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SOKP 514, TUNEL LOCHKOV
NOVY MODEL ZADAVACICH PODMINEK PRO VYSTAVBU TUNELU
A ZKUSENOSTI Z PROVADENI PRUZKUMNE STOLY PRO RAZBY
PLNYCH PROFILU

THE LOCHKOV TUNNEL, SOKP 514
A NEW MODEL OF TENDER CONDITIONS FOR TUNNELLING
PROJECTS; EXPERIENCE OF THE DRIVING OF AN EXPLORATION
GALLERY FOR EXCAVATION OF FULL-FACE TUNNEL

MARTIN SRB

uvoD

Priklady z tuneldfsky vyspélych zemi ukazuji, Ze pro Uspesné
a efektivni realizace tunelovych projekta je nutné splnit fadu podmi-
nek. Nékteré jsou ovlivnény prirodnimi faktory (napr. geologie, hyd-
rologie, morfologie terénu) a dals{ faktory umelymi/lidskymi (zastavé-
nost povrchu, vyuziti krajiny, predpisy, kapacity a kompetence jedno-
tlivych subjektu, spoleCenské vlivy, organizace a fizeni projektu, tra-
dice a ceny). Zatimco faktory pfirodni jsou v méfitku doby pfipravy
a vystavby v podstaté stdlé, faktory umélé se prubézné méni.
Optimdlni{ feSeni pfipravy a nasledné realizace konkrétniho dila proto
musi vychdzet ze snahy zohlednit stdvajici stav konkrétniho projektu
a prihlédnout k moznému vyvoji.

Vystavba tunell v &dstedné zastavéném tizemi Lochkova a Radotina

VVVVV

N

tunelu Lochkov na stavbé silni¢niho okruhu kolem Prahy (SOKP 514)
byly vyuZity dosavadni zkuSenosti zadavatele a projektanta s pripravou
a provadénim nékolika délni¢nich tunelt v CR (Valik, Panenskd,
Libouchec) a zdroven zkuSenosti konzultanta s pfipravou a provadénim
tuneld v ruznych evropskych i mimoevropskych zemich. Snaha
o zohlednéni konkrétnich podminek projektu, drovné oboru
a respektovani predpisovych podkladd zdvaznych pro zaddni stavby
a jeji realizaci vedly mj. k vypracovéni zaddvaci dokumentace vcetné
zvlaStnich technickych a kvalitativnich podminek (ZTKP), které zjed-
nodusily a zprehlednily zadénf a realizaci stavby.
Investorem/zadavatelem projektu je RSD CR, zdvod Praha, zhoto-
vitelem prazkumné $toly Metrostav a. s., zhotovitelem tunelt v rdmci
Sdruzeni 514 firma Hochtief a. s., projektantem dokumentace pro sta-
vebni povoleni a zaddni stavby DSP a DZS Metroprojekt Praha a. s.,
technickym poradcem investora pro tunelové ¢dsti stavby firma D2
Consult Prague s. r. 0., kterd také provadéla supervizi razby pruzkum-
né Stoly. Geotechnicky monitoring (GTM) béhem realizace (véetné
Stoly) provadi sdruzeni firem SG-Geotechnika a. s./SUDOP Praha a. s.

PRIPRAVA TUNELOVYCH OBJEKTU STAVBY SOKP 514,
REALIZACE PRUZKUMNE STOLY

Dokumentace pro dzemni rozhodnuti (DUR) byla vypracovavana
v letech 1998-1999 a schviélena v roce 2004. Béhem jejiho zpracova-
véni a projedndvani se vyskytly navrhy tprav vyskového a smérového
vedeni trasy tunelu (zkrdceni trasy, prodlouZeni a sniZeni nivelety
tuneltt). Po vypracovéni srovnévaci studie EIA bylo zachovéno pavod-
ni feSeni. Tunely v DUR jsou navrZeny jako dvé tunelové trouby kon-
venéné razené pomoci NRTM, dvoupruhova — klesajici a tifpruhova —
stoupajici o délce raZenych tseki cca 1260 m.

Jiz v dobé zpracovavéni DUR se uvazovalo o razbé pruzkumné $toly
v celé délce kaloty tifpruhového tunelu, kterd byla ndsledné realizova-
na v roce 2004. Hlavni duvody pro provedeni Stoly byly nésledujici:

e prohloubeni znalosti o vlastnostech horninového masivu,

e zlepSeni podminek budouci razby,

o fixovdni trasy,

e predstihové vybudovani nékterych &ésti zarizeni staveniSté, pri-

stupové trasy, sité, pozemky.

INTRODUCTION

Examples from countries with developed tunnelling industries show that
there are many conditions which must be met to be able to successfully and
effectively implement tunnelling projects. Some of the conditions are affec-
ted by natural factors (e.g. geology, hydrology, terrain morphology) and other
by artificial/human factors (built-up areas, exploitation of the landscape,
regulations, capacity and competence of involved subjects, societal influen-
ces, project organisation and control, traditions etc.). While the natural fac-
tors are essentially invariable on the scale of the duration of the planning and
subsequent construction period, the artificial factors continuously vary. The
optimum solution of the planning and subsequent construction of a particular
project must be based on an effort to take into consideration specific conditi-
ons of the project and allow for the possible development.

The construction of tunnels in the partly built-up areas of Lochkov and
Radotin is accompanied, apart from engineering problems, even with pro-
blems associated with the impacts of the construction on the surroundings
and the population living within the reach of those impacts. During prepara-
tion of the Lochkov tunnels in Prague (construction lot SOKP 514), the expe-
rience which had been gained by the client and designer in the planning and
construction of several motorway tunnels in the Czech Republic (the Valik,
Panenskd and Libouchec tunnels) and, at the same time, the experience lear-
ned by the engineering consultant in the planning and construction of tunne-
Is in Europe and worldwide was used. The effort to allow for the conditions
of the particular project, considering the practices of the tunnelling industry
and applicable regulations resulted in the development of the ZTKP (basic
technical specifications) and tender documents, which made the tender pro-
cess and consequent construction simpler and more transparent.

The owner/client is the Prague office of the Directorate of Roads and
Motorways of the Czech Republic; the contractor for the gallery is Metrostav
a.s.; the contractor for the tunnels is Hochtief a.s. as a part of the group of
companies Sdruzeni 514; the designer for the DSP (final design) and the DZS
(tender conditions) is Metroprojekt Praha a.s.; the engineering consultant to
the client for tunnels is D2 Consult Prague s.r.o., which, in addition, provided
the supervision over the excavation of the exploration gallery; geotechnical
monitoring (GTM) during the excavation (including the gallery excavation)
is carried out by a group of companies consisting of SG Geotechnika and
SUDOP Praha a.s.

THE PLANNING OF THE TUNNEL STRUCTURES FORMING THE
CONSTRUCTION LOT SOKP 514; EXECUTION OF THE EXPLORATI-
ON GALLERY

The DUR (design documentation for issuance of zoning and planning
decision) was carried out in 1998 — 1999 and it was finally approved in 2004.
Proposals for changes in the vertical and horizontal alignment of the tunnels
(reduction in the route length, extension of tunnel length and modification of
the alignment) were submitted during the work on the design documentation.
Although, when the EIA had been finished, the original design remained
unchanged. According to the DUR, the tunnels are designed as two tunnel
tubes to be driven using the traditional NATM (about 1260m long mined sec-
tions); double-lane configuration was designed for the descending tube and

three-lane for the ascending tube.
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Obr. 1 Geotechnické vyhodnoceni razby pruzkumné Stoly (Mgr. J. Zmitko, D2 Consult, 2005)
Fig. 1 Geotechnical assessment of the excavation of the exploratory gallery (Mgr. J.Zmitko, D2 Consult, 2005)

Predstihové provadéni pruzkumnych Stol ma také své nevyhody, pre-
devsim zvyseni celkovych investi¢nich nakladu, piipadné i prodlouzen{
doby vystavby. Na konkrétnim piipadu projektu tunelt Lochkov, podle
naseho nédzoru, pfevézily vyhody pfijatého postupu. Kromé jiz zminé-
nych davodu pfinesla razba pruzkumné $toly dal§i vyznamné vyhody:

o zkusSenost zadavatele s problémy spojenymi s razbou (menstho

rozsahu, ale ve stejné lokalité),

o upresnéni o¢ekdvanych vliva razby plnych profilt tunelt na okoli,

e vybudovéni systému sledovani vliva stavby na obyvatele

a zdstavbu, styk s obyvateli, informacni toky, feSenf sporu,

e predstihové provedeni nékterych kompenzaci a ndhradnich opat-

feni (vodovod).

Kromé predem ocekdvanych vlivi (poklesy, vibrace od trhacich
praci, doprava) se projevil vyznamné vliv drénovdni masivu razbou
Stoly v rozsahu vyrazné prevysujicim predpoklady. Jako dusledek sni-
Zeni hladiny podzemni vody (HPV) bylo zaji§téno provizorni zdsobo-
vani vodou nékolika trvale obydlenych objektu, které uzivaly vodu ze
studni, a ddle bylo vybudovano stdlé zdsobovani vodou oblasti, kterd
byla postiZena poklesem HPV pod droven dna studni. Tim byl vyfeSen
dusledek trvalého ovlivnéni HPV v oblasti jesté pred zahdjenim raZzeb
plnych profild. Dalsi vyznamnéjsi pokles se neofekdval a ani béhem
zatim provedenych razeb (stav 4/2008) nenastal.

The excavation of an exploration gallery throughout the length of
the top heading of the future three-lane tunnel was under considerati-
on as early as during the work on the DUR. The gallery was driven in
2004. The main reasons for the execution of the exploration gallery
were as follows:

e to increase knowledge of rock mass properties

e to improve conditions for the future excavation

e to fix the alignment

e to build some parts of the site facility, access roads, utilities and

areas in advance

There are even disadvantages associated with the execution of
exploration galleries in advance of the tunnel excavation, e.g. the inc-
rease in the total investment cost or, possibly, extension of the con-
struction time. Regarding the particular case of the Lochkov tunnel,
in our opinion, the advantages of the adopted procedure prevailed.
Apart from the above-mentioned reasons, the excavation of the explo-
ration gallery yielded other significant benefits:

e client’s experience of the problems associated with the excavation

(smaller in terms of the extent, but performed in the same location)

e adjustment of the knowledge of the expected impact of the full-

face tunnel excavation impact on the surroundings
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ZADAVACI DOKUMENTACE TUNELOVYCH STAVEB (DZS)

Pozadavky

Zadévaci dokumentace méla ve vztahu k provddéni razeb splnit
nésledujici, pfedem definované poZzadavky:

e zohlednit zkuSenosti z razby Stoly,

e vytvorit podminky pro vyuZiti flexibility NRTM,

o zjednodusit a zprehlednit polozky vykazu vymér,

jasné a srozumitelné definovat podminky provadéni raZeb vcetné
zpusobu jejich hodnocenf, ocenovani a dhrady.

Casovy prekryv zpracovdvani DZS a provadéni prizkumné Stoly
v roce 2004 neumoznil Gplné zapracovani vyhodnoceni razby Stoly do
DZS. To bylo provedeno az po dokonceni razby Stoly zpracovatelem
GTM a zdroven technickou supervizi razby Stoly (obr. 1). Tato vyhod-
noceni jsou k dispozici zhotoviteli tunelt. Ostatni pozadavky byly do
DZS zapracovany a spole¢né s kvalitné provadénym geomonitorignem
prispely k vétsimu vyuziti flexibility a efektivity NRTM ve srovnani
s dfive realizovanymi ddlni¢nimi tunely.

Vzhledem k dosavadni zkuSenosti s organizaci provadéni tunelo-
vych staveb v CR bylo snahou vytvofit zjednodusené, ale jednoznag-
né podminky, které ddvaji zhotoviteli pomérné velké moznosti vlastni
volby zpusobu provddéni a omezi pripadné spory pii provadéni, vyka-
zovéni/dokladovéni, ocenovéni a fakturaci.

.11".55

e development of a system covering the monitoring over the effects
of the construction on the population and buildings, public relati-
ons, information flows, settlement of disputes

e compensations and implementation of some compensatory measu-
res in advance of the tunnel excavation

Apart from the anticipated impacts (settlement, blasting induced

vibrations, traffic), the effect of the rock mass drainage due to the gal-
lery excavation proved to be significant, higher than expected. In res-
ponse, temporary water supplies were provided for several permanent-
ly occupied buildings which used water from wells and permanent
water supplies were secured for the area which was affected by the
lowering of the water table under the level of wells. Owing to these
measures, the consequence of the permanent effect on the water table
in the area was solved even before the commencement of the full-face
excavation. Other significant lowering of the water table was not
expected and it has not happened during the tunnel excavation which
has been completed till now (the state as of April 2008).

TENDER DOCUMENTS AND CONDITIONS FOR TUNNELLING
PROJECTS (DZS)

Requirements
The tender conditions regarding the tunnel excavation were to meet

the following pre-defined requirements:
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Stavba: 514_na metr - 514_Razene objekty na metr / Construction lot: 514_per metre - 514_Mined structures per metre
¢islo a nazev SO: SO 601 - RAZENY DVOUPRUHOVY TUNEL / Structure number and name: SO 601 — MINED DOUBLE-LANE TUNNEL

Por. Kod Nazev polozky / Item name

Mérna jednotka Pocet jednotek

¢. pol. polozky Measurement Number
Item. No. Item code unit of units
1 2 3 4 5
ZEMNI PRACE / EARTHWORK
1 014101 POPLATKY ZA SKLADKU / STOCKPILE CHARGES m’
2 144399 RAZENI TUNELU TT3 V HORNINE SUCHE | MOKRE UPADNE I DOVRCHNE
VC PREMISTENI RUBANINY V PODZEMI A ODVEDEN] VODY,
pomoci strelnych praci nebo jinych rozpojovacich metod m’
TUNNEL EXCAVATION THROUGH TT3 EXCAVATION SUPPORT CLASS, BOTH DRY
AND WET GROUND, DOWNHILL AND UPHILL INCL. UNDERGROUND MUCK TRANSPORTATION
AND DRAINAGE, by blasting or other disintegration techniques
3 161201  PREMISTENI RUBANINY NA POVRCHU VC PRELOZENI A ULOZEN{ m?
MUCK TRANSPORTATION ON THE SURFACE INCL. RELOADING AND DISPOSAL
4 161711 NAKLADANI RUBANINY Z TECHNOLOGICKEHO NADVYLOMU VC PREMISTENI V PODZEMI m®
LOADING OF MUCK FROM TECHNOLOGICAL OVERBREAK INCL. UNDERGROUND TRANSPORTATION
ZEMNI PRACE / EARTHWORK
ZAKLADANI / FOUNDATIONS
5 286213 KOTVY HYDR UPINANE V PODZ DL DO 3M UNOS DO 150KN KUS / PIECE
VC VRTANI V HOR SUCHE I MOKRE
ANCHORS EXPANDED BY PRESSURISED WATER, UNDERGROUND, UP TO 3M, LOADING
CAPACITY UP TO 150KN INCL. DRILLING IN BOTH DRY AND WET GROUND
6 286223 KOTVY HYDR UPINANE V PODZ DL DO 4M UNOS DO 150KN KUS / PIECE

VC VRTANI V HOR SUCHE I MOKRE”

ANCHORS EXPANDED BY PRESSURISED WATER, UNDERGROUND, UP TO 4M,
LOADING CAPACITY UP TO 150KN INCL. DRILLING IN BOTH DRY AND WET GROUND

Obr. 2 Nové definované poloZky razby a zajisteni v OTSKP
Fig. 2 Newly defined items for excavation and support in the Industrial
Classification of Engineering Structures and Works on Roads

NOVE AGREGOVANE POLOZKY VYKAZU VYMER

DZS pouzivd polozek oborového tiidniku stavebnich konstrukei
a praci (OTSKP) pro sestaveni vykazi vymér pro tunelové objekty. Tento
tiidnik umozZnuje tGpravu stdvajicich a vytvoreni novych poloZek. Protoze
neexistuje vhodny specializovany ,,tfidnik* pro tunelové stavby, byl pou-
zit OTSKP a v souladu s jeho pravidly byly vytvoreny nové polozky,
které odpovidaly potiebiam zpusobu zadani. Jednalo se predevsim
o agregaci logickych dodavek a praci do jedné polozky.

Jako priklady je moZné uvést:

RAZBA (. pol 144%99)

V soupisu praci DZS je poloZzka razby v dané technologické tiid¢ vyru-
bu (TTV) uréena bez zohlednéni sméru razby (ipadné, dovrchné), zpu-
sobu rozpojovani (trhaci prace, bagr, fréza), skutetné délky zdbéru
(v mezich TTV), bez priplatku za pritoky vody, ¢i zvodnéni masivu, bez
rozdéleni na razbu kaloty, jadra ¢i dna. Nakldddni a doprava rubaniny
v hofe jsou zahrnuty v cené razby stejné jako odvodnéni, osvétleni, vét-
rani a pod. MnoZstvi rubaniny se uvazuje z teoretického profilu zvetse-
ného radidlné o velikost tzv. technologického nadvyrubu, jednotné stano-
veného na 25 cm, neuvazuje se nakypreni.

ZAJISTENI VYRUBU

Stifkany beton (SB) (€. pol. 3629*4), je uvazovan podle tloustky, kva-
lity betonu, véetné vyztuZe svarovanou siti, v teoretickém mnoZstvi
podle TTV, bez vlivu prostredi (sucho/mokro).

Kotvy (svorniky) jsou uvazZovany podle specifikovaného typu (SN,
PG, IBO, HUS), napf. ty¢ova kotva SN (€. pol. 2866%6) je definovéana
tnosnosti a délkou a v cené 1 ks jsou obsazeny vSechny dodévky
a ¢innosti nutné k zajisténi pozadované funkce. Tj. samotnd kotva v&.
podkladni desky, matky a podlozky, ddle provedeni vrtu, osazeni
a zainjektovdni kotvy, aktivovdni a doprava. Odpadaji také mozné pii-
platky za vrtdni v mokru, primér vrtu, tfidu vrtatelnosti a dalgi.

Tento piistup byl umoznén pomérné vysokym stupném poznéni pro-
blematiky stavby a horninového prostfedi a podrobnou dokumentaci
raZeb pruzkumné Stoly v&etné provadénych zkousek. Béhem razby pra-
zkumné $toly se provadél i vyrub tzv. ,,vyhyben®, které mély tvar budou-
cf kaloty tiipruhového tunelu a bylo moZno sledovat chovani masivu pri
razbé budouciho profilu. To také umoznilo s dostatecnou jistotou urcit
geotechnické podminky budouci razby (ocekdvané chovani, deformace,
pritoky vody).

Obdobny zpusob byl rovnéZ pouzit u nékterych polozek zaddni GTM
(geotechnického monitoringu), napr. pfi méfeni deformaci primarniho
osténi v tunelu (tzv. konvergenci) se agreguji vSechny polozky do dvou
(doddvka a osazeni meti¢ského bodu a poctu méfeni). Kromé toho je ¢in-
nost odménovana pausdlné za asovou jednotku (napf. mesic) pfi defino-
vani celkového poctu méfi¢skych profild a max. poftu méfeni béhem

o to allow for the experience gained during the excavation of the gal-

lery

e to create conditions under which the flexibility of the NATM is

exploited

o to simplify and make more transparent the items of the bill of

quantities

o to define in a clear and understandable manner the conditions for

the excavation, including the method of the excavation assessment,
costing and payment

The overlap between the development of the DZS and the excavati-
on of the exploration gallery in 2004 did not allow the designer to com-
pletely incorporate the assessment of the gallery excavation into the
DZS. It was incorporated subsequently, when the excavation of the gal-
lery had been completed, by the provider of the GTM services and, at
the same time, through the engineering supervision over the excavation
of the gallery (see Fig. 1). These assessments are available to the tun-
nelling contractor. The other requirements were incorporated into the
DZS and, together with the high-quality geomonitoring, contributed to
the more extensive use of the flexibility and effectiveness of the
NATM, compared to the previously built motorway tunnels.

Because of the practice in the organisation of tunnel construction
works in the Czech Republic which has been used so far, the objective
of the efforts was to develop simplified, but unambiguous conditions,
which would give the contractor relatively great opportunity to choose
by itself the work procedures and could diminish potential disputes
regarding the execution, recording/documenting, pricing and invoicing
of the work.

OTSKP (INDUSTRIAL CLASSIFICATION OF ENGINEERING
STRUCTURES AND WORKS) ITEMS

The DZS uses OTSKP items for the creation of bills of quantities for
tunnel structures. The classification system makes the modification of
the existing items and creation of new items possible. Because no sui-
table specialised classification items exist for tunnel structures, the
OTSKP items were used and new items, which satisfied the needs of
tendering for tunnelling, were created, in compliance with the
OTSKP creation rules. The main issue was the aggregation of logical
supplies and works into one item.

As an example, we can present:

EXCAVATION (item number 144*99)

The item for the excavation through a particular excavation support
class (ESC), contained in the bill of quantities which is part of the DZS,
is determined without respect to the direction of excavation (downhill or
uphill), the ground disintegration method (drill and blast, excavator or
roadheader), actual excavation advance length (within the limits deter-
mined by the ESC), without extra charges for water seepage or wetness
of the rock mass, without the division into the top heading, bench or
invert excavation. The loading and transport of muck underground, as
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celého provadéni GTM. Pii spravné aplikaci je vysledkem flexibilngjsi well as drainage, lighting, ventilation etc. are included in the cost of
a efektivnéjsi provadéni GTM. excavation. The quantity of muck is derived from the theoretical exca-

vated cross section, which is increased in the radial direction to reach the
ZTKP kapitola 24 (zvl4$tni technické kvalitativni podminky so-called “payline” (a unified margin of 25cm); the bulking is not taken

into consideration.

EXCAVATION SUPPORT

SC (shotcrete) (item number 3629%4) is determined according to the
thickness, concrete quality/grade (including steel mesh), in the theore-
tical quantity according to support class, without the influence of the
environment (dry/wet).

Anchors (rock bolts) are determined according to the type prescribed
by the specification (SN, PG, IBO, SWELLEX).

e.g. rod-type SN-anchor (item number 2866*6) is defined by the
capacity and length; the price of one piece comprises all supplies and
works necessary for proper functioning of the anchor, i.e. the anchor
itself, face plate, nut and washer, the drilling, insertion and grouting of
the anchor, activation and transport. Extra charges for drilling in wet
conditions, borehole diameter, drillability class and others are excluded.

This approach was made possible owing to the relatively high degree

staveb pozemnich komunikaci

ZTKP-K24 doplnuji TKP staveb pozemnich komunikaci kapitolu
24-Tunely a Oborovy tfidnik stavebnich konstrukci a praci staveb
pozemnich komunikaci. Spole¢né s TKP urcuji technické pozadavky na
zplisob provadéni jednotlivych praci. Casteéné odpovidaji v zahrani&i
pouzivanym ,specifikacim = Specifications“, & ,,smérnicim =
Richtlinie.

ZTKP vychdzely z potreb efektivntho provadéni razeb observaéni
metodou (NRTM) v soucasnych podminkéch projektu raZenych tunelu
SOKP 514 a zohlednily principy pouZité projektantem, napf. na stavbeé
prazského metra, a zahrani¢ni zkuSenosti.

Pro tcely ocenéni a dhrady (a predchézejici nabidky) byly vytvoreny
agregované polozky praci za razeni 1 m tunelu v jednotlivych technolo-
gickych tiiddch. Tato agregovand polozka se skladd z jednotlivych oce-
nénych poloZek razby a navrzenych prostiedka zajisténi. ProtoZe v kazdé

TTV je délka zdbéru v danych mezich od—do (napt. TT5 0.8 do 1.2 m), of knowledge about the prol?lems of the c0n§truction and rock environ-
a proto i skutené mnoZstvi prac a prostiedki zajisténi vyrubu na b&Zny ment, arid thanks to t}ie detziiled documentatign of the excavation of the
metr je rizné, byla stanovena hodnota +20 % nabidkové ceny. Skupinové exploration gallery, including the tests which were conducted. The
(agregovand) cena za 1 m razby tunelu bude upravovana podle skute¢né excavation of the exploration gallery comprised, in addition, the exca-
provedenych praci, aZ pokud prekro&i cena skute¢né pouZitych prostred- vation of the so-called “passing bays”. The shape of the passing bays
kil zajisténi vyrubu £20 %. Zajisténim vyrubu se rozumi SB se siti, pri- was identical with the shape of the top heading of the future three-lane
hradové oblouky, radidlni kotvy a jehly. Timto opatienim se vyrazné tunnel, therefore it was possible to monitor the behaviour of the rock
zjednodusi ocenovani a thrady praci a zdroven se prispéje k vetsf prak- mass during the excavation of the future tunnel profile. This method
tické vyuzitelnosti flexibility NRTM a efektivité provadéni. allowed the designer to determine the parameters of the conditions for
Pro tihradu nakladi na nezavinény/technologicky nadvyrub, jeho odté- the future excavation (the anticipated behaviour, deformations, water
7eni a zaplnéni SB je urcen prostor o velikosti 25 cm radidlné nad teore- ingress) with a sufficient degree of certainty.
tickym vyrubem. V t€chto 25 cm jsou zahrnuty i radidlni deformace do A similar approach was applied to some items of the tender conditi-
vyrubu (tzv. konvergence), které byly v DZS stanoveny na max. 5 cm. ons for the geotechnical monitoring (GTM); for example, at the mea-
Odvoz rubaniny a zaplnéni tohoto prostoru SB jsou hrazeny pausélné surement of deformations of the primary lining in the tunnel (the so-cal-
a kompenzujf zhotovitele za vykony, které musi v ur¢itém rozsahu pro- led convergences), all items are aggregated into two items (the supply
vést z technologickych divodu vzdy. Prostor mezi 25 cm a 50 cm radidl- and installation of a measuring point and the number of measurements).
né nad teoretickym vyrubem (tj. odvoz rubaniny a zaplnéni SB) nenf hra- In addition, this activity is paid for at a fixed price for a time unit (e.g.
zen nikdy. Nezavinény, geologicky podminény nadvyrub je hrazen az za a month), where the number of measurement stations and maximum
hranici 50 ¢m od teoretického lice vyrubu, pokud je vetsf nez 1 m? number of measurements during the whole GTM contract is defined.
v kazdém jednotlivém pripadé. The proper application of this system results in more flexible and effec-
Prakticky zpusob aplikace popsanych principu zadén{ je ndsledujict: tive execution of the GTM.

o zadavatel/zdstupci zadavatele urCuji kritéria bezpecnosti provadént,
tj. na zdkladé vyhodnoceni GTM a razeb ur¢i max. doporucenou

délku zdbéru a vyrubu, pripadné dalsf opatiens (jehly, kotvy, elbo. | Ch@Pter 24 of Special Specifications for Road Structures

vy klin, zdstiik, nebo pripustné meze min./max.), Chapter 24 of the Special Specifications for Road Structures suppie—
e zhotovitel ma volnost v uréeni zplisobu provadéni, ktery ovliviiuje ments the Specifications for Road Structures and the Industrial
efektivitu/ndkladovost provadéni, tj. zptisob rozpojovéni, piesnost Classification of Engineering Structures and Works on Roads, Chapter
geometrie vyrubu (nadvySeni profilu), délka zdbéru v dangch 24 - "i"umiels. Together with the Qeneral SPGC.lfIC.at.lOIlS, the Special
mezich, dprava prvkii zajisténi stability vyrubu, Specifications define technical requirements for individual work proce-
o zadavatel/zdstupci zadavatele neméii skute¢ny tvar kazdého zdbéru dures for specific project. They partially correspond to foreign
a neuhrazuji zhotoviteli skute¢né objemy (zpusobené napi. nesetr- Specifications or “Richtlinie” (guideline).
nym rozpojovanim nebo délkou zabéru), sleduji pouze, zda nedoslo The Special Specifications were based on the needs for effective
k prekro¢eni smluvn{ hranice. excavation using an observational method (the NATM) in the current
Prakticky efekt popsanych principli zaddni je nasledujici: conditions of the project of mined tunnels in construction lot 514 and
Tento zpusob zaddni motivuje zhotovitele k optimalizaci provddéni incorporated the principles which had been applied by the designer, for
razeb. Zhotovitel je motivovan zaddavacimi podminkami k citlivému roz- example, to the Prague metro construction and experience of internati-
pojovani, které omezuje poruseni horninového masivu v okoli vyrubu onal projects.
LEGENDA: LEGEND:
1 — teoreticky vyrub 1 - theoretical excavation
2 — prakticky (skutecny) vyrub 2 — practical (actual) excavation
3 — hranice technologického nadvyrubu 3 — payline (specified)
e = (stanovend) 4 — the line beyond which the volume of
- 4 — hranice, od které se urcuje objem unavoidable/geological overbreak may
nezavinéného/geologického nadvy- be compensated for)
rubu (stanovend) A — area of the paid for technological
A - plocha pausdlné hrazeného techno- overbreak (construction tolerance
4 C] A logického nadvyrubu (stavebni tole- + deformation)
: o= [ | B rance + deformace) B — area of unpaid for overbreak
’ — B — plocha nehrazeného nadvyrubu C — area of unavoidable/geological
______ 4 r |l c C — plocha nezavinénéhol/geologického overbreak — the volume paid for when
nadvyrubu—objem hrazeny po potvr- approved by client’s representative
zeni zdstupcem zadavatele

Obr. 3 Technologicky nadvyrub, hrazeny a nehrazeny, geologicky nadvyrub hrazeny
Fig. 3 Unavoidable/technological overbreak - paid for and unpaid for; geological overbreak — paid for
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Obr. 4 Zavislost ndakladi na délce zdbéru a geotechnickych podminkdch
Fig. 4 Dependence of costs (expenditures) on the excavation round length
and geotechnical conditions

a k provadéni presného tvaru vyrubu (nékdy i na dkor délky zdbéru &i
rychlosti postupu). Zhotovitel si v mezich danych TTV muZe optimali-
zovat razbu (napr. zkrétit zaber, zpfesnit vyrub a zmensit spotiebu SB)
podle svych potieb a moZnosti, nebot’ dhrada je pausalni.

ZKUSENOSTI Z PROVADENI TUNELU LOCHKOV

Razba tunelu Lochkov byla zahdjena 4. 12. 2006 ve dvoupruhovém,
1270 m dlouhém tunelu tpadni razbou z lochkovského portalu. Prordzka
kaloty do radotinského portélu se ocekdvala do konce dubna 2008. Razba
tifpruhového, 1300 m dlouhého, tunelu byla zahdjena 14. 2. 2007 a razba
kaloty byla ukonc¢ena prordzkou na radotinském portile 7. 12. 2007.

Nové zavedeny model zaddvacich podminek prispél k pomérné hlad-
kému a rychlému prubéhu razeb, motivoval zhotovitele k opatrnému pro-
védéni raZeb a omezil nutnost nékterych kontrolnich ¢innosti zadavatele
(napf. 3D scanovéni vyrubu vyraZenych zdbéru). Organizace kontroly
a fizen{ stavby zadavatelem jsou provddény prostiednictvim GTM, tech-
nického dozoru stavby (TDS) a technické pomoci pro razby (TP).
Rozhodovdni o upresiiovani provadéni razeb bylo provadéno kolektivné
za pritomnosti vySe uvedenych zdstupcu zadavatele a zhotovitele, ktefi
potvrzovali formuldr daltho postupu. Vzhledem k faktu, Ze vétsina sub-
jekta (na strané zadavatele) se Gcastnila razby prazkumné Stoly a méla
tedy nadstandardni mistni geotechnické znalosti a vybudované vzdjemné
vztahy, probihal cely rozhodovaci proces velmi kompetentné a vécné.
Pomér predpoklddaného (DZS) a skuteného rozloZeni technologickych
tfid vyrubu po razbé kaloty je na obr. 5.
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Obr. 5 Predpoklddané a skuteéné rozloZeni technologickych trid v tripruho-
vém tunelu

Fig. 5 Anticipated and actually encountered proportions of excavation
support classes in the three-lane tunnel
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Aggregate work items for the excavation of 1m of the tunnel for indi-
vidual excavation support classes were created for the purpose of pri-
cing and payment (and for the purposes of the bidding, which had pre-
ceded). An aggregate item comprises prices of individual excavation
operations and support measures required by the specification. Because
the excavation advance length, specified for each particular excavation
class, varies within specified limits (e.g. 0.8 — 1.2m for class 5), which
means that the actual quantity of work and means of excavation support
per linear meter vary, the value was determined with a +20% margin.
The aggregate price per Im of the tunnel excavation will be adjusted
only when the cost of the actually used means of excavation support
differs by more than +20%. The excavation support is understood to
consist of shotcrete, mesh, lattice girders, radial anchors and dowels.
The above measure will significantly simplify the process of pricing of
and payment for works and, at the same time, will contribute to higher
degree of utility of the flexibility of the NATM and effectiveness of the
works execution.

The costs incurred due to unavoidable/technological overbreaks,
removal of muck and backfilling of the voids with shotcrete are com-
pensated within the 25cm margin between the theoretical excavation
line and the “payline”. Radial deformations to the excavated space
(convergences), for which the DZS specified a maximum value of Scm,
are also allowed for in this margin. The removal of muck and filling of
the overbreak with shotcrete is paid for by a lump sum, which com-
pensates for contractor’s work which has to be always carried out to
a certain extent, for technological reasons. The removal of muck from
the annulus between the payline (25cm margin) and a line defining
a 50cm margin, and filling of the overbreak with shotcrete are never
paid for. An unavoidable, geologically conditioned overbreak is com-
pensated for in the extent which exceeds the 50cm margin line only if
it is larger than 1m?3 in each individual case.

The practical procedure for the application of the above-mentioned
principles is as follows:

The client/client’s representatives specify safety criteria for the ope-
rations, i.e. they specify the maximum recommended length of the
round and excavation advance length, possibly even other measures
(spiling, anchors, a support core, face shotcrete sealing or maxi-
mum/minimum permitted limits);

o the contractor is free to determine the work procedure items which
affect the efficiency/costs of the work, i.e. the method of ground
disintegration, precision of the excavation geometry (overcutting),
the excavation advance length (within the given limits), modifica-
tion of the support;

e the client/client’s representatives do not measure the real shape
after each excavation advance and do not pay the contractor for
actual volumes (deviating due to inconsiderate disintegration of
the ground or the length of the excavation advance)

The above-mentioned principles have the following practical effect:

This system of tender conditions motivates the contractor to optimi-
se the excavation operations. The contractor is motivated through the
tender conditions to careful disintegration/excavation, which reduces
the disturbance to the rock mass in the surroundings of the excavation,
and to keeping precisely the design contour of the excavation (someti-
mes even at the expense of the excavation advance length or the advan-
ce rate). The contractor is allowed to optimise the excavation processes
(e.g. to reduce the excavation advance length, increase precision of the
excavated profile and to reduce the consumption of shotcrete), within
the limits given by the respective excavation support class, as it needs
and is able; the payment is in the form of a lump sum.

EXPERIENCE GAINED DURING THE LOCHKOV TUNNEL
EXCAVATION

The excavation of the Lochkov tunnel commenced on 4.12.2006,
starting at the Radotin portal of the 1270m long, double-lane tunnel
tube, on a down gradient; the top heading breakthrough is expected by
the end of April 2008. The excavation of the 1300m long, three-lane
tunnel tube started on 14.2.2007 and the top heading broke through the
Radotin portal on 7.12.2007.

The newly introduced model of tender conditions contributed to
the relatively smooth and quick progress of the excavation, motivated
the contractor to carry out the excavation carefully and diminished the
necessity for some of the client’s inspection activities (the scanning of
completed excavation after each advance).
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Obr. 6 Vliv uzavieni spodni klenby na deformace; typicky prubéh deformaci
v oblasti zhorSenych geotechnickych vlastnosti masivu

Fig. 6 The effect of the closing of the profile by an invert on deformations;
a typical deformation curve in an area of worsened geotechnical properties of
the rock mass

Pruzkumni §tola v tfipruhovém tunelu (se stropni &ésti ponechdva-
nou jako podélny nosnik nad stfedem kaloty a s délenou &elbou kalo-
ty) prispela ke stabilit¢ vyrubu predev§im v mistné zastiZzenych zhor-
Senych geotechnickych podminkdch. Z hlediska provozniho umoznila
efektivni vétrani a vytvorila nezvykle dobré pracovni prostiedi na
Celbé. Svym drendznim d¢inkem omezila vliv vody na stabilitu vyru-
bu na minimum a oba tunely jsou po razbach v podstaté suché,
s lokdlnimi prisaky.

V prubéhu piipravy a realizace razeb do§lo k nékolika tpravam
azméndam vzhledem k DZS a zaddvacim podminkdm. Tyto zmény nepre-
kro€ily standardni tpravy razby provadéné NRTM. Byla zavedena
TTV35c (zajisténi spodni klenbou v kaloté) a pouZita u lochkovského por-
tdlu v obou troubédch v délce nékolika desitek metrt, ddle v délce cca
15 m ped vyhybnou &. 1 prizkumné Stoly (kde byly pri razbé Stoly zasti-
Zeny zhorSené podminky razby a velké progresivni deformace). Uzavreni
profilu spodni klenbou bylo déle provedeno v 25 m dseku dvoupruhové-
ho tunelu v oblasti potencidlné ovliviujici seddni na povrchu v oblasti
zastavby. S vyjimkou dvou poruchovych zén neprekrocily deformace
osténi 5 cm, tj. hodnotu predpoklddanou v DZS. V téchto z6énéch byla
potvrzena duleZitost uzavirdni profilu spodni klenbou pro omezen{ defor-
maci a stabilizaci masivu.

Dulezitym aspektem raZeb byla omezeni pii razbach pod zastavbou,
kterd byla v prub&hu stavby upravovédna i nad rdmec predpoklddanych
opatieni. Negativni vliv stavby na zdstavbu a obyvatele byl maximdlné
omezen diky intenzivni spoluprdci zadavatele a zhotovitele, a prubéZnd
velmi podrobnd informovanost vefejnosti v ovlivnéné oblasti prispéla
k prijatelnosti stavby pro vétSinu obyvatel. Pripadné ndroky majitelt
nemovitosti v ovlivnéné oblasti budou feSeny po dokonceni tunelt. Jiz
dnes je ale mozné konstatovat, Ze vlivem razeb nedoslo k Zadnym static-
ky a funkéné relevantnim poskozenim.

ZAVER

Novy model zaddvacich podminek pro vystavbu tuneld Lochkov na
stavbé SOKP 514 se pri vlastnim provddéni osveédcil. Predstihové prove-
deni pruzkumné Stoly umoZnilo pomérné presné stanovit o¢ekdvané pod-
minky razeb a zapracovat je do zaddvaci dokumentace tak, aby se zjed-
nodusilo provddéni v&. fizeni, kontroly a thrad provedenych praci.
PrestoZe kazdy tunelovy projekt predstavuje specificky problém, ke kte-
rému je zapotiebi pfistupovat individudlné, nékteré principy pouZité pri
zaddni a realizaci tunelu Lochkov je moZné pouZit i na vétsiné budoucich
tunelovych projekti v CR.

ING. MARTIN SRB, srb@d2-consult.cz, D2 CONSULT PRAGUE s. r. o.
Recenzoval: Ing. Libor Marik
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The organisation of the client’s inspection and control is through the
GTM, the Supervising Engineer and the Technical assistance for excava-
tion. Decisions on the adjustment of the excavation procedures were
made collectively, in the presence of the above-mentioned representati-
ves of the client and contractor, who signed a form for the further proce-
dure. Considering the fact that the majority of subjects (on the client’s
side) had participated in the excavation of the exploration gallery and
had, therefore, not only above-standard knowledge about the local geo-
technical conditions but also well developed mutual relationships, the
entire decision-making process was very competent, pragmatic and smo-
oth. The proportion of the anticipated (in the DZS) and actually encoun-
tered excavation support classes in the top heading is shown in Fig. 5.

The exploratory gallery along the three-lane tunnel (with its roof left
in the crown unbroken to act as a longitudinal beam over the centre of
the top heading and with the top heading face divided into sequences)
contributed to the stability of the excavation, above all in the locations
where locally worsened geotechnical conditions were encountered.
From the operational point of view, the gallery made effective ventila-
tion possible and created an unusually good working environment at the
face. Owing to its drainage effect, the influence of water on the exca-
vation stability was reduced to a minimum and both tunnel tubes are
now, when the excavation is finished, essentially dry, only with local
seepages.

Several modifications and changes with respect to the DZS and ten-
der conditions were carried out during the planning stage and the con-
struction. The changes did not exceed the standard scope of deviations
occurring in the process of the NATM excavation. The excavation sup-
port class S¢ which was added (the support by means of an invert in the
top heading) was applied to several tens of meters of the excavation at
the Lochkov portals of both tunnel tubes, and to about 15m of the exca-
vation before the passing bay No. 1 in the exploration gallery (worse-
ned excavation conditions and large deformations during the excavati-
on of the gallery). The closure of the profile by an invert was further
performed along a 25m long section of the double-lane tunnel, in an
area where surface buildings were potentially threatened by surface
settlement. Excepting two weakness zones, deformations of the lining
did not exceed Scm, which is the value which had been anticipated by
the DZS. The importance of the closing of the profile by an invert for
the reduction of deformations and stabilisation of the rock mass was
confirmed in those zones.

An important aspect of the excavation was the array of restrictions
applied to the excavation under existing buildings, which were adjusted
even beyond the scope of the anticipated measures. The negative impact
of the construction on the buildings and residents was maximally redu-
ced owing to the intense collaboration between the client and contractor;
the fact that the residents of the area affected by the excavation were
continually kept well informed contributed to the acceptability of the
construction for the majority of the population. Contingent claims laid
by landowners in the affected area will be settled after the completion of
the tunnels; nevertheless, we can already today state that neither struc-
turally nor functionally relevant damage was caused by the excavation.

CONCLUSION

The new model of tender conditions for the construction of the
Lochkov tunnels in construction lot 514 proved during the construction
phase well. Owing to the exploratory gallery, which was driven in
advance, the anticipated excavation conditions could be determined
relatively exactly and could be introduced into the tender documents;
thus the execution of the works, including the control, checking and
payments for the completed works were simplified. Even though every
tunnelling project represents a specific problem which must be approa-
ched individually, some of the principles which were applied to the pre-
paration of tender conditions and the construction of the Lochkov tun-
nel are applicable even to most of the future tunnelling projects in the
Czech Republic.

ING. MARTIN SRB, srb@d2-consult.cz, D2 CONSULT PRAGUE s.r. o.
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