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FEATURES OF DRILLING-AND-BLASTING AT CONSTRUCTION
OF BESKIDSKIY TUNNEL

Purpose. In this article it is necessary to analyze the possibility of developing technology and increasing its effi-
ciency during the Beskidskiy tunnel construction in difficult engineering and geological conditions.
Methodology. The authors have performed analysis of the technological level of mining and construction works,
new technique, equipment and production. One of the important issues of blasting operation is to ensure the seismic
safety, acting at a distance of 30 m in the axes of single-track tunnel, as the distance to it will be 20 m from the near-
est charge in the laying tunnel. This problem was solved by applying the combined blasting of blast-hole charges
with delay-action and long-delay ways. Herewith the total mass of charges in the stope was divided into three
groups, in which the first group is exploded by short-delay firing with, and the second one is exploded by short-
delay firing too with intervals of 200...400 ms, the third is exploded by long-delay blasting at intervals of
500...10000 ms. The combined blasting of short-delay charges and delay action ones let significantly reduce seismic
action at a mass explosion of charges when driving of double-track railway tunnel of a large cross-section.
Findings. The paper presents the developed technology model, describing dependence of the machines from engi-
neering and geological conditions. The methodology of drilling and blasting works at the construction of the tunnel
callote and stross as well as a technique of arrangement determination and intervals of shot-delay and delay blasting
of blasthole explosive charges was developed. Maximum permissible concentration of gases and vapours at blasting
was presented. The calculations showed that the maximum level of gas contamination of the working area in
Beskidskiy tunnel is achieved at blast operations. In accordance with this ventilation of the tunnel when driving is
carried out by independent systems with mechanical ventilation by blowing using mine fans of special mining enter-
prises. Originality. The developed seismically safety charge masses are based on the well-known state about an-
tiseismic blasting regulations. Practical value. The authors proposed and grounded the efficient technology for re-
duction to practice of drilling and blasting works (with dividing of the tunnel cross-section into the calotte and stross
during of the Beskydy high-mountain tunnel construction. The results of technological experiment are presented.

Keywords: drilling and blasting works; technology of high-mountain tunnel constructing; railway tunnel; blast
seismic; shot-delay and delay charges

Introduction tions. The most significant example of this build-
ing is the construction of basic Gotthard tunnel in
the Alps, length of 57.3 km, completion is sched-
uled for 2016 [3]. A distinctive feature of tunneling

In contemporary environment the construction
of railway tunnels has found a widespread applica-
tion in difficult engineering and geological condi-
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driving of such a type is the extensive use of tunnel
boring machines in hard and strongest rocks.

However, drilling and blasting method for
breaking rocks in the tunneling driving including
the workings of large section can be successfully
used in such conditions [14—16].

Purpose

In Ukraine, currently tunneling driving of
Beskydskiy double-track tunnel in the Carpathians
is being completed. It is under construction in or-
der to increase rail logistics between Western and
Eastern Europe with using tunnel. Its length is
1850 m. Alternation of rocks of different types and
strength, including sandstone, siltstone and mud-
stone with Protodyakonov scale of hardness re-
spectively 6...8, 4...6 and 2...3 occurs in geologi-
cal structure on construction sites. Hydro-
geological conditions are characterized by the ex-
pected inflow of water in the range of
5...10 m*/day. Tunneling driving of double-track
railway tunnel is carried out with the division of
the face on calotte and stross with the way of lower
ledge using drilling-and-blasting operations (DBO)
[8] in to “bricked-up windows” with movement
overlapping of trains in the Beskydskiy acting tun-
nel, located 30 meters away from the tunnel under
construction. Moreover, the existing single-track
tunnel was built in 1886.

Drilling operations are carried out when driving
with the help of a self-propelled double beam elec-
tro-hydraulic unit “Sandvik DT 820-C” from Fin-
land. At this the diameter of holes is 45 mm, and
their length is 1.5; 2.3; 2.8 m when calotte driving
and 4.2...4.5 m in stross development. Corre-
spondingly stope length, depending on the engi-
neering and geological conditions when calotte
driving is 1.25, 2.0 and 2.5 m, and stross one —
4.0...42 m.

Drilling of holes is produced by blowing with
compressed air and water washing. Compressed air
is supplied from the mobile compressor stations,
located on near-entrance sites, and water via
a pipeline that is laid as far as tunneling driving.

DBO nameplate is made at the stage of pre-
production of works and refined accordingly to the
results of at least three conducted test blastings [2,
11]. Breaking of rocks with blast-hole charges is
provided to carry out using the method of succes-
sive contouring with mandatory application of de-

lay-action and long-delay blasting of blast-hole
charges groups in the following order depending
on the stope size, mentioned above: coal-cutting,
contour-hole, under contour, contour, plantar and
under-bottom. Deceleration time (interval between
multiple-shot blasting) taking into account rock
hardness is from 20 to 10000 ms.

For blasting, the following blasting explosives
are applied: ammonite Ne 6 ZhV — for dry and
flooded holes, Grammonit 79.21 — for dry holes,
ammonal M5 — for dry and flooded holes, gremix —
for dry and flooded holes. At this cartridges of
28.32 and 36 mm are used [9].

At complex blasting operating two ways of
charges blasting are applied: non-electric and elec-
tric [9, 10]. The non-electric initiation system
(NIS) «Impulse» is used at non-electrical method.
It includes the UNS-SH and UNS-ShK devices,
detonating cord (DC), a main waveguide, connect-
ing tube and the starting device. Unlike traditional
methods of initiating explosive charges BB, this
system has an increased level of security, since,
due to insensitivity and stray currents it allows car-
rying out drilling works without de-energizing of
power equipment. In electric mode NIS system
«Impulse», UNS-SH device, UNS-ShK, DC and
two detonators, type ED-1-3-T are also applied.

Methodology

One of the important issues of blasting opera-
tion is to ensure the seismic safety, acting at
a distance of 30 m in the axes of single-track tun-
nel, as the distance to it will be 20 m from the
nearest charge in the laying tunnel [1, 4, 6, 7, 13].

Seismic safety charge masses for complex en-
gineering structures, like undoubtedly Beskydskiy
tunnel is, can be calculated by the formula accord-
ing to the work [5],

0., =(V, xe/Kg)" xr', ke,

where V, — permissible critical velocity fluctua-
tions, is determined from table 80 [5] and equal to
V,=20sm/s; & — coefficient depending on the

conditions of work and the state of the engineering
object is accepted within €=1.5...3.0;  — coeffi-

cient, which depends on the distance to the object,
and equals to f=1.5...2.0; Kg — coefficient de-

pending on the geological and engineering condi-
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tions of works production and equals to Kg =200;
r — distance to the protected object, » =200 m .
Taking e=2; B=2.5; Kg =200, as the result

0,. =(20x2/200)" x20° =143.1 kg.

Consequently, there is a certain limit upon
seismic at conducting of blasting operations with
a maximum total charge BB on the stope when
calotte driving of 163.5 kg.

Findings

Solving this problem was carried out by apply-
ing the combined blasting of blast-hole charges
with delay-action and long-delay ways (Fig. 1).

At this the total mass of charges in the stope
was divided into three groups, in which the first
group is exploded by short-delay firing with slow
intervals of 20...200 ms, and the second one is
exploded by short-delay firing too with intervals of
200...400 ms, the third is exploded by long-delay
blasting at intervals of 500...10000 ms. The total
mass of blast-hole charges, length of 1.3 m accord-
ing to the 1* DBO nameplate is 57.75 kg, blast-
hole charges, length of 2.3 m — the 2nd DBO
nameplate — 124.3 kg, blast-hole charges, length of
2.3 m, the 3¢ DBO nameplate — 163.5 kg. The total
mass of the charges of the 1% group, length of 1.3
m is 19.5 kg (33.8 %), length of 2.3 m — 27.5 kg
(22.1 %) and a length of 2.8 m — 33 kg (20.2 %).
Also, the charges mass of the 2™ group, length of
1.3 mis 6.5 kg (11.2%), length of 2.3 m — 13.75 kg
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(11.1 %), length of 2.8 m — 16.5 kg (10.1 %). For
charges of the 3™ group, length of 1.3 m charges
mass is 31.75 kg (55.0 %), length of 2.3 m —
83.05 kg (66.8 %) and a length of 2.8 m — 114 kg
(69.7 %).

Thus, the maximum charges mass in groups are
less than the maximum permissible under the terms
of seismic safety.

As follows from the analysis of presented data
in the first group of charges using short-delay
blasting with intervals of 20...200 ms, wave inter-
action with the interference of longitudinal waves
may occur. Charges blasting of the second group
with an interval of 300...400 ms is performed after
100 and 200 ms. During this period a longitudinal
wave from the charges blasting of the first group at
its speed in rocks with a hardness coefficient
f=2...8, equal to 2500...4000 m/s, will cover the

distance from the blasting site of 250...400 m,
namely the interaction of the waves and their inter-
ference are completely excluded.

Long-delay blasting of charges in the third
group with intervals of 500...10000 ms will be
performed with a significant margin in time and
distance from the previous short-delay one. As
a result the interaction of longitudinal waves in the
subsequent blasting is completely excluded, which
was confirmed by measuring the vibration velocity
of rock in active tunnel, which were equal to
0.13...0.15 m/s.

"Wﬂ_'\_ﬂ"-—nf’ﬁ&]—
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Fig. 1. Circuit of the disposition and connection of explosive charges
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Thus, the combined blasting of short-delay
charges and delay action ones let significantly re-
duce seismic action at a mass explosion of charges
when driving of double-track railway tunnel of
a large cross-section.

Originality and practical value

The choice of a rational system of ventilation in
face working is of great importance in these condi-
tions. In accordance with current safety regulations
[9] and classic work upon the tunnel ventilation
[12] in workings, where people may be, the air
must contain at least 20 % of oxygen (by volume)
in its composition. Carbon dioxide content in the
air of working at the places of operation should not
exceed 0.5%, and in the working with a common
upward current — 0.75 %. In addition the air in ac-
tive underground workings must be free of harmful
substances exceeding the maximum permissible
concentration (MPC), indicated in Table 1.

In accordance with the Safety specifications the
amount of air required for working ventilation,
should be calculated upon the largest number of
people employed at the same time in underground
works, quantity of harmful gases, calculated on
a notional carbon monoxide in blasting operations,
upon harmful gases from arc welding operations,
as well as of harmful substances released during

operation of machines and mechanisms with inter-
nal combustion engines.

The calculations showed that the maximum
level of gas contamination of the working area in
Beskidskiy tunnel is achieved at blasting opera-
tions, for which it is necessary to supply to the face
of at least 165 m’/min of fresh air.

In accordance with this ventilation of the
Beskidskiy tunnel when driving is carried out by
independent systems with mechanical ventilation
by blowing using mine the fans of “Donventilya-
tor” enterprise. The main technical parameters of
the fan are presented in Table 2.

Ventilation system operating principle is as fol-
lows. Airing face after blasting is carried out by air
supply system from the Eastern portal with the
help of an axial fan of the main airing, type
IN-14-10D (Table 2) installed on near-entrance
site. In the metal pipe with a diameter of 1600 mm
made of sheet steel, thickness of 2 mm, fresh air is
fed into the bottom-hole zone, which dilutes harm-
ful gases and carries them over the working to the
East portal. Along with plenum system also runs
the local (near the face) exhaust system, which
provides with CFT equipment (Kormann), de-
dusting exhaust air before its release to the general
air flow that moves over the working from the face
up to the portal. As advance of face the air supply
pipeline, consisting of 4 m long pipes, is increased
(built up) to provide effective ventilation.

Table 1
Maximum permissible concentrations of harmful substances
. Maximum permissible concentration
Gases and vapours Chemical formula

% at volume mg/m’

Carbonic oxide CO 0,00240 20
Oxides of nitrogen in N,O; equivalent - 0,00010 5

Sulfur dioxide SO, 0,00035 10
Hydrogen sulfide H,S 0,00066 10
Acrolein CH,=CH=CH=0 0,00008 0,2
Formaldehyde H,C=0 0,00037 0,5
Hydrocarbons in carbon equivalent - - 300
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Table 2
The main technical parameters of fans
Ne /it Parameters of fans FA-14-10D VMEFA-12-110
1 Nominal impeller diameter, mm 1460 1200
2 Nominal feed, m*/s 35 32
3 Flow rate within the working zone, m®/s:
— minimum, no less 10 8
— maximum, no more 50 42
4 Maximum efficiency 0,83 0,74
5 Nominal full pressure, Pa 4700 2600
6 Revolutions per minute 1500 1500
7 Fan weight, kg 3650 2310
O. M. Kynaxenxko // I[Ipobnemu Ta mepcrieKTUBU
Conclusions PO3BUTKY 3alli3H. TpaHCIL. : Te3u 76 MixHap. Ha-
Thus, the high-level scientific and technical yK.-TexH, KOH}. / JIHIpONCTp, KA, YE-T saillsk

preparation of operational materials upon technol- 7.
ogy penetration in the rocks in difficult engineer-

ing and geological conditions allows solving the
problem of building the most complex railway arti-
ficial construction — Beskydskiy tunnel.
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OCOBJINBOCTI KOMILVIEKCY BYPOBUBYXOBHUX POBIT
IHPU BYAIBHUITBI BECKUICBKOI'O TYHEJIIO

Mera. B craTTi HE0OXiTHO TpOAaHANI3yBaTH MOXKIIHBICTE PO3POOKH TEXHOJIOTII MPOBEACHHS OYpOBHOYXOBHX
pobiT Ta mimBWmIeHHA 11 e(eKTUBHOCTI mpu OymiBHHAITBI BEeCKHOCHKOrO TYHEN0 B CKIAIHUX IHXKEHEPHO-
TeoNIoTiYHNX yMoBax. MeToaAnKa. ABTOPH BUKOHAJM aHANI3 TEXHIYHOTO PiBHS TIPCHKUX 1 OyIiBeNbHUX PoOiT, HOBOT
TEXHIKH, 00JaHAHHA Ta BHPOOHMITBA. BHKOPHCTOBYBAJIOCH 3alpONOHOBAaHE 3a0€3MEUEHHsS CHCTEMOIO0 Oe3reKn
TYHEJII0, IKAH eKCIUTyaTyeThCs (BpPaXOBYIOUH, IO BiACTaHb 10 HHOro 20 M BiJ HAHOIMIKYOTO 3apsiay B CIIOPYIKY-
BaHOMY TyHedni). s nporo Oyia 3amporoHOBaHa CHCTEMa KOMOIHOBaHOTO BHOYXY LINMYypPOBUX 3apsiiiB KOPOTKO-
YIHOBUIBHEHUM 1 YIIOBIIBHEHUM criocobamu. BpaxoBaHo, 1110 3arajibHa Maca 3aps/iiB y 3axojili Oyia po3jijicHa Ha
TPU TPynHW, B SIKMX Meplua i Jpyra rpynd MiIpUBalOThCS KOPOTKOYNOBUIGHEHO, 3 IHTepBaJaMH YIOBUILHEHHS
20...200 mc ta 200...400 Mc BiAmoBigHO, 1 TpETS — yMoOBiIbHEHO, 3 iHTepBasamMu 500...10 000 mc. 3acrocyBaHHS
i€l CHCTEMH ICTOTHO 3HHU3WIIO CEHCMIYHY JiF0 MacoBOro BUOYXY 3aps/iB IIPH ITPOXO/L JBOKOJIHHOTO 3ai3HUYHO-
IO TYHEIII0 BEJIMKOIO IOIEPeyHoro nepetuHy. PesyapraTn. B crarTi npencrasineHa po3pobiieHa TEXHOIOTIYHA MO-
JIeITb, M0 OMFICY€E 3AJICKHICTh TEXHIKH BiJl IHKEHEPHUX Ta TEOJIOTIYHUX YMOB. byna po3po0iieHa MeTooIIoris mpo-
BEJICHHS OypOBHOYXOBUX pOOIT IpH OYIIBHHUIITBI KAJIOTH i IITPOCH, a TAKOXK TEXHIKa BU3HAUCHHS Ta YJIAIITYBAaHHS
iHTepBaiB KOPOTKOYIOBITFHEHOTO 1 YIOBUIBHEHOTO MiAPUBAHHS IIMYPOBUX 3apsAiB BUOyxoBuX pedoBwH. [Ipen-
CTaBJIeHa MaKCHUMAaJIBHO JOMYCTHMa KOHIICHTpaMis ra3iB i mapiB npu BuOyXy. Po3paxyHku mokasanu, mo Makcuma-
JHHAN piBeHb 3a0pyIHEHHS razaMu pododoi 30HH B beCKnACEKOMY TyHENI JOCSATAEThCA PH BUOYXOBHUX MPOIIECax.
BinmoBimHO 10 OTO, MPY BEHTHIALIT TYHEII0, KOJIM POXO0/IKa BUKOHYETHCS M0 HE3aJICKHUM CUCTEMaM i3 MEXaHi-
YHOI0 BEHTWIALIEIO HUISIXOM AYTTs, BUKOPUCTOBYIOTh HIAXTHI BEHTHJISTOPH CIIELiali30BaHUX TIPCHKHUX MiINPH-
emctB. HaykoBa HoBu3Ha. Po3po0ieHi celicMoOe3neuHi 3apsiiHi Macu 0a3yloThes Ha J00pe BIIOMOMY ITOJIOXKEHHI]
npo aHTHCelcMiuHe migpuBaHHs. [IpakTHYHA 3HAYMMICTh. ABTOpaMH 3allpOIIOHOBaHa Ta 00IPyHTOBaHA e(eKTHB-
Ha TEXHOJIOTis MpOBENICHHsI OypoBHOYXOBHX poOIT (i3 PO3ALIEHHSM IONEPEYHOro Mepepily TYHENo Ha KajoTy
1 IITpoCy) IpH ITPOKIIaAaHHI BUCOKoripHOTO becknacrkoro TyHemro. [IpeacTaBieHi pe3yabTaTi TEXHOIOTIYHUX €KC-
MIEPUMEHTIB.

Kniouosi cnosa: 6ypoBHOyXxoBi poOOTH; TEXHOJIOTIS NMPOXOJKH BUCOKOTIPHOTO TYHENIO; 3aJIi3HUYHHUN TYHEIb;
BHOyXOBa celiCMiKa; KOPOTKOYIIOBIJIBHEHI Ta YIOBUIBHEHI 3apsiu
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OCOBEHHOCTHU KOMIUVIEKCA BYPOB3PBIBHBIX PABOT
ITPU CTPOUTEJIBCTBE BECKNJICKOI'O TOHHEJIA

Leas. B cratbe HEOOXOIUMO NPOAHATTM3UPOBATH BO3MOXKHOCTh pa3pabOTKH TEXHOJIOTHH U TOBBILICHHS ee d¢-
(DEeKTUBHOCTH IIPH CTPOMUTENHCTBE DBECKMACKOTO TOHHENS B CIIOXKHBIX HHKEHEPHO-TEOJIOTMYECKHX YCIIOBHUSX.
MeTtoauka. ABTOpHI BBITOJIHUIN aHAIU3 TEXHHYECKOTO YPOBHS IOPHBIX M CTPOUTENBHBIX PadOT, HOBOW TEXHHKH,
000pyIOBaHUS U NMPOU3BOJACTBA. Mcrmonbp30Baioch npeaiaraeMoe obecriedeHne CUCTeMOH 0e30IacHOCTH TOHHES,
KOTOPBIN IKCIUTyaTUpyeTcst (YUUTBIBas, YTO paccTosiHue 10 Hero 20 M OT OJiKaiiiero 3apsjaa B CTPOSIIEMCS TOH-
Hene). [lng storo Obula IpeuloXKeHa cUcTeMa KOMOMHHUPOBAHHOTO B3phIBA 3apsOB KOPOTKO3aMEIUICHHBIM
U 3aMeIUICHHBIM croco0aMu. YuTeHo, 4To oOIas Macca 3apsioB B 3aXoike OblIa pa3fesieHa Ha TPHU TPYIIILL,
B KOTOPBIX II€pBasi U BTOpas TPYIIIBI IIOIPHIBAIOTCSI KOPOTKO3aMeUIEHHO ¢ MHTepBaiaMu 3amemieHus 20...200 mc
u 200...400 MC COOTBETCTBEHHO, U TPEThs — 3aMeAneHHo, ¢ uaTepBanaMu 500...10000 mc. [Ipumenenue aToi cuc-
TEMBI CYIIECTBEHHO CHU3WIO CEHCMUYECKOE BO3/ICHCTBE MAacCOBOTO B3pHIBA 3aps10B IPH IPOXO/KE JBYXITyTHOTO
JKEJIE3HOIOPOXKHOTO TOHHENS OOJBIIOro monepeyHoro cedeHws. PedyabTaThl. B crathe mpencrasieHa paspabo-
TaHHAasl TEXHOJIOTWYECKask MOJIENb, OMUCHIBAIONIAs 3aBUCHMOCTh TEXHUKH OT WHXKCHEPHBIX M IEOJIOTHYECKHUX YCIIO-
BUil. Pa3zpaboraHa MeTOHNONOTHs TPOBEACHHS OYpPOBBIX M B3PBIBHBIX pPAbOT MNpPH CTPOUTENBCTBE KAaJJIOTHI
U LITPOCCHI TOHHES, a TaKKe TEXHUKA ONPEIeIeHNs] PACCTAHOBKU U MHTEPBAJIOB KOPOTKO3aMEJICHHOTO U 3aMell-
JIGHHOTO B3pPBIBaHUS LIMYPOBBIX 3apsJOB B3PHIBHBIX BelecTB. [IpencrasieHa MakCUMaJIBHO JOIYCTHMAasi KOHLEH-
Tpauus ra3oB 1 [IapoB IPH B3pbIBe. PacueTsl okas3anu, 4To MaKCUMABHBIH YPOBEHb 3arpsi3HEHUS Ta3aMu pabouei
30HbI B BCCKI/I,HCKOM TOHHECJIC TOCTUTACTCA IIPU B3PBIBHBLIX MPOLICCCaX. COOTBETCTBEHHO 9TOMY, BEHTUJIALIA TOHHE-
JIA, KOTAa ONpoXoJKa BBIMIOJHACTCA 1O HE3aBUCUMBIM CUCTEMaM C MEXaHUYECKOM BeHTHJ’lHLIPIeﬁ myTeEM IPOAYBKH,
BBITIOJHACTCS C HCIIOJIL30BAaHMEM IIAXTHBIX BEHTWIATOPOB CHEHHAIU3MPOBAHHBIX TOPHBIX IPEATPHATHH.
Hayunasi HoBu3Ha. Pa3zpaboranHble ceiicMoOe30nacHble 3apsAHbIE MacChl OCHOBAaHBI Ha XOPOILIO M3BECTHOM IIO-
JIOKEHUH 00 aHTHCeHcMUUecKoM B3phiBaHHU. [IpakTHyeckasi 3HAYMMOCTb. ABTOpPaMH ITpeIoKeHa U 000CHOBaHa
3¢ QeKTHBHAS TEXHOJOTHU BHEAPEHMS B NMPAKTUKY OYpOB3PBIBHBIX Pa0oOT (C pa3lelieHHEM IONEPeYHOro CeUCHUS
TOHHEJIS Ha KaJIOTTy M IITPOCCY) MPH MPOKIaJbIBAHMN BEICOKOrOopHOTO beckunckoro Tonuens. [IpencrasieHsl pe-
3yJIBTaThl TEXHOJIOTHYECKHX IKCIICPHUMEHTOB.

Knrwouesvie cnosa: OypoB3pbIBHBIE pabOTHI; TEXHOIOTHS MPOXOIKH BBICOKOTOPHOTO TOHHEILS; JKEJIE3HOIO0POXK-
HBII TOHHEJIb; B3PbIBHAS CEIICMHKa; KOPOTKO3aME/IJICHHBIC U 3aMEIUICHHBIC 3apsiIbl
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