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Abstract: The shrinkage characteristics of buffer-backfilling materials play an important role in the security and stability of the
high-level radioactive waste geological disposal system. COx argillite is considered as a kind of potential buffer-backfilling
materials in France. In this investigation, both the initially saturated compacted COx specimens and the paste-like COx
specimens are prepared and subjected to different test methods to study their volumetric shrinkage behaviours. For the
compacted specimens, it is found that the volumetric shrinkage deformation is significantly influenced by the initial dry density;
the shrinkage limit, shrinkage efficiency and shrinkage strain decrease with the increasing dry density; in addition, it is observed
that the shrinkage direction of specimens shows obvious anisotropism. For example, at low degree of compaction, the radial
shrinkage strain is higher than axial shrinkage strain, and the shrinkage geometry factor is larger than 3; however, the contrary
results are obtained at high degree of compaction. For the paste-like specimens, three shrinkage stages can be distinguished:
normal shrinkage, residual shrinkage and zero shrinkage; most of the volume shrinkage deformation occurs before the air-entry
point while the soil is still fully saturated. A group of four general shrinkage models are employed to fit the shrinkage curve of
the paste-like specimens. The results show that the G & C model can get the highest performance for the present soil.
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Fig. 1 Grain size distribution curve of crushed COx argillite
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Table 1 Initial parameters of each test programme
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Fig. 2 Desiccation cracks initiated on surface of paste-like COx

(b) —{RfLmAnES

specimen during drying

(1) Werih 42 - AR B 32

VAAARAR B B fe st Head Y, BILEH It
FEIR AL E BB, AR ] B K P ) J 345 3]
AT S L 207 R ARE B TR AR /N
AWRARIIRS], BATZ0&E . T H N E LS RA
ZRFET AR RBR I sem, (RERB R B A ERE
P, 50 20 R S R 2 AR S

W EVF 2 EHAERHEREREN 2K T A
(R, W, Al FRERUKAR R, i
TN R A BRI, XY BERN
BB, RHALS SR A A SRR 2R . A%
FRRUR R A B e, AR5 FHIR A K
AT AARI RS, A SCR A T R RR I 5 A
WA EINVE N B A, 48 Kerdane. iRERiT, %F
[E B — s IR AN SO 1 4 A PATFE A & B — AN/
Pe, B Kerdane H1, HRAIFZAAfE P &2 K&
Kerdane (%R, THE I LB, SREH L
LB T 105 CHEAR 15, 1T Kerdane HIMA RUBUIR,
WA 65°C, Pk tEhaRme A #R AR Kerdane BETE
HET I R b 58 A RRE T AN S W IR Y T B A B K



57 W

JERIE, SRR AL B R o 1R R Y AL 1195

AR MR LE T E, AR COx BRI,
AT R AEZ S KR PRI AL EE . A
PR, EAFR ZIEN 60 ZAN /N HukAT 7l
W R TR R AL R AR AR . R T
PR E 5 ST VR AN ) I A AT 226 5k [14, 15].
(2) B - B PR B R
T B bR B W R AR S bR b e S o A1
B e CiliepD Ueg A (R fedi. R
PRARRVE S RE IR AT S e il 2, H TGk S it
FEAENCAR AR P (10 %5 1) S PR ARe A, BT YR8 g RIS [ S 4
arEARARR WS A T L E . K2 (a) FEN, ik
AR BRI R AR s S5 IR, R 2
D B S T ARRRAE TR Hh R A O e US4
N, AT T R R
R =2 100% 1)
A

o, A FIT Ay 23 AR B THAR AR ) 46 = T
o HTASTHH TR SRR, TRERER
MR oe e B R FE R (2.87 mm), (% ZLM FRE %,
R VT, W Ry MIWER R LR 5[] T
PR P W i 8%

NI CAE 2 9, TR 2E R A U A B
RIRTF Ry I B/ 2 () AT (EALALEE,
i 2 (b) FrafBEaE A WE 2 (b ATLLE
H, BEOGRARER, AtGERELH; Rek
K 2 (b) S ANBREHIT IR EIE AR S
CIASHS ™, (A 45 1 S R AN B ST AR, A
T 3RAR AR K TR MR 5 S AR I Ee ) Reeo 75
BRI, AN SC RN TS RS WU R i 2L FR T
AT 17 50 Hr o

4 WEWHERSTHL
4.1 ESSIHAERTIRUHEYFE

FET B RE, A RS — € I R 5 Sl
M R ELAR, MRIEN (2) ~ (4, 25 ERARER)
BhE) S AR FAETRIG N A &0 & s, BEATSX RS
KRR AZWE 3 Fros, HAE 3 (a) ~ (o) XM
JESSRAE A, B3 (D) ~ (F) XFRESREF B,

ME BRI, PR SRR B AR B AR s
AEHSAL: FETRRAII, Wi A I 25 /K R s/ &2
2Rk, A e N AR N ) - BE L SR ITaG
TRUE, AHBESKERMEL. F-%0, KT
T 243 s AR S I 155 7K 3 SCNEERR ws, AARIKFEE
TR R AR 1B AR R N AR K
HRENE R R BOIT R B R E SOV R A, E

B T R REE T R RS A 2K Z AR P
1. B 3 () A1 (D) MOMRBULGERAET 1, i
78 LRI B 10 34 P AU B 240 9 KK AL 209~
80%, AR TE LI R B M R A i i
BB

g, = M =h 100% , (2)
h

g =39 100 3)
dO

sz_vme6, 4

3, ho R h 23 B AR (14 2 v B AN R v 5
I ZN R RE S do AT d 3 ANIRFE IR 4 B AT At
TR B 2R EAR, Vo ATV 43 5N IR RR AR
T pg R R A B 2 AR AR

X B 3 H s A R e R — 20 b, 153145
SHARPERT BLIIARBR wes Rl USCAE REL A, « R RIRAE R
KA, BURGE REOA,  BCHAAE AR gy B0
12 1) WL AR i N B AR AR B R 5, TR 2 PTG 6
MR EEE AT LUE H, ol SRR A I6 2 B,
GBR YSL4i ZR BRI AR A% 24t 4 s 23 FEE (1) 14 i
PN o LI EARFULAE AR &0 ], MWIUET 25 BE M
1.4 glem® 84403 2.0 glem® I, &6 FHN T 86%. M
R2HIETTUE Y, MTHEAE 1.4 ~1.8 glom® Ju [
ARG, AR MU AE R TR s R4 2 Uk
g8 N A v TR U AR N A, TS TR A E) 2.0
glem® iF, IS IEBFAR 2 o IR ST R UL 0T T HIAA 1
AR SEIRFEM S, AR A7 E B B % ) e 1k
H W06 RSB R . fEARE S B4, Ay
IKEEARAY G T (A2 O R F Rl g US4, A% e xof
PRFRIAR AR T (A DTR O Tl 04 . 2B A IX T
R LT A MRFEA G O RS &M- S EOAREY
MG R & ) 5 @ F Mg R v K 43 78 R 5 B
JIR RIS s @URE K /- IE R A Bk A%
55 s @R AR e B R SE 8. (IR BE (R 3R
HARTE T 20 TAEPATIONE . BT RSCE, e
A 2 AR SR v 3 S B RE US4 (1) % 1) S P TR 2 3%
WG R SE B K MR, WIAG & Kbk, 12 e
Xof 5 AR AR IS A 1) DT RR R K

I ESGREE A F B A4, FEAHRI )G
TR N, 5 & DU G R S KT
DL AR ARG A s N, AHTRE T2 E R 1.4,
1.6, 1.8, 2.0 glem® i, EIZIKE B e 205 HL RS2
EE A B 13.9%, 13.4%, 52.5%, 63.3%. X iiHH:
[F] — AR RIEFER] 46 e SRS AH R 26 T, A E



1196

Ly

o
Es)

+ I B % #

2012 4

IR IR T B BN R A RS 45 S o IRAERIE T RFIRRIRE I IR S A R RN EE #9 . 71 Chertkov™)

10, 10~ 24-
‘ o 81, pe14 glen?® o 81, p=l4 glem’ atf.aoog o 81, p=l4glom®
o $2. pml6 piem® pOC Qoo o 82, Ae=l6 glend ! 7 o §2. M=16 glem®
B} ROB-m-80R-- 3 | > 20- =] h 8
of e A 83, Pgel.8 glom [ B 453, elByon 'y & $3, p=18giom’
=: ‘ ' '1~ v S4, AE20 _u.'cm3 gi w84, P20 _v,."nn" =: 165 'DQ v 54, 2.0 g"cm’
6( 6t © 0:‘( 6t Lt 4:4 @0o0oe C~a
8 | ' o E3] 00003 2 312 'J\:’ o
8§ 4| c000oy RN\~ &4 % \t,, & % Ai&ﬁ,
& ‘ |0 By = % AN% £ gt @
g | R b E ) a oy A A A 8, %
= 2:)_ ' ‘i\n A ® 2. 4;4\[_;_/.‘::\ o, N * 1 uu.uu.‘é. ey :‘r;
i SALL Ay o, ‘)'C' e ? D voww, By T
ST ¥t R, %, , 8 e T T . T
0! e ‘ ST - VO 0 > PRI VT N R S 0 oL AT, S N T
0 S 10 15 20 25 0 3 « 0 5§ 10 15 20 25 30 35 40 0 S 10 15 20 25 30 35 4
ﬁ‘ﬂ(‘\r.“‘.n ﬁ)k‘w,"'u HARF
(a) (b} (c)
10~ 5 12- z 28 2
‘ o S5, psl4 glom o S5, a1l 4 glom a606 o, o S5, pml4 glony
gl © T Gy -taje o S6, P=1.6 _L'.'mx3 1oL 9290 uzuw o 86, A6 gom 24- U‘m o 86, =16 g."cms
2| S a 57, petB i’ A 87, A=18 ;.-.vlm" 2 2 a A 57, 18 gen?
vl oL ¢ S8, Ae20pem® g} m g sg Am20gem’ ST B, v S8, A0 giem®
RS % N % b, g
g“T Yo, ] e B 16t o000 Ll
. 6k . " %oy, -
' : OC! Bun = o0a 57%\ (3] u 12t ‘3:‘ th.
B4 | Yoy b & e D g 3 S IR
Z | ' Do X =4 o~ u R ol sansa '@ “o
& | A4 Y a @l ‘5'“525\. 2 Ca ® °r A e na
2; Py :"—'&g_A_ o o - 2. 2 'k‘ "Ilzq n 4 4 oy “M;.‘ B 5 o
e . O - A L ) .
o Y&, % o, R Ba, B Wi D % %
| B S ‘J"x.. 8 ‘:\:\_;___‘L-}._.) 0 ‘:’[‘7’1‘# {m ‘\3 i N J 0 VQ_»%A \\, .\3 L T
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
ﬂ**w;“o A AR
) (e) o

3 ERidEp TR R

Fig. 3 Shrinkage results of compacted specimens
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Table 2 Shrinkage characteristic parameters of compacted specimens

wEE W YR TEE AR HhE 1217 (YA T 2l 17 B A2 AR
FH S Ngem®)  w% W REA, W REA, WA REA, WA AR e % RN A el % WA 6%
s1 14 135 0.376 0.387 1011 8.07 8.60 23.20
S2 1.6 11.3 0.293 0.298 0.836 4.38 4.90 13.52
IR A o 18 93 0150 0.233 0.586 1.45 2.24 5.82
S4 2.0 62 0131 0.124 0.442 1.08 0.86 2.77
S5 14 1.7 0.351 0.430 1071 8.38 10.39 26.44
JEszikeE B S6 16 8.9  0.298 0.325 0.869 5.09 5.56 15.34
7 18 76 0.246 0.289 0.757 2.68 3.23 8.87
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Table 3 Common shrinkage curve models
BRI A4 R SCHR BRI R IE 5

G fA Giraldez 2 281 e=0.7429¢0, + 0.2306?92 + 0.0267%03

B B

e=eo+g(93—eo+en) (0<0<6,)

B

MM-1 7Y McGarry 42 e=e +0 (0,<0<0.)

e=es+9£(n9€—es+en) (6. <0<86,)
(o}

e
P 22[29] e=g+—mF——
MM-2 7Y McGarry % *1+exp[-8(0-6)]
KRR Kim B0 e =e,exp(-/30) + 0
e=e, 0<0<8,)
N ) e=a,+a0+a,0"+a,6° (0, <0<6,)
551 £2[31]
T&D il Tariq %% e=e,—0,+0 (6, <0<86,)
e=06, +c0+c,0° (6, <0<6y)
J o e=%[(p9+e0+q/(¢9+eu)2—4e[,(1—n)é)] (6<6,)
S=%al
O&H il Olsen & 1 ;
e:A(Q)E[¢6+£+J((p6+5) —4g(1-2)0] (6>6)
e=e,
2
C&C 17 Chertkov 3, Cornelis 2 1281 e=e, +u(0-0,22"  (0,<0<8,)
pS
e=0
G&C i Groenevelt*4;  Cornelis2% % e=8+y [em(;*f)]

H: oNBEHELHIRE, OB EREKE 0, 0, oMo XTI 2 IKBRAE RIS K eg N TIRETR
W IFLBR L e AfLER AR PTR BRI LI EL s e S Al Be b R BL R FLIREL s e Wi K S B MLIRELZ 22 g S it A R
IREE S 00985 s R RFRE KA egllec 3 il A HE S RTRIIR IR RE R FLBR LE s aMIc MR8 14 S A4 2 I R B bk
AN B 1R WA B2 1) 2B il 2R s A9 IR FCAR I B S A A BEZ 1) i 26 i il R s e 5 ERTERETEREOGHY
AH a2 LA SLR DR IR AR RS ORISR p WKINE L p N BRI T3 QO LARIOWER:
MENTIZH



JERIE, SRR AL B R o 1R R Y AL 1199

E ]
12,
R = 0.99603
0L 5 604515 027259
3 # 086808 001124
& 08
]
06 0 RN
—— MM- 2T RS R
04 .
00 02 04 06 08 10 12
HBEAKE 0
(a) MM-2 Hi8S
12~
1ol #=0.98723
| m 237086 £0.02498
s
& 08/
=
06+
0 o o R REE
e —— C&CHAYH fy 2%
04 . . . )
00 02 04 06 08 10 12
BT 6
(c) C&C MR

12-
gl R = 0.98482
. 4 338173 +0.10186
N @ 095916  +0.00661
& 08
=
A
0.6 o e
04 : . v y
00 02 04 06 08 1.0 12
3k g & AR
(b) KR
1.2
10 #=0.99786
i ¥ 204757 002082
gos I 142625  +0.00956
o
0.6
el 0 RREE
2 —— G&CHERU & &k
04 N s s )
00 02 04 06 08 10 12
BB KE 0%
(d) G&CH®

6 #IR COx AR AR AN ISR M A EHEBE B EER
Fig. 6 Measured shrinkage curves of paste-like COx specimens and fitted shrinkage curves using different models
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