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Influence of Initial Water Content, Specific Surface, Air Drying
and Freezing-thawing Action on the Liquid Limit of Soils
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Summary

The purpose of The work described in this paper is to clear up the initial moisture con-
tent, specific surface, air drying and freezing-thawing process on liquid limit of clayey
soils distributed widely at estuary of three main rivers in the west coast.

To this end, a series of tests were conducted on clayey soils samples with natural state
and treated state.

From the test results, the liquid limit was decreased with decrement of initial moisture
content, air drying process, and freezing-thawing cycles and increased with increment of

specific surface.

The specific surface which influenced on the liquid limit is over 25m2/g, and their rela-
tionships are well formulated.

Air drying process is expected to improve the engineering properties of the soils such
the pro-water properties were changed to anti-water proper-ties through lowering of
water holding as resulted to incline from A-7-5 to A-5 on the soil classificaction plastic
chart.

The freezing-thawing process decreased 20% of liquid limit, especially under the first
cycle of the behavious, as a result of above mentioned reasons, phase change of soil-

water system brought the decrement of specific surface and affected to the liquid limit.
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Table-1. Physical properies of soils used in

the test
.| consistency |moisture| USCS .
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av]

EAITILTRLTPL| (%) | cation | &/
H-Sample| 2.71 [40.8{24.3(16.5] 43 0.27
S-Sample| 2.70 (39.8/25.0(14.8] 48 0.28
Y-Sample| 2.69 i8ﬁ24.7 142 20 0.26

2. Nl

AlEe @AM AT el AufelA
27102 F, o fpH2 ZA3S 7 A
A ]%3}9&0“‘1

£-A 2mmA| E3}HE-o o)

—117—



B3T3 A A 38 ASE 1996 109

3led, $#400, #200 ¥ $#200~2mmAto] o)
YAEe TRAT, Wagrnz zPelol
A el o} 271l el B AEE A
0L, Feo HEHAL YEEA A F A
Zunker?} FEPANEE =d3td Bty
TEHALMO MgEAe] WeE 7] A
At} & Bentonite?} KaoliniteE dAu| &2
2 EREEES D

4 - gy AL 20°~0~-20°8 lcyclez
Sl o] & 473 vhEsled golwl o ghA <
Ha e & 2AF A8

Zh sty st Ao WEA AFHAA A
HT Az AR AAgprs HAEHA
2o oft & 45% U flolH, #200% 3}k
o] 40% o]/3e]lal CFE= ¢ 20% Ax=oln
SR NTH £ o) &5 FHA
Aol e w1, A71s H2Ae) CLe|
&8 Folth

X-ray¥d 2@ SEMENYJA gz 4T
Z2 FZU9 e Mg-Octahedron® 8, clay
activity = §31 dAe] e Fog Humd

FER

4N
to

!
=

1. Z718E|7F HYEAlol olx|=
I

71 ru ool Al
A e P A S
5]313’—, Z713u 7t
e Aol &
H] (limited i-
= o] g
Fgol A &

120

100

Liquid limit(%)

200 - - -0 m s s (0 H semple £ S sample ¥y sﬂmpljW

0 N
20 30 40 50 60 70 80 90 100
Initial moisture content(% )}

Fig. 1. Relationship between liquid limit and
initial moisture content

2t
A G ot = Fel Az st
HPPAE Afste AW A7 4A Hst
Sy 3 oldez HW AR Wt & o
OMXl ooz AYRAZE LA He
Atk & A G FEnldA
w%Z1 €& EYA 238 ot fuH
o] FrAEE AWEe A F2 EY
Ao v gRH ol & A ] o] FAME
EA #uze] WsiHA] femz dAw
FEATe ddsted f3te fule ¥
o) A 5} t}.3,10,20)

ST

fz{i B olasulng ge 2794
oA =
Z_'

oZ:, oSi:

271807 A" d2A &
s A GEK
el i%‘—*é(f%k[i)Oi Hsdn BeyA
(1%7kli)-4 Az - 7J<3&4&751H TEH 9

i, Eate] H]E‘i’i’“"] 7”\51"4, -+
o] ¥rtd A gL e R fEAFPe 7
of AFFAE Az paEG 53 Fpu)s)
10% o3tz g9 AAdES} 2L
A&l E £ A4 Adste
Bt

wetd, A 27| E5EE JATAE A
e F88 AEYE & F AUk

Fig. 2+ =24 CKIEMRL -Gradation)d

—~118—



Z718en, v REHE, ¥4 R FH - FH AL F

dyaAd mAEe J

Liquid limit( %)

A © Zmm Az 200 ¥ = 400
0 AN
20 30 10 50 60 70 80 90 100

Initial moisture content{ %)

Fig. 2. Relationship between liquid limit and
initial moisture content as a function
of gradation

g z71g5us Ay BAste BAE BA
¥ Aoz AYez 4% A4t 37
Y A% BYW, E WA FEE ol
she 4uds) 2Yoz 242 789

ot YEzyel MY B+F ol ¥E
"o 2l M1 FFo) Fotxs] Bre)
she Ayl &g EYALY FHo] um
A =7 Heol, dHAF] F/hEn EY vl
£% 35 W2 dAe) AU olFo] Ju
A whgstez A= FUbE R, "t
A A G E BaEh

olgt e Ade 2gst AYOIME
Ehd whst Zol EYAL ¥HA WskE do
AN QB8 EA05] vEAH] F7}5)7)
WEd AYPAI FHAG. E BAZ
|l 40~60% A=A Ao dFH s
o9 ge AT YEzHol 2YYFE vl
gWAol An NFsA wesn ok

Fig. 3¢ 7 Algel 271850 38 o
HEASH #2000 2HgHel BAE FAD
Aoz WAx/NGF B 5 FE 99
N AYTAE LA verRont 2719
Ful7k 50% oletz W AHAL Ba s
I 53] #2004 JHES FH3 FUhEE
Aursls @ By

3 Ay A Aok EFA vEAH

120 P e———S U
Wl ..o // g s aunsennun S
80 o
¢ oly Y :
R OBOIN- - - - - - S S
‘E‘ \ 60 2
= N L . 2
E] ¥ 10 g
= A0p - - \%$ s S =
A fepog g oo 2
...................... 20 7
20 H
B 11wt 18 5 wanple 1 ¥V campte 1 8 1ot 11 38 menpte 1 A Y sl 1 =

0

0 10 20 30 40 50 60 70 80 90 100
Initial maoisture content( %)

Fig. 3. Relationship between liquid limit,
residual percent above #200and ini-
tial moisture content for each sample

Zaol o #e FHH wszA Az
ol Edate gtz Yatel fEU
GREVEA) 7 ZREHD BA27IF 2
g we 2 dAdA BAE FERY =
gshe &9 WE) A 44 w57
%7 APAT Aee 2 5 AATh

T %7] §pH7) 10% o)stE HH\ #200
A ggol FAS FrhEh o= Az
BECIECEERTENINERSEL DR
BEo] AME FAHx %n 2 U
Aol §el a4e Y5 WEolgn
#asth. H-A187) o8 Agnc 24 vg
d Ae #7012 g% ¥ e Fwst 3]
o fEuslel MERAe) 2 Hol x
18t4ul7} 27087) wEoletn waEw of
o Ze e AQBAE e nAn
osle} $AAL AARo RN AP 2

0.

=
oo

N

o

A ALHL BY ohle AR FFUE
Zasel A2 $4o] EYA uEANS ¥
Aaprl FAAE 2SS D Udes B 5

o]

3

2. H|EHE0| HMTHAof o|xl= dE

Fig. 4= M ¥t MEAHAe] 2
g BAE Ro2AdWAE YeE S
Nerle HERE] FFY Beko o s

— 119~



e gabs| A A|38F A)53 19961 10Y

AA =1 Kaolinited] 4= BentoniteX o} ¢f7t
A =Hdem 7 A5 BRF HMF FFE
Yebdch & HEe e C=0.53[SS]+
17.4¢] BA 7t AE=E9 o Kaolinitew} Ben-
tonite2 3&x ¢S W BT} B EHA )
¢ =ZA veigoen o @& Fo E7H
A 83 A% v F Uds F2d
gt A

Fig. 5= Bentonite®} Kaolinited] HEE
2] 7tx EPu e A s A TA Y b
EHAHAe] #AE T3 A 4JFA LL=
7.2[SS]+72.49 HAAA7 AEEHYUoH &
Al@AAANA & 4 9d5%e] KaoliniteA] &}
BentoniteZ] & £%&9 HEE Ejstd 331
AAFA o} MEAA AL o e FBA O
AE g o 3] Kaolinited] JE= HE

fe. o3
<

C=0.53(55)~174

(=]
(=

Clav content-(%)
W
(=]

oo
=3

0
20 30 40 50 60 70 80 90 100 110 120 130
Specific surface(m?/g)

Fig. 4. Effect of clay content on specific
surface of clayey soils

«
(=
(=]

LL=7.2(85)+72.4

=
(=)
<

w
b=3
<

Do
[=1
=l

Tiquid limit (%)

5 10 15 20 25 30 35 40 45 50
Specific surface(m?/g)

Fig. 5. Relationship between liquid limit and
specific surface

ol mwA e el

HEP: iﬂ] ﬁﬂb} At

= g 20~
80A Alole] 9l 4ZA PR F2EE
& % gk

Wl opyz Aoz AYENAE Fo
ggo] FHAA el A AYHe WH
go 9@ AFHol A Hw, YF vhE
| 9% AgEe pade geby 55w
A3}zl A Ao,

3. 2Z}E0| YAl o|x= JE

Fig. 72 Alg9] Jdd o& A4 9}
AR Fete] FAE BAF Ao AT

2

rir

350

55 88 8
N o
S O o o O

Thisckness of water film(d)A0

o
o O

10 1z 14 16 18 20 22 21 26 28 30
Specific surface(m?/g)
Fig. 6. Relationship between thickness of
water film and specific surface

80 ® air-dried soil & "AUY al DU’“N‘EW:UB{LL@)] & upper-limit
soil

(=23
o

------------------ - A-line [Pl= 0.73(LL-20))

=
o

Plastic Index (%)

[]
(=]

Liquid limit(%)
Fig. 7. Relationship between consistency of
natrual and air dried soil

—120—



Z7)%e], v EE A,

2 24750 AT A Arn

FAARE 453 Padt 39E =2

:2 wgsmw W@ 245 FRAE U-
al

—

e
o

Cc{compression index)
o
o
%
*
*

o
o

e
b

0
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70
Liquid limit(LL %) (W}

Fig. 8. Relationship between compression in-
dex and liquid limit

—_
[\

Ce=0.38(W/T)+0.26 x X

o Qo
=) o -

Compression index
o
=S

e
o

0 02 04 06 08 1 L2 14 16 L8
Dry ration( % /min)
Fig. 9. Relationship between compression in-
dex and dry ratio

=N

Cv=3.72(T30/T10)-3.52

~

3V

Coefficient of consolidation(cm?sec) x 107*

0 0.5 1 1.5 2
Dry ration(T30/T10)

Fig. 10. Relationship between coefficieent of
consolidation and dry ratio

=0.0065%(LL)+0.48°]1 =
2| 42} {LI Atolel & Ce=0.38*(W/
TY+0.260.2 FE2X) 4 A4 @ g=
Az ele] Atoldl= Wl ¢ e ABHL
dom gEASe Az Aldale] Aloldl&
Cv=23.72*(T30/T10)-3.522] @A 7} AE}

mz

4. & -8sll280| YoEAol a|x]

Fig. 112 H4%A1 ¢} 52 - g3 & 3¢
ofe] BAE FAG Aoz 7 Alg 23
el T2 -FHAAN AAI HF FZA
Hasn BHE3 4394 Hage YE
o 43] o] 4oz ALHE MAF] Faste] 8
3] o] ddAMe A ®¥aHz &1 FA A
qe ZA 9FE 44 8 Aoz AYHA
on, dAHez FZH-Fa| WE HRLo=w
A7 20% A= T4 HAeH &4 AR
3] FAME AFE eI AT

Fig. 12-(a)& 244 & *}%3}Z] B 7
ol FA g3 vg slert A 436l A 2
pm °]3te] A FhH-&ol HAZ HU o
= Fig. 119] Zzlelx dx)st= Aol Y
JE T oF 16% A= ZAEHYL 83 o4
o] T2 &8 68 Algd M= Aggregation

2

50

@open sysltem ¥ closed system

Liquid limit(%)

0 05 1 15 2 25 3 35 4 45 5 55 6
Freez-thaw cycles

Fig. 11. Relationship between liquid limit
and freeze-thaw cycles

—121—



22537 A|38¢ A|53 19963 10¥

#agdol Aol YetuA] ol ¢ AlxE BF
43 ¢y A4S A9 vguyA s A
o2 #agch

a3y B34 HEd Figl2-(b)dAE &
. g3 ¥hE 43 dA 2um ol3le] Y Apol
30% ol %71 H%en 83 ojdos W
WA 5 HPAS o] FH HA| Al2RITY
atele A JEA F%

oje} e AMIZ W FHBA 43]9] FH-
3 dFo] EFATY gvtd 24 T2
TA g e ALl o] 23] FAE
Ef 999 724 R4 Wl &
T A

Fig. 13& 9] v Edx1 54 -3 wa
3 ote] A E Ueb RHolth. T2 - &3

g1
=

| Dopen system ¥ closed syslem

o
=

o
(=3

]
=3

—_
<

(=)
<
S
S
=

8 10 12 14 16

["reeze-thaw cycles

Precent. of soil particles less than 2um( %)

(a) With dispersing agent
Fig. 12-(a). Relationship between percent of
soil particles less than 2u4m and
freeze-thaw cycles

(=
=

l @aopen system ¥ closed system)

@
(=

et ——

=
<

=
<

[
o

f==l

<o
re

6 8 10 12 " 16

[‘reeze-thaw eycles

Percent of soil particles less Lhan 2umi( %) i

(b) Without dispersing agent
Fig. 12-(b). Relationship between percent of

soil particles less than 2um and
freeze-thaw cycles

WL F7H wetA BgEA e i
HAL F F4-88 WE HEd ofsty
Aggregation @3] F7} = 83 o] Fel|A
= 79 A Yeistt

Fig. 145 &2 -&3 HE A9 JH43
W etEeate] dAS gA® Aoz AR
Hol ztas A 1319 F2-83) WHEAM 2
A vebgn 1 & 95 357 SUH3 o
2t sl 43 ol ol M= A dA A
=AUt oo} L AMLE FAAEZO] Azt

W g W& i WAl 4FE A%t

of Fo] FAHI HFHo| Waso EYA

g e 2ol A Y ol AT

A7 EFH L oA Fo Fx 2 ¥

£ 7HA & b Fhe 2R 72 99

£ A8l o|E Aggregation EACZ H|
60

. I 9 H sample % S sample 2 Y sample

FN
<

[¥]
k=l

Specific surface{(m? /)
o 5
<

—
(=

o

01 2 3 4 5 6 7 8 9 10 11 12 13 14
Freez-thaw cycles
Fig. 13. Relationship between specific sur-
face and freeze-thaw cycles

0.3

0.25

Cohession(kg/m?)
=
>

005F - = =« = - = = - - - s s e s e m o 2 m = = 2
©Total *Eﬂ'ecl.ivel
0t 2 3 4 5 6 7 8 9 10 11 12

Freez-thaw cycles

Fig. 14. Co-relationship of cohession and
freeze-thew cycle

~122—



27180, vEEE, 2 4 52 340 &9 AW nHe g

E¥e padm, old duE A4S A4
2 3)8o] Brhsaich
v.

e

T

A TAE T2 EYRe HAE ¢ o
Holl ojsted W= M, Fo| AA, BF, ¢
A, 444 Ad 2 Ay BN 4%
FHARA A SHE EFD A4y E3e
R A9 84 Wl wed Gy, Ay
HHE AXAM AAHeoz HE FEL YA
ate] fre] HAA ] S WIS J1A
2t

old] F3lo] AT Magtel Fg 3
T AR £xd= 3 HEE o 3§
o Fo At AF ST AF- Py W3
o ME 54& 4% Bysld 7% EF 7
ZE9 AA-AF % ¥F #X #eld "He
© AF A8E AT Fuy Axdlged o
€ 97 2AE s %A gL g

L 7] @puizt Zagdel] wepd J4%
AE Ay 2718587 10% ©l82 5
U HEE B oJde] 9] 248 FUE
o AHEESY fAMG ¥4 YER)a, 55~65
% WA AGeA 7 A He A
Z71%pH7t EAEY o] FrHlE HA=R
dted A dA A3t AEE 2A gk

2. &9 A 4FE A HER
A& 25m?/golm HES] 33l nlgHA A}
oldl&= C=0.53[SS]+17.49] BA| o] A
Ha, JeAet v EHY Alojol s fA
Al LL=7.2(8S)+72.49] #A4E& Y

FoA d=| 52152 [x107 A2 B

(SS)
S

3. AUl Fol ¥ -AzHW A%
AN aFgoz WEsel FEEA Syo]
¥3s)7) Wgel pF7h AsED metd A4

A7} A3 7BA"h £3 montmorillon-

=

4

ite7} FFE<Q loamAl HEANMs FA 9
ated A FHA 7 FA B BAEAT

4. HE FEo| FH wapd FHo A4
< gelsA vetum Allophaned] HEE ¥
Aol ot A-7-594 A-52 o]lgH &= A
T B o) HEE T I3 Gk )
 AX FEH FA A rd s Uk
FAARANA HAA=E 2484 2o
ot wre FpHlelA YEign HES &
A& Azxvd 713 2 4%E woH oy
AERF Cc=0.38x (W/T)+0.269) <& =
& AE4E vy

6. T2 &3 W8 AL Fo] dHAAE
ZaA7iY 53 AUA FZ -l A
A 7 A RAEY, 43 ol A4
A Aol dASA =Hu olgp 2L AFoE
AGEA = 20% F= FaHUL

ol ol x7|grH|, FA-§5 W
HE Fo A -dey AP0 A% AT
Ao JENE FES 21 52 LX) g
FEAF W3e 3 JAF HA Fsrout
T4 -8 A& FEAFES A B2AA
JRAE Zaued E4 AUANE of
o 2o Aol WM Uenh =, Fol
TA-&3 AL wow E.-FA e Az
A 31 EYRbe] Aggregation @430z A
FHOZ Hu Ry Az HAHJAE
FaErh ole} e Ao AdH @3lE BE
HHo] ZxrAFlez HAFA Y FF3 I
S UAA HY, E=3 FI5e g5 Gy
M= EYate] g5ael g Alolg A
szl A3 EYAE 43 o) FAIE
zZhg-o] ofglElE g A 27| s RopA
Al dPRA = ZAsA Ao

2 47 gedEAde] “95AFF
23A” A37)Fo) st FPHAL.

©

5.
iy
<

o

—123~



10.

ez, A9, Fe

Seg a3 ®) A138W A53 19963 104y

2

Ho
e

. Acyanu, K., Temperature dependencies

of mechanical properties of soils subject-
ed to freezing and thawing., Fourth Intl
pp. 217-222.

Sym. on groudfreezing,

1985.

. Bernard, D. A., A mechanism for predict-

ing the effect of cyclic freeze-thaw on

soil behaviour, The 2nd Intl. conf. sym.

- on groundfreezing., pp. 285-296, 1980.
. Goel, R. K., One-point method of deter-

mining liquid limit, soil science, vol. 91,
No. 5, pp. 100-102, 1961.

- TR, WILEE, MIES, -

Tt T, bARSE 33
BUITHEEIR B4, pp. 464-465, 1978.

. Havukainen J., The utillgatian of com-

in earth works VI
ECAMFE, Improvement of Ground, vol.
2, pp. 773-776, 1993.

pacted coal ash

BEWES 2% A
AT, KEEASE, ShREEe =23
A1E 99, 425-428, 1992.

T el

. Johnson and Lowell, Soil temperature

and ground freezing, HRB,Bulletin 71 pp.
39-40, 1953.

BIEME, T OMWERFIC BT 585 (1),
B¥tASe JBEXE REER pp.
1-4, 1971.

. Merin R. E. and Jocobs, H. S., Surface

darea determination of soil byabsorption
of ethylene glycol vapor, soil science,
Amer. proc. No. 28, pp. 190-194, 1964.
PR=5, kEEE BERFORE Bt
B¢ 37, pp. 61-67, 1971.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

—124—

Nagasawa, T., Umeda, Y., Effects of the
freezing-thawing process on soil struc-
ture, Fourth ISGE, pp. 219-223, 1985.
Nagasawa, T., Umeda, Y., Effects of the
freezing-thawing process on soil struc-
ture, Fourth ISGE, pp. 219-223, 1985.
F5§ 7221, Polystyrene ##Z FH3S
W] frs, d=E3s A 32-2,
pp- 53-59, 1990.

78 2], v2 % FE-gAHES
WwE JEA ZAxe) a9 WMIEAE,
=E3383] %] 33-2, pp. 53-59, 1990.
RiEWA, sEsmEtL o 2, 30 HhiEw &
BIZHoNWT, B+ vol. 74, pp. 7-11,
1978.

REWH, BEITRCIBITOEEL 20
BR(Z02), BRELAREEE, vol. 51,
No. 3, pp. 237-244, 1983.

THTEe, tERBOTELHER, 1Y
T4, pp. 81-86, 1990.

oI E—, LToOERRACHEELHT S
HFokss, $25h LETEWREES,
pp. 273-274, 1990.

Warkentin, B. P., Use of liguid limitin
Characterizing clay soils, can.J. soil sci-
ence. 52, pp. 457-464, 1972.

(A A, BEZH 7/ R IR IRk
1T 2% 14, pp. 46-48. 1965.

\WAZL M2k, Mtess dmto—ihR
HhOREE, 140 HHTLHREEE, pp.
168-172, 1988.

Young. R. N, Alternation of soils Behav-
lour after cyclic freezing andthawing 4th
intl. sym on Ground freezing. pp. 187-
178, 1985. v

(LR 19964 8% 27Y)



