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Swelling-shrinkage behaviour of Gaomiaozi bentonite
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Abstract: An experimental study was carried out on compacted samples of Gaomiaozi sodium bentonite. Complex coupled
hydro-mechanical-chemical behaviour of bentonite was observed. The influence of dry density, vertical stress and soaking
liquid on swelling of beutouite was studied, and the swelling deformation was obviously effected by all these factors. There was
large difference of swelling deformation obtained under zero stress between the conditions of soaking with water and
exposuring to saturated vapor. An investigation of the osmotic deformation induced by changing soaking liquid was also
attempted. The samples dilated when the soaking liquid changed from the sodium chloride solution to the distilled water, while
they shrunk when the soaking liquid changed from the distilled water to the sodium chloride solution. However, an initial
collapse, after changing the soaking liquid to the distilled water, was observed for a sample with the low dry density and ever
soaked in high salinity solution. The swelling deformation obtained for the samples soaked directly in the distilled water was
larger than that immersed first in the sodium chloride solution and then in the distilled water. After swelling deformation or
osmotic deformation reached the equilibrium, the samples were subjected to cyclic stress, and both plastic compression and
plastic expansion were induced. This phenomenon would be explained with Barcelona Expansive Model.
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Table 1 Basic physical-chemical properties of GMZ001 bentonite

. MR R BFEJREC CECT
s \V|_fo/6 'Wpf]% 1’[! f(meq ‘g I)
2.65 325 42 283 0.76

A8 P G5 T R K . PRI 30 em®,
FER 1 em, 75 13%M) 5 /KA TR S sk AT %
FEL W Ty B A LA R Wy ) T L K
I, JEEAT T 14 MR . SRR T
W 134, 1.53 glem’; WAARFEIEEEES: 0,
500 kPa; PFPAS[] R 7 X HARERUA PR S T
VFK ZE P B K 735 RIS 3 Bl 281RK.
1 mol/L NaCl ¥ LL /2 5 mol/L NaCl ¥k -5 (1)
MRS 2. Hodr, *13, 14 WREEEMORI 25/ P
T 3N HEMEIKAEE. 7, "8 WAEIEIKAL KR
Kelet 37d, HEikBEY A 22 d. SREETE ORI, oA
IRA T HBREIEEE F7~"12) 2 MR T F B,
e 1 Fis GREEBIBO. B, % 2 4’ 7~"12
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Table 2 Basic information of the swelling tests

I FERE & K A WHORE kR
ity Ngeem’) %% /kPa  fmol+L') /%
1 1.34 13 500 0 -0.40
W) 1.35 13 500 1 -2.40
"3 1.34 13 500 5 -3.10
4 1.53 13 500 0 10.20
s 1.51 13 500 1 5.20
“6 1.53 13 500 5 3.21
"7 1.36 13 0 0 156.90
i 1.54 13 0 0 195.90
9 1.33 13 0 5 51.87
10 1.55 13 0 5 56.03
11 1.34 13 0 1 62.28
12 1.51 13 0 1 63.11
13 1.34 13 0 RZES 18.80
14 1.56 13 0 EIZES 21.80

IR AR S, "1, 4 WPEIEAT I E ARG ER
WIRZ P 3 BE 5 4 . 500, 800, 500, 200, 500,
200, 500, 800, 500, 200, 500 kPa.

Mt 12, 73, 75, f6 WkE, B AW EIWA
i NaCl ¥ s MK 5w, I B2 ik DA
ERCHE, I 16 de SR)5 VTG IE ) NaCl %

WA ZE KA TEGE, FPR ARG, TRt T b
FAGI, IR I 8 A A - 500, 800, 500, 200,
500 kPa.
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Fig. 1 Photo of sample 11 after test
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(<0.5%), AAKH TN 1.34 glem’, FKRET
13% ~, WZhK 12574 500 kPa.

13, "14 RFEE THROMZE R 3 AN A, A
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BT AR TR E I R RE g o e, s

AETE x100%-100% . #4320
WAt NaCl s o Z818K, TR FE S R A
e, BNETUE BTN . 0T AI0A T8 1 R,
£ 1 mol/L NaCl 3 it ik b (75) s T
AN T7E 5 mol/L NaCl ¥k Hh i il il bE (P6)
B TR s T T 04G 8% BRI RAE, 76 1
mol/L NaCl ¥ iz iti st (1l ("2) stk &
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B i 747 52 Y00 B A El 2 8 A R 3 Ok D U Ak B 1
NaCl ¥, 2 1 1 85 AR TE R R AR TE i L3 3.
B AT B R SR FE 1) NaCl YW BT AT kB
ERGAR T, BIFTIE BT 4. #eh] i % NaCl
W, ARV T EE W, 5 mol/L NaCl ¥ 1)
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BR[7TIA A, 4 L BSTK 0 BH 51~ 5 S8 I A 1 mT A8 4
BHES AR, DUFLBSK v BH 25 7~ S AR A 5 S (1) 52 i
RV ez, FLBRAK B R AR S R Y 52
W2 AN AT, JF HAER] Ponza 2 1 (n] A8 #eH 29
TEEE Na™) WAl TIX—iitik. %1 Ponza i+,
Na' " #& AR Ak 5 | 19 25 A v] 336 1K), b 342 336, 75 NaCl
WU - 781K - NaCl 8 R EBARIE R T 7= AR 1
BT 4578 T 5 B KA T AR 46 e A GRS
XT 1mol/L NaCl¥&F i (72, *5), Bk
JERKTBHTE 2, RFEEK. X 5 mol/L NaCl
WSO, "6 RFERIBHTIZAK Bt 580 45 B e A
FIRD; T3 AR RE (K95 W [ 4528 Tz K T T kAL %,
A 4. IX 0T g S5RITE NaCl ¥ R 2B
BHES FAc . LR ARMK - ) - e a4k
NP
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1, "4 RPE IR IR RGE S, BT I AR AR,
IVENEEARINN) e - 1gp thZ P 2, 3 Pron. 1k 800 kPa
—500 kPa—200 kPa (b - ¢ - &) [ EIff L FE, e - 1gp
2k W AN R ELZE, 500 kPa—200 kPa (¢ - d) HIfa 5|
I ZIKAR I K. 7EPAS 500 kPa—800 kPa—500
kPa (a-b-c, g-h-i) MG, BRIH PR
A2 I o 11 M 800 kPa i fur 2] 500 kPa JF4H A 500
kPa—200 kPa—500 kPa (¢ - d - e, i - j - k) IO,
W) T L R R I AR I o I SE AN 500 kPa—200 kPa
—500 kPa fFH 5 MG Ce - - g), PERYE
PERZIRAZ TN, T ALLA Ry A o 1) o 7228 — A 500
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&3 RBEAEESRAZITER

Table 3 Osmotic deformation induced by changing soaking liquid

. RS NaCl ik > 71K ZEH K> NaCl ik
R 5 mﬁy{i WK /% AR VA 0 30 A5 | o M e A% AR A R A ST R R AR
TR 1% JEAE/(10 2 mm) 1% AR /(10 2 mm)
P -2.40 -1.06 13.4 -1.91 -8.5
3 -3.10 -2.34 7.6 -6.84 -45.0
s 5.20 8.22 30.2 6.95 -12.7

‘6 3.21 7.08 38.7 3.12 -39.6
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d —=— 500 kPa — 800 kPa
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Fig. 2 Variation of void ratio during stress cycles (Sample 1)
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Fig. 3 Variation of void ratio during stress cycles (Sample 4)
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Fig. 4 Variation of void ratio during stress cycles (Sample 5)
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Fig. 5 Variation of void ratio during stress cycles (Sample 6)
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Fig. 6 Evolution of yielding loci in p - s plane during stress cycles
(Sample 1, 4)
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