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A C(lmparaUv. Study for Determining the Liquid Limit of Soils by 

Using the 13.5. Cone P_trometer and Casagrande Methods 
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ABSTRACJ 
The liquid li",iI is W>dcly II$ed (Of lhe cI;usifiulion o ( soils Thlllim,l 

has been COfTelated with ",any ""&i_erinl propertIeS of Xlils s"",h lS shear 
Slf~ngth, consOOdalion, S"<eUIIII: poIen!ial , and penneab,lity These 
COfTelations GQlIld be ~lIonali~ if~ liquid limiI is acc ..... !ely deltrmi .... d 

Cu.:lgrande mtlhod is commonly used and standard,zed worldwu.k roo­
de.emoining liq~id 11m .. or soi., The cone penetrome!et is !he 8n.1Sh slandafd 
p,~rem:d "",!hod (0/ de'emu.ning Ibis timil. The cone RlClhod Iw nIM lNtu 

ado9!ed yet by any orlhe AmtncaA slandao-ds but If IS rcantly a60pIed ,n Ihe 



Cl E.A IOI -Sekelly. 

Egyptian code (1992) In this study, the liquId limi, tests usin!: U.e "<0 
methods were c..uned out on (SO) so,l $:Impl.! of different ly~S. The sa,ls 

were brought nom different weas In Egypt lJ1d U S.A. The re~ulll obtained 
from the B S, COt'" penct'OItlCte. tests oompased well with thou obtained by 
the classic and most ""dely used Cas'\lfnncle method It Wi.! noted \l,.1 the 

Correlation coefficient "'u verY I,i"h al\d • lit>Clf relationship was 
obIAin.d. It is concluded that the B S COIlO penetrometer tesl i. I simple 
and easy method for dC lermmmg the hquid hmll of. so,1 and it is prefened 

over Casagrande method 

INT KOD! JCTION 
The I,q uld limit is widely used (or lhe clilssificallon afroils. Ths limit 

has be<en oom:lated, empirically. with different engin«ring pcopenies sucb as 
shear suenglh, cQOS(llidation, swelling poIeDbll, pen11C'lbilily. eel. (AAs~rro 
T 258-81; Bowie!;, 1984; Carter and Benlley, 1991, Hanson, 198&, 

Muhunthan, 199 1 and Q,.,n, 1988). These co.-rc1a!KlnS could be raliolla[iud 

if the liquId ~mi' is 3Ccur~tely delmnir>ed . 
CasagJ&llde ( J932) developed a method forllljllid lim it detCrmlll.llOn 

Tl,is method is cornlnonly used and 51andardiud worldwule (e .g. AASHTO T 
89-90; ASTM 0 43 18-84; B.s. B17-J97S and lbe Egypllan code-I992). 1M 

cone penetrometer lias been slandardized by 1M British st.oo.ds. lnslinahool 
in a .s Un-I97S and .eccotly adopted by !he Egyplilll code (1992). 
Uowe~r, \be «HIe method lias no! bml ;odopfed yel in the American 
standards (ASTM and AASHTO). 

In this study Ihe rCS\llts of \he liquid limit tests obtained by cone 

~netromcltr method WitS compared 10 \loose of the most. ",,<iely used 
Cuaa:nmde method_ 

KEy lEWOt' PREVIO US WQBK 
CI"cn,de Method 

1M liquid limit of a soil, dctcnniocd according 10 this method , is \be 
waler conlenl.I whi<;h tbe two parts oh soil cake in \he cup oftlle IppantWi 
c;ome ;nto eontxt (lIow) at !he bottom of the ,"oove along a distmcc ohbaut 

IJ mm, wben the cup is dropped 2S blows from a heigh! of 10 nun ~ the rale 
of ,....., re~ol\lllons pel" second. 
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Bowles (1984) POinted GIll Ih~1 the Casa~nch: apparatus h.s some 
IImlllllons I~al affect Itpealablhly (single ~.alor) and reproduc,bihly 
(multi.labo ... ones) fOf I~ liqll,d hmll These hmilalioos are - . 
1- AdJustmenl of hqurd 6<",u 10 oblaon 10 mrn l.elgbt of dlop cfllle cup 

Small c!e\lllhonS from 10 mrn may .ffe.;1 tIM: value of hquid lim;1 <IS -:nuch 

as 10 pomts. 
2- ConlToliing the q ..... my of 50'] III the cup of the de VICe AASHTO 

T89-90 rtGOll'll'llendtc:\ thai suffICient qwn1tty of soil uke shall be pIKed 
In Ihe cup The soil shalilhen be leveled IlDd allhe »me lime mmrned 10 

a depth of 10 mrn at lhe poim ofma~imum thicl",e.s (above tbe spot 
wlle,t the Clip rUIS on Ihe base) 

) . The hardness of II>e rubber base, on which II", cup impacts. In the B.S 
1377-1975 a rubbcf base wnb specified hardness and resilience is 

retcmrne"dtd . 
In addition 10 In.. abo"", mellho!>ed IImit.tio ns il .... '.s observed Ihat In 

using the manually operated Ca$agr-mde apparatus the ,,,re of WIO]u IUln (two 
revQ\utioos per R~ond) IS dlffi~ult to be malll la,ned and reqU lfU a .... ell 
tramed operalor Tl"5 also affeclS Ihe results 5igrufi~anlly. Om may overcome 
11"5 problem by uSing a m<>lonzed apparalus while the manually operaled oue 
is sli ll,n use in many 13borator ;es 

In the B.S. 1371- 1 975 C.sagrande method 1$ the accepted p<oc.edure 10 

delOnnme the liquid I,, " il of a soil providing Ihal the de vi ce is correcily 
maintained ... d the test procedure IS stric tly adhered, Bul in Ih,s standa,d ,I ,$ 

menti oned Ihat "ExperiMc~ hDS sloo .. " thol II is d'fJic~lllo nlolIIIOIn Ihe 

0fJ{Xl'OIWJ ill occ(JI·danCt 1>'1110 Ihe j/ondani and '''~ re~"IIJ Ort S"bjtCIIO 

Judgm enl of Iht 0p"'OIO'". 

Com: Rtnt i romt iu mClhod 

This method is a British standa.d method for detenninins hqu,d 1,,",1 of 
soils (B.S 1377-197S). T~ p"ne t.omel ... apparatus '5 the 011C used fo< 
dc:len" mmg Ihe P"""I"'IIOO of bill1m"lOUs malerials. II is dCSGribtd ,n 
B S 4691 -74. AASHTO T49·89 . nd ASTM 0}·86 The .ppm.11/S was 
mo(hr~. at Man.oura U",verSlty. by rcpl<KII1g!l1C needle wtth a 1 ro CQr1e. 
I~ cone IS made from "",chlned stainless steel WIth smooth. pOlIshed sunace 
II hs a I<:1I"h of 35 nun and a ""'55 a(3) ~. Ihe tatal 'nan of tile COlIC 
and its . 10<1,"& shan.s 80 !;In Fi8'U~ (I) $l>QW$ IM"~ IPp:"atus 
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....'.ordl"~ to ~'!I m<lh ~d • fJ\C111 "UP ApproIlun.llcly H mm ,u 
dilm"'er and co nun dHp • 6u.d WldI soil puk. n.e COIl<: lip II Io_ed <0 

th.1 "j..,llouch", the"';! ,urfxe. Tbe ~cn<: lhtlt lben ~ r.I .... d for . (re<­

f.lI ,,,10 th. SQit fo< 11*0001 ors _OdI, 'IM.1p!Wt1llS is jlIOYided .. "h an 
"'''omII'' "",!roUer, lIId lherufler cht penoIfll"'" dep<h II n:.orOcd. The 
liquId 1,,"11 ,$ ddintd .. the ,,,,,,,lure contenl ""rrupondi"l 10 • <0.,. 
~'C1rauoa of :ro rrun, Ihm:filrc $e'fe,aI tnalJ, IIIns1 fou'. 01 diff<orenl .... Ie' 
cOll,en" Oft bod, .. de. of 20 nun "",>ejraILOll lr. uud to consullel.li" •• 
relatlonsb,p plot bel ... ·.'"" MOW ..... -,Ie .. apinslilte OOne peM,rohO/l 

In lh. a,s Iln, 1M <01e penetromclCl ;1 p", fcned 10 ,h. CIIljp-nd • 
• pp .. atu. I.J the COIl<: n>cthc;:o! it simple and gi vtl betttr repeallbiln y ID:I II IS 
.pplic.bIe '" I Wld.r rll<lll" of Soot. "1111 C(Kl' ptneur"".,tr ClpparalUS IS 
cUl ler 10 In(liniam '" COrner ~l(Iu';'''(JIt 0",1 the ,,,,I pflK~(io,r~ 1$ I .... 

d<",nd<n/ on JWlrUII Oftltc Opt""or". 
Houl.tly (1982) found th o. II,. surf"". roughn",.. of th. cone 

"!:,uli"",,,ly Off.d, 1M loqwd ~m'L H. ,cc.o ...... md<J Ih ol lbe cone surface 
shOt,1d be smooch " ... u c~ be ~sed eI,her dry 01 l'I1.,ly oMd be Fore use 

£!QrdmtR"'i~u 

In tl", InvOSIIE\i' " gn ,he m~nuall f opc •• ,ed CulpllKle Ipp"'.'''' and 
lile cone pt""!rOmelot .... I.ch filled ",,~h aft lU,oma!oc: relca ... and loc king 

""Vice were orscd In 'he liQuId Jlmlll"" ~. The proccdu.", followed .... "' e tho\.< 
given inBS 137T (1 97S). AASHTO Tn·90ancI ... STM 0 4)18-84 

1he toc"o.d hmd ItSIS were c,,",ed out on (50) ~oil samp le. r,om 
dlffer.nt area, in Eg)'p,."d U.s.A (Dahhl'" Oimlalll, Port ~i!d , GlI¥b!.a. 
Slullkia, New Valley. Faioum, Be"" .... , Monlll, Kafl' E/ ·St.."lch ond A",on~)_ 
Funhermorc, 8 .... Ide rang. of loil~, (c.l , .i lty cl ~y. cl.yey SIlt. loam, and 
"",dy clay, e<:t) has beeII used In tho .. ltd, TIM: "'i1.....,ps.:. were.tf d ncd 

.1ftd lhe ,.,'$ " ere performed on the ml ,,,,, al$ pgoS>"'lt 0 421 mm (No 40) 
Sieve 

!:QmMri,ad bttw~ ,b, two &lelbpd. 
The leS1 rnul .. obi ..... rn.m ,110 Iw{I I1Ie1hO<h "'Cf. :II"''II;cI1l1 

cornt .. cd. The rearasion anaIpis ""'" dooc by usinl. "ati lt;.' padage 
(STATGRAPH1CS). T"ais is >hown in Ii,.. (2). 
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LI.. ... a. ... .s , IL.L,) 

· L l.., IS .be IKtu,d 11m,. obIlII .. d rrnm C;ua!l'~:ode method 
• L L. IS Ihe liquId 11m,. ob\aL/led fi"om (10"0 peneUc.ne.t, 
• .. &lid a, "'0 tho modo! COMIaDlf 

LL, .. 0.15 ~ 0.981 (Lt.) 

Slond.,d .rror ofesl""'. (SJ 
COII.llllolI coc/f,c"tm 
R · Squarod 

- .!. i 1 70 + 0 021 (l...L,) I 
.. 0982 
.. 96 1 petttnt 

It was noted Ihll com:l,uon coefI"oc"'n1. ..... 'oe1")' ~I'" for tk ''"Col! 
COITtlallOll whtd! ... .d'Cilcd lQi !he 10q0.nd Limrl r","115 obtained from B S 
cOOle pcnClrometc' we,. «mpIfable 10 \hose obl.lned U~ln, lit. CaSll:J1Inde 
"",.hod. In moSI ,Mel! lhe d,fI"ere_ were IJlghI, Ius than )%. ~"d r>OI 

silP,, /icanl ,f .. e cons,der Ibc.ckfferenoes ,n ~ptatab,IHy and reprodlll:tbll'ly 
of IIq;lId IIml. ""lues wften <IoI ......... a;I IIII"I ihc CI!!IennoX ljlparlt~s. 

Cgnrhnlpus 
n", bquod IIINI rilun obu.incd by UWlK!he 8.S C()nt compared .... Il 

10 Ihose obcllnw by Ihe daR'" aoo 11m! wdtly used ClSlpc\e .... thod 
n.c,e ... in$'gnrlitall dr fTal!tlCCl ~ho .. n tile ,c.wlls obtai ... d IIS"'II boIh 
m.lhod •• \hose """;""011' -rd be sm311., II\ ... ~.., """"II V3l"1."ons hkel, 
10 be obu:ned wi ..... ISlnl ~ Cal.ap:andc method. 

TIle B S c;onc peDCtrOll'oe'" lesl prO"~d 10 be ~ slt"pic 1.1<1 .asy 
",",11ood fcr deleTm,nlllK 1M liquid bm,t of I SOIl Also Ih. B S ~Ilod " ~ 

oXpendcnr 011 Lhe opcBIOr pd.grne,... Theref% lhe B.S. <(l'" p"""tron .. 'c, 
,n"'hod would be preferral ",.., .he Casapandc one 

cs 
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I) ~ II> (1911): ."..... II" IS _ "::":::0; •• ~ 
1 M = .... "'1100 ........ 1-10 ..... ·0.-· lINo J 
lIP UJ..<IJ.L 

1'. '_107. (l T (1911) "'Tt ",,0/ _', ... of.,.. foil _ , .... 

G~)l."'O lpp 111·111. 
IS· ~"' ....... B (J99I} 'I.io! .. d _ ond oon ...... of <laY" 

Gtoie"'-"l' ... U ,Ho> I.IIP Il:S-U. 

n CUlit ( I ): eo- ""_ ... -.:I r .. III< -""'ionolrl>ohquod 
t_ .... ooiJo 
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· rr--~~'~::;:-':;::::;;.J 
· Ll., rJ 11K l~ Wr.ll C CapcrarICIc mctDI). :. 
· LL, ;, the lIQuid lwntl (Cone pmdromolnj .. . .:... . ~.' . . .. 

• 

• 

• ~-

.. _ . . -. -.,---+ 

• -
L •• t.. • 0.75 + 0.'87 eL l..) 

Is') -:il l 70 + 0.021 (l4) I 

• " . • .. _--
• ... 

• • • • • • • 
L~ " 

FICUR! (l): Corn:a._ ber....,.., loqu.d h... values obc:loMd "oon 
Cosaeno.ck and 88. COM ~DCUomeI.' me11riods. 
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