nutt N. R. F.(1993), “Development of the Cone
Pressuremeter”, Department of Engineering Science, Oxford
University.

41. Hughes J.M.O. (1973), “An Instrument for In-situ Measurement in
soft Clays”, PhD thesis, University of Cambridge.

42. Hughes J.M.O., Wroth, C.P., Windle D. (1977), * Pressuremeter
Tests in Sands”, Geotechnique Vol. 27, No.4. pp 455-477

43. Hughes J.M.O., Wroth C.P., Pender M. J. (1975), “A Comparison of
the Results of Special Pressuremeter Tests with Conventional Tests
on a Deposit of Soft Clay at Canvey Island”, Internal Report No.
CUED/C — SOILS TR20, Cambridge University Engineering
Department.

44. HOULSBY, G., CLARKE, B. and WROTH, C.P. (1986)." Analysis
of the Unloading of a Pressuremeter in Sand". Proc. of the 2nd
International Symposium on The Pressuremeter and its Marine
Applications pp 245-262.

45. Jefteries, M.C. (1988), “Determination of Horizontal Geostatic
Stress in Clay with Self-bored Pressuremeter”, Can. Geotech. 25 (3),
pp- 559-573.

46. JEZEQUEL, J,; LEMASSON, H, y TOUZE, J, (1968), "Le
Pressiomeétre Ménard", Bull, Labor, Ponts et Chaus,, n°® 32,

47. Jezequel J.F. (1982) "The Self-boring Pressuremeter". Symposium
on the, Pressuremeter and Its Marine Applications, Paris, April 19—
20. pp. 111-126.

48. Ladany B., (1972), “In-situ Determination of Undrained Stress-
Strain Behavior of Sensitive Clays with the Pressuremeter”,
Canadian Geotechnical Journal, Vol.9.

49. LADANYI, B. (1973) "Expansion of a Cavity in a Saturated Clay
Medium". Journal of the Soil Mechanics and Foundation
Engineering Division, ASCE, Vol. 89, No. SM4, Proc. Paper 3577,
July 1973, pp 127-161.

50. Lankelma web site (2006), “Con Pressuremeter”’, Lankelma
Company.

51. Larsson R. (2001), “Investigations and Load Tests in Clay Till”,
Report 59, Swedish Geotechnical Institute.



52.

53.

54.

55.

56.

57.

38.

59.

60

61.

62.

63.
64.

65.

66.

67.

14 &zlrs gl

Mair R.J. & Wood D.M. (1987), “Pressuremeter Testing Method and
Interpretation”, CIRIA Ground Engineering Report: In-Situ Testing.
Manassero M. (1989), “Stress-Strain Relationships from Drained
Self-Boring Pressuremeter Test in Sand”, Geotechnique vol. 39,
No.2.

MARCHETTI, S. (1980) ‘In-situ Tests by Flat Dilatometer’, Proc.
ASCE, J. of Geot. Eng., Volume 106, pp. 299—321.

Marsland, A. & Randolph, M.F. (1976), “Comparisons of the
Results from Pressuremeter Tests and Large In-Situ Plate Test in
London Clay”, Geotechnique 27, No.2, 217 - 273.

Mayne P.W., Christopher B.R., Jone J. D. (2001), “Manual on
Subsurface Investigations”, National Highway Institute (NHI),
Federal Highway Administration.

Meigh A.C. & Greenland S.W. (1965), “In-situ Testing of Soft
Rocks”, Proc. 6 Int. Conf. Soil Mech. Fdn Eng., 1, 73-76.

Ménard, L. & Rousseau, J. (1962) "L'évaluation des tassements,.
tendances nouvelles. Sols Soils" 1. Ortigao, J.A.R., Cunha, R.P. &
Alves, L.S. 1996

MENARD L.(1955) "Pressiometre", French Patent, n°® 1.117.983,
Paris.

. MENARD L.(1957), "Mesures des propriétés physiques des sols",

Annales des Ponts et Chaussées, 14, 357-377

MENARD L.(1963), "Calcul de la force portante des foundations sur
la base des resultants des essays pressiométriques", Sols — Soils, V.
5,N. 5, pp. 924,

Menard L.F. (1975), “The Interpretation and Application of
Pressuremeter Test Results”, Sols-Soils, No. 26.

OYO Web Site (2006), “Elastmeter-2”, OYO Products.

Palmer A.C. (1972), “Undraind Plane Strain Expansion of a
Cylindrical Cavity in clay”, Geotechnique, Vol. 22, No. 3.

Pereira J. M., Dubujet P., Wong H. (2003), “Numerical Modeling of
Unsaturated Soils in a Pressuremeter Test”, 16th A.S.C.E.
Engineering Mechanics Conference, University of Washington.
Prevost, J.H.; Hoeg, K. (1975) " Soil mechanics and Plasticity
Analysis of Strain Softening" Geotechnique. 25 No. 2 ,279—297.

ROBERTSON, P.K. and HUGHES, J.M.O. (1985) ,"Determination
of Properties of Sand from Self-Boring Pressuremeter Tests ".The



SepiSI955 (wdigord (S fagay Gllo]

Pressuremeter and Its Marine Applications, Second International
Symposium.

68. Rowe P.W. (1962), “The Stress Dilatancy Relation for Static
Equilibrium of an Assembly of Particles in Contact”, Proc. Roy.
Soc. A 269, 500-527.

69. Sabatini R.C., Mayne P.W., Schneider J.A., Zettler T.E. (2002),
“Evaluation of Soil and Rock Properties”, Federal Highway
Administration.

70. Sayed, S.M. (1989), Alternate Analysis of Pressuremeter Test.
Journal. of Geotechnical Engineering, ASCE, 115(12).

71. Terzaghi K. & Peck R.B. (1948), “Soil Mechanics in Engineering
Practice”, New York, Wiley.

72. Timoshenko S. and Goodier J. N. (1968), “Theory of Elasticity”,
New York, Mc Graw-Hill.

73. Vesic, A. S. (1972) "Expansion of Cavities in Infinite Soil Mass,"
American Society Civil Engineers, J. Soil Mech. and Foundations
Div. 98, 265-290.

74. Wroth C.P. & Hughes J.M.O. (1973), “An Instrument for the In-situ
Measurement of the Properties of Soft Clays”, Proc. 8" Int. Conf.
Soil Mech. Fdn Eng., Moscow, 1, 487-494.

75. Windle D. & Wroth C.P. (1977), “In-Situ Measurements of the
Properties of Stiff Clays with Self-Boaring Instruments”, 9" Int.
Conf. on S.M.F.E., Tokyo.

76. WITHERS, N.J., SCHAAP, L.H.J. and DALTON, C.P. (1986) ‘The
Development of a Full- displacement Pressuremeter’, Proc. 2nd
Symp. on the Pressuremeter and its Marine Applications, ASTM,
Philadelphia, pp. 38—56.

77. WITHERS, N.J., HOWIE, J., HUGHES, J.M.O. and ROBERTSON,
P.K. (1989) "Performance and Analysis of Cone Pressuremeter Tests
in Sands", Géotechnique 39, No. 3, pp 433-454.

78. Whittle R. (1999), “A Description of the Cone Pressuremeter and
Associated Parts”.

79. Wood D. (1990), “Strain — Dependent Moduli and Pressuremeter
Tests”, Geotechnique 40, No. 3, 509 — 512.

80. Wood D.M. & Wroth C.P. (1977), “Some Laboratory Experiments
Related to the Results of Pressuremeter Tests”, Geothchnique 27,
No. 2, 181 —201.



10\ &zlres @l

Sleslial U 0l g aols cdps ol (g pdy K0 uns andlas” (OYAY) . Lo 05
o S 5 o&ils S Wl e g

la Snsadlae 5 0 @l Jdowis a5 5 55550 L3 OYVH) L Ly Olskey
oo S 5 o8 (il B8 4l OLL SOl g S g

bl sl IS s gla e andllas” AYAY o Ol aels g U o Olsly
YV ol el psle asy oede aalihad e gy Sleslinal L 0L wils w0
XA

OYAY il oy (Lo Slile3T 5 lan” (OYAY) Ol ol K215 Ol yas 0aSC21S
(il AS Gl i a2 sazme 03,05 - )

b oRilel At 5 s sy B 4 LS sl e 8 0Ll
XA YE Sloio ) oyl ooy Jlo (St S

DLl SOl wls cdns Skt gl Al e e Je Yl (OYAY) bl glltes
O o B Ol e e 0dSSls Ol gk 5 B slaaly 4 as )l wls S asl
Josle Olosk 855 e W) i SO1ST (VYAY) Lo Ollg g 2B
el e (SUS 3 (5 sy GalasT 30 Jelo” VYA s (5518
BESPE UGN o Sls (s |

S8 sy GRSl b ey G 2 Sl e el A 0

c(\r’/\'))‘}.\ﬁéﬁ)ubf}g:,;);.kAQLA)L»L&)L_xAJ}.\S}&J)jﬂjbb‘})ﬁ;@)b) .

hlazl y ele Solde S 0 (SSS 55 Sllllas 3 (6 e g ilesT el ses”
w6 g bl s ) Sk ot s (OVAY) 5 pemme OLSU
q¥ o)Lq...i'r AY J.::Lz céL,a.d CAA)LE.A) M‘}SJ

M

AY

AY

AY

A

N

AV

AA

A4

A)



S 955 (o difes)d (S piogam p pimle) |




