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Cross-scale theoretical prediction model for thehydration swelling pressure of compacted bentonite
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(1. Department of Geotechnical Engineering, School of Civil Engineering, Tongji University, Shanghai 200092; 2. State Key
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Abstract: Compacted bentonite is an ideal buffer/backfill material for high-level waste repositories, and its hydration swelling
pressure is critical to the structural stability ofithe repository. This work is devoted to a cross-scale theoretical model of the
hydration swelling pressure in bentonite. Firstly, the structure of bentonite is divided into microstructure units with their equivalent
physical-mechanical properties Calculated; secondly, the probability distribution of each microstructure units in soil structures is
solved based on the principle,of mitimtm energy and maximum entropy; then, by analyzing the mechanical connection between
the particles and the microstrlicture units, and the microstructure units and the structure of soil, the cross-scale connection between
the aggregate particles andithe structure of bentonite in terms of physical-mechanical properties is realized. At last, the theoretical
prediction model/for the hydration swelling pressure of soil is established. At the same time, the hydration swelling test was
performed on Gaomiaozi bentonite to measure its hydration swelling pressure. The applicability and accuracy of this theoretical
model were examined by comparing the measured values with the predicted values. The results showed that the model
applicability was well, the error between the predicted value and the experimental result is less than 16 %. The theoretical model
also provides a new idea for the research on the cross-scale structural properties of bentonite. It could be used for the prediction
and evaluation of the hydration swelling characteristics of buffer materials, which would contribute to the design and construction
of repositories.
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Fig. 2 Model construction overview
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Fig.5 Case species of microstricture units at two particle sizes
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3 REE R AT

3.1 IR

DA ] i TR iR o4k B 1 b R — i e
(GMZ) i+ oh], SEIdIT Bk Sk GMZ i 1K
IR, 0 G 3 b 2 K 0 B8 T 45 2R 5
BRI SR A B 2 s R AGH TG B VAR AR ) o I A

2 JE A LB A | e FE A PR R
SERFEXMEAR s, ST R 1.

®1REAR
Table.1 Inspection Program

s FHETFREY  FEE (gom®)

mE (°C)

Al Na 1.6 20
A2 Na 1.7 20
A3 Na 1.8 20
A4 Na 1.7 40
A5 Na 1.7 60
Bl Ca 1.6 20

B2 Ca 1.7 20

t&n k=n Jj=n i=n VI I (29>
ZA,B,C,DZI:] Zk:] Zj:l Zle "u/?’f”ﬁ»f»k’l
A R JE A AR ES # TT
{\/ BRIk 1k
\.I i A4k ik
N /
- "/
B3 Ca 1.8 20
B4 Ca 1.7 40
B5 Ca 1.7 60

3.2 T E
(D RIEH R

RIGHTEAN GMZ IR R K. i 6 IR
HNSEE MR, gEw. BTG, Wik
HUIN AR 200 H MR E R AR, 2K A @B,

(2) WP &%

Yo, AR VE R Al T2 i R R AT At
HER AT R0, AR ORCHIRE o 10:1
(IR LR, 7didt; QBEMEET SLH
B R BRI Z24h )5, BREmim EEEF IR,
57 P R A VAL S T 22 THT AR 16 em Ak (17 B UL
RTFHERTFEE: ORI B B2 L B AT 55
Oy A EE, SRR DTIEY); @HEE FRBE 2-3
Ko

FLUR, JE I SRV T A 3 4 B — AT RS e BH



# + I

R

BRI EE BT, R O BRE N 10:
1 B2 L B, FREC—5E BT NaCl CBRALFRD i
AR, R NaWRERR] 5%; @XF &l
HAT RN, FHE 72 h; OfFH R IEE QL E
B AT B B AL EE, UREE AR TTIEY); @E
8 EIRPIR 2~3 Ik, BIRIZE L S BT Y7
s O £ B 1K IE L RAA AT S L BE%: ©
15 F-52°CH 5 T FRATLGE B2 i - R A4 BEAT ¥ R )
5 A L ) A S AN R 2R L, K NaCl &
Ji% CaCl, B

WRIa, RlgiE LRIt 200 B 4 A

wJE, RRMBEGIELL 0.5 mm/min i) H 5
W2 LR R R R EAE 35 mm X & 10 mm 1)
B GERIAFE . BFEH AT /E A B 1ay 1.b.

(3) MPRT7 7%

K FH B AR RRURE K V25035, 380 o o S5 B2 7K Ak 2
K77, REG2EE WK 9, K I E K 1B EN
W, s R R KR PR R . T, SRS
TR BT ARBNRFERE, A LR KA = A
K77, R AL S S il S K It AR M 4. 4
48 h N EZAK 717846 /NF 0.01 MPali, ] € i 17K
L SE RS, e R PIREIK 77 FE 45 A

DHAEEE| Pk
— EH e
; - 090 ‘

| Hﬁl]wmm L

i
I3
pad
|
-
N

9 BRI RE
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Table.2 The test results of bentonite aggregate density
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Table.3 The test results of aggregates micro-modulus
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Ca 60 479

(4) FEMRIKAIZAK /1

SR HR R AN R R A RE P B 5 1A PR o P
A, MRS 0.01 glom®s KAV & &K%,
MEHREEEY 0.01%. ARG FIKACTEEE S & PR I RTRE
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Table.4 Test results of aggregate swelling pressure

(300

FHE T biY)-3 WREE O RKE K I
Byt (°C) (g/em?) IKF (MPa)
Na 20 2.35 12.97% 23.6
Na 40 2.35 13.02% 22.7
Na 60 2.35 13.08% 22.0
Ca 20 2.32 14.23% 31.8
Ca 40 2.31 14.32% 29.9
Ca 60 2.31 14.33% 28.9
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4.1 FEEXFE KL Bk D RIS

W11 AR AR ORI R 1 2 2 BN B A5
R, BRI A AR S o AN TR 25 B AR
PRHE K 3R R TR 25 R 5 R0 45 R L 11/ T
Mg FRW, g LT3 R, KA 7k
K, SRS RS, AETHE (1.6 gem’.
1.7 g/lem3, 1.8 glem®) 50N, BNEERZIE LK
&S5RIy 42 MPa. 5.3 MPa f1 7.%MPa, &L T
RIGEER, RERN 11%~13%; A5FEW 0 T K /)
FRISE 55 519 5.2 MPa. 6.2, MPa KI\8.4 MPa, [FFE
BAR TiE0 S R, RERR 1%=14%.
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Fig.11 Prediction and test results for swelling pressure of
compacted bentonite with diffetent dry.densities (a, Na-bentonite;

b, Ca<bentonite)
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R K P 45 343 B4 6.2 MPay 6.0 MPa Al
59/MPa, [FIFEIRMETRIGLER, REFN 12%~14%.
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