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TUNEL PATNITOP - NEJDELSI SILNICNI TUNEL V INDII
PATNITOP TUNNEL - THE LONGEST ROAD TUNNEL IN INDIA

PETR SVOBODA, MARTIN SRB

uvoD

Tunel Patnitop je stejné jako sedm kratSich tuneld, popsanych v ¢ldn-
ku uverejnéném v Casopise Tunel ¢. 1/2007, soudésti projektu zkapacit-
nénf stitni silnice NH-1A, tzv. ,,severojizniho koridoru® probihajiciho
Indii od jihu na sever a spojujictho mésta Srinagar (stit Jammu
a Kashmir v Himadlaji) a Kanyakumari (stdt Tamilnadu na jihu Indie).

V podhuii Himdlaje prochézi tato puvodné stard obchodni cesta
velmi sloZitym terénem. Smérové vedeni komunikace zastdva praktic-
ky beze zmény od roku 1914, kdy byla upravena na jednopruhovou sil-
nici. V roce 1954 byla deklarovéna jako sttni silnice NH-1A (National
Higway — 1A). Do provozu byl v tomtéZ roce uveden Jawaharlal
Nehru tunel prochdzejici pod hrebenem Pir Panjal ve vysce cca
2500 m n. m. Silnice byla postupné vylepSovéna, a v roce 1968 se pri-
stoupilo k rozifeni na komunikaci dvoupruhovou, stdle s puvodnim
smérovym a vySkovym vedenim (obr. 1).

Obr. 1 Silnice NH-1A mezi Udhampurem a Srinagarem
Fig. 1 The NH-1A highway between Udhampur and Srinagar

Soucasny velky hospodaisky rust Indie pfind§i i zvySené ndroky na
dopravu a dopravni infrastrukturu. Proto bylo rozhodnuto o zkapacitnéni
komunikace NH-1A. Do budoucna by silnice méla mit dva dvoupruhové,
smerove oddélené jizdni pésy.

Firma D2 Consult Prague se podilela na projektu jako tunelovy konzul-
tant americké firmy Louis Berger Inc. Cinnost zahrnovala variantni navrhy
moznych tuneli pod masivem Patnitop, jejich srovndni multikriteridln{
analyzou a doporuceni nejvhodnéjsiho feSeni. Nésledné byla vypracovdna
zaddvaci dokumentace vybrané varianty 9 km dlouhého, dvoupruhového
tunelu s protismérnym provozem a paralelni tinikovou $tolou.

PROJEKT

Projekt zvySeni kapacity silnice z Udhampuru do Bahnihalu je pouze
jednim z mnoha, které jsou v soucasnosti v Indii realizovany. Z pohledu
mnoZzstvi rekonstruovanych nebo nové budovanych inZenyrskych objektt
se vSak jednd o jeden z nejnaro¢néjsich. Mistni podminky v podhuif
Himalaje jsou velmi sloZité. Silnice vede po iboci strmych svahu, oblast-
mi Castych sesuvl a na cesté do centrdlnfho Kagmirského tdoli prekondva

nékolik vyraznych hrebent.

INTRODUCTION

Same as the seven shorter tunnels which were described in the article pub-
lished in the issue No. 1/2007 of Tunel magazine, the Patnitop tunnel is part
of the project having the aim of increasing the capacity of the NH-1A
National Highway, the so-called “North-Southern Corridor” running across
India from the south to the north and connecting the city of Srinagar (the state
of Jammu and Kashmir) with  the city of Kanyakumari (the state of
Tamilnadu, in the south of India).

In the Himalayan foothills, this, originally ancient, trade route passes
a very difficult terrain configuration. The horizontal alignment of the way has
remained virtually unchanged since 1914, when it was converted to a single-
lane road. In 1954 it was declared to be the NH-1A National Highway. It was
the year when the Jawaharlar Nehru Tunnel, passing under the Pir Parlar
mountain ridge at an altitude of about 2500m a.s.l., was inaugurated. The
road was step-by-step improved and, in 1968, the work on widening the road
and changing it to a double-lane configuration commenced. The original
horizontal and vertical alignment was not changed then (see Fig. 1).

The current great economic growth of India brings increased demands on
transportation and traffic infrastructure. This is why the decision to boost the
capacity of the NH-1A highway was made. I the future, the highway should
become a two-lane dual carriageway.

D2 Consult Prague company participated in the design work, being
a tunnelling consultant for Louis Berger Inc., a USA-based company. Its
activities consisted of carrying out variant designs for possible tunnels under
the massif of Patnitop, comparisons of the variants using the Multiple-
Criterion Analysis and recommendations for the most suitable solution. The
tender documents, which were based on the variant consisting of a 9km long,
double-lane bi-directional tunnel and a parallel escape gallery, were prepared
subsequently.

PROJECT

The project for the increasing of the Udhampur — Bahnihal highway is
only one of the many projects which are currently being implemented in
India. It is, however, one of the most demanding projects in terms of the num-
ber of new civil engineering structures to be reconstructed or newly built.
Local conditions in the Himalayan foothills are very difficult. The highway
leads on hillsides, through frequent landslide areas and passes several mar-
ked mountain ridges on the route to the valley of Kashmir.

The whole project is divided into three partial sections. No tunnel is desig-
ned for the first section (Jammu — Udhampur). The design for the second sec-
tion (Udhampur — Banihal) contains 8 tunnels (the Patnitop tunnel is found
in this section). Two tunnels are designed for the third section (Banihal —
Srinagar).

The second section is further divided into five parts. No tunnel is designed
for the first part. The second part contains only the 9km long Patnitop tunnel,
which is currently the longest road tunnel under preparation in southeastern
Asia. The third part and fifth part contain each one tunnel, whilst five tunne-
Is are designed for the fourth part. This gives a total of seven shorter tunnels
with the lengths between 200m and 900m, and one very long tunnel.

The section in question, from Udhampur to Banihal, first rises about one
hundred metres from Udhampur, along the Tawi River valley, up to the
Patnitop mountain ridge at an altitude of about 2030m. After passing across
the mountain ridge, the road descends toward the city of Batot and further to
the Chenab River valley, then it continues on steep slopes upstream the
Bighlari River toward Banihal. It further runs across the Pin Panjal mounta-
in ridge to Srinagar. This section is 122km long (see Fig. 2).

The objective of this project is to increase the capacity and improve the
safety of the highway by increasing the number of traffic lanes and forming
a dual carriageway. The road is designed for the speed of 50km/h (according
to the requirements of Indian standards for national highways in mountainous
terrain configuration).

The development of the 9km-long tunnel under Patnitop ridge will reduce
the length of the route by 30km will allow the route to avoid the 1000m

ascending and descending of the existing road.




Obr. 2 Severni portdl tunelu
Fig. 2 Northern tunnel portal

Cely projekt je rozdélen na tri diléi dseky. V prvnim dseku (Jammu
— Udhampur) neni navrzen Zadny tunel. Ve druhém (Udhapur —
Banihal) je navrZeno celkem 8 tunelu (tunel Patnitop se nachdzi v tomto
tseku). Ve tretim tseku (Banihal — Srinagar) jsou navrZeny tunely dva.

Druhy usek je ddle podrobnéji ¢lenén na 5 ¢asti. V prvni ¢asti neni
navrZen Zadny tunel. Druhd ¢dst obsahuje pouze 9 km dlouhy tunel
Patnitop (t¢. nejdelsi pripravovany silni¢ni tunel v jihovychodni Asii).
pét. Celkem se tedy jednd o sedm kratSich tuneld raznych délek od
200 m do 900 m a jeden velmi dlouhy tunel.

Popisovany dsek z Udhampuru do Banihalu nejdfive stoupd cca 1000
vySkovych metrd z Udhampuru dbo&im feky Tawi a aZ na hieben
Patnitop ve vySce 2030 m. Po prekonéni horského hiebene klesd cesta
k méstu Batot a ddle do udoli feky Chenab a poté pokratuje po tibo&i
strmych svahu proti proudu feky Bighlari smérem na Banihal. Déle pak
pres horsky hreben Pir Panjal do Srinagaru. Délka tohoto udseku je
122 km (obr. 2).

Cilem projektu je zvysit kapacitu a bezpecnost komunikace zvySe-
nim poctu jizdnich pruhu a jejich smérovym oddélenim. Komunikace
je navrZena na navrhovou rychlosti 50 km/h (dle indickych standardu
pro stétni silnice v horském terénu).

Vybudovdni 9 km dlouhého tunelu pod hrebenem Patnitop zkrati
trasu 0 30 km a vyhne se stoupdni a klesan{ zhruba o 1000 m na stdva-
jict silnici.

POSTUP PRACI

Mezindrodné uznané dzemi statu Jammu a Kashmir patfi formdlné
Indii. Celd oblast je vSak fakticky rozdélena mezi Indii, Pakistdn
a Cinu. Indicka &4st je silné obsazend armddou a policii. Uzemf je zro-
ven Cdstedné uzavieno pro volny pohyb osob. To znamenalo ruznd
administrativni zdrZeni a komplikace béhem zpracovéani projektu
a ziskdvdan{ potfebnych dokumentt a podklada.

Dokumentace byla zpracovéana postupné ve dvou etapch. Prace byla
zahdjena na poCétku roku 2005. Nejdiive byla po studiu mapovych
podkladu a provéfeni piimo v terénu vytypovana mista moznych portd-
10 a tras tuneld. Studie obsahovala nékolik variant tunelt ruznych
délek, tvaru pficnych fezi a zhodnoceni variant umoziujici investoro-
vi (NHAI — National Highway Autority of India, obdoba RSD v CR)
zvolit optimdlni feSen{ zohlednujici také mistni faktory.

Béhem procesu vyhodnocovéni a vybéru variant byly vedeny inten-
zivni diskuse s investorem o vhodnosti jednotlivych feSeni. Soucasti
této diskuse byla i bezpecnostni problematika a kone¢ny ndvrh defini-
tivniho pri¢ného fezu tunelu (podrobnéji viz kapitola Pri¢ny fez).

V roce 2005 probihal geologicky priuzkum. V rdmci prazkumu byly
provedeny vrty v portdlovych oblastech tunelu, ale i hlub$i vrty
v mistech s vysokym nadlozim pfimo z hfebene. Tyto vrty nedosahuji
az k niveleté tunelu. Cely pruzkum byl pro potieby ndvrhu doplnén
podrobnym geologickym mapovanim a geotechnickym vyhodnocenim,
na kterém se podileli obornici z Technickd univerzita Graz.

V roce 2006 — 2007 byla zpracovana zaddvaci dokumentace pro
vybranou variantu 9 km dlouhého tunelu véetné paraleln{ dnikové $toly.
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PROGRESS OF WORKS

The internationally recognised territory of the state of Jammu and Kashmir
is formally part of India. However, the whole territory is factually divided
among India, Pakistan and China. The Indian portion is heavily occupied by
the army and police. In addition, free movement of persons in a part of the ter-
ritory is prohibited. This fact meant various administrative delays and compli-
cations during the work on the design and obtaining the documents required.

The documents were worked out in two phases, starting at the beginning
of 2005. The first step consisted of the studying of the terrain layout, verifi-
cation in situ, followed by searching for locations suitable for portals and for
the tunnel routes. The study contained several variants of tunnels with vari-
ous lengths and geometry of cross sections, as well as the assessment of the
variants, which allowed the client (NHAI — National Highway Authority of
India, which is an analogy of the Directorate of Roads and Motorways in the
Czech Republic) to chose the optimum design taking into consideration,
among others, the local factors.

Intense discussion with the client was held during the variant assessment
and selection process regarding the suitability of individual variants. The
safety problems and the final design of the definite cross section were also
discussed (for more details see the “Cross Section” chapter).

The geological survey was conducted in 2005. The survey consisted of
drilling in the tunnel portal areas and deeper drilling, directly from the top of
the ridge, where the tunnel overburden is higher. The boreholes did not reach
the tunnel bottom. The entire survey was supplemented by detailed geologi-
cal mapping and a geotechnical assessment, which was carried out with the
TU Graz experts participating.

The tender documents were developed in 2006 — 2007, for the selected
variant consisting of a 9km-long tunnel and a parallel escape gallery.

GEOLOGY AND GEOTECHNICS

The geological composition along the highway route consists of two basic
ground types. Sedimentary rock types prevail in the southern part of the
route section, the so-called Murree Formation, whilst igneous rock types and
rock types which developed through the metamorphose from igneous rock,
the so-called Panjal Formation, prevail in the central and northern part. The
Patnitop Ridge, which is to be passed under by the tunnel, is found in the
Murree Formation.

The Murree formation consists of Lower to Middle Miocene rocks, pri-
marily dark red, purple and grey sandstone, marlstone, claystone, brittle sha-
les and various conglomerates.

Medium blocky sandstone displays various texture, with the grain size ran-
ging from fine to very coarse. The strength of the material varies between
medium and high. Joints between blocks are frequently filled with clay. The
sandstone layers are locally weakly weathered to weathered.

The bedded claystone and clayey shales are finely grained, with a low com-
pressive strength. Limy marmoration or venation is frequently observable.
Stress relaxation results in decomposition and loss of moisture (see Fig. 3).

Alternation of weak rock (claystone and clay) zones with hard rock (sand-
stone) layers is typical of this formation. The ratio of claystone to sandstone,
which are found in layers with various thickness, and the possible presence
of ground water during the excavation are the main factors affecting the sta-
bility of the excavation face and the excavated opening. This will be the basis
for the making of decisions not only on the application of particular excava-
tion support classes but also on the division of the face and advancing of

Obr. 3 Vychozy na severnim portdlu
Fig. 3 Outcrops at the northern portal
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GEOLOGIE A GEOTECHNIKA

Geologické skladba podél trasy komunikace sestdvd z dvou zaklad-
nich typul. V jizni ¢dsti dseku prevlddaji horniny sedimentdrniho puvodu
tzv. Murree formation, ve stfedni a severni &asti dseka prevladaji horni-
ny vyvrelé a horniny metamorfované z vyvrelin Panjal formation.
Hreben Patnitop, pod kterym prochdzi popisovany tunel, nélezi
k formaci Murree.

Murree je tvofen horninami ze spodniho aZ stfedniho miocénu. Jednd
se prevdzné o temné Cervené, nachové a Sedivé piskovcee, slinovce, jilov-
ce a kiehké jilové bridlice a razné konglomerity.

Stredné blokovité piskovee maji riznou zrnitost od jemné az po velmi
hrubou. Pevnost materidlu se pohybuje od stfedni k vysoké. V puklindch
mezi jednotlivymi bloky je Casto jilovd vypln. Misty jsou vrstvy piskov-
ct mirné navétralé az zvétralé.

Vrstevnaté jilovee a jilové bridlice jsou jemné zrnité s nizkou pevnos-
ti v tlaku. Casto je pozorovatelnd vapenitd mramorovitost aZ Zilkovitost.
Vlivem uvolnén{ napéti dochdzi k rozpaddni a ztraté vlhkosti.

Pro tuto formaci je typické stiiddni pdsit mékkych hornin (jilovee
a jily) s pasy hornin tvrdych (piskovce) (obr. 3). Vzajemny pomér jilov-
cu a piskovet ulozenych v ruzné silnych vrstvach a pripadnd piitomnost
podzemni vody béhem razby jsou hlavni faktory ovliviiujici stabilitu
Celby a vyrubu. Na tomto zdkladé bude rozhodovéno o pouZiti dané tridy
vyrubu, ale i ¢lenéni a pobiran{ jednotlivych dil¢ich vyrubu. Na zdsadn{
vliv tloustky jilovcovych vrstev ukézalo i provedené numerické modelo-
vani (obr. 4).

Dalsim faktorem vyznamné ovliviiujicim deformacni a stabilitni cho-
véni vyrubu je stav napjatosti horninového masivu. Pfi maximdlnim
nadloZi 1000 m je ocekdvdna vertikdlni sloZka odpovidajici vySce nadlo-
Z{. Vzhledem k aktivni tektonické historii oblasti, morfologii terénu
a dostupnym informacim o tektonickych zlomech v oblasti tunelu se
predpoklada spiSe niz§i horizontdlni napjatost ve sméru kolmém na osu
tunelu.

Névrh zpusobu razby, &lenéni a zajiStovani vyrubu vychdzi
z predpoklddanych typi chovani vyrubu véetné extrémnich, tj. velmi
nepriznivého chovdni vyZadujictho ¢lenéni a zajisténi Celby kaloty
a opatfeni pred ¢elbou.

Vzhledem k omezenym informacim ziskanym pruzkumem a vzhledem
k malym zkuSenostem s razbami obdobnych profili v oblasti je prede-
v§im odhad rozloZeni geotechnickych typu a ofekédvanych zpusobu razby
(technologickych tid) zatiZen velkou nejistotou.

PRICNY REZ

Névrh pri¢ného fezu tunelu byl ovlivnén zejména prostorovymi poZa-
davky na svétly prifez tunelu, $iiku vozovky a také nutnou velikosti
vzduchovych kandll pro uvaZovanou pri¢nou ventilaci.

Stejné jako u kratSich tunell byla i u tunelu Patnitop dlouho diskuto-
vdna zejména Sitka vozovky v tunelu. Diskusi ovliviioval i projekt
obdobného tunelu (cca 7 km dlouhého) v sousednim tseku z Banihalu do
Srinagaru pod masivem Pir Panjal, kde je tunelovym konzultan-
tem/projektantem francouzskd firma Scetaroute, a pozadavek investora
na jednotné feSeni.

Konetna podoba pri¢ného fezu byla na zdkladé pozadavka NHAI sta-
novena na 9,35 m $itky vozovky, dva 1 m $iroké zvySené chodniky po
strandch a paralelni tnikovou §tolu s propojkami. Plocha pri¢ného fezu
se zvétSila na cca 147 m2, usporadéni viz obr. 5.

Razba $toly probéhne s kratkym predstihem pred hlavnim tunelem,
bude slouZit jako pruzkumné dilo a bude indikovat chovdni masivu
a ocekdvané problémy. Déle bude mit funkci drendZni a dopravni béhem
vystavby.

Ve vysledném ndvrhu tvofi vnitfni lic definitivniho osténi kruZnice
o poloméru 6,65 m se stfedem v ose tunelu 3,2 m nad povrchem vozov-
ky. Vrchol klenby je 9,85 m nad vozovkou. Ve vysce 5,7 m nad vozov-
kou je umistén mezistrop odélujici vzduchové kanaly od dopravntho pro-
storu tunelu. Polomér mirného vyklenuti mezistropu je 40 m. Velikost
vzduchovych kandld je 2 x 17 m2.

Pri¢ny fez mé celkem tii zdkladn{ varianty podle pouZité tfidy vyrubu
(A, B aC). U varianty A je klenba tunelu uloZena na Zelezobetonovych
patkdch. Vyska patek je 550 mm. U variant B a C je dno tunelu zajiste-
nu protiklenbou. Polomér vnéjsiho lice protiklenby u typu B je 14,65 m
a vrchol klenby je 2,7 m pod niveletou vozovky. Typ C md vrchol pro-
tiklenby 3,3 m pod niveletou a polomér je 10,15 m.

Minimdln{ tloustka osténi ve vrcholu klenby je 400 mm. Tloustka pro-
tiklenby je proménna.

Izolace tunelu je navrZena jako deStnikova (tj. pouze v prostoru horn{
klenby). Za patkami osténi jsou uloZeny boc¢ni drendze @ 250 mm.
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Obr. 4 Modelovdni vyrubu programem UDEC
Fig. 4 Excavation modelling using the UDEC program

individual partial headings. The fundamental influence of the thickness of the
clay layers was also proven by numerical modelling (see Fig. 4).

Another factor which significantly influences the stability and deformati-
onal behaviour of the excavation is the state of stress in the rock massif. At
the maximum overburden 1000m high, the vertical component is expected to
correspond to the overburden height. Considering the active tectonic history
of the area, the terrain morphology and information about faults in the tunnel
area available, there is an assumption that the horizontal stress perpendicular
to the centre line of the tunnel will be rather low.

The design for the excavation technique, division of the face and excava-
tion support is based on the anticipated types of the excavation behaviour,
including extreme ones, i.e. very unfavourable behaviour requiring the divi-
sion and support of the top heading face and measures to be implemented
ahead of the face.

With respect to the limited information obtained by surveys, and conside-
ring the insufficient experience in excavating similar profiles in the given
area, the estimation of the distribution of the geotechnical types and the
expected excavation procedures (excavation support classes) is, most of all
estimations, subjected to great uncertainty.

CROSS SECTION

The tunnel cross section design was affected, above all, by spatial require-
ments for the net cross section of the tunnel, the width of the roadway and the
necessary dimensions of the ventilation ducts for the planned transverse ven-
tilation.

Same as in the case of the shorter tunnels, the width of the roadway in the
Patnitop tunnel was also one of the main issues which were discussed for
a long time. The discussion was affected even by the design of a similar tun-
nel (about 7km long) in the neighbouring section from Banihal to Srinagar,
running under the Pir Panjal massif, where French-based company
Scetaroute is the consultant/designer, and by the owner’s requirement for
a unified design.

The final design for the cross section was determined on the basis of the
NHAI requirements as follows: the road width of the roadway, two 1m-wide
raised walkways on both sides, and a parallel escape gallery with cross pas-
sages. The cross-sectional area was increased to about 147 m2; for the confi-
guration see Fig. 5.

The gallery excavation will start with a short advance ahead of the main
tunnel. It will serve as an exploration gallery, and will indicate the rock mass
behaviour and anticipated problems; further it will have drainage and tran-
sportation functions.

In the resulting design, the internal contour of the final lining forms a circle
with the radius of 6.65m and the centre on the tunnel centre line 3.2m above
the roadway surface. The top of the crown is 9.85m above the roadway sur-
face. A suspended slab is at a height of 5.7m above the roadway. It separates
ventilation ducts from the traffic space in the tunnel. The radius of the mode-
rate arching of the suspended slab is 40.0m. The cross-sectional area of the
ventilation ducts is 2 x 17 m2.

The cross section has three basic variants, depending on the respective
excavation support class (A, B and C). For the variant “A”, the tunnel vault
is supported by reinforced concrete footings. The footing is 550mm high. The
variants “B” and “C” have the excavation bottoms stabilised by an invert.
The radius of the outer surface of the invert at the type “B” is 14.65m and the
lowest point of the inverted arch is 2.7m under the roadway surface. The type




OSA TUNELU
TUNNEL AXIS

Obr. 5 Pri¢ny Fez tunelu: 1 — primdrni osténi, 2 - hydroizolace,
3 — sekunddrni osténi, 4 — kabelovy kandl, 5 — poZdrni vodovod, 6 - cent-
rdlni tunelovd stoka, 7 — prujezdni prurez, 8 — podélny proudovy ventildtor
Fig. 5 Tunnel cross-section: 1 — primary lining, 2 — waterproofing layers,

3 — secondary lining, 4 — cable duct, 5 — fire main, 6 — central tunnel sewer,
7 — clearance profile, 8 — longitudinal jet fan

DrenédZe jsou obsypdny mezerovitym betonem. Kazdych 60 m — 70 m
(podle skladby jednotlivych typa bloki) je v misté revizni Sachty bo¢n{
drendZ propojena se stredovou kanaliza¢n{ stokou @ 400 mm.

Pod obéma chodniky je vytvoren prostor pro uloZeni slaboproudych
i silnoproudych vedeni. Kabely budou po uloZeni zasypdny piskem
a zakryty betonovymi deskami. Spary mezi deskami budou opatfeny
zalivkou tak, aby nedochdzelo k zatékani vody.

Na vnitfni strané (smérem k tinikové Stole) je v tomto prostoru uloZen
i pozarni vodovod. To umoZni napojeni vodovodu na fad ve druhém
tunelu po jeho dokonceni.

V odstavném zélivu je vozovka jednostranné rozsitena o odstavny
pruh §itky 2,5 m. Strana fezu bez rozsifent je stejnd jako v fezu normdl-
nim. Klenba tunelu je asymetrickd. Minimaln{ tloustka osténi ve vrcholu
klenby je 450 mm (obr. 6). Délka jednoho bloku betondZe bude 10 m.

Pri¢ny fez razené tunelové propojky mé dvé varianty: se spodni klen-
bou a na patkdch bez spodni klenby. Zde je také navrZena destnikova izo-
lace. Za patkami jsou uloZeny podélné drendZe. Tyto drendZe jsou pomo-
ci Sachet napojeny na hlavni tunelovou stoku.

Pri¢ny fez tinikové Stoly neuvddime. V projektu bylo navrzeno vari-
antni feSeni bez i s definitivnim osténim. Vzhledem k predpoklddané
pozdéjsi vystavbé druhého tunelu bude Stola zfejmé zajisténa pouze pri-
mérnim osténim.

Vzhledem ke konfiguraci terénu na obou portdlech neni nutno budo-
vat hloubené ¢asti tunelu. Pfimo za raZzenym portdlem je vzdy vybudo-
véana budova vzduchotechniky.

SMEROVE A VYSKOVE VEDENI TUNELU

Vzhledem ke stisnénym podminkdm tzkych ddoli se strmymi svahy
je osa komunikace vedena relativné ostrymi oblouky. Smérové veden{
komunikace v tunelu za¢ind u jizniho portdlu tunelu levym obloukem
o poloméru 300 m, pokracuje dlouhou primou (8450 m). U severniho
portdlu tunelu prochdzi smérové vedeni dvéma protismérnymi oblouky.
Levy smérovy oblouk méd polomér 550 m, ndsleduje kratkd meziprima
(128 m) a pravy smérovy oblouk s polomérem 300 m. Délka celého
tunelu je 9020 m. RaZeny tsek ma délku 8980 m.

Niveleta komunikace je v tunelu vedena se stfechovitym sklonem tak,
aby bylo umoznéno gravitaéni odvodnéni. Od jizniho portdlu komuni-
kace stoupd podélnym sklonem 0,5 %. Vrchol polygonu je 2387 m od
jizniho portdlu. Polomér zaobleni je 20 000 m. Vyskové vedeni ddle
klesd se sklonem 0,5 % k severnimu portalu. Vyskovy rozdil mezi por-
taly je 21,28 m. Jizni portdl lezi 1230,30 m n. m., severni potom
1209,07 m n. m.
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“C” has the lowest point of the invert 3.3m under the roadway surface and
the radius is 10.15m.

The minimum thickness of the lining in the crown is 400mm. The invert
thickness is variable.

The tunnel waterproofing will be of the umbrella type (i.e. only in the
space of the upper vault. There are side drains @ 250 mm behind the footings
of the lining. The drains are embedded in porous concrete. The side drains are
connected with the @ 400 mm central sewer every 60 — 70m (depending on
the composition of individual block types), with the branches starting from
the manholes on the drains.

There is a space formed under both walkways, which will be used for the
installation of weak current and heavy current lines. The cables will be back-
filled by sand and covered by concrete slabs after the installation. The joints
between the slabs will be sealed to prevent leakage of water.

In addition, the space on the inner side (in the direction toward the escape
gallery) houses a fire main. This design will make the connection of the water
main to the main in the other tunnel tube when it is completed.

In the lay-by, the roadway width is enlarged by the addition of a 2.5m wide
lane. The side of the cross section which is not widened is identical with that
in the normal cross section. The tunnel vault is asymmetric. The minimum
thickness of the lining in the crown is 450mm (see Fig. 6). A concrete casting
block will be 10m long.

There are two variants of the cross section of the mined cross passage:
a variant with an invert and a variant supported by footings, without an invert.
This variant is also protected by the umbrella-type waterproofing system.
Longitudinal drains are located behind the footings. These drains are also
connected via manholes to the main tunnel sewer.

We do not present the cross section through the escape gallery. The design
contains two variants — without the final lining or with it. With respect to the
expected subsequent construction of the second tunnel tube, the gallery will
probably be provided only with the primary lining.

Considering the terrain configuration at both portals, no cut-and-cover tun-
nel sections are necessary. There will be a ventilation plant building directly
behind each portal.

HORIZONTAL AND VERTICAL ALIGNMENT OF THE TUNNEL

Because of the confined conditions in narrow valleys with steep slopes, the
centre line of the road follows relatively narrow curves. The horizontal align-
ment of the road in the tunnel starts at the southern portal through a 300m
radius left-hand curve, then it continues through a long straight section
(8450m). At the northern portal, it runs through two reverse curves. The left-
hand curve has a diameter of 550m; a short tangential path (128m) and
a 300m right-hand curve follow. The length of the entire tunnel amounts to
9020m. The mined section is §8980m long.

The vertical alignment of the tunnel is roof-shaped so that gravity draina-
ge of the tunnel is possible. The road ascends from the southern portal at
a gradient of 0.5%. The peak of the polygon is at a distance of 2387m from

OSA TUNELU
TUNNEL AXIS

Mox 2 v

Obr. 6 Pricny Fez tunelu v odstavném zdlivu: 1 — primdrni osténi, 2 — hydro-
izolace, 3 — sekunddrni osténi, 4 — kabelovy kandl, 5 — poZdrni vodovod,
6 — centrdlni tunelovd stoka, 7 — prujezdni prirez

Fig. 6 Tunnel cross-section in the lay-by: 1 — primary lining, 2 — waterproofing
layers, 3 — secondary lining, 4 — cable duct, 5 — fire main, 6 — central tunnel
sewer, 7 — clearance profile
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TECHNOLOGICKE TRIDY VYRUBU the southern portal. The radius of curvature is 20,000m. The horizontal align-
ment further descends at 0.5% toward the northern portal. The difference bet-
ween the elevations of the portals is 21.28m. The altitudes of the southern and
northern portals are 1230.30m a.s.l. and 1209.07m a.s l. respectively.

Névrh predpoklddanych technologicky tiid vyrubu uréuji hlavné dva
faktory. Prvnim je rozdéleni masivu na tzv. kvazihomogenni celky
a druhym neméné dulezitym je vliv vySky nadloZi, tedy stav napjatosti

ivu. Tyto fak Cuji pr kladané chovani vy ¢h Zby.
masivu yoto a Vtoryv urcuj predpp adape chovani VV}V’I'L}bu })e em {a;byv EXCAVATION SUPPORT CLASSES
Vliv na zpusob ¢lenéni vyrubu a jeho nasledné zajisténi md samoziejme o o ) ) )
i velikost vyrubu a dalsi ovliviiujici faktory (napf. hydrogeologické). The specification of anticipated excavation support classes is determined,
U tunelu Patnitop se plocha v§rubu pohybuje v zavislosti na aplikované above all, by two factors. The first one is the division of the rock massif into

tfid& od cca 147 m2 do 175 m2 v normélnim profilu tunelu, v odstavném the so-called “quasi-homogenous units”; the other one, not less important, is
zdlivu se pohybuje od 175 m2 do 197 m2. the influence of the overburden height, i.e. the state of stress in the massif.

Pii ndvrhu zpasobu razby a zajistovani vyrubu a k uréeni schémat These factors determine the anticipated behaviour of the excavated opening
vystrojenf vyrubu jednotlivjch tid byla vyuita rakouskd norma during the excavation. Of course, the excavation dimensions and other fac-

ONORM B 2203, vydini z roku 1994, a smémice OEGG pro geotech- tors (e.g. hydrogeological conditions) also influence the system of sequen-
nicky ndvrh tuneh;l. Pro prehlednost a s,nadnou pochopitelnost byly tech- cing and subsequent supporting of the excavation. Regarding the Patnitop

1 gve " . . o P 0 tunnel, the excavated cross sectional area ranges, depending on the applied
nolgglcke tfidy oznaceny podle jednotlivych typi chovéni horninového class, from about 147m? to 175m?2 in the normal tunnel profile and from 175
masivu. o o . m?2 to 197 m? in the lay-by.

Projekt razeb bude upresnén podle vysledku razby tnikové stoly, kterd

. o louws iak ik < dil b Ikéh ) h The design of excavation means and methods was carried out and the spe-
zéroven poslouZ jako pruzkumné dilo pro razbu velk¢ho tunelu. Behem | ifications for the excavation support for the individual classes were deter-

re/alizai:e stalvvby Pudou pak.upf,esnéna jefinotlivévschsimata vystrojeni na mined using the Austrian standard ONORM B 2203, the 1994 issue, and the
zdklade zastizenych geologickych podminek na Celbé. . OEGG directive on geotechnical tunnel design. For the benefit of good arran-
NavrZeny systém predpoklddd a umoZnuje ifektlvni spolupréci odpo- gement and clarity, the excavation support classes were marked according to
védnych a odborné kompetentnich pracovniki investora ve funkci sta- individual types of the rock mass behaviour.
vebniho dozoru (tzv. Engineer dle FIDIC) a zhotovitele, rozhodujicich The design of means and methods will be adjusted according to the results
o geotechnickém zatiidéni, systému vystrojeni a o zplisobu postupu of the excavation of the escape gallery, which will, at the same time, serve as
razby pfimo na stavbé v souladu s principy observacni metody. an exploration gallery for the excavation of the large tunnel. The individual
Pro zaddvaci dokumentaci byly navrzeny Ctyfi technologické tiidy. specifications for the excavation support will be adjusted during the con-
Tyto tiidy se lisi velikosti vyrubu, tvarem polvy vyrubu a &astecné struction on the basis of the geological conditions encountered at the heading.
i zplisobem pobirani dil¢ich ¢asti vyrubu. The designed system expects and allows effective cooperation of responsib-
TRIDA A jako jedind z navrzenych tfid nemd dno vyrubu zajist€no le and qualified owner’s personnel performing the site supervision (the
protik]enbou. Pro postup rajby je pfedpok]édéno horizontalni ¢lenéni Engineer in terms of the F‘IDIC) with contractor’s staff, who will jOthly deci-
vyrubu na kalotu a lavici (jadro). Vyrub je zajistén 200 mm stiftkaného de about the geotechnical classification, the support system and the excavation
betonu se dvéma vrstvami vyztuzné sité 150 x 150 x 6 mm procedure directly on site, in accord with the Observational Method principles.
a systémovym kotvenim svorniky délky 6 a 8 m (15 resp. 14 ks Four exca\{atior} support cla§ses were specified in the tendqr documents.
v zdbéru). Celkovi plocha vyrubu je 146,8 m2. V klenbé kaloty bude pro- The classes dlffer in the dlmen510n§ of the excavated cross section, the. shgpe
védéno jehlovanf podle potieby. Maximélni délka zdbéru je 2 m. Na of the excavation bottom and, partially, the method of excavation at indivi-

dual partial headings.

CLASS “A” is the only class for which the excavation bottom is not sta-
bilised by an invert. The excavation is assumed to proceed with the face divi-
ded horizontally into the top heading and bench. The excavation is supported
by a 200mm thick layer of shotcrete with two layers of mesh 150 x 150 x
6mm and systematic anchoring with 6m and 8m long rock bolts (15 or 14 pie-
ces per round). The total excavated cross-sectional area is 146,8 m2.
Forepoling will be carried out in the crown of the top heading if necessary.
The maximum round length is 2.0m. The round length is significantly affec-
ted, apart from the geotechnical conditions encountered, also by the volume
of muck which must be removed and the volume of the material which must
be used for the excavation support. The maximum distance between the top

délku zdbéru md kromé zastizenych geotechnickych podminek vyznam-
ny vliv i mnoZstvi rubaniny, kterou je tfeba vytézit a mnozstvi materidlu
zabudovaného do vystrojeni vyrubu. Maximdlni odstup mezi kalotou
a lavici je 100 m.

TRIDA B s plochou vyrubu 165,6 m2 predpoklddé horizontaln{ &lené-
ni vyrubu na kalotu, lavici a dno. Zajisténi vyrubu tvoii 300 mm stiika-
ného vyrubu vyztuzeného dvéma vrstvami sit¢ 150 x 150 x 8 mm.
Systémové kotveni predstavuji svorniky délky 8 m (17 resp. 16 ks
v z&béru). Podle potieby bude jehlovana klenba kaloty a pouZito kotve-
ni Celby samozdvrtnymi kotvami (IBO) délky 12 m. Maximdlni délka
zabéru je 1,5 m. Odstup lavice za kalotou je 50 m. Dno tunelu se zavird

protiklenbou ze stifkaného betonu do 15 m za lavici. Vrchol protiklenby heading and bench is 100m.

je 3 m POd_ n,iveletou VOZf)VkY; Pokud by béhemv raibv)f dOChf’lfelo, CLASS “B” with the excavated cross-sectional area of 165,6 m2 assumes
k velkym svislym deformacim vyrubu, bude v kalot€ pouZito rozsiteni the horizontal excavation sequence consisting of the top heading, bench and
patek osténi kaloty nebo se profil kaloty uzavie do¢asnou protiklenbou. invert. The excavation support comprises 300mm of

shotcrete, two layers of mesh 150 x 150 x 8mm and sys-

tematic anchoring with 8m long rock bolts (17 or 16 pie-

1 s ces per round). Forepoling will be used in the crown and
/ / 12m long self-drilling IBO anchors will stabilise the
/ excavation face if required. The maximum round length

is 1.5m. The distance between the bench and top heading

is 50m. The closing of the profile by the invert (shotcre-
te) will not be at a greater distance from the bench than

2
// 15m. The lowest point of the invert is 3.0m under the
4
//

/ roadway surface. Should large vertical deformations
"«» -
95

occur during the excavation, the feet of the top heading
lining will be widened or the top heading lining will be

N closed by temporary invert.

=G
A

?‘ Obr. 7 Technologickd tiida vyrubu C: 1 — svorniky délky

3 8 m, 2 — svorniky délky 12 m, 3 — primdrni osténi, 4 — stla-

il Citelné elementy, 5 — jehlovdni, 6 — Celbové kotvy délky

f 4 12 m, 7 — docasné kotvy v diléi kaloté (6 m), 8 — proti-

/7 klenba v kaloté
7 Fig. 7 Excavation support class “C”: 1 — rock bolts 8m

. BENCH
. DN.NVERT long, 2 — rock bolts 12m long, 3 — primary lining, 4 — yiel-
- 3 dable elements, 5 — spiling, 6 — 12m long anchors to the

-3.700 face, 7 — temporary anchors in a partial top heading (6 m),

8 — top heading invert



TuHel

16. rocnik - €. 4/2007

Obr. 8 Bezpecnostni vybaveni, typické uspordddani
Fig. 8 Safety equipment - typical arrangement

150 m CLASS “C” is the most difficult excavation sup-

port class. The excavated cross-sectional area is

thick layer of shotcrete and two layers of mesh 150

i e ey — =t +—— — 1754 m2. The horizontal excavation sequence is

j \ \ \ \ | \ \ \ E assumed to be basic even for this class, however, if

necessary, the top heading excavation can be sub-

BANI 'HAL#— —ﬁ— —f—— f—::—r— — f— — %S&NAGARl divided. The primary lining consisting of a 400mm
W (=] L} =] L} (=]

EEm ODSTAVNY ZALIV

mmm POZARNI VYKLENEK

x 150 x 8mm will contain yielding steel elements.
These yielding elements reduce the risk of cracking

LAY BY (LB) FS NICHE (FSN) of the lining resulting from large deformations of the

. ; L excavation. There will be 21 or 20 pieces of 8m and

= VYKLENEK NOUZOVEHO VOLANI 1 UNIKOVY VYCHOD 12m long rockbolts installed in each round around
EMERGENCY CALL NICHE (ECN) EMERGENCY EXIT (EE) the tunnel circumference. The crown of the tunnel

1754 m2. 1 zde je predpokldddno jako zdkladni horizontdlni Elenéni
vyrubu, v pripadé nutnosti viak muZe byt kalota tunelu raZena s délenou
Celbou. Do osténi ze strikaného betonu tloustky 400 mm se dvéma vrst-
vami sit¢ 150 x 150 x 8 mm jsou umistény i ocelové stlacitelné elemen-
ty. Tyto pridavné prvky snizuji riziko rozpraskdni ostén{ vlivem velkych
deformaci vyrubu. Po obvodu vyrubu jsou osazeny svorniky délky 8
a 12 m (21 resp. 20 ks v zdbéru). Klenba tunelu bude béhem razby jeh-
lovana. Celba je jiSténa rastrem samozdvrtnych 12m kotev. Stabilitu
Celby samoziejmé zvySuje vertikdlni rozdéleni kaloty na dvé Césti.
V pripadé nutnosti bude v kaloté provizorné uzavirdno dno tunelu, maxi-
malné 5 m za Celbou. Podélnd vzddlenost mezi ¢elbami délené kaloty je
maximalné 25 m, po dalich 25 m ndsleduje razba lavice a dno je dobi-
rdno a zajistovano s odstupem dalSich 10 m (obr. 7).

TRIDA D je v zdsadé shodnd s tiidou C, lis{ se pouze v zajistén{ klen-
by kaloty. Zde je tvofena mikropilotovym destnikem z ocelovych trubek.
Tato tfida je ur€ena na zdoldvani Castych poruchovych zon.

Stejné jako pro hlavni tunel bylo provedeno rozdéleni technologic-
kych tfid vyrubu pro razbu tnikové Stoly a vSechny tunelové propojky.
Opét bylo pouZito rozdéleni na A, B a C. Déle nebudeme vzhledem
k omezenému prostoru tohoto ¢lanku jednotlivé tiidy popisovat.

Odhad rozdéleni do jednotlivych technologickych trid slouzi hlavné
k prehledu objemu a odhadu ndkladq.

TECHNOLOGICKE VYBAVENI

Pozadavky na technologické vybaveni tunelu a bezpe¢nostni feSeni je
navrzeno v souladu se sou¢asnymi mezindrodnimi standardy a respektuje
pozadavky evropské smérnice 2004/54/ES. Typické rozmisténi{ stavebné
bezpecnostnich tprav je patrné z obr. 8.

Zékladnim opatfenim pro bezpe¢nost osob v pripadé nebezpedi (hava-
rie) je moznost tniku propojkami do paralelni dnikové $toly, kterd muze
slouzit také pro pfistup zdchrannych jednotek a bude v piipadé pozaru
v tunelu pretlakové vétrana od portalu.

Na obou portélech tunelu jsou umistény fidici strediska provozu. Na
jiznim portale je hlavni stfedisko, na severnim stredisko zdlozni. U obou
portalu jsou také navrZeny nadrZe pro poZirni vodovod.

Vétrani dopravniho tunelu je navrZeno pri¢né se vzduchovymi kandly nad
vozovkou a ventilaénimi budovami u portdli. V profilu tunelu jsou navic
umistény podéIné ventildtory pro snazsi fizeni proudéni vzduchu v tunelu.

Funkéni poZadavky na systém fizeni provozu, zabezpelen{ a ddrzby
v tunelu jsou koncepené definovéany v zaddvaci dokumentaci, specifické
systémy, zafizeni a vybaveni budou upfesnény v prabéhu vystavby.
ZAVER

Tunel Patnitop je v soucasné dobé nejdelsi projektovany silni¢ni tunel
v jihovychodni Asii a po realizaci predpoklddané v letech 2008 — 2014
bude nejvyznamnéjSim tunelovym objektem na stdtni silnici NH-1A
v indickém stdté Jammu a Kashmir.

Uspésnost jeho vystavby bude ovlivnéna nejen vypracovanym ndvr-
hem, ale predevsim jeho aplikaci v zatim nevyzkouSenych podminkdch
a dodrzenfm predpokladu ndvrhu, a to nejen technickych, ale takém orga-
niza¢nich a kompetencnich.

Odpovédny piistup investora a zajisténi dcasti odbornik pri provade-
ni muZe vyrazné sniZit rizika tohoto ojedin€lého tunelového projektu.

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

will be supported by forepoling. The excavation face

will be supported by means of a grid of 12m long

anchors. Of course, the stability of the face will be
increased in the case of the top heading which is divided into two parts. In
the case of necessity, the tunnel invert will be closed in the top heading, at
a minimum distance of 5m from the face. The distance between the partial
headings of the divided top heading is 25m as a minimum; the bench exca-
vation follows at a distance of other 25m, and the invert excavation is to be
completed and stabilised further 10m behind (see Fig. 7).

CLASS “D” is, in principle, identical with class “C”; the only difference
is in the support of the crown. In this case, it is provided by canopy tube pre-
support. This class is intended for the passing through the frequent weakness
zones.

The excavation support classes for the escape gallery and all cross passages
were determined in the same way as those determined for the main tunnel.
Again, the division into classes A, B and C was used. With respect to the limi-
ted space available for this paper, we do not describe the individual classes.

The estimation of the division into individual excavation support classes is
used mainly for calculations of volumes and estimation of costs.

TUNNEL EQUIPMENT

The tunnel equipment has been designed in compliance with the current
international standards and it follows the requirements of the European
Directive 2004/54/ES. A typical arrangement of the structural safety measu-
res is shown in Figure 8.

The basic measure in terms of safety of persons in the case of an emer-
gency (an accident) is the possibility of escaping through cross passages to
the parallel escape gallery, which can be even used as an access route for res-
cue units; it will be pressure ventilated from the portals in the case of a fire
in the tunnel.

The operation management centres are located at both portals. The main
centre is at the southern portal, while the management centre at the northern
portal is a standby. Reservoirs supplying the fire main are provided also at
both portals.

A transverse ventilation system with ventilation ducts above the roadway
and ventilation plant buildings at the portals is designed for the road tunnel.
Additional fans, which are located within the tunnel cross-section, are inten-
ded to allow easier control of the airflow in the tunnel.

The performance requirements for the operation, safety and maintenance
management system are conceptually defined in the tender documents; requ-
irements for specific systems, equipment and facilities will be specified
during the course of the construction.

CONCLUSION

The Patnitop tunnel is currently the longest tunnel being designed in South
Eastern Asia. When it has been completed, it will become the most important
tunnel structure on the NH 1A National Highway in the Indian state of
Jammu and Kashmir.

The success of the construction will be affected not only by the completed
design but also by its implementation in the conditions which have not been
tested yet and by the degree of compliance with the design assumptions — not
only technical but also organisational and those related to qualification.

A responsible attitude of the owner and participation of experts during the
construction may significantly reduce the risks associated with this outstan-
ding tunnelling project.
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