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1. GENERAL DATA

This report presents the results from the geological
studies within the area of the road for reconstruction
of existing municipal road KRZ2212 (Zvanarka -
Skalak) from KM 0+000 to KM 2+105. The report
integrates data from previous geological and
hydrogeological research in this area and in the
vicinity.

The main objectives of the engineering-geological
study were:

m To clarify the geological and lithological
structure of the field in the axis of the road to
the depth of the new earth bed for sections in
trench;

m To analyze the data, obtained from the previous
studies in the area, especially for lithological
variations that are revealed along the axis of
the surveyed road route;

m To determine the necessary geotechnical
characteristics of the subgrade, where the
excavations and fills for the reconstruction of
the existing road will be realized.

This geological report has been compiled based on
the results of the detailed geological mapping of the
findings in the slopes of the terrain of the existing
road and the with the aid of the following archival
and literary sources:

m Geological map of Bulgaria, M 1:100 000 map
sheet "Kroumovgrad"

m Assessment report for the impact of the
explosive drilling works on the water sources,
not covered by the Krumovitsa river terrace -
capped water supply for Zvanarka village
/Catchment Ne 1 and Catchment Ne 2 made by
UMG "Engineering" /;

To determine the geotechnical characteristics of the
geological species / IGV /, which make up the
ground under the road surface, the results from the
laboratory tests of similar materials in the region and
the following legislative sources have been used:

m Ordinance Ne 1 for road design (new SG. 102 of
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1. BbBEOEHUE

B HacTosiwms goknag ca npeacTtaBeHn pesyntatute
OT NPOBEAEHUNTE UHXEHEPHO-TEONOXKN NPOYyYBaHKSA
B rpaHULMTE Ha y4acTbKa OT MbTS 32 PEKOHCTPYKUUS
Ha cbliecTByBal, obwuHCckM nbT KRZ2212
(8BbHapka — Ckanak) ot KM 0+000 go KM 2+105. B
Hero ca WHTerpypaHu W [aHHWTE OT npegHuTe
NHXXEHEPHO-TEONOXKU " XNOPO-TeON0oXKM
n3cnefBaHns B TO3M y4acTbK U B 6M30CT 4O Hero.

OcHoBHUTE Uenn  Ha
npoy4ysaHe bsxa:

NHXXEHEepPHO-reoJ10XKKOTO

m [la ce U3SCHM reornoro-nMTONOXKUS CTPOEX Ha
TepeHa B oOcCTa Ha MbTHOTO Tpace Ha
abnboynHata [0 HOBO 3eMHO ferno  3a
y4yacTbLUUTE B U3KOT;

m [a Obgat OTKpUTU U aHanuanpaHu AaHHuTe,
nony4yeHn OT MNPEegULUIHN U3CnedBaHus B
panoHa, Haun-Be4e 3a NNTONOXKM
pa3HOBMAHOCTM, KOUTO Ce pas3KkpvBaT Mo ocTa
Ha NPOoy4YBaHOTO MbTHO Tpace;

m [a Oboar  onpegenexu HeoOxoanmunTe
rEOTEXHUYECKM XapakTepUCTUKU Ha 3emHaTta
OCHOBAa, B KOSITO LLIe Ce U3MbIHABAT NU3KOMNUTE U

HacunuTe 3a PEKOHCTPYKLMSTA Ha
CbLLIECTBYBALLMSA MbT.
Hactoswmss  MHXEHEepHO-TeonoXKM  JoKnag e

CbCTaBeH Ha 6asa Ha pe3ynTaTuTe OT U3BbpLUeHaTa
JeTaiinHa reofioxka kapTupoBKa Ha paskpuTuaTa B
OTKOCUTE Ha TepeHa Ha ChblUecTBYBalns MbT U
M3MON3BAHETO HA CMEAHNTE apXMBHUW U NUTepaTypHU
N3TOYHULIL:

m [leonoxka kapta Ha bwbnrapus, M 1:100 000,
kapTeH nuct ,Kpymosrpaa*;

m [oknag 3a oueHka Ha BAMSHWETO OT B3PMBHO-
npobmneBHuTe paboTn BBLPXY BOOOUITOHHULIUTE,
Henonagjaww B TepacaTa Ha p. Kpymosuua —
KanTupaHu M3BOpW 3a BoAdocHabasBaHe Ha cC.
3ebHapka /Kantax Ne 1 wu Kantax Ne 2,
naroteeH ot MY ,Muxenepunr EOOLY/;

3a onpegensiHe Ha reoTexHN4YecKnTe
XapaKTePUCTUKN Ha UHXEHEPHO-TeONOoXKUTE B1OOBE
/WIB/, KouTO wu3rpaxgar 3emMHaTa OCHOBa nop
NbTHaATa HaCTUIKa, ca M3NoJNi3BaHu pe3yntaTtute OT
nabopartopHuTe nscneasaHusi Ha nogo6Hm
mMaTepuanu B panioHa W CnegHuTe HOpMaTWMBHMU
N3TOYHULMN:

m Hapegba Ne 1 3a npoekTupaHe Ha nbTULA

Page 1 of 13 printed 10/06/2014
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2005.)

m Ordinance Ne 1 (from 01.09.1996g. Designing
flat foundation / SG. 85 form 08.10.1996/;

m Distribution and correlation of the physical
properties of rocks, Moscow "Nedra" 1981;r.;

To determine the load capacity of the existing
asphalt pavement deflection measurements were
conducted using the unit of "Belkenman", according
to BNS 15131, 1980. The total number of tests is
106, at every 20 m along the length of the route.

2. GENERAL CHARACTERISTICS OF THE
REGION
2.1 Location of the studied road section

The area, in which the road sections falls, is located
about 3 km west-southwest from "Ada Tepe" on
"Khan Krum" field.

Road section - reconstruction of existing municipal
road KRZ2212 (Zvanarka - Skalak) from KM 0+000
to KM 2+105.

2.2 Physical and
characteristics of the region

geographical

Topography

The studied site is located in the Eastern Rhodopes
mountain. The terrain of the region low mountainous
with typical ridge-hill appearance with steep slopes
and narrow valleys. In the central part of the area is
the Krumovitsa river valley, bounded by the hill
slopes of Irantepe ridges. The topography is
horizontally rugged at a pattern of 1.0 to 2.0 km/km?,
and vertical pattern - 25 to 100 m/km.

Climate

Krumovgrad region belongs to the Southern
Bulgarian climate sub-area of the Continental-
Mediterranean climate area. The low-mountain relief
and the opening of the Krumovitsa valley allow inflow
of both Mediterranean and cold continental air
masses. This is the precondition for the seasonally
variable climate.

The winters in the area are mild and the average

Explanatory Note: Part Geology
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(HoBa, OB 6p. 102 ot 2005r.);

m Hapegba Ne 1 (ot 01.09.1996r. 3a
npoekTupaHe Ha nnocko dyHanpaxe /OB 6p. 85
o1 08.10.1996 r./;

m PasnpepeneHve wu kopenauusa nokasaTenen
M3nMYecKkMx CBOMCTB ropHbMX nopoa, Mocksa
.Hegpa“ 1981 r.;

3a onpedensHe Ha  ToBapOHOCMMOCTTA  Ha
cbllecTByBallaTa acganToBa  HacTuika  ce
npoBeJoxa U3MepBaHUs Ha OrbBaHe Ype3 ypeda Ha
.benkeHman“, cernacHo bC 15131, 1980 r. O6wus
Opon Ha m3mepsaHuaTa e 106, Ha Bcekn 20 M no
ObJDKMHATa Ha TpaceTo.

2, OBLUA XAPAKTEPUCTUKA HA PANOHA

2.1 MecTtononoxeHue Ha nNpoy4YBaHUAT
NbTEH y4acTbK

PaloHbT, B KOMTO nonaga MbTHUMS Y4acTbK, €
pasnonoXeH Ha OKofo 3 KM 3anag-torosanag oT
yyacTbk ,Afa Tene” Ha Haxoguwe ,XaH Kpym*“.

[MbTeH yyYacTbK - PEKOHCTPYKUMS Ha CbLUeCcTBYBaLl
obwmHekn nbT KRZ2212 (3BbHapka — Ckanak) ot
KM 0+000 no KM 2+105

2.2 dPusunko-reorpadpCkn  xapakrepucTuKu
Ha pavioHa
Pened

MpoyuBaHusaT obekTt ce Hamupa B W3To4uHuTE
Pogonn. PenedbT Ha paloHa € HMUCKOMMaHUHCKN C
XapakTepeH PUaOBO-XbIIMUCT OOMMK CbC CTPBbMHMU
CKINOHOBE M TEeCHW OonuHWU. B ueHTpanHaTa 4acT Ha
paioHa e paseuTa gonvHata Ha p. Kpymoswuua,
OorpaHu4yeHa OT CKITOHOBeTe Ha pugoBeTe CTPbMHMU
pug n NpaHtene. XOpM30oHTANHOTO pas3yfieHeHne Ha
peneda e ot 1,0 gpo 2,0 km/km?, BEPTUKAITHO
pa3suneHeHune — oT 25 go 100 m/km.

Knumar
PanoHbT Ha Kpymosrpag nonaga B
loXHOOBNrapckara kKnMMaTtuyHa nogobnact  Ha

KOHTUHEHTalnHo-cpegn3eMHoOMOpCKaTta KnunMmaTtuyHa
obnact. Hucko-nnaHuHckns pened M OTBOPEHOCTTa
Ha ponvHata Ha p. KpymoBuua Ha ceBep,
nossonsieat 0e3nNpenATCTBEHOTO HaxIlyBaHe KaKTo
Ha CpeauM3eMHOMOPCKM, Taka W Ha CTyOeHu
KOHTMHEHTaNHN Bb3OYWHM Macu. B pesyntaT Ha
TOBa Ce nony4yaBa TBbPAE FONSIMO CE30HHO
pa3sHoobpasue.

3umaTa B panioHa € Meka CbC CpefdHu SHyapCKu

Page 2 of 13 printed 10/06/2014
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January temperatures are between 1 and -1.5°C.
Cold spells with temperatures below -12°C are rare.
Winter precipitation is one of the highest in the
country — 250-260 mm. Snow cover does not last
longer than 5-6 days in winter time. The longest
snow cover normally stays in January and does not
last longer than 10 days. The snow cover is maximal
in the second half of January when it reaches up to
54 cm.

Springs are warm and come earlier than usual. The
average air temperature rises steadily above 5°C at
the end of March and above 8°C in April. Spring
precipitation remains high — between 140 and 190
mm on average.

The summer is quite hot and dry, as the average
temperature in July reaches 22 - 24°C, and the
maximum temperature in the higher parts are usually
between 30 and 32°C. The summer precipitation is
one of the lowest - between 120 and 160 mm on
average.

Autumn is warm, the average temperature in
October is about 1,5 to 2 °C higher than April. There
is an increase in autumn rainfall, especially in the
second half of the season. Precipitation peaks in
November, which is related to the higher frequency
of the Mediterranean cyclones.

The annual precipitation is about 760-770 mm.

The average annual wind speed is 1,8 m/s. Winter is
windy with a maximum monthly wind speed in
February - 2,2 m/s. The lowest average monthly
wind speeds are in the fall - 1,6-1,7 m/s. Throughout
the year the north winds prevail in the region, and
during the warm part of the year local winds with
varying directions occur.

Hydrographic description

The hydrographic network in the region includes the
main artery - Kroumovgrad River and its tributaries
Virovitza,. Vetritsa and Kaldzhikdere Rivers. The
density of the river network in the region is 1,0 + 1,5
km/km?. Typical for the area is formation of high
waters with considerable parameters. Krumovitza as
a tributary of Arda river is known as the most
flooding prone due to the local relief. The extreme
high water level event is formed from heavy rains,
mainly in the winter period — from November till
March. Such events are not typical and not so
extreme in other seasons.

The minimum water quantities are in the summer-

Explanatory Note: Part Geology
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TemnepaTtypu go -1,5°C . 3umHKM 3acTyasiBaHusa C
TemnepaTtypu nog -12°C ca psagkoct. Cymute Ha
3MMHUTE Banexu ca edHu OT Ham-ronemmte B
ctpaHata — 250-260mm. [lpe3 3umHMS nepuofd
CHeXXHaTa MOKpMBKa He ce 3agbpka noeevye OT 5-6
OHW.  Han-npogbimkMTenHO  BpeEME  CHexHaTta
MOKpMBKa ce 3aabpxa npes3 siHyapu — oo okoro 10
OHW. MakcumanHata gebenvHa goctura oo 54 cm,
KOETO € XxapakTepHO [0 BTopaTta MofioBUHA Ha
AHyapw.

lMponetta e Tomma wu HacTbMBa TBbLPAE paHo.
CpegHaTa TemnepaTypa Ha Bb3fdyxa Ce 3agbpxa
ycTonumeo Hag 5°C B Kpasi Ha MapT, a npes3 anpun —
Hag 8°C. T[lponeTtHuTe Banexum ca BCe oOlle
3HauuTenHu — cpegHo mexay 140 n 190 mm.

JlaToTo e pgocta ropewo M Ccyxo, kato cpegHara
TemnepaTtypa npe3 tnu pgoctura 22-24 °C, a
MakcuMarnHuTe TemnepaTtypu B MO-BUCOKUTE 4acTu
obukHoBeHO ca mexgy 30-32 °C. JleTHUTe Banexwu
ca efiHu OT Han-mankuTte — cpegHo 120-160 mm.

EceHTa e Tomma, kaTo cpegHaTa Temnepatypa 3a
okTomBpyn € ¢ okono 1,5 gpo 2 °C no-Bucoka OT
anpunckata. 3abenasBa ce yBenuMyaBaHe Ha
€CeHHUTe Barnexm, ocobeHo npes3 BTopaTta NofioBUHA
Ha ce3oHa. pe3 HoeMBpU BanexHuTe Cymu ctaear
MakcMMarHu, KOeTO € CBbP3aHO CbC 3a4eCTsIBAHETO
Ha cpeau3eMHOMOPCKUTE LIMKIOHM.

loguwHaTa cyma Ha BanexuTe e okono 760-770 mm.

CpegHaTta roguwHa ckopocT Ha BaTbpa € 1,8 m/s.
3umarta e no-BeTpoBUTA C MakcMmanHa mMecedyHa
CKOPOCT Ha BATbpa npes ceBpyapu — 2,2 m/s. Hai-
MarnkuTe cpefHO MeCe4YyHM CKOpPOCTM Ha BATbpa ca
npes eceHta — 1,6-1,7 m/s. lNpe3 uanaTta rogmHa B
pavioHa npeobnagaBaT ceBepHMTE BETPOBE, a Npes
TonraTa 4acT Ha roguHaTa ce nposBsBaT fOKaIHU
BETPOBE C pasfIM4HM NMOCOKN.

Xuaporpadcka xapakrepucTmka

Xvgporpadckata Mpexa B palioHa BKIO4YBa
ocHoBHaTa apTepus p. Kpymosrpag v HeWHuTe
nputoun p. Bwuposuua, p. Betpyua wn p.
Kanpxukgepe. [bcTtoTata Ha peyHata Mpexa B
pasrnexgaHus parnoH e 1,0+1,5 km/km?.
XapakTepHO 3a TO3M panlioH e 4ye ce dopmupar
BMCOKN BBITHN CbC 3HAYUTEINTHU BbPXOBE U BUCOKU
napameTpu. lMopeuneTto Ha p. KpymoBuua e cpen
Han-noponHUTEe npuToUuM Ha p. Apaa, nopagu
MecCcTHusa pened. Bucokm BbHM ce dopmupaT oT
NMOBCEMECTHU N YECTO MbTU MHTEH3UBHU Banexu oT
ObX4, rNaBHO Npe3 3UMHMSA Nepuon OT Mecel
HOeMBpY 40 MapT.

MuHMManHUTE BOAHW KONU4YecTBa ca npes3 nATHO-

Page 3 of 13 printed 10/06/2014



DOCUMENT TYPE
Document Title
Document #

EXPLANATORY NOTE
PART GEOLOGY
KGP100-1910-1630-RPT-6301

Revision # 0

autumn season, with the lowest level recorded in
August and September.

2.3 Brief geological description of the
area (Appendix A and B)

The geological setting of the area includes rather
various lithostratigraphic units in terms of
composition and age range. In addition, the situation
is more complicated due to varied and different in
terms of scale tectonic structures.

In the region, where the route of the road section are
four geological complex can be distinguished, as
follows:

m Pre-Paleogene metamorphic complex;
m Paleogene terrigenic complex;
m Paleogene carbonate complex;

m  Quaternary alluvial-deluvial deposits.

The Pre-Paleogene metamorphic _complex is

€CEHHNA CEe30H, KaTo ca Hal-HUCKN npe3 meceunte
aBrycT n centemMmBpu.

2.3 KpaTtka reonoxka xapakrepucTuvka Ha
panoHa (MpunoxeHune A n B)

B reonoxkus cTpoex Ha paiioHa NpUCbCTBaT TBbpae
MbCTPM MO CbCTaB U C MHOIO LUMPOK Bb3PacToB
AavanasoH nutoctpaturpadckn eguHnumn. KaptuHata
€ [OOMbIIHWUTENHO YCIOXHeHa OT pa3HooOpasHu U
pasnnyHK No mMawab TEKTOHCKM CTPYKTYPU.

B painoHa, B KOMTO nonaga TpaceTo Ha NbTHUA
yyacTbK, Morat ga ce OTAENAT YeTupu reoroXKu
KoMnrekca:

m [onaneoreHcku meTamopdeH KOMMIEKC;
m [laneoreHcku TepureHeH KOMMIEKC;
m [laneoreHckn kapboHaTeH KOMMIEKC.

m KBaTepHepHu enyBuanHo-genyBuasnHu
OTNOXEHWS

HonaneoreHckunat MeTamopdeH KOMMJIEKC e

composed of exceptionally variegated in terms of
composition and degree of metamorphosis and often
alternating rock types. These rock types include
gneisses, schists, amphibolites, orthoamphibolites,
leptinites, metagranites, metag abbro, metabasites,
metaultrabasites, marbles, chalcoschists, etc. To
varying degrees the metamorphic rocks tectonically
faulted, fractured and secondary altered. The Pre-
Paleogene metamorphic complex has wide surface
outcrops at the most high sections of the area,
predominantly in the southern parts of the area and
west of the Ada Tepe hill.

The Paleogene terrigenic complex combines the
sediments of three lithostratigraphic units - the
Krumovgrad Group (1Pg4), the Brecciated
conglomerate  formation (2Pg32) and the
Carboniferous sandstone formation (3Pgs’). They
are represented by breccias, sediments and marble
breccio-conglomerates, conglomerates, sandstones,
aleurolites, argillites, marls, marl sandstones, etc.

The contact between the Paleogene terrigenic
complex and the metamorphic complex at the Ada
Tepe, is a NW-SE-oriented detachment fault. The dip
of the fault is approximately 10-15° to the north-
north-east. Outside the footprint of the deposit, the
sedimentary rocks of the Krumovgrad’s formation are
overlain transgressively and discordantly by the
Brecciated conglomerate and  Carboniferous
sandstone formations.

The Paleogene carbonate complex (4Pg32) includes
the sediments of the Marl-limestone formation. The
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n3rpageH OT M3KMYUTENHO MBbCTPU MO CbCTaB U
cTeneH Ha mMertamopdpo3a, 4YecTo anTepHupallu,
CKanHu pasHoBugHocTu. NpeactaBeHun ca OT rHamcy,
LUNCTK, amdpunbonuTn, opToamubonuTu,
NenTUHUTK, MeTarpaHuTu, meTarabpa, metabasuTu,
MeTaynTpabasuTi, Mpamopwu, KankowmncTun u Lpyru.
MeTamopcHMTE CKannu ca B pasnuyHa CcTeneH
TEKTOHCKM  pasnoMEeHKW, HarnykaHu U BTOPUYHO
NPOMEHEHMN. [onaneoreHckuaT MeTamopdeH
KOMMJIEKC MMa LUMPOKN MOBBPXHOCTHU pasKpuUTus B
Han-u3gurHaTUTe 4YacTu Ha TepeHa, NpeguMMHO B
CEBEpPHUTE YacT/ Ha pavioHa U Ha 3anaj oT y4acTbK
LAda Tene”.

[ManeoreHcknAT TepureHeH komnnekc obeaunHsBa
CeAMMEHTUTE Ha Tpu nuTocTpaTurpadckn eamHuLm
—  Kpymosrpagkca rpyna  (1Pgq),  bBpek4yo-
KOHrromepartHa 3agpyra (2Pg32) n BwbrneHocHo-
nacbyHMKOBa 3agpyra (3Pgs°). MNpeacraBeHun ca ot
Opekun, CceguMEHTHM U1 MpamopHuM  Bpekun,
OGpeKYOKOHrIIomMmepaT, KOHrfomMepaTu, MACBYHULN,
aneBponuTW,  apruiuMTHA  Meprenun,  MepresHn
BapoBuLM U Ap.

KOHTaKkTbT  MexXay naneoreHCckuss TepuUreHHus
komnnekc /KpymoBrpagcka rpyna/ n metamopdHust
KOMMJIEKC B ydacTbka Ha ,Afa Tene“ npencraensea
pasnom c nocoka C3-OM n crnab HaknoH Ha
ceBeponstok oT 10-15°. M3BbH paiioHa Ha
HaxoguwieTo cegumeHTuTe Ha KpymoBrpagckarta
CBUTa Ce NOKpuBaT TpaHCrpeCuBHO U ONCKOPAAHTHO

oT  bpek4yokoHrnomepaturte BbrneHocHo-
NACbYHMKOBATA 3apyra.
[ManeoreHckusaT kapboHaTEH KOMMNIEKC (4Pg32)

BKIn4YBa CeAUMMEHTUTE Ha MepreﬂO-BapOBVIKOBaTa
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complex sets normally with quick transition on the
sediments of the Carboniferous sandstone formation
(3P,°). Most of the marl-limestone formation is
comprised of organogenic reef limestone and
marlstones with thickness up to 90-100 m and more.
At the top, they are almost entirely overlapped with
calciferous sandstone. The reef limestone in this

area can be observed as rock formations.
The quaternary formations in the region are
represented by alluvial-deluvial deposits. These

deposits are developed on the slopes of the studied
area under natural and excavated rock slopes. They
have small thickness and in many places on the
steep slopes are almost absent. In the ridge and
flattened parts of the terrain their thickness increases
to 2m. The quaternary sediments are composed of
sandy clay with small rocks (deluvium) to powder
sandy clay (eluvium).

The main lithological variations that are present on
the field within the surveyed road routes / Phase 1
and Phase 2 / are divided into individual geological
types /GRT/ depending on the lithological
composition, degree of weathering and fracturing
etc., which are determinative for their geotechnical
characteristics.

The dominant tectonic structure in the area is a low-
angle detachment fault, in the Ada tepe boundaries,
and the associated steep extensional faults (See
Appendix A and B). The steep faults could be
grouped in two main systems according to their
direction: E-NE and N-NE oriented system. On those
fault tectonic disturbances a contact (boundary)
between Pre-Paleogene metamorphic complex and
Paleogene terrigenic complex (1Pg,) is formed.

2.4
area

Hydrogeological conditions in the

The hydrogeological conditions in the area are
characterized by the presence of groundwater in the
organogenic limestone of the Marl-limestone
formation (4P932), in the weathering zone of
terrigenous rock complex (3Pgsz, 1Pg,) with covering
alluvial and deluvial deposits and fissure water in the
rocks of the Pre-Paleogene metamorphic complex.

Drainage of the groundwaters, accumulated in the
Marl-limestone formation (4Pgs’), takes the form of
concentrated (rarely sparse) karst springs. They
spring in the lower parts of the terrain. Those
streams flow downwards or overflow and their flow
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3agpyra. Komnnekca 3ansira HopmanHo C 6bp3
npexoa BbpPXy ceaumeHTuTe Ha  Baposuko-
NACbYHUKOBaATa 3agpyra (3P23). B ocHoBHaTa cu
yact Mepreno-BaposukoBaTa 3agpyra e
npeacTtaBeHa OT OpPraHoOreHHU pudoBM BaAPOBULIN U
meprenu ¢ gebenvHa go 90-100 m n noeeye. OTrope
NoYTM MOBCEMECTHO Ca NPUMNOKPUTU OT BapOBUTU
nacbyHUUM. Ha TepeHa pwmcoBuTe BapoBuun ce
paskpvBat nof opmMmara Ha ckaneH BeHeL.

KBaTepHepHuTe o06Opa3yBaHMss B palioHa ca
npeacTaBeHu oT enyBnanHo-genyBuantu
OTNOXeHusa. Tesnm OTNOXKEHMA ca pasBUTU MO
CKIIOHOBETE Ha NpOyYBaHWUsA paroH M NOoA CKanHuTe
€eCTeCTBEHM W W3KOMHM OTKocu. Te ca C Mmanka
gebenvHa M Ha MHOro Mecta Mo CTPbMHUTE
CKNOHOBE Moyt nwunceaT. B no-sapaBHeHuTe u”
OMNHM YacTn Ha TepeHa gebenuHarta MM HapacTBa
00 2m. KBaTepHepH/TE OTNOXEeHUs ca U3rpageHun ot
necbynMBM MWHM C OpebHM CckanHUM KbCOBE
(menysuin) 0O NpaxoBo-necbHnmBea rmuHa (enysun).

OCHOBHUTE NUTOMOXKW Pa3HOBUMOHOCTU, KOUTO Ce
paskpvBaT Ha TepeHa B rpaHuLMTE Ha NPOyYBaHUTE
NbTHU TpaceTa /Paszal n ®asa 2/ ca 0bocobeHn B
OTAENHM WHXEeHepHo-reonoxkkn Bugose /MIB/ B
3aBUCUMOCT OT NUTONOXKUSI UM CbCTaB, CTEMEH Ha
M3BeTpsHE W HanykaHOCT W  Ap., KouTo ca
onpegenawm 3a TEXHUTE reoTeXHUYeCcKn
XapaKkTePUCTUKN.

B TEKTOHCKO OTHOLUEHME OCHOBHaTa TEKTOHCKa
CTPYKTypa B palioHa e T. Hap. pa3fioM Ha OTnenBaHe
B rpaHuMuMTe Ha HaxoguweTto ,Aga Tene® u
CBbpP3aHUTE C HEro eKCTEH3WMBHU CTPBMHU pascenHu
pasnomsaBaHusa /lMpunoxenne A un B/. CTpbMmHUTE
pasnoMHU HapyweHus Mo CBOSITa MPOCTPaHCTBEHA
opueHTaumsl ce rpynupaTt B ABE OCHOBHM CUCTEMMU:
N3TOK-CEBEPOU3TOYHA U ceBep-ceBepousToyHa. [lo
Te3n pas3cedHM TEKTOHCKM HapyLIEHUs ce ovepTasa
KOHTakTa (rpanuuyaTta) wmexagy [onaneoreHckus
MeTamopdreH Komnnekc u NaneoreHckns TepureHeH
komnnekc (1Pgy).

24 Xuagporeonoxku ycnoBusi Ha panoHa

XVOPOreonoXKUTe YCroBMs B MPOYYBAHMSA Yy4YacTbK
Ce XapaKkTepusunpaT C HanMumeTo Ha NoA3EeMHU BoAU
B  OpraHoreHHuTe BapoBuuM Ha  Mepreno-
BapOBMKOBaTa 3agpyra (4ngz), B M3BeTpuTEnHarTa
30Ha Ha TEepPUreHHUs1 cKaneH KOMMmekc (3Pg32, 1Pg,)
3aeHO C MOKpuBallMTE TIM enyBuanHu u Je-
NyBUArNHN OTIOXEHUS N MYyKHATUHHW BOAW B CKanute
Ha [lonaneoreHckus MeTaMopdeH KOMMMEKC.

[peHnpaHeTo Ha Noa3eMHUTE BOAW, akymynmpaHM B
Mepreno-BapoBukoBaTta 3agpyra (4Pg;°), ctaBa nog
dopmaTa Ha CbCpPedOTOYEHM, MO PSOKO pas3cesiHu
KapCToBM M3BOpU. Te nanuaart B MOHWKEHUTE 4acTu
Ha TepeHa. M3BopuTe ca HU3XoOsALM U NPENTUBHMU,
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ranges of from 0,01 to 0,1 1/ s. This is the type of the
spring, established on the right side of the road route
at STA 0+420.

The groundwater, attached to weathering zone of
terrigenous sandstone rock complex (3Pg32) and the
covering alluvial-deluvial deposits are set at a depth
of 0,5 to 7-10m from the terrain surface. The
recharge of the groundwater is done by precipitation
and drainage occurs in low flow springs with a flow
rate of 0.01 to 0.2 | / s, some of which dry up in the
summer.

Fissure water in the Pre-Paleogene metamorphic
complex are established mainly in the zone of
weathering and tectonic disturbances, to a depth
upto 10-15 m.

25 Physical and geological processes
and phenomena

The weathering and erosion processes in the studied
area are widely spread on the slopes, made up of
Paleogene terrigenous sediments (sandstones,
argillite, marls, etc.).

2.6

According to the seismic zoning of Bulgaria, the
design road falls in an area with seismic activity of
VII degree in MSK macroseismic intensity scale and
seismic coefficient Ks = 0,10.

Seismicity

c nebutn 0,01 oo 0,1 I/s. OT TO3N TUN e M3BOpa,
YCTaHOBEH B AscHATa CTpaHa Ha MbTHOTO Tpace Ha
km 0+420.

MogsemHnTe BOAW, NPMBBLP3AHM KbM W3BETPU-
TenHata 30Ha Ha MACBYHMUMTE OT TEepUreHHus
CKarneH KOMIJIIEKC (3Pg32) W MOKpUBaLLUTE U
enyBuanHo-genyBuantn OTNOXEHUS ce yCTaHoBABaT
Ha obnb6oymHa ot 0,5 o 7-10 M OT NOBBPXHOCTTA Ha
TepeHa. lNoaxpaHBaHeTO Ha noa3eMHUTE BOAU ce
OCblUecTBABa OT Barnexu, a APEeHUpaHeTo UM ce
nposiesaBa B manogebutHu masopu ¢ geout ot 0.01
o 0.2 I/s, kaTo HSKOM OT TsX NpecbxBaT npes
NAaToTO.

MykHaTUHHUTE BOOM B JornaneoreHckus
mMeTaMmopdeH KOMMMEKC Ce YCTaHOBSBAT rMaBHO B
30HaTa Ha W3BETPSHE WM TEKTOHCKU HapyLleHusi Ha
AgbnbounHa go 10-15 m.

2.5 PU3NKO-reonoxKkm ABNEeHUs 1 npouecu

B npoyuBaHusa panoH U3BETPUTENHUTE U €PO3NOHHM
MpoLecn ca LUMPOKO 3aCTbMEHU MO CKIIOHOBETE Ha
n3cnegBaHaTta TepuTtopus, U3rpageHa ot TepUreHHM
naneoreHckn CeauMeHTV (MACBYHMLUW, aprunuty,
mMeprenu u gap.).

2.6 CeunsMn4yHoCT

CbrnacHo ceMsMUYHOTO paMoHupaHe Ha Bbnrapus,
npoekTupaHmsi NbT Monaga B palioH CbC
cemammnyHoct ot VIl cteneH no MWK ckanata un

koedumumeHT Ha cemamuyHocT Ks=0,10.

Kapma 3a ceusmu4Homo patioHupaHe Ha Penybnuka bbnzapus 3a nepuod 1000 200uHuU
Map of seismic zoning of Bulgaria for a period of 1000 years
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3. GEOLOGICAL AND HYDRO- 3. MHEXXEPHO-ITEOJIOXXKU n Xmgpro-

GEOLOGICAL CONDITIONS ALONG THE ROAD
ROUTE (DRAWINGS KGP100-1910-1630-GAD-
6301, KGP100-1910-1630-GAD-6302, KGP100-
1910-1630-GAD-6303)

31 Geological and lithological structure
of the terrain

A longitudinal geological profile along the axis of the
road route / Appendix A / has been prepared, based
on the results from the geological picture of the
findings in the slopes on both sides of the existing
road and the existing geological maps of the area

The established geological varieties, which make up
the main geological formations, are grouped and
presented in individual geological rock types /GRT/.
The varieties, Included in these types, are
characterized by similar geotechnical characteristics.
The ground level of the road bed beneath the road
pavement and embankments consists of the
following geological rock types /GRT/, by sections:

m From STA 0+000 to STA 0+320 the road is in
excavation, and the earth bed consists of
geological rock type /GRT/ Ne 2. The type is
represented by calcareous sandstones in
alteration with aleurolites and marls. The
calcareous sandstone is dominant in the
geological cross section on the left side of the
roadway. The sandstone is slightly fractured
and surface weathered and light brown in color.
Thin streaks of aleurolites and marls are visible
on the surface and are light gray in color.

m From STA 0+320 to STA 0+460 the road is in
excavation, and the terrain on the level of the
earth bed and in the slopes on the both sides of
the road consists of geological rock type /GRT/
Ne 3. The type is represented by organogenic
reef limestone and marls. The reef limestone is
dominant. The marls are presented as thin
bedded streaks. The organogenic limestone is
intensively fractured and karsted. The reef
limestones on the terrain present themselves in
the form of rock formation.

The geological rock types /GRT/ Ne 2 and 3 in
stratigraphic terms are assigned to so-called Marl-
limestone foundation of the Paleogene carbonate
complex (4Pgs?).

Explanatory Note: Part Geology
KGP100-1910-1630-RPT-6301

FEOJIOXKKM YCNoBUA NO TPACETO HA
NMbTHUA YYACTDBK (YEPTEXWU KGP100-1910-
1630-GAD-6301, KGP100-1910-1630-GAD-6302,
KGP100-1910-1630-GAD-6303)

3.1 eonoro-NUTONOXKMN CTPOEX Ha TepeHa

Ha 6asata Ha pe3yntaTuTe OT HanpaBeHaTa
reonoxka KapTMHa Ha paskputusiTa B OTKOCUTE OT
OBeTe CTpaHM Ha CblUecTByBalWMS NMbT MU
CbLLECTBYBALLMTE FEOSIOXKM KApTU Ha panioHa ce
CbCTaBU HaANbKEH WHXEHEPHO-reonoXKn npodun
no ocrta Ha TpaceTo / [punoxexne A /.

YcTaHoBeHUTE reonoXKn Pa3HOBUOHOCTH,
narpaxkgalliy OCHOBHUTE reonioXkM dopmaumm ca
rpynupaHM M 060cobeHn B OTAENHU WHXEHEPHO-
reonoxkn Bugose [MIB/. BkniwoyeHnte B THX
pa3HOBMOHOCTU Ce XapaKTepuaupar C O6nuskm
reoTeXHNYECKN XapakTePUCTUKN. TepeHBbT Ha HUBOTO
Ha 3eMHOTO Fferno mnog MbTHaATa HacTUNKa U
HacunuTe € Wu3rpageH oOT ClegHUTE MWHXEHEepPHO-
reonoxku sugoee /MIMB/ no yyacTbum:

m Ot km 0+000 oo km 0+320 nNbTAT € B M3KOM,
KaTo 3eMHOTO Jiernmo B M3rpageHo ot
NHXXeHepHo-reonoxkn Bug /MIMB/ Ne 2. Ton e
npeactaBeH OT BapoOBUTM  MACbYHMUM B
anTepHauuss Cc aneeBponutM wn Meprenu. B
reonoXxknst npodoun, paskpuealy, ce OT nsiBata
CTpaHa Ha MNbTHOTO NfaTHO, OnpeaeneHo
npeobnagaeaTt BapoBUTUTE NSACBYHULUN. Te ca
cnabo HanykaHu, NMOBBPXHOCTHO M3BETPSANN U
CBETNO KadsiBM Ha UBAT. TbHKATE MPOCHONKM
OT aneBponMTM WU Meprenn ca cnabo
pas3nMCTEHN Ha MOBBLPXHOCTTA U ca CBETIO-
CVUBW Ha LBAT.

m Ot km 0+320 go km 0+460 NbTAT € B M3KOM ”
TEPEHbT HAa HUBOTO Ha 3€MHOTO Nerfno u B
OTKOCWTE OT ABETE CTpAHM Ha MbTs € U3rpageH
OT MHXeHepHo-reonoxku sug /NMB/ Ne 3. Town e
NpeLcTaBeH OT OPraHOreHHN pudhOBU BapOBULN
n wmepremm. [HdomuHumpawm ca pudosuTe
BapoBMLM, OOKATO Meprenute ce paskpusaT
KaTo THHKOMNNACTOBMU NPOCOKN.
OpraHoreHHuTe BapoOBULUM Ca MWHTEH3UBHO
HarnykaHu ¥ B pasnunyHa cTeneH okapcTteHu. Ha
TepeHa pudoBWTE BapOBULM CE pasKpuBaT Mog
dopmaTta Ha cKaneH BeHel,.

WHxxeHepHo-reonoxkn Bug /MIMB/ Ne 2 n 3 B
cTpaTurpadcko OTHOLIEHNE Ca OTHECEHM KbM T.Hap.
Mepreno-BapoBukoBaTa 3a,m,2pyra Ha [laneoreHckus
KapboHaTeH komnnekc (4Pgs”).
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m From STA 0+460 to the end of the road section
(STA 2+105) the terrain in this area is
composed of the sediments of the so-called
Carboniferous sandstone formation (3Pgs?)
from the Paleogene terrigenous complex
included in the in geological rock type /GRT/ Ne
4.

The main rock component in the geological rock
type /GRT/ Ne 4 in the area is sandstone. In
many places in the excavation slopes on both
sides of the roadway there is a regular change
in the vertical and horizontal direction of various
sandstones, aleurolites and marls.

The sandstones are thick and average layered,
with massive texture, small to coarse-grained
with limestone binder. Their layering is mainly
horizontal. The fresh sandstones are light gray
in color and in the surface weathering zone -
yellowish.

In the surface area of the slopes in this area
Quaternary sediments relevant to geological
rock type /GRT/ Ne 1 are revealed. They are
represented by deluvial sandy clays and alluvial
silt-sandy clays from heavily weathered
sandstone. The thickness of these deposits,
along with weathering zone, reaches a depth of
2m

The hydrogeological conditions within the studied
road are characterized by the existence of separate
low output sources (0,01 to 0,1 I/s) in the sections
built of karsted limestone (STA 0+420 )/ GRT Ne 2 /
and sandstones (STA 1+150+1+600 ) / GRT Ne 3 /.
Due to the shallow circulation of the groundwater,
most of the sources dry up in the summer.

The excavations, which are planned to be
implemented in the slopes for expansion of the
roadway, will be performed dry, without the inflow of
groundwater.

3.2 Geotechnical properties of the

geological rock types / GRT / (Appendix C)

The geotechnical properties of the geological rock
types, which construct the earth bed of the planned
road reconstruction — road IV-5099 from STA 0+000
to STA 2+105, are defined on the basis of the results
from the laboratory tests of similar materials,

Explanatory Note: Part Geology
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m Ot km 0+460 go OO Kpas Ha MbTHUSA y4YacTbK
(km 2+105) TepeHbT B TO3U y4acTbK € U3rpageH
OT ceguMeHTWTEe Ha T.Hap. BwbrneHocHo-
NACBYHUKOBA 3apyra (3P932) ot NaneoreHckus
TepUreHeH KOMMIEKC, BKIIOYEHN B MHXEHEepHO-
reonoxku sug /NMB/ Ne 4.

MaBHUAT cKaneH KOMMOHEHT B WHXEHEPHO-
reonoxkn sug /MIB/ Ne 4 B pasrnexgaHusi
y4yacTbK ca MAcbYHMUMTE. Ha MHOro mecrta B
OTKOCUTE Ha W3KONUTE OT ABEeTe CTpaHu Ha
MbTHOTO NIaTHO ce 3abensisaBa 3akOHOMeEpHa
CMsiHA BbB BepTMKanHa W XOpM3OHTasnHa
nocoka Ha pasnuyHU MNSCBbYHULN, aneBponvTh
n Meprenmu.

MacvyHnumTe ca gebeno n cpegHonnacTosu c
MacuBHa TekcTypa, opebHn 4o egpo3bpHECTM C
BapoBuTa cnovika. Crnouctoctta uMm €
npeauMHO XOpu3oHTanHa. Ha uBdat ceexute

NACBYHULUN ca CBeTJI0 cunBu, a B
NOBBbpPXHOCTHATAa N3BeETpUTEITHA 30Ha -
XbJITEHNKaBW.

B noBbpxHOCTHaTa 30Ha Ha OTKOCUTE B TO3U
y4acTbK ce paskpuBat KBaTepHEpPHU
OTITIOXKEHUS,, OTHECEHW KbM  VHXEHEpPHO-
reonoxkn sug /MMB/ Ne 1. Te ca npeacraBeHu
OT AaenysuanHu necbysinBu rMuHN 1 enysunanHun
npaxoBO-Necb4syInBU MNHA oT CUINHO
M3BETPANM NACbYHMUKM. MolHOCTTa Ha Te3u
OTNIOXEHU 3aegHO C Uu3BeTpuTenHarta 30Ha
JocTurat Ha AbnooYrHa oo 2 M.

XnOporeonoxkuTe  yCcnoBust B FpaHWUMTE Ha
MpoyYBaHUsl MbT Ce XapakTepuaupaTt C HanmyumeTo
Ha oTgenHn HuckogeobuTtHn nssopm (0,01 go 0,1 I/s) B
yyacTbUuMTE WU3rpageHyn OT OKapCTEHWUTE BapoBMLM
(km  0+420) /MIB  Ne2/ un nAcbYHMUMTE (KM
1+150+1+600) /AIB.Ne 3/. TMopagn nnuTKaTa
UMpKynaums Ha NoA3eMHUTE BOAM, NMOBEYETO OT TsIX
npecbxeat npes nAaToTo.

M3konuTe, KOUTO ce NpeaBwXaaT Aa ce USMbIHAT B
OTKOCUTE 3a paslnpsiBaHe Ha NbTHOTO MMaTHo, Lie
Ce W3MbMHAT Ha cyxo, 6e3 MpUTOK Ha MNOA3EMHMU
BOAW.

3.2 FeoTexHU4YecKun nokasaTtenu Ha
MH)XXEHEPHO-TeOJIOXKKUTE BUgoBe mre/
(Mpunoxenue C)

[eoTexHnyecknTe nMokasatenn Ha o06ocobeHuTe

NHXXEHEPHO-re0NoXKN BMAOBE, narpaxagaLum
3emMHarta OCHOBa Ha NpoeKTUpaHns 3a
pekoHcTpykuma nbT 1V-5099 ot km 0+000 go km
2+105, ca onpegeneHn Ha 6asa Ha pesynTatute OT
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reflected in existing archival and literary sources
mentioned in the introduction of the report.

They are consistent with the degree of fracturing and
weathering of the surface area of the natural terrain,
in which the road bed and embankments are
shaped. The revealing lithological variations at this
depth are weathered in different degrees.

The geological rock types /GRT/ Ne 1, 2, 3 and 4 are
characterized by the following average physical and
mechanical properties:

m  GRT Ne 1. Alluvial-deluvial silty-sandy clays and
silty clays in places  with  gravel.

- Bulk density, p=1,8 glcm>;

- Index of plasticity, 1p=9,5-16,3;
- Angle of internal friction, ¢=22°;
- Cohesion, C=0,01 MPa;

- Design loading, Ry=0,14 MPa;

-  Modulus of overall deformation, Ey=12

MPa;

- Temporary slopes 1:0,8; recommended

permanent slopes - 1:1,5;

- Subgrade group according to SFFD
(Standards for flat foundation design)- b,6;

- Excavation category — soil.

According to AASHTO M-145 classification, the
alluvial-deluvial material is in group A-b.

m GRT Ne 2. Calcareous sandstones with streaks
of aleurolites and marls, surface weathered.

- Bulk density, p=2,4 glcm>;

- Uniaxial tensile stress, R=1-1,5 MPa
- Angle of internal friction, q)=340;

- Cohesion, C=0,04 MPa;

- Design loading, Ry=0,4 MPa;

- Modulus of overall deformation, E;=100-
150 MPa;

- Temporary slopes 1:0,3; recommended

Explanatory Note: Part Geology
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nabopaTopHu n3cneaBaHus Ha NOAoOHM MaTepuanu,
OTpa3eHU B CbLLECTBYBALUM apXUBHW U NUTepaTypHA
M3TOYHWLM, TOCOYEHN BbB BbBEAEHWETO Ha
poknazga.

Te ca cbobpaseHu CbC CTeneHTa Ha HamykaHoOCT U
n3BeTpAaHe Ha NOBBbPXHOCTHATAa 30Ha Ha
€CTEeCTBEHUSI TepeH, B KOATO € 0POPMEHO 3EMHOTO
nerno Ha nNbTHaTa HacTMNKa W Hacunure.
PaskpvBalimMTe ce Ha Ta3n AbNOGOYMHA NUTONOXKKU
pPa3HOBUAHOCTU Ca B pa3fnMyHa CTeneH U3BeTpsnu.

WHxeHepHo-reonoxkuTe Bugose /MIMB/ Ne 1,2, 3 n 4
Ce XxapakTepuaupar CbC ClNegHUTe OCpegHeHu
PU3NKO-MEXaHNYHM NoKa3aTesu:

m WIB Ne 1. EnyBunanHo-genyBuanHu npaxoBo-
NEeCHbUNUBU MMUHN N NECBHUYNNBU IMINHM Ha MecTa
€ ApebHM Yakbnu.

- O6emHa nnbTHOCT, p=1,8 g/cm3;

- MNokasarten Ha nnacTuyHocT, 1p=9,5-16,3;
- 'brbn Ha BbTPELLHO TpUEHE, (p=220;

- Koxeswns, C=0,01 MPa;

- WMsyucnutenHo
MPa;

HaToBapBaHe, R=0,14

- Mogyn Ha obwa gedopmauus, Eq=12 MPa;

- BpemeHnun otkocu 1:0,8;
NOCTOSAHHM OoTKOoCcw - 1:1,5;

npenopbyaHun

- [pyna 3emHa ocHoBa cbrnacHo HIMMd —
B,6;

- KaTeroles:l Ha n3Kona — 3eMHa.

CbrnacHo knacudpukaumara Ha AASHTO M-145,
enyBuanHo-genyBmanHuTe matepvanu nonagaTt B
rpyna A-b.

m WIB Ne 2. BapoBuTK NACHYHULM C NPOCTIONKN
OT aprunuTm ©n Meprenn, MNOBBPXHOCTHO
NPOMEHEHN U U3BETPSAMNMW.

- OBeMHa nrbTHOCT, p=2,4 g/cm?;

- HAxkocT Ha egHooceH HaTuck, R=1-1,5 MPa
- 'brbn Ha BbTPELUHO TpUEHE, (p=340;

- Koxeswns, C=0,04 MPa;

- WsuucnurtenHo HaTtoBapBaHe, Ry=0,4 MPa;

- Mogayn Ha obwa gedopmaums, Eq=100-150
MPa;
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permanent slopes - 1:0,7;

- Subgrade group according to SFFD
(Standards for flat foundation design)-
A.a,B;

- Excavation category — 50% soil, 50% light
rock.

EXPLANATORY NOTE
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- Bpemenun otkocn 1:0,3; npenopbvaHu
nocTosHHu - 1:0,7;

- [Ipyna 3emHa ocHoBa cbrnacHo HIMMN$ —
A,a,B;

- Kateropus Ha uskona — 50% 3emHa,50%
cnabo ckanHa.

According to AASHTO M-145 classification, the CwbrnacHo knacudukaumsta Ha AASHTO M-145,
revealing sandstones and aleurolites are in group A- paskpuBalLnTe ce NACHYHULKN U aprunnuTK nonagaT B
1. rpyna A-1.

m GRT Ne 3. Organogenic limestone with marl m
streaks, fractured, slightly karsted and slightly
weathered.

- Bulk density, p=2,5 glcm>;

- Uniaxial tensile stress, R=20-30 MPa
- Angle of internal friction, ¢=36";

- Cohesion, C=0,05 MPa;

- Design loading, Ry=0,6 MPa;

- Modulus of overall deformation, E,=500
MPa;

- Temporary slopes 1:0,3; recommended
permanent slopes - 1:0,7;

- Subgrade group according to SFFD
(Standards for flat foundation design)- A,a;

- Excavation category — medium-hard rock.

MFB Ne 3. BapoBuuuM opraHoreHHu, c
NPOCNOVKN OT Meprenu, HanykaHu, crnabo
OKapCTEHW M NOBBPXHOCTHO U3BETPSANM.

- O6eMmHa nnbTHOCT, p=2,5 g/cm3;

- fAkocT Ha egHooceH HaTuck, R=20-30 MPa
- brbn Ha BbTPELUHO TPUEHE, (p=360;

- Koxesus, C=0,05 MPa;

- WN3uncnutenHo HaTtoBapBaHe, Ry=0,6 MPa;

- Mogyn Ha obuwa pedopmauusa, Ey=500
MPa;

- BpemeHHun otkocu 1:0,3; npenopbyaHu
noctosiHum - 1:0,7;

- [Ipyna 3emHa ocHoBa cbrnacHo HIMMN$ —
Aa;

- KaTeropvm Ha n3Kona — cpegHo CKaliHa.

According to AASHTO M-145 classification, the, CwvrnacHo knacudukaumatra Ha AASHTO M-145,
organogenic limestones are in group A-1. opraHoreHHJUTe BaposuLM nonagart B rpyna A-1.

m GRT Ne 4. Massive sandstones and aleurolites, m
surface weathered.

- Bulk density, p=2,4 glcm>;

- Uniaxial tensile stress, R=0,5-1 MPa
- Angle of internal friction, ¢=30°;

- Cohesion, C=0,04 MPa;

- Design loading Ry=0,4 MPa;

- Modulus of overall deformation, E;=50-100
MPa;

- Temporary slopes 1:0,3; recommended
permanent slopes - 1:0,7;

- Subgrade group according to SFFD
(Standards for flat foundation design)—
A,a,B;

- Excavation category — 50% soil, 50% light

Explanatory Note: Part Geology

UIB Ne 4. MacuBHM NACBHYHULM W aneBpoONuTH,
NOBBPXHOCTHO U3BETPESN.

- OBeMHa nrbTHOCT, p=2,4 g/cm?;

- HAxkocT Ha egHooceH HaTuck, R=0,5-1 MPa
- 'brbn Ha BbTPELUHO TpUEHE, (p=300;

- Koxeswus, C=0,04 MPa;

- WN3uncnutenHo HaTtoBapBaHe, Ry=0,4 MPa;

- Mogyn Ha obwa pedopmaums, Eq,=50-100
MPa;

- BpewmeHHun otkocn 1:0,3; npenopbyaHu
nocTtosiHum - 1:0,7;

- [pyna 3emHa ocHoBa cbrnacHo HIM® —
A.a,B;

- Kareropusa Ha mnskona — 50% 3emHa, 50%
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rock.

According to AASHTO M-145 classification, GRT Ne
4 is in group A-1.

The  abovementioned average  geotechnical
parameters are presented in tabular form in
Appendix C.

The results from the Benkelman unit road pavement
test are presented in the Test protocols
006/21.03.2014 — Appendix D.

From the statistical analysis of the test results and
calculation of the actual equivalent modulus (E,), the
road pavement of the road /Phase 1/ is divided into
sections, as follows:

m From STA 0+000+ to STA 0+160, Ex=155 MPa;
m From STA 0+160+ to STA 0+420, Ex=109 MPa;
m From STA 0+420+ to STA 0+840, E;=109 MPa;
m  From STA 0+840+ to STA 1+220, E;=124 MPa;
m From STA 1+220+ to STA 1+420, Ex=76 MPa;
m From STA 1+420+ to STA 1+600, E;=90 MPa;
m From STA 1+600+ to STA 1+700, E,=80 MPa;
m From STA 1+700+ to STA 1+940, E,=87 MPa;

m  From STA 1+940+ to STA 2+120, E,=97 MPa;

In some points of the these sections higher values
are measured, in the range of 2,13 to 5,47 mm.

4, CONCLUSIONS

On the basis of the assessment of the geotechnical
conditions, on which the existing municipal road
KRZ2212 (Zvanarka - Skalak) from KM 0+000 to KM
2+105 was built and operated, in the design and
implementation of the planned reconstruction the
following conclusions should be taken into
consideration:

m The identified lithological variations, presented
in separate geological rock types / GRT / Ne 2,
3 and 4 are assessed as good subgrade,
according to the AASHTO M-145 classification.
The Quaternary alluvial-deluvial deposits in /
GRT/ Ne 1 are assessed as unsuitable for
ground base (subgrade) of the embankment
and the road earth bed.

Explanatory Note: Part Geology
KGP100-1910-1630-RPT-6301

cnabo ckanHa.

CovrnacHo knacugpukaumsata Ha AASHTO M-145,
UIB Ne 4 nonapa B rpyna A-1.

MocoyeHuTe Mo-rope OCpPEdHEHN Te0TEXHUYECKM
XapaKkTepucTnuku ca pageHun B TabnuyeH Bug B
MpunoxeHune C.

Pesyntatute OT u3MepBaHe Ha OrbBaHETO Ha
nbTHaTa HacTunka 4pe3 ypeaa beHkenmaH ca
otpazeHn B [lpotokon oT wu3nutBaHe 006
/21.03.2014 — Mpunoxexwne D.

Ot cratuctMyeckata obpaboTka Ha ONUTHUTE
pesynTatm U U3YUCNEHUSITA Ha  (PaKTUYecKus
eksuBaneHTeH mogyn (Eg), nbTHata Hactunka Ha
nbTa /®asa 1/ e pasgeneHa Ha y4acTbUM, KaKTo
cnepnga:

m Ot km 0+000+km 0+160, Eg=155 MPag;
m Ot km 0+160+km 0+420, Eq=109 MPa;
m Ot km 0+420+km 0+840, Eq=109 MPa;
m Ot km 0+840+km 1+220, Ec=124 MPa;
B Ot km 1+220+km 1+420, Eq=76 MPa;
m Ot km 1+420+km 14600, Eq=90 MPa;
m Ot km 1+600+km 1+700, Eq=80 MPa;
m Ot km 1+700+km 1+940, Eq=87 MPa;

m Ot km 1+940+km 2+120, Ex=97 MPa;

B otmenHu TO4YkM Ha obocobeHuTe yyacTbuu ca
N3MEpPEHN MNO-BUCOKM CTOMHOCTM Ha OrbBaHe B
rpaHuumTe ot 2,13 0o 5,47 mm.

4, n3sonun

Ha 6a3a Ha HanpaBeHaTa oOLEHKa Ha WHXEHEepPHO-
FEONOXKUTE YCMOBUS,, NPU KOMTO € U3rpadeH u ce
ekcnnoatupa  CblUecTByBalMSA  OOLWMHCKM  MbT
KRZ2212 (3BbHapka — Ckanak) ot KM 0+000 go KM
2+105, npy nNpPOEKTUpPaAHETO WU W3MbIIHEHNETO Ha
npeasuaeHarta pekoHCTPYKLMA, crnefsa ga ce umat
B nNpeaBug cregHutTe nssoau:

m  YCTaHOBEHUTE JUTOSIOXKMA  Pa3HOBUOHOCTH,
000cob6eHN B OTOEINTHU WHXEHEPHO-TEOSTOXKMN
Bugose /MMB/ Ne 2, 3 u 4 ce oueHsBaT KaTo
nobpa 3eMHa OCHOBa, CbrnacHo
Knacudmkaumusata Ha AASHTO M-145.
Henoaxoasia kKato 3eMHa OCHOBa Ha Hacun u
3eMHO TMEerno Ha nbTHaTa HacTunka ce
oueHsiBaT KBaTEepHEpHUTE enyBuarHo-
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m Suitable for embankment use are the m
organogenic limestones from geological rock
type / GRT / Ne 3, revealing in the section from
STA 0+320 to STA 0+420. The remaining GRT
Ne 1, 2 and 4 are unsuitable for this purpose,
due to their deteriorating over time strength and
deformation properties, when water saturated
from surface and groundwater sources;

m The excavations in the designed extent of the m
roadway sections will be implemented without
the use of blasting works;

m Individual longitudinal cracks and slight m
deformations in the asphalt coating, mainly in
areas in the embankment have been
established in the road surface condition visual
inspection. In the sections from STA 1+220 km
to STA 1+980 km these cracks and
deformations are have more visible effect. The
embankment  (fill) is constructed from
weathered sandstones and aleurolites /GRT 4/.
They are further saturated by surface waters
and low output individual springs on the right
side of the road, which dry up in the summer.

m The test results from the Benkelman tests and m
the estimated factual equivalent modulus of
deformation (Ep), showed that the values,
calculated for the individual sections, are
considerably lower than those necessary for the
intended surface load (E, = 180 MPa). There
are localized areas (segments) with a higher
test values, which is an indicator of the local
problems presence (such as excessive
saturation, abnormal structure). Special
attention should be given to these places, so
that the their cause is established and
appropriate action be undertaken.

Explanatory Note: Part Geology
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nenysunanHu otnoxeHusa B UMB Ne 1.

MoaoxopdAwm 3a wu3non3BaHe B Hacun ca
OpraHoreHHMTe BapOBULU OT  UHXEHEPHO-
reonoxkn sug /MMB/ Ne 3, paskpuBaly, ce B
yyactbka oT km 0+320 po km 0+420.
OcTtaHanute B Ne 1, 2 n 4 ca HenogxoaaLLm
3a Tasu Len, nopagu BriowaBalnTe Ce BbB
BpPEMETO SAKOCTHU " aecopmaumoHHm
CBOWCTBA, Hal-Be4ve Npu OBMaXHSABAHETO UM OT
NOBBPXHOCTHU U NOA3EMHU BOAM;

N3konuTe B nMpoekTMpaHuTe 3a paswmpsiBaHe
Ha MbTHOTO MMaTHO YyyacTbuuM Lle ce
u3nbnHaBat 6e3 npunaraHe Ha B3PWBHU
paboTy;

OT HampaBeHuss  Bu3yaneH orfeg  Ha
CbCTOSSHUETO Ha MbTHaTa HacTUnka ca
KOHCTaTUPaHWU OTAENHN HAATBXHU NYKHATUHKU U
cnabv  pgedopmaumm  no  acdantoBOTO
NnoKpuTue, NpeanMHO B yyacTbuuTe B Hacun. B
yyactbuute ot 1+220 km go 1+980 km Tesm
nykHaTMHM W pJdecdopmaumm ca C No-ronsm
Buaum edpekt. BsaumcTBaHMAT Hacun e
uarpageH oT  U3BETpPEenuM MAChbYHUALM W
anesponutn /MIMB 4/. Te ca AOMBLIAHUTENHO
OBfI@XHEHN OT MNOBBLPXHOCTHM BOAM W OT
€0VUHNYHN HUCKOOEeOUTHM M3BOpPU OT AsicHaTa
CTpaHa Ha NbTs, KOUTO NpecbxBaT npes neTHng
CE30H.

Pesyntatute oT onutuTe 3a oOrbBaHe Ha
nbTHaTa Hactunka ypes3 ypega benkenmaH u
n3uncneHns hakTU4eCcKn ekBMBaneHTeH mMoayn
Ha pedopmaums (Eg), nokaseaTt 4ye nonyyeHute
CTOMHOCTM  3a  OTAeNnHWTe OTCeYkM ca
3HAYUTENHO MO-HUCKM OT Heobxogumute Ha
HacTunkata 3a npeaBUMOEHOTO HaToBapBaHe
(Ep=180 MPa). JlokanusmpaHu ca 30HMU
(oTCeYkn) C BMCOKM CTOMHOCTU Ha OrbBaHe,
KOETO € rfokasaTen Ha HanumyMe Ha IoKarnHu
npobnemm (npeoBnaxHsaBaHe, HapyLueHa
KOHCTpyKUMs). Ha Te3sn mecta e Heobxogumo
fna ce oObpHe chneuvanHo BHWMaHWE 3a
YyCTaHOBSIBAHE Ha MpUYMHUTE U npeanpuemaHe
Ha CbOTBETHUTE MEPKM 3a OTCTPAHSABAHETO UM.
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Appendix A / lMpunoxeHune A
Geological map of the region M 1:50 000

['eonoxka kapTta Ha panoHa M 1:50 000



Appendix B / lNMpunoxeHue B
Geological map of the region M 1:25 000

["eonoxka kapTta Ha panoHa M 1:25 000



Appendix C / NMpunoxeHune C
Legend and average values of physical and mechanical properties
of the geological rock types /GRT/

YCNoBHWN 3HaAUW U OCPEOHEHN CTOMHOCTU Ha (PU3NKO-MEXAHUYHUTE
nokKasaTesnim Ha UHXeHepHo-reonoxknte suaose /UIMB/



Appendix D / MNMpunoxeHue D

Protocols from the road pavement test, using the “Benkelman” unit

[MpoTokoNM OT M3NUTBAHETO Ha MbTHATa HaCTUMKa, vpe3 ypenda
,beHkenmvan”



