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HH*EH.EPCKOreOJIOniKE OCOEEHOCTH OEE3EET.EH>A
BOAOMPIKHBOCTH nOMNJIOrA EPAHA Yy TEOJIOUIKH
PA3JIHHHTHM CPEfIHHAMA

0«

Coite I, BeTKOBHh-MpKHh* h Jl,ejaHa T3ypaHOBHha*

AHajiH30M 6pojHHX HcnHTHBaH.a Bo;(oiiponyciiocTM. HenynajiocTH, pe3yjiTaTa npo6HHX HIbcKunoHUK nojba
H H3BegeHHX hhiCkhhohhx 3aBeca 3a 6paHe H3i pal)ciic y reojiouiKH pa3Jin>iIHTHM cpejimia.Ma, Mory ce carnejiaTH
Ba>KHe onuiTe oflJiHKe mi.eKTHfindiHOCTH pa3JiHjHTHX Bpcra cTeHCKHX Maca h HH*eH>epcKoreojiouiKHX ycjioBa
o6e36et)en.a bo3ojip>khbocth Kaxo cy HibeKHHOHe 3aBece 6HTaH ejieMeHaT 6e36e;mocTH 6paHa, Kao h o6hmhh,
nyroTpajHH h cKynH panoiiH, cTe'iena HCKycTBa HMajy noce6aH ‘iiia‘iaj, Aorivna cy Herpa*HBaH>HMa 3a KoHKpeTHe
o6jeicre h jjo6pa ocHOBa 3a npaheae (jjyHKqHOHajiHOCTH h onp*:aBaH.e. Y pajiy je aHajiH3HpaHo hckojihko Bpcra
creHCKHX Maca; KpemtauH, (})jihiiihh cejHMeHTH, Byjik3HHTH h cjiabnje MeTaMoptfiHcaiie cTeHe h npHKa3aHH
HajocHOBHHjn nojiaiin 0 pe3yjiTaTHMa HCTpa*HBaH>a h hiliCKHhoiihm 3aBecaMa Ha KOHKpeTHHM 06jeKTHMa.

Kjtyi«e pt'nn HcnynajiocT. Bojionponvciiocr. 15111, HH>KTH6HJIHOCT, nyKOTHHCKe ncnyHe, xeTeporeHOCT.
aHH3QTponHja, XHjipayjiH'iKa HenocrojaHocr. ((iHJiTpanHona CTa6HJIHOCT. HH>KHHOHa 3aBeca

yBoa

Jelian ofl Ba*HHjnx npo6jieMa, KojH npn Hcipa>KHBaH,y ycjioBa H3rpaflH>e 6paHa a
cfiopMnpaiba aKyMyjiaijHja Tpe6a peuiHTH, jecTe MOryhHOCT ry6jbeH,a BOfle Kpo3 iio/ijio-
re h 60KOBe 6paHa, ojjhocho no o060/iy aKVMyjianiije. OniHTH HHaceifcepcKoreojiouikKH h
xnj(poreojiouiKH ycjioBH, Kao h Bo/ioiiponycHocT caMHX CTeHCKHX Maca, y npBOM pejiv cy
ctiVHKnnja reoJiouiKe rpalje mnper npocTopa h 0C06eHOCTH H3paaceHHX Ha caMOM nper-
pajuioM MecTy. KaKO cy ycnoBH H3ipaflH>e 6paHa h rjiopMiipaiha aKyMyjiaHHja, y obom
CMHCJiy, noce6HO Ba>KHH, h KaKO hm ce Mopa y;iOBOJbiri'H H3BoljeH>eM, necTO o6hmhhx, 3an-
thbhhx HibeKHHoniLX pa/joBa, onpaB/iaHO hm Tpe6a rioKJiaibaTii ihto Behy na>Kiiy, o/i npBHX

EKCTpeMHO cjio>KeHe ycjioBe 3a c})opMHpaH,e BciiiTa'iKiix aKyMyJian,nja npyacajy KapcTH-
cjiHKOBAaiiii TepeHH, y KojHMa je /io6pa H3yieHOCT KapcTa uniper npocTopa ocHOBa npHCTYy-
naH.y HeorDco/jHHM 3anTHBHHM pa/iOBHMa. y HcnyiiajiHM CTeHCKHM MacaMa obh ycjioBH cy
jeliiiocTaBiinjn, ajiH je h y obom cjiyriajy n0Tpe6HO j/oboji,no ncrpa>KHTH cBe acneicre cpiui-
Tpau,Hje Kpo3 nojuioie 6paHa h MOryhHOCTH H>eHor CBot)eH,a y /ionyurreHe rpaHHiie y norjie-
/iy cHrypHOCTH o06jeKaTa h Kourrau>a H3ry6ji,eiie bo/jc. KaKo y oBoj o6jiacTH joiu yBeK HMa
/locTa Heno3HaTor, TakO h aHaJiH3a h yonurraBaH>e /iocal/iauiH>HX ncKycTaBa HMa ojipefjeHv

PvflapcKo-reojioniKH tJ)aKyjiTeT YHHBep3HTeTay Hcorpajiv. 'Bviitmia 7, Eeorpafl.
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Te*HHy y H3Hajia*eH>y noTpe6HHX napaMeTapa h mi>KeH.cpcKorec)Jioiirknx Kpn'repnjvMa.
M3y'taBan»e onnrrax ycjioBa o6e36e”eH>a bohojip/Khbocth je 0ji BaacHocTH 3a cBa 6yjiyha
npojeKTOBaH.a h oflp>KaBa[i.e nocTojehHX o6jeKaTa.

OCHOBHE nOCTABKE

OcHOByY onene HH>Keii,epcKoreojioLiiKHX ycjioBa o06e36eF)eii,a ro/io;ip>khbocth je/inor
ripcrpajinor MecTa 'nrnrr Bcjrir'nriia h npocTopHa pacno”ejia Bofloiipoiivciioc'ni h HH.eKTH6HJi-
hocth cTeHCKHX Maca, npir ’ieMy cy 06a napaMC'ipa Henocpe”HO ycjioBJbeHa 6hthhm cBoj-
CTBHMa Hcnyn,ajiocTH, Kao h reojiOHIKOM rpatjOM. ,n,oiiyiriTeHa BOflOnpQOiiycHOCT h j(HMe¢eii3nje
HH.eKHHOHHX 3aBeca 3aBHce h ojj j(pyrrrx napaMeTapa Mef>y Kojrma cy: onnroi xHjiporcojroin-
kh ycjioBH, THn h BHCHHa 6paHe, KoiirraH>e aKyMyjinparie Boj/e rrriji.

Ha TepHTopnjH Cpérrje je H3ipaF)eiio BHiue ojj 40 bhcokhx 6paHa, y rcojioiiiKti pa3JiH-

CBaKO nperpajjHO MecTO hms oj(pel)eiie nn>Ken,epcKoreoji()iiiKe cneniirpH'iiiocTH
ycjioBJi,ene, y npBOM pejjy, reojiouiKOM rpat)yOM umper h yacer npocTopa, aJiH nocTojn h
ojipe”ena onniTa caraacHOCT obhx CBojcTaBa y JiHToreHeTCKH hcthm hjih jjoBOjbHO
THnHHiio MaHHc})ecTyjy y iiojejinmiM BpcTaMa cTeHCKHX Maca, HaKO je CBaKO iioj(pyijc
06ejie>KeHO yTHHajHMa JioKalJiHe reojiouiKe rpat)e. Y npHJior OBOMe njiy h ca3Hau.a jio
Kojnx ce jiouuio aHajiH30M ycJioBa bojioaP>khbocth h cBojcTaBa oji Kojnx OHa 3aBHCH y
HeKQOJiHKo jihtojiouikh pa3JiH’iHTiix cpcjHiita: y Kpe'iii.auiiMa, djihuihhm cejuiMeirniMa,
epynTHBHMa h KpHcrajiacTHM niKpHJi.nriMa. y obom npKa3y HajBeha na>KH.a je nocBe-
heHa OniUTHM CBojcTBHMa H3,[(eJbeHOCTH, B0J10ripOHyCIIOCTH H HH.eKTH6HJIHOCTH, npH
hcmv je 3a CBaKy 0jj ojia6paimx cpejuura npHKa3aH no jcjiaii npHMep ca ochobhhm ene-
MeHTHMa 3anTHBIIHX HibeKi;HOHHX paflOBa.

OnillTH HH»:EH.EPCKOrEO.IIOmKH yCJIOBH BOJX0OaP*HBOCTH

KpeMH>auH. HeKojiHKo HauiHX 6paHa je H3rpaheno Ha KpeHH.aHHMa, hjih ce ohh
jaiui.ajv Kao jjoMiinairraii 'uian reojiouiKe rpai)e (Ta6ejia 1). Mei>y n.iiMa cy h: "Jla3H-
hn—KaibOH", "Bpy,mHn, "KpyuiHHija" Hj"*p.

Kpe'iii.a'iKe cTeHCKe Mace cy nocebHe ~tojihko iuto HMajy pejiaTHBHo pa3HO0JiHKO
nojaBJbHBaibe, Tiecro Bapnpan.e cacTaBa h pasjui'iHT CTeneH H3j(eji,eiiocri'H h iuto cy, y
BehHHH cjiy'iajeBa, 3axBaheHe nponecoM KapcTHcfiHKan,Hje. To Moace, 3aBHCHO ojj yKyn-
hhx xiijiporeojiouiKHX ycjioBa h CTajjnjyMa pa3Boja 0BOr nponeca, Npy>KHTH Jiocra cjio-
aceHe, hjih 'iaK eKCTpeMHo TeuiKe, ycjioBe o6e36ef)eii,a bojjojip>khbocth. Ako ce ca pa3-
jioroM 38/ip>KH|\/IO Ha cjiv'iajeBHMa jiejiHMH'IHO pa3BHjeHor KapcTa, 'iccto Ha3HBaHHM ny-
kothhckhm KapcTOM, 'iHja 6a3a Hiije cnyurreHa ncnoji noBpuiHHCKe eposnoHe 6a3e, mo-
ryhe je ycTaHOBHTH H3BecHe 3aKOHOMepHOCTH y npocTopHoj pacnojjejiH, jiHMeirnijaMa h
pa3BHjeHOCTH KapcTHHK o6jiHKa Kojn HMajy noMiinairrno 3iia‘'ieii,e y yKynHHM ycjiOBHMa
o6e36ef)eiba BOfIOjjp»CHBOCTH. y cyuiTHHH, OBaj ran yMepeHor KapcTa no*iHBa Ha pac-
Vkojihko je cTeHCKa Maca H3jieji.eiuija, uito ma'irr noce6HO y 30HaMa HHTeH3HBHHje Me-
xaHH,iKe onrreheHOCTH. HcTOBpeMerro, 'iHTaBn jiejioBii obhx, no npaBHJiy 6jiokobckh
H3flejBCHtrx cTeHCKHX Maca, Mory ocTaTH ca o'tyBarioM iiciryncuioiiihy, cKopo 6e3 TparoBa
KapcTHcfiHKauHje.



Cji. 1. llojio>Kaj 6paHa h akVMyjiauHja y cKJiony reoTeKTOHCKHX jejiHHHiia
Fig. 1. Locations of dams and storage lakes and geotectonic units.
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Tabc.ua 1. OriiHTH no/janH O SpanaM a.
Table 1. General information on dams.
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Epatia
Dam

Lazi¢i kanjon
Kru.3¢ica
Sjenica
Vnitci
Gazivodc
CiTOSnica
Zavoj
Batlava
GruZa
Radonji¢
Ribnica
Gratanka
Cclijc
Bajina Basta
Rastovnica
VLasina
Bovan
Lisina

Barje
Bresnica
Prilepnica
Ovéar Banja
Kokin Brod
Radojna
Lazidi - prcvoj
Vrla 1l
Podpe¢

Zvomik

Tnn

Type

E

P.T

BncHHn (m)
High (m)
rpal).  x»/ip.
const.  hydr.
135,5 125
41.5 40
110 105
75 64.5
1075 102,5
50 36
101 86
46,5 42
5U 48
61 57
32,5 24,5
52 45
51,5 48
90 74
29,25 22
31.5 26,5
52 46
53 42
75 65
39,1 33,5
50 36,8
27 20
82 79,5
42 33
55 43
26 21
46 44
42 364

Peica - cjihb
River - main river

B. Rzav - Drina

B. Rzav - Diina

Drina

Uvac

DPecinja - Z. Morava

Ibar - Z. Morava

GroSnica - V. Morava

Visogica - J. Morava

Batlava - ibar

GruZa - Z. Morava

Pruc - Drim

Ribnica - Z. Morava

Gracanka - Ibar

Rasina - Z. Morava

Drina

Rastovnica - J. Moravn

Vlasina - J. Morava

Moravica - J. Morava

Bozica

Vctemica - J. Morava

Bresnica - J. Morava

Prilcpnica - J. Morava

Z. Morava - V. Morava

Uvac - Drina

Uvac - Drina

B. Rzav - Drina

Vrla *J. Mcrava

Lirn - Drina

Drina

‘BvpaHOBNh

reojiouiKa rpatja
Geologic featurc

KpeHH,ai<H (K), Kpnjio cHHr}>opMe
Limestones (K), flank sinform

KpeMH*auH (K), KpHjio c.HHffcopMe
Limestones (K), flank sinform

Kpemt>anH (J), (J). vfipaHo
Limestones (J), DRF (J), folded

Jloji. KpeMH>auH (T), MOHOKJiHHa cepMja
Dolomitic limesrtoncs (T), monocline series
4>jihui (K), h3okji.aHTH$0opMa, paceAHVTa
Flysch (K), isocline antiform, faulted
4>jihui (K), MOHOKjiHHa cepnja, pace;jHy*ia
Flysch (K), munoclinc scricN, fuulled
»PJIHLU (T), MOHOKJIHHa ccpHja

Flysch (T), monocline series

tpjiHiu (K),
Rvsch (K),
ByjiKaHHTH (M), uiMpoica paccnna iOHa
Volcanic rocks (M), widc fault zone
CcpneHTHHHTH, liepHfIOTHTH (Pz)
Scrpentinitcs. peridotitcs (Pz)

CepnCHTHHHTH, liepHfIOTHTH (J)

Serpentinitcs. pcridotitcs (J)

CepnenTHHHTH ca npodojHMa racpa
Serpentinitcs with gabbro introuted

KpHCT. UIKp.. MHKaUIHCTH (Pz), aHTHCAOpMa
Crystaline schists, mica (Pz), antiform
AprHJiiUHCTHT, uiKp. neui, rjiHHUH, M ejias. (Pz)
Argiloceous, schists sandstone, melaphyre
rHajcemi (Pz)

Gneiss (Pz)

MHKaUIHCTH, aMC|)H60JIMTH (Pz)

Mica, amphibolite (Pz)

KpMCT. UIKpH/LIIH (Pz), MOHOK/IMHa CCpnja
Crystaline schists (Pz). monoclinc scrics
Kpncer. uiKpHjLUH (Pz), aHTH”opMa. pace»HyTa
Crystaline schists (P'/.), antiform, faulted
rHajccBH (Pz)

Gneiss (Pz)

3cjichh uiKpHIbUM (Pz), Ha6opH, paceBH
Greenschists (Pz), foulds, faults

KpHCT. uiKpHILLtH (Pz), pace/iH. na6opH
Crystaline schists (Pz), faults, foulds
AprHJiouiHCTH, neumapH (C, P)

Argiloceous, sandstones (C, P)

Kpe'ntauH (T), fIP<I> (J). jianopH (Tc)
Limcstoncs (T), DRF (J), claystone (Tc)
fIPO, MaCHUHH Kpe4H,agH (T)

DRF, massive lirnestoncs (T)

Dihhuh, nanopuH, Kpe'i. (K), aHTHctiopMa
Shalcs, claystones, limeslones (K), anliform
3e/ieHH uiKpnji>uH, npo6ojn AauHTa (Pz)
Greeoschists, dacite intronded (Pz)
Am(@h6ojiht, aM(J)H6. uiKp., neuj'iapH (J)
Amphibolite, amphibolitc schibts. sandstones (J)
KpHCT. UIKpllJbUH (Pz), KpCMIbaUH (T)
Crystaline schisl (Pz.), liniestones (T)

aHTH(fcopMa paccflnyra
antiform faulted

E - KaMemHacyra;T- 3eMlbaHaHacyra;B - Jiy>ing;n - 6er«icKarpaB.; D, - 1fMBifraiifv)iio Jiy«la;<>- oliaiaiiaHarpaB.

E - RockfiU dara; T - Earth dam; B - Ardi dam; concrete gravity dam; C - Gravity arch; F - Hollow gravity dam.
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hoct h npncycTBO no iiajMan,e wpn ctiaMHJiiije nyKOTHHa oj[ Kojhx je jej(iia pa3BHjeHa no
ss noBpuiHMa, a ;ipyre jibc cy, ca MaihiiM hjih BehHM JioKajiHHM o,ncTynaH>HMa, Mef)v-
cob6ho ynpaBHe h ynpaBHe Ha cjiojeBHTOcT. Y3 to, jaBJbajy ce h rpaBHTan,HOHe nyKOTHHe
y 60KOBHMa /(ojihhckhx cTpaHa, Kao h KapaKTepncTH'ine nyKOTirae y 30HaMa pace/jan>a.
OHe cy Haj'ienihe nyTeBH HHTeniiip.Hor Kpei'aiba nortscMiie Bojje na cy h y Behoj Mepn
3axBaheHe Kapcthc|)hKanhjom.

reiiepajnio, jaBJi>ajy ce /(bc BpcTe nyKOTHHCKHx HenyHa. MiiHepadiHe, Kadiu;HTCKe HenyHe
Mory HcnyH>aBaTH MHTaBe KapcTHe mynji>HHe dm jiiiMen3Hja hjih caMO npeKpHBaTH shjjobc
nyKOTHHa y BH/iy KpHnTOKpHCTaliacTHX hjih npauiKacTHx cKpaMa /io /io6po pa3BHjeHiix
KpncTajiHHX c})opMH. Ilccto je yoxJoHBO bhiuc cj)a3a H3Jiy'iHBaiba HcnyHa, iuto je pedyjiTaT
npoMeHa y oimrreM ‘ipen/(y pa3Boja KapcTHcjiiiKannje ycjiOBJbeHHX reoTeKTOHCKHM npon;e-
cHMa, KJIIHVETCKHM npoMeHaMa ht/(. TpouiHe, iipc'i'OKHO rJiHHOBHTe HcnyHe, pe3yjiTaT noT-
nyHor pacTBapaiba ocnoBiie CTeHCKe Mace, KapaKTepnc'i'H'ine, npBeHCTBeHO, 3a riJinhe jiejio-
Be TepeHa, Mory HMaTH pa3JiHIHT cTeneH KoiicojiH/iannje, Malia cy reHepajiHO nofljioacne
cJ)HJiTpaHHOHOM pa3apau,y h pa3Jior cy xn/ipayjiH'iKe HenocTojaHocTH obhx cTeiicKiix Maca. Y
H3BecHHM cjiyiajeBHMa, iunpe paccjiHe 30He Mory 6hth n0TnyHO 3anTHBeHe /io6po kohco-
jiH/joBaHHM rjiHHOBHTHM HcnyHaMa cejiiiMeirnior THna, c'iapnjHM o/( HenyHa y /ipvniM jicjio-
BHMa cTencKe Mace.

CaraacHO KapaKTepncTHKaMa HcnynadJioc'ni CTeHCKHX Maca h cTeneHy pa3BHjeHOCTH
KapcTHcj)HKai],Hje, TepeH je no BO/ioiipoiiyciioc'i'H, He penco, H3pa3HTO xeTeporeH h 3a noT-
nyno caiJie//aBaii>e MoryhHocTH ry6jbeu>a bo/tc h ycJiOBa orpaiiH'iaBaiba ry6HTaKa je noipe-
6aH bhcok hhbo HCTpa>KeHOCTH. /1,Ba 6nTHa CBojd’Ba BO/ioiiponvcHocrii obhx CTeHCKHX Maca
cy: iunpoK pacnoH Bpe/iiioc'iu BJU I-a, o/( He3HaTHHX j/o HeMepjbHBO BejiHKHX y npocTopHMa
TpouiHiK, chHijripau,HOH() HecTa6HJiHiix ncnyHa. ToMe, CBaKaKO, Tpe6a /lo/iaTii h pa3iiojiHKocT
0 6jiHKa nojaBJbHBaiba obhx ctchckik Maca o/( Koje 3aBHce reoMe'ipHjcKe KapaKTepncTHKe
nyKOTHHa, ynecTajiocT, panaBocT 3HfIOBa, cTenen 0TBOpeHOCTH h /ipvrn napaMc'ipn 03 Bax-
hocth 3a BejiHHHHy h cBojcTBa Bo/ioiipoiivciioc'i'ii. Kjiacii'ina HcnHTHBarba Bjjri-a, ocM ai-
paiba pe>KHMa H S/iami, hhbo ec)HKacHOCTH h3bec/(ciihx hii>ckhhoiihx 3aBeca h ocMaTpaiba h>h-
xoBor cj)yiiKHHOHHcaiba, noKa3yjy 3HaTHy xeTeporeHOCT no lio/ioiiponvciioc'rH h BejiHKe Teiu-
Kohe y caBJiaj(aBan>y u>eHHX ocobeHocrH KJiacii'iiiHM HH>KTHpaH>eM. TaiHHje, HH>KTH6HJI-
BJIl I-a, ct)iui'ipau,HOHOM HecTab6iuiHomhy HcnyHa, na ‘iaK h H3pa3HTOM aHH30TponHjom ncny-
najioc'i'"H h BO/(oiipoiiyciiocTH. O ry/ia THncKa, yHHc})opMHa pemeu>a ca jc/niiicTBCiuiM ejieMeH -
HH>eKHHOHe 3aBece npiuiarol/eHe H>eHoj HaMeHH.

Je~aH oh TepeHa ca thhhhho H3paaceHHM npo6jieMHMa o06e36ei)eH>a bo/(oap>khboc-
th o KojHMa je 6hjio roBopa, je iiperpa/(HO MecTO 6paHe "Jla'uihH-Kairoii", y cKJiony
ropH>e aKyMyjianHje PXE "BajHHa Baurra". I'pa/ie ra cc/(hmchth ceHoncKe rocaBCKe
c}ail,Hje: cjiojeBHTH //o luio'iacTH jianopoBHTH KpeTH>au;H ca iipocjiojmiMa Jianopana,
CJlojeBHTH Kpe'llbaHH, KBpraBH CHBH CJlojeBHTH /IO 6 aHKOBHTH KpCIII.aUH H 6 aHKOBHTH
KpeHH>ai"H, ca nocTynHHM npelJia3HMa. Tmie jyro3ana/liio Kprao cuHc})opMe /iniiapcKOi
npyxaH>a, a Ha caMOM nperpaflHOM MecTy HMajy o 6jihk mohokjihhc c})opMe ncnpecei“aHe
/mjaroiiajniHM h noiipe‘iiiHM pace/iHMa (cji. 2).

JlanopoBHTH Kpc'4ii,ann jieBor 60Ka cy H3/jejbeira ss noBpnraHaMa h BehHM 6pojeM jinja-
roHaJiHHX nyKOTHHa, iipe re>Kiio mm 3eBOBa. CBe Cy OHe 3aiiyibcHc tpouihhm HcnyHaMa nol/i-
jio>khhm HcnHpaH>y, a TparoBa Kapcmic})HKaiiHje HMa caMO y noBpuiHHCKOM /jejiy. Bo/(onpo-
nycHOCT OBe cpe/(iuie je /(o /(y6iuic o/i oko 70 m yrjiaBHOM Beha 0310 lu, ay /iy6JiHM Mau>a o/(
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3 lu. YTpoiimH HH>eKii;HOHe Mace Ha penepHHM 6ymoTHHaMa noka3yjy ;ia cy oBe CTCHCKe
Mace ca BJ]J1-om ffo 5 lu jejjBa HH>eicrabHJiHe, ca yipoinnH M a ojj oko 35 kg/m’, a BpejiirocTH-
Ma MiiiHM o;i 3 lu oj(rc)Bapajy ymrpoiiinn jjo 25 kg/m'.

KBpraBH 6aHKOBHTH KpeTi>anH, y JieBOM 60Ky h jrny iipoffnuia, cy jjocTa npaBHJiHo
H3jejfceHH ca Tpn cjiaMHJiHje nyKOTHHa, 3¢BOBa h jjo 10 mm, panaBHX 3Hj"oBa, ca Tparo-
BHMa KapcTiicf)HKaHHje y HajnojiancKoj 30HH h HciinpjpHBHM rpaHyjiapHHM HcnyHaMa.
njiHhn jjcjiobh TepeHa HMajy BJ],IJ Behn ojj 10 lu, a jty6jhH MaH>H oji 3 lu h noKa3yjy
3HaTHy xOMOreHOCT. H OBa BpcTa Kpe'tii>aKa HMa Maliy hh>ckthéhjihoct 3a 13/Ul j* 5 lu,
HapoHHTo yKQJiHKo je Beha panaBocT 3HjtoBa nyKOTHHa.

cji. 2. EpaHa "Jla3HhH": a) HH*eH>epcKoreojiouiKH npeceK TepeHa; 6) HHIKerbepcKoreojiouiKH mo,jcji
Fig. 2. Lazi¢i dam site: a) engineering-geological section; b) engineering-geological niodel

BaHKOBHTiIi KpeTit>anH h h>hxob nocTynHH npejia3 y MacHBHeg, y jjeciioM 60Ky iipoc[)iuia
cy, nonyT npeTxo~Hiix, pocTa nNpaBHJIHO H3jtejteHH y KpynHe 6jiokoBe, ca Tpn reHepajiHO
Mef)yco6HO ynpaBHe cj)aMHJiHjc nyKOTHHa, ojt Kojnx je jejtna pa3BHjeHa no SS noBpniHMa (cji.
2). Y HajiHsjiaHCKoj 30HH HMa HeuiTO HHTeH3HBHHjiix TparoBa KapcTHcjiitkanHje, a nyKOTHHe
cbhx cfiaMHJitija cy jto 3HaTHiix jty6tHia HenyH>eHe HciiHpjbiiBitM HenyHaMa. Jl,ocTa je inpa>Keita
xeTeporeHOCT no BJJH-y, iuto o~paacaBa KapaKTep HsjjejbenocTH cTeHCKHX Maca. 3a
BpejjHocm BJl,n-a 30 5 lu, oBe cTeHCcke Mace cy cKopo HeHH>eKTii6HJiHe. y tpouui;H HH>eK-
HHOHe Mace Ha penepmiM 6ymoniHaMa ¢y MacoBHo MaH>H 03 20 kg/m".

Ob3kbh ycjioBH cy 3axTeBaliH o6hmho 3anTHBHo HH>eKTHpaH>e (cji. 2). yKymia jjy-
*HHa HeKHHOHHX 6ymoTHHa, pacnopeeHHX Ha pacTojan.HMa 2 h 2,5 m, y ipti pejja,
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H3HOCHJia je 28780 m'. Jej(HHH'iiin yTpomi],H Mace Cy jioc'ra yMepeHH jio He3HaTHH. Ha
3HanajHOM 6pojy eTaaca yTpoiuu,H cy 6hjinh Man,n o/( 10 kg/m’. P'KC'ipeMiui yTpouiHH, Oji
HeKOJIHKO CTOTHHa Na j(o npeKO xiuhaj(y Kg/m', 6njin cy BesaHH 3a iiojjpv'ija 3axBaheHa
KapcTHcJ)HKax~HjoM, a jiejiHMH'iiio cy iiocjiejmna h iieiipiidiaro~ciioi pe>KHMa nibCKrnpa-
H>a. OcTajiH eJieMeHTapHH iiojianit o niheKHiionoj 3aBecn cy jiaTH y Ta6eJiH 2.

Ta6ena 2. O chobhh nojtann o 6paHaMa HaKVM\JianHja.Ma.
Table 2. Basic information on grout curtains.

6paHa b P2 PPz Hu a2 DZHU VDPd g Zib  om
dam (m2 (m2 (m’) (m) (lu) my ,  (kg/m)
Jla3HhH K (KDClIH>aHH) 16200 51760 031 125 60 0,48 2 3 2 28780 54
Lazi¢i k. (Limestone) 145 24
PasHBojie (<fi:iHM) 33440 41870 0,80 1025 60 0,66 2 1 24 16608 51
Gazivode (flysch) 103 5
Toy>Ka (ByjiKaHHTH) 9955 17790 056 48 485 115 1 1 25 8198 33
Gruza (volc. rocks) 59.5 5
TieJlHje (uiKpHIJbUH) 7150 8040 0,89 48 30 0.62 1 1 2 1589 142
Celije (schists) 39 4

Pb - noBpuiHa 6paHe; P2 - noBpniHHa HH>eKgnoHe 3aBece; Hu - BHCHHa ycnopa; Dz - ay6HHa 3aBece, pacnoH,;
VDPd. ~H03B0JBeHH B/in; R - pejiHOCT 3aBece; du- pacTojaite HHeKgHOHHX 6ymoTHHa; Eib - yKynHa ffy*HHa
HH>eKTHpaH>; Q,m- VTpomnH cyBe Mace.

Pb - dam surface area; Pz - Grout curtain surface area; Hu - backwater level; Dz - curtain depth, span;
VDPd - permissible permeability; R - curtain rows; dbu - space between grouting holes; Eib - total
grouting length; Qsm - dry mass concentration.

Ojihhihh ceflHMeHTH. 3axBaJdbyjyhH jejiHiic'iBenoj reHe3H, obh cejiHMeirrn ce ojijih-
Kyjy n0TnyHOM xeTeporeHouihy h aHH30TponHjoM Yy noiJiejiv cbhx 6HTHHjnx nn>Keii>ep-
cKoreojiouiKHX cBojcTaBa. O6h ,iiic hx hhhh Man>e hjih BHiue npaBHJIHO CMeii>Hiaii>e
ceKBeHi™H H3rpat)eHiix oj( rjinnaua, aJieBpojiHTa, neni‘iapa, jianopai;a h KpeHUbaKa, y ko-
jHMa jie6ji>iuia cjiojeBa, KojoM je npejinciioHHpaii KapaKTep HSjjeJbeHocTH, Moace Bapn-
paTH ofl jihckh j(o M jiHMeH3iija. Ojihuihh TepeHH cy, no npaBHJiy 6hjih H3Jio>Kcnii mrreii-
3HBHHM BHiuecf)a3HHM y6HpaitHMa h pacej(aH>HMa, uito jiojiarno noBehaBa vrnnaj yKyn-
He reojiouiKe rpaije Ha HH»ceitepcKoreojiouiKa cBojcTBa.

M3jieJi>eHOCT obhx cTeHCKHX Maca h CBojcTBa nyKOTHHa cy ycjioBJbciin jie6jbiinoM
CllojeBa, MCXailH'IKHM CBOJCTBHMa JIHTOJIOUIKHX ‘l1JiailOBa H lipOlieCHMa KojHMa je c[)()p-
MHpaHa Koiia‘'ina CTpyKTypa TepeHa. KaKO je iiajH3pa>KCHHja cj)aMHJinja nyKOTHHa no no-
BpuiHHaMa cjiojeBHTOCTH, to ce h y cKJiony jej(iie ceKBeHu;e Mory cpecTH ‘iiia‘iajiic pa3-
jiHKe yiecTaldioc'iH nyKOTHHa h cbhx jipyi nx cBojcTaBa. nyKOTHHe Koje npaTe Ha6ope,
pacejie h pacej*He 30iie, HMajy ojjpeheHy npaBHJIHOCT nojaBJbHBaita, a CBojcTBa hm y
HajBehoj MepH 3aBHce oji JiOKajiHor jiHTOJiouiKor cacTaBa h nojio>Kaja y cKJiony TepeHa.
Y iia'iejiy, Behe 3eBOBe HMajy nyKOTHHe y KpyhHM, Maibe jjec})opMa6HJIHHM ‘iJiaiioBHMa,
a Henyn,ajiocT Mexann'iKii cjiaénjnx ojidiiiKyjc xnj(payjiH'iKa nenocTojaHocT.

BojionpoiiyciiocT cj)jininiHix cejiiiMenaTa je reHepaJiHO Majia, jio hckojihko lu, ochm y
30HaMa pacejia h H3pa3HTHjHX CTpyKTypa. PernoHaJiHo, c})J[hiiihh cejiHMeii'ni cy, no npaBHJiy,
H XHjipayjiHHKa HenOCTO0jaHOCT, 6hjio ycjiOBibeHa nciinpaH.eM HcnyHa y MexaiiH'iKH oTTiop-
HHjM ‘iJiaiioBHMa, 6hjio noBpaTHHM hjih TpajHHM OTBapaibeM nyKOTHHa y j(ejioBHMa Koje
rpajje rJiHiinn h aJieBpojiHTH. BcjiH'imia npHTHCKa *oTBapaiba c})opManHje" MO>Ke Bapiiparn
0ji HeKOjiHKO jjo npeKO 0,5 MPa, 3aBHCHO ojj jioKajiHHX ycjioBa h nojioacaja y cKJiony TepeHa.
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YnpKOc reHepajino Majioj ilo;(oiipoiiycnocmi, h y obhm CTeiicKHM MacaMa je iieoiixojino
H3BOMHTH 3airniBiio iiiheK’rapaii.e pann CMan,eii,a ry6HTaKa Bo/je h o6e'i6e”eii,a c})iunpa-
HHOIlle CTa6lUIHOCTH. 063HpOM lia CBOjcTBa HCliynaJIOCm H BOJIOIipOIIVCIIOCTH, HH>eKTH6HJI-
hoct mo>kc BapHpaTH Y unipokHM rpaimu;aMa h Ha 6jiiickhm pacmojan,iiMa. llajBehn npo6jie-
mh ce jaBJbajy y XHjipayJiH'iKH HenocTojaHHM j(CJioBHMa Koje npaTe noBehaiiH yTponiH;H H3a3-
BaHH XHjipayjiH'iKHM OTiiapaiLeM 110jejihhaHHHX nyKOTHiia, ima'ie MajiiK 3eBOBa, h ojiBo})e-
H>eM Mace H3B3H Kopnciioi NOjipyMja. C)iyjia hcctc uphbhjihc KOHTpajiiik TopiiocTH jia 30He
Majnix BojioiiponycHocTH npaTe noBehami VTpoiniui Mace h 06pHyTO, iiito caMo NOTBpi)yje
06aBe3y npiiJiarof)aBaii,a ejieMeHaTa HH,eK'nipan,a, He caMO B0jiOnpOnycHOCTO, Beh h HH>eK-
ra6HJIIOCTH.

Ko/j Hac je hckojihko 6paHa Hsrpa”~eiio Ha cJ)jihhihhm TBopeBHHaMa, MaxoM ropito-
KpejiHe cTapocTH. Mei)y H>HMa cy "rpommm;a", "BaTJiaBa" h "Fa3HBOjie" Koja c})opMHpa
. HajBehy aKyMyjiannjy y Cp6njH.

Ojihiii nojiJiore 6paHe 'Ta3iiBojie™ THHe rJiHHHH, Jiaiiopu,n h neai'iapii koJh npeoBJi-
al)yjy caMO y cpejiHmmeM jiejiy jiecHor 6oKa, Kao nJionacTH, 6aHKOBHTH, pel)e MacHBHH.
y o0cTajiHM jiejioBHMa jioMiimipajy rJiHHUH h JianopiiH kojn ce nojaBJi,yjy y 3ace6HHM
naKeTHMa hjih y cmchii ca iiciii'iapiiMa. TepeH je npejicTaBJbeH cTiicHyTOM acHMeT-
pH'IHOM, hojiv>kiio no TeMeHy pacejinyTOM aiiTHcjiopMOM, j(y>K Koje je M6ap yceKao
j!OJiHHy (cji. 3a h 36). Y CKJiony nperpajiHor MecTa, CTeHCKe Mace cy H3jieJi>eHe y KpynHe
6ji0K0Be pacejiHMa h pacejimiM 30HaMa jiHHapcKor h jnijaroiiajmoi lipy>Kan>a. !43jieji,e-
ne cy cjiaMiiJinjoM nyKOTHHa no noBpmHHaMa cjiojeBHTOcth h jiBeMa cjiaMHJiHjaMa ynpaB -
hhm h jinjaroHajiHHM y ojiHocy Ha cjiojeBHTOCT. V'iec'iajiocT nyKOTHHa, jiy>KHHe h bcjih-
MexaHHHKHX cBojcTaBa HHTOjiomKHX ‘'uiaiioBa. y'iec'rajiocT nyKOTHHa je Beha y Jianop-
HHMa h rjiHHiiHMa, ajiH cy oHe Kpahe h cKopo 6e3 3eBOBa.

360r Beher y'ieniha neni'iapa, y jicciiom 60Ky, j(o jiy6)Hiie 0jj oko 40 m, jiOMninipajv
BpejjHOCTH Mame of/i 2 lu. Y JieBOM 60Ky, Bpefl[HOCTH npeKO 10 lu ce jaBJfcajy caMO y
pacejiHHM 30HaMa h naKeTHMa iieni‘iapa. McnHTHBaibHMa B flll-a je yTBpl)eHa XHjipa-
yjiHHKa HenocTojaHocT, Kao nocjiejmna "oTBapaita™ c|)opMaii;Hje, h to noji npHTHcmiMa
pejia Bejni‘iHiie 0,2-0,4 MPa, npBeHCTBeHO y JianopiiHMa h rJiHHHHMa. 360or H3pa3HTe
xeTeporeHOCTH no BejiiiTHHH 3eBOBa h 0BaKBOr Tinia XH/[payJiH'iIKC HenocTojaHOCTH,
HH,eKTH6HJIHOCT Bapnpa y uiiipopKHM i paiiHiiaMa, on /io6pe npahene peryjiapmiM ocTBa-
peiteM 3aBpmHor KpnTepnjyMa, jro H3a3HBaH>a XH/ipayjni'iKHX jioMOBa no/i bhiithm
HH>eKiiHOHHM npHTHCIii;HMa, npaheHHX o6hmhhm ry6jbeibeM HibeKiiHOHe Mace H3BaH
uo/ipyTja npel/iBiil)euor 3a HH>eKTiipaH>e.

MsBelieiia je jeliiiope/iHa HH>KHHOHa 3aBeca, riyénnc 25-103 m, ca ochobhhm pacroja-
H>M 6ymoTHHa o/i 2,5 m, h nporymheH>eM Ha 1,6 m y jichoj 60'iiioj 3aBecn (cji. 36).
HaKHa/iHO cy HajBeheM nejiy 3aBece /lo/ja'ra jom ,Tizapel/ia kochx 6yiiioTH!ia. ca hcthm ochob-
hhm pacrojaibeM. KoirrpojiHa ncmiTHBaiba B ~1l-a cy noKa3ajia /ia je, ochm ua nojejpi-
na'iHHM H'iojioBamiM eT'a>KaMa, ocTBapeHO npe/iBiifjeiio cMan>cii,e B0/iOiip0OiiycHOC'ra Ha 2 lu.

ByjiKaHHTii. PeJiaTHBHO Majin 6poj opana ko/i Hac je H'ii paSjeii na ByjikaHCKHM CTeHaMa,
pa/iH o cjiabnje TeKTOHCKH nopeMeheHHM MlJia/uiM MacHBHMa, pa3opeHiix epo3HjoM no iiepn-
cf)cpiuiM no/ipy'ijiiMa. PeHe3a ByjiKaHCKiix CTeHa, nonyT Biuuecj*asHor yTHCKHBaiba h iruiiiBa-
H>a, MHHepanHH cacraB h iiaKiia/uin npoii,ecH, yclioBJL,ai}ajy cneu,Hcl)HHaii o6jihk ni,Tcji,enocrn
h cBojcTaBa Koja H3 H>e npoH3HJia3e. npaBHJiHocT npocTopHe pacno/iejie nvKorHiia Jiy'ien,a
HHje yBeK vo'usHBa Yy pa3Mepn no/ipv'ija nperpa/iHor MecTa r/ie cy TeKTOHCKH npon;ecH,
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naj'ieurfic, 6hjih iipccvjiiin 3a cTBapaite ycjioBa 3a pa3Boj cposnje h HacTaHaK peHHHX no-
JiHHa. Oryjia, HHje pejiaK cjiv'iaj fla ca noBehaibeM jiyémie HeMa npaBHJiHocTH y CMaiiHBaiby
V'iecTajioc'm h BejiH'iHiia 3eBOBa nyKOTHHa. Fjihhobhthx HcnyHa, iipojiyKaTa pacnajian,a
ocHOBHe cTeHe, cKopo pejioBHd HMa Yy noBpniHHCKHM jjejioBHMa TepeHa, h OHe cy iiaj'ienihe
nojjj»»KHe f{iHjnpaii,HoiioM pa3apan>y.

CarjiacHO CBojcTBHMa HcnvnaldiocTii, Boj(onponycnocT mo>kc BapiipaTH y ihhpokhm
rpaHHi;aMa, ca necTHM nojaBaMa noBehaiiHX BpejpiocTH Ha BehHM jiy6HHaMa. TaKBa
xeTeporeHocT no Boj(oiipoiiycHocrH, y H3BecHOM CMHCJiy, OTOKaBa ycBajaH>e jiHMeinH ja
HH>eKE(HOHHX 3aBeca h 3axTeBa bhuih hhbo HCTpa>KeHOCTH. C jjpvre cTpaHe, OBe cTeHCKe
Mace ce Mory CMaTpara hhxkth6hjihhm 3a BpejjnocTH BJUIl-a Behe ofl 1 lu, nh 6e3
noce6HHX TeuiKoha ce mo>c jiocTHhn CMan>eii>e BojionponvciiocTH jjo Te BejiH'iniie.

Jejjiio 0jj npcrpajiiiHX MecTa y OBaKBHM ctbhckhm MacaMa ce Haldia3H y CKJiony Kot-
JieHHHKor ByjiKaHCKor KOMnjieKca, Ha pemi Tpy>KH, rjje je H3rpat)eiia HCTOHMeHa Jiym o-
-rpaBHTaiiHOHa 6paHa. HacTaHaK 0BOr KOMnjieKca je Be3aH 3a pa3j;06jbe ofl ojuiro-M H -
on;eHa jjo MJialjer HeoreHa, h to TaKo iuto cy Y npBoj (|)a3H HacTajiH aiijiesnTH h jianirni,
ynopejuiHM c})opMHpaibeM HHpoKJiacTHTa, 6pena h Tyc})HTa. CpejjHuiibH fleo nperpaj*Hor
MecTa ‘imie npiieiiH jio TamMiio HpBciiH aimesHTH. Y noBpuiHHCKOM Jiejiy ohh cy H3jie-
JbeHH Yy cHTHe 6jiokobc, a y jiy6ji>HM jjeJiOBHMa, y cBe>Koj cTeHCKoj Macn, jaBJbajy ce
nyKOTHHe Jiyien>a, Behnx 3eBOBa, ca tjihhobhthm HcnyHaMa, h TeKTOHCKe nyKOTHHe 6¢e3
HcnyHa. Bo'ine, BHiue jjejioiie TepeHa rpajje HenpaBHJiHHje H3j[eji>ene ByjiKaHCKe 6pcie
Koje HHHe KOMajjH aHjje3HTa h j~aipTa yKJionjbeHe Yy HexoMoreHy rpycn4)Hii;HpaHy
i“eMeHTHy Macy. Penia jjojinna je pa3BHjeHa no uinpoKoj pacejjnoj 3ohh Y Kojoj je
ocHOBHa CTeHa n0TnyHO0 MexaiiH'iKii ourreheHa (cji. 4).

Cn. 4. BpaHa "Tpy*a": a) HH>KeH>epcKoreojiomKH npeceK TepeHa; 6) HH>KeH>epcKoreojiomKH Moneji
Fig. 4. Gruza dam site: a) engineermg-geological section; b) engineering-geological model

McnHTHBaiba B/UI-a cy noKa3alia pacnoH oji hckojihko, jjo npeKo 20 Iu, Y pacej(HO0j
30HH h npeKo 30 lu, 6e3 CMaii>HBaii,a Bpejinoc'm ca jjyémioM. XHjipayjiHMKa Hen0CT0jaHOCT je
iripa>Kena caMO Y iumhnM jiejioiiiiM a vcjiejj npHcycTBa cfmjnpanHono HecTa6HJiHiix HcnyHa.
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063iipoM Ha KOHCTpyKTHBHH nin SpaHe, 3a peraeH>e int,eKunoHe 3aBece je 03 Hocefnior
sna'iaja 6mia H>eHa yjiora y cMaH,en>y y3roHa. EymoTHHe cy paciiopetpeHc y je/nioM pej(y, y
06jiHKy saKpnBJbenoi’ y3Bo;ino narHyTor eKpaHa h npoMenjbHBHX cy a3HMyTa h iia/(inix
yrjioBa. PacTojaH>a H3Mef)y 6ymoTHHa cy o/( 1,5 m y pace/inoj 30HH, jjo 2,5-4,5 m y ocTalJioM
17790 m .Y ojjiiocv Hanpojek TOBaim 06hm, 3aBeca je y j[ejiy paceji;He 30He jionyn,eHa ca 20
6ymoTHHa, paciiopehjeniK y j(oj(aTini y3Bojuiii h hhsbojihii pe/i. Ha penepHHM 6ymoniHaMa
iipoce'ian yTpomaK ncMeiTme Mace je H3HOCHO 35 kg/m', a KpeTao ce oji HeKJIIHKO, 30 npekO
120 kg/m*. Oinuan yTpomaK je ocTBapeH h Ha hii,ckhiiohhm 6ymoTHHaMa h H3Hocko je 33
kg/m', a caMO Ha jionyiicKHM je 6110 Bchn, 104 kg/m'. KoHTpojiHa HciiirriiBaii.a BJ],n-a cy jiajia
cpejiibv BpejinocT 0ji 0,97 lu, hito noTBp~yje oii;eHy o HH,eKTH6iuiHOcni obhx ctchckhx Maca.

KpucTajiacTH IUKpH.biiii. y cKJiony OBe BpcTe, noce6Hy ria>Kiby iipiiBJia'ie cjia6nje
MeTaMopc|)HcaHe cTeHe jep cy jioBOjbHO BojionponycHe jja je 11y ibHMa noTpe6éH 0 H3BO-
Hhth 3anTHBHO HibeKTHpaibe, a KapaKTep nciiyuaJiocTti, B0jionpOnycHOCTH h Mexanii'iKa
cBojcTBa oTe>KaBajy ocTBapeibe noTpe6HHX no6ojbmaiba.

TepeHH Koje rpa~e OBe BpcTe c'reiickiix Maca cy, N0 npaBHJiy, cjio*enor JiHToreHeT-
CKor cacTaBa h cTpyKTypHO—tcktohckhx ojjnoca, Kao iiocjie/inua BHine (j)a3a MeTaMop-
cj>H3Ma h CTpyKTypuor 06jiHKOBaH>a. MciivnaJiocT KapaK T Tepmiie H3pa3HTa aHH30Tpomija
H XeTeporeHOCT, 3Haraa v'iec'rajiocT nyKOTHHa iipeTe>KHO Bpjio Majinx 3eBOBa, Kao 1
npHcycTBO npoj(yKa-a paciia/iaii>a y ibiiMa. Obo cy npeTe>KHO cJia6o Bojionponvcne ctch-
CKe Mace, iiaj'ienihe j(o 3 lu. Behe B0/ionp0iiycHOC'in HMajy iiJinhn jicjiobh h TeKTOHCKH

BaHa OTBapaibeM nyKOTHHa, a caMo H3y3eTHO KlJiacii'iHtiM xn/ipayJiii'iKiiM jiomobhm3
npejjHcnomipaHHM JiaTeHTHHM jHCKoiiTHnyHTeTHMa h ncimpaibeM HcnyHa. Ha obo cugj-
ctbo yTHHe 3HaTHa Mexanii'iKa 0CJia6jbeHOCT H3a3BaHa HHTeH3HBHHM noBpuiHHCKIiiM
pacnal/iaibeM, h jio hckojihko jieceTima MeTapa /iyfiniie.

Madie B0jjonpOnycHOCTH h BejiHHime 3eBOBa nyKOTHHa 6htiio orpaHHHaBajy HibeK-
théhjihoct. Kjiacn'iiiHM MacaMa ce TeniKO ocTBapyjy pajuijvcn jioiinpaiba Mace BehH 0ji
HeH3BeCHOCT y KOHTHHyHpaHOCT 33HH>eKTHpaHOCTH Il npil MaJIHM paCTOjaibHMa HlbeK-
Hhohhx 6ymoTHHa. 063HpoM lla cBojcTBa HcnynadiocTH 11 BOjionporivcnocTn, Kao n M ajie
yKynHe ry6HTKe bo/jc, nenoTpe6no je, y BehHHH cjiyiajeBa iihchcthpaTH na jienivmTenoj
BOflonpOnycHOCTH Maiboj oji 3 lu.

JeliHa oji 6paHa irirpat/eiia Ha 0B0j BpcTH cTeHCKHX Maca je 1l 6paHa "TiejiHje'™ Ha
pei;H PacHHH. TepeH rpajte najieo30jcKH MHKaiiincTH, H3pa3HTo mKpiui,ap,n. ‘iccto chtho
njiHCHpaHH h H3yBHjaHH. Cajip>Ke HenpaBHJiHe >Kime h co'iiiBa KBapna, MecTHMii'mo

na”"OBa. y MHKamncTHMa cy nyKOTHHe /(ejiiiMii'mo 3anyibeHe HcnyHaMa 6oraTHM JiHCKy-
HHMa, a y cnjiHc)HKOBaHHM nejioBHMa cy, o6hhho, OTBopeHe h 6e3 TpomHHX HcnyHa.
06HMHa HcnHTHBaiba y iicTpa>KiiHM h penepHHM 6ymoTHHaMa HH>KUHOHe 3aBece cy
noKa3ajia /(a je Bo/jonpoiiycnocT y HajBeheM j(CJiy Maiba o/j 1 lu, a caMO H3y3eTHO Beha
ofl 10 lu, ca yOHJbHBOM TeHjieHHHjom CMaibHBaiba ca ny6niioM (cji. 5). M3Be;ieHa je
jenHopenHa HHeKUHOHa 3aBeca, pejiaTHBHO jej(HOCTaBHe KOHTrype, Koja npaTH TepeH,
Hy6HHe 30 m. Ochobho pacTojaibe 6ymoTHHa je 4,0 m, a Ha jjecHOM 60Ky cy H3BejjeHe h
jtonyHCKe 6ymoTHHe Ha 2 m pacTojaiba. MibeKTiipaibCM HHje y n0TnyHOCTH ocTBapeHO
CMatteH>e BJIM-a Ha jionyiirreiiy Bpe/uiocT 0/1 1 lu, noce6HO Ha npBe jibc ¢wra>Kc oji no-
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BpniHHe TepeHa, Met)yTHM, yicynHH pa'iyncKH jjofiHjeiiH ry6HH,H Bojje cy MaitH oji 5 1/sec,
ihto TeuiKO onpaBjuiBa h HSBejieiiH o6hm pajiOBa. lloce6Hy 3aHHMJbHBOCT npejicTaBJi.ajy
pejiaTHBHo BejiHKH ripoce'iHH yiipomnH Mace oj( 142 kg/m' Ha npo6HOM nojby, h 173 kg/m’
Ha cpejjiteM flejiy jiypHHCKe 3aBece. Ohh cy, HajBepoBaTHHje, nocjiejiHHa aHH30iponnje
BojioiiponycHocTH h XHjjpayjiH'iKe HenoCT0jaHOCTH, ojihocho ry6jben>a Mace H3Ban ko-
pncHor npocTopa.

Ol. 5. EpaHa "Tie."'injc": a) HH*eH>epcKoreojiomKH npeceK TepeHa; 6) mmeibepcKoreoJiouikKH Mogeli
Fig. 5. "Celije" dam site: a) engineering-geological section; b) engineering- geological model

YyMECTO 3AKJbYHAKA

M 3y'iaBaibe onuiTHX HH>KeH>epcKoreojiouiKHX ycjioBa 06e36e~eH>a bojjojip>khbocth
ce 3acHHBa Ha no3HaBaiby CBojcTaBa HciiynajiocTH, BojjoiipoiivciiocTH h Hii>eKTHHJi-
hocth, Kao nocjiejHine ojjpeljeiie reoJioiHKe rpat)e iunper npocTopa h H>eHHX JioKajiHHX
0CO06eHOCTH. Y peKanHTyjiau,HjH obhx pa3MaTpaiba, 063HpoM Ha nojiasHe nocTaBKe o th-
nHHHOM HcnojbaBaiby 6hthhx CBojcTaBa Y nojejiHHHM jiHToreHeTCKHM BpcTaMa ctchckhx
Maca, Y Ta6ejiH 2. cy jiaTH naj6HTHHjH napaMeTpn hii.ckhhoiih” 3aBeca 3a oj(a6pane 06-
jeKTe h BpcTe ¢cTeHCKHX Maca.

yiiopej(na aHajiH3a obhx nojja-raKa, H3Mel>y ocTajior, noKa3yje j(a cy pejiaraBHo
Hajo6HMHHja HibeKTHpaiba Y KpncTaJiacTHM niKpnJbHHMa Kojn, mia'ie, ncnojbaBajy
HajMan>y BojioiiponvciiocT h iiajnpo6jieMaTH'iHHjy HibeKTH6HJIHOCT, ycjioBJbeHy npeoB-
JialjvjvhoM BejiH'imioM 3eBOBa nyKOTHHa h cnenHf})H'inoM xHjtpayjiH'iIKOM HenocToja-
Homhy. TO OTBapa nHTaiba H36opa jionvniTene Bo/jonpoiivcirocTH h ycKJiabriBan>a ejie-
MeHaTa HH>eKTHpaiba ca CBojcTBHMa HH>eKTH6HJIHOCTH, /(ajvhir hm 3Ha'ieii>e He3ao-
6HJia3Hor Hc TpascHBaHKor sajiaTKa y pyTHHCKHM ricipa>KhBaibhma, Kao h Ba>Kiio MecTO Y
HHaceibepcKoreojiomKHM H3y'iaBari,HMa oninTHX KpHTepiijyMa 3anTHBHor HH>eKTHpaiba.
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ENGINEERING-GEOLOGICAL PROPERTIES RELATIVE TO DAM
FOUNDATION WATER-HOLDING IN DIFFERENT GEOLOGIC
ENVIRONMENTS

by
Sonja Cvetkovi¢-Mrki¢ and Dejan Buranovic

The engineering-geological properties and the general groutability of different rock masses for the
water-holding purpose can be deduced from the numerosity of numerosity of analysed permeabilities, fis-
suring, experimental and completed grouting works for dams in different geologic environments. This ex-
perience is significant and useful extension of prospectings for specific structures and a good basis for
;monitoring and maintenance of completed works, particularly in view of the long and costly construction
of grout curtain as important safety components any dam. This work considers several types of rock
masses: limestones, flysch deposists, volcanic rocks, and low metamorphic rocks, and summarizes investi-
gaton results arid grout curtain information for some case examples.

Key words: fissuring, water permeability, WPP, groutabilty, fissure filling, heterogeneity, anisotropv, hy-
draulic inconsistency, filtration consistsency, grout curtain.

INTRODUCTION

One of major problems of the dam and storage lake projects is the possible water
loss under and beside the dam body and through the sides of the lake. The general engi-
neering-geological and hydrogeological situation and permeability of rocks are primarily
controlled by the regional and specific situation in the dam site. As the conditions of dam
construction and storage lake formation are particularly important in this respect, and be-
cause must be satisfied often by voluminous grouting vvorks, they should be given utmost
consideration fromthe preliminary prospecting to the continuous observation of filtration
upon the completion of the projtct.

Extremely complex conditions for artificial reservoirs are found in karst areas, where
good study of the general area is inevitable for planning the grouting works. It is a sim-
pler task where rock masses are fissured, but, still, all aspects of filtration under the dam
must be investigated and the likely filtration reduced to a limit permissible for the safety
of the structure and the cost of the water loss. In view of many uncertainties in this field,
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the analysis and generalisation of the practises have some wvveight in the search of
parameters and engineering-geological criteria. The study of general provision of water-
-holding capacity is important for any prospective design and maintenance of existing
structures.

GENERAL STATEMENTS

An assessment of the engineering-geological situation for safe impounding is based
on the extent and distribution of permeability and groutability of rocks, with both parame-
ters directly related to the rock mass fissuring and local geology. The permissible water
permeability and the size of groul curtains also depend on some other parameters, includ-
ing: general hydrogeology, type and height of dam, cost of stored water, etc.

More than forty high dams have been constructed in Serbia in various terrains of all
the geologic units (Fig. 1, Tab. 1).

Each dam site is specific from the engineering-geological aspect, primarily in the
local and regional geology, but there is certain general congruity of these characters in
lithologically similar or almost similar environments. More specifically, certain engineer-
ing-geological characters are generally typical for some types of rocks, though each site
also has local geological characteristics. This has been verified through an analysis of the
water-holding properties in several different lithologic environments: limestones, flysch
deposits, eruptive rocks, crystalline schists. This work is mainly concemed with the ge-
neral properties of water permeability and groutability, illustrated by a case example of
grouting works for each of the selected environments.

GENERAL ENGINEERING-GEOLOGICAL
CONDITIONS OF WATER-HOLDING

Limestones. Several dams in this country are constructed on limestones or on dominantly
limestone rocks (Tab. 1). Some of them are: Laziéi-canyon, Vrutci, KruSevica, etc.

Limestones are specific in different modes of occurrence, variability in composition
and fissuring, and in being affected by karstification in most cases. This, depending on
the general hydrogeologic situtation and intensity of the process, can offer complicated, or
even very difficult, conditions for assurance of the water-holding capacity. If we, for a
good reason, dwell on the examples of partly Kkarstified areas, often referred to as fracture
karst. where the process penetrated below the base level of surface erosion, certain regu-
larity could be noted in the distribution, dimensions and extent of karst forms which are
of great importance for the general provision of water-holding. Basically, this type of
moderate karst is dissolution of rocks along the existing discontinuities, more advanced
where rocks are mechanically heavily damaged. At the same time, entire units, blocks or
fissured rocks, can remain fissured without signs of karstification.

These rock masses, in majority of cases, are broken into blocks, each bearing at
least three systems of fissures, one at the surface and two, with minor local deviations,
perpendicular to one another and to the bedding plane. There are also gravity fractures in
abutment valley walls and typical fractures in the fault zones. These fractures are com-
mon ground water paths and consequently more affected by karstification.
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Generally, there are two types of fissure fillings. Mineral, calcite may completely fill
karst dm-size cavities or cover fissure walls with cryptocrystalline or tloury crusts to
well developed crystal forms. Often, several phases of fissure fillings are observed, a
consequence of changes in the general trend of karstification controlled by geotectonic
processes, climatic modifications, etc. Friable, prevailingly clay fillings, a result of com-
plete dissolution of rock, characteristic foremostly of subsurface ground, may be consoli-
dated to different degrees, thouth generally are susceptible to decomposition and as such
are a factor or hydraulic inconsistency of rocks. In some instances, broad fault zones can
be completely sealed with well consolidated sedimentary clay fillings, older than the fill-
ings in other rocks.

Congruous with the fissured rocks and the karstification intensity, the terrain is often
heterogeneous in permeability, calling fo a high level of investigation in its water loss
capacity and for adequate steps in limiting it. There are two principal properties of the
rock mass permeability: a wide range of WPP, from negligible to immeasurably high in
karst areas, and hydraulic inconsistency from friable, unconsolidated fillings. Additionally,
the modes of rock occurences are diverse and control the geometry of fissures, frequency,
wall roughness, openings, and other parameters of significance for the level and character
of permeability. Conventional WPP, ground water regimen observation, efficiency of,
grout curtains and observation of their behaviour are much heterogeneous in permeability
and very difficult to overcome by conventional grouting. More specifically, the groutabil-
ity of these rocks can be limited by extremely high WPP values, instability of fillings,
and even by notable anisotropy of fissuring and permeability. Consequently, standard, uni-
form designs of unified grouting elements are hardly promising in efficiency even where
the grout curtain dimensions are proportioned to its purpose.

One of terrains characteristic for the problems of sealing the rock mass is the
Lazi¢i-canyon dam site, in the Bajina BaSta power plant system. It is made up of the
Senonian Gosau sedimentary facies: stratified to flaglike marly limestones interbedded
with marlstone, stratified limestones, grey nodular bedded to thick-bedded limestones and
thick limestones in gradual transitions. These rocks form the southwestem limb of a syn-
form of Dinaric strike, shaped in a monocline at the dam site, intersected by diagonal and
transverse faults (Fig. 2).

Marly limestones in the left abutment wall are paited by ss-planes and a number of dia-
gonal fissures of dominantly mm-openings filled with fiiable material susceptible to washing
out, karstified only at the surface. The permeability of these rocks to the depth of about seven-
ty metres exceeds 10 lu, and is less than 3 lu at greater depths. The grouting rates at reference
boreholes indicate that rocks of WWP up to 5 lu are barely groutable (rate about 35 kg/m) and
those of less than 3 lu received up to 25 kg/m of grout.

Thick nodular limestones, in the left abutment wall, are quite regularly intersected by
three systems of fissures up to 10 mm wide, rough-walled, showing signs of karstifica-
tion above the water table, and filled with loose granular material. Rocks in shallow areas
are more homogeneous, with permeabilities of 10 lu or higher, and deeper rocks of 3 Ilu
or less. This type of limestones has low groutability for WPP to 5 lu, especially where
fissures walls are very rough.

Thick and transitional to massive limestones in the right abutment wall, like preced-
ing ones, are quite regularly divided into large blocks intersected by three systems of fis-
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sures perpendicular to each other, one of which on ss pianes (Fig. 2). Above the water
table. karstification is slightly more intensive and fissures of all systems are deeply filled
with loose material. Heterogeneity om WPP is notable, which is natural for the fractured
rocks. Where up to 5 lu. these rocks are almost ungroutable. Grout loss in reference
boreholes is always less than 20 kg/m.

The grouting works in the given situation were voluminous (Fig. 2). The total length
of grouting holes, spaced 2 m or 2.5 m apart in three rows, was 28.780 m. The unit rate
of grouting was moderate to negligent; it was less than 10 kg/m in a number of benches.
The grouting rates were extremely high, from hundreds to over a thousand kg/m, inkarsti-
fied rocks, and partly due to the unadjusted grouting regime. Other salient data for the
grout curtains are given in Tab. 2.

Flysch deposits. These deposits are characterized by complete heterogeneity and ani-
sotropy in all principal engineering-geological properties. Flysch deposits commonly form
more or less regular cusession of shale, siltstone, sandstone, marlstone and limestone se-
quences of the thickness varying from laminae to 1 m. Flysch terrains have been repeatedly
folded and faulted, thus increasing in the geologic influence on the engineering -geological
properties.

The fissuring of these rocks and the nature of fissures depend on the bed thickness,
mechanical properties of lithologic units, developed system of fissures at bedding surfa-
ces, one sequence may greatlly vary in their frequency and other properties. Fissures
which conform with folds, faults or fault zones are regular in occurrence and their charac-
ter is greatly dependent on the local lithology and position. Principally, fissures in brittle,
less deformed rocks are more open. and in mechanically ductile units are characterized by
hydraulic inconsistency.

Permeability of flysch deposits is generally low, a few lu, excluding fault zones and
notable structures; regionally, they are always aquifuges. Besides low permeability, flysch
deposits are hydraulically inconsistent, because either the filling is washed out in stronger
units or fissures are open in the unit parts composed of shale and siltstone. The pressure
of opening may vary from a few to over 0.5 Mpa, depending on local conditions and the
rock position.

Even these rocks of low permeability must be grouted to reduce water losses and
provide safety against filtration. The required volume of grouting may widely vary even
at small distances. Greatest problems in grouting arise wvith the hydraulic opening of nar-
row fissures which swallow grout beyond the grouted space. Hence the frequent apparent
contradiction that low permeability zones swallow more grout and vice versa, which only
supports the statement on the necessary adjustment of grouting to the permeability and
groutability of the given rocks.

Several dams, including GroSnica, Batlava, and Gazivode forming the largst storage
reservoir, have been constructed in Serbia on flysch deposits dominantly of Upper Creta-
ceous age.

The Gazivode dam is constructed on flysch deposits composed of shale, marlstone
and laminated, thick or rarely massive sandstones prevailing only in the central areas of
the right abutment wall. Elsewhere in the dam site, shale and marlstones are dominating
in sets of beds or altemating with sandstones. The terrain is represented by a compressed
asymmetrical, antiform faulted along the crestline, where the Ibar river ineised its valley
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(Fig. 3a and 3b). Rock masses in the dam site are dissected into blocks by faults and
fault zones of Dinaric and diagonal trends. The blocks bear a system of fissures on bed-
ding planes and two systems perpendicular and diagonal to bedding. The frequency.
lengths and openings of fissures depend on the local lithology, i.e. bed thickness and me-
chanical properties of rock units. The fissures are more frequent in marlstones and shales,
but are shorter and almost closed.

Permeabilities of 10 lu or more are prevailing in the dominantly sandstone right side.
to a depth of about 40 m, with a decreasing trend to less than 2 lu with the increasing
depth. In the left side, permeabilities over 10 lu prevail only in fault zones and sand-
stones. The WPP tests revealed hydraulic inconsistency as a result of fissure opening un-
der the pressures of 0.2-0.4 MPa order, primarily in marlstones and shales. The
groutability is variable within a wide range, from good. completely satisfactory, to caus-
ing hydraulic fissuring under high injection pressures and loss of grout beyond the
grouted space, all due to the heterogeneity in fissure opening and this type of hydraulic
inconsistency.

An one-row grout curtain was constructed 25-103 m deep with hole spacing of 2.5
m and additional ones at 1.6 m in the left lateral curtain (Fig. 3b). Most of the curtain
was additionally strengthened by two more rows of inclined holes equally spaced. Exclud-
ing discrete isolated levels, the permeability was reduced to the designed 2 lu, as verified
by the WPP test.

Volcanic rocks. A comparatively small number of dams was construeted on volcanic
rocks, which is only reasonable in respect of their nature in Serbia. Where constructed, it
is on slightly defomed young massifs, affected by erosion on the periphery. The genesis
of volcanic rocks, such as staged intrusion or extrusion. mineral composition. and subse-
quent proeesses have controlled the specific fissuring and relative properties of rocks. The
regularity of the joint pattem is not always notable on the dam-site scale, where tectonic
processes, mainly were responsible for development of erosion and formation of river val-
leys. Hence the common irregularity indecreasing frequency and opening of fissures with
the depth. Clay fillings, as products of country rock wathering, are always found on the
surface wherefrom they have been washed out.

Depending on fissures, pemieability may vary within wide limits, often increasing at
depth. This heterogeneity in pcrmeabilily in a way increases the difficulty of dimension-
ing grout curtains and requires a high level of investigation. On the other hand, these
rocks may be considered groutable for WPP higher than 1 lu, or their permeability rela-
tively simply reduced to this value.

One of impoundments in similar rocks is located in Kotlenik volcanic rock complex,
in the Gruza river, where a arch-gravity dam was completed. The complex of rocks was
formed between the Oligo-Miocene and the late Neogene, first andesite and dacite, then
quartz latite and dacite, and finally Labrador andesite and trachytoids, parallelled with the
formation of pyroclastics, breccias and tuffites. Central part of the dam site is made up of
red to dark red andesites, broken at the surface into small blocks, and joint fissures with
the clay-filled openings, and empty tectonic fractures in depth. Lateral, higher areas of
the terrain are of less regularly fissured volcanic breccias of andesite and dacite fragments
in a nonhomogeneous grussified cement. The river valley developed in a wide fault zone
on mechanically completely damaged groundrock (Fig. 4).
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Permeabilities vary from a few to a20 lu or more. exceeding 30 lu in the fault zone,
which is not decreasing with the depth. Hydraulic inconsistency is notable only in shal-
low places owing to the presence of fissure fillings unstable to filtration.

The type of the dam required a grout curtain designed to reduce the uplift. Holes were
drilled in one raw to follow the curvature of the upstream inclined dam face, and had varied
azimuth and dip angles. Hole spacing was 1.5 m in the fault zone to 2.5-4.5 m in the rest of
the cuitain. The curﬁain depth was considerabler, to 55 m in the river bed, and its total surface
area was 17.790 m . Compared with the designed volume, the curtain was strengthened with
20 more grout holes in the fault zone, arranged in additional upstream and downstream rows.
Average grouting rate was 35 kg/m in reference boreholes, and ranged from a few to over
120 kg/m. Similarly high rate of 33 kg/m was recorded for injected grout, and was higher,
104 kg/m, only in the additional holes. Control WPP tests gave an average value of 0.97 lu,
which verified the expected groutability of these rocks.

Schists. Particular consideration is given to low metamorphosed rocks, which are
sufficiently pemeable to need sealing by grouting, and have fissures, permeability and
mechanical properties which increase the difficulty of accomplishing the improvement.

Terrains of this type of rocks are almost invariably complex in lithology and in tex-
tural-structural relations, a consequence of progressive metamorphism and structural shap-
ing. Fissures are characterized by marked anisotropy and heterogeneity, frequency and
narrow openings filled with weathering products. Schists are mostly low permeable rocks
to 3 lu. More permeable are shallow rocks and deformation zones, which are characteriz-
ed by hydraulic inconsistency from fissure oopening, and only rarely by hydraulic fissur-
ing along the latent discontinuities and removal of fillings. The latter property is enhanced
by the lessened mechanical strength from intensive weathering even tens of metres deep.

Low permeabilities and fissure openings significantly limit the groutability. Standard
grouts can hardly penetrate more than one metre deep; this and the threatening loss of
grout provided by hydraulic inconsistency raise a doubt in the grouting continuity even
where grout holes are closely spaced. In respect of fissuring and permeability, and small
total water losses, it is superfluous in most cases to insist on the permissable permeability
of less than 3 lu.

One of the dams constructed on this type of rock mass is Celije dam across the
Rasina river. The dam site is made up of Paleozoic mica schist, highly schistose, often
fmely pleated and distrorted, bearing irregular quartz veins and lenses, locally passing into
silicified schist or even quartzite. The mica schist mass also bears occurrences of concor-
dant veins and lenses of amphibolite schist. Fissures in mica schist form several systems
different instrike and widely varying in dips, partly filled with mica-high material. In sili-
cified rocks, fissures are usually open, without friable fillings. Voluminous tests in test
and reference boreholes of the grout curtain indicated the prevailing water permeability of less
than 1 lu, only exceptionally over 10 lu, and its decreasing trend with the depth (Fig. 5).

An one-row grout curtain is constructed, relatively simple in contour following the
surface line, 30 m deep. Holes are spaced 4 m apart, with additional ones at 2 m in the
right abutment wall. Grouting has not reduced the WWP to the permitted 1 lu, especially
in the first two benches from the surface. However, the total calculated water loss is less
tha 5 1/s, which hardly justifies the volume of the completed work. A peculiarity is the
relatively high average grouting rate of 142 kg/m in the pilot field, and 173 kg/m in the
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middle of the deep curtain. These rates are a likely consequence of permeability anisotro-
py and hydraulic inconsistency, i.e. of the grout loss beyond the useful space.

INSTEAD OF CONCLUSION

A study of the general engineering-geological situation for provision of water hold-
ing is based on the knowledge of fissure, water permeability and groutability properties,
as resultants of the regional geology and its specific local character. In summarizing the
above considerations, proceding from the initial statement on typical expression of basic
properties in some lithogenetic rock species, Table 2 gives principal parameters of grout
curtains for the selected dams and rock species.

A comparative analysis of data indicates, inter alia, that grouting is relatively most
voluminous in schists which manifest least permeability and most problematic groutabil-
ity, controlled by the prevailing open fissures and specific hydraulic inconsistency. This
raises the question of the selection of permissable permeability and adjustment of grouting
elements to the groutability, giving them the importance of an unavoidable research task
in routine investigations, and a prominent place in the engineering-geological studies of
the general sealing grouting criteria.
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