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Study on identification of dispersive clay soils

FAN Heng-hui'?, WU Pu-te', LI Peng’, JIA Li*, ZHANG Song’

(1. Institute of Soil and Water Conservation, Chinese Academy of Sciences and Ministry of Water Resources, Yangling 712100, China; 2.
College of Water Coservancy and Architectural Engineering, Northwest Sci-Tech University of Agriculture and Forestry, Yangling 712100,
China; 3. Northwest Investigation Design and Research Institute, State Power Crporation, Xi’ an 710001, China)

Abstract: The dispersibility as well as seepage distortion and salt transference under long-term seepage condition of soil
samples obtained from the clay core wall in Xijiao and Sanping reservoirs were studied by physical and chemical properties of
soil and composition of clay mineral and the tests for identification of dispersive clay soils which included double-hydrometer
test, pinhole test, crumb test, tests to defermine salt content of pore water and percentage of exchangeable sodium. It was
shownd that the soil samples from Sanping reservoir were non-dispersive clays but the soil samples from Xijiao reservoir were
of transitional clay. The effect water of used in constructon on dispersive clay was very little, but the effect of scouring water
was obvious. Under long-term seepage condition the soil could be improved and became non-dispersive because the sodium-ion
in soil could be moved away and the calcium-ion in river water could enter into the soil. The results indicate that the absolute
and relative contents of sodium-ion and calcium-magnesium-ion in soil are important to identify dispersive clay soils, while the
content of montmorillonoid is one of key factors and the river water affects the dispersibility of clay greatly.

Key words: dispersive soil; physical and chemical character; clay mineral; long-term seepage; salt transference; identification
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1 THMERYBLFZERAAKERN
FEMR
1.1 EHRERYIBMER

TR SEARY BRI A TR 1o N1 hRT B
Fh 84l EFERELE Hy 2.67~2.70. ki 4 pi 3y LA
Hiki (<0.005 mm) 24 =, L5k 48.0%~65.5% -
MR K R R % KN 33.0%~43.8%,
WM& KEN 18.8%~21.0%, YWEYEFEHEH 14.2~
22.8, BIAMCHAR L (cL) .

1.2 THBMERELFEMER

TR AR IS T3 2. N 2 Pl LUE
HIX 8 4l LR B b S K, b 21.3~26.9 glkg.
F s iR LAY 25, Y I T A IR £ sl 1R £ 2R 5 1
RS, WETmESwi Y. pH ik 847~
8.63, EEEMEEomBIYE. PSR 3.12~38.32
g/kg, MEVAERGTHEEON 15.77~34.64 gkg, —FFLFE)

s
[&]
A

YR Eh . R SR S R TR R, AL A
3.4~6.3 g/kg.
1.3 KEHH

Fo B G J7 RBR, X RE I 2 F K RUKEE K,
BP = BF K PR T F /K PHARBZK FE GG T /K B/R 55 37
T K BEAT KA 2F A 20T o IKAR 2R IR 0BT 1) T 36 3
=B K il T K VA 2R 5F ] K @ T HCO; -
SO, - Ca® - Na*™84, PHAL/K M T H/KJE T HCOy
- Cl - Ca® - Na*iy,

2 THBRTET YIRS
KRR 10, BRI SL R,
Nt e SURAE R RIMER . SIRARET 11
UKL, YT B T s e,
LA RPN, BT SR, Y R,
TS PRI PRI R T2 1 R
Wy, b RBANTE LB T B TR, (A,
K5 Fr 2 MR 25 2, WPRIAT 222
[, S TET TEPE, JUO BRI G MR S I /o
SA SR LR T 2 1R, SRR A
T Kt KT LAEN 2 ), Al 7 A AR
R . [N ST G B %, P2k St
8%, TR B B T T % A fts . W

Fz1 THYEMR
Table 1 Physical properties of soil samples
Fhegn LE UKL % W Y IRV
/Gs*  >0.075mm  0.075 ~0.005 mm <0.005mm  wi/% wpl% fidup = Ju APk
X, 2.69 7.0 35.0 58.0 408 200 208 it CL
X, 2.69 6.0 375 56.5 388 206 18.2 kit CL
X5 2.70 112 36.3 525 379 199 18.0 Kt CL
Xy 2.69 8.5 26.0 65.5 438 210 228 it CL
S, 267 7.5 435 49.0 435 210 225 kit CL
S, 2.69 9.8 422 48.0 330 188 14.2 kit CL
Ss 2.69 10.0 36.5 53.5 358  19.6 16.2 Rt CL
Sy 2,67 9.0 405 50.5 418 210 208 Kt CL
T LLTR(Gs) B A «
FT2 T EMR
Table 2 Chemical properties of soil samples
A H b2yt (gekgh
i MWk Ccoss HCOs CI NO;  SO2  Ca®*  Mg¥ Na K" ik CaCOs  HHLUG
X, 20.1 0000 0.160 2918 1029 9665 1964 0320 4085 0.024 966  21.55 3.8 8.47
X, 269 0000 0.159 2991 1000 13775 2592 0290 5422 0030 979 2065 46 8.63
X; 245 0000 0.158 1531 1414 13723 2349 0262 4936 0030 831 15.77 34 8.57
Xy 213 0000 0.159 2894 1060 10385 1.631 0467 4524 0034 312 18.35 45 8.59
S, 229 0000 0.129 1884 1505 12402 2989 0517 3327 0045 3832 2826 3.6 8.58
S, 247 0000 0.130 2981 1178 12688 3.032 0286 4447 0036 3806 2828 5.5 8.59
Ss 217 0000 0.127 1928 0968 11932 2851 0333 3433 0052 2827 2393 5.7 8.50
Ss 270 0000 0.163 3.088 1334 13618 2421 0565 5.179 0086 2519  34.64 6.3 8.54
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Table 3 Chemical composition of water
et sy friil (goLY)

KEFES Wbl COy  HCOy S0,2 Ca*  Mg*  Na K+ pH

= PR it T ARk 201.4 0.0 128.7 12.5 31.6 5.2 9.2 0.4 8.23

VUK it 1T I 7K 186.9 0.0 103.7 18.2 234 8.0 10.4 0.2 7.78

AR S ] K 80.0 0.0 47.6 8.6 17.0 0.0 1.7 0.4 8.02
Na B 7HIFR Na SE6047, R Ca B FHOFR Ca S, $H TR T AT, AHFLRAKY. Mdutin® 2% 3
H1T Na 7R Ca 87/, Na @7 IBMRIK Rk, ARFFTH I — R A o6 T2t £

RIELE Ca B IR UK. (A0, Na Zbifn  BEPARSVERWNIE, MR, gL WEEH T

Z R BUR L Ca ZEMiA KTG2, R JE
BRI, SR G| R N, SR MATEE, 7
A SRS Z BRSS9, sads BT ek,
HABKM 0 (Na S04 FKGaTE (Ca S
£1)o FREHFFT A I BP0 Na 58 i A1 027 2 43
HOPE b B4 2 —1B O, Rk, fE%E LT
PRI, N AT R, MO £ BE K 2 bt - 1
Iy e AR N FE DR 2R

R 3 2 45 T-<<0.002 mm ki rf, PR B
55 R RRS T W R4y 6 A0S BRI R R <
0002 mm [RRRL, AR5 X T A B Ao oy B PH

A X S AT T S e R Rl R AL (DSC
{i) I3 M7, do e AR A5 RS R 5 A A L ) 5
X X +Xs, Xs+Xy S14S4s So+S3 RS T . |
FERS -0 #4518 136 4.

MK 4 vTRLEH, PRV R 32, R
HNEBAS SRlefis Ml A ZPEEFRELARIA 3,
HUCAEERA A ZERAT }Er{"%ﬂiﬁﬂuﬁ*ﬂ
- A gileh - ZRATREN YKL,
S eSS M. fE4 PRl +¥E’]9KH5M|A"
T e o e w8

3 THEMOHMERE
Gy WO L AP IO SR R R B SRR L
TURL 2T () r A~ P AR DG, TR B T
TARK TP VEANRE W A A 2R AN - JB0RE 4 1T )
st BT RACTR e . AT A £ TR R
o O O R L E Y, S E MRS AR B &
(ASTM-American Society for Testing and Materials )

FLBSUK AT SRS R84 71 20 LESE S Pk 36 5 EAEAT
U1, MR TR 50 4 SR 4 4 R - 0 43 i
3.1 SR A FIRA

N AL A FE S SR T R 20 R 6 2 R AT
TR LB 6 R R (R 5). BIIT%E 1-2,
%LBQ%HRH%%,ﬁHﬁ%MH%ﬁ%W%ﬂ

K% 1-1. v 31, HMOWHX =R O R MAE
TR RF N bi% FE RS, BT RS A

Ko F IR o BRI 5 e AT (kiAo 4K
AR ZUEE U, JC RN s SURORLAL R, AR
d%ﬁ“FTﬁﬂﬂﬁ% FIB A G AL —A
B RE, WOUN TR 11T R, R
g ﬂﬁ Aéﬁﬁr o, BRI K
/TN 4ol 8 6 M0 = S o 11 e N I 72 D i i L a1
PE OB B, i 43 b HRE KA 25 A TRk
EERENRgDTe IIb S SE | BT (TB 1BV 7 L (e S NP ey 9T
RN B LRI ERL T L AARAE B BB K 1
F R B AR B2 (R ph il 4 18, A0k S f vl S R 58 0 7 i
3.2 H#ER5HE

Fi BRI J7 S 10 L HEREAT T 43 WO 565 5 1R 45 ik
Ko I LERY TR 6~2 9.

(1) HE 11 JE%E RS 5 R ik
2 6 BN LRI AR v LA Y, PEATI 4 41
TAEAR A IR 1 (ND3), {H & MALBEZK ] i £ BH 2
TR B A A A M B 2 R A Sk T, H
Sl L. [N 6 TR HGRE AT LA, =3
) 4 4 FRERRE IR . WAL E, B S, )@ T
LR A DAAR, A 3 4Rl (ND2) . i
A A B RS Rk AT, Sy s TR

R4 IHEHIW ISR

Table 4 The test results of clay mineral

+F <0.002 mm

7£<<0.002 mm i 4/ %

E4t T“AJM%

G5 KRER% PRI A SRA mief LE PRAT A sk mief E
X+Xa 39.4 31.5 249 14.1 125 170 12.4 9.8 5.6 4.9 6.7
X3+Xy 42.6 31.7 24.3 145 105 19.0 13.5 10.3 6.2 45 8.1
S1+S4 32.1 30.5 6.3 24.0 192 200 9.8 2.1 7.8 6.2 6.5
S>+S; 32.7 31.5 3.1 23.6 21,6 23.0 10.3 1.0 7.7 7.1 7.5
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Table 5 The illustration of testing scheme on dispersibility
B0 N 2 RS ke LR W6 K
AT A HEI-T J5it
Ry & o | J5t -t
R ol W21 MR AER AR ERRAKE, AT sk
I
M+
e pr
e WA KRR A K, LA TR K
SRR R Litge R 2] S5 PR K T KT R IR AR K%, T BT 36 Bk
T 2-2 o ’ - IR Wri] 2K
Jr5 3-1 R IR T A K P T KRG AR B 5 7K %, HVBUR T g K I 4 v A0 35 7K %, alik
D55 372" WA GACK, TR KT iR T Wi K
TEe HE 2710 31 AT WOM VRS 7R 1024 2720 3-2 AR FLItaE . TR R bR AE W2 S0k 1) [10).
#6 tRISBHEETE (AR 1D
Table 6 Results of dispersive property tests of the soil samples (scheme 1-1)
e FHLIASE PR SLEGEAK T 8
g;,}l,} SCS;EZ PP Py koL AT AT K HI S LT BB 744t (Unmmol = LD YR B LB A e
[(geem™ fmm o F8/fE /(mlesT) ILESPI%  Ngt K*  ca®* Mg DS SAR  PS/%
X, 3621 R 166 380 27 362 g ND3 260 3182 0.7 480 320 3988 503 798
X, 3601 by 1.66 180 32 293 gk ND3 227 4202 07 300 510 5018 660 837
X 3050 gy 1.66 180 18 1.90  jEph ND3  25.1 3984 0.6 460 170 4620 710 862
Xy 3510 b 1.66 180 1.6 047  Eah ND3 175 3327 0.6 470 430 4233 496 786
S, 2204 G 1.68 1020 1.4 3.00 4 ND2 4.3 267.1 0.7 400 465 3544 40.6 75.4
S, 2792 A 1.68 380 23 132 4] ND3 157 4202 08 580 305 5095 63.2 82.5
Sy 3776 il 1.68 1020 2.7 386 %) ND2 117 3400 11 410 345 4166 55.3 81.6
Si 5050 i 1.68 1020 23 473 p ND2 93 4566 24 476 809 5875 570 717
F7 LRINOBMEE (FE2-D
Table 7 Results of dispersive property tests of the soil samples (scheme 2-1)
- pE FrLits it FLBRUK T3k
i OB TEl ks ATHL AT L . BEIED BB 7 bt/ Clnmmol « L WIEI L T A
(geem® /mm 485 (mles") LLESP/% Nyt K* Ca* Mg  TDS SAR  PS/%
X pbiEm 1.66 380 1.0 0.40 % ND3 124 3327 04 400 370 4101 53.6 81.1
Xo ity 1.66 380 1.0 0.43 % ND3 212 4202 06 340 465 5013 66.2 83.8
X pbgEm 1.66 380 1.0 0.23 Jrf1 ND3 203 3764 07 280 385 4436 65.3 84.9
Xo  pbim 1.66 380 18 0.48 ik ND3 93 3327 07 350 550 4234 49.6 78.6
S ARl 1.68 1020 1.0 2.48 %P ND2 6.l 267.1 1.2 300 530 3513 415 76.0
S: phiEm 1.68 380 27 1.38 %1 ND3 218 4202 10 380 480 5072 64.1 82.9
S 1.68 1020 1.0 197 41 ND2 198 3036 1.1 356 444 3846 48.0 78.9
S pfiE 1.68 180 1.0 0.28 il ND3 175 4492 21 316 969 5799 56.0 715
F8 IHSHEEE (AXE3-D
Table 8 Results of dispersive property tests of the soil samples (scheme 3-1)
- LIS itz FLEEK AT i £k
gosy TR e oKk AT ATHE 0 . REED B ¢ 3 it/ (Unmmol + L) BRI LE BT
(geem®) fmm  F/fE (mles" WESPI% Ny K ca®  Mg® DS SAR  PS/%
X pbiEm 1.66 180 2.3 1.28 Juk  ND3 55 2560 1.2 420 355 3347 41.1 76.5
Xo ity 1.66 380 36 1.08 JEih ND3 72 4592 13 340 440 5384 73.5 85.6
Xs  pbiEm 1.66 180 2.3 0.52 Jph  ND3 54 2988 1.2 270 365 3635 53.0 82.2
Xo o b 1.66 380 1.8 1.58 JEah ND3 64 2758 1.2 340 540 3650 41.6 75.6
Si o kR 1.68 1020 2.3 317 @ ND2 o 34 2544 13 310 545 3412 389 74.6
Sy RSkt 1.68 380 36 5.13 421 ND3 57 4936 14 360 490 580.1 75.7 85.1
Ss ARt 1.68 1020 1.8 4.00 %P ND2 44 2887 1.6 340 370 3613 48.5 79.9
Si AEsrE 1.68 1020 1.0 1.08 W1 ND2 47 5165 27 310 930 6433 65.6 80.3
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Table 9 Results of pinhole tests of the soil samples(schemes 1-1, 2-2 and 3-2)

|'ﬂ 1‘#]&! }JK 1-2 }JX 2-2 }Jjﬁ' 3-2

Bt (geemd) Ak EETHL BT . . Kk #T4LE 2T PR Ak BTAL BTN . e

W CeemD om gt samesh AE M e uiesh A o g cmiesh KB U
X 1.66 1020 1.8 3.17 jil ND2 1020 1.0 2.53 Fr1 ND2 1020 35 7.33 Jiil ND2
X 1.66 1020 23 3.98 it ND2 180 1.8 0.58 411 ND3 1020 1.0 2.50 Je ND2
X3 1.66 380 1.8 342 T ND3 1020 3.6 533 ik ND2 1020 4.6 8.00 ik ND2
X, 1.66 1020 1.0 1.67 Rk ND2 1020 1.0 1.55 & ND2 1020 2.3 3.13 ik ND2
5 1.68 1020 1.0 2.65 boE= NDI 1020 1.0 253 i+ NDI 1020 1.0 3.47 itf+e  NDI
S, 1.68 1020 1.0 1.67 e NDI 1020 1.0 1.62 K11 ND2 1020 23 2.87 ifive  NDI
S, 168 1020 1.0 203 sz NDI 1020 1.0 3.37 §ifsE NDI 1020 1.0 233 §f4¢  NDI
Sy 1.68 1020 1.0 0.71 e ND1 1020 1.0 2,12 411 ND2 1020 1.0 1.37 41 ND2

Sy BT L, Hig 2 4UR M. FLBRK
TV BRI AR B0 U = 57 4 41 E RS A e L

BJLRHR I 45 SR IA B, D. G. RIS
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@) fEHE3-1 GR H, HAEP I = PEKEE
Tt T K PG A0 /K 2 it 1 /K 9 F AR 5% 30l /K i 45
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X T4 R BUR S W K A, BURSE
b S PR SR o & e ST R/ i B sl PO 1 i
T R
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ol FH /K o () Ca® 7040 0 23 HOVE ke 5 28 R e T
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T HERIERHAS & PF R I K B REIB5 T 5 12x10°
BN RN S oY 0 AT f I.Oxl[)'i
4.1 K385 AR E ﬂ_sxln-3
PR KU SRR AR A S ikt IR (2 g0
KU EL£020 em HUAHL, R LI L (WK 4 -

B EREIATRA), # 8 em, R S IEEL, w20 cm,
L RESIRE L T b TS PR, VG REK B T K
ML B SRR 199%, THEZREIFT%E 1.66
glem?® il PSR T3 0 1.98 glem’ #5576, K
FHFCR MR 32 AR SR A 8K S5 00w 7K,
Ja/K# CRABURSF WK | B R

= PP RIS IER T YiA, i 4L
2 005 1 0.09 mm, BiE RN 1.02x10" em/s. %1
ARG SR, SCHE KM R R R kS
PERRAKEE AR I8 E AL TR IS AH F] -

T FERIGH RIS 50 A4y, e B A, 4y
HriB i K L BE, ISR FEAE B Rt FE b 10221k
4.2 HR5iTE

MARIE R PR, BT m T E, B
PRI PRAC . —IAREB IR, Bl AL 3
B, MR BB RN, B AR R AN
W, PP RS AE AR, KA. T
W% . = PRRFHS TN 7.0x10 “~9.5x10 * ml/s,
PERRFEB TR N 1.6x10 *~4.1x10 * ml/s. MIBHK
WALEERR S RE, BT =R R, B
KRR 2 th /N K, R Ja 1 F s PEATR
FERIB IS, B HUKE AR ih 4k /N KR e
i, ik 4 A~ BRI FRaA. 0
PRI FE LR LB 1, JBU AR R 2k WL 2.
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= —-— R
%
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=
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| KEEREHTERKTLERE
Fig. 1 The degree of mineralization of seepage water under
long-term seepage condition

R 4 4 HBUUG a2 HN s 34711505
ZIERE, R RIWE 3. WAL RE, HBiE
BBE N4 200 LA, SARES AR, BUHUKIF G,
TolimE % . WRIGLRE, R EFEEAT AT, 4
KU 11,

MR 4R AT DA R KBS, R
DRI D s Na fil CL /b BEER K, Ca™+ Mg™ /b B4R
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Fig. 2 The seepage in seepage disrortion test under long-term

seepage condition
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Fig. 3 The i-v curves of seepage disrortion test under long-term
seepage condition
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(2) =¥ I*T?JLﬂI"tﬁEL&'ﬁ'{"lﬂi)fB'I'ﬂ"';‘ﬁl XN
B R o 2 R T i 0 B0 A N R 0 o SO T 255
B AN B E R TR R, OF =3 A h
5 i A0 5 AR T YR R
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Table 10 Contrast of some characters of Xijiao soil samples with those of Sanping
RS Brdhh (Ca*+Mg™) / "I"fﬁﬁ'lﬁ.'_i_ g e B T AT 4 Lﬁi:l:ﬂ“éﬁ‘)’&’ﬁ*ﬂﬁi J5t A A e A

i 5 (Ca™+Mg™*+Na'+K*) / (g+kg") (cmo] « kgD / (cmol * kg ) 145 /%

X 0.41 9.66 20.83 542 26.0

X 0.39 9.79 21.11 4,78 227

X3 0.39 8.31 20.22 5.08 25.1

X4 0.38 3.12 2437 4.26 17.5

S 0.57 38.32 15.31 0.66 43

S, 0.47 38.06 14.32 2.23 15.6

Ss 0.53 28.27 16.70 1.95 11.7

S4 042 25.19 20.95 1.94 9.3

R ERBEIHEZRS ERE
Table 11 Contrast of chemical characters of soil samples before seepage with those after seepage (g+kgh
R Hihiak  CO8  HCO;  CI NOy S0’ Ca™ Mg* Na* K' i
X BT 232 0.000  0.159 2.584 1.126 11.887 2.134 0.335 4742 0030 7.72
B 11.0 0.000 0.174  0.027 0.595 6.431 1.804 0.225 0.855 0.870 3.24
S BT 24.1 0.000  0.137 2470 1.246 12.660 2.823 0.425 4.097 0.055 3246
BiG 12.5 0.000  0.198  0.000 0.132 7.907 2.950 0.171 0.059 1.050 21.31
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