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Dispersivity and impermeability of dam soil in Wenjiagou Reservoir
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Abstract: The key character of dispersive clay is to be dispersed and wrecked by water flows, causing serious threats to
engineering safety. But those studies on dispersive clay, such as the methods of identification, dispersive mechanism and their
applications, are still not deep enough and satisfactory due to their trivial discovery and few engineering practices. Based on the
analysis of physical and chemical characters and mineralogical composition, the dispersivity and dispersive mechanism of the
dam soil samples in Wenjiagou Reservoir are studied by double-hydrometer tests, pore water salts tests, pinhole tests, crumb
tests and exchangeable sodium percentage tests, and further investigations on the impermeability of soil samples are also carried
out by itself and under the protection of inverted filter materials. The results show that soil samples are transitional and
dispersive soil because of rich montmorillonoid, plenty of sodium-ion and strong alkalescence. The soil samples have weak
self-impermeability, but favorable impermeability under the protection of the inverted filter materials. The studies indicate that
soil becomes dispersive clay only under the conditions of rich montmorillonoid contents, more sodium-ion and strong
alkalescence, and the dispersive clay presents a better seepage prevention under the protection of appropriate inverted filter
materials.
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RIS EE P, BELEE ., LR et
VAR (R KOR) TR SE i A A B, Mk, A2 TR
B A T o6 T LLEE A

SCERVIK AL T B RE B X AT, K
B e 2B 30, 5 KM 26.5 m, HITHHK 1017.0 m,
THSE 7.0 m, SUZEZE 1040 5 m®, P FEZE 956.8 71 m’s
AN AL RS . B LIRS WG FLBR
KT R BH 525 70 RO AT e MR8 1 43 LR e 45 5 Ak
Wik, A GBS EVE A WISy o3, SR
MK BRI 15 ARHEAT T 40 BRS04 B L BE (1)
B, IR0 ERER) B BP0 DAY AT T s
PEREUAT TR, A TRV R T RE 22

1 YIRS RIT YIRS
1.1 THEMEBEFMER
TREFEAY B AT R LR 1. K 2. MRIG &5

IKERKE , WIRTE 26.5%~29.0%2 [, ¥ FRAE 12.6%~
14.4%2 0], IPPEFEHAE 13.6~15.4 2 [0], 4K
BREE T (CL). EREMIER T3 AR 1.75~1.78 g/em’
2], B S KRAE 13.8%~152%2 18] 6 21 HFEH)
DR ERAE 0.655~3.719 g/kg 2 [f], FHE ¥ 12 LN &
TAE, PHIEEEE 04~1.18 gkg 21, HHLR
TrEAE 1.71~2.41 ghkg 2 A, Hrr, +FE W9 B
HSEANT 3 gke, BTHREEN REROBRIE 7
8.58~9.26 2 ], SEEmAHE.
1.2 THTYRS

K HAHE 2 s A W) X AT SO HRE
VIR AT 930, SRV T3K 3. WK 3 LG H,
6 HEFEME LI Y EZ W B A, HEE,
1) 11.2%~15.5%, D ESRA DLHRA - A
WRET AR . FEMARSERERAR D,
G4 5.7%~9.8%, HUAIA - 24 R )

RF, 6 MUK HREIL TR 2.71 502,72, owidlk W WIBAAELE. SRR AT SR ARR LA
DLB R N, HA A 65.5%~69.5%, ks PEZEUAE RN .
8.0%~17.0%, ki &2 16.0%~24.0%. MIFRE
=1 IHYEMR
Table 1 Physical properties of soil samples
\ ik 2 /e N Wy NN e
T LR i i BT Rk bR
=) S >0.075mm = : : wi/%  wp/% H Ageem?)  Z/% ($%SL 237-1999)
mm mm Ip
W4 2.71 17.0 67.0 16.0 265 126 13.9 1.78 15.0 R RRE 1 (CLD
W6 2.72 10.5 68.0 21.5 274 138 13.6 1.75 14.8 R BRZ 1 (CL)
W9 2.72 10.5 65.5 24.0 29.0 14.4 14.6 1.75 14.8 fRIERREL 1 (CLD
w10 271 8.0 69.5 22.5 282 13.6 14.6 1.75 15.2 R MR ZE 1 (CL)
Wil 2.72 14.0 68.0 18.0 274 132 14.2 1.78 13.8 IR EE £+ (CL)
w17 272 12.0 67.5 20.5 282 128 15.4 1.78 13.9 fRIEBREL 1 (CL)
FR2 HLFMR
Table 2 Chemical properties of soil samples
TF A 5 (g - kg ) pH
Giy  ShWEEh  CO®  HCOy  CI SO~ NOy  Ca¥ Mg¥  Na' K" sk PR
W4 2671  0.059 0210 0495 0956  0.000 0.028  0.032 0818  0.004 0.75 1.96 9.06
W6 1.088  0.148 0210  0.095 0244  0.000 0012  0.005 038  0.004 0.67 2.10 9.16
w9 3719  0.000 0227 0750  0.172 1272  0.181 0319 0225  0.112 0.73 2.41 8.58
W10 0.774  0.089  0.242  0.019  0.177  0.000 0.016 0.007 0236  0.005 0.41 2.06 9.12
WIil 0655 0207  0.165 0.038  0.059  0.000 0.012 0.007 0258  0.000 0.54 1.83 9.26
W17 2831  0.030 0195 0277 0929 0765 0.045  0.057 0.834  0.003 1.18 1.71 9.21
Rx3 LT YRS
Table 3 Minerals of soil samples
AR 2% AL RRAE. F
Al = OBV E DR =AY, = A — ,
o BT S % TR B ITlAE %
. -5 | =g SR AW N . -5 R g R -
gﬁ% ‘Ekﬂ @i} e @3* [IE1kaE4 b/ ok L /\: L . A
R H o f o f o kD AR e e S o FER
rs) (@M (K (@€ IS s @ X ©
W4 243 42 33 9 16 45  37.0 109 145 92 34 0.7 102 80 22 39 11.2 7.0
W6 28.8 48 30 9 13 45 332 26 181 136 29 0.8 138 86 26 3.7 12.9 9.5
W9 30.7 43 32 11 14 35 357 37 11.8 13.7 3.1 13 132 98 34 43 13.2 9.8
W10 27.7 31 41 10 18 50 350 3.4 158 125 39 17 86 114 28 50 14.2 5.7
W1l 28.6 47 32 9 12 45 388 3.1 158 114 17 06 134 92 26 34 13.3 93
W17 322 39 36 10 15 45 371 22 138 11.1 17 19 126 116 32 438 15.5 8.7
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2.1 HSEMERIRIAE

A7 T A AT 0500 23 sk s R, AR YRR
56 3 R 55 AR 56 P 2 4 5 1 R EL R
(ASTM D4221—99) " 41k (ASTM D4647
—93(1998)) M XY (ASTM D6572—00)
8 3 Pt bR DA A O [ B — OG- o e LT
I 2A I FLBR K ] 5 6 B 28— B0 RN A #8740 Bk
U 5 BB Ok BT, WA 5 PRI 45 Bk
SR R (R A B
2.2 EETHREAE

(D R A& stk ik

RIGAEN AN 10 em E WU RAC P HET,
RS RECY 0.96. WKFE =4 8 em, AR A
TR RRY2 P R i 28 R 0 s A TR, 7K ) R T
FERRZR R RS JE e =i, VS B IE LR
BB, SHBENESBIERELRIMLE (logi
- logv M), HAEWAERIR . BULEEIR S i3 4% L5 Al
R B T B R BRI

(2) LRI S R IIPUB RIS ik

RN 10 em PR IR AT RIERHH]

FEFATO BB 0.7 53, SR 1 10 eme SUER
e AE, RET AL 0.96 R SE R B,
Ffmi 8 om, kb ISR, LAB kil o R Rk
Jois TR RIGEE, R AR T A
WFE, AP THEBOIRES, KA B, H
IERCE B RHAT I, NENEEWERT 75~110
I A 1k

3 HERERH
3.1 AN EUEH BRI

TR B IRG 25 ARG AR 4. W ETHRE
KW, TF W9, W17 8/ T 30%, & THE0
Bkt BFE WAL W10 1 WL [0 BUEE 30%~
50%:2. 10, Jg& T b M s R W6 I3 HUE KT 50%,
J& T3 o BRI S5 R, W9, W10, W17
& Tkt W4, We. WL Jg TartE+. M
Hukad 45 ok b, Wa. We. W10 Jg Tl gtk 1,
W9, W17 @ Attt +, wil B Fofttt. +
FEREFLIREG . AR g5 1 AR LI 1. B+
FE WO [RAZHbER T 20 e (BSP) B8 Tk sk
+ASh, HAtRE (ESP) SEEAT 10%, & T

R4 THEIWMEELE

Table 4 Results of dispersive property tests on soil samples

” FHILIRE
LA . HEAT -
sw o RN ke PP
/01/0 /g *cm) /mm s /TﬁA

ki3 FLBZK AT R FH 2 750

B I, . L e
N FF 25 7 5/(1/n mmol » L) TN
ESP

o, Na' K" Ca®* Mg’ TDS SAR PS/%

W4 313 1.78 50 5 2~3 jEuh

Toor BRI BN, K i 3.7

LUK A > R,

154 9536 0.08 5.80 1540 116.64 293 81.8

164 3036 0.08 1.60 240 34.44 215 882

38.84  1.12 21.20 66.40 127.56 59 30.5

i FEAR
Y E 7 /R,
W6 651 175 50 5 23 g OVKBEE AR
TR
WO 20 175 180 5 2~3 TR
i

Sl O 1 [yELVELY

W10 356 1.75 180 5 2~3 H‘”“ Lﬁ@ﬁfﬁi}ﬁﬁ/’/i%&, 11.6 16,60 032 1.60 1.80 2032 12.7 81.7
Pl o AR N
" Yo A J5 A LRI

WI11 38.9 1.78 50 5 2~3 yEuh j:JUKﬁ#;E \DI\EM&% 12.7 16.04 0.16 080 0.80 17.80 17.9 90.1

ELS UMM

Y- — S 1y -

W17 49 1.78 180 5 2~3 ﬁ%”tb tﬁﬁﬁﬂjj&%ﬁm&m’ 142 117.97 0.00 10.00 31.40 159.37 259 74.0
7 TR L

VE: (D) MEEETHAR: Bt AHUE <30%; oMt EUE=30%~50%; ittt

SUE>50%

2) FHALIR%E: AFr it 78 380~1020 mm ACK FEALAY R, HUKGRGEE: DMt 78 180~380 mm ACK FEHLP AN, HUKFRRRM; 7

Bk, 78 50 mm KK N ALK, HUKR IR,

(3) BYGAE: e L, LHUKMRER M, AR BEEEA SRR, KRR, SAMNE: WL, THoKERRE YA Rk, (A Hee
A ARSHE L, A O BRI SR, LB AR P B S A U IR T, K R 1, SR VR b AR R SR

(4) MM 20 L (ESP) WSe: ESP=7 ~ 10, J&PEEHIE L ESP=15, J@w it b, R ™ A il et

(5) FLGUKFES Fikge: O E/rLLPS, Mk TDS > 1 I, de/#tE L, PS<40%;: WML, PS=40%~60%: 4r#tkt, PS>60%. @MLKtLL
SAR, ZritEd, # TDS>5 W SAR>2.7; #7 TDS > 10 M SAR >4.2; #7 TDS > 100 M7 SAR > 13,
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HOPE At ALK AT SR B Tl 45 k], X6 4
T ALK T SR 7 S & (TDS) 7 17.80~
159.37 1/n mmol/L 2 [a], AW B b (SARD 71 5.9~29.3
208, BE s (PS) fE 30.5%~90.1%2 [a]. ARk
TS TDS. PS MR RMER], X 6 4144
W B TR, e s AR T oo L.
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Fig. 1 Photos of pinhole tests and crumb tests
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F St AELAEERIBIE Tt A A ol I e SR i
TR LRI ST T k5 FU bR WO R R Gt o i 1
HH, BRI A 5 BG4 R fe s AN ENE,
B R R A — B DL XL E TR
B0 A0 S AR - R A 2 o3 M o ) 3 TR 23 A
LTS AR TR AS I HORAS 2006 P A5 O BB 5 5
pliFnc GillERY I GHIDE T i i R (N R S
FE) RIEAT R, USRI HUREOR, MR W] A 7
) s o (EE, R ERRAR U, T AR
AREH G R, A3 oK b L O0RE - i o

R AE I AEAR A I () P SR DL E , KA, A4S
BRI 45 RARAUER . Bk, T Eha KW
FoRUE, X E VAR 45 RA I 5. RIS 5T
WRE], A W JgFERE L, B TR0 1S
I EUERAR, AR R SRR . B LIRS
SEARPIAE— AR, EARFLREE ok BT
HRZ—E SRR KB e ), MK g HIEAL
SN PG ¥ 8 ) o T 4 T YA VG111l w3
B3 B FLIREE TR T A I FLBRAE 15
FEAKWAE R T PRz g, B TR
SR, R AT EENE . ORI
JRNGK A, W HAEFK IR B 5 EETT
TR0 I () Jsz e - SR AT 7K 1R 20 FSORE DA R SRR (1)
P EE e I ) - L I BT\ 87 SO S L) (S 3
BRI, WAL F BG4, 7K A A 1) 4% Fel
B A E AN L ARIER 5 0 U AR KR
Wi, DRI, St g i PR K AT R A e Pl
oy AT, AT A — e R b R e ROk 2 [ AL
HZ A EAER . W BAEZES 0T, A WS
W10, W17 & FidiEdtt, w4, we. Wil J& T itk
to PR, @R TR AR RN 1%~3%11)
AT KR 1~2 L/m® 73 B -+ ook 04 T sl b
.,

T ARTE KRR R = 2R 2 AL H AT R AN
B, IO P ER—EEmRMETA QK
g @BA RGP R R LA
UL ISR a2, 6 4l RS A S E
8%, IFHETHRKEMNET, MUBHEZESET
B, M HAS A HAE RN . A, AR AR
SORmE. LREP RN SRR S, Wl E IR
B % . P, X 6 241 4 S I8 53 vk i B R T
HRZWMZEBAFENE T, BRI .

3.2 THEBEETRIRK

(D THASHBE

A G HuBiR 501 H M 7E T RHETE g RS
AN, H BIG S B SR B, e AR IBIE K
WAEH MM ELA G iz iE e e P Re .

M6 1 EFEHIEET 4 AT TRES, Bat gl R
R 5, BIEW RSB IE R 2 [0 1) OC R 2 (logi - logy
ey W 20 WGt BRI, EREREA T AU
BANEREIL, gk IO . R8s 1
R, R AR, RSB RS 10°~10°
W, BT WRSEN L SR BEE 9.11~
23.21 Z ],
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Table 5 Results of seepage prevention tests on soil samples

. .. AS e
TR HIFEEE BERE SPEPTBR
. R L BB .
gu'5  /Ngecm’) /cmes ) UnssgNerd %N

I 1% i

W4 1.71 1.16x10°3 9.11 101.28
W6 1.68 1.57x10°° 17.68 75.67
W9 1.68 1.20x10° 10.66 109.65
Wil 1.71 2.12x10°  23.21 110.36

(2) HERAEMET Pzl

TEA RUEDRF A T I PTB a5 2 H R ) Wy
TE BRI A N LRE BB YERE . ISR R
dss» deos dzor dis M dyo 53 IE 9.08, 2.84, 0.42, 0.24
A1 0.15 mm. RIWARNIPLERNE 5, BEREFESS
BRI R RIMNZ (logi - logy k) WK 2. MK 5
A, R RIEEMAY AT, IR R K PR A
75.67~110.36 [l M logi - logv HZkHE, BEE KK
FERBE R, BE s 5B E W Sy, h—H%
I 45°EE, T HARKEFE T, BiE KREGEARAAR
BRI/, ULEH LIS A R AR . T
W6 BB E N4 50 B HhZ T ah 4T, 1 BARE 45
R R AR, AT B AR R P B Al N LB AR BB 8
HRH e R IE B Ol 100 247D SRl ihk
YVIh—HE, WA Ezan. 5HFEa 85
B, TR RIERMR AT, B IERERIREE
Pemr, AT oRE Tt R, et
T B R TR, WU RE A R, el
S BIUR el g, BRIEAR S O 1 WUk
TR T R A A
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2 BETRAE i - v HhH&E

Fig. 2 The i - v curves of seepage distortion
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