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Effects of boundary conditions on swelling behavior of buffer/backfill materials

LI Sheng-jie, TANG Chao-sheng, WANG Dong-wei, CHEN Zhi-guo, SHI Bin
(School of Earth Sciences and Engineering, Nanjing University, Nanjing 210023, China)

Abstract: The swelling behavior of buffer/backfill materials in high-level radioactive waste (HLW) repository is one of the
significant indices evaluating their buffer/backfill properties. Due to the limitations of test apparatus, most of the previous
swelling tests are performed under two simple extreme boundary conditions of constant volume (CV) and constant mean stress
(CMS), which can not effectively reflect the complex stress-strain state in the repository. A new set of multi-boundary
conditions dilatometer is designed to carry out a series of swelling tests under CV, CMS and constant stiffness (CS) boundary
conditions. Based on this custom-made test apparatus, the swelling behavior of GMZ buffer/backfill materials is tested under
complex boundary conditions. The results indicate that the developed test apparatus has the advantages of simple operation and
stable performance, which can effectively stimulate various boundary conditions. The boundary conditions have an important
influence on the ultimate swelling indices of samples. More specifically, the relationship between various boundary conditions
and the corresponding swelling pressure is CV > CS > CMS, and the relationship between these conditions and the
corresponding swelling strain is CMS > CS > CV. The swelling equilibrium limit (SEL) curve can be used as a reference for
predicting the ultimate swelling strain and pressure of soils during hydration under complex boundary conditions. The test
results have certain reference significance for further understanding the swelling behavior and guiding the design of
buffer/backfill materials in HLW repository.
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Fig. 1 Several boundary conditions during soil swelling tests
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Fig. 2 Schematic view of different infiltration boundary conditions

in HLW repository
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Fig. 3 Schematic view of oedometer cell
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Fig. 4 Schematic view of multi-boundary condition dilatometer
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Fig. 5 Schematic view of test apparatus under different boundary

(b) ERIABFEME (o) RUFRIBEDRHKM

conditions
1.3 #BERE

CLIT & 22 300 F 26 AF 1 G2/ ml AL RHZ K 6l 56
B, S BB 210 AR A AR ) B AR 3 7 i

(D K8 R B S5 PO R 6 L, FFmfk
Jis 0 A JEts 5 ] 5 STl i ZE AR Ak o

(2) R Prs il S5, RBAGERHATRA R (&
5), WHEARRRSEAT R & B E A Rt AR 5%
WIRFE L 3 E, B2 RIAFARATR: etk
I 300 P4 AEAR A LA TE, AR BAT I 2 o

(3) FEIB LT P f L Sk Im X B R AT i
P, IR S AR G 5 AR AL AR R AT Je, 70T
UK, SRR .

(4) [aEgEACEK, TR IR .

2 REHRE T
2.1 RIEHRE
A I H ) A A E N 52 IGMZIEE



% 4 3]

B, 55 2R T Gt/ BSEARL K A 1 703

" CLAAH E [ R TR WU 5T A B ) R v
MR RN HRFEKN8.5%, BN VIR N
A (75.4%), FEAEF WA AYE. T, KA.
Ho B, 15 HARSE s/ Bl A BHITMX-80. FEBEX
FIKunigel-V 1 LA Yo Fm224, IR B Ry
BT GMZIAE LAY B 2L BT, R TR
=1 GMZ FiEL A AR F R
Table 1 Basic physical and chemical characteristics of GMZ01
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Table 2 Specific parameters of samples
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Fig. 6 Variation of swelling indices with hydration time during S1

phase
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Fig. 7 Variation of void ratio with vertical stress during S1 phase
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