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Experiment study on the effects of bentonite on the micropore structure
characteristics of soil
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Abstract: The micropore structure characteristics have significant influence on permeability of the soil, and bentonite is high
anti-seepage material, which is added into the soil to reduce the peamiability by changing the pore-scale distrbution and pore
characteristics of the soil. The micropore structure characteristics of the soil added with different bentonite contents are
measured by the mercury intrusion porosimetry (MIP). The test results show that just adding a little bentonite can reduce the
quantity of the large pore abruptly. With the increase of bentonite content, the pore-scale distribution changes gradually, the
quantity of the middle pore increases, the quantities of the small pore, the micropore and the supermicro-pore increase gradually,
and the pore size distribution density function changes from three-model to bi-model while the pore diameter size
corresponding to the peak decreases. It is proved that the pore characteristics of the same void ratio are various according to the
test results, so the void ratio which is a macroscope parameter can not represent the pore characteristics of the soil perfectly and
it is necessary to introduce other microscope parameters to describe the pore characteristics of the soil. The conclusions have
certain referential value for the design and construction of the anti-seepage (infiltration) projects.
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M RABGEMIPYIRIS Tk, HHFL 1 ke & 7 —FL I
EL2& A TR 12 A [ B A8 i - XA 4R - R A0 L
BREEFIRFAE, 20 dT 1 A 38 N B RFLBREL . AL
B RUEE 23 ATV ] <5 AR FLBRARFAE A R . S BT 7T
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1 XWHE
1.1 RIEEHEAH &

ASCIRIE K w2 Ak RN TR+ A
HIVENRIRRE . ZWOBRLE M, BiE 10
K42 3.051 pm, A3E 3.920 pm. JEIE ) B bR
ZH: WE N 2,58, Pk N 10 um, BET LLEKTH
14 39.8 m*g, BGME LLEH#y 455.8 m*g, JH[R
N 59%, VRN 271.7%, WYEFRECN 212.7. RFEG
TR 1, R E SR EEB AR
0%, 2%, 4%, 10%, 20%, i & FEH] & I fLBE HE
M. WP (TR kbR B deee i
1Tl e, RAERIE EZUP RN EIREN 105°CHY
BEFE BT B2 SRR B BT R 2 B T K B
BKERL N IIBIR 0.885 fHAE, I FH AR e 47
HE B TG ELE D 24 hy WRGELECH R, 0

BKE: KRR A 61.8 mm, = 20 mm K34 J]
R REEHIRE, AR FLIREEZ) M 0.8,
®1 AR SRAR

Table 1 Number and compositions of soil samples

T HER S1 S2 S3 S4 S5
JAiE - &% 0 2 4 10 20
FHEEEIY% 100 98 9 90 80
Wit FLER 08 08 08 08 08

1.2 ERGEMIP)
JERIERAE—E MRS TR RENEIN T, ]
R TR RN GR IR AR B - R ALBR I KN, R
TRIE 75 RHE FE AR A FLBRARAE B AR R iz —
R T 1 N B 1 e A o R AR A 35 A R L B AR 2 1
Washburn A3, %A@ 7 IEN KT 1 E 1AL

B4 2 18] 5% 2 oD
p:_ZmeH , 1)
L, p AFTHRIETD, r AFLBEAR, o NRIRT K
J1EH, 4RI o {69 0.41~0.515 N/m; 6 Jy7R %44

BHER S, WA ST M, 1o =0.484 N/m,
0=130° .

A S206-% F 55 [ Micromeritics 23 &4 77 i HL 5
Autopore 1V 9510 4 H B LA A R, T 1
(@)o ZH LA E M FLEAZTE B — N 3 nm~350
um.

| ==
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E1 XLWiEE
Fig. 1 Experimental devices

H IR 5258 (R A 23 RS20 (0~30 psiad. &
JE43HT (30~60000 psia). —MEIIFERF: BT
FEahaE, (EAR LB AN KTy REFRE, R
Ikt R, MR R EIRESERFAUE A
K, ARE TR A HORBCK R FHASF S A
F) LB, Il g I EN KRR, Bl
Washburn 2 20H & ) e S5 fL I A2, (1R 3] frbgl
B A A R o AN IR A 1 R 2 HEAH SC AR A A
BT Ri,

1.3 THFREE

JERIRES (1) LA A T4, TR TR I X
XL —E . LA TR B R
SRR, MRIGAHIOCHR, HAETIRETTE A R
Tk TR G T B R, 0T
KERIr L, AL R AV B M i 2 2 30K
BER A B35 B, AL & B . X Tk,
25 R = ST B 4R FH 51 R AL AR 2N
M SRR SRR i .

ARSI T ORUELE TR R v AR AL IR B R R
JEHR T SR FH VA5 T892 (freeze drying). ZHAR ) JE 3
e K R (A7) (AR SCR AR, 6 r-196°C)
UL R b 7K PO A R 40 3 min, i EFESL
B b K > B AR AN B IR PE AR S fh S0k, AR )a
I TR AT TR (A R R [ )
-50C#-100°C, 3= 24 h LL ), MififRIE A4l
BN e AR AW A o AR S8 R F ) L2578 R TR AL
W1 (b)e XI5 R ROR Y, BEAR LT3
PRIUEH RIS 45 R AT SE . N EREA RIS, &
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Fig. 2 Test results of soil sample S5
AR SR I EAT 3 M 0 00 A2 ) FL AL BT B R A 0T 45
FEPEHIAE 10% AN, JERH] 3 AN ook Sie 45 b ik 22
ANHIEE IR, ACSEE 1% F 43 ) ok SR 45 SRR FLRR EE
WRZE I HTINER 2 Fios.
=2 AN LHEFLRELEIRE
Table 2 Relative errors of void ratio of soil

et it it it FHXSRZE
95 FLEREE FLEEE FLBEE 1%
S1 0.800 0.799 0.844 5.64
S2 0.800 0.781 0.736 5.67

2011 4F
S3 0.800 0.788 0.745 5.47
S4 0.800 0.793 0.780 1.67
S5 0.800 0.795 0.791 0.42

5 FlRFE LB R RN 25 R 3 Frow, o,
FLBR A A AR T AL EA AR R G g, LB
EENEALEAARRE SR, WE 3 (@) AL
R o3 il 2% 1 AR ) P 23950 9 B AE S1. S2. S3. S4 Al
S5, BEE A s R ERAEEm A, B3 (D
B BRI FLBR AV AR R AE 0.1~100 pm 2 [i]
BIER A B 3 EoR, 5 RPRERRBH NGRS
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Fig. 3 Pore distribution characteristic curves
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N T NS R R B AL A AL I R
K 4 (a) ~ (d) RIRGHHEBIE L E S EN L
FERIFURER 73 Af 55 B i 2k, 33X BURT LATS I O 7 21 S
A1 P i 2o I 5 B i AR R

K 4 (a) AHFE S1 A1 S2 (FLER LR A B L
W, MERTLLE R S1 ohalipdEt, ALK
Ari s B 2k B B =S A, LA FLAR 20 Sl
100, 7, 1um Zidi. S2 NEIN T 2% L& &R+
B, WEREHIZ BF, XL 100 pm HIEE S
JEAZ AN T, UL S 100 pm BrE I FLI
HE iR ok, B 4 (b)) ANgIE L& &N 2% 4%1)
REALBR AT R LR, AR S B hgin
2%, (LR A1 8 P il 2 AR AN]SR, e rpo AL
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124 100 pm (R IR FE L35 484 . 2 REf i
Al 4% E 10%/5, M4 (o) mT L, 100
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pm A1 pm PUEAE R A P> . Ui S E
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Fig. 4 Gradual change of pore diameter density distribution
2.3 FLEEfHESEEALSENXAR
AR SR A LI 2 v 4 0 W A i oxeb 7 ) L AR T
Bl 2% M1 SCRRAT FLIR A 43280509, of - LR R
55952 OKRFLEE (D>30000 nm), == E )y Hi (]
LB @ HLER (3000 nm<D<30000 nm), F %Ny
AR FLBR: @/NFLER (300 nm<D<3000 nm), =%
N UL [R) MBS 73 o BURE N B LB s @R LB (30
nm<D<300 nm), J& T kLAl FLF: @ FALI (D<30
nm), FENFRLASLER. Hrh, EORFLEH R
FR 75 V2 SR AT AT T P 0
MR _E3d B FLBR R b, 1530 F LR %
FRALBRH A 7> Sk 3 M 5 s, Hdr, fLERE
S B2 /MU, LRI S B3 2 2/ 8
FLE, 1K 2 FhLBREEA Y BRI SR, BEAE I 15
B Z, LR SRR NS ' 2,
Vi W DAL FLBR B4R BE A 2 2 B Y 2 1T AR
No TRALBE AR AL SRR & b, KPR A
N RIURL ) ARSORE Y PR, AT B FL R AR AR 5 e it o i
TSR Z ML . KA T2 BRI FLES,
TN DB (R A 2 2940 AT A DAL 8] 7D LR 25 B
JAPR> A I S s R g, ETRL A LR S
A K. AW, MR 2R T AR
FLBER R 53 A RO 25 FFAE o A B/ INRORSE P 7
TN QERENE NS 2R i P 2 e s e T
FLE “BHZE” AR KBZIKET B Al £L Rt ig i
B AT b Psgn . A FLRR R AN AL R S5 A RIS
HE@taERENEm, S8 RE LA
Wt W Sl 9 T A AR V2@ 1 R BRI, R e i £
72 R I LARPE R A R R — LB L AE (1) 52
I SR T FUBRARFE R 2 R, BOMUR A TR 3R
15 A FURR A 072 S BFLRE b I A e e B ik 14k
AL, 5 2 51 N1 a0 FLRRRUEE S 7 A e At A
IIATVEIE . FURRIEIENE . TS AR S Bt e
B £ LB IEBEA T R, XWRASE L
RO SLIUFE 5 AR BB L ] 45 s 4 AR T S ek
f10) B LR
R 3 TRILHMILBEEE
Table 3 Pore contents of different soil samples %

THEGg S S1 S2 S3 S4 S5
KFLBE 13433 2977 3124 3502  2.068
LB 43.808 36352 32008 28.719 11.211
/NFLER 40353 56.401 59.759  58.650 71.888

i FLBR 2.406 4.249 4.891 7.685  10.083
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Fig. 5 Relationship between pore content and bentonite content
2.4 HIERESH

TR FLIR EE R Rk R AL IR AR — N B A
MSEFERR, R IR THEAS B FLBR EL AT =AH Tt
FHFLBR LA ZE LLBOR, AV 2 U T X AN iR 22
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(0 JE R A 15 ROZ A W E 6 1
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WABELRIUE A #7643 5] —H.

(3) Hook BAEHl 2 A2 5T AR Z « I e
HTJ R 5, BRSO /7, 72 A N RK 5
FEVIRERE AR, TR “URIRRNL” RHIA e LR
FAMEF RS RE S, JRAERE T AR TR, IRk
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(4D FEARAAS A R AR T 27 AR 22,
WHEAF IR, 25 RGN .

(5) ERIAK T HESHAIRE . inehif, £
K 5 SR B R %

(6) IR SRIG Y R BR 14 o BRI A5 (B A 2R L B
B 55 SERR 2 A7 Z2 0] B, IR 1) S 3R oK ELAR BT 6T L Y
RS RS AL BTG R E 1 iS5
XFRALBRIMAAA R, TokA T/ 3 nm BARHI AL
A R B RhfLT RES IR, kAR
(YRR

i bpnd, RFEATTEE S, ASCR AT AT
Het ) LB EE AR IR ZAE 10% AN . S oMt

(1o M ELBCR T H — AL AL 2

3 & i

AR RAGE (MIP) W%, WL T kel
25 10 7] —FLIE He 2 PR 9 AR ] B 81 F 308 = ) 2
SR |- PO OO FLBR 5 I AE, 5007 T I A v
PRALBRHE (B0, A3 BIINT 3 A BEE g

(1) FLBRAM A 25 35 B 4 2 =W LI, B I
MRS R L, A M s 2,
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(2) HRHR A [ FLBURAE 1l 25 0 FLIEUR B 45 2%,
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B, BB LI 5 AR R. Wb B I i
B BB SR D ISR [ 2 B AL KT s B
W A B Ak RN, KFLBE A B 4k
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