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PESIOME

'pag CunucTpa e KyNTypeH 1 CTONaHCKO-aAMUHUCTPATMBEH LIEHTBP, pasnonoxeH Ha 6pera Ha p. [yHas npu km 375-377. OcHoBaH € npes | Bek U e BaxHa KpenocT
npes PUMCKO 1 Typcko BpeMe. 3aema 7 km?nriow v uma 62 000 xutenn.

3acTpoeH e Bbpxy 3anueHata Tepaca (To) Ha p. [yHaB, cknoHoBus y4acTsk (S) u nbocooto nnato (OAL). B TnHata yacT Ha 3anuBHaTa Tepaca € akymynupaH
NbocoB fenyBuii. CKNOHBLT € OPOPMEH B MIMOLEHCKW TMWHM W MACHLM, MOKPUTW OT MbOCOB AenyBuiA. [NatoTo € W3rpafieHo OT MAMOLIEHCKU MMMHW U JTbOCOB
komnnekc (38 m) Hag Tax. [pafgbT HEKOMKOKPATHO € pa3pyLuaBaH M OnoxapsiBaH, BCNELCTBUE Ha KOeTo ca 0bpa3syBaHu febenu Hacunm,

Bb3 0CHOBa Ha reoMopconoxku, NUTodaLmanHin 1 MHKEHEPHOreONOXKA NPU3HALM Ca OTAENEHN CMENHUTE WHXEHEPHOreONOXKA PailoHN Ha TEPUTOpUSITA Ha rp.
Cumnuctpa: | paitoH ¢ TeXHOTeHHM, MPONagbYHM W anyBrUanHu MoYBK (3anuBHa Tepaca); Il paitoH ¢ akTMBHYW CKMOHOBM MpoLECH 1 NponagbyeH nboc | Tn (cknoHoB
yyactbk); |l paiioH ¢ nponagbyeH nboc |l Tvn (nbocoBo nnato). Moa3emMHUTe BOAK Ca MyKHATUHHO-KapCTOBM B AONHOKPEAHUTE BApOBWLM W MOPOBU B anyBuanHute
CeOMMEHTM Ha TepacaTa W B 1enyBus Ha CKIOHa. [e0NoXKWAT pUCK Ha TEpUTOpUSTa Ha rpada Ce onpeaens Ha MbPBO MACTO OT Bucokarta cemamunyHocT (VIII crenen
no MSK), Hannuue Ha nponagbyn NbocoBu nousm ot | u Il Tun, gebenv aHTponoreHHn Hacunu (40 9 m), NUTKM NOA3EMHM BOAM W OT NposiBaTa Ha epoaust no

ByHaBckus 6psir.
BbBEAEHWE

lpag CunucTpa e NOCTOpeH BbpXy KBaTEPHEPHU CeauMEH-
TH, KOWTO Ce XapakTepusupaT C ronsamo pasHoobpasue Ha
reHeTUYHU BMOoBe, auynanti pasHOBUAHOCTU U UMAT pasnu-
YHO MHXEHEPHOTeOoNnoXKo nosefeHue. [eHeTU4HUTe BMAOBE
KBaTepPHEPHU CEAMUMEHTU Ca MPWUBbP3aHM KbM OMpefesieHu
reomopchonoxk1 copmu. Besika reomopdronoxkka dopma uma
XapakTepeH NIUTONOXKN CTPOEX, XMAPOreomnoXKN YCroBuUS 1 B
npegenuTe W morat ga ce OTAensT nurtodauwanHu Tena ¢
efHakBN U3MKOMEXaHUYHW nokasaTenu. FeoMopdOonoxkuTe
copmu ca obpasyBaHu Npe3 HEOTEKTOHCKMSA eTan (2,5 mun.
FOOWHM B0 JHEC) U Ca BaXEH MHAMKATOP 3a reoguMHaMukata Ha
paioHa. LlokbmbT UM € O(OPMEH B MIMOLEHCKM TTIMHW W
Gapemcku BapoBuuM. TO3M NOAXO4 Ha u3cneaBaHe, cbobpa-
3€H C reonoXKuUTE YCMOBWS B LUMPOK aKCMEKT, € WU3nonayBaH
NPy W3y4aBaHETO Ha WHXEHEPHOTEONOXKUTE YCMOBUS Ha
rp. Cunuctpa.

B palioHa ca npoBeaeHN recnoXkn 13creaBaHus 0T MHOMO
yyenu. Cpep mbpeuTe macneposatenu ca 3nmatapcku (1927),
BoHueB 1 Yewntes (1953, 1954). HeoreHckuTe ceaMMeHTH ca
Npoy4eHn MHoro nogpobHo ot CrtanyeBa (1966), CtoikoB K
Bpeckoscku (1966), Monos (1986), Kotommkmesa (1981, 1989).
Mo npobnemuTe Ha KBaTepHepa ca MybrukyBaHW mMaTepuani
ot fpano (1961), lMonos (1964, 1968), Munkos (1968),
Ounnnos n Mukosa (1967, 1977, 1983), Eenorues (1988,
1993, 2000). UHxeHepHOreonoxkuTe YCroBus Ha panloHa ca
nsneasaHu ot MunkoB (1968), KameHos u Mrnues (1963),
Mwutkos, floHueB u Esnorues (1984), bpyuyes u ap. (1994),
Kapauyopos, Esnorues v masuesa (1996). Lianata tasu uH-
copmaums e OasucHa 3a HacToswoTo uacnegsaHe. Obpa-
BoTeHu ca ronsm 6poit hoHZoBK MaTepuani Ha EHepronpoekt
- Cochus, PMO - BapHa, PIO - Pyce u Macneposatencka 6asa
— Pyce; 06wo 110 nUTONOXKM W rEOTEXHUYECKU COHOAXM W
160 6post npobu. [lOMbIHWTENHO Ca W3BLPLUEHU EOUHNYHU

COHL@XHU MPOyYBaHu1s 1 kapT1poBky B Mawab 1:5000.

FEOMOP®ONOXKKM ®OPMI U NUTONOXKKMA CTPOEX

OcHoBHM reomopconoxku ¢opM B paitoHa Ha rp.
CunncTpa ca HuckaTa 3anvBHa AyHaBcka Tepaca, NbOCOBOTO
NNaTo W CKMNOHBT Mexay TaX. [pagbT e pasnonoXeH rMaBHO
BbPXY 3anvMBHaTa Tepaca v ckroHa (cur. 1).

Hucka 3anusHa OyHascka mepaca (To). MoBbpXHOCTTa 1 B
6nmsocT 0 pekata e ¢ abconoTHa BucourHa 12-15 m, kato Ha
tor ce usgura go 30 m. Pasnpoctupa ce Mexay p. [yHas u
CKIOHa, Ha W3TOK BOCTUra ObpXaBHaTa rpaHuua ¢ PymbHus, a
Ha 3anag obxeawa Aiigemupckata Hu3MHa. TepeHbT N e
PaBHWHEH, C HAKNOH Ha ceBep. EpPO3NOHHMAT LOKBA Ha
Tepacata e ¢ abcomoTHa kota -6 o -8 m. OdopmeH e B
fapemMcky BapoBMUM CbC 34paBa MacuBHa CTPYKTYpa U B
anbcku meprenn. 3anmMBHaTa Tepaca € uW3rpageHa  oT
CreJHMTE NUTONOXKM PA3HOBMAHOCTY:

e Haj uUokbna 3andra anyeus Ha Tepacata. Paspesbt
3anoysa C efipyt YakbIu C NECHUYNMB MbIHEX, ¢ AebenuHa ot 5
po 13m. Cneggar CuBM NpaxoBO-NECHLYNMBK IMHK, C
nebenuHa ot 6 o 16 m.

o LleHTpanHaTa v TUnHaTa YacT Ha Tepacata ca NoKpuTh oT
[enyBuareH rmuHecT Nnboc , ceeTnokacdse ¢ aebenuHa 3 oo
12m. Bbpxy anyBuanuute w OenyBuanHuTe CeaMMEHTU e
pasB1Ta CbBPEMEHHaTa NoYBa.

e [oBbLPXHOCTTA Ha TepacaTa e NOKpUTa OT TeXHOreHeH
Hacun NpeacTaBeH OT YEpHM XYMYCHW TMWHA WM MbOC,
CMECEHM C KbCOBE OT CTpouTenHu matepuani. ObpasysaH e
OT pa3pylLaBaHeTo Ha CTApOTO PUMCKO cenuiie [ypocTopym.
Ma n3Obp¥aHo MMOLIHO PasnpocTpaHeHUe, ¢ MakcUManHa



emposa B. u op. MHXKEHEPHOIEOIIOXKW YCI10BUA HA TPAL CUITMCTPA

pebennHa 9 m, KOSTO B KOXXHA NOCOKA M3TBbHSBA 40 3 M.

Cknox (S). ObxBalja TepeHa Mexay HuckaTa Tepaca W
NbocoBOTO Nnato. CKMOHBT B HUCKaTa vacT e nonerat (abc.
kota 30-40 m), a BbB BUCOYMHA CTaBa CTpbMeH (abcomoTHa
koTa 40-80 m). U3rpageH e oT:

[] rOpHOI'IOHTCKVI NpaxoBOo-NecbYnBK MMUHK, AAKCKK NACHLIA
1 0ONHO-CPpeAHOPOMAHCKM TMUHK, BAPOBUTU MMINHU U NACHLN.

[ ] nﬂMOueHCKMTe ceanMeHTn ca I'IOKpI/ITVI OT TbHBK neny-
BManeH rmuHecT nboc, KOl7ITO B noneratata 4YacT Ha CKIIOHa
goctura go 16 m.

Jlbocoso nnamo (OAL). WMsgura ce Ha tor oT rpaga ¢
abcontotHa kota 80-127 m. OchopMs LUMPOKM 3apaBHEHOCTH,
npopsi3aHn Ha MecTa OT cyxoponusi. B reomopdonoxkara
nuTepaTypa ce Hapuya cTapo abpa3noHHO HWBO, 06pa3syBaHo
oT [akuiickns e3epHo-peyeH baceiH. AbpasuoHHaTa MoBbp-
xHocT Ha OAL e pasBWTa B CPegHOPOMAHCKM [MMHM Ha
abcontotHa kota 88 m. ObxBalya Bpemesus uHTepBan 2,60-
0,99 Ma BP. Hag Hesl ca akymynupaHu cregHuTe NMTONOXKM
pa3sHOBUOHOCTM:

e /3BeTpnTenHa Kopa OT YepBeHW rnuHKU, obpasyBaHa Hag,
cpeaHopoMaHckuTe rnHmM ¢ Bbapact 0,99-0,80 Ma BP.

e JlbocoB komnnekc ¢ aebenuHata 38 m. [Mokpuea
MaHTMIHO penedia. MarpageH e OT 0CeM NpaxoBO-NeCbYNMBY
NbOCOBM XOPM30HTA (YETBBPTW W CEAMM epo3npaHK), pasge-
neHn oT ceaem norpebaHu nouBu (MBOCOBUOHW  TTIWHM).
BwapacTTa Ha nbocosusi komnnekc e 0,80 Ma BP (Eenorues,
2000).

WHXEHEPHOTEONOXKA XAPAKTEPUCTUKA HA
NNTONOXKNTE PASHOBMOHOCTU

Ha TeputopusTa Ha rp. Cunuctpa ce yctaHossiBaT 14 Buaa
NIUTONOXKM Pa3HOBMOHOCTM, KOWTO W3rpaaaT 3anvBHaTa
Tepaca, CkMoHa M NbOCOBOTO nnato (dwr. 2). duankomexa-
HWUYHUTE MOKa3aTeNn Ha JUTOMOXKWTE PasHOBMOHOCTM Ca
onpegenexn Ha 6asata Ha ronsm Bpol coHpaxm (cpegHo 25
Bpos Ha km?) 1 naBopaTopHu M3cneaBaHus. MoyTH HABCAKD-
L€ NUTONOXKNTE Pa3HOBMAOHOCTM Ce 3anassaT U KaTo MHxe-
HEPHOreONoXKM PasHOBUAHOCTM (mousM). Te OCHOBHO ce
CBCTOSAT OT AMCNEepCHU W ckanHu noysu. OT gucnepcHuTe ca
W3CMeaBaHN TEXHOrEHHWST Hacwn, AenyBUanHUAT [MUHECT
nbOC, anyBUarHUTE IAUHA W YaKbiu, NIUOLEHCKUTE TAMHUA 1
NbOCOBUAT KOMMIEKC. CKanHUTE WHXKEHEPHOTEONOXKA PasHo-
BMOHOCTM 3ansraT B AbnbounHa. [punoxenute usmko-
MeXaHU4YHU nokasatesnu 3a VXXEHEPHOTEONOXKNTE
Pa3sHOBUOHOCTY Ca NMPELCTABEHN C TEXHUTE CPEAHMU CTOMHOCTY
(tabn. 1).

TexHozeHeH Hacun. YCTaHOBsBa Ce MOBCEMECTHO B
npefenuTe Ha 3anuBHaTa Tepaca. MakcumanHata My
pebennHa e 0o 9m, kaTo Ha Kr KbM TWMHATa YacT Ha
Tepacata U3TbHs-Ba 40 3 m. M3rpageH e OT YepHU XYMYCHW
[MWHU W NBOC, CMECEHU C KbCYeTa Kepamuka 1 CTPOUTEMHM
oTnagbum. lpn yCTaHOBEHOTO ECTECTBEHO BOAHO CbApkKaHe
w=26,0-26,5 % KOHCUCTEHLMSTA Ha Hacuna ce Onpeaens Kato
cpeaHo- (1,=0,58) no tBbpmonnactuyHa (1.=0,83). B yenoto Ha
Tepaca-Ta HacumbT € MO-MMbTEH W Ce Xxapaktepusupa ¢

obemHa nmbTHOCT P,=1,79 g/cm®, ofemHa NMbTHOCT Ha
ckeneTa py=1,42 g/cm?®, cneumdmndHa NMLTHOCT Ps=2,76 g/lcm?®,
obem Ha nopute n=48,6 %, cTeneH Ha BogoHacuwwaHe Sr=0,93
1 Modyn Ha obla aedopmauus E=80.10°Pa. B LeHTpanHata
yaCT Ha TepacaTa HacumbT € HeOOYyMTbTHEH M UMa
pr=1,66 glem®,  p=1,32 glem®, p=2,71 glcm®, n=51,3 %,
Sr=0,66 u E=60.10°Pa.

CrepemeHHa noyga. B npegenute Ha HuckaTta Tepaca e
0OpasyBaHa BbpXy anyBUamHUTE TMUHW W MWUHECTUS NbOC.
lpenctaBeHa € OT MPaxoBM MMHW U MPaxOBO-NECHYNNBY
IMWHK. VIMa YepeH LBST W Cbabpxa opraHuka. [lebenvHata i
ce uamens ot 0,3 o 2m. Yecto e 3amecTeHa OT Hacumu,
nopagw KoeTo MOLLHO He e He3abpxaHa. KoHeucteHumsTa Ha
CbBpEMeHHaTa roysa € cpegHonnactuyra (1:=0,58). duaynnTe
rnokasatenu Wmart CTOMHOCTU W,=24,8 %, Ps=2,73 g/lcm?,
Pn=1,89 glem?®, p,=1,51 glcm?, n=44,7 %, SKOCTHM NokasaTenu
- brbJ1 Ha BbTPELHO TpueHe $=21°, koxeaus ¢=0,14.10° Pa.

Mpaxoso-necbynusa enuHa (anysuanHa). Obpasysa gobpe
u3gbpkaH nnact ¢ aebenvHa 6-16 m. 3angra Ha gbnbounHa
ot 10 go 15 m. MpaxoBo-NecbUNIMBUTE FNHK Ca CUBM, B TOp-
HaTa YacT Ha nnacta cuBobexosn. Mmat cpegHonnacTuyHa
koHcucTeHums (1.=0,60), nokasaten Ha nnactuuHocT 1,=15,7,
W,=25,5%, P.=1,93g/lcm®, ps=1,54 glcm®, ps=2,73 g/em®,
n=43,6 %, Sr=0,90 n E=121.10°Pa.

Edpu vakbnu. 3andrat nog anysmannute runn. Obpasysart
nnact ¢ gebenuHa ot 5 go 13 m, U3TbHABALY KbM TUMHATa
yacT Ha TepacaTa. B ocHoBaTa Ha nnacTa YakbnuTe ca no-
eapy M uUMaT MecbunuB MbAHEX. XapaktepusupaTr ce C
ps=1,90 glcm?, p=2,65 glcm?, n=28,3 %, E=600.10°Pa.

[MponadvyeH nboc | mun. Tyk ce OTHacA [MUHECTUS
AenyBuaneH nboc OT TUIHATA YacTa Ha Tepacarta 1 noneraTus
CKMoH. [lebenuHata my e ot 7 go 16 m. lNpu reo Noxku ToBap
W HamokpsHe He nporaga. [pu JombhHUTEeneH ToBap
nposiBsiBa NponagbyHM CBOWCTBA. 3a MpomagbyHust nnact
Ha4anHusT TOBap Ha MponajaHe e No-rofsiM OT FeomnoXKus
TOBap (Pw>Pv). Xapaktepusumpa ce ¢ Ww,=18,3-21,5 %,
p=1,72-1,85glcm®,  py=1,45-1,52 g/cm®,  ps=2,73 glem?,
n=44,3-46,9 %, koe(WUMEHT Ha OTHOCMTENHO NponajaHe
02=0,020 npn p=2.10°Pa u 8,5=0,025 npu p=3.10°Pa,
Sr=0,56-0,74 1 E=114-135.10° Pa.

HenponadvyeH nboc. ObpasdyBa TbHka [enyBuanHa
MOKPMBKA OT FMMHECT NbOC B LiEHTPanHaTa 4acT Ha 3anvBHaTa
TEpaca ¥ CTPbMHMS CKIOH. B LieHTpanHaTa 4acT Ha 3anuBHaTa
Tepaca rnuectusaT nboc e ¢ gebenuua ot 3 go 9 m. 3ansra
HeNnocpeaCTBEHO Hag BOAHOTO HWBO M MPU BMCOKWA BOAHM
cToeXm Ha p. [lyHaB nonaga B ofcera Ha NOA3EMHMTE BOAM.
Mpn poMbIHWTENEH TOoBap € HenponagbyeH. CTpbMHUST
CKMOH CbLi0 Ce MOKpMBa OT TbHBK (3-5m) HenponagbyeH
[MMHECT Nboc. TOM 3ansra Hag BOBHOTO HUBO, akyMynupaHo
BbpXy MAMOLEHCKUTE  MWHU.  Du3MKOMEXaHWy-HUTEe My
rnokasatenn wmat CTOMHOCTM W,=14,9 %, p.=1,82 glcm®,
ps=1,58 glem®, ps=2,75 glcm®, n=42,5%, 8,5=0,012 npu
p=3.105Pa u Sr=0,54. Mpu HapyllaBaHe Ha CKMOHOBHS!
CTabunuTeT OT M3KOMHM paboTu MOXe Aa Bb3HWUKHAT MIUTKM
CBMAYNLLHW 0BpuBM.

Mponadvyen nboc I mun. KbM Tasn MHXEHEPHOreonoxka
Pa3HOBMAHOCT Ce OTHacd MPUMNOBBLPXHOCTHATA YacT Ha
NbOCOBMS KOMMMEKC OT NbOCOBOTO nnato. [lebenuHata Ha
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nponagbyHata 30Ha € 21 m. KbM Hesi npuHagnexar mbpeu
nbocoB xopu3oHT (/11), mbpBa norpebana nousa ([11), BTOpM
NbocoB Xopu3oHT (12), BTopa norpebaHa noysa ([12) u Tpetn
nbocoB xopu3oHT (J13). CymapHOTO nponapaHe npu reonoxkm
ToBap, cnopen Munkos (1968) e go 75 cm. 3a nponagbyHus
nnact HaYanHuAT TOBap Ha nponajaHe € Mno-ManbkK OT
reonoXknst ToBap (Puas<py). OT YCNOBMETO Pyai<py NPOU3TMYAT
BCWYKW OMaCeH!s 3a CUrypHOCTTa Ha TEPEHA W CLOPBXEHNSTA
W3rpafieHn BbpXy Hero OT nposiea Ha nponagaHe. [lpu
aBapUIiHO HaMOKPSIHE Ha NMbOCOBaTa OCHOBA MOKA3aTENNTE Ha
TOBAPOHOCUMOCT LLE NOHMKAT CTOMHOCTUTE CU 0 TPU MbTU. B
3aBMCUMOCT OT AbnbounHaTa Ha HaMOKpsiHe Moxe fAa ce
NposiBaT HAKOMKO BKAA AehopMaLmu:

1. Mpw NANTKO HaBRaxXHsBaHe W HanMuMe Ha AOMbIHUTENEH
TOBap OT Crpafu nponagaHeTo Lie ce peanusupa Camo B
akTMBHaTa 30Ha Ha (yHpamentute - | Tun; 2. Mpu gwbRbo-
UMHHO HaMOKpsiHe MOXe [a Ce NpeausBiMka camo nponagaHe
OT reonoxku Toeap - Il Tun; 3. Mpu MbAHO BoJOHAcULLaHe Ha
nponagbyHns nnact e ce peanuaupat fggata Buga
nponagaxe.
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Queypa 1. NHxeHepHo2e0M0XKa Kapma
| patioH - mexHo2eHHU, nponadbYyHU U anysuanHu noyeu: 1. Yyacmbk ¢
mexHozeHHo anysuaneH komnnexc (TAC): TexHoeeHeH Hacun - OebenuHa 0o
9 m, koHcumeHyusi - cpedHonnacmuyHa, E=80.10° Pa; [paxoso necbuysnuea
2nuKa - debenuHa 6-16 m, KoHcucmeHyus cpedHonnacmuyHa, E=121.10° Pa;
Yakwu - debenuna 5-13 m, E=600.10° Pa; BodHo Hugo 4-6 m. 2. Yyacmuk ¢
MEeXHO2EeHHO N1b0coso anysuaneH komnnekc (TLAC): TexHoeeHeH Hacun -
debenuHa 00 7m, KoHcucmeHyus mebpdonnacmuyHa, E=60.10° Pa;
Henponadwvyex nboc - debenuHa 3-9 m, KOHCUMeEHYUST mebpdonIacmuyHa;
BodHo Hugo 8-13m. 3. Yyacmwk ¢ nbocoso anyeuaneH komnnekc (LAC):
Mponadvyer nmboc | mun - debenuHa Ha nponadbyHama 30Ha 6-8 m,
Bp3=0,025 npu p=3.10° Pa,koHcucmeryus cpedHonnacmuyra, E=135.10° Pa;
Mpaxoso necvunuea enuHa - OebenuHa 6-12 m, KOHCUCMeEHUUs
cpedHonnacmuyHa, E=121.10°Pa; BodHo Hugo 8-13 m.
Il paiioH - cknoHeu npoyecu, nponadbyHu noyeu | mun: 1. Yyacmuk ¢
nb0coso nnuoyeHeku komnnekc (LPC): MponadwbyeH iboc | mun - debenuHa
Ha nponadbyHama 30Ha 8-10m, 8,;,=0,023 npu p=3.10° Pa, E=114.10° Pa;
BodHo Hueo 5-10m. 2. Yyacmwvk ¢ nnuouyeHcku komnnexkc (PC):
Henponadbuer sboc - debenurHa 3-5 m, 8,3:=0,012 npu p=3.10° Pa; MuHu u
eaposumu efnuHu - OebenuHa 45m, KOHCUCMUHYUS nomymebpda,
E=200.10° Pa; BodHo Hugo 5-10 m; lMomeHyuanHa onacHocm om nposiea Ha
NAUMKU C8/1a4uLya U CKITOHOBO NbI3EHE.
Il paiiox - nponadwyHu noyeu Il mun: 1. Yaacmbk ¢ /1bOCO8 KOMNAEKC
(LC): nponadvyHa 30Ha 21 m, cymapHo nponadaHe 75 cm, 8,,=0,035 npu py
(reonoxkv Toap), E=150.10° Pa, 800H0 Hugo 37 m. 2. Yyacmbk ¢ pedyyupaH
neocos komnnexkc (LC) - OebenuHa Ha  nponadbyHama 3oHa 6-21m,
E=150.10°Pa.
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[lpyeu osHayeHus: OAL - cmapo abpa3uoHHO Hueo; S - ckioH; To - Hucka
3anueHa mepaca.
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Queypa 2. leonoxku npogpus I-I
1 - mexHozeHeH Hacun; 2 -2fluHa C OpeaHuka (CbepemeHHa noyea); 3 -
enuHecm niboc (OenysuaneH); 4 - npaxogo necbynuea enuHa (amysul); 5 -
edbp YaKbI1 C NECbYNIUS NbiHEX (anysull); 6 - nbocogudHa 2nuHa (noepebaxa
no4ga); 7 - Npaxoso-necbynug bOC (eonudeH); 8 -necbynuea enuHa
KepemudeHoyepeeHa (ussempumenHa kopa); 9 - enuHa cbC cusu SOKU U
newu nacek (Oenmysut); 10 - anmepHayus om 2nuHu, 8apoBUMU 2TUHU U
nsickyHU npocnoliku (e3epHu); 11 - OpebeH Ao cpedeH nsicek (esepeH); 12 -
npaxo0so necwbynusa enuHa, crioucma (esepHa); 13 - necbunueu mepeenu; 14 -
saposuyu; 15 - epo3uoHHa unu abpasuoHHa noebpxHocm; 16 - 800HO HUBO;
[lpyau osHayeHus: OAL - cmapo abpa3uoHHO Hueo; S - ckioH; To - Hucka
sanuena mepaca; LC - nwocos komnnekc; LC' - pedyuupaH Nbocos
komnnexc;PC - nnuoyeHcku komnnekc; LPC - b0co8o nUOUEHCKU KOMNIEKC;
LAC - nbocoso anysuaneH komnnekc; TLAC - mexHO2eHHO I1bOCOBO
anysuaneH komnnekc; TAC - mexHozeHHO anyeuaneH komnnekc, Q, -
xonoueH; Q,%° - cpeder u 2oper nneticmoueH; N2°-Q," - 20peH pomar - doner

nneticmoueH; N;? - cpeden pomar; Ni? - doneH u cpeder pomar; Ny - dak;

N7 - 20peH noHm; K¢ - anb; K° - 6apem

Mo 3bpHOMETPUYEH CbCTAB MbOCOBUTE XOPWU3OHTM Ca
W3rpafieHn oT NpaxoBo-NECHYNNB MbOC, a norpeGaHuTe noYsm
OT NbOCOBUAHM MuHW. OcpedHeHUTe  (PUIMKOMEXaHWYHN
rnokasaTenn 3a nponagbyHata 30Ha CA CbC CTOMHOCTM:
w,=16,8 %, ps=2,74 glcm®, p,=1,68 glem®, p,=1,44 glcm?,
n=47,4 %, ©&.x=0,035 npu py (reonoxku Tosap), Sr=0,6,
E=150.10°Pa.

Mecvynugu mepeenu. 3ambnear rpabeHoBn ¢opmu B
PYCrOTO Ha pekaTta 1 YenoTo Ha Tepacata. .JebenvHata um e
OT HAKOMNKO A0 72 m. /mat cnegHuTe OCpenHEHN CTOMHOCTM
Ha  (PU3MKOMEXaHWyHUTEe  rokasaTenu:  Ps=2,67 g/lcm?,
Pr=2,00 glcm?®, ps=1,65 glcm®, nopeH koeduumeHT €=0,62,
Brb/l Ha BbTPEWHO TpueHe =25, koxeaus ¢=2,25.10°Pa,
E=1400.10°Pa.

Baposuuyu. YcTaHoBsiBaT ce Ha abc. kota -6 go -8 m B
npeaenuTe Ha HuckaTa Tepaca, a B CKIoHa W Tb0COBOTO NnaTo
sanar Ha abc. kota 25m. BapoBuuuTe ca MITBTHY,
nopLenaHoBuaHu, 3gpasu, ceeTnokadssm go 6enn Ha LBSAT,
HepaBHOMEpPHO OKapCTeHu. I10-CUITHO OKapCTEHM ca B ropHaTa
CWM YacT, KaTo MNyKHaTMHUTE W KaBEPHUTE Ca KyXu Wnu
3aMb/IHEHU C NACBK W YepBeHa rmuHa. mat cnegHute dusu-
KoMexaHu4HW nokasatenn: Ps=2,70 gicm®, p,=2,60 g/cm?,
ps=2,50 glcm?, e=0,08 n @=33", ¢=40,0.10°Pa.



Tabnumua 1. OcpegHeHN CTOMHOCTY Ha PU3NKOMEXAHUYHITE NOKA3aATENM HA NINTONOXKATE PA3HOBUOHOCTY

XMOPOTEONOXKN YCIOBUA

B paitoHa Ha rp. Cunuctpa nOA3EMHUTE BOAW ca
NYKHATUHHO-KapCTOBUTE 11 NMOPOBM.

[ykHamuHHO-kapcmosu 800U. AKyMynMpaHW ca BbB
BapOBMKOBWS KOMMIEKC C Bb3pacT bapem (Pasrpagcka cauTa).
3a [goneH BomOymop CnyxaT [LOMHOKPEOHWTE  TIMHECTM
BapoBMLM M Meprenn Ha opHoopsixoBckata W Pasrpagckata
ceutu. [logsemHuTe BOAM Ce dpopmupaT B KapCToBUTE
NPasHUHU 1 MyKHATMHWTE Ha BapoBuumTe. PopMMpannaT ce
HeHanopeH no43eMeH MOTOK MMa reHepanHa nocoka Ha
ABWXEHWe Ha cesep. MoaxpaHBaHETO Ha NOA3EMHUTE BOAK Ce
M3BBPLLIBA OT MHUNTPAUWMS Ha BaneXHW W MOBbPXHOCTHU
Boau. B paiioHa Ha rp. Cunmuctpa OTCLCTBAT ECTECTBEHM
W3TOMHUUM Ha [JpeHuMpaHe, KaTo Ce M3KMYW  €3epoTo
CpebbpHa, noaxpaHBaHo OT KapcToBUTe BOAM Ha Hapemckust
BOIOHOCEH XOPM3OHT. B kaueCTBEHO OTHOLIEHME BOAWTE Ca
XvapokapboHaTHO-KanLUMeBo-MarHnamesm 0o xugpokapbo-
HaTHO-MarHe3neBo-KanLneBn Mo XMMUYECKN CbCTaB C HeyTpa-
neH xapaktep (pH=7-8). MuHepanusauusita UM € NpegymHO
0,4-0,8 g/l, psgko okono 1 g/l.

[Toposu 8odu. AkymyrnvpaHu ca B amnyBusi Ha 3anvBHaTa
Tepaca, B CKIOHOBWS [EMyBWA UM B MAMOLEHCKUTE MACHYHM
MPOCIIONK.

AnyBuanHuaT BOJOHOCEH XOPW3OHT € [ABYCMOEH, C Mo-
BOZOMPONYCKNMBA [OSHA YaCT (MACbUM W YaKbin) K no-cnabo
BOZOMPOMyCKNMBA ~ fOpHa  4acT  (NECHYIMBM  [MWHM).
®opmupaHUTe B HETO BOAM Ca NOJSyHANOPHU M 6e3HanopHM.
KonebaHusita Ha BOAHOTO HMBO € B 3aBUCUMOCT OT HUBOTO Ha
p. [yHaB. XapakTepuaupa Ce C BWUCOKA BOZOOOMIHOCT.
MposoaumocTTa e ot 250 a0 Hag 1000 m%d, kaTo no-BMCOKUTE
CTOMHOCTM Ca XapakTepHu 3a 3anafgHata MHOyCTpuarnHa yact
Ha rpaga. MNogxpaHea ce oT p. [lyHaB npu BUCOKM BOAM, OT
LOMHOKPEHWS BOJOHOCEH XOPU3OHT, M OT  CKIOHOBUTE
NOA3EMHMTE BOAM (hOPMUPAHM BbPXY MAMOLEHCKATE TMMHMU.
[peHupa ce B p. [lyHaB Npu CPELHN N HUCKM CTOEXM, KaKTO W
OT CbLLECTBYBALLM BOJOB3EMHU CbOPbKeHMs. MuHepanu3a-
UMATa Ha anyBuanHUs BOLOHOCEH XOpu3oHT e nog 1 gfl, kato
BOAMTE Ca XWaPOKapOOHATHM, KanuueBM W  KanuuMeBo
MarHeaueB. B yenHata yacT Ha TepacaTa BOAHOTO HUBO € Ha
abnboynHa ot 4 fo 6 m. HanuumeTto Ha TeXHOrEHeH Hacun u
MNAMTKA NOL43EMHU BOAW Cb3faBa 3HAYUTENTHW TPYAHOCTM Mpu
(byHAMPAHETO Ha Crpady U CbOPEXEHNS B Tasu YacT Ha rpada.
B LeHTpanHaTa YacT Ha 3anuBHaTa Tepaca BOGHOTO HUBO € Ha
obnboynHa ot 8 1o 13 m. BoaHoTO HMBOTO B TMRHATA YacT Ha
TepacaTta e MO-BUCOKO, Ob/Kallo Ce Ha MoAxpaHBaHe OT
CKMOHOBW BOAW. CKMOHOBMAT BOAOHOCEH XOPU3OHT  Ce
noAxpaHea OT WHUNTPUPAHW NOBBLPXHOCTHM BOAM W OT
MACbYHUTE  MPOCMOMKA Ha nnuoueHa. Bogoynop Ha
BOAOHOCHMSI XOPU30OHT ca NnMoLieHckuTe rMiHW. CKMoHOBUTE
BOAM Ca aKyMyNWpaHW Ha KOHTaKTa Mexay NMOLEHCKNTE



FTIMHW 1 NbOCOBKS AeNy-BUA. B CTPBMHUS CKIOH Te 3ansraTt Ha
AbnboumHa 5-7 m, a B HACKaTa My YacT Ha 5-10 m.

PUCKOBW ®13MKOMEOCNOXKIW MPOLIECK N ABNEHUA

Teputopusita U MHGpacTpykTypata Ha rp. Cunuctpa ca
3aCTpalleHn OT eHOOreHHU, EK30reHHU U TEXHOTEHHW PUCKOBM
(DU3NKOTEONOXKM ABMNEHUS U mpoLeck. KbM eHporeHHuTe ce
OTHacAT 3emeTpeceHusita - rpag CunmucTpa e pasmnonoxeH
MeXgy TpU CeusMWuHM enuueHTbpa - Llabrna, [lopHa
OpsixoBuua v BpaHya. OT ek3oreHHWUTE MpoLec PUCKOBW ca
MOTEHUManHo OMmacHWTe MAWTKA CBMauula, CKMOHOBOTO
MbN3eHe, epausaTa no AyHaBCkus Bpsr, NAUTKUTE NOA3EMHM
BOAW, NMOWHATa epo3usl, HaBOAHeHUATa M 3abnaTsBaHusTa.
TexHOreHHM PUCKOBW MPOLIECH ca NposiBaTa Ha nponagaHe B
nbocosute nousu, obpasysaHe Ha [febenn Hacum u
HapyLLaBaHe Ha TepeHa oT kapupepu.

EHporeHHU npouecu

3emempeceHusi. CbrnacHo MakpOCEM3MUYHOTO panoHMpa-
He Ha bwnrapws, CunucTtpa nonaga B paiioH C BWCOKa
ceuammyHoct ¢ VIII cTeneH Ha uHTeH3uBHoCcT no MSK u
KoeuLMEHT Ha censmuyHocT k=0,15. CunHn 3emeTpeceHus ¢
HaHeCeHU WeTW no crpagute rpagbT € u3nuTan npes npes
1977 r. oT BpaH4aHCKOTO 3eMETPECEHNe C MarHuTyT 7,2, npe3
1990 oTHOBO OT BpaH4yaHckoTO 3umeTpeceHue ¢ M=6,7 n 6,1 n
npes 1986 r. oT 3eMeTpeceHneTo ¢ enuueHTbp CTpaxuua ¢
M=5,3. 3emetpecenneto ot 1990 r. HaHaca wWweTn Ha 16
obekTa, OT kOUTO 7 Ca obLLECTBEHM Crpagu, a OcTaHanuTe ca
XunuwHu 6nokose. [Mbpeute ca crpagnm Hag 50 roguHw,
MOCTPOEHM B LiHTpanHata 4acT Ha rpaga, C HaHeCeHu LLeTu
no HoCewuTe CTEHW W nperpagHuTe 3ugoBe. KbMm BTOpaTa
rpyna ce OTHAcAT Crpagn Ha 4-5 eTaxa CbC CTOMaHEHo-
GETOHOB CKeneT pasmnonoXeHW B LEEHTParnHaTa 1 KkHa 4acT Ha
rpaga. MoBpeauTe ca NPUYMHEHM OT HeJobpO KOHCTPYKTUBHO
pelleHne B CbYeTaHWe C HebrnaronpusTHU WHKEHepHO-
reonoxku ycnosus (Kapawopos, Eenorues, asyesa, 1992).

Ek3oreHHu npouecu

Cenayuwja. TloTeHUManHa OnacHoCT OT MpOsiBa Ha MAMTKN
CBauMwa chblyectByBa B obcera Ha CTpbMHMS CKIOH. Ha
KOHTaKTa MEXy NNMOLEHCKATE TIIMHW 1 AeNyBUarHns boc ca
aKyMynupaHu CKMOHOBM BOAM Ha LbnbounHa 5-7 m. Tepe-HbT
He e 3acTpOeH, HO npu Bbaewy nskonHM paboTn Moxe aa ce
Cb3fagat ycnosus 3a 0bpasyBaHe Ha NINUTKM CBRavmLLa.

CknoHoso nbniseHe. HabniopjaBa ce B paiioHa Ha
YUUTENCKUAT WHCTUTYT, Pa3norioXeH BbpXy CTPBMHMS CKITOH.
Crpapara e ¢ ronsma nnowy, (pyHaMpaHa e BbpXy NAMOLEHCKM
[MAHA W NIBOOCOB [ENyBWA C NIUTKA MOA3EMHU BOAM.
[ecopmauumte No KOHCTPYKUMSATa Ha crpajaTa ce AbimkaT Ha
BMOLUABaHe Ha KOHCUCTEHLMSATA Ha MOYBMTE W HA NposiBa Ha
He3aTMXBaLlO MbN3eHe Ha 3eMHaTa ocHoea. Hebnaro-npusTHo
Bb3JENCTBME OKasBa UM  HEM3MbfiHEHATa  BepTuKamnHa
NnaH1poBKa Ha crpajara.

PeuHa eposusi. Pycnoto Ha p. [yHaB e odpopmeHo B
anyBuarHWTe CeQMMEHTU Ha Tepaca T,. ToBa ynecHsBa
pasBUTMETO Ha epOo3NOHHWTE npouecu. Te ce akTueuMaupat
npe3 MeceuuTe anpun M Mal, Korato BOAHWTE CTOEXW B
pekata gocturat go 670 cm Hag nerena (6,5 m). Mo-ronsmarta
YacT Ha AyHaBckusi Opsir B rpaja e 3awuTeHa OT eposus C

NnoanopHa CTeHa, C U3KIKOYEeHWEe Ha 3anafgHarta 4acT, KbAEeTo
6peI'bT € NoANIoXeH Ha akTUBHO noakonaBaHe W pasMuBaHe.

Mnumku nodsemHu 6odu. MNnUTK ca NOPOBUTE aryBUanHu
BOAM, aKyMynupaHW B CEAMUMEHTUTE Ha 3anvBHaTa Tepaca. B
CeBepHaTa YacT Ha TepacaTa Te 3andraT Ha AbnbounHa 4-6 m
1 Cb3aasaTt TPYAHOCTY NMpU (hyHAMPAHETO.

MnowHa eposus. Pa3suTa e B CKIOHOBUS Y4aCTbK Ha rpaja.
Mpe3 xonoueHa B pesynTar Ha MMOLHA epo3ns € pasmuT
NbOCOBUA KOMMIEKC M NPeoTnoXeH B aenyeBhaneH rmuHecT
nbOC, C Hail-ronsma AebenuHa B HWUCKaTa YacT Ha noneraTtus
CkroH. B MomeHTa TO3K npouec npogbmxasa, 3a KOeto
CBUOETENCTBYBA OTCLCTBMETO HA CbBPEMEHHATa NMoYBa.

HagodHeHus. PernctpupanuTe MakcuManHi BOGHM CTOEXM B
p. OyHas ca 740 cm Hag nerena (1942 r.), koeto e 13,9 m
abcontotHa koTta. [lyHaBckuAT Opsr B LeHTpanHata w
n3TOYHaTa 4acT Ha rpaga e c¢ abcontotHa kota 15m un e
3alnTeH ¢ nognopHu cteHu. OT HaBOOHEHWS € 3acTpalleHa
3anagHata MpoMWLLMIEHa 30Ha, KbAETO WMaA y4acTbum C Mo-
HUCKa koTa Ha Opera. HaBogHeHUst OT MOPOAHM ObXOOBE He
3acTpallaBaT TepuTopusiTa Ha rpaja.

3abnamsgaHusi. BpemeHHW 3abnataBaHns ce Habnogasar B
AnpemmupckaTta Hu3uHa, 3anagHo ot rp. Cunuctpa. Obpa-3ysat
ce B HeratMBHUTE TMOHWXKEHUA OT W3NMBWU Ha NINTKO
3andralimMTe nog3emHu Boau, KOUTO Ca B XapaBniuyHa BPb3Ka
¢ BoguTe Ha peka [lyHaB. B 3abnatenuTe yyacTblLy BogaTa ce
3agbpXa ObNro Bpeme B Pe3ynTaT Ha - kKonmatauusTa Ha
AbHaTa Ha HeraTuBHUTE opMmK.

Kapcmosu seneHus.. Bapemckute BapoBWLM Ca HepaBHO-
MepHO OKapcCTeHW. B kapcToBuTe hOpMM W MyKHATUHU €
hopMupaH  MyKHATMHHO-KAPCTOBUST BOLOHOCEH XOPW3OHT.
KaBepHuTe ca Kyxu WnM 3aMbiHEHW C MSCHK, MO-PSAKO C
YepPBEHM MMUHN. VIHTEH3WBHO € OKapCTSBAHETO B ropHaTa yact
Ha kapbOHaTHWSI XOPU3OHT.

TexHOreHHU npouecu

MponadvyHocm. JlbOCOBMTE MOYBM CE€ OT/INYABAT CbC
CBOSITA HEOYMITLTHEHOCT W CTPYKTYPHAa HEYCTOMYMBOCT. Te ca
CKIOHHM KbM MposBa Ha nponafjaHe npu HaMoKpsHe OT
cobCTBeHO Terno v ot OOMbITHUTENHWU HAaTOBapBaHUA.

OT TEXHOreHHO HaMOKpPSIHE Ca MPUUMHEHW AedhopMaLun Ha
TEPEHW U crpagu B kB. "KanuneTpoBo", pasnonoxeH BbpXy
NbocoBo NnaTo - Il Tun nbocosa ocHoga. Mpu CTPOUTENCTBOTO
Ha KanuTanHu CbOPLXEHUs B Teperu c Il TN nponagbyHOCT
Ce M3BBLPLUBA MPOTMBOMPONAaLbYHa NOATOTOBKA HA NbocoBaTa
OCHOBA - Hail YecTo YNIbTHABaHE C Texka Tpamboska M
nopobpsiBaHe Ha ycnoBusTa 3a (hyHaupaHe ¢ AbnboKy M3konu
W W3MbIHEHNE HA LMMEHTOMOYBEHN Bb3rmasHuLM. PyHaupa-
HETO Ha TeneBM3NOHHa Kyna CunucTpa e OCbLUEC-TBEHO B
cnegHata MOCMEAOBATENHOCT: M3MbIHEHME HA M3KON C
gbnbouMHa 7,7 m; ynmbTHSBaHe C Texka TpamboBKa;
usrpaxgaHe Ha LMMEHTONOYBEHA Bb3rMaBHWLA U yHANpaHe
Bbpxy Hes Ha kota 119,30 m. Cneg M3NbrHEHWETO Ha
CTPOWTENCTBOTO Ca B3ETW BOJO3ALUMTHU MEPKN.

B palioHuTe C MbpBM TUM NbOCOBa OCHOBA AedopMalium oT
TEXHOTEHHO HaMOKpSIHE MOXe [a Bb3HUKHAT Camo B aKTUBHa-



Ta 30Ha Ha (hyHOAMEHTUTE Ha Crpagyn W CbOpbXeHusi. Takuga
Aecopmauum ca perncTpupaHi B KXkHaTa YacT Ha rpaga.
CensmmnyHuTE BB3OENCTBMA Ca  "MyCKOB MexaHu3bM" 3a
nposBa Ha nponagaHe npu Hanuyine Ha TEeXHOreHHo
HaBnaxHsIBaHe B NbOCOBAaTa OCHOBA.

TexHo2eHHU Hacunu. lNo-ronsMa YyacT OT TepuTopusTa Ha rp.
CurmcTpa e MOCTpOEHa BBPXY TEXHOrEHHM Hacumn. B
LieHTparnHaTa YacT Ha rpaga Te gocturat go 9 m. Hacumst e
HeJoynnbTHEH W npeacTtaBnABa He6naronp|/|ﬂTHa 3eMHa
OCHOBa 3a (byHaupaHe. B ceBepHaTa yacT Ha rpaga HacunbT
Ce 3anuBa OT MOA3EMHWUTE BOAW NPU BUCOKU BOLOHW CTOEXU B
pekata. [Mpu TE3W YCMoBus, Crpagute MOCTPOEHU BbPXY
Hacuna ce pedopmupat. HOBOTO CTPOUTENCTBO Ce U3MbIHS-
Ba C AbIOOKM M3KOMK, U MPW HEBB3MOXHOCT 3a Mpeogonsiea-
He Ha Hacuna ce U3MbIIHSABA NUIOTHO (hyHAMpaHe.

HapywasaHe Ha mepeHa om Kapuepu. 3a HyxauTe Ha
TyxneHata habpuka ca M3BbPLUEHN 4bNOOKM U3KOMHU paboTm
B lorosanagHata 4YacT Ha rpaga, B CKMOHOBWS Y4YacTbK.
OBpasyBaH e BepTMKaneH OTKOC C BMCOYMHA OKOMO 25 m.
CblLecTByBa ONAcHOCT OT rPaBUTAYHO CBRMYAHE Ha 3EMHM
Macu 0T OTKOCa.

NPEABAPUTESHM JAHHN 3A MHXEHEPHOTEOIOXKKO
PAVIOHNPAHE

Bb3 ocHoBa Ha ycTaHoBeHUTE reoMopdonoro-MTocTpaTy-
rpagpcku, VHXEHEPHOreomnOXKMA N XUOPOreorioXKN YCIOBUS U
PUCKOBUTE  (DU3MKOTEONMOXKM MPOLECH W SIBNIEHUS  KOMTO
nopaxgar, e U3BbPLUEHO NPEABAPUTENHO MHKEHEPHOTEOoNoX-
KO panoHupaHe Ha TepuTtopusiTa Ha rp. Cunuctpa. Hapuyame
ro npeaBapuTenHo, 3alioTo MPeAcToW BKMKOYBAHE Ha HOBU
Teputopun (3anagHa npomuwineHa 3oHa M kB. "Kanunert-
poB0"), NOMbCTSIBAHE HA COHAaxHUTE W3paboTkn M Gpos Ha
uacnegsanute npobu. O6ocobseaT ce TpU panoHa, no
WHXEHEPHOreONOXKM YCMOBMS W MO MposiBaTa Ha reoauHa-
MWYHW nNpouecu. PailoHuTe ce nofensT Ha ABa wWnu Tpw
yyacTbka, BCEKM OT KOWUTO OTYMTa YCTAHOBEHWTE Pasnuuns B
WH)XEHEPHOTEONOXKUTE Pa3HOBMAHOCTY (cpur. 1):

| painoH - TexHOreHHU, NponagbyHu W anyBUanHu NoYBM

OOxBawa TepuTOopUsiTa Ha rpaga, pasnonoxeHa B
npefenuTe Ha HWUCkaTa 3anvBHa Tepaca. MarpageH e oT
nponagb4yeH nbOC, TEeXHOreHHW Hacunu U anyBuanHu
CEAUMEHTU. PUCKOBM reonoXku npoLecu 3a TO3M paroH ca
3eMeTpeceHusTa, nponagbyHocTa Ha nsoca (I Tun), gebenute
TEXHOTEHHU Hacunu, NAUTKUTE MOA3EMHU BOAW, peyHaTa
epo3nsl, HaBoaHeHUATa, 3abnaTaBaHusATa 1 kapcta. B | parioH
Ce OTAENAT TP yyacTbKa:

Yyacmbk ¢ mexHoeeHHo-anysuaneH komnnexkc (TAC).
PasnornoxeH e B ceBepHaTa 4YacT Ha rpaga, BbpXy YenHarta
YacT Ha 3anuBHaTa Tepaca. M3rpageH € OT TEXHOreHHu
He[oynmbTHEHW Hacunu ¢ AebenvHa [0 9 m w anysuanHu
CeOMMeHTU (NpaxoBO-NECHYNMBY TMHUM M eOpn Yakbin ¢
necbunuB MbiHeX). MogseMHUTe BOAW Ca MINUTKM U 3ansrat
Ha pgbnbousHa 4-6m. B yuactek TAC ycnosusta 3a
CTPOUTENCTBO Ca TpyaHU. OYHAMpaAHETO Ce W3MbMHABA Ha
ronama gbnboynHa, a npu HEBb3MOXHOCT Aa ce npeogoree
Hacuna ce npunara W NUNOTHO dyHAupaHe. [InuTkuTe
MOL3EMHW BOAY BrOLLABAT CEM3MOrEOmNOXKITE YCIIOBUS.

Yuacmbk ¢ mexH02eHHO-Ib0CO8O-anyguaneH KOMNIeKC
(TLAC). ObxBalya LieHTpanHaTa 4acT Ha 3anvBHaTa Tepaca.
W3rpageH e Cblio OT HeJoyNTbTHEHN Hacunu ¢ aebenuHa 3-
7 m. Mog Tax 3ansra HenponagbyeH Nboc ¢ gebenuHa ot 3 1o
9 m un anyBuanHn ceguMeHTU. [pu BUCOKM BOQHW CTOEXM B P.
[yHaB nbocbT nonaga B obcera Ha noasemHute Boaw. [Mpu
BOMbITHATENEH TOBAp € HenponagbyeH. MogsemHnTe Bogu ce
YCTaHOBSBAT Ha gbnbounHa 8-13 m.

Yyacmuk ¢ nbocogo-anysuaneH komnnekc (LAC). 3aema
TUNHaTa YacT Ha 3anvBHaTa Tepaca. TeXHOrEeHHUAT Hacun € ¢
manka pebenuHa (do 3m), nopags Koeto He Cb3gasa
npobnemn npu (yHOMPaHETO Ha CrpaguM W CbOPBXEHMS.
Yuactbk LAC e u3rpageH rmaBHO OT nponagbyeH Nboc | Tvn
(6-12m) u anyBuanHM ceguMeHTU. JTbOCHT MPKU TeONOXKM
TOBap M HaMoKpsHe He nponaga. lpu QoMbAHUTENEH ToBap
nposiBsiBa NponagbyHN CBOWCTBA, CaMO B akTMBHAaTa 30Ha Ha
(hyHOAMEHTUTE Ha Crpagn M CbopbXeHus. 3a nponagbyHus
nnacT HayanHWaT ToBap Ha nponagaHe e no-ronam ofT
reoNOXKMA TOBap (Pwas™Py). MOA3EMHMTE BOAWM Ca aKymynu-
paHM B nbOCOBWS fdenyBui Ha ObnboumHa 8-13 m. [pu
HanuMuMe Ha TEXHOreHHO NpPeoBMaxHEHa IbOCOBA OCHOBA
CEeM3MWYHWUTE  Bb3JENCTBAS  MPOBOKMpAT MposiBaTa  Ha
nponagaxe.

Il paitoH - nposiBa Ha CKNOHOBW npoLecu, NponagbyHu
nousu | Tun

ObxBalla noneratus N CTPbMHUS CKIOH, MeXAy 3anvBHaTa
Tepaca W nbOCOBOTO NnaTto. MsrpageH e OT HenponagbyeH,
nponagbyeH (I ™M) NbOC M NNMOUEHCKM ceaumeHTu. Ha
KOHTaKTa Mexy TAX Ca akyMynupaHu NOpoBM CKIOHOBW BOAN..
PuckoBu reonoxku npouecu 3a |l paitoH ca semeTpeceHusTa,
CBMAYMLLATA, CKMOHOBOTO MbM3EHE, MPOMafbYHOCTTa, MWUT-
KuTE MOL3EMHN BOAM, NMOLWHaTa epo3usiaTa | HapyLaBaHeTo
Ha reornoxkarta cpefa OT KapupepHu uskonu. Bb3 ocHoBa Ha
pas3nuuns B MHXEHEPHOTEONOXKUTE YCMOBUS U HAa reopuHa-
MWYHUTE NPOLIECH Ce NOAENS Ha ABa y4acTbka:

Yyacmobk ¢ nbocoso-nnuoueHcku komnnekc (LPC). Pasno-
NOXeH € B NMpeAenuTe Ha mnoneratusi CKMOH. [punoBbpx-
HOCTHaTa My 4acT e u3rpaZeHa oT nponagbyeH neoc | Tun, ¢
pebennHa  11-16 m. JlbocbT He nponaga Npy HaMOKPsIHE OT
reonoxkn ToBap. [lpu [OMbIHMTENEH TOBap MposiBsBa
nponagbyH1 CBOWCTBA. 3a MpOMafbyHWS NnacT HavanHusT
TOBap Ha MpomajaHe € Mo-ronaM OT TEONoXKUS TOBap
(Pua>py). JIBOCBT MOKPMBA MIMOLEHCKM TMMHA M MSCHUMN.
MoasemHuTe Boam ca Ha gbndoynHa ot 5 go 10 m.

Yuacmek ¢ nnuouyeHcku komnnekc (PC). ToBa e TepeHbT Ha
CTPBMHKNA CKITOH. Jlbocosata NOKpKMBKa [ TbHKa,
HenponagbyHa, M 3andara BbpXy NAUOLEHCKN TMUHK, BapoBUTU
[MUHM U NACBYHM  mpocnonku. [ogsemHuTe BoOaM ca
aKkymyrnupaHu Ha koHTakTa. [pu u3BbpLUBAHE Ha CTPOTENHN W
n3konHN paboTn CbluecTByBaT ycroBus 3a obpasyBaHe Ha
NAUTKM CBNaynLLa W 3a NPOsiBa Ha CKIOHOBO Mb3eHe.

lll paiioH - nponagbyHu noysm Il Tun

ObxBalua TepuTopusiTa Ha NbOCOBOTO NAato. JlbochT € ¢
pobpe wn3paseHu npomagbyHM CBOIWCTBA. Hait-onacHu 3a
palioHa PUCKOBM TEONOXKA MPOLECH ca MponagbyHOCTTa M
3emeTpeceHusTa. B 3aBucumoct oT pebermHata  Ha
nponagbyHaTa 30Ha ce nogens Ha ABa y4acTbka:



Yyacmuk ¢ nbocos komniiekc (LC). JIbocoBUAT KoMMneke e ¢
mbnHa nuTocTpaturpacms. [ebenvHata Ha nponagbyHata
30Ha e 21 m. CymapHOTO nponajaHe npy reonoXku ToBap e
[0 75cm. 3a nponagbuHWs MAacT HayanHuAT ToBap Ha
nponagaHe € No-ManmbK OT reosioXK1s TOBApP (Puas<py). Mpu
aBapuIiHO HaMOKpPsHE Ha NbOCOBAaTa OCHOBA NOKasaTenuTe 3a
TOBaPOHOCUMOCT LU MOHWXKAT CTONHOCTUTE CU A0 TPU MbTH.
lMogsemMHUTe BOAW Ca akyMynupaHW Hagd MAVOLIEHCKUTE TMUH
(37 m).

Ydacmbk ¢ pedyyupaH nbocos komnneke (LC'). NeGenuHaTta
Ha NbOCOBYWSA KOMMNIEKC e peayumMpana. MponagbyHata 30Ha e
c gebenuHa ot 6 4o 21 m.

3AKMIOYEHNE

/HXeHepHOreonoxk1Te ycnoeus Ha rpag Cunuctpa ce
OL|eHsIBaT KaTo CPEAHO CNOXHM. 3eMHaTa OCHOBa Ha rpaja e
u3rpazeHa oT gebenu TeXHOreHHW Hacunu, NponagbyeH fboc,
anyBuarnHy rMUHY U YaKbii, NAMOLEHCKM FMHU U MSCHUM 1
ckanHa nognoxka ot bapemcku BapoBuLM 1 anbeku Mepreni.
Hai-ronsiMa nnowy, 3aemat nponagbyHuTe U TeXHOTEHHUTE
noYBM, KOMTO Ca OCHOBEH npobrneMm 3a (yHAMPaHETO Ha
crpagy W CbopbXeHus. TMopoBuUTe BOAM Ca MIMTKM, aKymy-
NMpaHK ca B KBAaTEPHEPHUTE W NNMOLEHCKUTE CEAUMEHTU M
LOMBIHUTENHO  YCMOXHSABAT — FEOTEXHWYECKATE  YCMOBWS.
YCTaHOBEHUTE WMH)XEHEPHOrEOMNOXKM W XUAPOTEONOXKM YCro-
BUS B CbyYeTaHue C reomMopdonoxkute 0COBEHHOCTM Ha
TepeHa, Cb3aaBaT MpeamnocTBKM 3a NposiBaTa Ha OnpeaesieHu
reognHamuynm mpouecn. Teputopusta Ha rp. Cunuctpa e
3acTpaleHa OT EHOOreHHM (3eMEeTpPeceHMs), EK30reHHM
(NAMTKM CBNAYMLLA, CKMOHOBO MbNI3eHE, epo3usi MO AyHaBCKMs!
Opsr, NAUTKN NOA3EMHU BOAM, NMOLLHA epo3usi, HABOAHEHUS 1
3abnatsBaHNs) U TEXHOreHH! (MponafaHe Ha NbOCOBW MOYBY,
CNsiraHe Ha Hacunu, KapyMpepHW WM3KOMM) PUCKOBM (PM3MKO-
reonoXKW SBMEHNS 1 npoLeck. Bb3 0CHOBa Ha Tasu reonoxka
obcTaHoBKa TepuTopusaTa Ha rpag Cunuctpa e pasgeneHa Ha
TPU WHXEHEPHOTeOomnOoXKNA paiioHa, BCEKM C MO [ABa Unu Tpu
yyacTbka.
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ABSTRACT

The town of Silistra is a cultural and business-administrative center, situated at the Danube riverside at km 375-377. It has been found during the I-st century and
during the Rome and Turkish days it had played a role of an important stronghold. It extends at area of 7 square km and has 62 000 inhabitants.

Silistra town is constructed at the flooding terrace (To) of the River Danube, the slope section (S) and loess plateau (OAL). Loess delluvial is accumulated at the
rearward part of the floodplain terrace. The slope is formed in Pliocene clays and sands, covered by delluvial loess. The plateau is built from Pliocene clays and loess
complex (38 m) above. The town has been destroyed or burned down several times and as a result thick embankment has been generated.

Basing on geomorphological, litophacial and engineering-geological signs the following engineering-geological regions on the territory of Silistra have been separated:
1. Region with collapsible loess type Il (loess plateau); 2. Region with active slope processes and collapsible loess type | (slope section); 3 Region with
technogenerative, collapsible and alluvial soils (floodplain terrace). Ground waters are Karst-leaking one in the low-Cretaceous limestone and porous one in the
alluvial terrace sediments and the slope Delluvial. Geological hazard at the territory of the town is determinate primarily from the high seismicity - VIII grade on MSK,
presence of collapsible loess soils type | and I, thick anthropogenerated embankments (up to 9 m), shallow groundwaters and from erosion development at the

Danube riverbank.
INTRODUCTION

Silistra town is constructed at quaternary sediments. They
are characterized with great diversity of genetic types, facial
variety and also they have different engineering-geological
behaviour. The quaternary sediments genetic types are
attended to definnite  geomorphologic forms. Each
geomorphologic formation has a typical lithologic texture,
hydrogeological conditions and lithofacial bodies with equal
physic-mechanical indexes could be identified within its
bounds. Geomorphological formations are generated during
the Neotectonic stage (2,5 million years to nowadays). They
are an important indicator for the geodynamics in the region.
Their footing is formed in Pliocene clays and Barem limestone.
This approach for investigation, in compliance with the
geological conditions in broad aspect, has been used in
studying the engineering-geological conditions in Silistra.

Geologic research has been done in the region of Silistra
town by numerous scientists. Among the first researchers have
been Zlatarski (1927), Bontchev and Cheshitev (1953, 1954).
Neogenetic sediments are very detailed investigated by
Stancheva (1966), Stoikov and Breskovsky (1966), Popov
(1986), Kojumdjieva, (1981, 1989), Problems on Quaternary
are discussed in published materials by Jaranov (1961), Popov
(1964, 1968), Minkov (1968), Philipov and Mikova (1967, 1977,
1983), Evlogiev (1988, 1993, 2000). Engineering-geological
conditions in the region are studied by Kamenov, lliev (1963);
Minkov (1968), Minkov, Dontchev, Evlogiev (1984); Brutchev,
et col. (1994); Karachorov, Evlogiev, Glavtcheva (1996), All
this information is a basis for the current research. Number of
stock materials have been considered, belonging to

"Energoproject - Sofia", RPO - Vama, RPO - Rousse and
Research Laboratory in Geotechnics - Rousse, having totally
110 lithologic and geotechnical drillings and 160 soil samples.
Individual drilling studies and mapping in scale 1:5000 have
been done additionally.
GEOMORPHOLOGIC FORMATIONS AND LITHOLOGIC
STRUCTURES

Basic geomorphological forms in the region of Silistra town
are the low floodplain Danube terrace, the loess plateau and
the slope between them. The town is located mostly on the
floodplain and the slope (fig. 1).

Low floodplain Danube terrace (Ty). Its surface in proximity
to the river has an absolute elevation 12-15 m, and the terrace
is rising up to 30 m to the south. The terrace is spread out
between the Danube bank and the slope. It reaches the state
border with Republic of Romania to the east, and includes
Aidemir lowlands to the West. The terrain is plain with a low-
grade to North. The erosion footing of the terrace has absolute
elevation - from -6 to -8 m. It is formed in Barem limestone with
strong massive structure and in Alb marls. Floodplain terrace is
built of the following lithologic varieties:

e Above the footing lies alluvium of the terrace. The cross-
section starts with coarse gravel, sand - filled, having layer
thickness 5 to 13 m. Gray dust-sandy clays follow, with layer
thickness 6 to 16 m.

e The central and back parts of the terrace are covered from
delluvial clayey loess, light brown, with layer thickness 3 to
12 m. Contemporary soil is developed on the alluvial and
delluvial deposits.

e The surface of the terrace is covered by a technogenetic



embankment, represented by black humus clays or loess,
mixed with fragments of construction materials. It has been
generated as a result of ruining the old Rome settlement
Durostorum. It has satisfactory area dissemination, with
maximum thickness 9m, which is getting thinner going
southward up to 3 m.

Slope (S). It covers the terrain between the low terrace and the
loess plateau. The slope is slanting in its low part (at absolute
elevation 30-40 m), and is becoming abrupt in height (at
absolute elevation 40-80 m). The structure is the following:

e Upper Pontian dust-sandy clays, Dackian sands and
bottom-middle Roman clays, marls and sands.

e Pliocene sediments are covered by thin delluvial clayey
loess, which reaches up to 16 m in its slanting part of the
slope.

Loess Plateau (OAL). It is rising southerly from the town with
absolute elevation 80-127 m. It forms wide plains, incised by
several gulches. The Loess plateau is called in the
geomorphologic literature old abrasive level that is generated
from the Dacian lacustrine-fluvial basin. The abrasive surface
of OAL is developed in Middle Roman clays at the absolute
elevation 88 m during the time - period 2,60-0,99 Ma BP. The
following lithologic varieties are accumulated above its surface:
e Crust of weathering from red clays, formed above the
Middle Roman clays, aged 0,99-0,80 Ma BP.
o Loess complex with 38 m thickness, covering the relief like
a mantle. It is built from 8 dust-sandy loess horizons (the forth
and seventh one are weathered), divided from 7 buried soils of
loess-like clays. The loess complex is 0,80 Ma BP aged
(Evlogiev, 2000).

ENGINEERING-GEOLOGICAL CHARACTERISTICS OF
LITHOLOGIC VARIETIES

Fourteen types from the lithologic varieties have been found
on the territory of Silistra, which build up the floodplain terrace,
slope and loess plateau (Fig. 2). Physical - mechanical indexes
of the lithologic varieties are determined in result of numerous
drillings (25 per km? average) and laboratory testing. The
lithologic varieties have been also preserved as engineering-
geological varieties (soils) almost everywhere. They consist of
dispersed and rocky soils. The technogenetic embankment,
dellivial clayey loess, alluvial clays and gravel, Pliocene clays
and loess complex were studied from the dispersed soils. The
rocky engineering-geological varieties occur in depth. The
values of the presented physical-mechanical and strenght
indices are average for the engineering-geological varieties
(Table 1).

Technogenetic embankment. 1t is found ubiquitously within
the boundary of the floodplain terrace. It has maximum
thickness 9 m, and it becomes thin up to 3 m to the south, near
the backside of the terrace. It is built of black humus clays and
loess, mixed with ceramic fragments and constructional
wastes. The consistency of the embankment is considered as
having semi-plastic (1,=0,58) to solid-plastic (l.=0,83) for the
determined natural water content w,=26,0-26,5%. The
embankment is more compact at the forehead of the terrace
and it is characterized with volume density p,=1,79 g/cm® ,
volume density of the skeleton ps=1,42 g/cm®, specific density

ps=2,76 glcm® , porosity n=48,6 %, water saturation level
Sr=0,93 and total deformation module E=80.10°Pa. The
embankment is not firm in the central part and it has the
following  characteristics  p,=1,66 glem®,  p,=1,32 g/cm®,
ps=2,71 glcm®n=51,3 %, Sr=0,66 and E=60.10°Pa.

Contemporary soil. It is formed within the low terrace on
alluvial clays and clayey loess. It is built of dusty clays and
dust-sandy clays. It is black-colored and contains organic
substances. The thickness of the layer varies between 0,3 and
2m. Itis often replaced by embankments, and as a result it is
considered as not well sustained. The consistency of the
contemporary soil is semi-plastic (I= 0,75). The physical
indices have values as follows w,=24,8 %, ps=2,73 g/cm?,
p=1,89 glem®, p,=1,54 g/cm®, n=451% and u strenght
indices - angle of internal fricon ¢=21°, cohesion
¢=0,14.10°Pa.

Dust-sandy clay (alluvial). It forms well sustained layer with
6-16 m thickness. It occurs at depth from 10 to 15 m. Dust-
sandy clays are grey-colored, and turn to grey-beige in the
upper part of the layer. They have semi-plastic consistency
(1.=0,60), plasticity index 1,=15,7, w:=25,5 %, p,=1,93 g/cm’,
p=1,54 glem®, n=436%, Sr=0,90, ps=2,73g/lcm* and
E=121.10°Pa.

Coarse gravel. It occurs under the alluvial clays. It forms layer
with thickness between 5 to 13 m that becomes thinner to the
backside of the terrace. The gravel in the footing of the layer
consists of gravel with bigger size and sandy filing. The
characteristics are p,=1,90 glcm®, p=2,65 glcm*® n=28,3 %,
E=600.10°Pa.

Collapsible loess type I. Clayey delluvial loess from the
backside of the terrace and the slanting slope belong to this
type. Its thickness is between 7 and 16 m. It does not collapse
under geological load and drench. It shows collapsible
properties under additional load. The initial load of collapsibility
is higher than the geological load for the collapsible layer
(pn>py). It is characterized with w,=18,3-21,5 %, p,=1,72-
1,85 g/lcm?, p=1,45-1,52 glcm®, ps=2,73 g/lcm® n=44,3-46,9 %,
coefficient of relative collapsibility 8.,,=0,020 under p=2.10°Pa
and 8.,3=0,025 under p=3.10°Pa, Sr=0,56-0,74 and E=114-
135.10°Pa.

Non-collapsible loess. It forms thin delluvial covering of
clayey loess in the center of the floodplain terrace and abrupt
slope.

The clayey loess is between 3 and 9 m thick in the center of
the floodplain terrace. It occurs immediately above the water
level. It is under the influence of subsurface water, when the
River Danube water level is at high water position. This type of
loess is non- collapsible under additional load.

The abrupt slope is also covered with not powerful (3-5 m)
non-collapsible clayey loess. It occurs above the accumulated
on Pliocene clay water body. Physico-mechanical properties of
the layer show the following values w,=14,9 %, p,=1,82 g/cm®,
p=1,58 glem®, p=2,75 glem®, n=425%, 8.43=0,012 under
p=3.10°Pa and Sr=0,54. Shallow sliding rashes may occur



there in case of violation on the slope stability from excavating
works.

Collapsible loess type Il. The surface part of the loess
complex from loess plateau belongs to this engineering-
geological variety. The thickness of the collapsible zone is
21 m. Here belong first loess horizon (L1), first buried soil (B1),
second loess horizon (L2), second buried soil (B2) and third
loess horizon (L3). The total collapsing under geologic load is
up to 75 cm, according to Minkov (1968). The initial load for
collapsing about the collapsible loess is lower than the
geologic load (piw<py). All apprehensions about the security of
the terrain and the constructions on it in case of collapsing
derive from the condition pi<py . The indices of load-bearing
will reduce its values up to three times in case of accidental
moistening of the loess base. Depending on the depth of
moistening several types of deformation could occur:
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Figure 1. Engineering-geological map
I district - technogenetic, collapsible and alluvial soils: 1.
Technogenetic-alluvial complex section (TAC): Technogenetic
embankment — thickness up to 9 m, consistency semi-plastic,
E=80.10°Pa; Dust-sandy clay - thickness 6-16 m, consistency
semi-plastic, E=121.10°Pa; Gravels - thickness 5-13 m,
E=600.10°Pa; Water level 4-6m. 2. Technogenetic-loess-
alluvial complex section (TLAC): Technogenetic embankment
— thickness up to 7 m, consistency solid-plastic, E=60.10°Pa;
Non-collapsible loess - thickness 3-9 m, consistency solid-
plastic; Water level 8-13m. 3. Loess-alluvial complex section
(LAC): Collapsible loess type | — thickness of the collapsible
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landslides and slope creeping occurrence.

Il district - collapsible soils type Il: 1. Loess complex
section (LC): collapsible zone 21 m, total collapsing 75 cm,
8.v=0,035 under py (geological load), E=150.10°Pa, water
level 37 m. 2. Reduced loess complex section (LC) -
thickness of the collapsible zone 6-21 m, E=150.10° Pa.

Other indications: OAL - old abrasive level; S - slope; T, — low
terrace

Figure. 2. Geological profile I-/

1 - technogenetic embankment; 2 -clay with organic
substances (contemporary soil); 3 - clayey loess (delluvial); 4 -
dust-sandy clay (alluvial); 5 - coarse gravel with sand filling
(alluvial); 6 - loess-like clay (fossil soil); 7 - dust-sandy loess
(eolic); 8 - sandy clay, brick-red (weathering layer); 9 - clay
with grey nuts and lens sand (delluvial); 10 - alternation from
clays, calcareous clays and sandy layers (lacustrine); 11 - fine
to mean sand (lacustrine); 12 - dust-sandy clay, layered
(lacustrine); 13 - sandy marls; 14 - limestones; 15 - erosive or
abrasive surface; 16 - water level; Others: OAL - old abrasive
level; S - slope; T, - low floodplain terrace; LC - Loess
complex; LC' - reduced loess complex;PC - Pliocene complex;
LPC - Loess Pliocene complex; LAC - Loess alluvial complex;
TLAC - technogenetic loess alluvial complex; TAC -
technogenetic alluvial complex; Q, - Holocene; Q,** - Middle
and Upper Pleistocene; N,*-Q,' - Upper Roman Lower
Pleistocene; Ny? - Middle Roman; N;"? - Lower and Middle
Roman; Ny - Dacian; N - Upper Pontian; K¢ - Alb; K¢ -
Barem




1. In case of shallow moistening and presence of additional
load from buildings there would be realized collapsing only in
the active zone of the foundations - type I; 2. In case of
moistening in depth collapsing could be provoked from
geologic load only - type II; 3. In case of full water saturation of
the collapsible layer both types of collapsing would be realized.

Loess horizons are built of dust-sandy loess and buried soils
- of loess-like clays according to their granularity. The mean -
average values of the physic-mechanical indices for collapsible
zone are the following w,=16,8%, ps=2,74 glcm?,
p.=1,68 glcm?, py=1,44 glcm®, n=47,4 %, 8.,xv=0,035 under py
(geologic load), Sr=0,6; E=150.10°Pa.

Sandy marls. They fill the crest-like forms in the river course
and the forehead of the terrace. Their thickness varies from

several to 72m. The physic-mechanical indices have the
following values: ps=2,67 glem®, p,=2,00 g/cm?, ps=1,65 glem?,
porosity index €=0,62, angle of internal friction =25, cohesion
¢=2,25.10°Pa, E=1400.10°Pa.

Limestone. It occurs at absolute elevation - 6 to - 8 m in the
low terrace and at absolute elevation 25 m in the slope and
loess plateau. Limestone here is dense, porcelain-like, strong,
light-brown to white - colored, non-uniform carstified. It is
stronger carstified in its upper part, and the cavities and
caverns are hollow or filled with sand and red clay. Limestone
has the following physical-mechanical indices: ps=2,70 g/lcm?®,
P:=2,60 glem?®, ps=2,50 g/cm®, e=0,08 and strenght indices
9=33°, ¢=40,0.10°Pa.

Table 1. Mean average values of physicomechanical characteristics of lithological varieties.

HYDROGEOLOGICAL CONDITIONS

The ground waters in Silistra region are cavern-carstic and
porous-gained waters.

Cavern-carstic waters. They are accumulated in limestone
complex, at the age of Barem (The suite of Razgrad). The
lower aquifer consists of Lower Cretaceous argillaceous
limestones and marls from the suites of Gornaoriahovitsa and
Razgrad. The ground waters are formed in carst hollows and
caverns of limestone. The formed unconfined underground
aquifer has general flow strike to the North. Infiltration from
precipitated and surface water feed the aquifer. In Silistra
region natural sources of draining are absent, with the
exception of Srebarna lake, feed from carst waters of Barem
aquifer. Viewing from qualitative aspect the waters are

hydrocarbonic-magnesium-calcium according to their chemical
composition and neutral (pH=7-8). Their mineralization is 0.4-
0.8 g/l in general and rarely at about 1 g/l.

Porous waters. They are accumulated in alluvial of the
floodplain terrace, slope delluvial and Pliocene sandy layers.

Alluvial aquifer is two-layered, its lower part have higher water
permeability (sands and gravel) and the upper part have lower
water permeability (sandy clays). The waters formed in the
aquifer are semi-confined and unconfined one. The fluctuation
of the water table depends on the water level in the Danube
River bed. It is characterized with rich water quantity. The
values of conductivity are between 250 and more than
1000 m?d. Highest values characterize the West Industrial
zone of the town. Water feeding of the aquifer comes from high
waters of the Danube River, Lower Cretaceous aquifer and
from rainwater flowing in from the slope (slope waters) and



accumulated above the Pliocene clays. It is drained away from
the Danube River during mean and low water level and from
existing water extracting equipment. The mineralization of
alluvial aquifer is under 1g/l, waters have hydrocarbonic,
calcium and calcium-magnesium characteristics. The water
table is at 4-6 m in depth in the forehead of the terrace. The
presence of technogenetic embankment and shallow ground
waters results in significant difficulties for foundation works of
buildings and constructions in this part of the town. The water
table is at 8 to 13 m depth in the center of the floodplain
terrace. The water table is higher at the backside of the terrace
due to feeding from rain water, flowing in from the slope (slope
waters).The aquifer of the slope is fed from infiltrated surface
waters and sandy layers of the Pliocene. The aquiclude of the
aquifer consists of Pliocene clay. The slope waters are
accumulated at the interface between Pliocene clays and loess
delluvial. They occur at depth 5-7 m at the abrupt slope and 5-
10 m depth at its low part.

HAZARDOUS PHYSICAL-GEOLOGICAL PROCESSES AND
PHENOMENA

Endogenetic, exogenetic and technogenetic hazardous
physico-geological processes and phenomena endanger the
territory and infrastructure of Silistra. Endogenetic processes
are earthquakes - Silistra is situated among three seismic
epicenters - Shabla, Gorna Oriahovitsa and Vrancha.
Exogenetic hazardous processes are the potential dangerous
shallow earth creep, slope creeping, erosion of the Danube
river bank, shallow ground waters, surface erosion, flooding
and marsh occurring. Technogenetic hazardous processes are
the occurrence of loess soils collapsing, generation of thick
embankments and terrain violation by stone-pits.

Endogenetic processes

Earthquakes. According to the macroseismic districts in
Bulgaria, Silistra belongs to a region with high seismicity - VIII
grade of intensity under MSK and seismic coefficient k;=0,15.
The town has experienced powerful earthquakes and bore
damages on the buildings: from Vrancha earthquake with
magnitude 7.2 in 1977, again from Vrancha earthquake M=6.7
and 6.1 in 1990 and from the earthquake with Strajitsa
epicenter M=5.3 in 1986. The earthquake in 1990 damages 16
objects, including 7 public buildings, and the rest of them have
been residential blocks. The first ones are buildings above 50
years of age, built up in the central part of the town, having
damages on supporting walls and partitions. The second ones
are 4-5 storeyed buildings with steel-concrete frames, built up
in the central and south part of the town. The damages were a
result of not effective construction design, combined with
unfavourable engineering-geologic conditions (Karachorov,
Evlogiev, Glavcheva, 1992).

Exogenetic processes

Landslides. Potential dangers of occurrence of shallow earth
creeping exist in the extent of the abrupt slope. Slope waters at
depth 5-7m are accumulated at the interface between
Pliocene clays and delluvial loess. The terrain is not built up,
but future excavating works could create conditions about
formation of shallow landslides.

Slope creeping. It occurs in the region of the Pedagogic
Institute, constructed at the abrupt slope. The building covers
wide area, the foundations are on Pliocene clays and loess
delluvial with shallow ground waters. The deformations on the
construction of the building are due to worsen of soil
consistency and occurrence of unabating creeping of the
ground. Not constructed vertical planning of the building gives
unfavourable impact.

River erosion. The course of the River Danube is formed in
alluvial deposits of the floodplain terrace. This fact makes
easier the development of erosive processes. They recruit in
April and May, when the water level in the river reach up to
670 cm above the pegel (6,5m). The biggest part of the
Danube bank is erosion protected by supporting wall. The only
exception is the west part, where the bank is exposed to active
undermine and dilution.

Shallow groundwaters. Shallow ones are porous alluvial
waters, accumulated in the sediments of the floodplain terrace.
They occur at depth 4-6 m at the north part of the terrace and
originate difficulties at the foundation of buildings and
constructions.

Surface erosion. It is developed in the slope section of the
town. During Holocene in result of surface erosion loess
complex was deluted and was deposited secondary as
delluvial clayey loess, showing the biggest thickness in the low
part of the slanting slope. The absence of contemporary soil
gives evidence that this process continues until today.

Floodings. The top water levels registered in th eDanube
River are 740 cm above the pegel (in 1942), ie. 13.9m
absolute elevation. Danube riverbank is at 15 m absolute
elevation in the central and eastern parts of the town and it is
sheltered by supporting walls. Flooding endanger west
industrial zone, where there are sections with lower level at the
riverside. Flooding from storm water do not endanger the
territory of the town.

Marsh occurring. Occuring of temporary marshlands are
observed in Aidemir lowland, on the west of Silistra. They are
formed in the negative lowerings as a result of shallow ground
water yielding, hydraulically tied to the Danube waters. The
water is retained long time in the marshlands in result of
colmatage of the negative formed beds.

Carst phenomena. Barem limestones are non-uniform
carstified. Cavern carstic aquifer is formed in carst formations
and cavemns. The caverns are hollow or filled with sand, rarely
filled with red clays. Carstifying in the upper layer of the
carbonate horizon is intensive.

Technogenetic processes

Collapsibility. Loess soils are distinctive with their non-firming
structure and structural non-stableness. They are inclined to
collapsing under self-load and additional loads if moistened.

Technogenetic moistening have caused deformations of
terrain and buildings in Kalipetrovo district, built at loess
platecau - type Il loess base. Constructing of industrial



structures is assured by anti-collapsible preparation of the
loess base when the collapsibility of the terrain is type Il -
most-frequently by heavy beetle and improving foundation
conditions by deep excavations and realization of concrete-soil
pillows. The foundation of the TV tower Silistra is accomplished
in the following order: realization of 7.7 m deep excavation;
densification with heavy beetle; constructing of concrete-soil
pillow and foundation on it at elevation 119.30 m. Water
protection measures have been taken at the end of
constructing.

Deformations from technogenetic moistening could occur
only in the active zone of the foundations of buildings and
structures at the regions with type | loess base. Such
deformations are registered in the south part of Silistra.

The seismic influences are "operating mechanism" for
occurrence of collapsibility if a technigenetic moistening of
loess ground are present.

Teechnogenetic embankment. Larger part of Silistra territory
is constructed on technogenetic embankments. At the towns
center they reach 9 m depth. The embankment is non-girm and
it performed unfavorable soil ground for foundation purposes.
The embankment is flooding by the ground waters at high
waters in the north part of the town. Under these
circumstances building construction at the embankment results
in deformation of these building. The new building construction
is implemented with deep excavations. If the embankment
overcoming is not possible, then a pile foundation is
implemented.

Violation on the terrain from clay-pits. Deep excavating
works in the southern part of the town have been done for the
needs of the Bricks factory in the slope section. A vertical
angle of friction is formed 25 m in height. There exists a danger
from gravitational sliding down of the ground massive from the
slope.

PRELIMINARY DATA FOR ENGINEERING-GEOLOGICAL
DISTRICTS DEFINING

It is developed preliminary engineering-geological districts
defining on the territory of Silistra based on the determined
geomorphologic-lythostratigraphical,  engineering-geological
and hydrogeological conditons and the hazardous
physicogeological processes and phenomena that are caused.
We call it preliminary because it is foreseen including of new
areas (West industrial zone and Kalipetrovo district), thickening
of drillings and increasing the number of tested soil samples.
Here are defined three districts, according to engineering-
geological conditions and geodynamic processes occurrence.
The districts are sub-divided into 2 or 3 sections, according to
defined differences in engineering-geological varieties (Fig. 1):

| district — technogenetic, collapsible and alluvial soils

It covers the territory of the town, situated within the bounds
of the low floodplain terrace. It is built of collapsible loess,
technogenetic embankment and alluvial deposits. Hazardous
geological processes for this district are earthquakes, loess
collapsibility (type 1), thick technogenetic embankments,

shallow ground waters, river-bank erosion, flooding, marsh
occurring and carst. Three sections are separated at district I

Technogenetic-alluvial complex section (TAC). It is situated
in the northern part of the town, at the forehead of the
floodplain terrace. It is built of non-firmed technogenetic
embankment up to 9 m thick and alluvial deposits (dust-sandy
clays and coarse gravel with sandy filling). The ground waters
are shallow and occur at 4-6 m depth. The conditions for
engineer structuring are difficult in the TAC section. The
foundation is realized at high depth, and in case of impossible
embankment overcoming, then a pile foundation is
implemented. The shallow ground waters worsen the seismic
conditions.

Technogenetic-loess-alluvial complex section (TLAC). It
covers the central part of the floodplain terrace. It is also built
of non-firm embankment 2-7m thick. Underneath non-
collapsible loess occurs, with thickness from 3 to 9m and
alluvial deposits. Loess is in the range of subsurface waters at
high water in the river Danube. It is non-collapsible under
additional load. The ground water table is seftled at 8-13 m
depth.

Loess-alluvial complex section (LAC). It covers the back
part of the floodplain terrace. The technogenetic embankment
has low thickness (up to 3 m), wherefore it is does not cause
problems to foundation process of buildings and constructions.
The LAC section is built of collapsible loess type | (7-12 m) and
alluvial deposits. The loess does not collapse under geological
load and moistening. It shows collapsible properties under
additional load, in the active foundation zone of buildings and
constructions only. For the collapsing layer the initial collapsing
load in higher than the geological load (piw>py). Ground waters
are accumulated in delluvial loess - at depth 8-13m. In
occurrence of technogenetic moisture-overladen loess ground
seismic influence provoke collapse development.

Il district - development of slope processes, collapsible
soils type |

It covers the slanting and abrupt slope between the
floodplain terrace and loess plateau. It is built of non-
collapsible loess, collapsible loess type | and Pliocene
sediments. Porous slope waters are accumulated at the
interface. Hazardous geological processes for the Il district are
earthquakes, landslides, slope creeping, collapsibility, shallow
groundwaters, surface erosion and violation on the geological
environment from clay-pit excavations. Based on differences in
the engineering-geological conditions and geodynamic
processes the district is divided into two sections:

Loess-Pliocene complex section (LPC). It is situated within
the bounds of slanting slope. Its surface layer is built of
collapsible loess type I, 11-16 m thick. The loess do not
collapse under geological load and moistening. It shows
collapsible properties under additional load. The initial load for
the collapsible layer is higher than the geological load (pi>py).
The loess covers Pliocene clays and sands. The ground
waters occur at 5-10 m.

Pliocene complex section (PC). This is the abrupt slope
section. The loess cover is thin, non-collapsible and occurs on
Pliocene clays, limestone clays and sandy layers.The ground



waters are accumulated at the interface. In fulfilment of
constructional or excavating works exist conditions for
development of shallow landslides and slope creeping
occurrence.

lll district - collapsible soils type Il

It covers the loess plateau territory. The loess has well
defined collapsible properties. The most dangerous geological
processes for the district are collapsibility and earthquakes.
Two sections are defined depending on the thickness of the
collapsible zone:

Loess complex section (LC). The loess complex is with its
full litho-stratigraphy. The thickness of the collapsible zone is
21 m. The total collapsing under geological load is up to 75 cm.
The initial load for the collapsible layer is lower than the
geological load (pi<py). The indices for load-bearing will
reduce three times in case of accidental moistening of the
loess ground. The ground waters are accumulated above the
Pliocene clays (37 m).

Reduced loess complex section (LC!). The LC thickness is
reduced. Collapsible zone is 6 - 21 m thick.

CONCLUSION

Engineering-geological conditions of the Silistra town are
complicated on the average. The soil ground of the town is
built of thick technogenetic embankments, collapsible loess,
alluvial clays and gravel, Pliocene clays and sands and rocky
underplate from Barem limestone and Alb marls. Collapsible
and technogenetic soils, causing the basic difficulties in
building and constructions foundation, cover the most of the
studied area. The porous waters are shallow. They are
accumulated in the caverns of quaterary and Pliocene
deposits and additionally complicate the geotechnical
conditions. The determined engineering-geological conditions
combined with geomorphologic terrain particularity are
precondition for occurrence of particular geodynamic
processes. The fterritory of Silistra is endangered from
endogenetic  (earthquakes), exogenetic (shallow earth
creeping, slope creeping, erosion of Danube riverbank, shallow
ground waters, surface erosion, flooding and marsh
occurrence) and technogenetic (loess soils collapse,
embankment settlement, stone-pit excavations) hazardous
physico-geological phenomena and processes. Based on this
geological environment the territory of Silistra is divided into
three engineering-geological districts, subdivided into 2 or 3
sections each.
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