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Probe into liquid and plastic limits of fine-grained
soils with intergranular capillary
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(1. College of Civil Engineering, Lanzhou Univ. of Tech., Lanzhou 730050, China; 2. Western Engineering Research Center of Disaster Miti-
gation in Civil Engineering, the Ministry of Education, Lanzhou Univ. of Tech., Lanzhou 730050, China)

Abstract; The limit moisture of soil is an important index in investigation of its physical and mechanical
properties and its engineering classification. By establishing the liquid-bridge action model between two
spherical particles and applying the circular approximation method, the quantitative relation of capillary
force to liquid-bridge volume was given out and the liquid limit and plastic limit of the soil mass were probed by
means of analyzing the changing rule of capillary force with liquid bridge volume in the microscopic term. The re-
sult of parameter analysis shows that the capillary force will increase at first and then decrease with the liquid-
bridge volume, and will have two obvious inflexions with it, meaning that there will be moisture limit during state
change of interaction between particles. Characteristics of soil mass consistency change will be explained in the mi-
croscopic term, offering a theoretical basis for conceptualization of the liquid and plastic limits.
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’ Fig.1 Contact model of two rigid spheres connected with

liquid bridge

[6]
) yi(x)=m’+n'—z2*+2m (0" —x*) (2)
' m=r;Tr,=rsin(B, +0) +R,sin B, . n=r;
' :Rl(l—cosﬁ1)+d+R2(1—cos,82)
: . " cos (B +0) +cos (B, +0) f
’ TZZRlsin Bl_rl [l—SIH(B1+(9>];
o d+2R, B }
iy ﬁz—Zarctan{d7+2R2tan<?> .
’ 1.1
’ 1
V. ZRJI-ZyZ () dx — % [(2—3cos B + cos’By) Ri+
1 (2 — 3cos B, + cos’B:) Ry ] (3
:y(x) -
Mitarai [ a.
(3)
ac=v7/(pig) @D) V.= n{2m’+ri)r X
7 o 8 cos(fgi1 +‘82+26)c05(ﬁ1_ﬁz)_
2
R<3.9mm , 1, 3 3
Willere [ 37 [cos® (81 +0) +cos’ (B +0) ]+
mri (B +B.+20—m) —
0.1%’ Sin(ﬁl TLBZJFZ@)COS(,& _,82)]}_
s %[(2_3COS B1t+cos’BRT+
(2—3cos B2+ cos’B: ) R3] 4
1 , R, R, 12
O, Oy ,
n11y d., - , - - Young-Laplace
0, B s ) L1od
[, O;, - u, —u,=vy/ri —1/r,) (5)
X1 X2 s i Ts. U, T Uy sULNUy
0102 X . OOg y . N ;7

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



. 117 -

3
Gorge 11, ,
Io Iy : 2 3¢ b gnliz
=0mm,0=r
5 § 2H obe---e
r +72 ? T AT
Fop =2nr,y iy A/ri —1/ry) ==yr, (7) I {/
r oL . . . )
(6) ST
— R=R=0.03 mm
y 3 ---R=R=0.04 mm
1 - R=R,=0.05 mm
) N R R T
r 0 1 2 3 4 5
cap V“/(X 10°1 m})
(a)
2r R=R=0.05 mm,0=r/12
2 1] ” : \I
Fig.2 Exposed force in liquid bridge “neck” ;
b
— d=0mm
. . ---d=0.001 mm
-----d =0.005 mm
, bzl d=0.010 mm
D :(1+ﬁ)vm %) '
r 2 w 8
:D,
8
2
6
2.1 N
2
4 (B ol L
1 81 —R=0.01 mm,R,~0.03 mmi
, 4 L - ——Rl:0.0Z mm,R2:0.03 mm;
9! NG e R =0.03 mm,R,=0.03 mm]
_ Fcap (8) 0r B i P ;r
0s — )
(2R)? 4 . . . X i
0 0.2 04 0.6 0.8 1.0
b
o V /(<107 m?)
- 61 :02 - 15 . 321 (C)
= 4
2=0, Ri.R, B R=R,=0.03, d=0 mm
0.03\0.04\0.05 mm i 0 _mTE oo E N
A i e \
, ? / x
s O L L J
6.0 —0=n/12
O s ) 45 - 9:7‘(/9
v ?gk e 0=m/72
R] :R2:0.05 mm N .0— ¥ﬁ~_.-g_
-15 L L ! g
d 0.0.001,0.005,0.01 mm 0 0.5 1.0 15
’ 3b V“/(X 104 m¥)
@
b ’
3 o V.
’ Fig.3 Dependence of suction stress ¢, on liquid bridge volume
3¢ V.,
s 3d d=0,R,=R,=0.03
mm - 0

b

b

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



« 118 -

44

3a~d

[13]

2.2

Young-Laplace

”»

K=ds./dV,

20 s

b

3

*
20 ¢

[1]

(2]

(3]

[4]

(8]

9]

[10]

[11]

[12]

[13]

DOLINAR B,SKRABL S.Atterberg limits in relation to other
properties of fine-grained soils [[]J]. Acta Geotechnica Sloveni-
ca,2013,10(2) :4-13.
GADALLAH A A.RUSSELL E R, YODER E ].Determina-
tion of Atterberg limits using moisture tension methods [ J].
Transportation Research Record: Soil Properties, 1974 (497) .
69-80.
FENG T W.Using a small ring and a fall-cone to determine
the plastic limit [J].Geotechnical and Geoenvironmental Engi-
neering, ASCE,2004,130(6) :630-635.
SCHMITZ R M, SEHROEDER C, CHARLIER R. Chemo-
mechanieal interactions in clay: a correlation between clay
mineralogy and Battenberg limits [ J]. Applied Clay Science.
2004,26(8):351-358.
BOMANA D, LUDVIK T.Liquid limit and specific surface of
clay particles [J].Geotechnical Testing Journal,2004,27(6) ;
580-584.
FAURE A.A new conception of the plastic and liquid limits of
clay [J].Soil and Tillage Research,1980,1(2):97-105.
ZHOU Fengxi, MA Qiang.Exact solution for capillary interac-
tions between two particles with fixed liquid volume [ J]. Ap-
plied Mathematics & Mechanics,2016,37(12):1-10.
MITARAI N,NORI F.Wet granular materials [ ] ]. Advances in
Physics,2006,55(1/2) ; 1-45.
WILLETT C D,ADAMS M J,HOHNSON S A, et al.Capillar-
y bridges between two spherical bodies [ J].Langmuir,2000,16
(24):9396-9405.
LIU S H,SUN D A.Simulating the collapse of unsaturated
soil by DEM [J].International Journal for Numerical and An-
alytical Methods in Geomechanics,2002,26(6) :633-646.
MOLENKAMP F,NAZEMI A H.Interactions between two
rough spheres, water bridge and water vapour [ ] J.
Géotechnique,2003,53(2) :255-264.
LIAN G, THORNTON C, ADAMS M J. A theoretical study
of the liquid bridge forces between two rigid spherical bodies
[J].Journal of Colloid and Interface Science, 1993,161(1):
138-147.

s ’

[Jl. ,2012,34(8) :1453-1457.

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



