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TUNELY NA SILNICI NH-1A 2 JAMMU
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TUNNELS ON THE ROAD NH-1A FROM JAMMU
TO SRINAGAR - KASHMIR, INDIA
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Provozovana silni¢ni komunikace z Jammu do Srinagaru prochdz{
v podhufi Himaldje velmi sloZitym terénem. Silnice vede po ibodf str-
mych svaht, oblastmi Castych sesuvi a na cesté do centrdlniho kaSmir-
ského tdoli prekondvd mnoho hebenu. Popisovany tsek z Udhampu-
ru do Banihalu nejdiive stoupé cca 1000 vySkovych metru z Udham-
puru tibo¢im feky Tawi aZ na hfeben Patnitop ve vySce 2030 m. Po pre-
konéni horského hfebene pokracuje cesta do tdoli feky Chenab a poté
proti proudu feky Bighlari smérem na Banihal a ddle Srinagar.

Pivodné se jednalo o starou obchodni cestu mezi kaSmirskym tdo-
lim a niZinami na indickém subkontinentu. Smérové a vyskové vedeni
dostala komunikace v roce 1914, kdy byla upravena na jednopruhovou
silnici.

V dubnu 1954 byla deklarovédna jako statn{ silnice NH — 1A (National
Highway — 1A). V témZe roce byl uveden do provozu tunel Jawaharlal
Nehru u mésta Banihal, ktery podchézi hieben Pir Panjal ve vysce cca
2500 m n. m. V padesitych a Sedesdtych letech minulého stoleti byla
silnice postupné ,,vylepSovana“, az dolo v roce 1968 k prestavbé komu-
nikace na dvoupruhovou (stdle viak s puvodnim smérovym vedenim).
Obr. 1.

V poslednich desetiletich proziva Indie velky hospoddisky rust. S tim
jsou spojeny i zvySené naroky na dopravni infrastrukturu zemé. V rdmcei
mohutné vystavby infrastruktury bylo rozhodnuto o zkapacitnéni komu-
nikace NH — 1A, kterd prochdzi celou Indii od jihu na sever. Do budouc-
na by silnice méla mit dva dvoupruhové, smérové oddélené jizdni pasy.
Projekt je zaclenén do ,.severojizntho koridoru® spojujictho mésta
Srinagar (stdt Jammu and Kashmir) a Kanyakumari (stdt Tamilnadu na
jihu Indie).

Firma D2 Consult se podilela na projektu jako tunelovy konzultant
americké firmy Louis Berger Inc. Cinnost zahrnovala variantn{ identi-
fikaci mist moZnych tuneld pfi ndvrzich smérového vedeni trasy.
Nasledné pak firma D2 Consult zpracovala Gvodni a zaddvaci projekt
sedmi krdtkych (do 1 km délky) tunelt na dseku Udhampur — Banihal
(km 66 — km 188).

PROJEKTOVA PRIPRAVA A POSTUP PRACI

Projekt zvyseni kapacity silnice z Udhampuru do Bahnihalu je jeden
z mnoha infrastrukturnich projekta, které jsou v soucasnosti v Indii rea-
lizovany. Jednd se viak o jeden z nejndro¢néjSich projektu z pohledu
mnozstvi rekonstruovanych nebo nové budovanych inzenyrskych
objektt véetné tuneli. Délka popisovaného tseku je 122 km.

Dokumentace pro investora je zpracovdvdna ve dvou stupnich. Nej-
prve byla na zacdtku roku 2005 zpracovdna vstupni studie, spojend
s vyhleddvdnim tras tuneli a feSeni portdlu. Po jejim schvéleni bylo
zahdjeno zpracovani zaddvaci dokumentace, kterd byla odevzddna na
konci roku 2005 a béhem roku 2006 dopliiovédna a upravovéana. V sou-
Casné dobe (12/2006) se pripravuje vypsani obchodni soutéZe na zho-
tovitele prvni ¢dsti komunikace véetné tunelu. Cely proces od prvniho
zameru a7z po zahdjeni vybérového fizeni tedy probéhl zhruba béhem
dvou let.

Mezinarodné uznané dzemi statu Jammu and Kashmir patii formal-
né Indii, fakticky je vSak rozdéleno mezi Indii, Pakistan a Cinu.
V indické Casti je oblast ¢astené uzavrend a silné obsazend arméddou.
Béhem zpracovéni projektu se proto postupné objevila celd fada pro-
blému od administrativnich zdrZeni (povoleni ke vstupu na tizem{ stdtu)
po nemoznost ziskat kvalitni mapové podklady zdjmové oblasti.

INTRODUCTION

An operated road from Jammu to Srinagar is located in a very
complicated terrain of Himalaya foothills. The road runs on steep
slopes, through areas of frequent landslides, and crosses many ridges
on its way to the central Kashmir valley. A described section Udham-
pur to Banihal originally goes up about 1000m from Udhampur
through the Tawi river valley hillside up to the Patnitop ridge in alti-
tude 2030m. After the mountain ridge crossing the road continues to
the Chenab river valley and against the Bighlari river stream to Bani-
hal and further to Srinagar.

Originaly it was an old trading way between Kashmir valley and
India subcontinent lowlands. Horizontal and vertical alignment of
the road was determined in 1914, when the road was modified to
a one-lane road.

The road was declared as a National Highway NH-1A in April
1954. The Jawaharlal Nehru tunnel undergoing Pir Panjal (2500m)
was commissioned in the same year. In fifties and sixties the road
was continually improved till its reconstruction into two-lane com-
munication (with its original alignment). Figure 1.

There is a significant commercial boom in India during recent
decades. This also brings higher demands for traffic infrastructure of
the country. Decision about four-laning of the road NH — 1A (run-
ning across the whole India from the south to the north) has been
made as a part of this massive infrastructure development. The road
should be transformed into a dual carriageway in future. The project
falls under ,,North-south corridor* connecting towns Srinagar (state
Jammu and Kashmir) and Kanyakumari (state Tamilnadu on the
south of India).

Company D2 consult cooperated on the project as a tunnel consul-
tant under the Amarican company Louis Berger Inc. Work load inc-
luded proposals for feasible locations of tunnels as a part of the road
alignment design. Consequently company D2 Consult completed ini-
tial and tender documentation of 7 short tunnels (length up to 1km)
on the section Udhampur — Banihal (km 66 — km 188).

Obr. 1 Silnice NH — 1A Udhampur - Srinagar u severniho portdlu budouciho
tunelu Chanderkot
Fig. 1 Road NH - 1A Udhampur — Srinagar by north portal of the
Chanderkot tunnel
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Vzhledem k tomu, Ze se vlastné jednd o téméf prvni moderni silnic-
ni tunelové projekty v Indii, prakticky neexistuje Ziddnd normova
zékladna pro projektovani a realizaci silni¢nich tuneld. Proto je sou¢ds-
ti pripravy i pravidelné vysvétlovani a zdivodiiovani navrZzenych fese-
ni investorovi. Vyhodou je velkd volnost (a s ni spojend zodpovédnost)
projektanta, ktery se v podstaté spolupodili na vytvdfeni standardnich
feSeni pro silni¢ni tunely. Tato fe$ni mohou ovlivnit indické silni¢ni
tunelafstvi na dlouhou dobu.

POPIS A ROZDELENI PROJEKTU

Cilem projektu je zvysit propustnost komunikace a zdroven zvysit
bezpecnost provozu. K tomu by mélo napomoci smérové rozdélenf sil-
nice. Komunikace je tedy navrzena jako smérové rozdélend Ctyfpruho-
vé (2 x 2 pruhy) s ndvrhovou rychlosti 50 km/h (dle indickych standar-
du pro indické horské komunikace).

Cely projekt je rozdélen na tfi dil¢i dseky. V prvnim dseku (Jammu
— Udhampur) nenf navrzen zadny tunel. Ve druhém (Udhapur — Bani-
hal) je navrZzeno celkem 8 tunelu (dsek dcasti firmy D2 Consult). Ve tre-
tim useku (Banihal — Srinagar) jsou navrZeny tunely dva.

Druhy usek je dale podrobnéji ¢lenén na 5 &asti. V prvni ¢asti neni
navrzen Zadny tunel. Druhd ¢dst je ur¢ena pouze pro tunel Patnitop
(délka cca 9 km, 1 km nadloZi, t. &. nejdelsi pripravovany silni¢ni tunel
v jihovychodn{ Asii). Zpracovani tohoto tseku provadéné také firmou
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vZdy navrzen jeden tunel, ve &tvrté Cdsti je tunell pét.

Celkem se tedy jednd o sedm kratSich tuneld riznych délek. Nejkrat-
§i tunel (km 155) ma délku 195 m, nejdel$im tunelem je Chanderkot
s délkou 888 m.

Jednotlivé tunely vznikaly na mistech, kde nebylo moZno projit teré-
nem pomoci terénnich tprav, budovanim opérnych nebo zdrubnich zdi,
poptipadé vybudovdnim estakddy.

1 kdyZ je zfejmé mozné konstatovat, Ze i pouhé napfimeni komuni-
kace, dprava smerového vedeni a pripadné stoupaci pruhy by vyrazné
zvysily souCasnou droven komunikace, rozhodl se investor komunika-
ci budovat celkové jako ¢tyfpruhovou, smérové oddélenou. Toto uspo-
faddni vedlo k ndvrhu tunelt i v mistech, kde by dvoupruhovd komu-
nikace prosla bez problému. Okoli komunikace vedené na vétsiné mist
ve skalnim odfezu znamend velmi stisnéné prostorové podminky, ve
kterych je velmi obtizné budovat druhy smérove oddéleny jizdni pés
tak, aby nedochdzelo k omezeni provozu na komunikaci stavajici. Na
vétsiné budoucich tunelovych portdlt je obtizné umistit i zafizeni sta-
venisté. Obr. 2.

GEOLOGIE

Geologickd skladba podél trasy komunikace sestdvd z dvou zdklad-
nich typu. V jiZni ¢4sti tseku pievladaji horniny sedimentédrniho pavo-
du tzv. ,,Murree formation, ve stiedn{ a severni Cdsti Useku prevladaji
horniny vyvielé a horniny metamorfované z vyvrelin, ,,Panjal forma-
tion®.

»Murree“ je tvofen formacemi ze spodniho aZ stfedniho miocénu.
Jednd se prevdzné o temné Cervené, nachové a Sedivé piskovce, slinov-
ce, jilovce a kiehké jilové bridlice a razné konglomerity.

,»Panjal“ tvoii horniny z eocenu (bridlice z obsahem uhliku, vdpence,
kfemence), vyvieliny a metamorfity, nejéastéji fylity.

Tunel Chanderkot prochdzi u jizntho portdlu formaci stiidajicich se
vrstev sedimentdrnich hornin (jilovee, piskovce a siltovee). Tato geolo-
gie je charakteristickd i pro tunel Patnitop. Priblizné v prvni tretiné
tunelu Chanderkot se nachdzi tektonicky zlom, kde dochdzi ke
zméné/kontaktu formaci. Ve zbyvajicich dvou tretindch tunelu Chan-
derkot se vyskytuji polohy ¢edicu a fylitd s vysokym obsahem kieme-
ne.

Tunely v km 154 a km 155 protinaji dva skalni vybeézky tvorené fyli-
ty s hustou vrstevnatosti az bridli¢natosti.

Vsechny tii tunely u vesnice Kooni Nallah prochdzi vrstvami kfe-
mencu, rul a fylitd. Jednd se o tzv. ,,Rambanskou formaci.

Hrbet protinajici tunel Ramsu tvori kfemence prechdzejici smérem
od povrchu k niveleté tunelu ve vrstvu bridli¢natych fylitd s jemnou
vyplni puklin.

Pro potreby projektu byl horninovy masiv rozdélen na kvazihomo-
genni celky tak, aby bylo moZzno navrhnout zdkladni technologické
tiidy vyrubu pro jednotlivé tunely.

16. rocnik - €. 1/2007

Obr. 2 Portdlovy svah budoucich tunelii v km 166; vpravo sit’chrdnici most
pred padajicim kamenim

Fig. 2 Portal slope of proposed tunnels at km 166. A net protecting agains
falling stones is on the right hand side

DESIGN AND WORK PROGRESS

Four-laning of the road from Udhampur to Bahnihal is one of
many infrastructural projects undergoing in India. But it is one of the
most complicated projects with regard to the number of reconstruc-
ted or new engineering objects including tunnels. The described sec-
tion is 122km long. Documentation for client is prepared in two sta-
ges. First of all an initial study was prepared in the start of 2005. The
study considered alternatives of tunnel alignment and solution of
portals. After its approval the work on a tender documentation star-
ted. The tender documentation was submitted at the end of 2005 and
it was supplemented and altered during 2006. In these days
(12/2006) preparation of tender for contractor for the first section of
the road (including tunnel 1) is ongoing. Whole process (from the
first intention to start of the tender) was realised approximately
during two years.

Internationally recognised area of the state Jammu and Kashmir is
formally under India, however in practice it is devided among India,
Pakistan, and China. The Indian part of the area is partly closed and
massively occupied by the army. Many problems occurred during
project processing: from administrative problems (entrance to the
state area permission) to impossibility to get good-quality maps of
the area of interest.

The tunnels considered in the project will be one of the first
modern road tunnels in India, thus almost no standards and specifi-
cations were available for design and construction of the road tun-
nels. Therefore regular explanations and justifications of designed
solutions to the client was a part of job. Significant freedom (and
associated responsibility) of designer is an advantage. The designer
participates on the development of the standard solutions for the road
tunnels which can affect an Indian road tunnelling for a long period.

DESCRIPTION AND DISTRIBUTION OF THE PROJECT

The road capacity increment and also a traffic safety increase were
the main aims of project. Separation of the opposite direction should
assist to the safety, thus the road is designed as a dual carriageway
(2 x 2 lanes) with the design speed 50kph (according the Indian Stan-
dards for the mountain communications).

Whole project is separated into three sections. The first section
(Jammu — Udhampur) does not consider a tunnel. The second secti-
on (Udhapur — Banihal) includes 8 tunnels (section of D2 Consult
participation). The third section (Banihal — Srinagar) includes two
tunnels.

The second section is further devided into 5 parts. The first part
does not consider any tunnel. The second part is just for the Patni-
top tunnel (lenght 9km, overburden 1km, currently the longest pre-
pared road tunnel in the southeast Asia). Design of this part is also
provided by D2 Consult and has not been completed so far. The
third part and fifth part include one tunnel each; the fourth part inc-
ludes five tunnels. All together it means seven shorter tunnels of
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TUNELY

Vsechny tunely jsou koncipované jako dvoupruhové tubusy s jedno-
smérnym provozem. Tomuto usporddani odpovidd i technologické
vybaveni jednotlivych tuneld. V prvni fdzi budou tunely vybaveny jen
nejnutnéj§i technologii pro provoz, ale budou stavebné pripraveny pro
pripadné budouci dovybaveni (technologické ,,upgradovani“). Vzhle-
dem k dne$nimu stavu komunikace a provozu je mozno oznacit jaké-
koliv zlepSeni smérového vedeni a oddéleni sméru jizdy za vyrazné
zvySeni bezpecnosti komunikace. Proto byla bezpe¢nostni analyza pro-
vozu a z ni vyplyvajici ndroky na technologické vybaveni tunell pfi-
zpusobena mistnim poméram. Z celkem sedmi novych tuneld je pét
tunel provozovéno ve sméru sever — jih (od Banihalu do Udhampuru)
a dva tunely provozované ve sméru jih — sever (od Udhampuru do
Banihalu). Prehled v3ech kratkych tunell je uveden niZe:

severni smer TU Chanderkot (km 137) — 888 m
TU km 166 (u vesnice Kooni Nallah) — 585 m
TU km 154 —322,5 m
TU km 155 - 195 m
TU km 166 (u vesnice Kooni Nallah) — 610 m
TU km 167 (u vesnice Kooni Nallah) — 870 m
TU Ramsu — (km 171) — 385 m

jizni smér

TECHNOLOGICKE TRIDY VYRUBU

Navrh zplsobu razby a zajistovani vyrubu vychézel z analyz stavu
tunelarského stavebnictvi v Indii, mistnich podminek a dostupnych
informaci o geologickych podminkach. Hlavnim podkladem pro ndvrh
technologickych tfid vyrubu bylo geologické mapovéni, informace zis-
kané z vychozi hornin a v archivech geologickych podkladu. Duraz byl
vSak kladen predevs$im na informace ziskané pfimo na misté. Béhem
zpracovéni projektu probihaly prace na vrtném geologickém pruzkumu,
ktery skoncil po odevzdédni zaddvaci dokumentace a bude slouZit aZ pro
realizaci. Obr. 3.

K ur€eni schémat vystrojeni vyrubu jednotlivych tfid byla vyuzita
rakouskd normu ONORM B 2203 ,,Untertagebeuarbeiten, Werkvert-
ragsnorm* z roku 1994. Toto vyddni obsahuje popis a uréeni typa
chovani horninovych masiva pro cyklickou razbu. Pro prehlednost

Obr. 3 Vrtdni pruzkumného vrtu u mésta Ramban
Fig. 3 Exploratory borehole drilling by the Ramban town
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various distances. The shortest (km 155) is 195m long; the longest
(Chanderkot) is 888m long.

Individual tunnels were designed in areas, where road crossing
using ground shaping, retaining wall construction or elevated road
constrained was not possible. Although pure road straightening
(alignment rectification with possible ascending lanes) would signi-
ficantly increase a current standard of the road, the client decided to
build a dual carriageway. This adjustment led to tunnel design also in
places, where two-lane road would pass through without problems.
Vicinity of the road running mostly in the rock cutting means very
constrained conditions. Therefore a construction of the second direc-
tionally separated road without current road traffic restrictions would
be very complicated. Even location of a site plant in majority tunnel
portal areas is difficult. Figure 2

GEOLOGY

Geology along the road alignment is composed from two basic
types. Sedimentary rocks (so called ,,Murree formation®) are predo-
minant in the south section. Volcanic rocks and rocks metamorphed
from volcanic rocks (so called ,,Panjal formation*) is prevailing in
the central and north section. ,,Murree* is formed by lower to midd-
le Miocene formation. It consideres mainly dark red, purple and gray
sandstones, siltstones, brittle shales, and various conglomerates.

»Panjal®“ is formed by eocen rocks (shales containing carbon,
limestones, quartzities), volcanic rocks, metamorphosed rocks,
mostly phyllites.

The Chanderkot tunnel runs through formation of alternating lay-
ers of sedimentary rocks (claystones, sandstones, and siltstones) in
area of the south portal. This geology is also characteristic for the
Patnitop tunnel. There is a tectonic fault approximately in the one
third of the Chanderkot tunnel, where is located contact of two for-
mations. Basalts and phyllites with a high content of quartzities are
characteristic for the remaining two thirds of the Chanderkot tunnel.

Tunnels km154 and km155 cross two rock outcrops formed by
phyllities with close lamination up to foliation. All three tunnels by
the Kooni Nallah village are composed by layers of quartzities,
gneisses and phyllites. This is called ,,Ramban formation*.

Ridge crossed by the Ramsu tunnel is formed by quartzites follo-
wed in direction from surface to the tunnel level by a layer of folia-
ted phyllites with fine filling of joints

The rock mass was divided into quasihomogeneous units for the
design purpose, to allow the design of basic technological classes for
individual tunnels.

TUNNELS

All tunnels were designed as two-lane tubes with one-way traffic.
M&E equipment corresponds with the arrangement of tunnels. In the
first stage the tunnels will be fitted only by the essential equipment
required for traffic, but they will be prepared for further improve-
ment (upgrade of technologies). Every improvement of the road
alignment and separation of two directions means significant impro-
vement of the road safety due to its current status and operation. The-
refore safety analysis of operation and consequent M&E equipment
requirements were accommodated to the local conditions. Five from
seven new tunnels are operated in direction north-south (from Bani-
hal to Udhampur), two new tunnels are operated in direction south-
north (from Udhampur to Banihal). List of all short tunnels is shown
below:

North direction ~ TU Chanderkot (km 137) — 888 m
TU km 166 (by the Kooni Nallah village) — 585 m
TU km 154 - 3225 m
TU km 155 - 195 m
TU km 166 (by the Kooni Nallah village) — 610 m
TU km 167 (by the Kooni Nallah village) — 870 m
TU Ramsu — (km 171) — 385 m

South direction

EXCAVATION AND SUPPORT CLASSES

Excavation sequence and support classes design was based from
analysis of the Indian tunnelling industry status, local conditions and
available information about geological conditions. Geological map-
ping, information from rock outcrops and geological archives were
the major sources for the excavation and support classes design.




Tuel 16. rotnik - €. 1/2007

a snadnou pochopitelnost byly technologické tridy oznaceny podle jed- Impact was put mainly on the information received directly on site.
notlivych typu chovani horninového masivu. Odhad rozdéleni do jed- Activities on boring site investigation were ongoing in parallel with
notlivych technologickych t¥d slouZ{ hlavné k prehledu objemu a odha- the design and were completed after tender documentation submissi-
du ndkladu. on, thus it will serve during a construction (Figure 3).
Pro vystrojeni vyrubu vSech tunelu jsou pouZity tii zdkladn{ techno- The Austrian Standard ONORM B 2203 ,,Untertagebeuarbeiten,
logické tridy: Werkvertragsnorm* from 1994 was used for the determination of
Trida ,,A“ se zdbérem 3 m (150 mm stifkaného betonu s jednou vrst- individual support classes. This edition contains description and
vou vyztuzné sité, kotvy délky 3 m) pro horninovy typ ,,A* (hornina determination of rock mass behaviour types for a cyclic excavation.
stabilni). Excavation and support classes were marked according various rock
Tiida ,,B* se zdbérem 2 m (200 mm stifkaného betonu se dvéma vrst- mass behaviour types to improve clearness and comprehension.
vami vyztuZné sité, kotvy délky 4 m, v pfipadé nutnosti doplnéné v pri- Splitting into various excavation and support classes serves namely
stropf jehlovanim a stabilizalnim néstfikem Celby) pro horninovy typ for bill of quantities and cost estimate.
,»B* (hornina omezené€ stabilni). Three basic excavation and support classes were used for all
Trida ,,C* se zdbérem 1 m (300 mm stfikaného betonu se dvéma vrst- tunnels:
vami vyztuzné sité, kotvy délky 6 a 8 m, provadéni jehlovani a stabili- Class ,,A* with advance 3m (150mm of shotcrete with one layer of

za¢niho ndstiiku Celby, v pfipadé nutnosti ponechdni opérného klinu na

1 | _ ' steel mesh, 3m long rockbolts) for rock type ,,A“(stable rock).
Celbé, vyrub se spodni klenbou) pro horninovy typ ,,C* (tlacivd horni-

Class ,,B* with advance 2m (200mm of shotcrete with two layers

na). Obr. 4. o ) . ) of steel mesh, 4m long rockbolts, in case of need supplemented by
IOIIDOdlze technologické tridy se plocha vyrubu pohybuje od 83 m® — spiling and tunnel face shotcreting) for rock type ,,B* (partly stable
m=. rock).

U jednotlivych tunela bylo rozdéleno vystrojeni vyrubu podle jedno-
tlivych tiid v podélném fezu. Nejdiive podle existujicich podkladi. Po
dokongen{ vrtného prizkumu bylo navrzené rozdélen{ ovéfeno a upies-
néno.

Cely systém je koncipovan tak, aby umoznil efektivni spolupraci
odpovédného zdstupce investora na stavbé (, ENGINEER®) a zhotovi-
tele jako dvou zdstupct rozhodujicich o geotechnickém zatiidéni,
systému vystrojeni a o zpusobu postupu razby.

Class ,,C* with advance 1m (300mm of shotcrete with two layers
of steel mesh, 6 and 8m long rockbolts, spiling and tunnel face shotc-
reting, in case of need with face supporting wedge, excavation with
invert) for rock type ,,C* (squeezing rock). Figure 4

Excavation area with regard to excavation and support class is
from 83 m? to 101 m?.

Excavation support was divided in longitudinal direction accor-
ding various classes for each tunnel.

Originally this was done according available information. The

PRICNY REZ designed distribution was verified and corrected after boring site

Pro ndvrh pfi¢ného fezu byl rozhodujici, investorem zvoleny prijezd- investigation completion. Whole system is designed to allow effecti-
ni priifez. Velikost prijezdniho prifezu byla dlouze diskutovdna. Inves- ve cooperation between client’s representative (, ENGINEER®) and
tor se pii rozhodovini snazil vyhovét velikosti obrysu Casto pfetéZova- contractor’s representative as people making decisions about geo-
nych ndkladnich vozidel. Sifka prijezdniho prifezu byla nakonec zvole- technical classification, support to be used and further excavation
na 7,5 m, vyska 5 m, minimdlni $itka chodniku vedle vozovky 1 m. procedure.

Skute¢na Sitka chodniku odpovidd skute¢nému prevySeni vozovky
v daném mist€ tunelu. U v8ech krétkych tuneld byl pouZit stejny vzoro- CROSS SECTION
vy pricny fez.

Vnitin{ lic definitivniho osténi tunelu tvofi kruZnice o poloméru
5.1 m se stredem 1,75 m nad vozovkou v ose tunelu. Miniméln{ tlou$t:
ka osténi ve vrcholu klenby je 350 mm. Svétla vyska profilu je 6,85 m

Clearance determined by client was a crucial factor for cross-sec-
tion determination. Clearance area was a topic of long discussions.
Client wanted to consider an area of frequently overloaded trucks.

nad niveletou vozovky. Finally clearance was determined 7.5m wide and 5.0m high, mini-
PFitny Tez raZeného tunelu md dvé varianty: se spodni klenbou ana | mum pavement width was determined 1.0m. A real pavement width
patkéch bez spodni klenby. Vyska patek je 500 mm. Minimélni tlou3t: corresp(?nds to real supereleyatlon of a road in a tunnel cross-secti-
ka spodni klenby je 500 mm. Spodni hrana protiklenby je v drovni on. Typical tunnel cross-section was the same for all short tunnels.
-2,60 m pod trovni nivelety komunikace. Podle predbézného statického Internal profile of a secondary tunnel lining is formed by a circle

with the radius 5.1m and centre 1.75m above a road on the tunnel
axis. Minimum lining thickness in crown is 350mm. Internal profile
is 6.85m high (distance above a road level).
1 Driven tunnel cross-section has two variants: with invert and wit-
hout invert on footings. Footings are 500mm high. Minimum invert
2 thickness is 500mm. An external edge of the invert is -2.6lm below
3 aroad level. The lining on the footings is designed from a plain conc-
rete, the lining with invert is designed as reinforced. Volume of maxi-
mum required reinforcement was estimated as 100 kg/m?. Figure 5

A sheet waterproof membrane was designed only in area of crown
(with a permeable invert). Longitudinal drainage pipes & 200mm are
situated behind the footings. Drainages are embedded in a lacunary
concrete.

Cut and Cover section is (with regards to a terrain topography)
designed only in a south portal area of the Chanderkot tunnel. Cut
and Cover section length is 25m. Internal profile geometry within
a Cut and Cover section stays the same as in a driven section. Crown
thickness is 700mm, invert thickness is 800mm. An external edge of
the invert is -2.90m below a road level. Two covered trenches are
located under both pavements. The trenches are ready for placement
of electric cables or for fire mains.

Obr. 4 Technologickd t¥ida vyrubu ,,C“~ Legenda: 1 — kotvy délky 6 m, The discussion about possibility to omit internal lining and sheet
2 — kotvy délky 8 m, 3 — jehlovdni, 4 — opérny Celbovy klin, 5 — primdrni osténi membrane is currently ongoing between the designer and client’s
ze stitkaného betonu 300 mm checking experts. The reason is an effort to minimise construction
Fig. 4 Excavation and support class ,,C“~ Legend: 1 — 6m long rockbolts, cost and to avoid increase of a road comfort in tunnel section in com-
2 - 8m long rockbolts, 3 — spiling, 4 — face supporting wedge, 5 — 300mm parison with the rest of the road. Frequent simple Scandiavian road

thick shotcrete primary lining tunnels serve as an example.
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posouzeni je osteni profilu na patkdch navrZeno z prostého betonu
a osténi profilu se spodni klenbou je navrzeno jako vyztuzené. Odhad
max. mnoZstvi vyztuze je 100 kg/m3(Obr. 5).

Izolace je navrZena jako deStnikova (tj. pouze v prostoru hornf klen-
by tunelu). Za patkami jsou uloZeny podélné drenaze & 200 mm. Dre-
ndze jsou obsypany mezerovitym betonem.

Hloubeny tsek je vzhledem k topografii terénu navrZen pouze na jiz-
nim portdlu tunelu Chanderkot. Délka hloubeného tseku je 25 m. Geo-
metrie vnitiniho lice osténi zustdvd v hloubeném tunelu stejnd jako
u tunelu razeného. Tloustka klenby je 700 mm, spodni klenba ma
tloustku 800 mm. Protiklenba profilu ma spodn{ hranu v trovni -2,90 m
pod trovni nivelety vozovky.

Pod obéma chodniky jsou pfipraveny dva zakryté Zlaby, pripravené
pro uloZeni kabelu elektrického vedeni a rozvodi nebo pro uloZenf
pozarntho vodovodu.

V soucasné dobé probihd diskuse mezi projektantem a kontrolnimi
experty investora o moznosti neprovadéni vnitiniho ostén{ a izolace.
Duvodem je snaha minimalizovat stavebni naklady a nezvySovat kom-
fort komunikace v tunelovych udsecich ve srovndni s ostatnimi dseky.
Jako referen¢ni priklad slouZi predev§im mnohé jednoduché skandi-
ndvské silni¢ni tunely.

TECHNOLOGICKE VYBAVENI A STAVEBNI UPRAVY

V prvni fdzi vystavby jsou tunely navrZzeny pouze osvétlené. Vzhle-
dem k délkdm tunel (cca 150 — 900 m) a jejich dopravnimu usporada-
ni bylo jiZ od po&étku predpokladdno podéIné vétrdn{ nebo vétrani pri-
rozené. Vsechny tunely jsou provozovény pouze jednosmérné. Vypocty
vétrani neprokdzaly nutnost instalace nucené ventilace, tunely tak
zustavaji vétrané pouze pistovym efektem a pfirozenym proudénim.

Tunely budou stavebné pfipraveny na doplnéni dalsich technologic-
kych zafizeni podle skuteEnych potieb provozu nebo pozadavki pro-
vozovatele. Pod chodnikem jsou navrzeny kabelové kandly (viz. odst.
,,Pri¢ny fez). V definitivnim osténi jsou navrzeny radidlni kabelové
kandly urené pro prevod kabeltl v ostén{ v pfi¢ném sméru.

V rdmci stavebnich dprav jsou v tunelech pfipraveny vyklenky pro
namontovdni SOS kabinek a umisténi poZdrnich hydranti. Vsechny
vyklenky jsou sdruzené. Vyklenky SOS a vyklenky s pozarnim hydran-
tem jsou navrzeny pouze u tunelt delsich nez 500 m tak, aby byla vzdy
zaru¢ena minimdlni vzddlenost 300 m mezi SOS hldskami a hydranty.

Vyklenky pro ¢isténi bocnich podélnych drendzi jsou rozmistény
podle navrzené blokové skladby v maximdlni osové vzdalenosti 60 m.

POZADOVANE DOKUMENTY

V ramci projektu jsou zpracovavany ndsledujici dokumenty:
e Vykresova dokumentace stavebni ¢asti tunelt

® Technické zpravy

e Technické specifikace

o Statické vypocty(numerické modelovani)

e Vykazy vymér a odhady ndkladu

© Navrhy sestav stroju a mechanizmt pro razbu tunelu

ZAVER

Evropské tuneldrské zkuSenosti a feSeni se v modifikované podobé
pravdépodobné stanou standardem pro Indické reditelstvi silnic a dal-
nic (National Highway Authority of India), investora statnich silnic.
Objemem tuneldfskych stavebnich praci se projekt zkapacitnéni silnice
z Jammu do Srinagaru fadi k nejvétSsim soucasnym silniénim tuneldf-
skym projektum v Indii. Postupné uvedeni novych tunelt do provozu
vyrazné zvysi kapacitu komunikace a bezpecnost statni silnice NH —
1A v celé oblasti indického Kasmiru a prispéje k lepsi dostupnosti hlav-
niho KaSmirského tdoli.

ING. PETR SVOBODA, svoboda@d2-consult.cz ,
ING. MARTIN SRB, srb@d2-consult.cz,
D2 CONSTULT PRAGUE s. r. 0.

Obr. 5 Typicky pricny rez s patkami — Legenda: 1 — primdrni osténi (strikany
beton s vyztuZnou siti), 2 — sekunddrni osténi (prosty beton)

Fig. 5 Typical cross-section with footings — Legend: 1 — primary lining
(shotcrete with reinforcing mesh), 2 — secondary lining (plain concrete)

M&E EQUIPPMENT AND RENOVATION

The tunnels are designed only with lighting in the first stage
of a construction. Longitudinal or natural ventilation was anticipated
from the beginning with regards to tunnel lengths (about
150 — 900m). All tunnels operate for traffic only in one direction.
Ventilation calculations did not demonstrate a need for mechanical
ventilation, thus tunnels stay ventilated by a piston effect and by
a natural air flow.

The tunnels will be prepared for installation of further M&E ser-
vices based on real requirements of traffic or requirements of opera-
tor. Cable trenches were designed below pavements (see chapter
"Cross section"). Radial cable channels determined for cable transfer
in cross direction were designed in the permanent lining.

Niches for emergency calls and for fire-fighting equipment were
considered in design. All niches are combined. Emergency call
niches and fire-fighting niches were designed only for tunnel longer
than 500m to assure minimum distance 300m between emergency
calls and water hydrants. Niches for rodding eyes (to clean longitu-
dinal drainage) are situated with maximum axial spacing 60m
(according a composition of blocks).

DOCUMENTS REQUIRED

The following documents are completed as a part of the project:
e Drawings of civil part of tunnels

® Technical reports

e Specifications

e Static calculations

o Bills of Quantities

e Tunnel excavation machinery proposal

CONCLUSION

European tunnelling experience and solutions in a modified versi-
on will probably become standard for the National Highway Autho-
rity of India (stakeholder of national highways). Four-laning of the
road from Jammu to Srinagar is one of the biggest road tunnelling
projects in India due to amount of tunnelling works. Gradual com-
missioning of new tunnels will significantly increase capacity and
safety of the road NH 1A in whole Kashmir area and will assist to
better accessibility of the main Kashmir valley.

ING. PETR SVOBODA, svoboda@d2-consult.cz ,
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