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Pestome. Crarmsita npencraBs ONpelesiHE Ha SKOCTHHM IIOKa3aTeld Ha 3a3lpaBeH C
MOPTIaHALMMEHT Jboc OT paiiona Ha AEI[ ,,Kosznmomyi” m Ha mromanka ,,Panmana” BbB
Bpb3Ka C W3TpaxaaHeTo Ha HalMoOHANHOTO XpaHWIMINE 33 paJHOAKTHBHHU OTIAIBIN.
JlocerantHuTte n3cineBaHus JOKa3BaT, Y€ TO3M JIbOC MOXKE Jla CE 3a3/]paBsBa C MaJIK/ KONUYECTBA
HNOPTIAHALMMEHT 1Tof (hopMara Ha IIMMEHTOIIOYBEHH CMECH, KaTo ce Momo0psBaT 3HAYUTEIHO
HETOBUTE  SIKOCTHO-JIC(DOPMAILIMOHHM CBOWCTBA; yBEJIMYaBa C€ BOAOIUIBTHOCTTA, KAaToO
KOe(UIMEHTHT Ha (GUITPALMs HaMaJIsiBa HEKOJIKOKpaTHO. [IpumMep 3a ycHenHoTo npriioKeHue
Ha TO3M POJl CMECH € IIMMEHTONOYBEHATa BB3MIABHUIA, BBPXY KOSATO ca (pyHAMpPAHU BCHUKH
cbopbxenus Ha AELL , . Kosnonyit”.

B®b3 ocHOBa Ha HaTpymMaHHs OMMT CE€ MPEABIK/A M3MOI3BAHETO HA TE3H CMECH KaTo 4acT
OT HHKeHepHHTe Oapuepn 3a OrpaHMYaBaHE Ha PA3NPOCTPAHCHHUETO HA PAJHOHYKIHIHM OT
HanmoHaaHOTO XpaHWIMINE 3a PaJHOaKTHBHHU OTMAIBIH, KOETO e CE M3TPaKAa Ha IJIONIaKa
~Paguana” B HENOCpeACTBEHa ONM30CT 10 aroMHara neHTpana. C Ien NoBHIIaBaHE Ha
copOLMOHHATa CIIOCOOHOCT Ha OapuepuTe CIpsSIMO MUTPAlMs HA PaJUOHYKIHIH, KbM CMECHTE
ce mpuOaBsIT ¥ BEIECTBA C BeYe JIOKA3aHU 3aJbPIKAIN CBOWCTBA - 3€0JIUT ¥ OeHTOHUT. ExHa ot
3aJaulTe HA TOBA M3CIIEJIBAHE € /1a CE€ YCTAaHOBH KaK Te3U JI0OABKHU BIMAAT BEPXY (POPMHUPAHETO
Ha SKOCTTa M JaJIM HAMA J]a UMaT HeTaTHBeH e(eKT IIPH MAJKHUTe KoindecTBa HuMeHT (3-12%),
KOHUTO C€ M3MOJNI3BAT MPH 3a3/paBsBaHETO HA JIbOCA. METOAO0NOTHATA Ha U3CIEIBAHETO BKIIIOUBA
M3TOTBSIHE HA CMECH OT J[Ba THIIA JILOC (IIECHWINB M TUIIHYEH) Cbe 7 1 12% IIMMEHT IpH CTaHJapTHA
IUTBTHOCT P4 M ONTUMATHO BOTHO CHIBPKAHHE W,y KONMUecTBOTO Ha HOOABKHUTE - 3€0JIUT
(xsmHONTHIONUTOB THI) M 6eHTOHUT ¢ 10 1 20%. M3rorBennTe 006pa3uu che ChOTHOMEHNE h/d
1:1 ca cbxpaHsBaHM B €KCHKATOp MPH BIAXKHA CPEla U CTaiiHa Temmeparypa. M3nurBanusra ce
nposexxaar cirex 1 n 12 Mecena omiexxaBaHe Ha IIPOOHHUTE Tella ¢ LEl J1a Ce MOJIydH HpecTaBa
3a Pa3BUTUETO HA SIKOCTTA BbB BpeMeTo. [Ipu cTaTnyHHUTE SIKOCTHM MOKAa3aTelM CE€ OMpenems
AKOCTTa Ha €IHOOCEH HAaTHCK (R.); HIpH IMHAMUYHMTE CE H3UMCIABAT KOC(HLHUEHTHT Ha
[oacon (v), enactuyausaT moaya (moxyn Ha OHT, £,) 1 MonynsT Ha cpssBane (G,), Ha Oa3ara
Ha JIabOpaTOPHO OIPEJIENICHN Upe3 YATPa3ByKOB CEM3MOCKOI HAUTEKHUTE U HAIIPEYHU BBIIHU.
3a n3sACHABAHE HA CTPYKTYPHHUTE OCOOCHOCTH HAa CMECHUTE € U3IOI3BaH CKaHUPAII eJIEKTPOHEH
MHKPOCKOIL.

OT u3caeaBaHMATA Ca MOyYEHH CIEJHUTE PE3yATaTh: HaOII0aBa ce 0YaKBaHO MOA00OPBAHE
Ha SIKOCTHUTE CBOWCTBA HA JIbOCA MpH N00aBsHE Ha NUMEHT — R, ¢ Mexnay 1,51 MPa u 2,64
MPa npu necpunusust 160¢ U Mexay 3,10 MPa u 4,51 MPa npu tunuunus (npaxoB) nsoc. B
JIOI'BJIHEHUE, MMa Pa3BUTHE HA JBITOBPEMEHHATa SKOCT IPH NPOOHTE C NECHWIUB JIHOC, KAaTO
3a e[jHA TOAWHA yBeaudeHHeTo ¢ 74 u 45%, cvorBetHo mpu 7 u 12% mument. M3znonsBaneto
Ha BEIIECTBAa C BHCOKAa COPOIMOHHA CIIOCOOHOCT € H3Pa3eHO IOJIOKUTENHO Ha R. camo ¢
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eI[HO M3KJIIOUCHHUE (THIMYCH Jboc ¢ nobaBka Ha 10% Oenronut). IIpm mpobute cbhe 3eomur
ce HaOmofaBa HapacTBaHe Ha R, cipsMo Te3u 6e3 nobaska cke 119 u 86% npu 10% 3eonut
n cec 133 u 128% npu 20% 3eonut npu oOpasmuTe ¢ NECHWINB JILOC. 3a MPOOHHUTE Tela C
TUMUYeH Jboc cToitHocTuTe ca 44 u 31% npu 10% 3eonut. FimMa yBennyaBaHe Ha sIKOCTTa MPU
nechwnBUs Jb0C ¢ 49 1 26% ¢ 10% Oenronut u ¢ 27 u 23% npu 20% Oenronut. [Ipu npodure
OT TUITMYEH JILOC U3M013BaHeTO Ha 10% GEHTOHUT BOAH /10 BIIOILIIABaHE HA IKOCTHUTE ITOKA3aTeIH
cpoTBeTHO ¢ 38 1 31% mpu aBere KoamdecTBa HUMEHT. [Ipu mpoduTe ¢ Nech4InB Jb0C U IPH
IBeTe J100aBKU ce 0TOelIsI3Ba HAapaCTBaHE Ha SKOCTTA C TEYEHHE Ha BpeMeTo. Pesynrarure oT
nabopaTopHUTE ONpeelsiHus Ha V), u V ca 0o0II0 TOIIeIHaTO B CHOTBETCTBUE C SIKOCTTAa HA
enHooceH HaTtuck. M mpu jBara TMma JbOC MMa HApacTBaHE HAa JAMHAMMYHHUTE MOKAa3aTeld B
CpaBHEHHE C PE3yNTaTH Ha €CTECTBEH JHOC (OT JUTEPATypHH M3TOUHUIH), KATO IIPU CMECHTE
OT MECHUWINB JIbOC U IUMEHT TO € 3HAUYUTENHO. V31013BaHeTO Ha 3€0JIUT BOAU 10 yBEIMUEHHUE
(TToHsIKOTa 3HAYUTENHO) Ha E, IPH BCHYKM BapHUalld OT CMECH C M3KJIIOUYCHHE Ha NpOoOHUTe OT
TunuieH npoc¢ ¢ 12% mument u 10% oT 106aBbYHO BelecTBO. YmoTpebara Ha OEHTOHUT UMa
paznonocouno neticrue: 10% OSHTOHMT BOAM 1O YBEIHUYCHHE Ha EITACTUYHHS MOMYN IPU
MPOOHTE C MECHUINB JIHOC U CHOTBETHO /10 HAMAJISIBAHE TIPU TE3H € THITHNUEH boc. [Ipu cinyuante
¢ 20% GenToHUT ce 0TOEISI3Ba 3aIa3BaHe MM JICKO HaMalIsiBaHe Ha Moyia Ha FOHT ipu npobute
¢ nechunuB Jboc. [Ipu Monyna Ha cps3BaHe pe3ynTaTuTe ca eiHakBU. CHUMKHTE OT CKaHUPAILHs
CJICKTPOHEH MUKPOCKOII Ha IIPOOHTE ¢ J0OABKH ITOKa3BaT Pa3BUTHE HA HOCUTEIUTE HA SIKOCTTA:
npu kanuueure xuapocunukaru (C-S-H) m xammumeBute xuppoamymunatu (C-A-H) to e
HICHTUYHO C TOBA HA CMECHTE CaMO C LIMEHT, a IIPU IPOOUTE ChC 3C0JIHT, € HAIUIIE YCKOPCHO
Tpanchopmupane Ha urnonogoduute C-S-H ¢ mpexo- u renononobuu. B 3akimoueHne Moxe
Ja ce Kaxe,ue JbochT oT paifona Ha AEL] ,,Kosnonyit” u momanka ,,Paguana” ce nozniasa
Ha 3a37paBsABaHE C MOPTIAHILMMEHT, KaTO M3MOI3BaHETO HA BEIIECTBA C BHCOKA COPOIMOHHA
CIOCOOHOCT 1MoRoOpsIBa B MOBEYETO CIIydaH SKOCTHUTE CBOMCTBA Ha IUMEHTOIIOUYBCHUTE CMECH
1 CHOTBETHO TH IIPaBH MEPCHEKTHBHU 32 M10-HATATBIIHK H3CIEABaHNUS.

Kuro4oBu 1ymMH: paIMOaKTUBHY OTIIAIbLIM, HHXCHEPHU OapHEpH, CMECH OT JIbOC, LIMMEHT 1
3COJIUT U JIOC, IUMEHT M OCHTOHHT, SIKOCT Ha €IHOOCCH HATHCK, JMHAMHYCH CJIACTUYCH MOJIYI

Abstract. The location of the National radioactive waste repository is in the vicinity of Kozloduy
NPP (Radiana site). The area offers advantages from the viewpoint of the local population reaction,
the hazards related to radioactive waste transport and the natural conditions. It is important
that the loess soils can be easily stabilized with hydraulic binders and it can be transformed in
impermeable and strong material. On such material, used as soil cement cushion, were build
up all the Kozloduy NPP facilities. This cushion will be also constructed under the modules
of the National radioactive waste repository Radiana. The strength parameters and strength-
strain behaviour of soil cement cushion have been object of many publications in the Bulgarian
geotechnical literature. In this report are presented the author’s results from investigation of the
static and dynamic strength characteristics of loess-cement mixtures and loess-cement mixtures
with the addition of some natural sorption materials as zeolite and bentonite, the latter with
the task to improve the nuclide retardation properties of soil-cement in the time and having
in mind their use in the foundation work of the Radiana repository. So, the paper deals with
the laboratory static strength and seismic waves investigations on mixtures made on the base
of loess with a zeolite and bentonite additives, stabilized by ordinary Portland cement. The
values of the unconfined compressive strength (UCS) of loess-cement-zeolite and loess-cement-
bentonite samples are compared with the values of the UCS of loess-cement mixtures without
any additives. The values of the primary (¥,) and secondary (V;) waves of the samples are
compared with the V, and ¥, values of a natural loess and the loess cement mixtures without any
additives. SEM photographs have been made for evaluation of the samples texture. The results
have shown that both compositions — with zeolite and bentonite additives are prospective for
further investigations.

Key words: radioactive waste, engineered barriers, loess-cement-additive mixtures, unconfined
compressive strength, dynamic Young modulus

Introduction

The location of the future National radioactive waste repository (NRWR) is
in the vicinity of Kozloduy NPP (Radiana site). The geological cross-section is
represented by loess complex overlaying Neogene clay. The area offers advantages
from the viewpoint of the local population reaction, the hazards related to
radioactive waste transport and the natural conditions. It is important that the loess
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soils can be easily stabilized with hydraulic binders and therefore its strength and
impermeability would be significantly improved. On such material, used as soil
cement cushion, were build up all the Kozloduy NPP facilities. Such a cushion will
also be constructed under the modules of the National radioactive waste repository
Radiana.

The strength parameters and strength-strain behaviour of the loess cement
cushion, respectively of the loess-cement mixtures have been object of many
publications in the Bulgarian geotechnical literature. Minkov and Evstatiev
(1973), Evstatiev (1976) and Minkov et al. (1981) summarized field and laboratory
investigations of the strength and deformation properties of the loess-cement
cushion as a part of the foundation of the Kozloduy NPP. Their studies confirmed
the prognosed settlements of the facilities and the redistribution role of the cushion
to the normal stresses at the loess-cement and natural loess boundary. Followed
detailed research work on the mechanism of the physical-chemical processes taking
place in the loess stabilization by using ordinary Portland cement. Evstatiev (1984)
showed that the calcium silicate hydrates C-S-H formed under the primary cement
hydration and under the secondary (pozzolanic type) reactions are of the greatest
importance for the mixture strength, realizing the cohesion between the mineral
particles. The kinetics of the strength formation processes of the mixtures including
the strength increase with long-time aging were studied and analyzed (Angelova,
Evstatiev, 1985; Angelova, Evstatiev, 1989). A summary of the loess-cement
cushion performance as a foundation of the nuclear power plant could be found in
Jefferson et al. (2008). Investigations of several chemical compounds (NaOH, CaO,
CaCl,) and surface-active substances influence on the mechanical properties of the
mixtures were performed as well (Angelova 1987; 1992). In connection with the
eventual Romanian nuclear repository for low and intermediate level radioactive
waste in loess terrains near Cernavoda NPP, there are investigations for the loess
layer mechanical and impermeability improvement by adding some percentage of
polymer substances (Giurgea, 1999).

In this paper are presented the author’s results from investigation of the static
and dynamic strength characteristics of two types of loess, spread in the area of
Kozloduy Town, stabilized with 7 and 12% cement, having in mind their use in the
foundation work of the Radiana repository. On the other hand, there are research
studies for utilization of a zeolite (clinoptilolite type) as a high sorbing substance in
the Bulgarian nuclear power plant (Gradev et al., 1978).

From the viewpoint of this problem it would be of significant importance to
investigate not only the strength properties of the loess-cement mixtures but also
of loess-cement mixtures with the addition of natural sorption materials as zeolite
and bentonite, with the scope to improve the nuclide retardation properties of soil-
cement towards the NRWR operation.

Due to the relatively small amount of the hydraulic binder and the high natural
sorbing capacity of the applied additives, the formation of the C-S-H and C-A-H
could be compromised or negatively influenced, so an elucidation of the mechanical
properties of mixes made of loess, cement and additives is needed. Hence, the
paper deals with the laboratory static strength and seismic waves investigations on
mixtures made on the base of loess with a zeolite and bentonite additives, stabilized
by ordinary Portland cement.

Methodology
Materials origin and samples preparation

Two types of loess have been investigated, both from the Kozloduy NPP region.
The first one according to Bulgarian geological loess classification (Minkov, 1968)
is sandy loess and the second one — typical loess. Data about the classification
parameters and the chemical composition of the both loess varieties are presented
in Tables 1 and 2.
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Table 1. Index properties of the used loess soils

Tabmuua 1. KinacudukaMoHH# oKa3aTesy Ha W3MOJI3BAHKUTE JIbOCOBU PA3HOBHUIHOCTH

Grain-size distribution [%] ip ec1.ﬁc Plasticity
Soil ensny
>72 2-0.1 0.1-0.003 <0.003 Py W, ., I,
<and mm mm mm mm g/cm? % % %
andy 0 10 84 6 2.74 28.0 253 | 27
Typical
4 11 68 17 2.72 25.5 20.0 5.5
L_loess
Table 2. Chemical composition of the used loess soils
Tabanua 2. XuMu4eH CbCTaB Ha U3I0JI3BAHUTE JIBOCOBH Pa3HOBHIHOCTH
Carbo- Humi Cation
Water extract 1:10 - 24 h meq/100g nate u:mct Exchange
co conten C .
Soil dry
HCO, Ca* Mg CIl SO,- extract pH [%] [%] [meq/100g]
[%]
SO 0976 | 1o | 04 027 | 047 | 012 | 81| 224 | 022 5.88
el g3 | o | 1o joan [oas | 012 | 80 | 1632 | 067 6.20

As a hydraulic binder a standard Ordinary Portland Cement (OPC) was used,
with standard unconfined compressive strength of 35 MPa. Two kinds of high-
sorption additives were used: Na" activated bentonite from the BENTONITE Ltd.,
Bulgaria and zeolite (with a clinoptilolite content of about 70%) from the Beli Plast
Quarry. The samples were prepared as a mixture of disturbed loess with respective
percentage of OPC and of additives, all compacted at the optimum moisture
content w,, till attainment of standard dry density p4. The cylindrical samples,
with dimensions of 4/d - 5/5 cm are aged 1 and 12 months in hermetic glass tanks
with approximately 100% humidity. The weight percents of the composites are
listed in Table 3.
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Table 3. Compaction indices and composition percentages of the investigated mixtures

Ta0mima 3. YIUTBTHUTEIHN XapaKTePUCTUKHU U IPOLIEHTOB ChCTaB Ha M3CIIE/IBAHUTE CMECH

. Moisture Maxirr.lum dry (32‘2;113’ Zeolite Bentonite
Soil content, w, density, p Cement, ¢

[%] [g/cm’] [%] [%] [%]
Sandy loess 18.24 1.63 7 - -
« 19.34 1.58 7 10 -

« 21.11 1.63 12 - 10
« 20.80 1.56 7 20 -

« 22.30 1.54 12 - 20
Typical loess 14.85 1.87 7 - -
« 16.15 1.77 7 10 -

« 18.36 1.72 12 - 10

Apparatus

For the strength tests a electromechanical press is used with 5 mm/min
loading rate and 0.5% precision. For the laboratory seismic wave investigations an
ultrasonic apparatus “OYO-Model 5217 — new Sonic” is used.

The following equations are used in order to estimate the Poison's ratio v, Young's
E; and shear G, moduli (by Lomtadze, 1977):

v=»V,=2V)2(V,2 - V2), [-] (1)
E,=V/p,2(1+ v), [MPa] (2)
Gd = I/szpns [MPa]’ (3)

where p, is the bulk density of the sample in 10° kg/m®.
A scanning electronic microscope “JEOL JSM —T300” is used for the investigation
of the microstructure of the samples.

Results and discussion

The samples prepared according to the mentioned methodology are tested after
one and 12 months, and approximately 10 months for sandy loess with bentonite
additive (Tabl. 4). The results of the press loading tests are in accordance with
the previous investigations. The greater the amount of cement is, the stronger the
samples are. The effect of the additives is strongly positive, except in the case s of
10% bentonite for the typical loess (Tabl. 4). In the latter case the decrease of the
strength is 38% and 31% for the 7% and 12% cement respectively. The addition
of zeolite leads to a strength increase for the both type of loess soils, up to 133%.
Please note that the observed and well-explained increasing of the soil-cement
mixtures strength gain with long-time aging (Evstatiev, 1987; Angelova, Evstatiev,
1989) is observed in our cases as well, and again up to 136% (in the case of the
sandy loess mixtures).
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Table 4. Unconfined compressive strength (UCS) of the samples aged 1 and 12 months (by Antonov, 2002).

Tabnuua 4. SIkocT Ha €HOOCEH HAaTUCK Ha 00pasiy omieskam 1 u 12 mecera (o Antonov, 2002)

Additive UCS after 1 month ucCs af.ter 12 months days
aging, R, [MPa] aging, R , [MPa]
Soil
zeolite bentonite Cement percentage, ¢ Cement percentage, ¢
[%] 7 [%] 12 [%] 7 [%] 12 [%]
Sandy loess - - 1.51 2.64 2.65 3.82
« 10 - 3.31 491 5.81 7.34
«“ 20 - 3.52 6.03 6.27 8.56
“ - 10 2.25 3.22 3.21° 5917
« - 20 1.92 3.25 2.80" 5.15°
Typical loess - - 3.10 4.51 N/A N/A
« 10 - 4.47 5.94 N/A N/A
« - 10 1.91 3.08 N/A N/A

* Note: After 300 days of aging

In the technical design stage of a surface repository seismic behaviour of the
soil base has to be estimated using the dynamic characteristics of the soil base. For
that purpose a lot of data for the seismic wave laboratory ¥, and V; measurements
of natural loess in the region of Kozloduy NPP have been analysed Samples only
of loess-cement have been laboratory measured as base values for the estimation
of the effect of additives. The measurements were done according to the above-
described procedure. The results from the analyses and investigations are listed
in Table 5, 6 and 7. The use of cement leads to increase of the V, and V, and resp.
Young's modulus for both type of loess. The effect of the zeolite and’ bentonite
additives is diverse. The addition of 10% bentonite increases values of the waves,
resp. moduli for the sandy loess mixtures (compare Tabls. 6 and 7). Mixtures
with 20% bentonite possess decreased or almost the same moduli. On the other
hand, the addition of zeolite always leads to increase of the velocities, resp. of the
moduli,except in the case of the typical loess with 12% cement and 10% zeolite
(Tabl. 7).
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Table 5. Average values of the dynamic strength parameters of natural loess samples (by Gogov, 1978)

Tabmuua 5. OcpeHeH: CTOMHOCTH Ha AMHAMUYHU SIKOCTHH MOKA3aTeln Ha eCTeCTBeH JIboc (1o Gogov, 1978)

Primary wave Secondary wave
Soil (avr. value/ (avr. value/ Poison's ration Young's modulus
ot number of tests) number of tests)
V [m/s] V_[m/s] v[-] E , [MPa]
290 — 1160 140 - 580
Sandy loess (680/37) (315/37) 0.36 487
. 1200 — 1970
Typical loess (1690/7) 550-990 (810/7) 0.35 3368
Table 6. Dynamic strength parameters of loess-cement samples
Tabnmtia 6. JIUHAMITYHY SIKOCTHH TIOKA3aTeIH Ha MPOOY OT JIbOC U LIAMEHT
Cement Primary Secondary Poison's Young's Shear
Soil percentage seismic wave | seismic wave ratio modulus modulus
q [%] v, [m/s] V. [m/s] v[-] E,[MPa] | G,[MPa]
Sandy
1 2 2 41 1
| 7 570 928 0.23 00 665
«“ 10 1729 971 0.26 4622 1820
«“ 12 1913 1051 0.28 5479 2134
Typical
2004 104 31 14 2
i 7 00 043 0.3 6147 338
«“ 10 2125 1128 0.30 7133 2735
«“ 12 2241 1161 0.32 7630 2898
Table 7. Dynamic strength parameters of loess-cement-additive samples
Tatmima 7. JIMHAMITHY SIKOCTHH TTOKa3aTeNH Ha IIPOOH OT JIbOC-LIMEHT H JIO0aBKH
Cement Additives quqy Secondary S Young's Shear
. seismic . Poison’s
Soil percentage, seismic . modulus, | modulus,
. . wave, ratio, v
q zeolite | bentonite v wave, V. E, G,
e [%] [%] [m/s] [m/s] [-] [MPa] [MPa]
andy _
7 10 2206 1122 0.32 6349 2395
« 12 10 - 2475 1159 0.35 6941 2552
« 7 20 - 2245 1113 0.33 6228 2329
« 12 20 - 2475 1089 0.37 6161 2232
« 7 - 10 2073 897 0.38 4397 1588
«“ 12 - 10 2318 1108 0.35 6513 2409
« 7 - 20 1881 900 0.35 4165 1541
« 12 - 20 2148 925 0.38 4484 1617
Typical
1 - 2 1252 2 2 22
i 7 0 300 5 0.29 8327 3229
“ 12 10 - 2466 1133 0.37 7225 2644
“ 7 - 10 1977 944 0.35 4916 1817
« 12 - 10 2100 1024 0.34 5750 2139
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In order to understand the reasons of the increased strength and for the
comparison of the structure of the samples, SEM analysis have been performed
(Fig. 1, 2 and 3). The first photo presents natural undisturbed sandy loess structure.
The structure is “light” i.e. with a lot of pores of different size, even macro-pores.

Fig. 1. Natural loess. Magnified x 100

®ur. 1. Ecrectsen siboc. Yeermuenre 100 et

The SEM photographs taken on the sandy loess-cement-bentonite (Fig. 2) and
sandy loess-cement-zeolite (Fig. 3) samples show one much more dense structure
with well-spread compact mass covering the grains and almost completely fulfil the
pore space. On the other hand, it could be seen that the needle-like type of C-S-H
have been transformed into the network-like and gel-like types (especially with the
loess-cement-zeolite mixtures), fact leading together with the more dense structure
to the increased strength.

Fig. 2. Loess with 12% cement and 20% bentonite. Magnified x 200

®ur. 2. JIboc ¢ 12% uumenT u 20% Oexronut. Yeeaudenue 200 mbTi
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Fig. 3. Loess with 12% cement and 20% zeolite. Magnified x 500

®ur. 3. JIvoc ¢ 12% mument u 20% 3eomure. Yeemuenre 500 mbTi

Conclusion

The results of the tests show that the stabilized loess has high unconfined strength
which increases up to two times after adding of zeolite and bentonite additives. So,
from mechanical point of view the mixtures could be used as engineered barrier in
radioactive waste repository. Furthermore, the investigations show that the well-
known data of time strength increasing of loess-cement samples is valid also for the
sandy loess-cement-additives ones. In general, there is an increase of the seismic
wave velocities of the loess-cement-additive mixtures up to 1000 % in comparison
with those of the natural loess and up to 55% to those of only loess-cement mixtures.
The laboratory seismic wave measurements except for the dynamic characterization
give additional information for the strength behavior of the samples and are a
secondary sign of showing the increase of the strength properties. The diverse effect
of the both additives could be explained with the different impact of the bentonite
and zeolite compounds. The observed increased UCS in the bentonite case could be
aresult of the more dense structure, i.e. approaching to a structure with the optimal
grain-size content. On the other hand, the origin of the strength in the zeolite case
could be in the increased intergranular C-S-H and C-A-H bonds and their faster
transformation from needle-like type to network-like and gel-like types.

Therefore, depending on the eventual tasks both loess-cement-additives
mixtures are perspective for further investigation from the safety point of view of
the radioactive waste disposal system, while additional studies on the adsorption
properties of the compounds are needed.
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