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ABSTRACT
Received: February 11, 2022 Currently, the design reference temperature of the buffer material for disposing of high-level
Revised: February 17, 2022 radioactive waste is less than 100°C, so if the heat dissipation capacity of the buffer material is

improved, the spacings of the disposal tunnel and the deposition hole in the repository can be
reduced. First of all, this study tries to analyze the criteria for thermal-hydraulic-mechanical
performance of the buffer materials and to investigate the researches regarding the enhanced
buffer materials with improved thermal conductivity. First, the thermal conductivity should be
as high as possible and is affected by dry density, water content, temperature, mineral
composition, and bentonite type. the organic content of the buffer material can have a
significant effect on the corrosion performance of a canister, so the organic content should be
low. In addition, hydraulic conductivity of the buffer material should be less than that of
near-field rock and swelling pressure should be appropriate for buffer materials to function
properly. For the development of enhanced buffer materials, additives such as sand, graphite,
and graphite oxide are typically used, and a thermal conductivity can be greatly improved with
a very small amount of graphite addition compared to sand.
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SOPAHIH O] SRp=M, IV e AR89t TAIMRE A2 A A I A7 1=l sk
B ES A4RNZ M Aolro] H-a APdetal SE0] - E-E Hlola= SR8 A TS it ek e Alls Tt ook
S e 7t Hotol E gt opel, R3S Foll TAIUNR HE-871 Alelo] B(gap)= MK 8717 F22l0]A] ¢4A| A
= QLo HEUO|EZL7 IO
2 e 50| Qth(Posiva, 2012, Maanoja et al., 2021). SFATH
= HEUO | ERRE S /S 749 G, e Bad Faol M v Bt ol 7] whzel] G5 A
7|HA A SR ot BEAS 2 d -] - ek 0 & Rt 1S IEUe | Eof| tigt (-7t B a5ttt

55| 4] AL LT} =0 W AEE7| 2HE U= Fo| A AAtE o] AR Hd 3 HS EY e Ao=E At
H} 1O ™(Kim et al., 2021), o]2{3t ¢ H24e] §2] HAS SYU 4= e v eofuziel go| o1& HZAo] 22 7oA =
s HEYO|Ed| tet A B4olgial & 4~ ot = xtE A (Korea Atomic Energy Research Institute,
KAERI) oA = G821 22 AAIE Aol =il Aloh= AF8S-d = o] S W ol wet AN R A ZA| AR AlQt
off srom, o= A= Bl 7H4 40 m, 3 7H4 7.5 mZ o|FX P A 71 HRAIARIQ] KRS (Improved Korean
Reference Disposal System) S A|QFSHH} QI Lee et al., 2020). 17 |5 HIEUO|E 28 A| & Ed 714 W F 7HAS Kt &
A 4= Qlom, olof whet K2 THA] o] whE K2 e X sirfje} oA 1A B8 Ak 7Fsd A 0= oy dHr.

b, UjolA] A=A e A2 A BA ool 17157 Al o] skl o 4= Sk 2 AellM=
75 SEA TS IR A AFEN A A Hok d G-4-8]- A5t JE 7SI E Gotial, o] T e Ae] G

Hs,

et e A7-EvES Tt GRS A 5 e s HEHCIE 7 1ode] tisf Aloke stz ik,

¢

c

2, AE7le| EUEE

A0 FAE = A A 7|5 255 Aok Tl JloiA 7Y 87t 54 T SholtYoon et al., 2021). 28
7|2 FE s IEAPIEZ 1E2] 5 G2 100°C ode] a2 0 24 o] 2 QIgt 2287 H FFAS] 71t ¢
ZA0] 22 sk WS W5l Ql5) B d-e F ohito 2 & AXAA 2R 8719} EA| o] L7t WA ATl
Z1& "lolof RItH(Cho, 2019). EA9] T3 2RI HIEWC|EZ} 1120 Ofaf Urto]ER} Hl= /dat I §Fat 5710 k&
Hel| gt G2 H1A A7 7 ok @8 WAIsH | fsl Zivketet A9dl 1217 d2ofa= 2k A7 255 100°C
o|5}= X 11 Jth(Johnson et al., 1994, SKBF/KBS, 1983, PNC, 1992). Cho et al.(1997)°] k2 A -2 %55 100°C ©[5}=
25171 oAt FRAEE7ELO0 W/ K) oFdo] Hlojopsh= 2 0= B 1ghHt Qirk. 9b5A0] @& = ofefieh 2 Q1A=
of| ool g HA Hrt.

2.1 4=U=0f| E EH=E

Fig. 19|42} o] HiELo|E 5580] Q= AXT T 5208 S7I5he 82 HIth(Tang et al., 2008a, Xu et al.,
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2019, Liu et al., 2007, Madsen, 1998). DERE7He25-8 Fo5o0] W Qo) el Afolol] B7150] 247] whio] Q1 7+ &
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Fig. 1. Thermal conductivity of bentonites with dry density: (a) water content of 7%, (b) water content of 14.5%

HELo|E 25Al= FIELO|ES 5oto] 55 FHI= Al2tste] 2i-goll Ax[sHA ot £ FHIo] &5 AR Al £59]
S/ HAES WRIGE ] fof ol AF o] 4R Tlo ], gpH]o] wet MIE U |E £50] dAEErL kA Hok 3= Y]
F7H57] tiAl E= AAA = 371 ot GAE T2 S5 Sl HiELo|EC] 4
A MIELo| EZ} w5t r]o] QI2p7]2] o] Aol sz Ba do| YRS Fofl U< & HAgE,

wbA gpalof mhE HIEUe|E 2b5Afo] Gkt /407 TS tiofRt g7 -3l vt 9lom, e RIELolE 55
o] A= H T F 24t0] 7152 5] SlolA = HIELOE Q] 9RpH]7E 2|4 15%+= FlojoF grtal B a1 v QIti(Juvankoski,
2013, Tkonen and Raiko, 2012). T3t Tang et al.(2008a)= HIELO|E AJHO] A7} gH] 9,.1~11.7% ol = 2 2}
O]F HOoJA] 3oLt 18% U wi= &g 2o & RS AP A 0 2 "l HE 910, Xu et al.(2019)2 ESHE7T2F90%°] tHt

£ U7 IEYe|E A GALE7 Aol 7PEA S7 ke 7d3ke Hlrkal B rgt v Qick
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7102 AxUn 9 okpH]of thE Gk HekE mefstr| Q1o Fig. 22F o] 71& £ A+ A8H5(Xu et al., 2019, Liu
etal., 2007, Madsen, 1998, Lee et al., 2016, Li et al., 2019)2 &7 =AY, Fig. 2a0f|A4] Ho
7ol HIEUO|E Fol wi} ok o] whe AT 7t oEA veh=d|, o= ZHHlEve
™(Table 1), ZAZUE 1.5~1.8 glem oA s o] SA7E Ax ot FE 24
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Fig. 2. Thermal conductivity of bentonites with water content: (a) measured value of the thermal conductivity, (b) normalized
thermal conductivity (rd:dry density, g/cm?)
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Table 1. Composition ratio of minerals in bentonites in Fig. 2

Bentonites
Composition of minerals GMZ07 (Nah), MX80 (Na"), Kyeongju 1-4,
Xu et al. (2019) Xu et al. (2019) Lee et al. (2016)
Montmorillonite 62% 77% 70%
Quartz (A =7.69 W/mK) 10% 7% 1%
Cristobalite (A =6.15 W/mK) 6% 5%
Feldspar (A =1.96 W/mK) 11% 6% 29%

2.3 250|| ME BT

2o g HIELo|E O] AT & of Pheisto] vt A7 IaiE vt glom, 2k S/ Al IEUC|ES] QML w7t 57t
stal, Eo] g7 25 250 uet @HE T SV ZAdde] 2 YepAti B EQIThXu et al., 2019, Lee et al., 2016,
Yoon et al., 2021). €3] Yoon et al.(2021)225°CollA 80-90°C7IA] &%7} 27 e u, HlE o] E o] AHE = gkpH] b X
0] ko= X4 5%0fA 2|t 20%7H] 57 k& Hargt HE Qe HIE U] E O] Hsfdo] Fof| ot & £9] o]o] S7lst
Al = o g AR77} ol 23 Fof] AW o Go AR S| Mk wl=t, %72 | W Ao o] 22 ¢lo] 2]
A A= FAEE ERF SIS Hoh TR 7L 25 a2 AL Qe Aol -8-llo] Ax[sl= Hlgo] 7] wie] &
Lol g FHEE 7P IE A UEidt oiel FIEUe|E 3Ro] F1EE o] Q] ok ¢ 257 -2eittol weh i EL

O|E W59 o] s &5 o] FAELr} Ash= kel e 4= Qltk(Yoon et al., 2018a).

2.4 22290 e BH=T

HELo|E IHOﬂ% TR gEo] 28] glom, FaE Gyt vEr| wiie] 23H FE 5 2 el e fEL

20| W2, o] AHEET}7.69 WmK 2 ThE FEtH] 2 gk Lehio, u}
mefjo] FAE Tt 50 AL T HTh A UERdTh AR & Lol o A9 Hlgo] &) dHk
M Qe] o] S7FEE ARt B = Uehdtls A 237t Itk Tarnawski et al., 2009).
FRFLREA o = 2 178 9 2 278l A At vl Zo] ARUE 2 97 B 52 79 AT T A UERARE 3
z/de) 2pol= Qlsf] o2t UuFAIQl ekt the Avpt & 4t QI Tang and Cui(2010)+= 2R RO E 9ki=ko] ZH2}
79.23% 2 75%<1 MX80a HIELIO|EQ} MX80b HIELIO|ES tjAlo & glpa]of he GAL w2 245to] v wsliey), o
ZeH]7} LRS- MX 802 HIELIOE(8.4% D 17.4%)7F oHH|7H B =2 MX80b FIELIOE(9.0% 2 17.9%)Er} o £ dHE
= UERd S RIselrt 571 H o =9] AHEErtH 7] o] gt o 2 FUst Aot o Ak
7+ o] = A JERR]EE 919] 73 Rt = 9RrR 1t B Aol Etetal ATt B = UERITE of= A9 flde] MX80a
o 5 go] Z3tElo] Q7] wflizelH, o]of o] & 2/ Aot AL ol 2 kS nlE 4= 332 =1 4= QU Fig. 2a0lA
T HRPR| =, EEELEMCEE AL HEWO|E 14 335 5 AL L7202 W2 734 (Feldspar) 9] &go] th 4l
EUolEoA R} =2 S-S X}A]5H= Kyeongju 2 (Table 1)9] G-k ert -2 2719] thE HIE U | EQ] Gk T W} ATy
2 o= v Uedg= o o Atk
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Table 2. Composition ratio of minerals in bentonites (Lee et al., 2021)

Bentonites
Composition of minerals GMZ07 (Na"), MX80 (Na"), KJ (Ca™), FEBEX (Ca™),
Xuet al. (2019) Xu et al. (2019) Yoon et al. (2018b) Villar (2004)
Montmorillonite 62% 77% 63% 92%
Quartz ( A=7.69 W/mK) 10% 7% 4.9% 2%
Cristobalite (A =6.15 W/mK) 6% 5% 3% 2%
Feldspar (A =1.96 W/mK) 11% 6% 25.6% (Cristobalite/Feldspar)

2. 5HIELIOIE R e BH=E

HELO|E= AHFA 0 2 w5 Jol20] FFol whet Ca-HIELO |EQF Na-FIEHo|[ER 72 4= 3loH, HIEUo|E Fi
of whe} At ot FRbe s 21 o= ARA QI Table 2 9 Fig. 304 Hol=Hieh o] et 25, U, ZolteofA
GMZ07 HIEHOIE(Xu et al., 2019)2} KJ HIELO|E(Yoon et al., 2018b)E A EH H|5=9 ZRtd 2110 E(Montmorillonite)
el T o 321 A Fe AR EZFGMZ07Y 28] oV Bo] fhfEe] akgellE KIo] dAE T 25 H

T hES o, B BAP} Ca-ER D2 o]|E Hr}Na-ER IR Uo|E ¢} Alo|2 X7 |7} B $-Ysit). wehi] Na-BRda
HolEZ} Ca-tR 2| ERT B B2 & 225 AP Aolof] & 4 glom 2 Ha ¢to]l Ca-ZRERUC|ES] Q2 47}
Na-fR HZ2 o] E 0] {2} T} v B B G T w7t 22 2o o] Hol 3k Na-2R R Ho |EQ] GAEEr} B WA
S YT 5= Atk(Lee et al., 2021).

olE 0] Ca-fIEHOEQI FEBEX HIEUC|E(Villar, 2004)+= <2 Ca-HIEEHO|EQI KJHTH A Y, | AEHEIO|E, 214
(Feldspar) 2] ghfgo] d415] WAT Ca-ERd 2L o] E0] glafo] KyHrt 9F29% t B7| mfRo] Fdet 2k, AxUE 7|1
I3 Zof|A GAEETHKISH 9] Bl ge UEhA] fct b @HEt Sk e Al AR ed 2 3 A
=0]7] floii= Ca-HIEUO|EZ | Na-HlE Lo E H T Foba] {iE o] obgAlj= A v Aglsirtal e,

14
: KJ FEBEX
=12 | B Na I" ™
E ®Ca GMZ07
g -
=z
S 08 MX80
b+
=
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Fig. 3. Thermal conductivity with bentonite types (rd: dry density, Sr: saturation) (Lee et al., 2021)
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3. &432le] 7712 &

HEUO|ES] &4 2lof f7]E S Aefsfof ettt iEue]Ed Sl= f7la2 1Pzl
Q1.9 ™H(Oscarson et al., 1986, Pedersen, 2000, Moser et al., 2003), B = 2180 o5l o1=
V2 FAES A 2 ol S5] IEUO|EoflA] U2 BallEl FotE-2 At egollA] s &a Eal b A-87] &
Hol eElE BAA7]7] wRo] AE-87]0f Fa9t FFE 7|FItK(Stroes-Gascoyne and West, 1997, Stroes-Gascoyne and
Hamon, 2008, Stroes-Gascoyne et al., 2011). T2k AE(SKBF/KBS, 1983)2} ZHutlJohnson et al., 1994)oll4= A1
e 7= 0.5% PI9Ee & vEstal Qi

EF 7 1ES AT = nAE A 208 A Al wadRh o] Sl A o= delA it kAol AxdE
7}1.45 g/em’ oVgolA= GREA 0 2 Sz 7io] opd MlE Lo | EoA HTt 57|59 A 7Fs-do] AskA HrtJalique et al.,
2016, Jenni et al.,2019).

SEATE H= S0 MEUo | Ex HiE|2jo 7 F AR 4 Sl SR ol A dieejo AR o Sl ARE 7R Q7] 4L, A
ZUE 1.45 glem’ = TPIE AAES Aol o] SA] Btk S 23T A HE iFHUsman and Simpson, 2021).
Jalique et al.(2016) 9] G-l w2 AEA 0] AZXUET} 1.6 glem’ o] ZAAA = rEE S S5 AL = Y= A
o= defA ek whEpa] Aok v E] S Al ] Yl AXUEES 1.6 glem® V02 U5 BE-S AlRtoh=
Zo] eFAg A o =2 ek

=2
5
1]
%
=
i
(o
o)
IEURTED
—l> ;é

e

4, 2A22lo| £2|HET

A5 A= AE-8719t Alsl-2] &S 2|t Ahdste] AE-8719] FALS WA[skal Z[slr29] siE-{E-& Holok o7 wit
of| e = A 7iiell 83 @ Aotk A PR s AU T SV 6 HAsk= 21 0 & UelA §lom, o]
of A tieket A9l A AEo] dx]o] gt s AXUET} 1.6 g/em’ol|A] 1.8 g/em’ 2 ST oIS w2t 1.4 g/em’]]
1.6 glem’ 2 27151992 W, BT St Ao A el A= T} 108 oA} A4Stk Cho et al., 1999, Park et al., 2021). &
SFCho et al.(1999)2 5T A 2L7F20°CollA 80°C R F715199-S w, S5A]o] el = of 2] 717lo] £71ekS
HeMFglom, o5 Fofl 2 F7H A et Bt SIS & 4= itk

AN PR = 2]6k0] S50| AN AFAR ok e 7] ol ZAURTE T A7 oo oF
Ash, P 7t =2 79 AT Alskro] ol ol WA o Qlek. ol m At WA A JFH X[5lpo] S50] AR/
(tractive force)ol] &3t ol ERMANE-E HloluA| EH 2h5Al0] 2 Ao] EA Ie Qlet. wheba] o] Fa/d Al o RE Tdsk=
710] %Q35PH, Gillham and Cherry(1982)= =274 l(Hydraulic gradient)”} 1020]1L 5-=50] 0.35¢1 73-¢, olFdAto] A|Hj
202 VR = Q= SR o] 107 m/s oS Bareh vt 9k

A A Ul eV A oAl ] I AR ER 1.6 g/em’E AlRMeI O H, ol A olA o] 2] Ak =4 x 107
m/s 02 HE|JTHCho et al., 1999). = ol F/do] BE 4= = FeldE e Het 27| wfliZo] of2] FIRIAE I HfeldS
off, ZFAA] 25k9] ol F e = w4 QA ek SRR Aol w-F o] A7 | AU ZAIRL A Ate]9] Bl Fte] Sl
78, AL glo] S7ksle] ol R @ A o & IRt Ao M o Qi

A

1% ;0
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wabA] 7} 713 8 BRlolA] ANIek Qs 9 S A I 7128 Table 37} ek 1997 AESE 201713717) 9710] 4=
L 7] 1072 mys EEF 2R 210 2 vl1K] 91 -G A] R Gl 21 o 4 9Lom], ofis TAelute] thae] mhe AR glut
o] 2R} BE 10™ mjs 0140 2 LefLE7] HHR0IcKCho et al., 1997). TehA] 415 ohite] el & 27o] S0l
of sfol, 27 gho] 10" 2m/s B2 A9 95A SeRIE 7)% EEH 2AgM] SeliE e Rk e gron A5d e
7} olet

Table 3. Hydraulic conductivity criteria of buffer materials

Country (Organization) Criterion (m/s) References
Sweden (SKB) <10 SKB (2004)
Sweden (SKB) <10 SKB (2007)
Sweden (SKB) <10 Karnland (2010)

Posiva and SKB <10™ Posiva SKB (2017)
Sweden (SKI) <10 Apted et al. (2005)
Korea Republic (KAERI) <10™ Cho et al. (1997)

5. #3A2| Wae

™ T ekEAfe} gl Qli= TAIRI} 8715 &A1 4= qirk
wba] RS0 Bad2 2HE O] 715l Bk vIRl= 87 dA 4o, AF A Al 7T sl et X4 R 1o
ZARIE AE-87] @ TALRLO] 5 e 7RIS A 0 2 127] 913k(self-sealing) X4~ B3 1.0 MPa, -8
£ HdA o &2 22557 91t 2|4 W& 0.2 MPa, 18|11 ABESH 55 27| Qlolikl= £1422.0 MPa2] B-g<te] B ast
THSKB, 2007). ZA2] B89t 712 AR89 A 3t 2 2174 ol whet o2 A = Aol g AT A
Z/dol| whe} Aliz]A] Flt.

Table 4= 7} 7|¥ 9 2512 5ol ZARE A B2} 7= ol 7ivhete] 749 AE-8719] elebe A i de 1r
slo] A B9t 7158 2.5 MPa 1|RHO & 1#5}1 QTR Cho et al., 1997). SKB(2004)E 17 AJo]| wh2 H, 2H=7)|0] B.g<F
2 2|4 1 MPaXtt 7ol ZAE]o] gloLy, SKB2] 20104 HuAjof wh2rH T8k |4 2 MPaX Tt 7{of giral H s}
%CH(Karnland, 2010). Posiva SKB(2017)HalAof| wh= 1, b4 -39} 71552 £]4 3 MPakith 7jofks|al #{d] 10 MPakitt
Zlojofgittal ZA|xo] §let. o]} o] 2|4 Rt 7|Fo] Wkt 22 A2feta] A7t 5714 0 & Zlsdo] wet = 71
o] Z-g=]3)7] wlZolct. o Haslt Tshse SEAe] Fad2 ARUETT 71l whet S sk ko] vrehb 2.1
g/m’ ] A& 0] 7 57-58 MPa2] H-2fo] e | $Hl(Westsik et al., 1981). Pt B-a9to] 288 ¢ 48]

51 A-20] ool A1Zket sk u) 2 glek
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Table 4. Swelling criteria of buffer materials

Country (Organization) Minimum swelling pressure (MPa) ~ Maximum swelling pressure (MPa) References
Sweden (SKB) Larger than 1 SKB (2004)
Sweden (SKB) 2 - SKB (2007)
Sweden (SKB) Larger than 2 - Karnland (2010)

Posiva and SKB Larger than 3 Less than 10 Posiva SKB (2017)
Sweden (SKI) Larger than 1 - Apted et al. (2005)
Canada - 2.5 Johnson et al. (1994)
Korea Republic (KAERI) - 20 Cho et al. (1997)

HELo| E o] gt PHA% 72 mechanism)& o7 | gt tjafet 17t paiE]o] Lo m, 43} HFS{hydration) Al 278
T} 2h4} o5 Diffuse double layer, DDL) 2] 3-8 742 Fof a0 TAfol= 71 &2 defA] QIti(Chen et al., 2019b, Fig. 4).
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3 —4719] 5 FA4S E36H DDL e o] Eisk= 710 2 B 37 QItK Laird, 1996, Yong, 1999, Liu, 2013). -2 AL

=

3
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Fig. 4. lllustration of the swelling process and microstructural evolution of compacted bentonite under constant-volume conditions
(reproduced from the work of Zhu et al. (2013) with some modifications) (Chen et al., 2019b)
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Table 5. Specification of the GMZ01 bentonite specimen (Wen, 2006, Chen et al, 2017)

Soil properties Description
Specific gravity 2.71
Consistency limit
Liquid limit (%) 276
Plastic limit (%) 37
Plasticity index (%) 239
PH 8.68-9.86
Total specific surface area (m*/g) 597
Cation exchange capacity (mmol/100g) 77.3
Main exchanged cation (mmol/100g)
-Na' 43.36
- Ca™* 29.14
- Mg 12.33
K 2.51
Main minerals
- Montmorillonite (%) 75.4
- Quartz (%) 11.7
- Cristobalite (%) 7.3
- Feldspar (%) 43
- Kaolinite (%) 0.8

Table 6. Specification of the natural quartz sand (Chen et al., 2017)

Contents Description
Source Commercially available
Specific gravity 2.65
Particle size 0.2 to 0.8 mm (D7=0.5 mm)
Main components Si0O, (99.45% by mass)

TUNNEL & UNDERGROUND SPACE Vol. 32, No. 1, 2022



70 ¢ Gi-Jun Lee, Seok Yoon, Taechyun Kim, and Jin-Seop Kim

Table 7. Specification of the granite powder (Chen et al., 2017)

Contents Description
Source Host rock in Beishan, Gansu, China
Specific gravity 2.75
Average unconfined compressive strength (MPa) 161.5 (Chen et al., 2014)
Main minerals
- Plagioclase (%) 52
- Quartz (%) 17
- Alkali feldspar (%) 15
- Black mica (%) 12
- Albite (%) 3
14
i0fF 0O 0 Pure bentonite (TO) B Pure bentonite (T
©  Bentonite-granite (BG) r ® Bentonile-granite (BG)
A Bentonite-sand (BS) . A  Bentonile-sand (BS)
12 |
s 8r a -
= £ o
Z 6L 2 10 -
=16 g 1.0 i e
= )
= ’ 2 » .
] ™ = e
; 4 -] E.—"' -"-‘ .,
= = 0.8 | i~
= Y- 2 _ .
= " N i k-
2k e -0
., 06 -
o
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Additive content (%) Additive content (%)
(@ (b)

Fig. 5. Swelling strain (a) and swelling pressure (b) of bentonite-additive mixtures with additive contents (Chen et al., 2017)
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Table 8. Specification of the Na-bentonite specimen (Shariatmadari and Saeidijam, 2012)

Soil characteristics

Definition
Source Iran Barite
XRD analysis Montmorillonite, quartz, calcite
Soil classification CH
Liquid limit (%) 321
Plasticity index (%o) 285
¥ ¢ max (g/cm’) 1.51
Optimum water content (%o) 24
CEC (cmol/ kg soil) 68.5
Gs 2.78
pH (1:10 soil:water) 9.5
SSA (m%/g) 420

Table 9. Specification of the silica sand (Shariatmadari and Saeidijam, 2012)

Soil characteristics Definition
Angularity Sub-angular
Uniformity Poor graded

Gs 2.66
Dso (mm) 0.3
Table 10. Specification of the bentonite-sand mixture (Shariatmadari and Saeidijam, 2012)
Soil characteristics Definition

Liquid limit (%) 290

Plasticity index (%) 255
¥ 4 max (g/em’) 1.78
Optimum water content (%) 21.5

Swelling (mm)

0.01 0l T 10 100 1000 10000

Fig. 6. The swelling of sample in oedometer at 15 kPa and different temperatures (Shariatmadari and Saeidijam, 2012)
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10 100 1000 10000
log p' (kPa)

Fig. 7. The variation of normalized void ratio versus compressive stress at different temperatures (e: void ratio, eo: initial void
ratio, p: loading pressure) (Shariatmadari and Saeidijam, 2012)
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