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A Study on Measuring Method of the Liquid Limit of Clays
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ABSTRACT

The liquid limit is one of the basic indexes of physical properties of clays. A method
proposed by Casagrande has been widely used to measure the liquid limit, however, some
technical problems are pointed out for this conventional method. Recently more mechanical
method using fall cone has often used to measure the liquid limit.

In this paper, a number of liquid limit tests by both of Casagrande's method and fall cone
method were performed to clarify the relationship between the both method. It is shown that
the relationship between water content and the liquid limit under any constant cone penetration
are expressed by regression lines intersecting at a point. Based on this findings, a new
normalizing parameter called normalized water content is introduced to correlate the cone
penetrating characteristics of various clays. The relations between the liquid limit by Casagrande's
method and by cone method are derived for various type of cone. It is also shown that the cone
penetration corresponding to the liquid limit by Casagrande's method varies with the liquid

limit.
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Table-1 Physical properties of natural soils

AR (%) YAMERRSY LRI
28 No. Casagrande Fallcone (%) (g/em?)
No.1 1074 - 35.0 2.632
No.2 61.0 54.0 26.8 2.678
No.3 55.8 50.0 272 2.638
No.4 98.8 83.5 39.8 2.653
No.5 40.4 38.0 21.5 2.686
No.6 64.0 56.0 283 2.688
No.7 45.5 40.5 184 2.661
No.8 717.6 67.0 33.1 2.639
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Table-2 Standard of Fallcone test

a — v
KA EE OEARE BAER
i g » mm

AFY R 301 80+0.05 5*1 20
AY 2 =TV 60 60 5 10
FTAYA 30 75 5 10
=D 30 76 5 10
AVF 31 148 5 25.4
HE 30 76 5 17
AARGETES) 60 60 5 10

HAN - Bk 60 60 B 10

VB 90 200 30 135

PN 60 60 5 12




Table-3 Types of cone used in this study

a—-vpE47  LiRA BR
A 60° 60g
B 60° 120g
C 30° 45g
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Fig.-1 Relation between cone penetration and
water content (cone Type A)
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water content (cone TypeB)
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Table-4 Values of Wa, Wg, a, b
liquid limit

type of cone test Wa WA a b

60°; 60g Casagrande 0.11 0.13 0.45 0.034
fall cone 0.13 0.13 0.62 0.038

60°; 120g Casagrande 0.12 0.14 0.482 0.025
fall cone 0.14 0.12 0.603 0.032

30°; 45g Casagrande 0.15 0.16 0.467 0.022
fall cone 0.14 0.12 0.635 0.025

30"; 80g* Casagrande 0.1 0.13 0467 0.019
fall cone 0.09 0.09 0.542 0.022

*data by Sherwood & Ryley(1970)
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Fig.-7 Relation between X and cone penetration



RR)ERDOTRATELRAGBOND,
w*=a+bD 3)

ZZC WRERADEIICWa b WsDEZAHWTEK

HEEEEL b0 T, ARE TR W 2 EEE(LEK

Hi(normalized water content)& FERZ &ITF 5,
=

WL~ Wa

FACFRTRBOMEERAVNII. 24 TADa— VY DIBA.

w—0.13
— " =045+0.034D (WY TS5 T 5
wi—0.11 ( {z) ®)
w—0.13 N
=0.62+0.038D (a—V 6
wL—0.13 0 0 ( %) ©®

DHEFRANBOND, 215U DOBMIZImMmTH 5. K
SiFa—VHEBR (44 TA) DR EBILEKLEEBA
BOBRTEEL 2D T. HFOERIIREG), (6)DH
RERLTWS, RICRT LT, EELEAKZHAL
3L, BKHLBABROBRSKIERFICHFRLR L —&
BICRE B, 15U AH TS5 VFRICK > TRDIEK
HRADOEEHWHEEITIEa — VEROBAITH~RTE
LOENRKEL BTV, BFOERIIMDL 4 TD
aAa—-vREWTHEONS, /2. H-9iFSherwood 5 D
a—VHROERYERLLEKETEELAZDDT, &
DigE., HiELekkE:a—-VEABRDOBRIRD LS
2785,

—0. N
WO 467+0019D (BHTSVFH) ()
wL—0.1

w—0.09 ~

- =0542+0.022D (3—V] 8
wL—0.09 05 00 ( ) ®

AGTS VFERICE - TROLBERFOMEZ B W5
SITIREe2ENAEVDOD, a— VEDEAIZIEE
#iLEa KL L BEABRDOBGRYS —BHICHRE 5,

*
ot
w

=
(=}

eq.(5)

| . | .
0 10 20 30

cone penetration (mm)

normarized water content w

15
(98

Fig.-8 Relation between normalized water content and
cone penetration (cone type A)

35

1.5 : , ;

Data by Sherwood & Ryley; ]
- (Casagrande’ s method) -

*

normarized water content w

0.5 : ! :
10 20 - 30
cone penetration (mm)
(a)
1.5 T T T

Data by Sherwood & Ryley;
- (Fall cone method)

0.5 1 l 1
10 20 30

normarized water content w

cone penetration (mm)
()
Fig.-9 Relation between normalized water content and
cone penetration: (a) Casagrande’s method and
(b) Fallcone method
(data by Sherwood & Ryley (1970))

a—VYOBARLEEKEE S MR A & DBIRIC
DT ThE TNV 20 BENH B, =& LT,
Karlsson® 1360° « 60 g D — V&V KS OB
EhoROBEFEREZH TS,
F-17

w—F
= )
log(D/10)? 1.8

Z Zi1Z. Fiifineness number $Hbba—VEkiZ LB
HRRA (wirs $FER) Thbd, RO)EBEHRIL L.

Jﬁﬂ_ﬂm_:m%D_z (10)
wif—17
DEEIrE NS, R—1034 14 TADa— Y DERRE
Be RS- TEELAEBDOTH . BARI10
~15mmDEHE P TIZR(10) OBEIRS L KR Y LA =
OHWHEZIITNS LRN0) OBEARRYTUGHEATER

WZkhbhsb,



36

Nagaraj and Jayadeva®' iZ\ Sherwood 5Dz — VFAERD
BRAPEHEL T, a—VvEARLEKEOMIZ,

w,/ wL=0.77logD @an
HBNIT

W,/ wL=0.65+0.0175D  (12)
DOBRI DB L BRL TS, B-11132 4 7 AORR
BREPw/wL ZHOTEAEL b0 THELEKEE A
WEBAITHENRTEL2EFKEWV, ¥4 7B, COa
—VIZOWTHEKT, SROERERICET S 1ED
w/wLE W LIRIE S BRE - T
BlEoXSic, ARRTRET HEERGKLIITRT
DEATDa— ViU CTHERATRETH D, Tha—v
BAROBERAEHEGIENC LD 6. a— VRBREEEZH
RT3 LTHEERATHE LR S,

1.0

0.8

0.6

Lf

0.4

0.2

0.0

1.8(w—wu)/(w —17)

-0.2

T I T ] T I T l T ' T [ T

0.4 ' N M| 1

6 7 8 910 20
cone penetration (mm)

Fig.-10 Normalized relation between water content and
cone penetration proposed by Karlsson(1961)

1.5 T l T | T
i cone. Type A _
60 60g
L Vs _
3 | .. ]
L Wir _|
%1‘0 v Ov?u@jh" = 0.835
I Y A 0.670 1
| V0.5
Y O 0.5
i 00.50 7
i A 0.405 |
05 | ] ! | v|0'380
"0 10 20 30
cone penetration (Inm)

Fig.-11 Relation between w/w. and cone penetration

3.2 AYTSUTHREA-VEICKIEHBROBE
FATRUL X DI, a2 — VI & » THERF 2R
BBEOEBBIENDS S VEIPHEETL->TEADHOD
PREENWTWS, BHTIa—-VORRPLPEERSER
ZEHFRIHROILELT. ALa—-VvEAVREEIC
BOWTHEELIIHEARKELR>TWS, Zhi, 2
—VOERBEABRNAY TSV FEICI DHEERAIC—
KTBLHICRDONTELLDTHD, &2IE B
ATRRAY = —=F VK ERBKIC Y1 7 ARSI |
HE60g) Da— v D10mmE AR &K % kR F &
LTW3, UM U, SowersH? & 5 W iEKarlsson® 58
HELTVaERICEINET., BERASECEBETIIAY
75 TR a— VEORERFIIIZIT-HTEHN K
HEAPEL BB ONTa— VR 2BERFITA
I VTR L AL DN RBERIEHD. TR
bbb, BERADHEICX > THH IS VFHEOKERRA
ST 5a—VEARSELLTWS I LTS,
DEIT IV T VTFHRIE—ETELHIRK—ED—
VEBARPHRDAICTIIEEND . INXECHEEIC
Lo THBBEABRFRERIFREEZ LGN, Lizhi>
T a—VEOBEHREBEILT S0, 2475
VTR a—- VR L ABERFOBEREHEBICLTE

SEMD 5,

AHT T rTRICE BBEERR (wie) 2B0n3&, o
—VEBARD LEKHOBERKITI. RGN @)L HIRATE
ENnsd,

W—Wg=(WLe—Wa)a+bD) (13)
72U, Efa. bOfilia—rvDiL4 ik TERE
3o WE, H244 7Oa— Vv THRERROREICHW
ONHEEBARERDLLET DL, RN(13) & b ZOHEE
ARICEIT 38K (2 — VEOBERT, wie) I3RD &
TR LN B,

WLf=(WLe—Wa)(a + bDr)+ w3
H 50X,

wir=AwL.+B 15)
holhall i

A=a+bDi. B=wg—wa(atbDL) (16)

Th b,

RASH& D A ST 5 v FkE a— VEORERF OB
RIITF 2 FTEMBERTEEINZ b5, &
DT LidSowersH® bWAWALRBBDOa— VREROE
BIZOVWTHEL TS, X BEAH B0 EIRY
=T VDBEDL DI 47 A6O", 60g)Da— VT
HEEEARY10mm& U BAIIE,

WLE=0.79WLc+0.04 (17)
LB, R—123h 475 vFkEa—vk@#F 47 A)
KX DEMERADBRER L 2D T FITIXRHT &
Karlsson® SE L TV AR OADETRLTH 5, 12
FHORBERIIEPE & R U AREFA TR Nk

(14)



—
N

[ T T T [ T I T
Karlsson (1961)

Glacial or postglacial clay
Glacial or post glacial silt
Clay-shale or Diatomaceous soil
Kaolon

5
|
oAb O

=)
o0
I

<
'
T

w~0.79w +0.04 —

liquid limit (fallcone method)
o
(=)}
T

Alluvial clay (Osaka bay clay) —
@ present study
A Matsui(1994) k

0.0 1 | L | 1 | ) | 1 ] !
0.0 0.2 0.4 0.6 0.8 1.0 1.2

liquid limit (casagrande's method)

&
[N
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‘Fig.-15 Cone penetration corresponding to the liquid limit
by Casagrande’s method (60", 60g cone)
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