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HeobxogumocTTa 0T Cb3faBaHe Ha NOA3eMHa MUHHA TEXHOMOTUS 33 NPOHWNKBaHE B TpaKVII;ICKMTe MOrMnu ce ABABa KaTo antepHaTuBa Ha OTKPUTUA cnocob Ha

npoy4saxe, npu KOMTO MOTUMHMS Hacvn ce paspyLiaBa.

[JlocerawHnaT onuT, anpobupaH npu paskpUBaHETO Ha Tpakmickus xpam B c. CTapocen, ce Hanara fa Gbe NpoabMKeH Mpu U3MbIHEHWETO HA MPOEKTHUTE U
VHXEHEPHUTE peLleHus 3a 0OMKOMHa KNMaTManpalla ranepus B MOTUIMHUS Hacun Ha Tpakuiicka Moruna c. AnekcaHapoBo.
B poknapa ce TpeTupa Bb3MOXHOCTTa 3a NpoKapBaHe Ha ranepusita ot uausno crrobsiemu metantm enemert ot THN-16,5 n THN-29 1 kbeu KOMUHM OT AbpBeEH

VMMPErHupaH Matepuarn.

LLenTa, KOATO Ce nocTura C U3non3BaHe Ha MMHHaTa TEXHONOrMA, € No-HaTaTbLlIHOTO yNnpaBneHne Ha MUKpOKNumaTta B ranepusaTa U 3anasBaHe Ha CTeHOnucuTe B

KamepuTe Ha TpakuickaTa Morina 1 onassaHe Ha aBTEHTUYHUTE MOTUITHU Hacunu.

BBbBEJEHME

Cb3maBaHETO Ha MOA3EMHA MMHHA TEXHOMOrus  3a
MPOHWKBAHE W MPOYYBaHE Ha TPaKWMCKM MOTUMM € BaxeH
npouec, KOWTO Ce siBsBa KaTo anTepHaTWBa Ha OTKPUTMS
crnocob Ha npoyysaHe (C 6ynmosepu M uYenHW TOBapauu),
KbLETO MOTUMTHMS Hacun ce paspyllaBa M ce Hamanseat
LUaHCOBETE 3@ KNMMATM3aUMst W OnasBaHe Ha OpUrMHarHUTE
CTEHOMMCH.

MWHHO-KOHCTPYKTUBHA YACT

ObukonHaTa knumaTtuampalla ranepus € ¢ gbmkuHa 41,90
m W Ce CbCTOW OT [Ba MpaBM yyacTbka — NSIB W AECEH C
AbmkuHa cbotBeTHO 13,00 m 1 15,40 m M KPBIOB y4acTbK C
abmkuHa 13,50 m.

MpaBuTe yyacTbuM Ha ranepusTa ca C TpanewLosuaHa
dopma, KaTo e CraseH HakMoH Ha kanara ot 10° 3a nocTassHe
Ha XWAPOM30MMpaLL Crol 38 APEHaX Ha Bnarata OT MOTUIHUS
Y4aCTb.

Pasmepute Ha u3paboTkata B MpaBUTE y4acTbLM Ca KaKTO
cnepga ( dwr. 1 v dowr.2);

®  BKCOYMHA Ha BbTpelwHa cTeHa — 3,00 m;

®  BICOYMHA HA BBbHLUHA cTeHa — 2,68 m;

" |uMpoyMHa Ha u3paboTkata B TaBaHa — 1,41 m;
®  |UMpOoYMHa Ha u3paboTkaTta Ha noga — 1,44 m.

M3konaBaHeTo Ha 3eMHaTa Maca OT MOMWMHWS Hacun npu
npokapBaHe Ha ranepusTta ce U3BbPLLBA C KbpTayHU YyKoBe (B
HayanHata 4acT) M Ha pbka C KUPKM, KaTo Ce cregu 3a
npeMuHaBaHe Ha T.Hap. “KyNTYpHW crioeBe” nof Hazsopa Ha
apxeonor.

HaTOBapBaHeTO Ha 3eéMHaTa Maca Ce M3BbpLUBa PbYHO C
yionath B pbYyHa KONW4kKa, 4Ype3 KOATO 3eMHata Maca ce
M3BO3Ba N3BBH rpaHnLMTE Ha Mornnata.

3akpenBaHeTO Ce W3BbPLUBA C METANEH KPEMeX, KOWTO Cce
CbCTON OT 2 (HPUKLMOHHK CTOMKKM oT MeTtan THN-16,5, kaTo
BCSIKA CTOMKa Ce CbCTOM OT FOPHa U AOMHa YacT, CbeAUHEHM C
3 meTanHu ckobu 1 TosapoHocumoct ot 200 kN. [lseTe cToiku
B ropHaTa Cu YacT 3aBbpLUBAT C NMaHKka 1 LANUHAPUYHO TAMNO
(wmn), koiTo € ¢ AMameTbp 25 mm 1 BucoumHa 50 mm. Ypes
Wwuna ce pukcuMpa MeTarnHata kana, Ccbllo u3paboteHa OT
THN-16,5, kaTo LWmMna Bn13a B KPbrbi OTBOP, NPeaBapUTENHO
npobuT B Kanata.
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1. Xugpousonauus 6. MetanHa M-o6pasHa
2. MeTanHa kana pasnbHka
3. OpuKLMOHHa CTOlKa 7. Mopnoxka
4. MeTanHa pasmbHka 8. MeTanHa obLmska
5. MetanHa ckoba 9. MeTanHa mpexa

Ouzypa 1. HadnbxeH paspes Ha 2anepusma 6 Npag y4acmbk Ha 8bMpelHa cmeHa
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1. MeTanHa obLumBka 5. [ipeHaxHa Tpbba
d=8mm 6. MetanHa obwwBka
2. Xugpousonaums d=5mm
d=5mm 7. MetanHa ckoba
3. OpuKLMOHHa CToNKa 8. MeTarnHa kana

4. MetanHa mpexa No 8

QOuypa 2. HanpedeH paspes Ha 2anepusma 6 npagusi y4acmbk
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ObLwwBKaTa OTKbM TaBaHa € OT JICTOBa cToMaHa ¢ febenuHa 8 mm. Hapg Bcsika kana ce nocTaBsT 7 6post TaBaHkW C LIMPOYMHA
20 cm n gbmkuHa 50 cm.

BbTpelwHarta cTeHa ce 06numuoBa ¢ meTanHa Mpexa No 8 ¢ rectota 10 x 10 ¢cm, kato uma 6 mogyna 1,00 m x 0,40 m. (cpur.3)

———
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Queypa 3. Meman+a mpexa No 8 3a npag y4acmbk

BbHlHaTa cTeHa ce 06nuuoBa ¢ nucToBa cToMaHa 5 mm, Ha nuctoee ¢ paamepun 0,4 m x 0,5 m — 6 6poiiku — Ha BucoumnHa 3,00
m.

MeTanHuTe kanu ce MoHTMpaT npe3 0,4 m efHa OT Jpyra, KaTo MO BUCOYMHA Ce OCUrypsiBaT C METamNHU Pa3mbHKKU — NnaHkn (2
Bpos Ha pamka) 1 MeTanHuW Kyku ¢ anameTsbp 24 mm u gbmkuHa 0,31 m.

TaBaHa ¥ BbHLUHATA CTeHa ce 0BIML0BaT C XWAPOM30NMpaLL Croi.
3a TpacupaHnTe NO TO3W HAYWH NPaBM y4acTbUy ¢ AbmkiHa 28,40 1 npu pascTosHWe eaHa oT gpyra pamku 0,4 ca Heobxoammm
71 pamku.
YYACTBK HA TAIEPUATA OKOJIO KPBIMATA KAMEPA

YuyacTbka Ha ranepusita okono kpbrnara kamepa e ¢ AbmkuHa 13,50 m 1 e nog opmata Ha nonykpbr ¢ BbTpeLLeH paauyc 2,90
M 1 BbHLEH paguyc 4,30 m. (cpur. 4)

Mpu TakaBa KoHuMrypauus Ha uspaboTtkata ca Heobxogumm 25 pamku ot THN-29 npu pasctosHue eaHa ot apyra 0,60 m no
BBbHLUHMSA paguyc. [0 BbTPELLHWS paaunyc pascTosHMeTo mexay pamkute e 0,40 m.

BvTpewwHara creHa Ha uspaboTkata e ¢ BucounHa 4,20 m, a BbHIWHATA 3,95 m, KaTo e 3anoxeH HakrnoH Ha kanata 10°. OceeH
ABeTe PPUKLMOHHW CTOWKKM (cbur. 5) W KanaTa, B KOHCTPYKUWSTA € NpedBuaeHa M HampeyHa pasmbHka, KOSITO Ce MOHTMpa Ha
BMcouYMHa 2,0 m oT noga.
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1. HanpeyHa pasnbHka 4. Ctonka
2. MeTanHa kana 5. Moanoxka
3. MetanHa ckoba 6. MetanHa mpexa

Queypa 4. HanpeyeH pa3pes Ha Kpenex OKomo Kpbenama kamepa

a

;Bﬂli %

XapaKTepucTuku:

1

L2700

Pa6oTHo cbnpotuenexume — 200 kN
Makcuman+a sucoumnHa — 2900 mm
MwuHumanHa BucounHa — 1800 mm

Terno - 98 kg

el

Quzypa 5. PpukyUoHHa cmolika

lMpokapBaHETO Ha TasW 4acT Ha u3paboTkaTa Ce CbyeTaBa W C MPOKAPBAHETO HA KbCWM KOMMHM (cbur.6), KOUTO ocurypsisat
obenBaHe Ha kameHHWs Briokax Ha morunata. B Tean komuHu we 6baat noctasedn PVC Tpubu 3a BeHTUNALmMs 1 ynpaBneHne Ha
kKnumaTa Ha uspaboTkaTa 1 kamepuTe CbC CTEHOMUCH.
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Queypa 6. HanpeyeH pa3pe3 Ha kpbana Kamepa
BapuaHm KbCu KOMUHU C NiTbMEH Kpenex

Komunute ce 3aKpensaTt NNbTHO C AbPBEHN ENEMEHTU OT aKaLlusa (npe,qBapMTenHo VIMI'IpeFHMpaHVI).

FopHaTa 4acT Ha KOMUHUTE, ToOpHAaTa 4YacT Ha paMKaTa W BbHLUHATa U cTeHa ca n3onvpaxu ¢ Xxmapounsonawus.

MO U3YNCNINTENHATA HYACT HA KPEMEXWUTE [1, 2, 3]

3a nsuncrnsBaHe Ha KpemexHWTe pamku, MeTanHaTa oblumBKa 1 TaBaHKMTE e nonssaHa meTogukata Ha npod. Liumbapesuy,
KOSITO ce npunara 3a cnabu u HeyCTOMYMBY CKanw.

C uen ocurypsiBaHe ObNrOTPaNHOCT Ha kpenexa (no 3agaHue 50 roguHn) Npu U34YUCREHUsTa HaTOBapBaHETO € 3aBuLleHo oT 1,5
£o 2,0 mbtu, kato ce Thpc NoO Ha npocduna no CLNPOTUBUTENEH MOMEHT. 3a YCrioBWsiTa, KOUTO MMaMe, Hail-noaxoasiiu ca
npocounu THN-16,5 n THN-29.

3aroToBkaTa 1 06paboTBaHETO Ha KpENeXHUTE eneMeHTH ce u3BbpLLBa OT dupma ET “Pokwan” — rp. MepHuk.

MO KONMYECTBEHO - CTOMHOCTHATA CMETKA

3a uanmbHeHWe Ha MpoeKTa Mo NpeaBapUTENHN U3YMCNEHNS e HeoDX0aMM CpOK OT 5 MeceLa 1 cregHuTe CpeacTBa KaTo NpoLeHT
OT CTOMHOCTTa:

1. Mexanu3auus - 8 %;

2. Tpyn - 15 %;

3. Matepuann - 42 %;

4. [lpyrv nepa (TpaHCMOPT, CKMNafOBM Pa3Xxogy, KOMaHAMPOBbLYHM, W3KOM Ha MNOLWaaka, AbPBEH MaTepuar, WHCTPYMEHTH,
reofesnyecka TPacuMpoBKa 1 KOHTPON v Ap.) - 35 %.

SAKITFOYEHNE

B 3akntoueHune aBTopute Ouxa uckanu ga otbenexart, ye |/|3pa60TKaTa n3gano e crnobsiema (He Ce npeapmxnaTt 3aBapbyHKU
pa6OTVI B 386091), KaTo METanHUTE ENEMEHTU NpeaBapuTesiHo ca 06pa60TeHv| C aHTWKOPO3MOHEH NakK.

ToBa ocurypsiea, npu HeobxoaMMoCT, NeceH PEMOHT 1 NoAAPBKKA Ha OTAEITHUTE ENTEMEHTU OT KPENEXHUTE KOHCTPYKLUN.

Cuntame, Ye nspaboTkaTa Le U3urpae NoSIOXMTENHO BIUSHUE MPU KIMMaTU3MPAHETO Ha ABETE KaMepy OT Tpakuickata Moruna
Kpai c. AnekcaHaposo.

Mo npeaBapuTENHW U3YMCREHNS 3a peanu3aumsTa Ha npoekta ca Heobxogumu okono 85 000 Euro u cpok 3a usmbnHeHue 5
Meceua.
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3a cpaBHeHWe TpakuickaTa rpobHMua kpait ¢. Ceeluapy € pectaBpupaHa 3a cpok oT 20 roanHu v LeHa Ha paboTute okono 2 300
000 USD.

C uanonseaHe Ha npegnoxeHara MMHHa TEXHOMOIMA Cce NocTura ynpaeneHneTo Ha MUKpoKnumMaTta B ranepusarta 1 3ana3saHe Ha
CTeHonucuTe B kamepute Ha TpaKVIVICKaTa Moruna n onasBaHe Ha aBTEHTUYHUTE MOTUNHK HAcKUnu.
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A POSSIBLE ROUT TO DRIVING AN AIR-CONDITIONING RING GALLERY INTO THE
TUMULUS OF THE FRESCOED THRACIAN TOMB IN THE VILLAGE OF ALEXANDROVO,
HASKOVO REGION

Dimitar Anastasov Georgy Stoyanchev Milko Armutliev

University of Mining and Geology University of Mining and Geology Eko Tok Ltd,

“St. Ivan Rilski" “St. Ivan Rilski” 16, Rozova dolina Sr.
Sofia, 1700 Bulgaria Sofia, 1700 Bulgaria Haskovo, 6300 Bulgaria
E-mail: danast@mgu.bg E-mail: armurliev@abv.bg

danastasov@hotmail.com

SUMMARY

The need to develop an underground mining technology for an access into the Thracian tombs comes as an alternative to the open exploration method, which leads
to demolishing of the tumulus pile.

The realization of the design and engineering solutions for constructing a ring air-conditioning gallery inside the tumulus of the Thracian tomb in the village of
Alexandrovo will be a continuation of the experience gained during the excavations of the Thracian temple in the village of Starosel.

This paper deals with the possibility to drive a gallery constructed entirely of prefabricated THN-16,5 and THN-29 metal units and supplied with box holes of
impregnated timber.

The implementation of a mining technology aims at establishing control over the microclimate in the gallery and preserving the frescoes in the chambers of the
Thracian tomb as well as at keeping the authentic mound pile.

INTRODUCTION

The development of a mining technology for access into the Thracian tumuli and their exploration is an important process. Being
an alternative to the open exploration (implementing bulldozers and load-hauld-dumps) it will prevent the destruction of the mound
pile and give more chances for air-conditioning and preservation of the original frescoes.

MINING CONSTRUCTIVE PART

The air-conditioning ring gallery is 41,90 m long. It has two straight sections - left and right (13,00 and 15,40
m long, respectively) and a circular 13,50 m long one.
The straight sections of the gallery are trapezium-shaped keeping the ceiling gradient of 10° for installing a

hydrolyzing layer, which will drain the moisture from the mound section.
The dimensions of the air gate in its straight sections are the following (fig. 1 and fig. 2):

1. height of the inside wall - 3,00 m;

2. height of the outer wall - 2,68 m;

3. width of the air gate at the ceiling - 1,41 m;
4. width of the air gate at the floor - 1,44 m.
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1. Hydroizolation layer 6. Steel I - like strut

2. Steel bar 7. Support foot pad
3. Fractional prop 8. Slick sheet coating
4. Steel strut 9. Steel lacing

5. Steel saddle

FIGURE 1. LONGITUDINAL-SECTION OF THE INNER WALL OF THE GALLERY IN
STRAIGHT SECTION OF ITS INSIDE WALL.

At the beginning the earth from the mound pile is excavated with pick hammers. Then under the
supervision of an archeologist the excavations continue manually with pickaxes regarding the cultural layers.

The loading of the excavated earth is manual. It is spaded into wheelbarrows and transported out of the
site.

The section is lined with metal supports comprising 2 frictional steel THN-16,5 props. Each prop has an
upper and lower part joined by 3 metal saddles. Their load capacity is 200 kN. The upper parts of the two
props end with planks and cylindrical spikes 25 mm in diameter and 50 mm high. The steel bar, also made of
THN-16.5, is fixed by the spike, which enters a round opening drilled into the bar.
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1. Slick sheet coating d=8 5. Steel lacing



mm
2. Hydrolization layer d=5 6. Slick sheet coating

mm d=5mm
3. Fractional prop 7. Steel saddle
4. Drainage pipe 8. Steel bar

Figure 2. Cross-section of the gallery in its straight section

The gallery ceiling is coated with steel sheets 8 mm thick. Seven headboards 20 cm wide and 50 cm long
are put above each of the bars.

The inside wall is covered with steel lacing No 8. 10 cm is distance between the crosslinks of the lacing. Six
1,00 m x 0,40 m modules are used (fig. 3).

"

| 1000

i
1
Figure 3. Steel lacing No 8 far the straight section

The outer wall is covered with steel sheets 5 mm thick. The six sheets are 0,4 m x 0,5 m at 3, 00 m height.

The steel bars are installed at every 0,4 m. They are stabilized by metal sleepers (2 for each frame) and metal hooks 24 mm in
diameter and 0,32 m long.

The ceiling and the outer wall are coated with waterproof layer.

The 28,40 m long straight sections thus laid out need 71 frames placed in every 0,4 m.

THE SECTION OF THE GALLERY ROUNDING THE TOMB CHAMBER

The section of the gallery rounding the tomb chamber is 13,50 m long and is in the form of a semicircle with
an inner radius of 2,90 m and outer radius of 4,30 m (fig. 4).
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1. Lateral strut 4. Prop
2. Steel bar 5. Support foot pad
3. Steel saddle 6. Steel lacing

FIGURE 4. CROSS-SECTION OF THE SUPPORT AROUND THE ROUND TOMB
CHAMBER

This configuration of the gate requires 25 THN-29 frames placed in every 0,6 m at the outer radius. The
distance between the frames at the inner radius is 0,4 m.

The inside wall of the gate is 4,20 m high while the outer one is 3,95 m. The set gradient of the bar is 10°.
But the two frictional props (fig. 5) and the bar a lateral strut is also foreseen. It is set at 2,0 m from the floor.

The driving of this section is combined with the driving of the box holes (fig 6), which ensure the pealing of the stone blockage of

the mound. The box holes will be supplied PVC pipes for ventilation and conduct of the climate in the gate and in the frescoed
chambers.

The box holes are closely lined with acacia timber elements, which were preliminary, impregnated.

The upper part of the box holes, the upper part of the frame and the outer wall of the section are isolated by
a hydrolising layer.
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Characteristics:
Working resistance - 200 kN
Maximum height - 2900 mm
Minimum height - 1800 mm
Weight-98 kg
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Figure 5. Fractional prop
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FIGURE 6. CROSS-SECTION OF THE ROUND CHAMBER. A VARIANT WITH BOX HOLES
WITH TIMBER LINING

CALCULATION PART OF THE SUPPORTS [1, 2,3]

The supportive frames, the metal coatings and the planks were calculated according to the technique of Prof. Tsimbarevich
applied to weak and incompetent rocks. The load capacity of the supports was calculated 1.5 and 2 times higher in order to ensure
their durability (set for 50 years). The choice of the corresponding profile is according to the resistance moment. The profiles THN-
16,5 and THN-29 meet best the requirements of conditions.

The support units will be manufactured by the Single Owned Company Rockstal from Pernik.

COSTS CALCULATION



According to the preliminary estimations the project needs 5 months for realization. The funds needed are
proportioned as follows:

= Mechanization - 8%

= Labour - 15%

= Materials - 42%

Other expenses (transport, storage costs, travel costs, digging of a site, timber, geodesic tracing and control, etc.) - 35%.

CONCLUSION

In conclusion the authors would like to note that the support is composed entirely of prefabricated units (No
welding works in the gate are foreseen). The metal elements are preliminary treated with anti-corrosion
varnish.

This technology can provide an easy repair (when necessary) and maintenance of the particular elements of
the supportive constructions.

We find that the air-conditioning of the two chambers in Thracian tomb in Alexandrovo will benefit from the
suggested gate.

The preliminary calculations appraise the realization costs of the project to about 85 000 Euro. lts completion
will take 5 months.

As a comparison the restoration of the Thracian tomb in Svesthari has lasted for 20 years. 2 500 000 Euro
have been spent on the works.

The mining technology suggested herewith allows controlling the microclimate in the gallery. Thus the
frescoes in the chambers of the Thracian tomb will be preserved and the authentic pile of the mould will not be
destroyed.
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Mpenopvyaxa 3a nybnukysaHe om kamedpa
“Tlod3emHO paspabomeare Ha nonesHu uskonaemu “, MTO
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