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From the Desk of Editor-in-Chief 
 

4th of July, 2014 would be a day which will be forever cherished by people of Jammu and rest of the country alike.  One long 
awaited milestone in history of railways in the State of J&K was achieved on this day when Prime Minister of India, Shri Narendra Modi 
unveiled a plaque dedicating the new Shri Mata Vaishno Devi Katra – Udhampur Section to the nation and he then flagged off the first train 
on this section.  This issue of Him Prabhat has full coverage to the building and opening of new Shri Mata Vaishno Devi Katra – Udhampur 
Section. 

 
 A photo gallery on the inaugural ceremony of opening of the section by Hon’ble PM Sri Narendra Modi and dedication of the 
section to the nation brings to life those precious moments.  Mr Hussain Khan, XEN / USBRL gives the readers a glimpse of technical 
features of the newly opened section.  The article on Katra Station by Mr Sangrah Maurya Dy.CE/Anji & Design and Sumit Khajuria 
XEN/C/UHP takes readers through a guided tour of the station introducing them to available facilities. 
 
 Bridge No 20 (Revised Br. No. 186) is constructed across Jhajar Khud gorge. It has two 154 m steel spans resting on a 85 m high 
intermediate pier. This bridge was built in 2007 and prior to inspection by CRS it was noticed that the top saddle plates of POT-PTFE 
bearings had deformed.   How this issue was tackled by the project team and the experiences of engineers by replacing the damaged POT-
PTFE bearings by new cylindrical bearings have been explained in detail by Mr Surinder Kaul CAO/USBRL, Mr Sandeep Gupta CE/S and 
Mr Sangrah Maurya Dy.CE/Anji & Design in the article on this subject.  Mr Sandeep Gupta, Chief Engineer of the section also contributes 
an article dealing with rehabilitation and realignment of Tunnel T-1 (revised Tunnel No. 23) where he deals with handling of various 
technical issues encountered during construction of this tunnel viz. excessive squeezing and heaving of invert among others. 
 
 Bridge No. 196 on this section was completed in 2006.  In this bridge too, prior to inspection by CRS, fine cracks were noticed in 
certain spans. Article by Mr Sandeep Gupta CE/S and Sumit Khajuria XEN/C/UHP on cracks in Bridge No. 196 in the section examines in 
detail the various technicalities and solutions thereof. 
 
 Any engineering discussion of building a railway line in this part of Himalayas would be grossly incomplete unless a geologist 
does not introduce the readers through the exciting features and surprises of geology involved.  The article by Mr. Joginer Singh, Ex 
Director/GSI and presently working with Konkan Railway Corporation Limited as their Deputy Chief Geologist, shall be able to meet the 
inquisitiveness of readers who regularly follow this technical news letter.  
 
 Building of Shri Mata Vaishno Devi Katra – Udhampur Section brought with it a fair share of surprises.  Surprises present 
challenges and they were all met by the dedication and expertise of engineers of Indian Railways.  Tunnel No 3 (new No. T-25) passes 
through weak sandstone which is inter-bedded with bands of clay stone.  The tunnel passes through strata which are charged with water for 
most of the year.  During monsoon and immediately thereafter the hydrostatic pressure above the tunnel mounts which results in heavy 
seepage of water.  The experience of Mr Mr Surinder Kaul CAO/USBRL and Mr Sandeep Gupta CE/S while handling heavy seepage of 
water and solutions which were adopted have been documented in an article on the subject. 
 
 As many more tunnels will be built in future in Himalayas on Indian Railway stretching from J&K in west to North Eastern States 
in the east the article by Mr Armando Capellan, Project Consultancy Head, Amberg discussing structural analysis and effect of seismic forces 
for final lining of tunnel with specific reference to Tunnel T6 of this section will be a good read for our engineers for times to come. 
 
 Safety of railway operations in tunnels is paramount.  The article by Mr. R.K.Choudhury, Chief Electrical Engineer, USBRL 
Project deals with this subject deftly.  The Tunnel Safety Manual for Tunnels T-23 and T-25 which is included in this issue shall be of 
everlasting importance both for personnel operating railways through existing tunnels or those who design and build new ones.  
 
 The new section connects the Holy Shrine of Shri Mata Vaishno Devi.  The devout start their ardous journey to the last stage of 
their pilgrimmage from Banganga, about three kilometers from Shri Mata Vaishno Devi Katra station.  Gauri Tomar (Class VII) and Adya 
Tomar (Classs IV) of Sanskriti School, Chanakaypuri, New Delhi.bring to readers the mythology and popular beliefs about this holy shrine. 
 
 An article on our day to day health by Dr.Stephen George, Dy.CMO, KRCL discusses stress management shall be a gentle 
reminder to readers that this can be not be neglected.  I have added an article on the tree unique to Kashmir – Chinar. 
 
 We hope that this issue of Him Prabhat lives up to technical standards established by our earlier issues for which we have received 
many a kind word of appreciation from readers.  The Editorial Board shall fail in their duty, if they do not acknowledge the encouragement 
they have received from such feedback. 
 
 
 

Mohit Sinha 
EDITOR - IN -CHIEF 
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A C K N OW L E D G E M E N T 

 
Team USBRL wishes to express its gratitude to following senior 
officers in connection with opening of Udhampur Katra Section 

 

 

 

Sh Pradeep Kumar 
  Our General Manager who 
provided us with crucial and 
timely support and guidance 
during the last crucial 
months before the opening of 
the section. 

 

Sh V K Gupta : 
  Our Member Engineering for 
his continuous inspirational 
guidance and support right 
from the beginning. It was his 
vision and solo relentless efforts 
that saw commissioning of this 
section. 

 

 

Sh Arunendra Kumar 
  Our charismatic and dynamic 
Chairman Railway Board who 
was supportive and 
appreciative of our efforts and 
provided the necessary 
encouragement and guidance. 
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General Map of Udhampur Srinagar Baramulla Rail Link Project 
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P R O J E C T  N E W S  
Udhampur Srinagar Baramulla Rail Link Project 

 

Rail Link for the Holy Shrine of Shri Mata Vaishno Devi- 
  Commissioned by Honorable PM Sh. Narendra Modi on 4/7/14. For over 150 years, Railways have 
transformed and revolutionized the life style of people living in various parts of the country by providing a fast, safe, 
comfortable and affordable mode of transport. Extension of Network of Indian Railways upto Shri Mata Vaishno Devi Katra 
Station is a long cherished dream which has now become a reality. This rail link will ensure a comfortable and safe travel to 
lakhs of devotes to the starting point of their pilgrimage to Holy Shrine of Mata Vaishno Devi. This rail link is a part of 
Udhampur-Srinagar-Baramulla Rail Link Project and it traverses through the Lower Shivalik Range of the mighty Himalayas. 
This section is 25 Km in length and characterized by Long Tunnels, High Bridges with long spans. 
 The vision of providing Rail Connectivity in the state of Jammu and Kashmir was first made in the 19th century, 
when Maharaja Pratap Singh, the then ruler of J&K, proposed a Rail Link between Jammu and Srinagar. However, due to 
daunting terrain and the technology available at the time and associated high costs of construction of the project, the 
dream of Maharaja Pratap Singh took this time to come true. 

With a view to provide an alternative and a reliable transportation system to Jammu & Kashmir, Govt. of India 
planned a 326 km. long Railway Network. The Project was declared as a Project of National Importance. 
 

 

Hon’ble PM arriving at Mata Vaishno Devi Katra Railway Station to flag off the first Train services from Shri Mata Vaishno Devi, 
Katra Station on 4th of July 2014. 
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P R O J E C T  N E W S  
 

 

Hon’ble PM is being received by Sh. D.V.Sadananda Gowda, Hon’ble MR, at Shri Mata Vaishno Devi Katra Railway Station. 

 

Hon’ble PM is being received by Sh. Manoj Sinha, Hon’ble MOSR, at Shri Mata Vaishno Devi Katra Railway Station 
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Hon’ble PM is being received by Sh. Arunendra Kumar, Chairman Railway Board, at Shri Mata Vaishno Devi Katra Railway Station. 
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Hon’ble PM is being received by Sh. V.K. Gupta, Member Engineering, at Shri Mata Vaishno Devi Katra Railway Station. 
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Hon’ble PM is being received by Sh. Pardeep Kumar,General Manager/NR, at Shri Mata Vaishno Devi Katra Railway Station. 
 

Hon’ble PM unveiling the plaque to dedicate the newly commissioned Udhampur-Katra Rail line to the nation on 4/7/2014. 

P R O J E C T  N E W S  
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Hon’ble PM flagging off the first Train from Shri Mata Vaishno Devi Katra Station. 

 

Hon’ble PM flagging off the first Train. 

P R O J E C T  N E W S  
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Hon’ble PM is being escorted to dais by Sh. Arunendra Kumar, Chairman Railway Board. 
 

P R O J E C T  N E W S  
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Sh. D. V. Sadananda Gowda, Hon’ble MR, Sh. Manoj Sinha, Hon’ble MOSR, Dr. Jitendra Singh, Hon’ble MOS(PMO), Sh. Arunendra 
Kumar,CRB, Sh. V.K Gupta,ME, Sh. Pardeep Kumar,GM/NR, Sh. SurinderKaul, CAO/USBRL and others officers walking towards dais. 

 

Hon’ble PM arriving on dais to address rally on the occasion of inauguration ceremony of Udhampur-Katra Section. 

P R O J E C T  N E W S  
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Hon’ble PM addressing rally. 

 

Dr. Jitendra Singh, Hon’ble MOS (PMO) addressing on the occasion of opening ceremony of Udhampur-Katra Rail Line. 
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On the dais from left to right Sh. D.V.Sadananda Gowda, Hon’ble MR, Sh. N.N Vohra, Hon’ble Governor of J&K, Hon’ble PM, 
Sh. Omar Abdullah,Hon’ble Chief Minister of J&K, Sh. Jitendra Singh,Hon’ble MOS(PMO)and Sh. Arunendra Kumar, CRB. 

 

Hon’ble PM addressing  rally on the occasion of opening of Udhampur-Katra section, On this occasion Hon’ble PM announced running 
of Shri Shakti Express Train between Delhi to Katra. 

P R O J E C T  N E W S  
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Sh. D.V Sadananda Gowda,Hon’ble MR, presenting memento to Hon’ble PM. 

 

Sh. Arunendra Kumar,Chairman Railway Board giving vote of thank. 
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1. Presentation being given on Spherical and Cylindrical berings and on Expansion Joints by Sanfield (ndia) 
limited on 26/08/2014 (pic 1, 2and 3). 

2. Presentation on ventilation systems by Mr Anderia Panciera of M/s Lombardi Engineering India Pvt. Ltd., Dr 
Qihui Zhang of M/s Geodata Engineering and Mr Wolfgang Holzleitner of M/s Bernard Ingenieure ZT GmbH and 

on geological aspects of alignment from Km 61 to 90 by IRCON on 28.07.2014 (Pic 4,5 and 6) 
 

Pic:-1 Pic:-2 

Pic:-3
  

Pic:-4 

Pic:-5 
 

Pic:-6 
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Employees of the Month 

Sh. Kulvinder Singh 

 

Shri Kulvinder Singh s/o Shri Jai Singh, Line man-III is working under SSE/E/C/JAT and 
posted at Udhampur. He is hard working and highly devoted to duty. During GM/NR inspection of 
UHP-KAT section on 11.06.14, GM noticed that the orientation of light fittings, provided in Tunnel 
no. T-24, was such that the light was mainly focussing on the wall and not on the track. This was 
because of the design of the light fitting. GM/NR directed to modify the orientation of the light fitting 
so as to put maximum light on the track. CAO/USBRL decided to inspect the section on 20.06.14 
and directed that that the modification work should be completed by that day. Tunnel T-24 is 
having 77 no. of light fittings at the height of around 4 metres. Sh. Kulvinder Singh was given this 
job to modify the orientation of all light fittings. Despite the unavailability of material and manpower, 
he started the work alone on 19.06.14 and worked through day and night and completed all the 
modifications by 20.06.14. This shows his great sincerity & devotion to duty. To recognize his 
efforts, he is recommended to be declared as MAN OF THE MONTH’. 

Likes   Punjabi songs  
Favourite food Punjabi foods 
Favourite colour Red 
Best moment Completion of   Udhampur- Katra Rail Link 

 
Shri Subash Chander Sinha Sr. Section Engineer/works is working at Katra under 

Dy.CE/S&C-1/UHP in USBRl Project. He was born on 17/1/71 at Patna/Bihar. He did his schooling 
at Patna. Than he did his B.Tech (Civil Engg.) from Nagpur. He joined Railways in 9/5/2007 in 
Delhi division. He joined Dy CE/S&C/I/UHP on 12/5/2008.  He is very hard working and highly 
devoted to duty. He had worked very hard in completion of Udhampur-KatraRail link particularly 
works at Katra Rail complex. To recognize his efforts he is declared Man of the Month. 
 
 

 

Likes   Old Songs 
Favourite colour Sky Blue 
Past experience From 1997 to 2007 worked as AEE in 

Bihar state. 
Permanent address Danapur Cantt. Patna, Bihar. 

Sh.Subhash Chander Sinha 
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Employees of the Month 
 

 
Shri Tilak Raj, Mason Mistry is working at under Dy.S&C-1/UHP, on USBRL Project. He 

was born on 02.04.1960.He joined Railways on 21.08.1982.His qualification is matric with ITI 
certificate of surveying. From August 1982 to March 1983, he was in survey work for JAT-UDM 
section and worked with zeal towards completion of JAT-UDM Rail Link. From July 2004 to July 
2014 he has supervised different works in Udhampur Katra section. He is hardworking and sincered 
to carry out duties for completion of work. He has earlier received many awards. To recognize his 
efforts he is declared Man of the month. 

 
Likes   Old Songs 
Favourite food Dal-Roti 
Favourite colour Grey 
Best moment Completion of Jammu- Udhampur rail 

  

Working Experience: 
 
a)  Aug’82 to Mar’83: Survey work of JAT-UHP section on JURL project was conducted under Dy. CE/C/JAT. 
b) Mar’83 to May’95: Supervised the work of minor bridges, major bridges, earthwork in cutting/filling, protection works 

such as retaining walls, breast walls, work in zone E-6, E-8, E-10 of JAT-UHP section on JURL project under Dy. 
CE/C/JAT. 

c)  May.’95 to Feb.’97 : Supervised the work of tunnelling and cut & cover of T-8 of JAT-UHP section on JURL project 
under Dy. CE/C/JAT. 

d)  Feb.’97 to Jan.’2000: Supervised the work of minor bridges, major bridges, earthwork in cutting/filling, protection works 
in zone E-15 of JAT-UHP section on JURL project. 

e) Jan.’2000 to July’04: Supervised the work of construction of 1.2km long viaduct in zone    E-18 of JAT-UHP section on 
JURL project under Dy. CE/C/JAT. This work involved moving of 40 precast PSC girders up to a distance of 2km and 
lowering them all to position as well including their launching. 

f) July’04 to July’14: Supervised the work on construction of Two FOBs, one public FOB, platform shelters, washing line, 
and residential quarters at Shri Mata Vaishno Devi Katra Railway station. He also supervised the construction ROB 31 
& 31A and other ancillary misc. service buildings in UHP – SVDK section of USBRL project. 

 

Awards Received: 
 
i)  At CAO, N. Rly level during 1999-2000. 
ii) GM, N. Rly level during 2004-2005. 
 

Sh. Tilak Raj 
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Highlights of Udhampur - Shri Mata Vaishno Devi Katra 

section opened for passenger traffic on 04.07.2014 
 Introduction:- 

Udhampur – Srinagar – Baramulla New B.G. Rail Link 
was sanctioned in three phases. First phase i.e. Udhampur-Shri 
Mata Vaishno Devi Katra (25Km) was sanctioned in March 1995, 
Second phase i.e Qazigund-Baramulla(0-119Km) was sanctioned 
in Feb1999. This phase was commissioned in three parts i.e 
Mazhom-Anantnag(66Km) in Oct 2008, Mazhom-
Baramulla(35Km) in Feb 2009 and Anantnag-Qazigund(18Km) in 
Oct 2009. The third phase i.e Katra-Qazigund(Km25- Km 
168.693) was sanctioned in Nov 2002. Banihal –Qazigund 
section (Km150.350-167.948) as phase 1 of Shri Mata Vaishno 
Devi Katra-Qazigund section has been opened on 26-06-2013. 
The section from Shri Mata vaishno Devi to Udhampur has been 
commissioned on 04.07.2014 .The section was dedicated to 
nation by the Honble PM Shri narendra Modi. 

Udhampur-Shri Mata Vaishno Devi Katra section from 
Km. 0/950 to 26/574 (Chainage w.r.t Jammu Tawi Km.54/100 to 
km 79/724) i.e.25.624 Km. The kilometer has been taken with 
0.00 at centre line of station building at Jammu Tawi and the 
distances are from centre to centre of station buildings. Centre 
line of Udhampur station is Km.53.150 and section terminates up 
to Km.79.724. 

After commissioning of Udhampur-Shri Mata Vaishno Devi 
Katra section, trains are operated upto Shri Mata Vaishno Devi 
Katra as per extant operational instructions of the Division. The 
details of the block section lying in between are elaborated 
below. 
Udhampur-Shri Mata Vaishno Devi Katra Section:- 
Block section Length 
 

 Udhampur–Chak-Rakhwal 
Section 

 9.356 Km. 

 ChakRakhwal–Shri Mata 
Vaishno Devi Katra Section. 

 15.528Km. 

The detailed revised estimate of Udhampur-Shri Mata Vaishno 
Devi Katra section has been sanctioned by Rly Bd amounting Rs. 
927.61 crore in Nov, 2012.  
 

of Himalayas. The proposed rail link is crossing number of 
rivers, nallahs, canals, channels, khads & watercourses in 
addition to number of roads, cart paths and footpaths. Katra 
town is a tehsil of district Reasi, 25 km away. 
 On Udhampur - Shri Mata Vaishno Devi Katra  
section, one Important bridge, 7 major bridges, 29 Minor 
bridges, 1 over head crossing for water pipe line, 12 
ROB/RUBs & 10 tunnels have been constructed 
over/across drainages, Nallahs, local rivers, hills, State 
Highways, District/Village roads.    
 

(A) DESCRIPTION OF LINE:- 
 Udhampur - Shri Mata Vaishno Devi Katra section of 
Udhampur – Srinagar-Baramulla New B.G. rail link will connect 
important towns of Jammu province. Chak Rakhwal and Katra 
are towns, which are being connected through this rail link. Katra 
is an important town because of Shri Mata Vaishno Devi Shrine 
and Shri Mata Vaishno Devi University. This town is connected 
with Jammu Tawi through National Highway 1A. The Railway 
alignment passes through unstable geological formations and 
highly undulating & difficult hilly terrain of Shivalik & Trikuta range  

 

(B) LAND ACQUISITION:- 
a) This is a new line and land equivalent to 

270.165hectares has been acquired. 
b) Boundary posts have been erected to demarcate 

the railway land. 
c) No level crossing has been provided in the 

section and all road crossings are grade 
separated with RUBs /ROBs. 

 (C) FORMATION:- 
 The new alignment falls in cutting, in embankment, in 
tunnels & on bridges. Standard formation width of 6.85m in 
embankments and 6.25m in cuttings has been provided. On 
the entire section from Km 54.100to Km 79.724, blanketing 
consisting of graded material as per RDSO guidelines has 
been provided. The new earthwork in formation has been 
mechanically compacted and provided with side slopes of 
2H: 1V. Highest embankment is 26.4 m and deepest cutting 
is 20 m. Embankments have been provided with toe walls, 
berms and protected with pitching, turfing etc. wherever 
required. 

 
(D) TUNNELS:- 
 There are 10 tunnels constructed on Udhampur - 
Shri Mata Vaishno Devi Katra section of Udhampur – 
Srinagar-Baramulla New B.G. New Rail Link. The total 
length of tunnels is 10936 m i.e. 42.679% of the section. 
Tunnel No. 23 is the longest tunnel on the section, having a 
length of 3.120Km, with Ballastless track and is located 
between Udhampur to Chak Rakhwal station. 
 All tunnels except the diversion portion of 1.736 Km. 
of T-23, have been constructed with conventional method 
based on heading and benching sequence of excavation 
with subsequent installation of primary supports of steel ribs 
(ISHB 150/200) and RCC laggings followed by back filling 
with concrete. Tunnels have been finished with RCC/CC 
lining (Grade M 20) of 30cm thickness. 
 Excavation in tunnels has been done by drill and 
blast. In soft ground portion, tunnel excavator or hydraulic 
breakers were used for excavation. Trolley refuges have 
been provided at every 100m to facilitate workers to escape 
from an approaching train. In diversion portion of T-23, 
trolley refuge spacing is more than 100m.  
 The diversion portion of T-23 from Km 56/363.163 to 
Km 58/101.360has been constructed using New Austrian 
Tunneling Method (NATM) with elliptical shape. In this 
method, primary support system of shotcrete with wiremesh 
and rock bolting followed by secondary support system of 
RCC/CC lining (M:30) of 30cm thickness using state of the 
art CIFA shuttering system has been provided. 

 

Hussain Khan 
XEN/D-II/ 
USBRL/JAT 
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 All the tunnels on this section have been constructed 
between year 2000-2013. No guidelines regarding safety features 
were available at that time. All these tunnels have been 
constructed as per prescribed schedule of dimensions. The norms 
as followed for tunnels already constructed and in operation on 
Jammu-Udhampur section as well as in other tunnels on Indian 
Railways were followed for tunnels on Udhampur-Katra section. 
 (E) BRIDGES:- 

There are total 53 Nos. bridges on this section. Out of 
these, one is important bridge on Jhajjar Khad (Span 2x154m, 
Open Web, Triangulated Steel girder), 07 nos. major bridges, 11 
nos ROB, 01 no. RUB, 01 overhead crossing for water pipe line, 01 
no. syphon bridge for irrigation channel, 01 no. through FOB out of 
3 nos. FOBs and 28 nos. minor bridges for nallahs & surface water 
.As such there are 36 nos. of bridges in which surface water flows 
(Important, Major & Minor Bridges, on nallahs/khads,). The bridges 
have been provided as per MBG standard of loading, 1987. 
 
The lists of major/important bridges in the section are tabulated 
below:-  

 

S. 
No. 

 

Br. 
No 

 

Chain
age  
(km) 

Description 
 

Maj/Imp    
(Feature) 

 

Span in 
m 

 

 

Type of 
bridge 

1 163 59.377 3 x 22.8 PSC Gr. Major Bridge 

2 164 61.806 4 x 34.0 PSC Gr. Major Bridge 

3 171 63.884 4 x 22.8 PSC 
Girder Major Bridge 

4 177 68.006 3 x 34.0 PSC Gr. Major Bridge 

5 178 69.595 1 x 45.2 PSC Gr. Major Bridge 

6 186 73.322 2x154.0 Steel 
girder 

Important 
Bridge 

 

7 

 

196 
76.107 

1 x 34.0 
+50.0+ 
70.0+50
.0 +1 x 
34.0 + 7 
x22.8+4
x34.0m) 

 

 

PSC Gr. 

 

Major Bridge 

 

8 

 

197 

 

77.224 

 

 

6 x 34.0 

 

PSC Gr. 

 

Major Bridge 

 

Salient feature of bridge No. 186:- 
Br. No. 186 over Jhajjar river on Udhampur-Katra 

section of Northern Railway, is a unique in many ways. It has 
span arrangement of 2X153.4 meters.  This bridge is an open 
web type though girder bridge.  It has been constructed by M/s 
Larsen & Toubro Ltd, at a total cost of Rs. 27 Crores. Work 
started on Sep’2002 and launching of super structure was 
completed in June’2007. 

The height of the pier of the bridge above bottom of lean 
concrete to top of pier cap is 95 meters which is taller than the 
heritage structure (KUTAB MINAR) and as such this bridge 
presently has the distinction of being the tallest bridge on 
Indian Railway. The span of 153.4 m as on this brigde is the 
single longest simply supported span in India.  The total weight 
of the bridge launched is as high as 2700 Tons. A total of 08 
Nos. cylindercall bearings and 02 Nos. pin bearings have been 
provided on each abutment and pier. 

The launching of the bridge has been done by cantilever 
(end) method using pull & push.   
 (F) LEVEL CROSSINGS:- 

No Level Crossings has been provided in the 
Udhampur - Shri Mata Vaishno Devi Katra section and all the 
road crossings are grade separated.  
 (G) CURVE AND GRADIENTS:- 

There are 22 Nos. curves on the Udhampur - Shri Mata 
Vaishno Devi Katra. The sharpest curve is of 5º in the Section. 
The total length of the curves is 6011.696m i.e. 23.461 % of the 
total section length.  
The detail of permanent speed restrictions are tabulated as 
below: -  

Permanent speed restrictions 
S.N. From Km. To Km. Speed 
1 53/894.063 55/010.923 70 KMPH 
2 76/524.280 77/140.618 80 KMPH 

3 78/923.831 79/724  
(End of section) 85 KMPH 

The ruling gradient of the section is 1 in 100(C). The 
steepest gradient in Rise on the section is 1 in 93.715 for a total 
length of 0.547 Km i.e. 2.135 % of the total length, whereas 
level portion is for a total length of 0.354 Km i.e. 1.38 % of the 
total length. The longest continuous length of steepest gradient 
is 327 m between Km 58.161 to Km 58.488. Railway Board 
has approved for adoption of steepest gradient of 1 in 93.7 
in patches in 1.8 Km. long diversion tunnel inside Tunnel 
T-23, vide letter No. 2007/W-2/NR/NL/06 Pt., Dated 
24/06/2013.  

 
(H) Ventilation in tunnels:- 

Ventilation in Tunnel T-23:- 
24 Nos. of 22 KW, 840 mm diameter bi-directional Jet 

fans at a spacing of 126 m are provided in Tunnel to achieve 
proper ventilation, keep CO level and temperature within limits. 
The total load of jet fans is 528 KW. CO level is to be 
maintained below 50 PPM & temperature level within 40̊C. 11 
KV Power supply from PDD is taken for power supply system of 
illumination and ventilation of T-23, 2x1000KVA, 11KV/415V 
and   2x750KVA, 415V/3.3KV transformers are provided in 
main substation building at Katra end. DG set of 500KVA 
provided for emergency supply for maintaining reliable supply  
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system of illumination and ventilation of T-23, 2x1000KVA, 
11KV/415V and   2x750KVA, 415V/3.3KV transformers are 
provided in main substation building at Katra end. DG set of 
500KVA provided for emergency supply for maintaining reliable 
supply for ventilation & lighting system. 82.5KVA DG set 
provided for lighting purpose only. 2KVA UPS provided for 
emergency backup of sensors for 90 minutes. 1x300KVA, 
3.3KV/415V transformer is provided in remote substation 
building at Udhampur end and 1x300 KVA, 3.3 KV/415V 
transformer is provided in middle substation inside the tunnel. 

Highlights of Udhampur - Shri Mata Vaishno Devi Katra section opened for 
passenger traffic on 04.07.2014 

 
 

 

Ventilation in Tunnel T-25:-    
  20 Nos. of 22 KW, 840 mm diameter bi-
directional Jet fans at a spacing of 120 m are provided in 
Tunnel to achieve proper ventilation, keep CO level and 
temperature within   limits. The total load of jet fans is 440 KW. 
CO level is to be maintained below 50 PPM & temperature level 
with in 40˚C.  11 KV Power supply from PDD is taken for power 
supply system of illumination and ventilation of T-25, 
2x750KVA, 11KV/415V and     2x500KVA, 415V/3.3KV 
transformers are provided in main substation building at 
Udhampur end. DG set of 500KVA is provided for emergency 
supply for maintaining reliable supply for ventilation & lighting 
system.82.5KVA DG set is provided for lighting purpose only. 
2KVA UPS provided for emergency backup of sensors for 90 
minutes. 1x300KVA, 3.3KV/415V transformer is provided in 
remote substation building at Katra end. 1x300 KVA, 3.3 
KV/415V transformer is provided in middle substation inside the 
tunnel.      
 Tunnel safety manual: - A detailed safety manual has 
been prepared for evacuating the passengers in case of any 
eventuality for tunnel no. T-23 & 25.  

 (I) PERMANENT WAY:- 
(a) Rail and Fastenings:-    
 (i) Main Line:-    
 The permanent way consists of 52/60 Kg.(90 UTS) 
New rails in LWR/SWR/free rail with Flash Butt/SKV welded 
joints in main line between Udhampur – Shri Mata Vaishno 
Devi Katra.     
 (ii)Loop Lines:-      
 52 kg/90R second hand rails have been used in Chak 
Rakhwal & Shri Mata Vaishno Devi Katra yards with 
SWR/single rails in loop lines.    
 (iii)Fish Plates:-    
 1000 mm long (six bolts) fish plates to suit 52/60 Kg 
new rails have been provided on main line in stretches having 
SWR (Short welded rails), single rails (on bridge No.186) and 
other unavoidable fish plated joints.  610 mm/460 mm long 
(four bolts) fish plates have been used for 52kg/90R fish plated 
joints in the loop lines.     
 (vi)Fish bolts and nuts:-     
 140 x 25mm & 130 x 25mm fish bolts with hexagonal 
nuts have been used in 52 Kg/60 Kg and 90R Rail joints 
respectively. 

 
(b)Sleepers and fastenings:- 

60 Kg PSC sleepers, complete with elastic fastenings 
(ERC, rubber pads and metal/GFN liners) have been provided 
with sleeper density of 1540 per km on main line except in 
ballast less track in tunnels and important bridge no. 186.  

The sleepers have been laid according to LWR manual 
requirements. 

For Ballast-less track in tunnels T-23, T-24, T-25, T-26 & 
T-27, RHEDA-2000 sleepers with density 1660/km with Vossloh 
300-1-U fittings have been provided. 

On Br. No. 186, H-Beam galvanized steel sleepers with 
Rail free fittings have been provided, with spacing in between 450 
to 510mm. 

PSC sleepers complete with elastic fastenings have been 
provided with sleeper density of 1540/1310 per km in loop lines with 
SWR free rails. 
 (c) Points and Crossings:- 
 Points and crossings consist of 52 Kg fan shaped 
turnouts on 60 Kg PSC sleepers with CMS X-ings. 52 Kg trap 
switches on 60 Kg PSC sleepers have been provided wherever 
required. 
 (e) Guard Rails:- 

Guardrails are of 52kg/90R new/second hand rails fastened 
to PSC sleepers/Steel /H-Beam sleepers on major bridges & 
ballasted tunnels have been provided. 
 (d) Ballast:- 

65 mm size Machine crushed stone ballast has been used to 
provide 300 mm cushion and 250mm for other sidings on new line. 
Initial packing has been done manually below the bottom of 
sleepers. Three rounds of Machine packing has also been done. 
 (e) Turnouts:- 

Turnouts have been provided with 1:12 curved switch and 
1:12 CMS crossing, 52 Kg rails on PSC sleepers. Minimum radius 
on lead curve has been provided more than 350 m. Turn-in-curves 
have been provided with PSC sleepers with sleeper spacing same 
as that of main line i.e. 1540 nos. per Km. Full ballast profile as that 
of main line with extra shoulder width of ballast 150 mm on outside 
of turn-in curve has been provided. Track structure is same as that 
on main line i.e. 52 kg new rail on 60 kg PSC sleepers with elastic 
fastenings with sleeper density of 1540 per Km . The permissible 
speed potential on running loop lines with passenger traffic is 30 
Kmph. 
 (J) SIGNALING AND INTERLOCKING:- 

The method of train working in the section will be 
“Absolute block system” with colour light signaling along with 
Standard-IIR interlocking. Signaling documents are being submitted 
separately. 

 
(K) STATION BUILDINGS AND PUBLIC AMENITIES:- 
 (a) Chak Rakhwal station at Km 62.506:- 

This is a three line crossing station having dead end/sand 
humps on loop lines. 390 m long Rail level passenger platform on 
loop line No.1 and 2 has been provided. The Grade adopted in yard 
is 1: 400.Two loop lines and one mainline with details tabulated 
below are provided in the yard. 

Name of station 
Yard 

Clear length of 
crossing loop  Other sidings 

Chak Rakhwal 
station yard  

 
Loop Line 1 = 
765.33m 
Main Line 2 = 
727.95m 
Loop Line 3 = 
855.12m 

nil 
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The following passenger amenities have been provided at Chak Rakhwal station:- 

 

STATE 

 

JAMMU & KASHMIR 

 

CATEGORY -  'E' 

 

ROUTE -  'E' 

DISTRICT UDHAMPUR 

 

SECTION -UDHAMPUR-SHRI 
MATA VAISHNO DEVI KATRA 

KM - 62/506 

Norms for Minimum essential amenities 

Sn Amenities Required level  Levels provided  

1 Booking facility (No. of 
Counters) 

2 1 

2 UTS as per norms Yes  - 

3 Drinking water 2 2 Nos. Hand pump 

4 Waiting Hall 15 Sqm  41.35 Sqm 

5 Seating arrangements (No. of 
seats/PF) 

10 24 

6 Platform shelters (on each 
platform) 

50Sqm 50Sqm 

7 Urinals 1  - 

8 Latrines 1 02 Nos. (01 No. Ladies 
and 01 No. Gents) 

9 Foot over bridges  -  - 

10 Water coolers  -  - 

11 Signage (standardized)  -  - 

12 Platforms Rail level Rail level 

13 Lighting  Yes Yes 

14 Fans  -  - 

15 Time-Table display  As per extant instructions Yes 

16 Clock To be decided by zonal Railway  Yes 

17 Public address system As per extant instructions  - 

18 Parking cum circulatory area, 
with lights 

As per extant instructions Yes 

19 Electronic Train Indicator 
Boards 

As per extant instructions  - 

20 Public phones As per extant instructions  - 
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Desirable amenities 
1 Retiring rooms - - 
 

2 
Waiting rooms (with bathing 

facilities)              Upper Class                  
Second Class                 

Separate for ladies (combined 
upper class and 2nd Class) 

 

- - 

3 Cloak room - - 
4 Enquiry counters - - 
5 NTES - - 
6 IVRS - - 
7 Public address system - - 
8 Book stalls/other stalls of 

essential goods 
- - 

9 Refreshment Room - - 
10 Parking cum circulatory area, 

with lights 
- Yes 

11 Washable apron - - 
12 Electronic train  Indicator 

Boards 
- - 

13 Touch screen Enquiry system - - 
14 Water vending machines - - 
15 Foot over bridges - - 
16 Escalator - - 
17 Travellator - - 
18 Signage (standardized) - - 
19 Modular catering stalls - - 
20 Automatic Vending Machines - - 
21 Pay & Use Toilets on end 

platforms and circulating area 
Yes - 
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Provision of cyber café 

- - 

 
23 

Provision of ATMs Optional - 

 
24 

Provision of at least one AC 
VIP/Executive Lounge 

- - 

 
25 

 
Food Plaza 

- - 

 
26 

 
Train coach indication system 

- - 

 
27 

CCTV for announcement & 
security purpose 

- - 

 
28 

Coin operated Ticket Vending 
machine 

- - 

 
29 

 
Pre-paid Taxi service 

- - 

 
30 

 
High level Platform 

- 02 No. rail level 
passenger platform 

  (b) Shri Mata Vaishno Devi Katra station at Km 78.034:- 
While details of station building at SMVDK have been dealt in detail in another article in this issue, this 
para briefly describes some of the imp features of station Yards. This is a four line crossing station 
having dead end/sand hump/over run/trap point on loop lines. The grade adopted in the yard is 
1:1000. The following loop lines and sidings have been provided in yard. 
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(ii) The station premises consist of 3 high level Platforms 550 m long with 400 m long platform shelters on all platforms. 

2 nos. FOB, with one side ramp & other side stairs on one FOB is provided to facilitate passengers for going from platform no.1 to 
platform no 2 & 3 and exit from station. One folded ramp and one Lift have also been provided to facilitate passengers for going from 
platform no.1 to exit from station. Two escalators connecting station building and PF-1 have been provided. Water booths are 
provided on all platforms. Public convenience such as water taps, benches, etc. are also provided on all the platforms. One through 
FOB across has been provided for the local people of the town. 
 
(L) MEANS OF DEALING WITH ACCIDENTS:- 

The facilities for dealing with accidents i.e. Self Propelled 
Accident Relief Train (SPART) have been provided at Shri Mata 
Vaishno Devi Katra station. The same will be utilized for this 
proposed new section. For medical relief ARME (Scale-II) will be 
based at Shri Mata Vaishno Devi Katra station along with one 
ambulance at Shri Mata Vaishno Devi Katra station. One 140 Ton 
B.D. Crane and Tool Van will also be stationed at Katra. 

 

 
Residential Quarters at Shri Mata Vaishno Devi Katra Station:- 

Sn. 

 

Type of Quarters  Total Remarks 

I II III IV IV-(special) 

1 32 20 4 2 0 58 Constructed(Phase-I) 

2 0 60 24 4 4 92 Under construction (Phase-II) 

Total 150 
 

Chak Rakhwal station 

1 14 2 Nil Nil Nil 16 Constructed 

Total 16 
 

 

(M) STAFF QUARTERS AND GANG HUTS:- 
For staff & Gangs, Type- I, II, & III quarters have been 

constructed at Chak Rakhwal and  Shri Mata Vaishno Devi Katra 
stations. The details are tabulated as below:- 
 

(N) SECURITY PLAN:- 
 As per approved security plan for the section, security 
morchas have been provided on major Bridges and portals of 
all tunnels at each end along the alignment. Sufficient 
shelters are provided along the track.   
     In Shri Mata Vaishno 
Devi Katra Station yard, sufficient morchas and GRP/RPF 
post have been constructed. 120 bedded barracks for RPF 
and 2 x 120 bedded barracks for GRP have been 
constructed.  
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Geology along  Udhampur-Katra Rail Line Section USBRL- 
Project in Udhampur and Reasi District (J&K) 

 Introduction:-  
General                                                                      
Geologically and Geographically India can be divided into three 
prominent divisions:- 
 (i) Peninsular India  
(ii) Indo Gangetic plains  
(iii) Extra peninsular India.  

The Peninsular India is considered to be the stable 
block of the earth crust which was not much affected during the 
mountain building activity beginning almost at close of the 
Precambrian era i.e. (600my).The origin of the Indo-gangetic 
plains can be related to depression created simultaneously with 
the upliftment of Himalayas between Peninsular India and 
uprising Himalyas.The depression thus created was filled by 
deposition of material brought by rivers originating from the 
uprising Himalayas resulting into the formation of younger rock 
mass. The extra peninsular India have undergone number of 
tectonic activities of high magnitude and the rock mass have 
under gone complex geotechnical conditions with the 
development of complex structure like fold, fault and thrust of 
great extension and dimension. It is still believed that these 
tectonic movements have not died off completely and region is 
still unstable as evidenced by the occurrence of frequent 
earthquakes in the Himalayas.  
The Himalayas can be divided into four major zones:- 
 (i) Siwalik foot hills or outer Himalayas or Sub-Himalayas (10-
50km) wide  
(ii) Lesser/Middle Himalayas (60-80km),  
(iii) Great/CentreHimalayas (80km) 
(iv) Trans Himalayas about (40km).  

The rivers in general in Trans Himalayas flow at an 
elevation of 3500-4200m .The altitude of Himalayas from Siwalik 
foot hills to central Himalayas in J&K varies from 1000m to 
5000m. 
  The rock mass and major structural features through which the 
alignment is passing or likely to pass from south to north upto 
Qazigund are:- 
(i) Upper Siwalik group represented by conglomerate, clay 
bands, sandstone beds and grits 
 (ii) Middle Siwalik represented by massive coarse sandstone 
with interbeds of clay  
(iii) Lower Siwalik represented by grey and brownish sandstone 
with thick beds of red purpulish clay  
(iv) Murree Formation represented by purplish grayish 
sandstone, siltstone and claystone. 
(v) Subathu/Jungal gali formation represented by limestone, 
chert, quartzite, shale, sandstone, carbonaceous shale and coal. 
 

 
 
Geology along Udhampur-Katra rail line section:- 
                                The Udhampur –Katra rail line section with 
a length of about 25km with 7 tunnels and three cut & cover 
sections, open cut sections and bridges over major nalas falls 
in Siwalik foot hills /Outer Himalayan zone. The alignment 
passes through complex geological conditions. Geomorpholo- 
-gically the topography is undulating with moderate to 
steepmounds and flat gentle slopping area in between, which 
in general is under cultivation. The area is drained by almost 
north-south flowing perennial as well as seasonal nalas 
flowing almost across the alignment. Geologically the major 
part of the surface area along the alignment is occupied by 
slope wash/slope debris and soil with scanty exposures of 
rocks along the nala cuttings and small mounds between 
tunnel no.T23 (P1) & tunnel no.T25 (P2).The area along the 
alignment from tunnel no.T25 (P2) onward exposes thick 
bands of sandstone, siltstone and claystone upto tunnel no. 
T28 (P2) with area in between the tunnels occupied mainly by 
slope wash and slope debris. The area from T-28 onward upto 
Katra railway station is having deep valleys formed by the 
nalas and occupied by thick terrace deposits with steep nala 
banks and flat ridge tops. 

Tunnel no. 21 & 22 (cut and cover):- 
The tunnel no. 21(Km54.69 to Km54.975) & 22 

(Km55.153 to Km55.319) with a length of 286m and 166 m 
respectively after the Udhampur Station(Km53.15) are located 
in slope wash, slope debris material represented by boulders, 
pebbles, gravels embedded in the soil. Because of the less 
vertical and as well as lateral cover over the tunnel and nature 
of the material this section was converted into cut and cover. 
The material is semi consolidated to unconsolidated in nature. 
 By:- 

Dr. Joginder Singh 
(Ex. Director/GSI) 
Dy. Chief Geologist 
KonkanRailway Corporation Ltd. 
 

Tunnel no. 23:- 
The tunnel no. T23 (km 55.337 to km58.457) with a 

length of 3.12km  passes partially through rocks belonging to 
Murree formation represented by alternate bands of purplish 
sandstone, silt stone, clay stone (Photo-1) and partially  

(vi) Sirban limestone group represented by dolomite, dolomitic 
limestone, cherty dolomite, quartzite with shale bands  
(vii) Ramban formation represented by phylites, slates, 
quartzite and shale  
(viii) Salkhala formation represented by granite gneisses and 
quartzite  
(ix) Ramsu formation comprising of phylites, slates, quartzite, 
schists, limestone and diamictite  
(x) Zilant formation represented by slate, tuff, phylite, quartzite 
and limestone. 
(xi) Syrinngothyris limestone represented by grey, limestone, 
shale and limestone  
(xii) Fenestella shale represented by quartzite, slate, basic sills 
and shale  
(xiii) Aaglomeratic slate comprising of basic lava flows mostly 
Andesitic  
(xiv) Panjal volcanic represented by basic lava flows. 
The alignment cuts across three major tectonic features i.e. 
Reasi thrust near Reasi, Murree thrust and Panjal thrust 
before Banihal, besides some other local folds, faults and 
shear zones. 
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Photo-1:- Showing alternate bands of purplish clay 
Stone, sandstone and silt stone of Murree formation 

exposedabove the tunnel. 

Geology along  Udhampur-Katra Rail Line Section USBRL- Project in Udhampur 
and Reasi District (J&K) 

 

. 
 

 

 

Tunnel no. 24 ;- 
The tunnel no.24 (Km59.877 to Km61.412) with a length of 

1535m passes through terrace deposit in the initial stretch and 
through rocks belonging to Middle Siwalik in the rest of the tunnel. 
The surface area all along this tunnel alignment is covered with slope 
wash/slope debris and terrace materials which is highly 
unconsolidated in nature underlined by highly weathered and fragile 
sandstone belonging to Middle Siwalik Group. There was a collapse 
in this tunnel towards P2 portal with sinking of about 100 m area 
along the alignment above the tunnel.  

 
 

Tunnel no. 25:- 
The tunnel no.25 (Km65.445 to Km67.942) with a 

length of 2497m  passes through massive sparsely jointed 
sandstone with thin clay bands belonging to Middle Siwalik 
Group  from Udhampur end  up to almost middle of the tunnel 
(Photo-3).The remaining part of the tunnel upto T25 P2  passes 
through rocks belonging to Lower Siwalik  Group  opening in the 
Dudi nala forming steep scarps along the nala bank represented 
by alternate bands of sandstone, reddish siltstone, and clay 
stone (Photo-4).The area all along this alignment  on the top is 
covered with soil/slope wash material with scanty exposures of 
sandstone and along the nalas crossing over this tunnel at 
places. 

 
Photo 3:-Showing bedding in Middle Siwalik Sand stone 

near the portal of Tunnel No.25 (P1) 
 

Photo 4:-Showing alternate bands of clay stone and 
sandstone and siltstone of Lower Siwalik forming steep 

cliff at T25 (P2) along the left bank of Dudi nala. 
During construction the alignment intercepted two 

buried channels cutting across the alignment. In the initial stretch 
the tunnel from Udhampur end was progressing normally 
through massive sandstone as soon as excavation from 
Udhampur end reaches 532m from the portal,there was a 
 

through rocks belonging to Upper Siwalik Group represented by 
rounded boulders, pebbles with calcareous cementing material and 
with clay and sand beds (Photo-2). These rocks have undergone 
intense deformation due to tectonic activity.After completion of the 
tunnel earlier there was huge collapse in the tunnel with squeezing of 
the tunnel and bulging of the ribs and upliftment of the studs and 
rising of the invert in some section of the tunnel. Subsequently the 
alignment in this tunnel was shifted 40m inside the hill and the tunnel 
was made through successfully. The causative factor for such a 
phenomenon appears to be due to highly crushed, fractured nature of 
the rock mass due to thrust passing through the tunnel (MBF), 
swelling property of Muree clay and release of strain and stresses. 
During the construction different techniques of tunneling were 
adopted as per the suitability of the rock condition. 
 

Photo-2: Showing boulders, pebbles and gravels 
with calcareous matrix belonging to Upper Siwalik 

in the tunnel towards P2 end of tunnel no. 23 
having different composition. 

 

The intervening area between tunnel no. 24 (P2) and tunnel 
no.25 (P1) is almost flat with gentle slope at places. The tunnel 
was excavated by using different techniques like multiple drift 
and heading and benching method and strengthening the strata 
by fore polling and grouting. 
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Photo: 5- Showing massive sandstone band of Middle 
Siwalik 

Group at portal   P1 of tunnel no. 26 after crossing bridge 
over Dudi nala. 

 

Photo:6- Showing alternate bands of reddish clay 
stone, siltstone and sand stone of lower Siwalik 

group exposed towards P2 portal of tunnel no. 26. 
 Tunnel no. 27:- 

The tunnel no.T 27 (Km71.141 to Km71.137 ) with a length 
of 996 m located after crossing the bridge over Ral nala and some 
open cut sections. The portal P1 of this tunnel is again located in 
Middle Siwalik towards Udhampur end(Photo-7) whereas  portal P2 is 
located in Lower Siwalik towards Katra end .The major Part of the 
area above tunnel no.T27 & T28 exposes thick bands of Middle 
Siwalik sandstone underlain by rocks belonging to lower Siwalik as 
intercepted in the tunnel and nala cuttings. 
 Tunnel no. 28 (cut and cover):- 

The tunnel no. 28 is located in lower Siwalik from portal P1 
to P2 represented by alternate bands of dark grey, yellowish 
sandstone, siltstone and clay stone (Photo-8). Because of the low 
cover over the tunnel the tunnel was converted into cut and cover 
section. The overall rock condition in the tunnel was good and the 
tunnel remained dry throughout the excavation. The open cut 
sections between tunnel no.T27 (P2) & T28 (P1) is mainly occupied 
by slope wash/slope debris and soil with scanty rock exposures of 
lower Siwalik Group 

The general trend of the rock mass exposed on the surface 
and intercepted in the tunnel no. T23 to T28 in the area varies from 
N10° degree east S10° west to N-S with dip varying from 15°-30° 
easterly. 

S.no. Strike & dip 
of joints 

Spacing 
(in mm) 

Continuity 
(in mm) 

Remarks 

 
1. 

N10ºE-
S10ºW/15-
20 South 
easterly 

 
5-6 

 
5-10 

 
Bedding joint, 
Generally tight 

 
2. 

N55ºE-
S55ºW/60 

North 
westerly 

 
8-10 

 
10-15 

 
Open joint 

 
3. 

N60ºE-
S60ºW/20 
Southerly 

 
8-10 

 
10-15 

 
Open joint 

 
4. 

 
N80ºW-
S80ºE 

 
15-20 

 
10-15 

 
2 to 5 cm open 

joint with 
alteration. 

 

 

The various rock units intercepted in the tunnels from T23 to 
T28 and recorded on the surface are traversed by three joint sets 
which are tabulated below. 

Geology along  Udhampur-Katra Rail Line Section USBRL- Project in Udhampur 
and Reasi District (J&K) 
 

huge collapse with presence of highly unconsolidated and 
saturated material, represented by boulders, pebbles and clayey 
material with huge inflow of water. The cavity thus formed 
extended up to the surface (27m above the tunnel grade) 
resulting into formation of funnel shape with sinking of the 
surrounding area. The visual depth of the Funnel from the top is 
about 12mSimilarly; the excavation from the katra end was 
carried out through rocks belonging to lower Siwalik group, 
represented by grey to greyish fine grain sandstone, siltstone 
with thick bands of clay stone. The excavation from this end was 
also going on normally with no major water seepage. As soon as 
the excavation from this end i.e., T5P2 reaches 838m, there was 
again a huge collapse resulting into formation of huge cavity & 
sinking of the area immediately above the cavity. 

From the behaviour of the collapse and material 
involved through which the tunnel was being excavated in this 
section, it was inferred that this stretch of the tunnel must be 
passing through buried channel which was abundant probably 
because of change in the nala course due to some blockage in 
the upslope .The nala was subsequently filled with boulders,  
pebbles, gravels, soil & the area was converted into cultivable 
fields. The collapse section of the tunnel was rectified by 
grouting from inside and from top and forepolling. 

Tunnel no. 26:- 
The tunnel no.26 (Km68.09 to Km69.447) with a length 

of 1352m passes partially through Middle Siwalik and partially 
through rocks belonging to lower Siwalik group. The portal of 
tunnel no.T26 (P1) towards Katra end is located in Middle Siwalik 
rocks represented by massive bands of coarse micaceous 
sandstone with thin clay bands (Photo-5). The portal P2 of tunnel 
no. 26 on the other end opens in lower Siwaliks, represented by 
alternate bands of sandstone, slit stone and reddish clay (Photo-
6). The overall rock condition in this tunnel was good except 
water seepage at places. The surface area above the tunnel is 
partially covered with slope wash, slope debris and soil and 
partially exposes rocks belonging to both Middle and Lower 
Siwalik group. 
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Photo-7:- Showing portal P1 of tunnel no. 27 opening 
in thick bands of Middle Siwalik group of rocks. 

 

Geology along  Udhampur-Katra Rail Line Section USBRL- Project in Udhampur 
and Reasi District (J&K) 

 

 

Photo-9: - Showing Bridge over jhajjar nala with 
highest pier on Udhampur-Katra section with thick 
terrace and recemented limestone scree deposits 

on the right bank of the nala. 
 

Photo-10:- Showing bridge over Khanoni Khad with 
thick terrace and recemented limestone scree 

deposits towards railway station end. 
 

Photo-11:- Showing recemented limestone scree 
with clasts of different composition derive from the 

Sirban limestone. 
 

Tunnel no. 29 and 30:- 
The tunnel no.T29 (Km72.845 to km73.153) and T30 

(km76.512 to km76.948) with a length of 308m and 436m 
respectively  were excavated through terrace deposit, slope debris 
and scree of Sirban limestone deposited by the nalas emanating 
from the base of the uprising Sirban limestone  north of Katra.  
 

Photo 8:-Showing Portal of tunnel no.T28P1 opening 
in lower Siwalik rocks, showing alternate bands of 
reddish clay and grayish sandstone and siltstone. 

 

Photo 12:-Tunnel no. T30, the last tunnel before Katra 
Railway station opening in terrace with recemented 

scree deposits. 
 

The bedrock in these Tunnels was not intercepted due 
to thick cover of fluvial deposits and slope debris This material 
is dissected by two major nalas i.e. Jhajjar nala after tunnel no. 
T29 and Khanoni nala after tunnel no. T30 (Photo- 12).The 
open cut section before and after the bridges over these nalas 
upto Katra railway station is occupied by terrace, limestone 
scree and recemented limestone scree (Photo-11) and 
terraces.(Photo-9&10) 
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Sketch map showing Tectonic and Geological of India 

 

 
MFT- Main Frontal Thrust, MBT- Main Boundary Thrust, MCT- Main Central Thrust, 

STDS- South Tibetan Detachment 

 

The area around Katra Railway station with gentle 
slope also located on this material with considerable thickness 
as inferred from the nala cutting across this material after T28 
(P2) portal and before entering the station. The material is 
semi consolidated to consolidated in nature. 
 

Schematic section showing various major tectonic features across the Himalyas 
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Shri Mata Vaishno Devi Katra Railway Station 

 
 

View of station building at inaugural function on 4th July 2014 
 

 

Katra or KatraVaishno Devi, as it is popularly known, is a small town in Reasi district of the Indian state of Jammu and 
Kashmir situated in the foothills of the Trikuta Mountains, where the holy shrine of Vaishno Devi is located. It is located 46 km 
from the city of Jammu. Shri Mata Vaishno Devi University, one of the leading technical universities of India, is also located here.  

Katra is located at 32.98°N 74.95°E. It has an average elevation of 813 metres (2,474 feet). Katra serves as the 
base camp for pilgrims visiting Vaishno Devi. It has a thriving tourism industry that offers plenty of hotels, guest houses, 
restaurants, dhabas, fast-food joints that fit all kinds of budgets.To reach Vaishno Devi temple the pilgrims have to register at 
the Katra before starting the trek. It is a trek of 13 km. There is another trek (1.5 km) from Vaishno Devi temple for Baba 
Bhaironnath. It is said that the pilgrimage is not completed until you visit this temple at last. The scenery throughout the trek is 
picturesque. 

 
 

Main entrance of katra station Building 

Recently the Katra-Udhampur rail link has been commissioned and 
dedicated to nation by Hon’ble PM Shri Narendra Modi. on 4th of July, 
2014. This is a 25 km long section and connects Katra town to Udhampur 
and with rest of the Indian railway network system. Katra station has 
been constructed considering the convenience of a large number of 
devotees that visit the holy shrine of shri Mata Vaishno Devi every year. 
The number of pilgrims that visit the shrine every year has increased 
from 1.4 million in 1986 to more than 10 millions now. Some of the salient 
features of Shri Mata Vaishno Devi Katra Railway station are described in 
the succeeding pages. 

 

 
 

Entrance lobby of station building 
 

 

 

Summit Khajuria 
XEN/C/UHP/ 
USBRL 
 Current reservation counter 

 

Panoramic view of Katra, seen from Mata Vaishno Devi Shrine 

  
By:- 
  Sangrah Maurya 
  DY CE/Anji/ 
  USBRL/JAT 
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Salient features of Katra station are listed below 
 

STATE JAMMU & KASHMIR CATEGORY -      'A' ROUTE -  'E' 

DISTRICT REASI 
 

SECTION -UDHAMPUR-SHRI MATA VAISHNO 
DEVI KATRA 

 
KM - 78/034 

 
Norms for Minimum essential amenities 
S. no Amenities Required level  Levels provided  

1 Booking facility (No. of 
Counters) 

10 12 

2 UTS as per norms Yes Yes 
3 Drinking water (No. Of 

taps/PF) 
20 taps on each Platform 32 for each Platform 

4 Waiting Hall 125 Sqm  145 Sqm (GF) 
5 Seating arrangements (No. of 

seats/PF) 
125 on each PF PF-1 = 315  

 PF 2 & 3 = 315.  
6 Platform shelters (on each 

Platform) 
400 Sqm at each PF PF 1       = 7440 (18.6 X 400m)                               

PF 2 & 3 = 4800 (12X400m) 
7 Urinals 10 27 Nos. (20 GF + 7 Ist Floor) 
8 Latrines 10 32 Nos (18 GF + 14 Ist Floor) 
9 Foot over bridges 1 with cover 02 steel FOBs covered (20' wide) to PF 1, 2 

& 3 with ramp entry to each platform.  Direct 
3.0 m with concrete folded ramp & 10m wide 
staircase entry to PF-1 is also provided 

10 Water coolers 2 on each platform 05, (02 on each PF & 01 GF in station 
building) in 1st phase.  

11 Signage (standardized) Yes Yes 
12 Platforms High level 03 Nos high level passenger platform and 02 

Nos High level tourist platform  
13 Lighting  Yes Yes 
14 Fans For covered with more than 9m 

width in 02 rows fan in the centre 
of supporting columns 

Two rows of fan 

15 Time-Table display  As per extant instructions. Yes 
16 Clock To be decided by zonal Railway Yes 
17 Public address system As per extant instructions Yes 
18 Parking cum circulatory area, 

with lights 
As per extant instructions 13500 Sqm (Private parking)  

6600 Sqm (Taxi/Auto/Bus parking) 
1875 Sqm (Passenger's open Plaza) Level-I 
3000Sqm(Passenger's open Green Plaza) 
Level-II 

19 Electronic Train Indicator 
Boards 

As per extant instructions Yes 

20 Public phones As per extant instructions space provided 9 Sqm (GF) 
 
DESIRABLE AMENITIES 

1 Retiring rooms Yes 08 Nos. (1st Floor) 
 

Now operated by IRCTC 

2 Waiting rooms (with bathing 
facilities) Upper Class 2nd                 
Class Separate for ladies 
(combined upper & 2nd Class) 

Yes 227 Sqm (Ist Floor) 
114 Sqm (Ist Floor) 
227 Sqm (Ist Floor) 
114 Sqm (Ist Floor) 

3 Cloak room Yes 45 Sqm (GF) 
4 Enquiry counters Yes 38 Sqm (GF) 
5 NTES Yes Yes 
6 IVRS Yes - 
7 Public address system Yes Yes 
8 Book stalls/other stalls of 

essential goods  
Yes 36 Sqm (GF) 
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S. no Amenities Required level  Levels provided  
 

9 Refreshment Room Yes 665 Sqm (GF) 
10 Parking cum circulatory area, 

with lights 
Yes 13500 Sqm (Private parking)  

6600 Sqm (Taxi/Auto/Bus parking) 
1875 Sqm (Passenger's open Plaza) Level-I 
3000 Sqm (Passenger's open Green Plaza) Level-II 

11 Washable apron Platforms where trains stop 
for longer duration during 
the morning period 

All 03 passenger platforms 

12 Electronic train  Indicator 
Boards 

Yes Yes 

13 Touch screen Enquiry system Yes  - 
14 Water vending machines Optional  - 
15 Foot over bridges Yes 02 steel FOBs covered (20' wide) to PF 1, 2 & 3 with 

ramp entry to each platform.  Direct 3.0 m with 
concrete folded ramp & 10m wide staircase entry to 
PF-1 is also provided 

16 Escalators Yes 01 No. 
17 Travellator Subject to availability of 

space & feasibility 
No 

18 Signage (standardized) Yes Yes 
19 Modular catering stalls Yes  - 
20 Automatic Vending Machines Optional  - 
21 Pay & Use Toilets on end 

platforms and circulating area 
Yes Yes 

22 Provision of cyber café  -  - 
23 Provision of ATMs Yes Space available 
24 Provision of at least one AC 

VIP/Executive Lounge 
 - Yes 

25 Food Plaza  - Yes 
26 Train coach indication system  -  - 
27 CCTV for announcement & 

security purpose 
 -  - 

28 Coin operated Ticket Vending 
machine 

Yes  - 

29 Pre-paid Taxi service  - - 
30 High Level Platform Yes 03 Nos high level passenger platfom and 02 Nos High 

level tourist platform  
 
OTHERS AMENITIES 

1 Wash basins  - 34 Nos (24 GF + 12 Ist Floor) 
2 Bath rooms  - 14 Nos (Ist Floor) Operated by IRCTC 
3 Dormitories  - 96 Nos. (90 single 

beds + 6 double 
beds) [Ist Floor] 

4 Leisure Area  - 114 Sqm (Ist Floor) 
5 Locker room  - 56 Sqm (Ist Floor) 
6 Tourist assistance counter  - 18 Sqm (GF) 
7 Pilgrims assistance counter  - 18 Sqm (GF) 
8 Tourist siding and platform  - Tourist siding - 2 Nos  Platform - 250m X 8m with 

concrete apron   
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Display of Signages forPublic guidance 

 

 

 
Office of Dy.SS, Katra 

 

 
Ramp from station building to platforms 

 

 
Covered FOB connecting station building and platforms 

 

 

Covered 
platforms at 
station with 
other 
amenities 

 

Shri Mata Vaishno Devi Katra Railway Station 

 

33 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Covered platform and pathways 

 

 
Station Yard 

 
Station yards and station buildings 

 

 
View of Station building from platform 

 

 

 

Provision of lift, escalators, stairs and covered pathway from station building to platform. 
 

 
Development of greenbelt in station complex 

 

Shri Mata Vaishno Devi Katra Railway Station 

 

View of covered pathway at lift area 
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IRCTC Guest House - Reception 

 

Public convenience 

 

IRCTC Guest House - Room 

 

IRCTC Guest House – Food Station 

 

 

Ramps for access to platform 

 

 

IRCTC Guest House - Lounge 

 
Escalator 
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Shri Mata Vaishno Devi Katra Railway Station 

 4.0   TOPOGRAPHY AND CLIMATE:- 
 Katra area experiences rainfall  about 70 days in a year 

with Average rainfall of 1200-1500mm. Maximum 
rainfall has been recorded as 2145mm (as per census) 
in the year 1981. In winter, area from - Adkumari to 
Bhawan gets average Snowfall from 2.5cm to 10cm. 
Katra is located on a plateau about 2.5 km long and 1.5 
km wide composed of mostly lime stone and fissured 
rocks and is 754 mtrs above mean sea level (M.S.L). 
Katra is connected to Jammu by all weather Road. It is 
about 46km from Jammu. On commissioning of 
Udhampur-Katra Rail Link, the holy town of Katra is 
now connected by Rail from Jammu.  

 
5.0   EXISTING WATER SUPPLY SOURCES :- 

Drinking· water is supplied to Katra town by tapping 
Ram springs at Ban Ganga and from Ban Ganga River. 
In summer season only 5.001acs gallon/day water is 
carried from Ram springs and Ban Ganga River. An 
additional one lacs gallon/day water is also being 
carried to Katra from Gobian source (Near Devi 
Gindon). 
In order to augment water supply to Katra city, scheme 
for supplying water from river Jhajjar to Katra town was 
commissioned by PHE department of J&K. This 
scheme involved 3 Nos. infiltration galleries, 
constructed in the Jhajjar river bed near the right bank 
to provide potable water to the township. The yield of 
each well is about 1.25MLD, however, about 1.00 MLD 
water is being drawn from each well to ensure longer 
life of the wells.  
At the time of planning water supply arrangements for 
Katra Railway Station Complex, it was decided to 
develop Railway’s own source/scheme for water supply 
in view of acute water crisis in Katra city. It was 
decided to tap water from Jhajjar River for supplying 
water to Katra Railway station in consultation with State 
Govt. and CGWB.  
 

6.0   NECESSITY OF THIS SCHEME:- 
Railway wanted to have independent water supply system 

of Katra Railway station and allied facilities. Hence, the 
Project was formulated. The water requirement of Katra 
Railway station complex and allied facilities was 
projected as3.00 MLD. Therefore, 4 Nos. infiltration 
galleries were proposed to be constructed in 
Jhajjarriver to meet the present and future requirement 
of water. 

 
7.0   SOURCE SELECTION:- 

To ascertain the Jhajjar river as a suitable source of 
water for this project, a study was conducted by Central 
Ground Water Board for Railways through PHE 
department J&K. Infiltration wells, on left bank of the 
river at village Mand, were recommended as a suitable 
source of water. Accordingly, proposals were framed. 
All the details, adequacy and potability of water were 
got independently checked by UP Jal Nigam.  

 
 
 
 
 

 
8.0   PROPOSAL:- 

In order to implement the scheme, it was decided to 
nominate an experienced and professional agency. 
Since, UP Jal Nigam had carried out successful 
commissioning of water supply scheme for Udhampur 
Railway Station Complex, the present work was 
awarded to U.P. Jal Nigam on Deposit term basis. The 
entire work was executed at a cost of Rs. 9.75 Cr. The 
schematic plan of water supply scheme from Jhajjar to 
Katra Railway station Complex is annexed. 

 

9.0   The scheme:- 
9.1INFILTRATION GALLERIES:- 

4 Nos. infiltration galleries, 9 meter dia, and about 8-9m 
deep were constructed near the left bank of Jhajjar 
river in Village Mand. Clear water from these galleries 
is pumped into a sump constructed nearby in the river 
bed. Thus, considering 16 hours pumping every day, 
for pumping 3.0 MLD water, three infiltration galleries 
are required, leaving one gallery as stand by.  
 

9.2RISING MAINS:- 
Initially, two alternatives were worked out. In 1st 
proposal M.S ERW pipes were proposed for rising 
main. And in 2nd proposal, Ductile Iron Pipes of class 
K-9, were proposed as rising mains based on the 
discussions with officers of PHE Katra. Economical size 
of rising main has been designed as per guidelines 
given in the Manual of water supply, Ministry of Urban 
Development, Govt. of India. Ductile Iron pipe of class 
K-9 were used for rising main. The size of pipe was 
worked out as 150mm dia from one infiltration gallery to 
sump at river bed for all 4 Infiltration galleries and 
250mm dia two rising mains from sump at river bed to 
Transit reservoir constructed in Village Sool at about 
785m from Mand. For Transit reservoir to service 
reservoir, constructed in Serly village which is 4230m 
from Sool, 300mm dia rising main has been laid. Two 
Nos. gravity mains of 200mm dia each were laid from 
service reservoir to Railway station and Railway colony 
respectively. Beyond railway station, further distribution 
of water was planned with GI pipes.  

9.3 STORAGE TANKS:- 
Water is first collected from all the four infiltration 
galleries in a sump, constructed in the Jhajjar river bed 
in Mand village, having a capacity of 300KL. A transit 
reservoir has been constructed, about 785m away from 
the sump in the river bed, located at the right abutment 
of the river near Shrine Board University at Village 
Sool. This transit reservoir is about 150m above river 
bed level. The capacity of the transit reservoir has been 
kept as 1500 KL providing 12 hours storage. The water 
from sump is pumped into the transit reservoir. A 
pumping complex has been constructed for this 
purpose. Water from transit reservoir is pumped to a 
service reservoir, which has been constructed at the 
top of Tunnel No. 30 in village serly. The capacity of 
this reservoir has been kept as 3000 KL providing 24 
hours storage as per railway’s requirements. This 
reservoir is 4230m from transit reservoir.  
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9.4  PUMP HOUSES  
One Pump house has been constructed near sump at Jhajjar river 
bed and one pump house near transit reservoir. Electric substation 
buildings at River bed and at Transit Reservoir have also been 
constructed.  
 
9.5 CONSTRUCTION  OF  RESIDENTIAL  QUARTERS 

 FOR CHOWKIDAR/PUMP OPERATOR  
Staff quarters, for chowkidar and pump operators have been 
provided as detailed below:  
 

a) Infiltration gallery/sump : 4 Nos. Type – I Quarters 
b) Transit Reservoir :  2 Nos. Type – I Quarters 
    1 No duty room cum office 
c) Service Reservoir : 4 Nos. Type 

– I Quarters 
 Total : 10 Nos + duty room cum 

office 
 

. 
9.6PUMPING PLANT:- 
    Pumping plant as detailed below have been provided.  
9.6.1 Infiltration well:  

1500 lpm, 40m head, submersible type pumps: 5 No (One 
Standby and four working)  
 

Shri Mata Vaishno Devi Katra Railway Station 

  
9.6.2 Sump at river bed:  

2250 lpm-150m head Horizontal centrifugal,  
multistage pump  (One stand by and two working) : 3 Nos.  

 
9.6.3 Transit Reservoir:  

2250 lpm-200m head Horizontal centrifugal, 
multistagepump (One stand by and twoworking) : 3 Nos.  

 
9.7  WATER PURIFICATION: 
 

The ground water obtained from wells, is potable and 
free from impurities therefore, only chlorination of water at the 
service reservoir is being done.  Electromechanical type 
chlorinators have been provided.  
 
9.8 DISTRIBUTION SYSTEM 
 

Water supply from Rising main of 200mm dia pipe to 
Railway Rest house, station building and colony has been 
provided using distribution system of 150mm dia to 25mm 
diaGI Pipe. The internal connection for Railway Rest house, 
Station building and colony was done by Railways. house, 
Station building and colony was done by Railways 
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Rehabilitation/realignment of Tunnel T-1 (Revised Tunnel 
No. 23) on Udhampur – Katra section 

 
1.0 Background:- 

1.1The first tunnel on 25.0km long Udhampur – Katra 
section is 3.12km long tunnel No. 1 (Revised Tunnel No. 
23),(Ch. 2180 - 5290). The alignment goes almost from east 
(Udhampur End) to west (Katra End) with the constant gradient 
of 1 in 100 rising towards Katra.  The original cross section of 
the tunnel constructed has D-shape profile consisting of a semi 
circular heading with an inner diameter of 5.2 m and 
rectangular benching portion with a height of 5.5m.  

1.2This tunnel passes through the Main Boundary Thrust 
(MBT) i.e., main junction between Eurasian Tectonic Plate and 
Indian Tectonic Plate (Fig. 1). 

1.3The work for execution of this tunnel was awarded in 
the year 2000 to M/s. Patel Engg., Mumbai. The underground 
excavation started in Dec’2000. During construction, in the year 
2003, after monsoons, movements were observed due to 
squeezing and swelling pressure. The work on this tunnel was 
completed in the year 2005. (Photo 1 & 2). 
 

 
Photo 2: Katra End Portal of Tunnel T-1 at Chainage 5291 

 

 

Fig:-1 

 
Photo 1: Steel ribs, struts and lagging in the existing 

Tunnel T-1 UHP-end portal. 

2.0 Salient features:- 
• Length:-          3100 m partly in curve (2.750) 
• Shape:- D-Shaped, 5.2m x 7.9m (finish) 

(Excavation size 6.5m with vertical height of 5 m) 
• Gradient:-        1 in 100 rising towards Katra 
• Maximum  

rock cover:-      313 m at Km.3/250. 
• Location :-         Km. 2/180m to Km.5/290m 
• Primary 

Support:-Single/Double RIBS (ISHB) and Lining (300 
mm CC/RCC) 

• Method of 
Tunneling:-       Conventional drill and blast 
                          (heading& benching). 

• Geology:-          Middle Siwalik group(sand/silt/clay             
stone/(boulder/pebbles in sand/silty matrix)) 

 3.0 Problems faced during tunneling:- 
3.1In strata consisting of loose boulders/pebbles/clay/water 

bearing sandy/silty matrix having small standing time- problem of 
small collapse (fore-poling done with 25mm dia reinforcement 
bar) 

3.2Excessive Squeezing of tunnel- (reduction in spacing of 
ribs/cross strut at SPL level/double ribs). 

3.3Invert/ bottom support (ISMB’s) heaved up to 1.2 M in 
about 1 km length of tunnel due to swelling/hydrostatic pressure 

3.4Chimney formation at Ch.5/170 and minor collapses did 
take place at no of location 

3.5Problem of deformation/squeezing, was more acute in 
1.8 Km. stretch between Km.3/180 to 4/970.  

3.6Tunnel monitored by installing load cells at Crown/ SPL 
and targets for measuring deformations. Maximum load 
observed up to 70 MT at Km. 3/461. 

3.7A view emerged that the squeezing pressure may be on 
account of swelling property of soil around rib. 
 4.0The tunnel construction was completed in Oct’04. Major lining 
cracks due to squeezing of side walls and invert was noticed after 
the monsoons during 2005. The work of lining was subsequently 
stopped. Consultancy for rectification was obtained from 
CMRI/Roorkee in May’06. The work of lining was thereafter 
completed. Movements continued even after completion of lining 
and subsequently, about 1.5km of the tunnel collapsed due to 
squeezing/heaving soil conditions (Photo 3, 4 & 5). 
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Photo 3: Total collapse blocking the tunnel 

 

 
Photo 4: Broken invert steel strut at chainage 3550 

 

 
Photo 5: Lateral deformation of the side wall at Chaiange 

  5.0Decision for going in for international consultancy was taken in 
Feb’07. Consultancy contract on single tender basis was awarded to 
M/s. Geo-Consult-RITES (JV) in Aug’07 to analyse the situation of 
tunnel T-1 and to develop a design for the remedial measures. 

5.1The initial scope of Geo-Consult-Rites JV consisted of 
the geological / geotechnical investigations of the existing tunnel, 
evaluation of existing tunnel status, design of remedial measures 
and preparation of tender document regarding required remedial 
measures. 
 

5.2 Evaluation of tunnel status:- 
 5.2.1 Site inspections and investigations:- 

• Entire tunnel was inspected by Consultant and their 
experts in various fields. 

• Investigations including clay mineral analysis, 
geological, geotechnical etc., were done. 

• Detailed calculation of stresses, pressures, 
deformations expected etc. were done.  

 

6.2 Deficiencies in construction methodology & 
workmanship :- 

• Cavities between ground and primary support 
in combination with insufficient bedding: Due 
to the construction sequence applied and the 
practice of backfilling excess excavation with sand 
bags, voids and cavities behind the lining are only 
insufficiently backfilled and as such does not result 
in to a complete sound contact of primary support 
with surrounding ground, which resulted into 
loosening of rock mass and loading of the lining. 

• As the concrete in benching has been installed 
over larger stretches at a later stage, ground 
loosening occurred where only steel ribs were 
installed. Non-removal of loose ground before 
concrete backfilling resulted in deformations.  

• Ground loosening took place due to late 
installation of invert. 

• The concreting process at the bench doesn’t allow 
for a complete and sound filling of the area 
underneath the top Heading, thus creating a void 
at this important construction joint. 

 7.0 Key findings of the study based on site 
visits/geotechnical investigations :- 

• Between Udhampur–end portal (ch. 2.180) and ch. 
2.810, approx. 260m of invert repair measures and a 
total of approx. 30m sidewall and invert re-profiling is 
required. 

• From ch. 3.100 until 3.065, rectification of sidewalls 
and invert is required. 

• From ch. 3.320 onwards until 4.800, at several 
stretches extensive remedial measures such as 
complete re-profiling would be required. 
 

 

6.0 Causes of failure as analyzed by the consultant:- 

 
6.1 Deficiencies in design :- 
• Geometrical cross section of tunnel (D - shape) 

having vertical straight side of 5m is not efficient 
for horizontal loads. 

• Provision of flat invert (not capable of bearing 
pressures).   

• Inverts are being subjected to hydrostatic pressure 
as no drainage has been installed for invert 
drainage-causing failure of invert (2 m water 
head). 

• Presence of swelling minerals in clay stone which 
exerts swelling pressure once it comes in contact 
with water (0.15 Kg/Sq. cm). 

• Lateral displacements and deformations are 
attributed to poor ground conditions (squeezing) in 
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• Between ch. 4.800 and 4.840, the tunnel is blocked 
by a collapse. 

• From 4.840 onwards the tunnel has already been 
backfilled with foam concrete/low strength concrete 
due to the poor condition of the tunnel to avoid a 
further deterioration of the situation.  

• From ch. 4.890 onwards until 4.950 the tunnel would 
need to be re-profiled completely. 

• From ch. 4.940 until the Katra portal at ch. 5.300, the 
tunnel condition is satisfactory, no additional remedial 
measures would be required in the final stretch. 

 Summarizing above findings, it is concluded that the work 
of rehabilitation of tunnel T-1 involved 900m of invert 
repair, 290m of invert & side wall repair, 530m of complete 
re-profiling, 90m of re-excavation in collapsed tunnel and 
350m of strengthening of tunnel.   
 8.0 Strategy adopted :- 
 8.1 Due to time constraints it was decided by NR to 
abandon the concept of re-profiling and re-excavation of the 
damaged / collapsed sections of T-1 but instead to construct a 
bypass tunnel (realignment tunnel) to circumvent the badly 
affected sections of the already existing tunnel. 
                  8.2Since, the majority of rectification work lie 
between Ch. 3/230 to Ch. 4/940 i.e., in about 1700m length, 
the consultant decided to lay a diversion by introducing 2.75º 
Rev. curves on either ends and construct a new tunnel on the 
diverted route. The complete length of the diversion is 
1.736km. The overall length of the tunnel T-1 increased by 9m. 
The salient features of this scheme were: 

I. The existing portion of tunnel between Ch. 2/180 to 
Ch. 3/214, in about 1km length at UHP-end and from Ch. 4/940 
to 5/290 at Katra end in about 350m length was retained. 

II. In the retained length of old tunnel at UHP-end, the 
consultant suggested re-profiling/re-excavation in a length of 
about 95m (side wall plus invert) and invert repair in about 
260m length. 

III. To lay a diversion tunnel from Ch. 3/230 to 4/940 
i.e., 1710m length by introducing 2.75 deg. reverse curves at 
both the ends. This diversion tunnel was to be constructed with 
elliptical shape using NATM (New Austrian Tunneling Method) 
methodology (Fig. 1 & 4).  
 8.3 The original tunnel was constructed having D-
shaped section using the conventional support system of steel 
ribs, RCC lagging and concrete back filling. The new diversion 
tunnel was proposed to be constructed using elliptical section, 
which is more effective in countering radial forces. The 
construction philosophy to be adopted was NATM. This 
construction philosophy was used for the first time on 
Udhampur-Katra section and as such Railway engineers and 
supervisors were new to this method. NATM method is an 
observatory method and involves extensive instrumentation. 
Shotcreting and rockbolting is used as initial support system. 
Rock bolts of lengths varying from 6-9m are used. 30cm thick 
M-30 concrete lining is used as the secondary support system.    
 

 

C
H

 4
9

7
5

.9
6

0

C
H

 4
5

5
6

.8
5

0

C
H

 3
1

8
0

.0
0

0

C
H

 3
5

9
3

.1
5

0

T-1 New diversion Tunnel

RADIUS OF DIVERSION 636.363M
DEGREE 2.75
SAFE SPEED 100KMPH

KTR
UHP

COLLAPSED PORTION OF 
ORIGINAL ALIGNMENT 

ALIGNMENT OF DIVERSION 
TUNNEL

 

Fig:-1 

Fig:-2 

9.0 NATM Design Philosophy:- 
NATM is not a set of specific excavation and support 

techniques and has often been referred to as a "design as you go" 
approach to tunneling providing an optimized support based on 
observed ground conditions. More correctly it is a "design as you 
monitor" approach based on observed convergence and 
divergence in the lining as well as prevailing rock conditions 

Main features of NATM are: 
• Mobilization of the strength of rock mass - The 

method relies on the inherent strength of the 
surrounding rock mass being conserved as the main 
component of tunnel support. Primary support is directed 
to enable the rock to support itself. 

• Shotcrete Sealing - Loosening and excessive rock 
deformation must be minimized. This is achieved by 
applying a thin layer of shotcrete immediately after face 
advance. 

• Measurements - Every deformation of the excavation 
must be measured. NATM requires extensive 
instrumentation (installation of pressure and deformation 
measuring devices - pressure cells, extensometers, 
Bireflex targets etc.) 

• Flexible support - The primary lining is thin and reflects 
recent strata conditions. Active rather than passive 
support is used and the tunnel is strengthened not by a 
thicker shotcrete lining but by a flexible combination of 
rock bolts, wire mesh and steel ribs. 

• Closing of invert - Quickly closing the invert and 
creating a load-bearing ring is important especially for 
soft ground tunnels. 
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• Contractual arrangements - Since the NATM is based on 
monitoring deformation measurements etc., changes in 
support and construction method are possible. Contracts 
should cater for these.  

• Rock mass classification determines support 
measures - There are several main rock classes for 
tunnels and corresponding support systems for each. 
These serve as the guidelines for tunnel reinforcement.                                                                                   

 10.0 Tunnel Construction & design:- 
              10.1 The elliptical shape of tunnel cross section has been 
used to activate the self supporting arch in the surrounding ground. 
This elliptical geometry of tunnel cross section consists of 
compound curve in both arch and invert. The curvilinear (or 
elliptical) geometry enables a smooth flow of stresses in the ground 
around the opening, minimizing the loading on the tunnel lining 
(Fig. 3).  

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
10.2The excavation of the cross section of the tunnel has 

been subdivided into top-heading, benching and invert (Fig. 2). The 
tunnel excavation causes disturbance of the initial state of stress in 
the ground.  The extent of the stress disturbance depends mainly 
on ground conditions, size of the excavation and excavation round 
length. As the excavation of the tunnel advances, the shotcrete 
hardens from an initially “green” state and becomes fully loaded at 
a distance of about one to two tunnel diameters from the tunnel 
excavation face. Such sequencing combined with early support 
installation contributes to the development of the self-supporting 
capability of the ground. The excavation round length varies 
according to the rock-mass conditions and support classes. Early 
ring closure is inevitable while tunnelling though poor rock 
conditions. Complete ring closure by benching and invert or partial 
closure by the temporary invert plays an important role in 
controlling the rate of deformation. Due to the poor geological 
conditions and expected surprises, the excavation method adopted 
here was mechanical breaking instead of drilling and blasting.  
 

11.0 Detailed construction sequence:- 
Excavation followed a top heading – bench – invert 

excavation sequence, under application of the designed support 
classes. The excavation cycles are as under (Photo 6, 7, 8, 9, 
10 & 11): 

• Top Heading excavation – Round length – 1 - 1.2m.  
 Excavation in top heading 
 Shotcrete sealing of exposed surface  

round and  face 
 Installation of outer layer of wire mesh 
 Erection of lattice girder 
 Application of shotcrete in round 
 Installation of rock bolt/SDA and grouting 
 Application of inner layer of wire mesh 
 Application of final shotcrete layer to 

achieve final thickness 
 Installationof SDA/rockbolts 

Once this cycle is completed, next top heading round 
excavation shall proceed in the same manner. 
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Fig:-2 

10.3 Monitoring of deformations in the primary 
shotcrete lining is carried out using state of the art 3-D 
monitoring software. For this purpose, bi-reflex targets as 
deformation monitoring points are installed in tunnel roof and at 
selected points along the tunnel walls. The vertical, horizontal 
and longitudinal deformation components are measured with 
Total Station at 5 – 7 targets in each section. Deformations 
usually take place in the initial stages of placement of the 
shotcrete lining. This is due to the fact that on excavation, the 
rock mass becomes disturbed and un-stabilized. The rock 
mass retains equilibrium by deforming the shotcrete lining. 
Gradually, the lining attains stability.  

10.4 The basic support system consisted of dual lining 
comprising of an initial shotcrete lining and a final cast-in-place 
concrete lining, instead of traditional thick and stiff single lining. 
The dual lining method is based on the principle of controlled 
deformation for permitting partial stress relaxation. The 
deformation of the primary shotcrete lining does not become a 
matter of concern, rather if follows the idea of controlled 
deformation. The final lining of the cast-in-place concrete is 
installed after complete stabilization i.e., after ensuring that the 
deformation rates are less than 2mm per month. 
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• Similar steps for benching- Round length – 2 m 
• Invert, Round length-4 m: 

• Excavation of invert. 
• Installation outer layer of wire mesh. 
• Application of shotcrete.  
• Temporary backfilling with excavation 

material. 
 

 
Photo 6: Tunnel Excavation using hydraulic Pin Excavator. 

 

 
Photo 7: Installation of wiremesh after sealing shotcrete. 

 

 
Photo 8: Installation of Lattice Girder during excavation in 

top-heading 
 

 
Photo 9: Application of sprayed concrete during primary 

shotcrete 
 

 
Photo 10: Rockbolting in progress 

 

 
Photo 11: Rockbolting in progress 

 
 

12.0The work of construction of this new diversion tunnel of length 
1.736km was awarded to M/s. Tantia – CCIL (JV) on 04.01.10 at a 
cost of Rs. 91.73 Cr. The initial completion period prescribed in the 
contract was 30 months i.e., upto 03.07.12. Though, the progress 
of work was slow in the beginning, the progress gradually picked 
up from Sept.’11 onwards. The work of tunnel boring in Heading 
was successfully completed in Sep’12 and tunnel boring in 
Benching in Mar’13. The work of tunnel lining was completed in 
May’13. Work of tunnel reprofiling was completed in Jul’13 marking 
the completion of main tunnel work (Fig. 5).   
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Fig:-5 

13.0 Deviations done in construction of new diversion tunnel in T-1 
viz.-a-viz. consultant’s recommendations : 
I. Backfilling of existing tunnel:- 
As per contract agreement, based on consultant’s advice, the 

existing old tunnel was required to be backfilled. On N. Rly.’s 
request, DDC agreed that backfilling of the existing tunnel is not 
required in stretches with axial distance between the two tunnels of 
40m & more. N. Rly. further requested for exploring possibility of 
providing RCC lining in the areas where backfilling has not been 
done upto 40m axial distance. DDC recommended for applying the 
reduced cross-section in the flaring out areas at UHP end and use 
of RCC lining at Katra-end. 

II. Tunnel drainage system:- 
As per consultant’s design, tunnel drainage system involving 

water proofing membrane and central collector pipe system was to 
be provided. However, N. Rly. decided to adopt side drains system 
and weep-holes in side walls. Since, the entire tunnel of 3.12km 
length is on a rising grade of 1 in 100 from UHP towards Katra end, 
the tunnel drainage system had to cater for the surface discharge 
coming from 1.5km long cutting at Katra end. For this purpose, two 
well designed sumps with adequate capacity submersible pumps 
have been provided at Katra end portal for pumping out excess 
discharge (Photo No. 17). 
 

The work of 300m excavation/blanketing/protection works 
including dewatering at Katra end portal was not included in this 
schedule. Further, it can very well be appreciated that the 
construction schedule given by a foreign consultant has to be 
considered in the light of Indian conditions and as such a 
completion period in excess of 36 months should have been 
considered before finalizing the DOC for this work.  

However, the construction. schedule was pruned down 
from 36 months to 30 months in view of the Dec.’12 target of 
Udhampur – Katra section commissioning. By keeping the 
schedule as given by the foreign consultant (already very 
optimistic in Indian conditions), the target of Dec.12 would have 
been breached and as such a reduced and unrealistic DOC of 
30 months was kept.  
 

 
Photo 17: View of sumps provided at Katra-end of T-23. 

15.0 Initial delays in starting the work & slow progress upto 
Sept.’11:- 

• Delay due to late issue of approved drawings – Issued 
on 30.09.2010. 

• Delay on account of finalizing methodology with partial 
filling of old tunnel – due to delay in issue of approved 
drawings & difference of opinion between consultant & 
Railways. 

• Delay due to construction/repair of approach roads, 
dewatering etc.  

• At Katra-end, dewatering from inside the old tunnel 
and also from E-2 zone was time consuming as Katra 
end is in reverse grade and a lot of water and slush 
had been accumulated over the years.  

• Delay on account of installation of service lines such 
as electric line, water line, compressed air line and 
ventilation ducts – These service lines had to be 
installed inside retained portion of 1km tunnel at 
Udhampur end and 350m at Katra end. 

• Since, the present work was a special work i.e., a new 
tunnel had to be excavated through an existing tunnel, 
installation of service lines as detailed above had to be 
completed before starting the work of actual tunnel 
excavation. 

• Delay in setting up of labour camps, site offices, stores 
etc. Since, previously two contractors had worked in 
the area since 2000, local dynamics/politics hindered 
the pace of work. 

• Additional time required at Katra-end for making 
approach road for villagers.  

• Delays on account of heavy rains - From 12.08.10 to 
29.08.10, only dewatering, slush cleaning, repairs of 
service lines was done. So, in these 18 days, no work 
of tunneling was done.  

• Delays due to local labour unrest - At Udhampur–end, 
there were frequent labourer strikes as under. 

• Delays on account of machinery failures – Certain key 
machineries which were imported by the contractor 
were not successful due to which extra time was 
incurred to import new machinery. 

• Delays in tunnel excavation in the new tunnel on 
account of adverse geology – Due to presence of 
shear zones and MBT, lot of extra time was incurred.   

 

14.0 Prescribed completion period in the contract :- 
The tender for this work was formulated and finalized 

based on the recommendations of DDC. DDC had recommended 
a construction schedule with completion period of 36 months. 
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16.0 Progress of works:- 
Due to delays highlighted in para 13.0 above, the work 

could not pick up in the initial phases upto Sept.’11. Thereafter, 
excellent progress was achieved due to which the work of 
excavation in heading was completed in Sept.’12 (Photo 12), 
benching in Mar’13 and concrete lining work in May’13. Best 
ever monthly progress rates were achieved (Fig. 7). 
 

 
Photo 12: Excavation breakthrough in top heading 

of tunnel T-1 
 MONTHLY PROGRESS DETAILS (In m.) 

SN Month Heading 
 

Benching 
 

Invert 
 

Lining 
 

Remarks 

 Sept’10 10.80 00.00 00.00 00.00 Actual tunnel excavation work in Heading 
started in Sept’10 

 Oct’10 24.00 00.00 00.00 00.00  
 Nov’10 25.00 00.00 00.00 00.00  
 Dec.’10 17.40 00.00 00.00 00.00  
 Jan’11 22.00 00.00 00.00 00.00  
 Feb’11 32.00 00.00 00.00 00.00  
 Mar’11 52.00 00.00 00.00 00.00  
 Apr’11 41.00 00.00 00.00 00.00  
 May’11 46.00 00.00 00.00 00.00  
 June’11 73.00 00.00 00.00 00.00  
 July’11 92.80 00.00 00.00 00.00  
 Aug’11 39.60 00.00 00.00 00.00  
 Sept’11 71.90 00.00 00.00 00.00  
 Oct’11 98.00 00.00 00.00 00.00  
 Nov’11 117.60 00.00 00.00 00.00  
 Dec’11 98.80 00.00 00.00 00.00  
 Jan’12 112.40 00.00 00.00 00.00  
 Feb’12 99.00 31.00 12.00 00.00  
 Mar’12 57.60 103.20 111.40 00.00  
 Apr’12 74.00 122.30 131.10 00.00  

21 May’12 99.40 10.00 12.00 00.00  
22 Jun’12 68.80 126.40 122.40 00.00  
23 Jul’12 107.80 000.00 000.00 00.00  
24 Aug’12 92.00 000.00 000.00 00.00  
25 Sep’12 163.50 000.00 000.00 00.00 Best ever monthly heading excavation rate 

achieved. Heading work completed. 
26 Oct’12  182.20 170.80 00.00  
27 Nov’12  242.40 241.60 27.00 Concrete Lining started. 
28 Dec’12  256.00 244.00 107.00  
29 Jan’13  271.10 282.60 162.00  
30 Feb’13  308.80 312.20 117.00 Best ever monthly benching & invert 

excavation rate achieved. 
31 Mar’13  82.60 96.06 253.00 Benching & invert excavation  work 

completed. 
32 Apr’13    594.00 Best ever monthly concrete lining rate 

achieved. 
33 May’13    476.00 Concrete lining completed. 
 Total 1736.00 1736.00 1736.00 1736.00  

Fig. 7: Progress Table. 

 

The work was awarded in Jan.’10 and tunnel lining work 
was completed in May’13.  On perusal of progress rate reveals that 
working period can be distinctly divided into two phases. Phase – I 
between Jan’10 to Sept.’11 and Phase – II from Oct.’11 to May’13. 
Only 18% progress could be achieved in a period of 19 months in 
Phase I, whereas, a progress of 80% was achieved in 20 months’ 
period in phase-II (Fig. 6).  
 

 

Fig:-6 
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17.0 Concrete lining work:-    
 As per the contract agreement, the contractor was required 
to procure one CIFA shuttering at each end. However, at the behest 
of Railways, the contractor procured four state of the art CIFA 
shutters, two for each end from Italy. This was done to enhance the 
pace of work of concrete lining and for making up the delays. As per 
standard procedure, concrete lining is taken up only after completing 
the work of tunnel excavation and completing invert concreting 
(Photo 13 & 14).  

 

 
Photo 13: Erection of CIFA shutter gantry for Concrete lining in 

progress 
 

 
Photo 14: Casting of concrete lining with CIFA shutter gantry 

 However, by way of meticulous planning with the 
contractor, Railways decided to start concrete lining from Udhampur 
end in parallel with balance tunnel excavation. Erection of CIFA 
shutter and gantry requires space and extensive use of cranes. As 
per standard practice, these shutters and gantries are erected 
outside the tunnel in the open area and then moved inside the 
tunnel for starting concrete lining. However, in the present case, 
since the approach tunnels are of D-shape, it was not feasible to 
erect these elliptical shaped shutters outside. Therefore, these 
shutters were erected inside the new tunnel. Due to erection of 
gantry, no work in parallel was possible, resulting in a loss of about 
15 working days. Lining work was started in Nov.’12 from Udhampur 
end. 

The work of CIFA shuttering/gantry erection at Katra end 
was done in Feb.’13 which again required 15 days. No parallel 
activity could be undertaken during this period from Katra end. The 
work of concrete lining was started in Feb.’13 from Katra end as 
well. The work of concrete lining was completed in May’13 
(Photo 15).  
 

 
Photo 15: Finished Cross section of Tunnel after 

concrete lining 
 The progress of tunnel lining work during Feb.’13 & 

Mar’13 suffered badly on account of tunnel deformations in 
excess of 2mm per month. As tunnel lining cannot be done 
until tunnel deformations reduces to less than 2mm per month. 
At Udhampur end, the problem of tunnel deformations in 
excess of 2mm per month continued over an extended period 
in a patch of about 150m. In order to avoid stoppage of work, 
contractor was forced to bye-pass this section by making 
elaborate and time consuming arrangements for shifting the 
CIFA shutters and gantry by 150m in Mar’13, so that the work 
of lining could continue. This left over patch was tackled in 
May’13 by shifting the CIFA shutters and gantry to backwards 
by about 300m which again required additional time.  
 18.0 Conclusions:- 

The main tunnel work i.e., excavation and concrete 
lining work of the diversion tunnel was completed in May’13. 
The work was awarded in Jan’10. The work of re-profiling at 
UHP-end was completed in July’13. (Photo 16). The total time 
taken for completing the tunnel work was 43 months as against 
prescribed 30 months. As already brought out in para 13.0, the 
consultant had recommended a completion period of 36 
months. Taking cognizance of extra time consumed on account 
of very adverse geology involving shear zones, Main Boundary 
Thrust (MBT), collapse zones etc. and extra time required for 
erection and dismantling of lining shuttering, it can be 
concluded that the work had been completed most 
expeditiously.  
 

 
Photo 16: Invert repair in progress 
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Replacement of damaged POT-PTFE bearings of Bridge No.20. (Revised Br. 

No. 186) with new cylindrical bearings on Udhampur – Katra section of  
USBRL project 

 1.0 Introduction:- 
1.1 Bridge No. 20 (New Br. No. 186) is constructed across Jhajjar Khad gorge near Tikri village. This bridge is on a 

straight alignment and level grade. This bridge consists of two spans of 154m open web through trusses with 
intermediate pier of height 85m. This is perhaps the longest span and tallest pier on Indian Railways. The abutments 
are founded on well foundation and the pier on open raft foundation. The GAD of the bridge is shown in Fig. 1. The 
work of this bridge was awarded to M/s. L&T, who started the work in Sep’02 and completed the work in Jun’07.  

 

 

 

 

 

 

1.2 The design of superstructure was got done by M/s. Construma 
Consultancy Pvt. Ltd., Mumbai & the design of bearings was 
done by M/s. L&T through M/s. Steelmet (now Mageba 
Bearings, Kolkata). The design of superstructure was got proof 
checked by RDSO. The design of bearings was done by M/s. 
L&T and proof checked and approved by N. Rly.  

 

Fig. 1 GAD 

   
By:- 
  Surinder Kaul 
CAO/USBRL/JAT 

Sandeep Gupta 
CE/South/ 
USBRL/JAT 

Sangrah Maurya 
DY CE/Anji/ 
USBRL/JAT 

85 m 
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1.3 The total weight of the complete super structure is 2700 ton that 

includes weight of girders and track structure. The first span i.e. 
Girder G-1 weighs 1400 ton in comparison to the weight of 
girder G-2 that weighs 1300 ton. The weight of G-1 is more for 
accommodating the additional stresses during launching 
operation.  

 1.4 Both the girders G-1 & G-2, are fixed at the pier location and 
have been made free at both the abutments. Bearing 
arrangement at pier location comprises of POT bearing (Pin) at 
the centre of end cross girder (to resist horizontal forces) with 
free rotational movement and two Nos. POT/PTFE bearings at 
both ends of end cross girder with free movement in longitudinal 
direction and free rotations. At abutments, bearing arrangement 
comprises of two Nos. of POT/PTFE bearings at both end of 
end cross girders. To summarize, four POT/PTFE bearings and 
two POT (PIN) bearings have been provided at pier and two 
POT/PTFE bearings at each abutment. The drawings of these 
bearings are depicted in Fig. 2. These POT – PTFE bearings 
were got duly tested & approved by RDSO in Jul’06 before 
installation.  

 
 

Fig. 2 (POT/PTFE bearings) 

 

1.5 Prior to CRS inspection of Udhampur – Katra section, the 
bridge was technically inspected thoroughly by open line 
bridge organization. During this technical inspection held 
in May’13, deformations in the top plates of POT/PTFE 
bearings were observed. Perusal  of  the  technical  
report revealed  that  the  top   saddle  plate  of  POT – 
PTFE  bearings of Br. No. 20 have deformed under dead 
load conditions. The deformations at the end of the 
saddle plate w.r.t. centre point, as per the report, were of 
the order of 3-8mm. Subsequent inspections by USBRL 
authorities have revealed deflections in range 6mm to 
11mm. The deformations have been there since 2006-07 
and the neoprene inside the POT – PTFE bearings also 
must have deformed. 

 1.6 Some representative photographs of the deformed 
bearings under dead load are shown in the following 
photographs. 

 

 
View of Bearing at Abutment A1 U/s, showing deformed top 

bearing plate and gusset plate across direction of traffic. 

 
Extent of deformation of top plates against tightened nylon 

cord. 

 
Measurement of deformed plate of bearing being done  
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Deformation in botom gusset plate being recorded. 

1.7 On the basis of the loads given by M/s. Construma 
Consultancy Pvt. Ltd., the bearings were got designed and 
manufactured by M/s. L&T through M/s. STEELMET Bridge 
bearings Pvt. Ltd. (METCO), Kolkata (Now, Mageba India). 
The design & drawings of these bearings was approved by 
N. Rly. 

 2.0 Evaluation of the problem :- 
 2.1 In order to address the issue regarding deflection of top 

plate of bearings of bridge No. 20, a series of meetings 
were held with the concerned officials of N. Rly., RDSO, 
L&T, Construma Consultancy & Mageba India Ltd.  

 2.2 During these meetings, detailed deliberations were made 
and it was concluded that the whole issue was due to 
deflection of top plate of the POT-PTFE bearings. The 
probable cause of deflection was either due to bending 
failure of the top plate or less rigidity of the joints below 
which the bearing is placed or both. The solutions 
suggested were to strengthen the top plate of the bearing 
by increasing the thickness of the plate and improving the 
stiffness of the joint above the bearing by providing 
stiffeners. M/s. Construma Consultancy Pvt. Ltd. were 
directed to check the design of bottom chord and M/s. L&T 
were directed to check the design of the bearing. M/s. L&T 
were also directed to submit the scheme for rectification.   

 2.3 M/s. L&T, submitted their design calculations of bearings 
wherein they had claimed that the bending of top plate was 
not due to design problems of bearings. They insisted that 
the probable cause of bending was less rigidity of joint 
above the bearings. 

 2.4 M/s. Construma Consultancy Pvt. Ltd.  held their view that 
deformation is due to excess stresses in launching  while 
L&T & Mageba held on to their views that deformation was 
due to improper stiffening of girder joint and detailing 
thereof. Director/RDSO and Dy. CE/Design, NRCO were of 
the opinion that the bearings should be changed. M/s. 
Construma were advised to suggest the rectification 
proposal. However, nobody was in favor of touching the 
girder joint.  

 

design of bearings was approved by N. Rly., there is no record 
available of any proof check by RDSO or any other agency. 
RDSO did the proof check of superstructure only and all the 
superstructure drawings were approved by N. Rly. It was 
concluded that the bearing design and the design of bottom 
chord was done in isolation, i.e., only the design loadings and 
movements/rotations were the common criteria. The compatibility 
of bearings with the design of bottom chord was not ensured.  
 3.0 Solution adopted :- 

 
3.1 Initially, it was planned to repair the bearings by taking it to 

manufacturer in workshop and at the time of replacement, 
increase the thickness of saddle plate. For this, the existing 
saddle plate (40mm) would also have had to be taken to the 
workshop, straightened and stitched with 63mm plate using 
counter sunk rivets. This would have had to be replicated for 
each of the ends and would have been cumbersome, costly, 
time consuming and unsafe. Further, it was observed that 
the top saddle plate was attached with the gusset plate of 
the girder joint by counter sunk rivets and as such it was not 
possible to detach the same.  

 3.2 A site visit by M/s. L&T & their team was also undertaken. 
During the site visit, it was observed that any part of the 
bearings required to be replaced has to be available at site 
before lifting and replacement operations. Further, special 
jacks were required to be manufactured specially for this 
work. After the finalization and approval of the scheme, 
manufacturing of jacks and bearing parts and mobilization at 
site, atleast 4-5 weeks would be required to complete the 
fieldwork.  

In view of these constraints, this scheme was not adopted 
 3.3 On the basis of discussions held with various experts, it was 

decided as under: 
• Bearings should be replaced. 
• Superstructure should not be tinkered with. 
• New bearings should match the design life of 

bridge i.e. life cycle cost of bearing should be 
guiding factor. 

 3.4 Since, no repairs can be done in the superstructure, 
necessary augmentation can only be done in the bearings. A 
long term solution had to be found. Bridge has to serve its 
design life. The spans of bridge being so large and placed at 
such a height, it is imperative that the bearings are changed 
quickly rather than attempting any cosmetic/corrective 
changes keeping the girders raised on jacks for a prolonged 
period. M/s. L&T and Mageba were of the considered 
opinion that the solution suggested by Construma of 
replacing 40mm saddle plate with thicker plate of nearly 
100mm may not be a good idea unless, proper 
strengthening of joint above is also done. This was also 
confirmed by IIT/Chennai. Since, strengthening of the girder 
joint was not feasible, other solutions were needed to be 
explored. N. Rly. Proposed the idea of using 
spherical/cylindrical bearings to overcome the problem. This 
would also provide bearings matching design life of bridge. 
However, by doing so, the height of the bridge would be 
raised by about 15cm. As per site confirmation, this raising 
was feasible. The advantage of replacing POT-PTFE 
bearings with spherical/cylindrical bearings is of enhanced 
life of bearings matching design life of bridge and much 
better performance. Moreover, since the design life of the 

2.5 The design of superstructure was done by M/s. Construma 
Consultancy Pvt. Ltd. on Railway’s behalf. They didn’t 
design the bearings. However, they only prescribed the 
design loads and movements/rotations for the bearings. 
The bearings were got designed and manufactured by M/s. 
L&T through M/s. METCO (Now Mageba). Though, the  
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3.5 It was decided that the work of replacement of bearings be got 
done through M/s. L&T on single tender basis as they had 
constructed this bridge and were considered technically 
capable of doing this work properly and expeditiously.  

 3.6 The work of replacement of existing POT – PTFE bearings with 
new cylindrical bearings, including design of new bearings was 
awarded to M/s. L&T on 25.01.14. The entire work was 
required to be completed within four months i.e., by 23.05.14. 

 3.7 M/s. L&T submitted the design and drawings of cylindrical 
bearings & Pin bearings, duly checked by IIT/Chennai. It was 
mentioned that regular cylindrical bearings as per EN 1337-
7/ETA-08/0115 (European Technical Approval) have been 
adopted. Similar bearings are also covered in RDSO draft 
guidelines dtd. 22.06.11. The bearings were equipped with 
high performance sliding material UHMWPE viz., ROBO slide 
of Mageba as per ETA. The bearings are having sliding 
interface at top, which is similar to POT bearings used and will 
avoid any eccentricity on the sub-structure due to sliding of the 
top plate. These bearings have been designed and detailed to 
avoid any modification / stiffening of the bridge girder. The 
overall height of the bearing was 310mm, which meant that the 
girder would have to be raised by 150mm. As confirmed from 
site, this amount of raising was feasible.  

 3.8 Since, replacement of the existing POT – PTFE bearings with 
cylindrical bearings would result in raising of the girders by 
150mm, existing Pin bearings also required replacement with 
suitably designed new Pin bearings for height adjustment.  

 3.9 The design and drawings submitted by M/s. L&T were duly 
proof checked by RDSO. Approved drawings are depicted in 
Figs. 3 & 4.  

 
 

Fig. 3 (Cylindrical Bearing)  

 

 
Fig. 4 (Cylindrical Bearing) 

 

4.0 Manufacturing of cylindrical bearings : 

 
4.1 As per the approved drawings and design, the eight 

cylindrical bearings (two for each abutment and four for 
pier) and two Pin bearings were manufactured by M/s. 
Mageba in their facility at Kolkata. For ensuring proper 
quality control, a comprehensive quality assurance 
program (QAP) was prepared and got approved from 
RDSO. The role of each inspecting agency i.e., RDSO/N. 
Rly representative was clearly spelt out. The various 
stages and items of inspection and their reference 
value/acceptance standards were defined.  

 4.2 The design and drawings of the bearings were approved 
in the first week of Mar’14. All the bearings were 
manufactured and inspected by end of April’14. Strict 
quality control was ensured by way of intensive 
inspections at the manufacturing facility by N. Rly. 
Engineers.  

 5.0 Bearing replacement work :- 

 
5.1 Bridge No. 20 (New Br. No. 186) is located in the block 

section Chak Rakhwal – Katra. There is a tunnel (Tunnel 
No. 29) at Udhampur end of this bridge and a deep 
cutting at Katra end. No road approach is available at 
either end of the bridge. Since, the track was already 
linked, all construction material and machinery was 
required to be carried on track using a road cum rail 
vehicle from the nearest road point at Tikri. As no lifting 
equipment/machinery such as cranes/JCBs etc. could be 
mobilized at site, recourse had to be taken by using chain 
pulleys of adequate capacity and turfers. 

 5.2 Detailed erection plans and drawings were prepared and 
got approved. Specially manufactured state of the art 
hydraulic jacks of 500MT capacity (04 Nos.) were 
arranged with two separate power packs. These high 
capacity jacks were equipped with mechanical check nuts 
for mechanical locking of the jacks during lifting operation.  

 5.3 Appurtenant equipments such as welding equipment, 
drilling machines, grinders, chain pulley blocks, steel guys 
and steel plates of varying sizes & thickness, wooden 
blocks in adequate quantity were arranged in addition to 
precise surveying equipments. For power back up, DG set 
was also deployed at site.  

 5.4 Skilled gangs of workers with supervisors were arranged. 
The total strength of workers at site was around 25. 

 

 cylindrical bearings matches the design life of bridge, long term 
saving in cost of replacing bearings would be ensured as otherwise 
bearings would have to be replaced after about every 18-22 years. 
This suggestion was preferred as this would resolve the problem on 
a long term basis. Moreover cost and time of replacement part 
(other than cost of bearing) would be same in either case. It was 
essential to replace bearings before allowing traffic on bridge as 
once traffic starts; about 8 weeks of traffic suspension would be 
required to change bearings. 
 
 

49 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Replacement of damaged POT-PTFE bearings of Bridge No.20. (Revised Br. No. 186) with 
new cylindrical bearings on Udhampur – Katra section of USBRL project 
 
 

 

 

 

5.5 The erection scheme was finalized after detailed 
discussions. Though, M/s. L&T were confident that the 
hydraulic jacks with check nut facility were adequate to 
safeguard against any eventuality of jack failure during 
lifting operation, N. Rly. insisted for providing suitably 
designed wooden packings as an additional safeguard. 

 5.6 In order to counter the thermal expansion of the girders 
during lifting operation, the work was planned to be 
executed at temperatures near about the original 
installation temperature i.e., 28-32 Deg. Celsius. Wooden 
packings were provided at the end of the girders to resist 
any movements.  

 5.7 Site mobilization was started in end of April’14. The 
bearings were received at site in first week of May’14. 
Detailed and meticulous arrangements were made and 
completed in all respects by second week of May’14. 

 5.8 Though, the arrangements were made to ensure that both 
the ends of each girder could be tackled/lifted 
simultaneously, it was decided to tackle one end at a time. 
It was planned to replace all the bearings on pier first. The 
two main bearings and one Pin bearing of UHP end of G2 
was to be tackled first and thereafter Katra end of G1. 
Since, fixed end of girders is at pier and free end at 
abutments, proper precautions were taken to ensure that 
no longitudinal movement takes place during lifting of fixed 
end at pier. This was done by providing adequate wooden 
packing between girder and abutment walls. 

 5.9 All the required equipment, jacks, power packs and 
bearings were lead to site. Jacks and power packs were 
lowered on the pier cap using chain pulley blocks. All the 
four cylindrical bearings and two Pin bearings were 
unpacked and lowered meticulously on the pier cap, 
ensuring proper sequencing. Steel base plates were 
properly fixed with non-shrink grout at the jacking locations 
under the cross girder of G2. Hydraulic jacks were then 
placed over these steel base plates. Steel packing plates 
were provided over the jack and below the cross girder at 
the pre-defined jacking points. Well designed wooden 
packings were provided on either side of these jacks.  

 5.10  Before starting the lifting operations, the bolts fixing the top 
plate of bearings with the girder were removed.  

 5.11 Trial lifting of UHP end of G2 at pier location was carried 
out on 16.05.14. The actual work of bearings replacement 
at pier location was started on 17.05.14. Before starting the 
lifting operation, the track over the pier cap was 
disconnected so as to facilitate lifting of girders. 

 5.12  Both the hydraulic jacks fitted under girder end were 
operated simultaneously using common power pack. The 
girder end was lifted in stages of 20mm each. Engineers 
were deployed at both the bearings for measuring the lift. 
Continuous measurement of temperature was ensured. 
The power pack was operated in such a manner that no 
unequal lifting occurred. After every 20mm lifting, check 
nuts of the jacks were tightened. Though, 150mm lifting 
was required to accommodate the new bearings, a total 
lifting of 200mm was done to ensure proper working space.  

 

5.13  After the lifting of UHP end of G2 was completed, the bolts 
fitted with the bottom plate of both main bearings and Pin 
bearing with base plate were removed. Thereafter, the 
existing Pin bearing of G2 was removed with the help of chain 
pulleys. New Pin bearing was then placed in position 
accurately with the help of chain pulleys and ropes. New bolts 
were then provided for fixing bottom and top plates of the 
bearing after matching of holes. Thereafter, two separate 
gangs tackled the main bearings. The procedure adopted for 
Pin bearing was repeated for replacement of main bearings.  

 5.14  After tackling UHP end of G2, Katra end of G1 was tackled. 
All the six bearings at pier cap location were replaced in two 
days from 17-18.05.14. 

 5.15  After replacement of bearings at pier cap location, track over 
the pier cap was reconnected. Katra end of G2 i.e., A2 was 
tackled next. One day was spent in shifting of equipment, 
jacks and power packs etc. to A2 location and lowering at 
bearing level. 

 5.16  Before replacing bearings at abutments, the approach track 
was disconnected so as to facilitate the lifting of girder ends. 
Bearings at A2 were replaced on 20.05.14. Similarly, bearings 
at A1 were replaced on 22.05.14. 

 5.17  After replacement of bearings at pier cap and A2, it was 
observed that the top packing plate had almost straightened 
and there was no need to inject epoxy for matching the 
mating surface between packing plate and top plate of 
bearings. However at A1, epoxy filling had to be provided to 
ensure proper mating of packing plate and top plate of 
bearings. 

 5.18  Re-grading of approach railway track was carried out on 
23.05.14 and the work was completed within the target date. 

 

 
Power pack 

 
Space constraints – space available between two girders  

G1 and G2 at Pier location 
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Jack in position after inserting 25 mm thick bottom plate 

 

 
Dial gauge placed at both ends of cross girder  

to ensure uniform lifting 

 
Greasing of new bolts 

 
At abutment also the ends were packed leaving enough 

space for contraction and expansion of girder. 
 

 
Lifting of girder in progress 

 
Ends of girder were packed to ensure there is no 

movement/displacement of girder due to temperature 
variation from its position when girder is in lifted position 

 
During lifting check nut was tightened regularly to lock the 

girder after each incremental lift 
 

 
Jacks after the desired lifting was achieved 

 

 
Old bearing being removed 
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Old bearing removed completely 

 
Cleaning of base plate and bolt holes in progress. After 

cleaning both the surfaces were greased. 
 

 
The direction on bearing for correct installation. Installation 
engineering from bearing manufacturer was present during 

installation. 

 
Preparing to insert the new bearings 

 

 
New bearings placed in position 

 

 
Tightening of bolts in progress 

 

 
Lowering of girder in progress 

 

 
Girder lowered to rest on new bearings  
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Problem of heavy seepage of water inside tunnel No. 3 (new No. T-
25) on Udhampur – Katra section – Evaluation of problem & 

solutions adopted 
 1.1 Tunnel No. 3 is a 2.48 km long (Ch. 12.232 – 14.715)  

D-shaped tunnel. The contract for construction of this tunnel 
was awarded to M/s. ITD Cementation India Ltd. in Nov.’2000 
and completed in April’2008 at a cost of Rs. 55.00 Cr. 

 

1.0 Introduction:- 2.4 In order to overcome the above problems during 
construction of the tunnel, various schemes were 
suggested such as : 

a) Pipe roofing & surface grouting. 
b) Jet grouting. 
c) Cut & Cover  construction (overburden 30 – 

32 m) 
 

1.2 The tunnel passes through weak sandstone inter-bedded with 
claystone bands of middle Shiwalik. However, in about 
590.0m length (Ch. 12.750 – Ch. 13.340), geology primarily 
consists of terrace deposits / channel fill deposit with clay/ 
sandstone bands, having overburden in the range of 30-32m. 
This section is charged with water throughout the year, 
especially monsoons and post monsoons with hydrostatic 
head upto 35m. Out of this 590m stretch, in 440m length (Ch. 
12.900 – Ch. 13.340), there is an extra ordinary heavy inflow 
of water inside the tunnel during monsoons. 

 1.3 The maximum discharge noticed previously has been in the 
year 2007, when the discharge was 1125 LPS. However, the 
discharge noted during the last monsoon in 2013 touched the 
record value of 2100 LPS. 

 1.4 The geographical map along tunnel T-3 between km 12.600 
& 13.900 is depicted in exhibit 1. 3-D view of the section 
between these chainages is depicted in exhibit 2. Summary 
of geology of the tunnel is shown in exhibit 3. Details of 
geotechnical assessment done by M/s. RITES is shown in 
exhibit 4.  

 2.0 Problems faced during construction :- 

 
2.1 During construction of this tunnel, following problems were 

encountered due to heavy seepage of water in the stretch 
from 12.750 to 13.340 :  
2.1.1 Cavity formation occurred at 12.757 on 17 June 

2003. 
2.1.2 Cavity formation occurred at 13.314 in August 2004. 
2.1.3 Cavity formation occurred at 13.300 in Feb 2005. 
2.1.4 Frequent falling of boulders. 
2.1.5 Ventilation problems. 
2.1.6 Lot of heat at the face of tunnel. 
2.1.7 Heavy flow of water from chainage 12.750 to 

13.340. 
 2.2 The existence of water in the strata had been predicted by                     

M/s. NHPC & RITES, well before taking up of construction.  
 2.3 The sources of seepage water identified are :  

a) Dry Nala crosses the tunnel at chainage 
km13/060. 

b) Irrigation canal at km 12/890. 
c) Nilli nala at km12/450. 

 

2.5 After evaluating the above schemes in detail, taking into 
consideration feasibility, suitability, time and cost aspects, 
and the scheme of Pipe roofing & surface grouting was 
adopted.  This scheme basically involved the following 
activities : 

a) Tackling of cavities at Ch. 12.757, 13.314 & 
13.300.  

b) Grouting of face using Pipe roofing 
technique. 

c) Grouting of crown from top. 
d)   Grouting of side walls from top 

2.6 By adopting these techniques, heading was completed in 
July 2006 and benching completed in June 2007. 

 2.7 During construction, maximum water discharge was 
measured in July 2007 as 1125 litres/sec. After 
construction of tunnel, decision was taken to provide 
drainage arrangement as a temporary measure by 
providing 3” dia, 5m long perforated pipes in the bench 
area @ 3-6m centre to centre on LHS and RHS of the 
tunnel lining, as relief holes. Due to continuous seepage, 
fines consisting of sand and silt have leached out and the 
surrounding matrix is left with loose boulders to some 
distance around the tunnel periphery which may get 
disturbed under continuous dynamic loading on passage 
of trains.  

 3.0 Post construction solutions:- 
3.1 After the construction of tunnel, in order to find out a 

permanent solution to this heavy seepage problem, 
Northern Railway on 11.09.2008 requested RITES Ltd. to 
take up Detailed Design Consultancy (DDC) for solution to 
the Seepage in Tunnel T-3. In adjacent tunnels where due 
to water uplift from base, BLT could not be laid, 
consultancy was sought from M/s. Muller and Herith, who 
recommended grouting of bed with micro-fine cement, 
which was carried out in T-2. This, however, was not done 
in T-3.  

 3.2 Besides initial pre-construction studies by M/s. NHPC & 
RITES, which had adequately predicted the sub-strata and 
existence of water, subsequent studies involved a wide 
range of consultants/ experts namely : 

• RITES 
• CWPRS/Pune 
• Central Institute of Fuel & Mining Research 

(CIFMR). 
• Central Ground Water Board (CGWB). 
• Himachal Pradesh Remote Sensing 

Centre/Shimla. 
 3.3 Various types of investigations done were : 

• Geophysical Investigations – Resistivity 
Studies. 

• Ground Penetrating Radar. 
• Geo-morphological Studies. 

 

  
By:- 
  Surinder Kaul 
CAO/USBRL/JAT 
 

Sandeep Gupta 
CE/South/ 
USBRL/JAT 
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Problem of heavy seepage of water inside tunnel No. 3 (new No. T-25) on Udhampur – Katra 
section – Evaluation of problem & solutions adopted 

 

3.4 Besides the above, informal discussions with consultants from 
Geodata/Italy and National Institute of Rock Mechanics (NIRM) 
etc. were also held.  

 4.0 Initial recommendations of M/s. RITES:- 

 
4.1 M/s. RITES proposed to consider T-3 (which was unavoidable at 

that stage) as a drained tunnel and suggested following 
measures : 

(i) Development of proper drainage system to prevent 
further loss of fines in permeable zone and to 
reduce water pressure in the impermeable zone. 

(ii) Grouting of cavities around tunnel surrounding to 
reinstate arch action. 

(iii) Stability of saturated sandy soil below the invert 
slab level under dynamic load conditions. 

 4.2 For development of the proposed drainage system, M/s.RITES 
has suggested that for vertical drainage system vertical pipes of 
200mm dia upto 40m depth should be provided. The main 
purpose of vertical drainage system as per RITES report is to 
increase the vertical permeability of the impermeable zone, but 
as per M/s. RITES observations that even after increasing the 
permeability of the clay zone by providing vertical drain, the 
lowering of water table is not significant. As such, it was decided 
that there is no need to provide the vertical pipes of 200mm dia 
of 40m depth.  

 4.3 The other remedial measure suggested by M/s. RITES is 
grouting of cavities/subsidence above the tunnel. This is based 
on the observation of GPR survey got carried out by M/s. RITES.  

 4.4 It was also suggested by M/s. RITES to do compaction  
grouting of the invert so that liquefaction should not take place 
under dynamic load of moving trains or under earthquake 
loading. M/s. RITES has mentioned in their report that 
compaction grouting may be dispensed with, as compaction 
grouting may not be so effective if water load on the bottom of 
the invert is reduced by providing suitable drain below the invert 
of the slab. As such, it was decided that there is no need to carry 
out compaction grouting; we should provide vertical drain to 
reduce the upward thrust of water. The vertical drain has also 
been provided in Tunnel T -2 to reduce upward thrust of the 
water. However, normal grouting of voids in boulder matrix to 
stabilize base was essential.  

 4.5 Besides the above items, M/s. RITES has also suggested the 
following two remedial measures:- 

 
4.5.1 Proper drainage system without loss of fines for which 

M/s. RITES has suggested horizontal drains 100mm dia 
pipe 15m length from inside of the tunnel, first 5m will 
be blind which will normally fall in the area where 
grouting will make them almost impermeable. Further 
10m will be slotted (end capped) and wrapped with 
permeable geo-synthetic to allow fast discharge without 
loss of fines. 

 4.5.2 To create proper arching action in surrounding of the 
tunnel by grouting of cavities which may have been 
formed due to loss of fines as geo-synthetic has not 
been provided in the hole/pipes already provided in the 
tunnel. M/s. RITES has suggested grouting to create 
envelope of 5m.  

 

5.0 Revised recommendations of M/s. RITES:- 
 5.1 Based on discussions held in the previous para, M/s. 

RITES recommendations were not accepted in totality and 
the following revised recommendations were accepted :  

(a) Construction of side drains. 
(b) Grouting of tunnel from Ch. 12700 to 

13325 to create envelope, special care to 
be taken in grouting from Ch. 13285 to 
13325 as it is junction of two geological 
formations from where huge water 
comes. Grouting can be done in two 
phases, before and after monsoon. 

(c) Provision of 50% horizontal pipe i.e. @ 
10m c/c on L.H.S in Ch. 12900 to 13300 
and 20m c/c from Ch. 12700 to 12900 on 
R.H.S and from Ch. 12700 -13300 on 
L.H.S. of the tunnel wall. 

(d) Provision of vertical drains. 
(e) Provision of pressure cell and 3D object 

to measure deformation. 
 5.2 All the above activities were to be completed before 

monsoon, tunnel behavior to be monitored during 
monsoon with the help of pressure cell and 3D object; in 
case any abnormal increase in pressure/deformation is 
observed balance horizontal pipe should be provided.  

 6.0 Execution of remedial measures suggested by M/s. 
RITES : - 

 6.1 The work of drainage system has been provided 
successfully with PVC pipes wrapped with geo-textile and 
inserted into the permeable zone. Vertical pressure relief 
holes inside drains have also been provided successfully 
for invert stability. As suggested, remedial measures 
adopted includes Horizontal Drainage has been provided 
with UPVC pipes (IS 4985,113 mm Dia) having 10-11 m 
length inside tunnel on both sides of the wall between 
chainage Km 12/950 to Km 13/340.A total of 124 pipes 
have been provided. The pipes provided are blind up to 
6m length with remaining portion perforated and wrapped 
with Non-woven polypropylene geotextile of 250 gsm. 
Vertical drains include perforated PVC pipes (90mm 
outer,75 mm inner) wrapped with Geo textile(30 Gsm) of 
length 2-2.5m  length have been provided inside drains at 
regular intervals throughout the tunnel. A total of 579 
vertical drainage pipes have been provided throughout. 

 6.2 However, the work of slurry grouting from inside the tunnel 
could one year, in the presence of M/s. RITES 
representative, with different mix designs including 
accelerators, proved unsuccessful. The grouting done 
revealed no traces of grout during the exploratory 
boreholes extracted.not be executed as the trials carried 
out during a period of almost  

 7.0 Modified Scheme for grouting:- 
 7.1 Later in Feb.’13, it was decided to do grouting around the 

tunnel periphery from surface top of the tunnel. M/s. RITES 
submitted a proposal on 22.03.13 for grouting from top of 
the tunnel. A high level team of RITES headed by ED/RI 
also visited the site on 03.04.13. They submitted their 
recommendations on 08.04.13 which were in line with the 
proposal submitted by M/s. RITES on 22.13.13.  

 

• Satellite Imagery. 
• Geotechnical Borings. 
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Problem of heavy seepage of water inside tunnel No. 3 (new No. T-25) on Udhampur – Katra 
section – Evaluation of problem & solutions adopted 
 

7.2 Though, the work of grouting started from top of the tunnel 
in July’13, the work could not be continued due to heavy 
rains. During the last monsoons, heavy discharge to the 
tune of 2100 lps was experienced. The work of grouting was 
re-started in Oct’13.     

 7.3 It was pertinent to check integrity of tunnel for which NIRM 
was also consulted. Implementation of grouting program of 
systematically grouting and ensuring a consolidated ring of 
4-5m of substrata around tunnel was started in a patch of 
105m, commencing from Ch. 13.340 to 13.235. This was 
done through holes drilled from above upto 5m below invert 
level. Holes were drilled in star pattern @ c/c. Grout envelop 
was created around tunnel base, sides and crown for 
approx. 5m. Such grouting is done in dams also, below dam 
to prevent seepage and scour. The base is to be ensured to 
be sound enough for passage of train loads. For this 
grouting of base are being done by drilling holes within the 
sides drains.  

8.0 Implementation of modified scheme of grouting :- 
 8.1 During monsoons water springs gush out of cracks in  

8.2 Methodology adopted:- 
 8.2.1 The grouting from surface is being done by ODEX drilling 

followed by grouting using the mix proportions i.e., sand, 
cement (OPC 43Gr), Fly ash, Accelerators and super 
plasticisers. The Grouting has been done as per the 
approved pattern (annexure A) shown below so as to 
reinstate the arch action around the tunnel in order to 
strengthen the tunnel and prevent further loss of fines. 
Casing pipes conforming to IS 4270 with perforations up to 
20mm to the required level of grouting and remaining blind 
are being used. 

 

 

 
8.2.2 Grouting pattern Layout 
 

8.2.3 Grouting is commenced with fairly clean cement grout 
and gradually is increased depending upon grout intake 
and pressure built up. The grout mix proportions used 
is tabulated below. Grouting shall be considered as 
grouted to refusal once the grout intake reached at the 
rate of 20litres in 5 minutes at the required pressure. If 
the required pressure not develops even with the 
recommended grout consistency, the grouting shall be 
suspended after injecting 10000kg to 12000 kg of 
cement and shall be taken up for grouting again after a 
gap of 4-5 hrs. Close observation shall be kept during  

 

8.2.4 At locations of bigger cavities where heavy grout intake 
is there, re-drilling may be done and neat cement 
grouting to be done with the required refusal pressure 
so as to plug the left over cavities if any. 

 8.2.5 Invert Grouting is being done with drilling of invert holes 
up to 1.5 m depth and followed by neat cement 
grouting with varying consistency up to the required 
refusal pressure. Spacing of holes is kept @ 1.5 m in 
staggered position. 

 

Lining, blocked weep holes, construction joints and gush out of 
flooring/trolley refuges in form of springs.At places lining has 
deterioted and chunks have fallen. After Nov. water flow reduces to 
less than 100 lps and a window to grout the surrounding medium 
becomes available. A considered view and decision was taken to 
start grouting/repair from one end systematically and complete it 
before next monsoon from Ch. 13.340 to 12.900. Second round of 
consolidation grouting/secondary grouting can be done after seeing 
results. 

drilling holes and grouting from inside tunnel regarding 
seepage of grout if any, which may be plugged immediately 
following any leakage. 
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Problem of heavy seepage of water inside tunnel No. 3 (new No. T-25) on Udhampur – Katra 
section – Evaluation of problem & solutions adopted 

 
9.0 Progress : - 

 
The scope of the tunnel having boulder strata involving grouting 
to be done is from Ch. 13.340 to 12.700 (640 m). Keeping in 
mind the seepage pattern over the years, it was decided to do 
grouting in a stretch of 440m from Ch. 13.340 to 12.900. 
Grouting has been successfully completed in the test zone from 
Ch. 13.340 to 13.235. Work of grouting from 13.235 to Ch. 
12.900 is in progress.  

The work of grouting was suspended in Aug.’14 end in 
view of very heavy and unprecedented, 60 years record breaking 
rains in the first week of September 2014. At the time of 
suspending the works, drilling and grouting of all the proposed 
seven rows as per plan enclosed vide Exhibit 5 have been 
completed in a length of about 247m between Ch. 13340.00 to 
13235.00 under test section and between 13235.00 to 13093.00 
under main contract. In the balance length drilling and grouting 
was in progress at different stages. Drilling and grouting work 
shall be resumed once the seepage reduces to workable limits. 
 
 

10.0  Observations :- 

 
After the unprecedented 60 years record breaking rains 
almost for a week from September 01 to September 06, 
2014 the tunnel was inspected to observe the seepage in 
the tunnel.Though there was considerable increase in total 
seepage which has increased from 318 ltrs/sec recorded 
on 31.08.14 to 1338 litrs/sec on 06.09.14 but it is much 
less than what has been recorded on 17.08.2013 in the 
earlier season which stands at 2014 ltrs/sec.  

 The overall reduction in seepage is mainly due to 
substantial reduction of seepage between Ch. 33340.00 to 
13110.00 where the primary treatment of grouting is almost 
complete. 

Though there are no separate records of 
bifurcating the seepages between grouted zone and non 
grouted zone, it is physically observed that there is a vast 
difference in seepage between these two zones.  

 
The following table shows the present status of seepage as of September 06, 2014 in comparison with earlier season (2013) where 
in it can be clearly seen that there is a vast reduction in seepage in the grouting completed zone. 
 CHAINAGE AREA 

/LENGTH 
SEEPAGE OBSERVATION REMARKS 

FROM TO LAST YEAR AS ON 06.09.14 
 

13340.00 13250.00 90.00 m Very Heavy Practically nil Grouting completed under 
test section 

13250.00 13118.00 132.00 m Very heavy Reduced considerably. 
Leakages only at few 
locations. 

Grouting of all 7 rows 
completed 

13118.00 13093.00 25.00 Very Heavy Reduced considerably. 
Leakages only at few 
locations. 

Grouting of all 7 rows 
completed 

13093.00 13013.00 80.00 Very Heavy There is reduction but 
still there. 

Grouting of two external 
rows and central row not yet 
completed 

13013.00 12980.00 33 m Very Heavy Substantial reduction. 
Nominal to heavy 
leakages at few locations. 

Grouting of two external 
rows not yet completed 

12980.00 12900.00 80 m Very heavy Practically nil. Grouting in this zone 
completed 

12900.00 12750.00 150 m Very nominal Maximum seepage from 
all around. 

Totally Ungrouted zone 

12750.00 12700.00 50 m Negligible Nominal.  
12700.00 Udhampur Portal Saturated 

condition 
Totally dry from SPL and 
above 

Seepage path must have been 
sealed while grouting 

12750.00 RH Trolley refuse Very heavy Practically nil  
12840.00 LH Trolley refuse Very heavy Seepage has increased. Very heavy seepage is 

observed. Beyond our 
working area 

12940.00 RH Trolley refuse Very heavy Practically nil.  Grouting in this zone 
completed 

12945.00 LH Trolley refuse Very heavy 
from all the 
sides and invert 

Negligible leakage. Grouting in this zone 
completed  

13045.00 LH Trolley refuse Very heavy 
from invert, 
drain pipes and 
crown 

Now only from invert. Curtain not extended up to 
and below invert 

13155.00 LH Trolley refuse Very heavy Reduced considerably 
Only from drain pipes.  

Curtain not extended up to 
and below invert 

13245.00 LH Trolley refuse Very heavy Practically nil. Grouting of all 7 rows 
completed 

13311.00 RH Trolley refuse Very heavy 
especially from 
SPL 

Practically nil. Grouting of all 7 rows 
completed 

13317.00 LH Trolley refuse Very heavy 
especially from 
SPL 

Practically nil. Grouting of all 7 rows 
completed 

13340.00 RH Trolley refuse Very heavy Practically nil. Grouting of all 7 rows 
completed 
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Problem of heavy seepage of water inside tunnel No. 3 (new No. T-25) on Udhampur – Katra 
section – Evaluation of problem & solutions adopted 
 

 
There is a considerable reduction in seepage in the tunnel 
between Ch 13340.00 to about 13100.00 where primary grouting 
of all the seven rows have been completed up to 13093.00 in all 
respect. 

The leakages observed between 13250.00 and 
13100.00 are mainly in trolley refuse pockets and at some 
isolated locations. It can be correlated that these seepages are 
mainly due to non completion of grout curtain to the required 
depth in that area. 

Few photographs comparing the seepages observed in 
year 2013 verses position in 2014 are shown from Exhibit ___ to 
___. 
 
11.0 CONCLUSIONS:- 
 From the observation and the reduction of seepage in the 

grouted zone it can be concluded that the present grouting is 
quite effective and to achieve the further reduction, following 
action plan has been prepared: 

• During the course of the execution of work few 
holes have been terminated at higher levels due to 
encounter of some obstruction while drilling. 
.  

 

 

In order to achieve grout curtain to required level it is essential 
that additional holes close to the holes terminated at lesser depth 
shall be drilled and grouted to required depth 

• At trolley refuse the grout curtain should be extended 
around the periphery of trolley refuse in ‘U’ shape. 

• The present grouting carried out can be considered as 
primary treatment, which has filled major pockets / voids 
and joints. Due to use of thick grout consistency with 
filler materials the travel of grout has been restricted and 
more over whenever the grout intake was more grouting 
was suspended there by restricting the travel once 
again. Grouting was suspended whenever there were 
surface leakages and re- grouted subsequently.  

To cover the left over pockets and to seal finer openings / joints it 
is essential to take up some additional holes adjacent to holes 
where grouting was suspended either due to heavy consumption 
or due to surface leakage. 

• On completion of grouting as suggested above and if still 
some leakages are observed some additional holes may 
be drilled and grouted in the seepage zone.  

 

Geographical map along Tunnel No. 3 between Km 
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TUNNEL NO. 3

3-D VIEW OF THE AREA
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Problem of heavy seepage of water inside tunnel No. 3 (new No. T-25) on Udhampur – Katra 
section – Evaluation of problem & solutions adopted 
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Problem of heavy seepage of water inside tunnel No. 3 (new No. T-25) on Udhampur – Katra 
section – Evaluation of problem & solutions adopted 
 

 

 TUNNEL NO. 3

Chainage
in m

Anticipated geological formation
at tunnel grade

Seismic 
velocity in 
m/sec.

Rock category Approx. ‘Q’ value Tentative stand
up time

12000 12725 Pebbly sand stone interbedded with
silt stone

2500-2600 Fair to poor 0.10 – 0.20 < 1 day / Week

12725 13400 Loose bouldery formations 
overburden material

1300-1700 Exceptionally poor
(immediate support)

.006-.016 < 1 Hour

13400 14700 Sand stone interbedded with clay
stone & silt stone

2500-3100 Fair 0.10-0.398 < 1 Week

Geotechnical assessment as done by M/s RITES 

L-SECTION 

 Exhibit 4 
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Problem of heavy seepage of water inside tunnel No. 3 (new No. T-25) on Udhampur – Katra 
section – Evaluation of problem & solutions adopted 
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CH: 12048 LHS T/R DATE: AUG 2013                                         CH: 12048 LHS T/R  DATE: AUG 2014 

    

CH: 12763 CROWN  DATE: AUG 2013 

 

NON GROUTING AERA CH: 12763 CROWN      (WATER FROM 
SERVICE HOLE)  DATE: SEP 2013 

     

CH: 12930 RHS DATE: AUG 2013 

CH: 12930 RHS  DATE: AUG 2014 

Seepage comparision 
2013 (before grouting) and 2014 (after grouting) 

 

Problem of heavy seepage of water inside tunnel No. 3 (new No. T-25) on Udhampur – Katra 
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Seepage comparision 
2013 (before grouting) and 2014 (after grouting) 

 

     

CH: 12943 LHS T/R   DATE: AUG 2013                                           CH: 12943 LHS T/R DATE: AUG 2014 

     

CH: 13052 RHS DATE: AUG 2013                                                  CH: 13052 RHS DATE: SEP 2014 

     

CH: 13091 RHS  DATE: AUG 2013                                                CH: 13091 RHS   DATE: SEP 2014 

Problem of heavy seepage of water inside tunnel No. 3 (new No. T-25) on Udhampur – Katra 
section – Evaluation of problem & solutions adopted 
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Seepage comparision 
2013 (before grouting) and 2014 (after grouting) 

 

     

CH: 13319 RHS DATE: SEP 2014                                                  CH: 13319 RHS DATE: SEP 2014 

      

CH: 13052 RHS   DATE: SEP 2013                                                  CH: 13052 RHS   DATE: SEP 2014 

     

CH: 13025 RHS  DATE: SEP 2013                                                  CH: 13025 RHS  DATE: SEP 2014 

 

Problem of heavy seepage of water inside tunnel No. 3 (new No. T-25) on Udhampur – Katra 
section – Evaluation of problem & solutions adopted 
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CH: 13250 TO 13118 GROUTED TUNNEL 

 

Ch 12950 TOWARDS KTR. 
 

Problem of heavy seepage of water inside tunnel No. 3 (new No. T-25) on Udhampur – Katra 
section – Evaluation of problem & solutions adopted 
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Safety Systems provided in Tunnel T-23 and T-25 
on Udhampur-Katra section – An ILLustration 

 1.0Introduction: - 
 Udhampur-Shri Mata Vaishno Devi Katra section of USBRL Project has been dedicated to Nation by Hon’ble Prime 
Minister on 4th July 2014. This section connects two important towns of Jammu Province i.e.  Udhampur and Katra via 
Chakrakhwal.  Shri Mata Vaishno Devi Shrine has religious importance of National level where Pilgrims come from all parts of 
India. This Railway alignment passes through the unstable geological formations and hilly undulating & difficult terrain of Shivalik 
and Trikuta range of Himalayas. This section has 9 major Bridges, 29 minor Bridges, 12 ROB/RUBs and 10 Tunnels.  The total 
length of tunnels is 10.936 km i.e. 42.7% of total 25.6 km route.  The Tunnel T-23 is the longest tunnel with ballastless track (BLT) 
and having a length of 3.120 km. T-25 is the second longest tunnel having length of 2.49 km on this section. These two tunnels 

     2.0Safety Systems provided in Tunnels:- 
 All the tunnels on this section were constructed 
between 2000- 2007 except the diversion of 1.7 km of Tunnel 
T-23.  No guidelines regarding safety measures were available 
at that time. All these tunnels have been constructed as per the 
prescribed schedule of dimensions with conservative cross 
section to curtail cost of construction where even retro-fitment 
of safety equipments become difficult as the same may cause 
infringement to SOD’s. Though it was a difficult task to provide 
the safety equipments as per the guidelines of UIC/NFPA, 
efforts have been made to provide most of the safety items in 
these tunnels as described below:- 

2.2Power Supply System: 
(A) Power Supply System for T-23:- 
 11 KV Power supply from PDD is taken for power 
supply System of illumination and ventilation of T-23, 
2x1000KVA, 11KV/415V and 2x750KVA, 415V/3.3KV 
transformers have been provided in main substation building at 
Katra end portal. DG set of 500KVA has been provided for 
emergency supply for maintaining reliable supply for ventilation 
& lighting system. A 82.5KVA DG set has been provided for 
lighting purpose only. 2KVA UPS provided for emergency 
backup of sensors for 90 minutes. 1x300KVA, 3.3KV/415V 
transformer is provided in remote substation building at 
Udhampur end. 1x300 KVA, 3.3 KV/415V transformer has been 
provided in middle substation inside the tunnel.  
 

 Ventilation and illumination 
systems of tunnel T-23 and T-25 has 
been designed and provided based on 
the systems provided in Tunnel T-7 on 
Jammu -Udhampur section which is 
operational since April 2005, similar to 
systems in Konkan Railway, and based   

2.1Ventilation system for Tunnels T-23 and T-25:- 

on simulation studies done for tunnels on Udhampur- Katra 
section in 2006 by Dr.Bent A. Borresen & Dr.Bard Venas of 
M/S Norconsult, Norway. The Technical approval in principle 
for ventilation and illumination schemes for T-23 & T-25 has 
been conveyed by CEE/N.Rly. 

(a)Ventilation in Tunnel T-23:- 
 24 Nos. of 22 KW, 840 mm diameter bi-directional Jet 
fans at a spacing of 126 m have been provided in Tunnel to 
achieve proper ventilation, keep CO level and temperature 
within limits. The total load of jet fans is 528 KW. CO level is to 
be maintained below 50 PPM & temperature level within 40˚C. 
(b)Ventilation in Tunnel T-25:- 
 20 Nos. of 22 kW, 840 mm diameter bi-directional Jet 
fans at a spacing of 120 m have been provided in Tunnel to 
achieve proper ventilation, keep CO level and temperature 
within limits. The total load of jet fans is 440 kW. CO level is to 
be maintained below 50 PPM & temperature level within 40˚C 

 11 KV Power supply 
from PDD is taken for power 
supply System of illumination and 
ventilation of T-25, 2x750KVA, 
11KV/415V and 2x500KVA, 
415V/3.3KV transformers have 
been provided in main substation 
building at Udhampur end portal. 
DG set of 500KVA is provided for 
emergency supply for maintaining 
reliable supply for ventilation & 
lighting system. A 82.5KVA DG 
set has been provided for lighting 
purposeonly2KVAUPS provided  

(a)Power Supply System for T-25:- 
 

for emergency backup of sensors for 90 minutes. 1x300KVA, 
3.3KV/415V transformer has been provided in remote substation 
building at Katra end. 1x300 KVA, 3.3 KV/415V transformers has 
been provided in middle substation inside the tunnel. 

 

 
By:- 
R.K.Chaudhary 
CEE/USBRL/JAT 

 
Sandeep Gupta 
CE/South/USBRL/JAT 
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Safety Systems provided in Tunnel T-23 and T-25 on Udhampur-Katra 
section – An ILLustration 

 
 

2.3Illumination Systems:- 
 All the 10 Tunnels on UHP-Katra section have been 
provided with Illumination systems for General Lighting in the 
tunnels.  The Tunnels T-23 and T-25 which are provided with 
Ventilation systems have been provided 55 W CFLs on both sides of 
tunnel to achieve minimum 10 Lux Illumination level.  These lighting 
systems have been provided on 500 kVA DG set when Ventilation 
system is working and 82.5 kVA DG set when Ventilation system is 
not required as standby power to PDD Power Supply.Rest of the 
tunnels have been provided with 70W/ 150W MH lighting fixtures. All 
major bridges have been provided with lighting arrangements for 
patrolling during night, taking supply from PDD/J&K. 

 

 
2.4Monitoring of Environmental Conditions:- 
 In Tunnel T-23 and T-25 for monitoring of environmental 
conditions/pollutants, CO Sensors, Visibility Sensors, Train Location 
Sensors, Temperature Sensors and Wind Velocity Sensors have 
been provided inside tunnels with preset threshold values. The data 
of these sensors is transmitted to the computer provided in Tunnel 
Control Room through dupe line communication. The Tunnel Control 
Rooms are manned round the clock where the tunnel operator can 
take the action as required as per the condition monitoring of the 
tunnel environment. 

  

  

2.5Communication Systems:- 
Communication systems comprising of following items have 
been provided in both the tunnels:- 
 (a)Emergency communication to train crew and 
maintenance staff:- 
 Emergency sockets have been provided at every 250 
mtrs inside the tunnel. If the train comes to halt inside the tunnel 
the Train Driver/Guard can talk with the Tunnel Control centres 
as well as with Section control Ferozpur and inform them of any 
eventuality inside the tunnel.   
 (b)Mobile Communication:- 
 Mobile communication is active inside throughout the 
Tunnel in collaboration with M/s Bharti Airtel. Base Trans-
receiver Station (BTS) along with antenna and Power Supply 
unit of Airtel has been installed at 960 mtrs inside the tunnel 
from Katra end Portal of tunnel T-23 and at 700 mtrs form 
Udhampur end Portal in Tunnel T-25. E-1 Connectivity inside 
the tunnels for Airtel communication has been provided on 
Railway OFC at the BTS location. Proper signages have been 
marked on the BTS to alarm the persons of the Non-ionised 
radiations from the antenna. Mobile communication will be an 
important tool with the Train Crew as well as to the passengers 
on board the train to contact Section Controller/ Emergency 
Services/ ASM etc., in case of accident or emergency inside the 
tunnel. 

 

(c)Public address system:- 
 Public Address system has been provided inside of 
both the Tunnels T-23 & T-25. Tunnel controller who stationed at 
Tunnel Control Centres can make any emergency 
announcement inside the tunnel to guide the passengers to 
avoid panic and chaos. In tunnels loudspeakers have been 
provided at every 200m and suitably adjusted to produce 
uniform sound columns inside the tunnel audible even in the 
noise of Train Engine. 
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(d) Siren for emergency:- 
 In each tunnel T-23 and 
T-25, 3 Nos. sirens have been 
provided to alert 
passengers/train crew/ 
maintenance staff for any 
emergency in tunnel.  
(e) Hotline System:- 
 At the Tunnel Control Centre, exclusive Hot lines 
have been provided with the adjacent stations for exchanging 
information before passage of trains through the tunnels. One 
Railway phone and one FWT (Fixed Wireless Terminal) has 
also been provided for STD connectivity. 

 

 In addition to 
above, for maintenance of 
Ventilation system, the 
telephone sockets have 
been provided below each 
jet fan to communicate 
between the Tunnel 
Control Room and the 
maintenance staff. 

(f) Ventilation Maintenance Communication System:- 

 

 

Safety Systems provided in Tunnel T-23 and T-25 on Udhampur-Katra 
section – An ILLustration 
 
 
 

2.6 Fire Fighting systems:- 
 Since these tunnels were constructed before the issue 
of UIC guidelines, no fire fighting system was planned at the time 
of construction.  As retro fitment measures, following systems 
have been provided/planned. 

(a)In Tunnel No T-23 and T-25, 9 Ltr Backpack Water Mist Fire 
Extinguishers and 50 Ltr trolley mounted Water Mist Fire 
Extinguishers, 1 No each on each portal of both the tunnels have 
been provided.  Based on the  recommendation by DIG/Fire/CISF, 
the 9/10 Ltr Back Pack and 50 Ltr trolley mounted  water mist fire 
extinguishers are required to be  provided in alternate  trolley refuges 
of the tunnel for which necessary action has been initiated.  The 
water mist fire extinguishers are suitable for all kind of fires including 
electrical fire upto 33 kV voltage system 

  
(b)Electrical Sub-stations at Tunnel Portals, 
Middle Sub-stations and Remote Sub-Stations 
have been provided with Powder Type Fire 
Extinguishers for fire fighting of electrical 
equipments. 

 
(c)Since the Electrical Panels provided at Electrical Sub-stations are 
unmanned, the provision for Auto Fire Detection and Auto 
Extinguishing gas tube based fire-fighting system has been planned 
and the same will be provided to prevent the fire in Electrical Panels 
which are a major source of fire due to make/break action in 
switchgears. 

(e)20 Nos Fire Safety Gears have been ordered which can be used 
by the staff  while entering in the tunnel for fire fighting.  5 sets of Fire 
Safetygears will be kept on each portal of Tunnel T-23 and T-25 with 
GRP staff at their Security Huts. 
 

(d)DRDO has made a study tour of all the tunnels for suggesting the 
measures to be taken for fire fighting arrangements in the tunnels, for 
which report is awaited. 
 

(f)DIG/FIRE/CISF has recommended for provision of Water Mist 
Fixed Installation for Tunnels T-23 & T-25 with a working pressure of 
15 Bar. The Water Mist system should be integrated with Linear Heat 
Sensing (LHS) cable to activate it automatically.  The  decision for 
making  the retro fitment of fire fighting equipment based on the 
recommendation of DIG/FIRE/CISF and DRDO, will be  reviewed 
and an appropriate action based on the risk analysis versus  cost of 
the  systems need to be taken 
2.7Guidance Signages:- 
(a)  In Tunnel T-23 and T-25, 
refractive distance signals showing 
the nearest/farthest of escape route 
of portals have been provided at a 
distance of 50m intervals, 
alternatively on both walls of the 
tunnels 

 

(b)Contact Details of emergency services have been displayed on 
each tunnel portal faces of both the tunnels and in the Tunnel Control 
Room of both the tunnels. These can be used by the Emergency 
Rescue Services/Railway staff/Passengers, in case of any emergency 
to seek the help for rescue/ restoration. 
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Safety Systems provided in Tunnel T-23 and T-25 on Udhampur-Katra 
section – An ILLustration 

 
 
 

 

2.8 Staff Training:- 
 The Tunnel Safety Manual for Tunnel T-23 and T-25 
describing the procedure for evacuation of passengers in case of 
emergency and working Instructions for operation of Ventilation and 
Illumination systems for Tunnel T-23 and T-25 on Udhampur-Katra 
section has been issued giving the working instructions for train crew, 
Operating staff and Tunnel Control Operator in case of normal 
operation as well as in emergency. Necessary training has been 
imparted to open line staff of  Operating Department and Electrical 
Department for  familiarising with working  of various systems and 
understanding their responsibilities. 
 

2.9 Appendix – Enclosed:- 
a. Comparison of UIC-779R requirement with compliance 

in Tunnels T-23 & T-25 
b. Comparison of NFPA-130 requirement with compliance 

in Tunnels T-23 & T-25. 
c. Tunnel Safety Manual (Procedure for evacuation of 

passengers in case of emergency and working 
instructions). 

Comparison of Provisions in T-23 &T-25 with respect to UIC 779-9R 
 

 
Systems 

 
Details 

 
T-23 

 
T-25 

 
UIC 

 
Cl. of UIC 779-9R Remarks 

 
Fire protection requirement 

for structures 

Tunnel 
structure 
design. 

 
~ 

 
~ 

 
√ 

 
I-22 

 
Not designed as per ISO-

834 & Eurocode 1 * 
 

Escape Routes/ Lateral/ 
Vertical exits/cross 

passage. 

Every 1000 
meter/Para
llel service 

Tunnel. 

 
~ 

 
~ 

 
√ 

 
I-40,I-43, I-44, I-45, I-46 

& I-47. 

 
Not Provided ** 

 
Track Drainage System 

Remove 
water from 

Tunnel. 

 
√ 

 
√ 

 
√ 

 
I-26 

 
Provided 

 
 
 
 
 
 

Power Supply System 

Two 
dependent 

power 
supplies 

 
√ 

 
√ 

 
√ 

 
I 65 & I-67 

 
One source from PDD & 

other from DG set. 

Diesel 
Generator 

 
√ 

 
√ 

 
~ 

 

Substation 
on Portals 
& inside 
Tunnel. 

 
√ 

 
√ 

 
~ 

 
Design requirement 

 
Three sub-stations. 

UPS for 
Critical 
feature 

 
√ 

 
√ 

 
√ 

 
I-67 (60min) 

 
90 mins. 

 
 

Lighting System 

 
Tunnel 
Lighting 

 
√ 

 
√ 

 
~ 

  
55 W CFL-15 lux 

Emergency 
Lighting 

√ √ √ I-41 55 W CFL-(15 lux) on DG 
set. 

 
 
 
 

Fire Detection system 

 
Alarm 
Push 

Button 

 
√ 

 
√ 

 
~ 

  
Audio Visual alarm  

Provided. 

 
Smoke 

Detector 

 
√ 

 
√ 

 
√ 

 
I-23 

 
CO sensors Provided 

 
Control 
system 

 
√ 

 
√ 

 
√ 

 
I-68, 

 
Integration with main 

control centre. 
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Safety Systems provided in Tunnel T-23 and T-25 on Udhampur-Katra 
section – An ILLustration 
 
 
 

 

 

Fire Fighting in Tunnel.  
Water Line 
& Hydrants 

 
~ 

 
~ 

 
√ 

 
I-64 

 
Not Provided *** 

 
 
 

Fire fighting for 
Equipment Room 

 
 
 

CO2 dry 
powder fire 
extinguishe
r provided. 

 
 

 
 
 
√ 

 
 
 

√ 

 
 
 
√ 

 
 
 

I-24 

 
 
 
 
 

Manual operation 
 
 

 
 
 
 
 

Systems on UPS 

 
Emergency 

Lighting 
 
 

 
~ 

 
~ 

 
√ 

 
I-41 

 
On DG set. 

 
Escape 
Signs 

 
√ 

 
√ 

 
√ 

 
I-40 

Provided 
 

 
Emergency 

Phone 
 
 

 
√ 

 
√ 

 
√ 

 
I-42 

 
Provided 

 
Train 

detection 
system 

 

 
√ 

 
√ 

 
√ 

 
I-3 

 
Provided 

 
Radio / 

Speaker 
System 

 

 
√ 

 
~ 

 
√ 

 
I-66 

 
Provided 

 
 
 
 

Ventilation Control 

 
Regular 

operation 
(air 

- quality) 
 

 
√ 

 
√ 

 
√ 

 
I-25 

 
Provided 

 
Emergency 

Option 
(detection, 
velocity) 

 

 
√ 

 
√ 

 
√ 

 
I-25 

 
Provided 

  
 
 
 

Notes 

* Tunnels have concrete lining of 30 cm throughout the length as in case of T-80 where fire 
safety tests were ratified. 

**  1) Railway Board's letter No. 2010/W-2/NR/J&K/05 dated 01.09.2010 exempts provision of 
any escape tunnel upto 3 kms. 

2) Specifically for T-23 Railway Boards dispensation vide letter No.2013/W-2/NR/NL/14 dated 
15.01.2014 is available. 

*** Please refer to Railway Board's letter 2013/W-2/NR/NL/14 as per which disaster 
management plan to be done for future tunnels. 
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Safety Systems provided in Tunnel T-23 and T-25 on Udhampur-Katra 
section – An ILLustration 

 
 
 

 

 

NFPA 130 (2000 Edition) recommendations & their applications for Tunnels   T-23 & T-25 on Udhampur-Katra section 
of USBRL Project 

 
Infrastructure (I) Reference 

to Code 
Provision as per 

NFPA 130 
Provided for  Tunnel 

T-23 & T-25 
Remarks 

 
Warning Signs 

 
3.1.3 

 
Required 

 
Provided 

11 KV & 415 V danger signs  provided. 

Emergency 
Telephone 

 
3.1.4 

 
Required 

 
Provided 

Provided throughout the tunnels and 
control rooms. 

Structural 
Requirement 

 
3.2.1 

 
Required 

 
Provided 

 

 
Ventilation System 
for Fire Emergency 

 
3.2.2 

 
Required 

 
Provided 

24 Nos. Jet fans have been provided in 
T-23 and 20 Nos. Jet fans have been 

provided in T-25, work in forward/reverse 
direction. 

 
Emergency Lighting 

 
3.2.4.7 

 
Required 

 
Provided 

Every light fitting provided is fed from DG 
set. 

 
Portable Fire 
Extinguishers 

 
3.2.7.4 

 
Required 

 
Provided 

Provided in Main Sub-station, Middle 
Sub-station, Remote Sub-station and in 

tunnel niches. 
 

Ventilation fan fire 
suitability 

 
4.3.1 & 
4.3.2 

 
250˚ for one hour 

 
Provided 

Provided suitable for 250˚ for two hour. 

Emergency 
Ventilation System 

Control 

 
4.6 

 
Required 

 
Provided 

Operation of emergency ventilation 
system through software and hardware. 

Fire Protection for 
Emergency 

Ventilation System 

 
4.7.3 

 
Required 

 
Provided 

FRLS cables have been provided (as per 
IS 7098 Pt-II) 

All Insulation 
suitability 

 
4.7.5 

 
90˚ 

 
Provided 

 
Provided accordingly 

Emergency 
Procedures 

 
7.2 

 
Required 

 
Provided 

Tunnel Safety Manual for Passenger 
evacuation plan made . 

Participating 
Agencies 

 
7.5 

 
Required 

 
Informed 

Agencies involved for emergency 
informed. 

 
Central Supervising 

Station 

 
7.6 & 
8.2 

 
Required 

 
Provided 

 
Tunnel Control Centre provided at Katra 
end of T-23 and Udhampur end of T-25. 

Radio 
Communication. 

 
8.3 

 
Required 

 
Provided 

 
Mobile Phone connectivity provided. 

 
Telephones 

 
8.4 

 
Required 

 
Provided 

 
BSNL, Railway control phones provided. 

Public Address 
system 

 
8.7 

 
Required 

 
Provided 

 
Provided inside tunnels. 

 
Temperature Control 

 
B-1.1 

 
Required 

 
Complied 

Temperature monitoring done through 
temperature sensors. 

 
CO Sensors 

 
- 

 
- 

 
Provided 

Ventilation control strategy planned for 
threshold value 50 ppm. 

 
DPM Sensors 

 
- 

 
- 

 
Provided 

Ventilation control strategy planned 
accordingly. 

 
AVM Sensors 

 
- 

 
- 

 
Provided 

Ventilation control strategy planned after 
measurement of direction & relative 

velocity of air w.r.t. train. 
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S No. 
 

 
Description 

 
Page No. 

 
A 

 
Tunnel No-23 Between Udhampur & Chak Rakhwal. 

 

 
1. 

 
General Description. 

2 

 
2. 

 
Infrastructural provisions related to safety. 

2-3 

 
3. 

 
Tunnel ventilation and lighting systems. 

4 

 
B 

 
Tunnel T-25 Between Chak Rakhwal & Katra 

 

 
4. 

 
General Description. 

5 

 
5. 

 
Infrastructural provisions related to safety. 

5-6 

 
6. 
 

 
Tunnel ventilation and lighting systems. 

7 

 
7. 

 
Parameters Monitored and Controlled for Ventilation In Tunnels T-23 & T-25 

8 

 
8. 

 
MAIN INCIDENTS inside Tunnel. 

9 

 
9. 

 
Operation situations. 

9-10 

 
10. 

 
Working instructions to crew of train. 

10-11 

 
11. 

 
Action by Rescue team. 

11 

 
12. 

 
Working Instructions for Tunnel Control Center. 

11 

 
13. 

 
Working Instructions for ASM of Railway Station. 

11-12 

 
14. 

 
Training of Tunnel operator, train crew, ASM. 

12 

 
15. 

 
Contact Details for Emergency Services. 

12-14 

 
16. 

 
Safety Inspections. 

14 

 
17. 

 
Revision/Corrigendum to Tunnel Safety Manual. 

15 

 
18. 

 
Security Plan 

15 

 
 

 
 

15 
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Procedure for Evacuation of passengers in case of Emergency 
and Working Instructions for Operation of Ventilation & 
Illumination Systems for Tunnels T-23 & T-25 on Udhampur - 
Katra section 
 

Tunnel Safety Manual for Tunnel T-23 & T-25 

A. TUNNEL NO-23 BETWEEN UDHAMPUR & CHAK RAKHWAL. 
1.0 General Description. 

Tunnel No. T-1 renumbered as T-23 in continuation to 
tunnels in Jammu-Udhampur section, has been provided with 
Ventilation and Illumination systems similar to Tunnel T-7 on 
Jammu-Udhampur section, which is already operational since April-
2005.  
 1.1 T-23 has length of 3.120 kms (ch 2.180 to ch 5.290) 
between Udhampur Railway Station and Chak Rakhwal Railway 
station. Tunnel portals of T-23 are approachable by road on both 
ends. The evacuation of passengers in case of prolonged halt of 
train in tunnel or in case of any incidence, passengers can take 
place through by walking pathways provided on both sides of the 
track to tunnel portal faces of T-23 on Katra end & UHP end 
 1.2 Tunnel approaches are linked to village roads linking 
Jammu-Udhampur national highway. Road map for approaches is 
enclosed as Annexure-C. 

 
1.3 Index Plan showing the section is enclosed as Annexure-
A. Plan showing roads and approach roads to Railway alignment 
is enclosed as Annexure-B. Cross-sections of the tunnel are 
shown in Annexures-G & H. Longitudinal section of T-23 is 
enclosed as Annexure-J. 
 2.0 Infrastructural provisions related to safety. 
2.1 Emergency call telephone sockets are 
provided at a distance of every 250 m inside the 
tunnel, which can be used by train crew in case of 
emergency to communicate with Tunnel Control 
Room and Train Section Controller.  
 

 
2.2 Trolley niches are provided at 100-350m inside the 
tunnel to be used by maintenance staff. Details of trolley niches 
are enclosed as Annexure-E. 
 2.3 A main substation building and tunnel 
control room are situated at Katra end of T-23. 11 
KV supply is availed from PDD, which is stepped 
down to 415 V and fed to few Jet fan groups and 
lighting systems. 415 V supply is stepped up to 3.3 
kV and is taken to middle and remote substation to 
feed other group of jet fans.  
2.4 In main substation of the tunnel, 02 diesel generators are 
provided. 500 KVA generators take entire electrical load of 
ventilation and lighting systems, in case of non-availability of 
power supply from PDD. If ventilation system is not required, 
another generator set of 82.5 KVA is run only for emergency 
lighting of entire tunnel. Normal full tunnel lighting inside the 
tunnel for service and maintenance works will be switched on 
when required by the tunnel operator. When there is no train in 
the tunnel half lighting will be switched on by the operator in order 
to save power consumption. 
 2.5 There is one middle substation in the 
tunnel having the transformer of 300 KVA, 3.3 
KV/415 V for the running of group of jet fans. This 
substation is provided with powder type fire 
extinguishers to be used for extinguishing electrical 
fires.  

2.6 For the tunnel, remote substation is 
provided with 300 kVA, 3.3 kV/415 V 
transformer. This power supply is used for 
running few jet fan groups, in order to 
eliminate low voltage problem. 

 2.7 Normally all the Jet fans and 
lighting systems are controlled by software 
based program through a computer placed 
in tunnel control room. In case of some 
problem in the automatic mode all the 
systems can be operated manually by the 
operator. 
 

 

2.8 Un-interrupted power supply for 
the backup of 90 min is provided at main 
substation of the tunnel. UPS supply is 
used for all the control systems. 

 
2.9 For maintenance purpose of jet fans and 
illumination systems, a communication system with 
communication sockets has been provided between tunnel 
control room and communication sockets under each Jet 
fan with portable telephone instrument to be used by 
maintenance staff. This system is independent of 
emergency telephone system provided for train operations. 
 2.10 All electrical substations i.e. main 
substation, middle substation and remote 
substation are provided with CO2 powder 
type fire extinguishers for fire fighting of 
electrical fire in equipments.  
2.11 Tunnel T-23 is provided with 2 
Nos., 50 litres capacity water mist fire 
fighting equipment trolley mounted in 
outermost trolley refuge of the tunnel and 2 
Nos. 10 litres capacity backpack fire 
extinguishers are provided inside the tunnel 
in trolley refuge suitably. 
 

 

2.12 A connection with Hotline/Railway 
telephone/ BSNL telephone is provided between 
the tunnel control room and nearest stations on 
both side of the tunnel for communication of 
ASM’s with tunnel operator.  
2.13 Tunnel T-23 has been provided with 
Public Address System (Loud Speaker) with 
announcement facility from Tunnel Control 
Room 

 
2.14 Escape sign board (fluorescent 
painted) indicating the nearest escape portal 
from the middle of the tunnel are provided on 
both sides of tunnel at a distance of 100 m 
on alternative wall. 
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3.0 Tunnel ventilation and lighting systems. 
 3.1 For diesel train operations and for 

smoke control in case of fire, a longitudinal 
ventilation system has been provided in tunnels. 
In Tunnel T-23, 24 Jet fans of 22 KW each, 840 
mm diameter has been provided. Jet fans are 
mounted in the crown of the tunnel with offset to 
the centre leaving space for OHE works. The 
average distance between jet fans is 126 m in T-
23. All Jet fans are reversible and can work in 
both directions depending upon need.  
 

 

3.2 6 Nos. CO sensors, 6 Nos. Visibility 
sensors, 18 Nos. Train location sensors, 30 
Nos. Temperature sensors and 4 Nos. Wind 
velocity sensors are provided in the tunnel with 
preset threshold values.  

3.3 400 Nos., 55 Watt CFLs are provided 
on both sides of tunnel to achieve 10 lux 
illumination level.  
 

 

Tunnel Length.        3.120 Kms. 
Bi-Directional Jet Fans at 
distance of 126 m. (22 KW)   

       24 Nos. 

Diameter of Jet Fan.        840 mm. 
Air Volume flow of Jet Fan.       11.5 m3/sec. 
CO level to be maintained.       Below50ppm. 
Temperature level to be 
maintained. 

      Below 40°C 

55 W Wall mounted CFL Fittings at 
distance of 15 m. 

      400 Nos. 

Minimum Lux Level achieved.       15 lux.  
PDD Supply.       11 KV. 
Emergency UPS Back up.       2KVA for 

sensors up to 90 
minutes. 

Visibility sensor.       6 Nos. 
CO sensor.       6 Nos. 
Wind velocity sensor.       4 Nos. 
Temperature sensor.       30 Nos. 
Train location sensor.       18 Nos. 

 

3.4 Technical data sheet of tunnel T-23. 

B. TUNNEL T-25 BETWEEN CHAKRAKHWAL AND KATRA. 
 1.0 General Description. 

 Tunnel No. T-3, renumbered as T-25 in continuation 
to tunnels in Jammu-Udhampur section, has been provided 
with Ventilation and Illumination systems similar to Tunnel T-7 
on Jammu-Udhampur section, which is already operational 
since April-2005.  
 1.1 T-25 has length of 2.497 kms (ch 12.232 to 14.75) 

between Chakrakhwal Railway station and Katra Railway 
station. Tunnel portal of T-25 (Udhampur end) is 
approachable by road, whereas portal on Katra end is not 
approachable by road. The evacuation of passengers in 
case of prolonged halt of train in tunnel or in case of any 
incidence, passengers can take place through by walking on 
pathways provided on both sides of the track to tunnel portal 
faces on Udhampur end of T-25. 
 

1.2 Tunnel approaches are linked to village roads linking 
Tikri-Katra State highway. Road map for approaches is 
enclosed as Annexure-D. 
 1.3 Index Plan showing the section is enclosed as 
Annexure-A, cross-section of the tunnel is shown in 
Annexure-I. Longitudinal section of T-25 is enclosed as 
Annexure-K. 
 2.0 Infrastructural provisions related to safety. 

2.1 Emergency call telephone sockets are 
provided at a distance of every 250 m inside 
both the tunnels, which can be used by train 
crew in case of emergency to communicate 
with Tunnel Control Room and Train Section 

 
 

 2.2 Trolley niches are provided at every 100 m inside 
the tunnel to be used by maintenance staff. Details of trolley 
niches are enclosed as Annex-F. 
 2.3 For T-25, main substation building and 
tunnel control room is situated on Udhampur 
end of the tunnel. 11 KV supply is availed from 
PDD, which is stepped down to 415 V and fed 
to few Jet fan groups and lighting systems. 
415V supply is stepped up to 3.3 kV and is 
taken to middle and remote substation to feed 
other groups of jet fans. 
 

 

2.4 In main substation of the tunnel, 02 diesel 
generators are provided. 500 KVA generator takes entire 
electrical load of ventilation and lighting systems, in case of 
non-availability of power supply from PDD. If ventilation 
system is not required, another generator set of 82.5 KVA is 
run only for emergency lighting of entire tunnel. Normal full 
tunnel lighting inside the tunnel for service and maintenance 
works will be switched on when required by the tunnel 
operator. When there is no train in the tunnel half lighting will 
be switched on by the operator in order to save power 
consumption. 
 2.5 There is one middle substation in the 
tunnel having the transformer of 300 KVA, 3.3 
KV/415 V for the running the group of jet fans. 
This substation is provided with powder type fire 
extinguishers for extinguishing electrical fire. 
 

 

2.6 For the tunnel, remote substation is 
provided with 300 kVA, 3.3 kV/415 V 
transformer. This power supply is used for 
running few jet fan groups, in order to eliminate 
low voltage problem. 

 2.7 Normally all the Jet fans and lighting 
systems are controlled by software based 
program through a computer placed in tunnel 
control room. In case of some problem in the 
automatic mode all the systems can be 
operated manually by the operator. 
 

 
2.8 Un-interrupted power supply for the 
backup of 90 min is provided at main substation 
of the tunnel. UPS supply is used for all the 
control systems. 
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 2.9 For maintenance purpose of jet fans and illumination 
systems, a communication system with communication sockets 
has been provided between tunnel control room and 
communication sockets under each Jet fan with portable 
telephone instrument to be used by maintenance staff. This 
system is independent of emergency telephone system provided 
for train operations. 
 2.10 All electrical substations i.e. main 
substation, middle substation and remote substation 
are provided with CO2 powder type fire 
extinguishers for fire fighting of electrical fire in 
equipments.  
2.11 Tunnel T-25 is provided with 2 Nos., 50 
litres capacity water mist fire fighting equipment 
trolley mounted in outermost trolley refuge of the 
tunnel and 2 Nos. 10 litres capacity backpack fire 
extinguishers are provided inside the tunnel in 
trolley refuge suitably. 
 

 

2.12 A connection with Hotline/Railway telephone/ 
BSNL telephone is provided between the tunnel 
control room and nearest stations on both side of the 
tunnel for communication of ASM’s with tunnel 
operator. 
  
2.13 Tunnel T-25 has been provided with Public 
Address System (Loud Speaker) with announcement 
facility from Tunnel Control Room. 
 

 
2.14 Escape sign board (fluorescent painted) 
indicating the nearest escape portal from the middle 
of the tunnel are provided on both sides of tunnel at a 
distance of 100 m on alternative wall. 

 

3.0 Tunnel ventilation and lighting systems 
3.1 For diesel train operations and for smoke 
control in case of fire, a longitudinal ventilation 
system has been provided in tunnel. In Tunnel T-25, 
20 Jet fans of 22 KW each, 840 mm diameter have 
been provided. Jet fans are mounted in the crown of 
the tunnel with offset to the centre leaving space for 
OHE works. The average distance between jet fans 
is 120 m in T-25. All Jet fans are reversible and can 
work in both directions depending upon need.  
 

 

3.2 5 Nos. CO sensors, 5 Nos. Visibility sensors, 
15 Nos. Train location sensors, 24 Nos. Temperature 
sensors and 4 Nos. Wind velocity sensors are provided 
in the tunnel with preset threshold values. 
  
3.3 325 Nos., 55 Watt CFLs are provided on 
both sides of tunnel to achieve 10 lux illumination 
level.  
 

 

3.4 Technical data sheet of tunnel T-25 
Tunnel Length. 2.497 Kms. 
Bi-Directional Jet Fans at 
distance of 120 m. (22 KW) 

20 Nos. 

Diameter of Jet Fan. 840 mm. 
Air Volume flow of Jet Fan. 11.5 m3/sec. 

CO level to be maintained. Below 50 
ppm. 

Temperature level to be 
maintained. 

Below 40°C 

55 W Wall mounted CFL Fittings 
at distance of 15 m. 

325  Nos. 

Minimum Lux Level achieved. 15 lux.  

PDD Supply. 11 KV. 
Emergency UPS Back up. 2 KVA for 

sensors up to 
90 minutes. 

Visibility sensor. 5 Nos. 
CO sensor. 5 Nos. 
Wind velocity sensor. 4 Nos. 
Temperature sensor. 24 Nos. 
Train location sensor. 15 Nos. 

 4.0 Parameters Monitored and Controlled for Ventilation 
In Tunnels T-23 & T-25. 
     4.1      Visibility Sensors:- 
                     Visibility is monitored in Infrared Units with 
necessary reflectors which monitor the density of smoke 
between the IRU and the reflector. It indicates the 
percentage level/status of visibility to Preset values on PC 
Control Station. Alarm will sound in the control room along 
with indication when the visibility falls below the pre set 
prescribed limit. 
     4.2      CO Sensors:- 
                   Gas monitoring equipments are used for 
monitoring the level of Carbon Monoxide (CO) in the tunnel 
with sensors placed on the wall at suitable locations. The 
values (pollution level) measured are displaced on PC 
Control Station. When the level of the toxic gases rises 
beyond a preset limit (> 50 ppm) at any of the locations, an 
audio-visual will be activated in the control room 
    4.3      Wind Velocity Sensors:- 
                    Wind Velocity and direction indicator is opto-
electronic anemometer type with measuring range 2 to 30 
mts, complete with its own suitable power supply 
arrangements. The display of wind velocity and direction is 
available on the PC Control Station. 
     4.4    Temperature Sensors:- 
                Tunnel temperature monitoring equipments are used 
for monitoring the tunnel ambient temperature with sensors 
placed at suitable locations inside the tunnel. When the tunnel 
ambient temperature rises beyond a pre set limit (> 40̊C), an 
audio-visual alarm shall be activated in the control room. 
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   4.5      Train Location Sensors:- 
                  Train monitoring arrangement works on the principle 
of location of a moving object by obstruction of an Infrared 
Beam. Infrared units are provided on the one wall of the tunnel. 
The reflectors are mounted opposite Infrared units tunnel walls. 
If for any reason, the train stops inside the tunnel for more than 
10 minutes, an audio alarm will sound on the control console 
and Red indicators of the occupied tunnel segment shall start 
flashing, alerting the control room operator. 
 5.0 MAIN INCIDENTS inside Tunnel:- 
   The following three types of incidents may occur inside the 
tunnel: 

• ‘Hot’ incidents: Fire, explosion followed by fire, 
emission of toxic smoke or gases. The main danger is 
fire.  

• ‘Cold’ incidents: Collision, derailment, train parting. In 
Cold incidents, there is no time constraint. 

• Prolonged stop: A prolonged stop (an unplanned stop 
in the tunnel, for longer than 10 minutes) is not, by 
itself, a threat to passengers and train staff. However it 
may lead to panic and to spontaneous, uncontrolled 
evacuation that exposes passengers to dangers 
present in a tunnel environment. 

 6.0 Operation situations 
   6.1      Normal Operations:- 
                  The ventilation system will be 
activated immediately after a train clears the 
tunnel. For the 3.0 km tunnel the estimated time 
of cleaning of the tunnel is 10 min. Hence a 
second train can safely enter into the clean 
tunnel from either side after 10minutes of 
departure of a train. If longer tunnel cleaning 
time is available, the ventilation system need not 
be run at full capacity (fewer fans can be 
operated reducing power bill). During normal 

       
         

      
 

   6.2    Tunnel Control Operator will be informed by the ASM 
departing the train for alerting the tunnel operator and keep a 
record. Tunnel Control Operator will maintain a register for 
records and running of ventilation systems. 
    6.3      Emergency Operations:- 

 

                  In case of emergency i.e. fire 
situation or prolonged stoppage of a passenger 
train stranded within the tunnel, at the first 
instance train with fire is directed to clear the 
tunnel. Sufficient Infrared sensors are installed 
so as the train will always be under the 
scanner of IR sensors at a given time. The 
movement of the train within the tunnel can be 
monitored by IR sensors. 

 
                                            If the train stops at a location the IR 
sensors will generate an alarm when the operator will be able to 
see the position of the stalled train. The reading of temperature, 
visibility & CO sensors will indicate presence of smoke & rise in 
temperature & CO level (possibility out of a fire). Depending on 
the position of the train within the tunnel, the operator in the 
control room will decide the shortest route for evacuation of the 
stranded passengers. The direction of reversible jet fans will be 
opposite to the direction of movement of escaping passengers. 
 

    6.4      Tunnel Control Operator will be informed by the crew of 
the train for any emergency, alerting the tunnel operator confirming 
the incidence location and action to be taken by tunnel operator to 
run the ventilation fans in particular direction and inform the 
passengers through Public Address System announcing/guiding 
the passengers to move in particular direction. Tunnel Control 
Operator will maintain a register for record and running of 
ventilation systems. 

7.0 Working instructions to crew of train:- 
7.1 Evacuation in case of Hot incidents:- 
   7.1.1    Normally train will not be stopped 
inside the tunnel in any case. In case of fire the 
train has to be taken out from the tunnel by 
train crew.   

    7.1.2       It will be the duty of the train staff to inform the   
Tunnel Control Centre as soon as the fire is detected (by using 
the emergency telephones). The Tunnel Control Centre will 
inform all concerned.  
    7.1.3        In case, a train on fire cannot continue its operation  
anymore and will come to a forced halt in the tunnel, the 
ventilation system has to provide a smoke-free tunnel section 
between the train and one tunnel exit (portals) for escape and 
rescue of passengers. It is necessary that the Tunnel Control 
Centre receives the information from the train staff whether the fire 
is occurring in the front section or in the rear section of the train in 
order to decide on the correct ventilation program. 

 

    7.1.4      It will be the duty of the train staff to locate the fire and 
communicate the location to the Tunnel Control Centre using 
emergency telephones. 

7.2 Evacuation in case of Cold incidents:- 
   The main difference of cold incident with the hot incidents is that 
there is no time constraint due to the presence of a hostile 
environment created by a fire. The rescue forces can enter the 
tunnel through portals. The important measure is to keep the 
ventilation system running to provide breathable air to the 
passengers. 
 7.3 Evacuation in case of Prolonged stoppage:- 
   In case of prolonged stop (an unplanned stoppage in tunnel 
longer than 10 minutes) may lead to panic and to spontaneous 
uncontrolled evacuation that exposes passengers to dangers 
present in tunnel environment. Train crew will contact through 
control emergency telephone to tunnel control operator and guide 
to operate the fans from particular location in a particular direction 
in order to keep one side of tunnel free of smoke so that 
passengers can evacuate themselves, and guide passengers to 
move in safe direction by way of announcing on public address 
system installed in the tunnel. 
 8.0 Action by Rescue team:- 

   8.1      Rescue teams can access the tunnel through the portals (by 
road vehicle) or by rescue train as feasible. The decision, which 
access will be used, shall be taken based on the information about 
location of the train, location of the fire and escape direction of the 
passengers. Decision/guidance has to be provided by the Tunnel 
control centre. 
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   8.2      Access for fire fighters will be from the portals only. Fire 
fighters will enter the tunnel after all passengers have left the tunnel 
and will use the same smoke-free tunnel section that was used 
before for the evacuation of passengers.  
 9.0 Working Instructions for Tunnel Control Centre:- 

   9.1      After receiving the information from the Train Crew, the 
Tunnel Control Centre will inform to ASMs on both side Railway 
Stations indicating emergency inside the tunnel. In case of Hot 
incidents depending upon the location of the train and location of the 
fire in the train, Tunnel Control Centre will decide the escape 
direction of the passengers and accordingly activate the ventilation 
system. The tunnel operator will also make the announcements 
through public address system to guide the passengers to move in a 
particular direction. Besides this all the tunnel lights will be switched 
on. The Tunnel Control Centre should also inform about the incident 
to the Station Superintendent who will coordinate with the various 
participating agencies to assist in the emergency.  

 
   9.2      Station Superintendent, after getting information from Tunnel 
Control centre about emergency inside the tunnel, will immediately 
mobilize the rescue team. He will also receive the information about 
the escape route to be followed by the passengers from Tunnel 
Control Centre and accordingly all the emergency services will be 
summoned at the appropriate location for rescue purpose.  
  10.0 Working Instructions for ASMs of Railway Stations:- 
   10.1      For normal train operation, ASM of departing Railway 
Station will inform the tunnel operator for alerting the tunnel operator 
and maintain the record. 
     10.2       In case of Emergency, after getting the information from 
train crew ASM will inform the tunnel operator, in case he has not 
been informed by the crew. ASM will advise train crew to contact 
tunnel operator through emergency phone and inform him the correct 
location of fire incidence with a guidance in which direction the fan 
should be operated by the tunnel operator. 
    10.3      ASM will inform the divisional control office and emergency 
services immediately after getting the information of emergency in the 
tunnel and also ask for the mobilisation of the rescue team from 
divisional control. 
 11.0 Training of Tunnel operator, train crew, ASMs:- 

    11.1     Tunnel operators, train crew and ASMs working on 
Udhampur-Katra section will be given suitable training to make them 
aware of their responsibilities and the actions to be taken by them in 
case of normal operation and in case of emergency. This training will 
be imparted to the staff posted by Ferozepur division/staff deployed 
on AMC. 
   11.2      The staff trained will sign an assurance certificate as under: 
 
“ I ...........................(name) have read Tunnel Safety Manual,  taken 
the training and understood the responsibilities and function to be 
performed by me in case of normal train operation and in case of 
emergency situation. 
 
Sign of staff. 
(Name)............ 
Date:                                          Place..................” 
 

12.0 Contact Details for Emergency Services.:- 
    12.1      The contact details in case of Emergency are given 
in next paragraph. These contact details need to be updated 
every six months by Divisional Safety Officer (Sr. DSO/FZR) 
of Ferozepur Division. 
    12.2      The detail of various emergency services are as 
under:- 
(I)Tunnel Control Room Contact Nos. 

(a) Tunnel Control Room of T-23 
            BSNL No: - 01992-290051       Railway No:-031-
45051 

(b) Tunnel Control Room of T-25 
            BSNL No: - 01992-290052       Railway No:-031-
45052 
(II)Name of Station: Katra (STD Code: 01991) Telephone 
Nos. 
A) Police:                                                        

i) Police Control Room:      100 
ii) SSP/GRP/Katra:               09419140884(M)   
iii) SHO/GRP,Katra:             09419175711 (M)   
iv) CO/RPF/Katra:                09596758337 (M)   

B) Fire Service:                                
Fire Service Control Room:               101 

v) Sub-Officer,FireStation,Katra:        232451                                                                           
C) Medical (Emergency Hospital):          

vi) Ambulance Control Room:        
102 
vii) Medical Superintendent/BMO,katra: 
232127       
viii) Assistant District Medical Officer Rly.: 
09419149474 (M)      

D) Railway Officials: (STD Code : 01632) 
ix) Sr.DSO/FZR:                               

244547,9779232901(M) 
x) DRM/FZR:                                                      

244386,9779232000(M)          
xi) Sr.DSC/FZR:                               

244233,9779232700(M) 
xii) Sr. DOM/FZR:                                  

     244488, 977232900(M) 
xiii) Ch. Controller/Punct./FZR:          

 247491, 9779232945(M) 
xiv) Sr.DEE/G/FZR                               

  244543, 9779232300(M) 
xv) Electric Control :                                       

9779232354(M) 
 

 

 

E)        Transport : 
xvi) Private Taxi owner                  9988837636 

 (III)      Name of Station: Udhampur (STD Code: 01992) 
(A) Police: 
(I)  Police Control Room:                            100 
(II) SHO/GRP, Udhampur                     272355        
(III) CO/RPF/UHP:                            275177 
B) Fire Service: 
(IV) Fire Service Control Room:               101 
(V) Sub-Officer, Fire Station, Udhampur :     270897         

 

76 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tunnel Safety Manual for Tunnel T-23 & T-25 
 

C) Medical (Emergency Hospital): 
(VI) Ambulance Control Room:     102 
(VII) Chief Medical Officer, Udhampur:             270207 
(VIII) Dy. Chief Medical Officer,Udhampur:       275990   
(IX) Assista District Medical Officer Rly.: 09419149474  

) Transport.    
(X) TaxiUnion :                                                 273090     
(XI)  Private Taxi owner      9906393805 / 9622037687 

(IV)        Name of Station: Jammu (STD Code : 0191) 
E) Police: 
(XII) Police Control Room:                        100   
(XIII) SSP/GRP, Jammu:                        2474321  
(XIV) SHO/GRP, Jammu:                           2474946 
(XV) CO/RPF/Jammu:                               2470980  
F) Fire Service: 
(XVI) Fire Service Control Room:               101 
(XVII) Sub-Officer,FireStation,JAT:     2435283/2450134/ 

2457705 
G) Medical (Emergency Hospital): 
(XVIII) Ambulance Control Room:                102 
(XIX) Dy. Chief Medical Officer, JAT:        2582990  
(XX) ChiefMedicalOfficer,JAT:              2577608/247752 
(XXI) Assistant District Medical Officer Rly.: 2474580   
H) Transport : 
(XXII) Taxi Union Rly. Station JAT:                2476485 

 13.0 Safety Inspections:- 
   13.1      Safety Inspections will be carried out as per the 
inspection schedule circulated by Headquarters for headquarter 
officers, divisional officers and inspectors for respective 
branches. 

    13.2        Entry of inspection by the officers/inspectors will be 
made in the registers available with Tunnel control centres/ASMs 
giving the following details: 

 

13.3   
        Name of Officer/Inspector:                    Designation... 
        Date of Inspection:                                Remarks... 

                                                   (if any entered in the register ) 
Periodical inspection of the tunnel shall be carried out by 
engineering officials on the proformas as available in the 
tunnel inspection registers to be maintained by SSE/W.  

 14.0 Revision/Corrigendum to Tunnel Safety Manual:- 
   14.1      After the first issue and its implementation, Sr. 
DSO/FZR will be responsible for any additions 
/alterations/corrigendum/revisions to these working instructions 
base on the experience gained after actual operation of the 
trains as considered necessary. 

15.0 Security Plan:- 
Security morchas have been provided near both the 

portals of tunnels T-23 & T-25 as per the approved security plan 
enclosed as Annexure-L. 
16.0 Enclosures:- 

   16.1      Annexure A- Index  
   16.2      Annexure B – Plan showing approach Roads to  
                                        Railway alignment  
   16.3      Annexure C - Approach Roads to T-23  
   16.4      Annexure D - Approach roads to T-25 
   16.5      Annexure E - Details of Trolley Niches in T-23   

     16.6      Annexure F – Details of Trolley Niches in T-25 
   16.7      Annexure G & H – Cross-sections of T-23 
   16.8      Annexure I – Cross-section of T-25  
   16.9      Annexure J – L-section of T-23  
   16.10    Annexure K - L-section of T-25 
   16.11    Annexure L - security plan along the track 
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PROFILE                     Sangrah Maurya 

Sangrah Maurya is a energetic IRSE officer of 1996 batch  
Presently working in USBRL Project, Jammu, Northern Railways. He 
has wide experience in Track Maintenance, Execution of Projects of 
varying magnitude at different locations, Design of Concrete Structures 
for Railway/IRC loading, Planning of Projects, Contract Management 
and Arbitration, Preparation of bid document for design and built 
contract. 

Presently Sangrah is posted in USBRL project since 
Dec,2010 and has worked in various capacities as Dy.CE/JAT, 
secy to CAO/USBRL and presently as Dy.CE/Anji and Design. He 
is proud to be associated with USBRL project which is a project of 
national importance. The project is tough and challenging and 
involves many marvels, some already completed and others in the 
process of completion. All odds associated with this project like 
inaccessible terrain, remote areas, difficult logistics and tough 
climatic condition only makes it more challenging. He feels that 
working on this project gives many opportunities to learn many 
more aspects beyond Civil Engineering   

 
Sangrah was born on 5th of April, 1973 in Ajmer, completed 

his primary education from Bhartiya Vidhya Bhavan, Delhi and 
Kendriya Vidhyalaya, Jaipur and Secondary Education from Kendriya 
Vidhyalaya Jodhpur. Completed his B.E in Civil Engineering From 
Delhi College of Engineering in the year 1995 and M.Tech in 
structures from IIT-Delhi in the year 1997. 

 
While pursuing B.E, as a part of industrial training and 

project he was involved in Analysis and Design of 7 storied 28 special 
type flats at Baba Kharag Singh Margh, New Delhi.  

 
As a part of his M.Tech Thesis he was assigned to work on 

Earthquake Prediction and Probabilistic Risk Analysis- The thesis was 
awarded with “A” grade i.e., outstanding performance.  Paper on this 
subject was accepted in international conference organized by 
University of Tokya, Japan and United Nation University Tokyo, Japan 
at Asian Institute of Technology, Thailand. The thesis consisted of two 
part. In the first part Neural Network was trained using various 
attenuation laws available in the literature to predict PGA (Peak 
Ground Acceleration) at a given distance from epicenter and 
developed risk consistent response spectra for a given zone based on 
the history of occurrence and magnitude of earthquake.  

 
In the second part of the Thesis Neural Network was trained 

to develop relationship between PSDF (Power Spectral Density 
Function) and response spectra for SDOF (Single Degree Of Freedom 
System) with different damping ratio.  To train the Neural Network, 
PSDF and response spectra were derived from 90 sets of earthquake 
records, mainly obtained from Chiba Array, Japan and Treasure 
Island, US.   

 
After completing B.E he joined Engineers India Limited(EIL) 

and worked in the organization from May,97 to Jan,98 as Engineer. 
While working in EILhe was entrusted with the work of design of 
industrial structure like foundation of storage tank, distillation columns, 
heavy-duty compressors and heat exchangers etc. for MRPL . 

 

 
over expenditure incurred in maintenance of assets, Preparation of 
proposals for creation and maintenance of existing assets, 
Manpower planning and efficient utilization of Track Machines like 
PQRS, CSM, BCM, UNIMAT, UNOMAT and DGS. Maximum TGI 
value of 97 was achieved in the year 2001 in his section. 

As Divisional Engineer (Con) /SER: During this period he was 
involved in construction of Major Bridges (3nos), ROB (2 Nos), Track Linking 
(11km), Station and Service Building, Earthwork and Minor bridges for DKB 
project and RV doubling.  

As Dy. Chief Engineer (Con)/Raygada During this period have 
worked as Project Deputy HOD and was entrusted with, Finalization of 
alignment and longitudinal profile of the track, Laying of Second Railway line 
between Titlagarh – Lanjigarh Road. In one of the block section existing track 
was re-graded by raising the track by 4 meters for a length of 5 Km, by diverting 
the rail traffic over a temporary track, Execution of Important Bridge no 343 of 20 
span of 33 m each with PSC box girder superstructure over RCC substructure 
with pile foundation of 1.2 m dia. Total 190 nos of piles were completed in five 
months and 14 nos of PSC Box girder casting was completed.Construction of 
new BG line between Lanjigarh Road – Junagarh for a total length of 56 Km. 
with. 25 lakhs cum of earthwork.6 nos of major bridges with PSC girders.150 
nos of minor bridges. 

As Dy.Chief Engineer/Planning and Design, he was 
involved in design of Railway Bridges and other structures for CAO 
unit of E.Co.Rly and was involved in Design of Minor Bridges, Major 
Bridges, ROB/RUB as per IRC, Returns and Launching Schemes for 
launching of PSC or Steel Girders.  

As Joint General Manager/Design/DFCCIL: During this 
period he had assisted in preparation of Tender Document, Drafting 
of Employers Requirement and Technical Specification, Calling of 
EOI, PQ documentation and short listing of consultant, scrutiny of 
GAD of Bridges Scrutiny of design submitted by consultant, 
Preparation of standard design of superstructure of different spans 
Model studies of Important Bridges. 

Sangrah’s area of interest includes sketching, 
Photography, listening to music reading books and touring.Few of 
the sketches drawn by Sangrah are shown below. 

 

 
pencil sketch       colour pencil sketch 
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In January he 
joined Indian Railways as 
IRSE Probationer and was 
under training with different 
institution of Railways. His 
working experience 
duringvarious postings on 
Railways is detailed below. 
As Assistant 
Engineer/TumsarRoad/S
ER: During this period 
have worked as a Site 
Engineer and had broadly 
looked afterMaintenance of 
track to safe condition, 
control  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Non-destructive Testing for investigating and evaluating the cracks 
observed inside the PSC box girders of Bridge No.196,   on Udhampur - 

Shri Mata Vaishno Devi Katra section – A case study 

 Bridge No.196 consists of 16 spans having span 
arrangement of 1x 34 + 1x50 + 1 x 70 +1 x 50+1x 34 + 7 x 22.8 
+ 4 x 34m(PSC girders) at km 76/107 is located across Paroh 
Khad on Udhampur - Shri Mata Vaishno Devi Katra section of 
Udhampur-Srinagar-Baramulla New B.G. rail link.The 
bridgeconstruction started in year 1998 and was completed in 
the year 2006. The concrete grade for PSC girders is M-40 and 
cover is 40mm. 

The detailed inspection of this bridge wasdone by the 
bridge inspection unit of Bridge workshop, Jallandhar Cantt in 
May 2013 .The bridge unit  of Jallandhar Bridge workshop 
submitted their report no 392-W/1 dated 07.06.2013  where in it 
was elaborated that hair cracks of different lengths were 
observed on web face(U/s and D/s) inside PSC Box girderspan 
no 14 and 15 .All the cracks present were observed  near 
supported endsat both ends of Girder 14 and 15.The 
photographs of cracks inside girder are shown below. 
 

The detailed inspection of cracks was done through 
various NDT (Non Destructive Tests) carried by NABL 
approved “SPECTRO TESTING PVT. LTD”.NDT tests for 
Crack depth (Pulse Velocity Test),Crack width(Microscopic 
width tests),compressive Strength (Rebound hammer tests) 
were conducted on 06/11/2013 and reaffirmed on 
03/03/2014.The summary of the reports is tabulated below 
 

 

 

 

 

 

 

 

 

 

Span Average 
width 
 of 
cracks 
 

Max. 
width  
of 
cracks 

Average 
depth  
of 
cracks 

Max. 
depth  
of  
cracks 

Average 
strength of  
concrete 

   14 0.5mm 
 

0.7mm 92.25mm 157mm 518.7kg/cm2 

   15 0.16mm 
 

0.2mm 70.57mm 144mm 532.5kg/cm2 

 
Glass tell tales of 3mm thickness were fixed to gauge 

the movement of cracks.Before CRS inspection,movement of 
Ballast trains was done to monitor the growth of 
cracks.However no movement was observed in these 
cracks.Tell Tales were  found intact.The pattern of cracks is 
reproduced below:- 
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CBE imposed a speed restriction of 30 kmph on this 
bridge .The matter was referred to RDSO for carrying out 
investigations so as to know the cause of cracks and whether 
these cracks are critical prior to the opening of line for 
passenger traffic. 

B&S directorate (RDSO) visited the bridge site in May 
2014 so as to carry out detailed investigations.The details of 
investigations carried out by RDSO team are as under: 
 1) VISUAL INSPECTION:    
 During the Visual inspection honeycombing at some 
isolated locations was observed.  
2) NDT ( Non Destructive Testing):- 

Non Destrcutive Testing for the following parameters 
were done as tabulated below:- 

 
Parameter 

 
Equipment 
Used 

No of Locations 
Girder 
No 14 

Girder 
No 15 

Quality of 
Concrete 

Ultrasonic pulse 
velocity meter 

8 8 

Scanning of 
Reinforcement 

Profometer 8 9 

Concrete cover Profometer 11 9 
Crack width Crack detection 

microscope 
29 37 

Crack depth Ultarsonic pulse 
velocity meter 

22 14 

  (A) Ultrasonic Pulse Velocity Meter:- 
This is used to measure the velocity of ultrasonic 

waves inside the concrete to know the soundness 
,homogeneity and integrity of the concrete.UPV meter is 
calibrated with the help of the standard cylinder supplied along 
with the instrument,before starting of tests.The tests was 
performed at the centre of grids denoted by A,B,C and so on. 
Procedure: -Grids of size 150 x 150mm were made on 
selected location and just opposite to the selected location. 
Transducer is put up on the selected grid on the location and 
receiving transducer on the opposite to this grid on the 
opposite locations after greasing the surface to prevent any air 
gaps between the testing surface and transducers. The 
ultrasonic pulse is generated by an electro-acoustical. When 
the pulse is induced into the concrete from a transducer, it 
undergoes multiple reflections at the boundaries of the different 
material phases within the concrete. The receiving transducer 
detects the set of the longitudinal waves, which are fastest. 
 Velocity criteria for concrete grading according to IS: 13311 
(PART-I) 1992 is given in the table. 

S. No. Velocity by UPV 
(Km/sec) 

Concrete 
Quality grading 

 
1 

 
Above 4.5 

 
Excellent 

 
2 

 
3.5 to 4.5 

 
Good 

 
3 

 
3.0 to 3.5 

 
Medium 

 
4 

 
Below 3.0 

 
Doubtful 
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In case of doubtful quality, it may be necessary to carry out further tests.  
 

  
 

 

The result obtained on testing of girders is reproduced below:- 
 

Girder No 
 

Location No 
 

No of Readings 
 

Ultrasonic Pulse velocity (Km/s) 
 

95%confidence Limit 
Coefficient of 

variation 
Max Min Mean SD (ᵅ) m+2(ᵅ) m+2(ᵅ) (ᵅ/m)*100 

14 L1&L2 22 5.17 4.05 4.73 0.29 5.31 4.16 6.05 
L3&L4 25 5.06 4.53 4.77 0.14 5.06 4.49 2.95 
L5&L6 20 4.45 4.23 4.37 0.06 4.50 4.24 1.48 
L7&L8 20 4.40 4.10 4.23 0.08 4.39 4.06 1.96 

15 L9&L10 20 4.87 4.26 4.56 0.15 4.87 4.25 3.39 
L11&L12 20 4.85 4.14 4.51 0.16 4.83 4.18 3.59 
L13&L14 19 4.45 4.18 4.33 0.07 4.48 4.18 1.70 
L15&L16 19 4.88 4.00 4.48 0.28 5.04 3.91 6.29 

data Viz mean,standard deviation,95% confidence limit and coefficient of variation are consistent which reveals uniformity of concrete. 
 

Recording 
by 

Ultrasonic 
Pulse 

Velocity 
Meter 

 

Girder No Location No No of 
Readings 

Concrete cover(mm) 95% confidence Limit Coefficient of variation 
Max Min Mean SD M+2( m  

14 L1 30 72.0 48.0 60.9 6.6 74.1 47.7 10.8 
L2  46.0 29.0 40.0 3.9 47.7 32.2 9.7 
L3 30 74.0 66.0 69.8 2.2 74.1 65.5 3.1 
L4 30 46.0 32.0 40.2 3.5 47.1 33.3 8.6 
L5 30 88.0 72.0 81.8 4.8 91.3 72.3 5.8 
L6 30 51.0 30.0 40.7 5.6 51.9 29.5 13.8 
L7 19 94.0 74.0 83.9 5.4 94.7 73.2 6.4 
L8 30 55.0 29.0 41.5 6.8 55.1 27.9 16.4 

U/s Web inside 
face near LOC 

1 

40 65.0 50.0 57.1 4.5 66.1 48.0 7.9 

D/s Web inside 
face katra end 
near LOC -5 

30 71.0 57.0 65.3 3.3 71.8 58.8 5.0 

U/s side web 
inside face 

katra end near 
LOC-7 

25 76.0 47.0 65.9 7.6 81.0 50.7 11.5 

15 L9 30 66.0 41.0 53.0 6.0 65.0 41.0 11.3 
L10 30 77.0 60.0 70.3 3.7 77.6 62.9 5.2 
L11 25 89.0 76.0 83.7 3.0 89.8 77.6 3.6 
L12 30 60.0 45.0 53.7 3.8 61.2 46.1 7.1 
L13 25 77.0 51.0 62.2 6.6 75.4 49.0 10.6 
L14 30 62.0 50.0 56.9 4.2 65.2 48.6 7.3 
L15 32 76.0 43.0 56.5 8.0 72.5 40.4 14.2 
L16 30 43.0 20.0 31.3 5.9 43.1 19.6 18.8 

D/s side web 
inside face 

katra end near 
LOC-13 

25 71.0 49.0 61.2 6.3 73.9 48.5 10.3 

 
 
 

  

 

(B) 
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(B) Profometer:-The instrument is 
based on eddy current principle with 
pulse induction caused by steel 
embedded in the concrete. This 
instrument is used for locating the 
reinforcement, estimation of cover, 
orientation and diameter of reinforcing 
bars. The methodology used by this 
instrument within a concrete member is 
truly non destructive. The method is as 
per BS 1881 Part 

 
Recording of cover by 

Profometer 
 

Procedure:-Clean the surface area of 1000mm X 1000mm by 
emery paper to avoid any dust particles .Move the Probe slowly on 
the surface in horizontal direction and vertical direction and record 
the cover measured by the profometer at selected locations. 

The maximum and minimum values of the concrete cover 
of span Nos. 14 as measured by Profometer are 94.0mm and 
29.0mm at location 7 and location 2 respectively where as mean 
values at these locations are 84mm and 40mm respectively. The 
average value of the concrete cover of span No. 14 is 58.8mm 
which is more than the design value of 40mm.  
 The maximum and minimum values of the concrete cover 
of span Nos. 15 as measured by Profometer are 89.0mm and 
20.0mm at location 11 and location 16 respectively where as mean 
values at these locations are 83.7mm and 31.3mm respectively. The 
average value of the concrete cover of span No. 15 is 58.8mm 
which is more than the design value of 40mm except at one locaton 
that is location 16 on outside face of UP stream web at Katra end. 

 
(C)  Crack detection microscope:- The 
instrument measures the width of crack in 
concrete or steel structure. The 
magnification factor of the instrument is 
40 times and its least count is 0.02 mm. 
On testing the maximum crack width 
measured on span no 14 and DN stream 
web inside face at UHP end is 0.44 mm, 
UP stream web inside face at UHP end is 
0.44mm and inside face of diaphragm at 
UHP end is 0.44 mm.The maximum  

 
Measurement of crack 
width under progress 

 crack width measured on span no 15 andDN stream web inside face 
at UHP end is 0.24 mm, UP stream web inside face at UHP end is 
0.40mm and inside face of diaphragm at KAT end is 0.40 mm. 
 (D)   Crack depth using Ultrasonic pulse velocity meter:UPV is 
also used to measure the crack depth inside the concrete. 
Procedure:-Crack where depth is to be measured is cleaned by 
emery paper.The transmitter and the receiver of the UPV is placed 
generally across the crack at a distance of 100mm each from the 
centre of the crack. The distance is entered in UPV system and 
ultrasonic pulse which is generated by an electrode acoustical 
transduceris transmitted through the transmitter and receiver 
receives the pulse. When the pulse is induced into the concrete 
from a transducer,it undergoes multiple reflections at teh boundaries 
of the different material phases,waves which are fastest .It 
calculates the time t1 to travel the distance from transmitter to 
receiver .In second set of readings,place the transmitter and 
receiver twice the previous distance i.e 200 mm from the centre of 
the track. Ultrasonic pulse is transmitted through the transmitter and 
receiver receives the pulse again.It calculates the time t2 to travel 
the distance from the transmitter to receiver and simultaneously 
calculates the depth of the crack at that point of crack and displays. 

calcThe crack depth is correlated with 
t1 and t2.By measuring t1 and t2, 
instrument calculates the crack depth 
and displays on screen. On testing 
span 14, the maximum crack depth 
measured on DN steam web inside 
face at UPH end is 138 mm and on UP 
stream web inside face at katra end is  

 
Measurement of crack 

depth by UPV 
 122mm.The crack width on inside face of diaphragms at katra 

end is 109 mm and on diaphragm at UHP end is 104 mm. 
On testing span 15,the maximum crack depth 

measured on DN stream web inside face at UHP end is 74 mm 
and on UP stream web inside face at UHP end is 86mm.The 
maximum crack depth measured on inside face of diaphragm is 
118 mm at UHP end .The width of the web is 450 mm as per 
actual measurement at site and the thickness of the diaphragm 
is 600 mm. 
 (E)  Conclusions:- Based on above observations, following 
conclusions weredrawn:- 

I. Cracks observed are generally horizontal orangular in 
downward direction and having width from 0.08mm to 
0.44mm in span No. 14 and 0.12mm to 0.40mm in 
span No. 15 and mostly concentrated at the end of 
web. 

II. From UPV test, the quality of concrete is found 
“excellent” in two locations tested in span No. 14 and 
two locations in span No. 15 and “Good” in other two 
locations tested in span. 

III. The cover is found 31.3mm at one location in span No. 
15, whereas at all other locations of span No. 14 AND 
SPAN No. 15, cover is found more than the required 
40mm. 

IV. The crack depth varies from 138mm to 38mm 
measured at 22 points in span No. 14 whereas the 
crack depth varies from 118mm to 35mm measured at 
14 points in span No. 15. 

V. The significance of cracks depends upon structure 
type, crack origin and increase in length and width with 
time. Generally, most of the cracks observed , are 
horizontal and angular in downward direction and are 
at the concreting at the end of the web. 

 (F)  Recommendations:-The cracks observed are not in 
critical direction and bridge is safe for train running. It is 
desirable that following measures should be taken before onset 
of monsoon for protection against corrosion in future:- 
I. Honeycombing locations should be scraped of all loose 
aggregates and cement/epoxy grouted and plastered again. 
(Chapter 5 of BS-48 may be referred). 
II.  All the existing cracks should be epoxy sealed. 
III. The growth of the cracks shall be measured on at least 
monthly basis and appearance of new cracks of activity of the 
cracks treated earlier should be noted. 
IV. If any time vertical or diagonal/shear cracks are observed, 
suitable speed restriction to be imposed immediately. 
V. The locations of cracks as on date are not in critical 
direction, hence speed restriction imposed may be relaxed to 
normal in stages, keeping in view the observations, mentioned 
in para above. 
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Structural analysis including effect of 
seismic forces for final lining of Tunnel T6 

 Introduction:- 
1.Scope:- 

The aim of this paper is to verify the unreinforced inner 
lining of tunnel standard block. Furthermore, the reinforced 
inner lining of the portals and the starter block (connection 
between standard block and the portals with a length of 12 m) 
are analysed.  

 2.  G eometry and S truc tural Model  
2.1. G eometry 

 

 
F igure 1:  S tandard block, tunnel geometry 

 

2.2. Structural Model:- 
For the calculations, elastic supported 2d beam-spring 
models are applied. The response of the rock mass is 
considered by means of non-linear spring elements without 
any tensional capacity. Cracked concrete stage is considered. 
Furthermore, second order theory is applied. 

 

 

Armando Capellan 
Project Consultancy Head/ 
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F igure 2:  P ortal and s tarter bloc k, tunnel geometry 

 The following spring types are applied:  
. Radial 
. Tangential 

 The coefficients of radial ground reactions are given 
by the following correlation (radial direction at each node of 
the beam model): 

 ksr = ERM,i / rsys * lbar * dr or.ksr = ERM,i / (hsys /2)* lbar 
   

 
ksr:      Radial spring element at the node between two 
adjacent beams 
ERM,i:  Young’s modulus of rock mass, see Table 3.2 
rsys:   Radius of the beam structure (represents the 
depth of influence) 
hsys/2  Half of the height of the beam structure 
(represents the depth of          influence) 
lbar:-   Length of single beam element between two 
springs 
dr:-    1.0 m-thickness of the beam structure along the 
tunnel   axis. 

 

Concerning the ground reaction, a factor of safety of 
γm = 1.4 is applied. 

Standard block: 
ksr,stnd-bl,roof =    7,000 MPa / 3.71 m * 0.486 m * 1 m / γm≈ 
655 MN/m 
ksr, stnd-bl,side wall   7,000 MPa / 9.47 m * 0.472 m * 1 m / γm≈  
249 MN/m 

 

 
 
 

Structural analysis including effect of seismic forces for final lining of 
Tunnel T6 

 

ksr,St-bl,roof =1,500 MPa / 3.71 m * 0.486 m * 1 m / γm ≈ 140 
MN/m 
ksr,St-bl,invert =1,500 MPa / (7.42 / 2) * 0.650 m * 1 m / γm ≈188 
MN/m 
Portal: 
ksr,P,roof =100 MPa / 3.71 m * 0.486 m * 1 m / γm ≈9 MN/m 
ksr,P,invert =100 MPa / (7.42 / 2) * 0.650 m * 1 m / γm ≈13 MN/m                  
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 F igure 3:  S tandard block, beam-s pring model 
 

 F igure 4:  P ortal and s tarter bloc k, beam-s pring model 

Due to the applied water proofing membrane at the outer side of the lining (tunnel roof and side wall), the coefficients of 
tangential ground reactions (tangential direction at each node of the beam model) are assumed as kst ≈ 0. With respect to the 
tunnel invert of starter block and portals, kst is adopted to 0.2 * ksr.  
kst,SB,invert =188 MN/m * 0.2  ≈37.6 MN/m 
kst,P,invert =13 MN/m * 0.2  ≈2.6 MN/m 

Tension spring elements are excluded (= automatic failure of spring elements in case of ten-sion). 
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3. Material Properties and Ground Parameters:- 
3.1. Material Properties:- 
Table 1: Concrete properties, acc. to EN 1992-1-1:2004, 3.1 

 

C20/
25 

Ecm 

[MPa
] 

fck[MP
a] 

fcm[M
Pa] 

fctm 

[MP
a] 

αcc[-] γc[-] fcd 

[MPa] 

Σc1[
‰] 

Σcu1[‰] Σc2 

[‰] 
Σcu2[‰] 

30,00
0 

20 28 2.2 0.85 1.5 11.33 2.2 3.5 2.0 3.5 

Table 2: Steel reinforcement properties acc. EN 1992-1-1:2004, 3.2 
 

B 500 
B 

 
Es[MPa] 

 
fyk[MPa] 

 
γs[-] 

 
fyd[MPa] 

 
Σuk[‰] 

 
(ft/fy)k[-] 

Σud = 
0.9uk 

[‰] 
200,000 500 1.15 435 50 1.08 45 

 
3.2. Ground Parameters:- 

Table 3: Ground parameters 
    γ[kN/m3]    ERM [MPa]    K0[-] 

 Standard block  

(rock class I - III) 

     26.5 7,000    0.5 

         Starter block      23 1,500    0.3 

         Portal area      23 100    - 

 3.3. Exposure Classes Concrete:- 
Table 4: Exposure classes acc. to EN 1992-1-1:2004, 4. 

Standard block  
(rock class I - III) 

XC3 XD1 - 

Starter block XC3 XD1 - 

Portal area XC4 XD1 XF2 

Concrete cove according to EN 1992-1-1:2004, 4.: 
cmin,dur =40[mm],  cdev = 10[mm],  cnom =50[mm] 

 4. Loads 
4.1. Permanent Loads 
The following load cases (LC) are considered. 

LC 1 Dead load concrete 

LC 2 Vertical ground load 

Horizontal ground load 

 As the tunnel is drained no water pressure action onto the final 
lining is considered.Loads due to superstructure of the ballastless 
track are not considered in the calculation model, as they do not 
apply on the tunnel inner lining.  

Creep and shrinkage of the concrete structure as 
temperature variations are not considered.  
 4.1.1. Dead load concrete structure (LC 1) 
Table 5: Concrete structure (LC 1) 

γ 
[kN/m3] 

h 
[m] 

gk1 

[kN/m2] 

25 ≥ 0.30 ≥ 7.5 

 

4.1.2. Ground load (LC 2):- 
The ground loads are considered as follows (see next 
figure): 
. LC21 (gk21):  Vertical ground load resulting from 
ground weight; considered ground thickness according 
to next paragraph 
. LC22 (gk22):   Horizontal ground load resulting from 
horizontal ground pressure 

gk22 = gk21 * K0 

The following ground thickness (height of overburden) 
acting onto the final lining is considered: 
. Standard block:   0.5 * H 
. Starter block:      1.0 * H 
. Portal: 2 m 
H:  Tunnel height (extrados) 
 

Table 6: Ground loads (LC 2)  
 H[m] gk21 

[kN/m2] 
gk22 

[kN/m2] 

Standard block  
(rockclass I- III) 

 
7.37 

 
98 

 
49 

Starter block  
7.75 

 
178 

 
54 

Portal area  
7.75 

 
46 

 
- 

The ground loads considered as nodal loads 

 

Starter block & Portal:- 

Figure 5: Characteristic ground load (LC 21 left and LC 22 
right) with p-vert = gk21, and p-hor = gk22 

Portals:  
 Ground loads in the portal area are considered 
according to [9] with an asymmetrical distribution: 

 

 
Figure 6: Portals, asymmetrical distribution of ground 

loads, acc. to [9] 
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eh,u = 0.5 * Kah,erh * γ * (hü + hb)  
eh,o = 0.5 * Kah,erh * γ * (2hü + hb)  
Kah,erh = 0.5 * (Kah + K0)  

 Kah,erh: Coefficient of increased active ground pressure 
Kah:         Coefficient of active ground pressure 
K0:          Coefficient of earth pressure at-rest 
hü:Overburden (approx. 2 m) 
hb:          Tunnel height (approx. 8 m) 
γ:            Unit weight of surrounding ground 

 Inclination ground surface: β = 30 º  
Friction angle of backfill material: θk = 
32.5 º  
Cohesion of backfill material: ck=0  
Outer lining conditions: rough  

 Kah = 0.40  
K0 = 0.46  
Kah,erh = 0.5 * (0.40 + 0.46) = 0.43  
Horizontal ground load right side: 
eh,u = 0.5 * 0.43 * 23 * (2 + 8) = 49.5 kN/m2  
eh,o = 0.5 * 0.43 * 23 * (2 * 2 + 8) = 59.5 kN/m2  

Horizontal ground load left side:  
eh,o = 0.46 * 23 * 8 = 84.5 kN/m2  

Vertical ground load:  
ev,o = 23 * 2 = 46 kN/m2  

 Two load case combinations are analysed:  
 . Max. vertical / min. horizontal ground pressure. 

   . Min.  vertical / max horizontal ground pressure.  
4.2. Variable Actions 
 The following load cases (LC) are considered: 
LC 3 Temperature (weather-related, summer)* 
LC 4 Temperature (weather-related, winter)* 
*) Only for portals and starter block as the standards  
Block is not exposed to high temperature variations.  

 Temperature loads are considered according to [10].  
 Starter block & Portals  
 Constant temperature:  
 tm = +10 ºK (summer); tm = -20 ºK (winter)  
Non-uniform temperature distribution:  
 T = tint - text = 15 - (+25) = +10 ºK (summer);  
 T = -15 - (-5) = -10 ºK (winter)  
LC 4 is considered as relevant for the analysis.  

 4.3. Accidental Actions 
  The following load cases (LC) are considered: 
                LC 5 Dynamic loads (vertical) 
                LC 6 Dynamic loads (horizontal) 

 Dynamic loads are considered by means of increasing the 
horizontal ground load according to [3}. 
Earthquake zone: Z3b acc. to [3], 16.2.1.2 
Ground acceleration: ag,d = 1.6 m/s2  

Building class: BWK II acc. to [3], Table 26 
 impact factor: γf = 1.2  
Acc. to [4], 7.5.2.1:  
  Ahd = γf * (ag,d * Gk)/(g * qa) = 1.2 * 1.6 * 400 / (9.81 * 1.0) ≈ 

80 kN  
  Avd = 0.7 * Ahd = 56 kN  
Ahd is applied in tunnel roof (tunnel axis), whereas Avd is 
applied in 
the side wall (½ tunnel height).  

 

5. Load Case Combinations:- 
     5.1. Ultimate Limit State (ULS :-) 
Table 7: Load case combinations (ULS) 
load case 
combinatio

 

LC 1 LC 21 LC 22 LC 4 LC 5 LC 6 

LCC 1001 1.35 1.35 1.00 0.6*)   

LCC 1002 1.00 1.00 1.35 0.6*)   

LCC 1003 1.00 1.00 1.00  1.00  

LCC 1004 1.00 1.00 1.00   1.00 

*) Only for starter blocks and portals  
 5.2. Serviceability Limit State (SLS) 

Table 8: Load case combinations (SLS) 
load case 
combinatio

 

LC 1 LC 21 LC 22 LC 4 

LCC 1005 1.0 1.0 1.0 1.0*) 

 
6. Internal Forces:- 

  6.1. Standard block:- 
The relevant internal forces are: 

   Loadcase 
combination 

Area Moment MEd 

[kNm/m] 
 Normalforce NEd 

[kN/m] 
Shear force VEd 

[kN/m] 

    1001 Crown -31.3 -426.5  

1001 Side wall 25.9 -470 32 

 

 

6.2. Starter block:- 
load 
casecombination 

 
Area 

Moment MEd 

[kNm/m] 
Normal 
 force NEd 

[kN/m] 

Shear force 
 VEd[kN/m] 

1001 Crown -1487 -616  

1001 Side wall 76.5 -940 108.7 

1001 Invert -70.9 -762 88 

 6.3. Portals:- 
load 
casecombination 

 
Area 

Moment  
MEd[kNm/m] 

Normal force  
NEd[kN/m] 

Shear force 
 VEd[kN/m] 

1004 Crown 68.9 -285  

1002 Side wall -136.2 -193 70 

1001 Invert -89.8 -376 86.7 

 7. Ultimate Limit State:- 
7.1. Standard block:- 
Relevant internal forces (see chapter 6.1):  
            MEd = 31.3 kNm/m    NEd = -426.5 kN/m  
Verification for unreinforced concrete elements, acc. to EC 2:  
 NEd <= NRd  
NRd = η * fcd,pl * b * hW * (1-2e/hW) = 1.0  
* 10.6 * 1.0 *0.3*(0.514) =1.635MN/m with  
fcd,pl = 0.8 * fck/1.5 for (unreinforced concrete); for C20/25 = 0.8 
 * 20 / 1.5 = 10.6 N/mm2 

Eccentricity e = MEd/NEd= 31.3/426.5 = 7.3 cm  
 (1-2*e/hW) = (1-2*0.073/0.3) = 0.514  
Element ductility: e = 0.073 < 0.4 * hW = 0.12 m  o.k.  
|NEd| = 426.5 < |NRd| = 1’635 kN/m 
 Sufficient bearing capacity without reinforcement  
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Shear forces:  
VRd,c=(νmin+k1σ*cp)/bw*d with  
νmin = 0.035 * k2/3 * fckV2 = 

k = 1 + (200/d) = 1.87 
fckV2=4.47  

νmin=0.29  
k1 = 0.15  

σcp=NEd/Ac  
bw = 1.0 m  
d = h - cnom = 0.25 m  
for NEd = - 426 kN/m: VRd = 738.4 kN/m  

  VEd = 32 kN/m<<VRd = 738.4 kN/m 
 

 
 
Area 

 
 Reinforcement  
       layer 

 
   As[cm2/m] 

   Crown    Inner layer    11.2 (   Ø 16 / 150) 

   Side wall    Outside layer   1.8 (< As min = Ø 12 / 125) 

   Invert    Inner layer    As min     Ø 12 / 125) 

Shear forces:  
 VRd,c=(νmin+k1σcp)/bw*d With  
min=0.035*k2/3*fckڌ½=k=1+(200/d)=1.87fckv2=4.47νmin=0.29k1=0.15 
 σcp=NEd/Acbw = 1.0 m  
d = h - cnom = 0.25 m for NEd = - 616 kN/m: VRd = 738 kN/m  

   VEd = 108.7 kN/m<<VRd = 738 kN/m 
 7.3. Portals:- 
Relevant internal forces (see chapter 6.3): 
 Reinforced concrete:  
 As= (M+N/2*z)/(0.9*d*fy/γs)  
with  
 d = hW -cnom = 0.25 m z = 0.85 * 
hW  

 fy/γs = 500/1.15 = 435 N/mm2  

Area 
 
   Reinforcement  
      layer 

 
   As[cm2/m] 

   Crown    Outside layer  5.2 (< As min     Ø 12 / 125) 

   Side wall    Inside layer  12.7 (   Ø 16 / 150) 

   Invert    Inner layer  6.8 (< As min    Ø 12 / 125) 

 Shear forces:  
VRd,c=(νmin+k1σcp)/bw*d  
 With  
νmin = 0.035 * k2/3 * fck½ =k = 1 +(200/d) = 1.87 

fckv2=4.47νmin=0.29k1 = 0.15 
σcp = NEd/Acbw = 1.0 md = 

h 
 - cnom = 0.25 m  

For NEd = - 193 kN/m: VRd = 374 kN/m  
  VEd = 86.7 kN/m<<VRd = 374 kN/m 

 

8. Serviceability Limit State 
    8.1. Standard block 
The maximum displacements occur in the tunnel roof: umax,∞ 
≈ 4 x 0.95 mm (LCC 1005) = 4 mm  
Maximum allowable displacements  
u < b/250 = 7.43/250 = 30 mm  
umax,∞= 4 << ulim = 30  o.k.  
 
    8.2. Starter blocks and Portals 
Minimum required reinforcement according to EC 2: As,min 
* σs = kc * k *fct,eff * Act  

 with  
σs = 320 N/mm2 for wk = 0.4 mm  
 kc = 1.0  
 k = 1.0  
fct,ef = 2.2 N/mm2  

 Act = 0.4 * d = 0.12 m2  

As,min = 8.3 cm2/m    Ø 12 / 125  
 

7.2. Starter blocks:- 
Relevant internal forces (see chapter 6.2):  
Reinforced concrete:  
 As= (M+N/2*z)/ (0.9*d*fy/γs) with  
 d = hW -cnom = 0.25 m z = .85 * hW  

fy/γs = 500/1.15 = 435 N/mm2 = (M + N/2 * z)/ (0.9 * d * fy/γs) =  
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Permeation Grouting for Tunneling Beneath Railroad 
Embankment and River Levee 

ABSTRACT:- 
As part of a waste water sewer improvement project, twin force 
main pipes were to be installed beneath the Union Pacific twin 
mainline railway and the Riverfront Trail in South St. Paul, 
Minnesota. An 8-foot diameter casing for the force mains was to 
be tunneled for a length of approximately 260 feet, 25 to 30 feet 
below the active tracks through poorly graded sand to siltys and 
below groundwater level. Along this alignment, the tunnel was to 
bore through and breach the City of St. Paul levee system 
adjacent to the Mississippi River.  

The soil conditions beneath the mainline tracks and levee 
system were not ideal for tunneling. Due to the high water table 
and non-cohesive soils, soil stabilization by permeation grouting 
was performed ahead of compressed-air tunneling to provide 
additional ground support. Without stabilization by grouting, there 
were concerns that the Union Pacific mainline tracks could be 
adversely affected and interrupted as a result of the tunneling 
operations. The grouting program was designed to prevent 
settlement of the rail line. A sodium-silicate based grout was 
pumped from the surface using sleeve-port grout pipes. The grout 
pipes were installed between railroad ties and elsewhere in the 
railroad right-of-way with minimal impact to the day-to-day railroad 
operations. 

This paper presents a summary of the ground conditions, 
site logistics including maintenance of rail traffic, and performance 
information collected during the grouting operation. Close 
coordination and proper planning allowed for successful 
completion of the project withoutmeasurable movement of the 
tracks. 
INTRODUCTION:- 

Twin 32-inch-diameter force main pipes were to be 
installed beneath the Union Pacific Railroad(UPRR) twin mainline 
railway and the Riverfront Trail in South St. Paul, Minnesota, as 
part of awaste water sewer improvement project. An 8-foot-
diameter casing for the force mains was tobe tunneled for a length 
of approximately 260 feet, 25 to 30 feet below the active railroad 
tracksand one of the City’s primary pedestrian transit pathways. 
Along this alignment a tunnel was tobore through and breach the 
City of St. Paul levee system adjacent to the Mississippi River. 

GROUND CONDITIONS:- 
The ground beneath the mainline tracks and levee system where 
the proposed tunnel was to beconstructed consisted of poorly 
graded sand to silty-sand. The groundwater varied with the 
riverelevation, typically 8-ft to 11.5-ft below grade. If left untreated, 
these soils had the potential tosettle during tunneling operations, 
resulting in damage to the overlying railroad tracks. 

The levee system running adjacent to the railroad tracks has 
been strengthened over the years.The top of the levee is 
nearly 25 feet above the surrounding terrain. The levee itself 
wasconstructed over time of varying layers of sand and silt, 
and protected with rip-rap on the riverfacingside. 

Due to the soil conditions, soil stabilization was 
required prior to the compressed-air tunneling.Specifications 
required permeation grouting to allow the railway and 
pedestrian corridor toremain active and not be impacted or 
settled as a result of the construction activities. 

GROUTING METHOD:- 
Chemical grouting is a permeation grouting technique 

used for a variety of applicationsincluding tunnel pre-support, 
underpinning, groundwater cutoff, and settlement control. 

Chemical grouting was chosen for this project due to 
the highly permeable nature of the granularsubgrade material. 
This permeation technique involves injection of a liquid sodium 
silicate based material into a permeable soil requiring an 
increase in strength and/or a reduction inpermeability. After a 
short duration (approximately 45 to 60 minutes), the grout 
solution hardensinside the soil matrix, increasing the strength 
of the soil. 

Following treatment, the grouted mass will exhibit 
cohesive properties with a minimumunconfined compressive 
strength of 75 psi. 

GROUTING PROGRAM:- 
The primary intent of the grouting program was to 

prevent settlement of the ground surface anddamage to Union 
Pacific structures during tunneling operations. By stabilizing 
the soils withchemical grout, the potential for areas of 
unconsolidated material and uncontrollablegroundwater 
seepage was minimized. 

 
Figure 1: Predrilling sleeve port grout pipes 

adjacent to the mainline tracks. 
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Permeation Grouting for Tunneling Beneath Railroad Embankment 
and River Levee 

 

 
Figure 2: Plan view of grout treatment area. 

Grout Pipe Installation:- 
The grout pipes were installed vertically in predrilled holes 

(Figure 1) along the tunnel alignment(Figure 2), often requiring 
installation between the railroad ties, and elsewhere in the railroad 
right-of-way. The grouting contractor installed a total of 144 sleeve-
port grout pipes (SPGP) ona typical square-grid pattern. Variations 
to the grid spacing occurred at locations with surface orsubsurface 
conflicts, including several storm sewers and sanitary sewer lines 
ranging in size from12 inches to 58 inches, a fiber optic line, and a 
gas line (Figure 3). 

The site’s highly variable topography resulted in 
inconsistent drilling depths, requiring pipes tobe installed to depths 
ranging from 20 feet to 44 feet. Despite the varying surface 
elevation, thetreatment elevation was kept fairly consistent with a 
0.5% down-slope towards the MississippiRiver. 

 
Figure 3: Profile of grout treatment area. 

Grout Pumping:- 
Following SPGP installation, a sodium silicate based grout 

was pumped from the surface. TheSPGP system allows for grouting 
to be performed at discreet elevations established during thedesign 
phase of the project. Another benefit of the SPGP system is that 
grouting episodes maybe repeated at any location if additional 
grouting is necessary. The grout effectively permeatedthe planned 
treatment area (Figure 4). 

Approximately 65,000 gallons of grout were pumped. The 
grout was batched in an on-site pumphouse using computer 
controlled pumps to manage the mix proportions. From the pump 
housethe grout travelled to a manifold system which then directed 
the grout to the appropriate groutinglocation. 

 
Figure 4: Cut section of grout treatment area. 

Grouting Manifold and Data Acquisition:- 
The grouting manifold’s electronic flow meters, 

pressure meters, and wireless capabilities were used to 
manage and record the grouting operation through an 
automated data acquisition system. This system provided real-
time pumping data to the project team, and was a principal 
feature of the quality control program on site. Although multiple 
grout stages could be pumped at once, each grout stage was 
controlled and monitored independently by a qualified grout 
technician stationed in an office trailer on site. This grout 
technician observed and directed the grouting operation, 
including as many as 12 independent grouting procedures at 
once.  

The project grouting specification limited the 
maximum grouting pressure to 0.6 psi per foot of overburden 
at each grouting location. The data acquisition system 
monitored the effective grouting pressure at each location, and 
alerted the grout technician when adjustments to the flow rate 
were necessary. 
Grouting Sequencing to Address Lateral Groundwater 
Flow Concerns:- 

The proximity of the grouting operation to the 
Mississippi River raised the concern of lateral groundwater 
flow in the treatment area caused by the natural flow of the 
river. The grouting sequence was developed to limit the 
possible “drift” effect of the grout prior to gelling. 
Consequently, the downstream row of injection locations was 
grouted first to create an effective barrier for the treatment 
area. In addition, a primary/secondary grouting sequence was 
utilized to evenly distribute the grout in the treatment zone and 
to minimize grout travel outside the treatment zone. After the 
primary grout stages and holes were completed, the grout 
technician and project team analyzed the performance of the 
treated area and adjusted the design parameters of the 
secondary holes as appropriate. 
SITE LOGISTICS:- 
Maintenance of Rail Traffic:- 

The grout treatment zone spans two main lines. The 
tunnel alignment and treatment area intersected the tracks at 
a 25 degree skew.  

Both mainline tracks were to remain in service during 
the permeation grouting activities. Train traffic consisted of 
approximately 5 to 10 trains per day, although most train traffic 
occurred in the early morning or late afternoon. Due to the 
proximity to the tracks, all work was overseen by a certified 
UPRR flagger. 
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Permeation Grouting for Tunneling Beneath Railroad Embankment 
and River Levee 
 

 

At the beginning of each working shift, the grouting 
crews met with UPRR staff to discuss the day’s activities and 
the scheduled Form B. This meeting insured a safe working 
environment for the crews and that train traffic would not be 
interrupted. Work in high risk areas, such as between UPRR 
tracks or within the right-of-way, was authorized by the UPRR 
flagger, in communication with the UPRR dispatcher (Figure 5). 
Significant care taken during the grouting activities prevented 
fouling of the rail ballast with drill spoils or grout. Interruptions in 
work due to passing trains regularly occurred due to the 
proximity of the work to the mainline. This constant traffic 
required the grouting contractor to maintain mobile operations 
and to safely clear the track area within a reasonable amount of 
time at the request of the railroad. Constant communication and 
coordination between the UPRR and the grouting contractor 
allowed operations to proceed successfully and safely in this 
manner, and the UPRR was able to conduct its daily operations 
without impact. 

 

 
Figure 5: Transporting the drill across the RR tracks. 

QUALITY CONTROL:- 
Performance Information Collected During Grouting 
Operations:- 

The grouting contractor used its proprietary data 
acquisition equipment and software for realtime monitoring of all 
grouting parameters during the chemical grouting process including 
flowrate, pressure, and total volume pumped. The data acquisition 
hardware on the groutingequipment wirelessly relayed this data 
back to the grout technician for analysis. A databaseserver 
recorded data collected during grouting and produced a grouting log 
for each injectionlocation (Figure 6). Use of this advanced 
monitoring and control system increased accuracy andefficiency, 
and reduced risk to the UPRR. 

 
Figure 6: Sample grout log from the project 

Testing of Grout Material:- 
Grout samples were created periodically and evaluated 

for gel time and grout strength. Theautomated batching system 
used on site resulted in very consistent results.At the conclusion of 
all grouting operations, CPT (cone penetration test) testing was 
performedin several locations to verify the strength of the treated 
material (Figure 7). This investigationconfirmed the presence of 
the successfully treated material, noting a significant increase 
instrength in the treated areas. 
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Figure 7: CPT testing after completion of the grouting 

program. 

CONCLUSIONS:- 
Close coordination and proper planning allowed for 

successful completion of the project, safelyand without measurable 
movement of the Union Pacific mainline tracks. The work 
wassequenced to provide minimal impact to the day-to-day railroad 
operations. 

 

 

South St. Paul Forcemain:- 
 Project Team Introductions 
 Project Overview 

• Site Logistics 
• Subsurface Conditions 

 Grouting Program 
• Design Concept 
• Safety 
• Track Maintenance 
• Production 
• QA/QC & Performance 

 Conclusion 

 
 Railroad:- 

• Union Pacific Railroad 

Project Team:- 
 Owner:- 

• Metropolitan Council 
• St. Paul, MN 

 Engineer 
• CNA Engineers 
• Minneapolis, MN 

 Tunneling Contractor:- 
• Lametti and Sons, Inc. 
• Hugo, MN 

 Grouting Subcontractor:- 
• Hayward Baker, Inc. 
• Bloomington, MN 

 
Project Overview – Bird’s Eye View 

South St. Paul, MN 

Proposed Tunnel Alignment – Plan View

 
 8 foot diameter casing with twin forcemain pipes 

• 260 foot long tunnel 
• 25 degree skew 

Site Logistics – A lot going on…

 
 Variable topography 
 Existing levee system 

• Highly travelled pedestrian and bike pathway 
 Multiple utility conflicts 
 UPRR twin mainline railway 

  

Subsurface Conditions:- 
 Alluvial deposits 

• Saturated poorly graded 
• sand to silty sand 
• Below water table 
• Less than 15% finer 

than 
• No. 200 US standard 
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Soil Stabilization is Specified to 
Allow for Tunneling:- 
 Permeation Grouting 

• Grouting technique that 
transforms granular soils into 
sandstone-like” masses, by 
permeation with a low viscosity 
grout. 

 Sodium Silicate (“Water Glass”) 
• Inorganic chemical made by 

combining sand and soda ash 
(sodium carbonate) at high 
temperature 

 Sodium Silicate Grout 
• Sodium Silicate 
• Catalyst 
• Water 

 

 

 

Compressed Air Tunneling:- 
 Liner plate tunneling operation 
 Hand-dug tunnel 
 Treatment specified at least 2-

foot beyond limits of tunnel. 

 

Project Safety:- 
 Safety was primary concern 

during planning and execution 
of work 

• Trains, Heavy Equipment, 
Workers, Pedestrians and 
Bicyclists 

• Pre-Job Safety Plan 
• Job Hazard Analyses 
• Daily Toolbox Talks 
• Safety Audits by crew and 

management 
Railroad Communication:- 
 Expecting ~10 trains per working shift 
 1/2 of work located on east side of tracks 
 What is important to RR and Contractor? 

• Goal – Safety and No interruption to rail traffic 
 Daily coordination meetings 

• Hour by hour uncertainty 
• Flexible work schedule (15-30 mins to clear tracks) 

  

 

Grout Pipe Installation:- 
 Survey performed to determine 

grade elevation for every point 
• Maintain consistent 

treatment depth 
 Injection pipe was drilled and 

grouted into place 
• Grid spacing 

 

Chemical Grouting Operation:- 
 Sleeve-port grout pipes allow 

for grouting at discreet 
elevations. 

 
Grouting Production:- 
 Grout was continuously 

mixed at the grout 
plantand pumped to grout 
manifold before 
beingdistributed to specific 
grout locations 
• Up to 12 locations at 

once 
• 65,000 gallons 

 Grout lines placed 
inballast cribs betweenties 
• Hoses sleeved 

though 4-inch casing 

 

Grouting Production
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Permeation Grouting for Tunneling Beneath Railroad Embankment 
and River Levee 

 Maintenance of RR Traffic

 
 Significant care taken to protect tracks 
 Both tracks remained in uninterrupted service during grouting 

operation 
• Limited impact to grouting work also 

Data Acquisition and Quality Assurance:- 

 
 All pumping was monitored and controlled using a data 

acquisition system 
• Electronic sensors in manifold 
• Real-time analysis of multiple injection points 
• Flow Rate, Pressure, Volume, Temperature 
• Remote viewing capabilities 

 

Data Acquisition and Quality 
Assurance:- 
 Grout logs were prepared 

automatically 
• Production vs. Time 
• Increased accuracy 

and efficiency 
• Reduced risk 
• Project Team capable 

of reviewing 
production data 
quickly – Adjust 
program… 

 

Performance Testing:- 
 Grout samples were 

obtained each shift to 
evaluate grout gel time 
and strength 

 Following production, 
“Direct Push  ampling” 
was performed to 
verify stiffness of 
treated soils 

• Test results confirmed 
a significant increase 
in strength 

Conclusion:- 
 Close coordination and proper planning allowed for a 

successful completion of the project 
 The project was completed in a safe manner with no 

recordable injuries or near-misses 
 No measurable settlement of the UPRR tracks or Levee 

occurred during construction 
 The work was completed with minimal impact to the day-

to-day railroad operations  

 

 
Thank You!... Questions? 

MRDidier@HaywardBaker.com 
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Soil Improvement Technologies For Tunnelling: Selected 
Case Histories 

 
ABSTRACT:- 

Soil improvement technologies have been widely 
employed over the recent decades to overcome tunnelling 
problems in difficult grounds, their range of application growing 
proportionally to the technological development. The constant 
advancement in the different mechanical (flexible and more 
powerful equipment) and electronic (enhanced reliability and 
direct quality control) aspects of these technologies, fostered 
the confidence of engineers and tunnellers and, ultimately, 
allowed the entire tunnel industry to approach complex 
excavations in a safe and cost effective fashion. 

This paper outlines the main features of commercially 
available soil improvement techniques, with particular emphasis 
on permeation grouting and jet grouting. These two 
technologies, developed concurrently in Europe and Japan, 
and there customarily adopted in the design of underground 
structures, have known extensive and extreme applications 
worldwide in recent years. Case histories of soil improvement 
techniques, as they apply to tunnelling, are also rendered. 
1. BACKGROUND:- 

Grouting technologies for improving themechanical and 
hydraulic conductivityproperties of soils have been used for 
decadesin diverse civil engineering applications. Thefirst 
reported applications in the undergroundindustry are mainly 
related to groundwatercontrol. Tunnellers have quickly 
perceivedthe tremendous potential applications ofgrouting 
technologies to undergroundexcavation in poor ground 
conditions. As aresult, the underground construction 
industryhas, with the hydroelectric one, arguablyfostered 
considerable improvement to soiltreatment reliability and quality. 
Four soil grouting processes are typically identified:- 
1. Permeation grouting 
2. Jet grouting 
3. Hydrofracturing (or claquage) 
4. Compaction grouting 
Permeation Grouting:- 

The core principle of permeation is to fill the voids 
naturally present in the soil with grout, without changing the 
original soil structure and volumetry. This is probably the oldest 
grouting technique, the first documented applications dating back 
to the early 1800’s, and also the most experimented and 
researched. Recent developments and notable tunnelling case 
histories are provided in the following sections. 
Jet Grouting:- 

 As one of the youngest grouting techniques, jet 
grouting overcomes the limitations related to the soil grain size 
distribution, typical of the traditional grouting techniques.  

Hydrofracturing:-  
This typically French grouting application aims at 

injecting grout in the ground at relatively high pressure, thus 
fracturing the ground itself and creating lenses of grout, mainly 
along horizontal planes. Hydrofracturing (or claquage) can be 
used in association with permeation grouting, or can be a 
dangerous and undesirable byproduct of it. Because of the 
potentially uncontrollable deformations associated with its use, 
this grouting category is not widely used in the tunnelling 
industry. 
 Compaction Grouting:- 

High cohesion and rigidity grouts, often containing 
diverse granulometries of aggregates, are injected to form bulbs 
around the injection pipe, inducing densification in the 
surrounding soil. Compaction grouting is not typically used for 
excavation support; however, compensation grouting, a variant 
of this grouting concept, is increasingly used for control of 
tunneling induced settlement. Remarkable accomplishments 
have been recently achieved in major tunnelling projects in 
Europe, Canada, and USA. 

2. APPLICATIONS:- 
 2.1 Permeation grouting:- 

Permeation grouting is widely used in the tunnel 
industry for excavation support, groundwater control, and can 
be applied to a variety of subsurface conditions, ranging from 
rock to soil. The current state of the technology permits the 
installation of grout from the ground surface, as well as from 
the tunnel section itself, ahead of the excavation face, or from 
dedicated grouting / pilot galleries. Diversified grouting 
techniques are available according to different subsurface 
conditions. In particular: 
In rock: 
• ascending or descending stage methods 
• multi-packer sleeved pipe method (MPSP) 
In soil: 
• sleeved pipe (tube à manchette, or TAM) The ascending 
method is the simplest and most economical; it consists in 
drilling the grouting holes in the formation to the required 
depth, placing the packer and injecting the grout from the 
bottom up, withdrawing the packer in stages (typically 3 m 
long). When the quality of the rock mass is such that the 
uncased grouting holes have the tendency to collapse, thus 
hindering the translation of the packer to the following stage, 
the descending method can be used. In this case the grouting 
hole is drilled in stages of the order of 5 m in length, and 
grouted accordingly.  

The MPSP method can represent a viable option in 
case of extremely poor quality rock formations, where even 
the downstage method cannot prevent grout escapes around 
the packer, and subsequent loss of control of the grouting 
operation. This technique entails the installation of a grouting 
pipe (steel or plastic), fitted with one-way rubber grouting 
sleeves. Bag packers are also fastened to the pipe at regular 
intervals (commonly 3 to 5 meters) that are inflated with grout, 
thus isolating the hole section. Subsequently the upstage 
grouting phase takes place by inserting a single or double 
packer in the grouting pipe. 

The soil structure is virtually obliterated by high pressure - high 
velocity jets. Ultimately, the remaining soil is mixed in situ with 
cement based grouts. 
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HISTORIES 

 
The sleeved pipe method is a multiple phase process that 

allows several injections of the same hole in different times and with 
different grouts. It presupposes the permanent installation of the 
sleeved pipe, which is sealed into the ground by a weak 
“sleeve”grout, generally composed of water-cementbentonite 
mixture, as shown in figure 1. The pipe is fitted with one-way valves, 
small holes covered by rubber sleeves, at regular intervals. The 
grout is placed at pressure in order to break the sleeve grout at the 
injection point, and then penetrate the soil radially around the pipe. 
Double packers are used in order to create an enclosed chamber 
within the pipe with one-way openings. Undoubtedly, this method 
presents many advantages for its adaptability to differenttreatment 
geometry (grout holes can be drilled and grouted at 360 degrees) 
and different grout products. The grouting can be staged in different 
phases, allowing the use of different mixes with decreasing viscosity 
to ensure the penetration of the grout in the fine voids, after the 
larger ones have been previously grouted. Without entering into the 
details of grouting design, it is worth to mention some of the recent 
developments in the field of the grouting materials. New classes of 
cement and chemical mixes have been developed in the recent 
years, principally by the R&D department of the principal specialty 
contractor’s worldwide (De Paoli et al, 1992a). Researches and 
experiments have been performed to improve the stability and 
reduce the internal cohesion of cement based grout, thus increasing 
their penetrability. A typical example is represented by the MISTRA 
grouts, developed by Rodio: these are stable, low-viscosity 
suspensions, which can penetrate fine soils that are not permeable 
by ordinary cement mixes.Remarkable improvements have been 
recently seen in the field of microfine cements. Various types of 
microfine cements arecommercially available nowadays. Yet, for 
various reasons associated with their geographical availability, 
delicate handling and high cost, they are seldom used. These 
obstacles are overcome by the CEMILL system: this is an on-site 
manufacturing process, which grinds ordinary raw cement and 
produces stable grout mixes, characterized by remarkably fine grain 
size (De Paoli et al, 1992b). These mixes are capable to penetrate 
into medium-fine sands with a permeability coefficient k as low as 
10- 4 m/s, thus approaching the penetrability limits of chemical 
grouts (figure 2). Increasing environmental concerns, especially in 
urban areas and below the water table, have led to the development 
of a new family of grouts, composed of silica liquor and an inorganic 
reagent. Commercially known as SILACSOL, these mixes have 
groutability characteristics similar to the traditional silica gels, but 
are remarkably more stable and less aggressive to the environment. 
In addition, they do not produce the disagreeable odourassociated 
to silica gels, particularlynoticeable in tunnelling works. In fact, 
thereaction in the ground of the two components,results in insoluble 
calcium silicate crystalswith a structure very similar to 
hydratedcement. As a consequence, these are not onlylow viscosity, 
highly penetrating mixes, butalso result in a material with concrete 
likebehaviour, minimally subject to creep andpermanent load 
deformation  In the last decade, the grouting equipment has been 
dramatically improved, to the extent of fully automated grouting 
stations, capable to produce variable grouts and control several 
injectors simultaneously, and to record and display in real time the 
relevant grouting parameters. These grouting stations can also be 
connected to a network of sensors detecting ground surface or 
structure deformations, thus reducing the risk of damages induced 
by grout injection to surrounding infrastructures. 

2.1.1 Case histories:- 
Turin Railway Interchange, Italy. The new Turin 

(Italy) railway interchange, currently under final phase of 
construction, intersects underground the city centre, along the 
northsouth alignment, through a series of tunnels and cut-and-
cover sections. A critical segment of the tunnel, was to be 
mined underneath the double track high traffic Turin-Milan 
railway line at shallow depth. The soil profile comprises the 
alluvial formations characteristic of the Po River valley, ranging 
from gravel to fine sand, finely interbedded. The tunnel 
excavation, carried out in several sequences, was preceded by 
intense use of soil improvement techniques. A grouting gallery 
(or pilot tunnel) of 3.6 m in diameter was mined in 6 m 
increments, at a safe distance underneath the railroad tracks, 
and protected by a canopy of sub-horizontal 0.6 m diameter jet 
grouting columns (figure 3, after Manassero, 1993). From within 
the grouting gallery fans of sleeved PVC pipes were installed 
radially. An initial phase of permeation grouting, aimed at filling 
the most pervious gravelly layers, took place by using stable 
MISTRA mixes. A second phase of silica based mixes 
(SILACSOL) was necessary to permeate the fine layers and 
ensure the formation of a continuous 4.0 m thick arch of 
consolidated soil around the main bore. A canopy of driven steel 
reinforcements was then installed ahead of the excavation of 
the 12.5 m wide main section arch (figure 4, after Manassero, 
1993): the steel poles were 12.5 m long and the excavation was 
done in 9.0 m increments. The soil reinforcement ahead of the 
tunnel face was made possible by the use of dedicated drilling 
equipment, specifically designed for this type of tunneling 
applications (figure 5). Before the final excavation of the bench 
section, sub-vertical jet grouting columns were also used to 
consolidate the side walls of the tunnel. A dense array of tilt-
meters and laser targets was used to constantly monitor the rail 
tracks, both during the grouting and the mining phases. In spite 
of less than 2.0 m coverage between the top of rail and the 
tunnel extrados, and the unfavorable soil conditions, the 
excavation was carried out safely, and without disruption to the 
railroad traffic. Surface settlements were kept within 15 mm. 

Park Road Tunnels, Washington, USA. The 3.6 km 
expansion of the Washington DC metro included the 
construction of twostacked tunnels. The tunnels, 6.4 m in 
diameter and 1 km each in length were driven by two open face 
shields in very variable soil conditions, ranging from coarse 
grained terrace deposits, to silty sands. The water table was at 
a depth of approximately 9 m, well above the tunnels invert, 
which were ranging from 11 to 22 m depth. The initial design 
entailed extensive dewatering, as primary method of ground 
control, and chemical grouting, to provide localized crown 
stability. Notwithstanding the tight spacing of the wells 
(approximately 15 m), the dewatering technique proved to be 
extremely slow and inefficient in the fine grained layers. In fact, 
the excavation stopped after only 75 m from the portal, due to 
significant face instability, loss of ground, and surface 
settlement. Greater emphasis was then placed on the chemical 
grouting from ground surface as the primary ground treatment 
method, by extending the treatment zone 3 m above the crown 
and 1.5 m externally at the spring line, including zones within 
the silty sand layers intersected by the tunnel profile. Minimum 
compressive strength allowable was 0.7 MPa.  
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A total of 42 million liters of sodium silicate and organic reactants 
were injected through tubes à manchette around the tunnels, at a 
rate often exceeding 95 000 liters per day. 
2.2 Jet Grouting:- 

The fundamental principle of the jet grouting technique 
is a high speed erosional jet, acting under a nozzle pressure of 
up to 50 MPa. The soil is fractured, eroded, and mixed in situ 
with cement based grouts. Different jet grouting categories are 
commercially available, depending on the type and number of 
fluid injected simultaneously. The most common method 
employs a grout jet to fracture and mix the soil in situ. The 
erosional efficacy of the jet can be enhanced by shrouding the 
grout jet with compressed air, in the so called double fluid jet 
grouting. The triple fluid system separates the erosional (air and 
water) from the stabilizing (grout) function. In all the three 
procedures described above, the nozzle(s) injecting the various 
fluids are located onto a special jetting device, called monitor. 
The monitor is generally attached at the bottom of a specific 
string of drill rods and advanced in the ground to the required 
depth. The monitor is then rotated and extracted in a controlled 
fashion, while the injection at high pressure of the fluids takes 
place. The dimension and mechanical properties of the treated 
body depend on the combined effect of the type of soil 
andcomposition of the grout, grout pressure and flow, rotational 
and withdrawal speed. The diameter of single fluid columns, 
typically in the range of 0.5 to 0.9 m, can be increased to over 4 
m by using double or triple fluid techniques. 

The detail design of jet grouting works is generally the 
prerogative of the specialty contractor, and it is based on 
empirical considerations, taking into account the specific 
subsurface conditions, equipment characteristics, and the 
specification requirements. Being the jet grouting technique 
virtually independent from the soil texture and structure, it can be 
applied to a variety of conditions. The grout mix is, in the majority 
of the applications, a straight water cement mixture, with initial 
geological properties typically characterized by low viscosity and 
rigidity. Grout additives can be utilized in particular applications: 
for instance, bentonite can be added to contain strength of the 
treated soil; mild initial set accelerators can be used in case of 
high velocity flowing water. Anti-flocculant anddispersant are at 
times used in cohesive soils.In jet grouting particular emphasis is 
given tothe equipment aspects of the technology, suchas the 
high-pressure grouting pumps, the airwater-grout nozzles and 
jetting monitor.Another aspect of the technology which hasseen 
a rapid development in the recent yearsis related to the 
monitoring and qualitycontrol of the process (Jameson, 
Pellegrinoand Shea, 1998). Rig mounted systems arecapable to 
record and display in real time themost significant installation 
parameters,allowing to: 

• identify depth intervals requiring treatment; 
• monitor and document the drilling and grout process; 
• verify the grouting performance through quantification and   
comparison of pre- and post-treatment subsurface conditions. 

Due to its great flexibility, the jet grouting has rapidly 
gained popularity in the solution of difficult tunnelling and 
foundation problems. In fact, this technique is applicable to the 
entire spectrum of soil types and is adjustable to diverse 
treatment geometry. Moreover, allowing the treatment of large 
volumes of ground by virtue of small diameter holes, it can be 
applied to diverse tunneling situations: 

• Temporary arch stabilization/support mahead of the face of 
excavation by subhorizontal elements (reinforced or not) from 
within the tunnel 

• Temporary tunnel facestabilization/support by sub-
vertical(overlapping or not) elements 

•   Continuous linear soil treatment to create awater cut-off. 
2.2.1 Sub-horizontal Treatment:- 

An example of application of sub-horizontal treatment 
ahead of the excavation face is provided in the above section 
dedicated to permeation grouting. However, it is worthwhile to 
expand on this tunnel support scheme which has seen growing 
popularity in NATM tunnelling in Europe, Asia, and South America 
over the last 15 years, and yet, very limited applications are 
recorded in North America. The scheme was first used in 1983 to 
overcome morainic soils at the Campiolo railway tunnel, along the 
Udine-Tarvisio line in northern Italy (Tornaghi and PerelliCippo, 
1985). This scheme for temporary support system entails the 
installation of a series of sub-horizontal jet grouting columns in a 
conical pattern such as to create a "canopy" of grouted soil 
beyond the tunnel face. The grouted soil is subject to compressive 
and shear stresses, as it develops arching in the ground ahead of 
the excavation; for this reason, the continuity of the grouted 
ground is paramount. In order transfer the stresses induced by the 
arch deep below the invert, the "canopy" is generally deepened by 
means of sub-vertical jet grouting columns prior to the bench 
excavation. This scheme has proven extremely effective in 
minimizing surface settlement and convergence of the excavation 
prior to the completion of the final lining, even in very shallow 
conditions. Among the increasing number of applications, one well 
documented case history of German experience is noteworthy for 
its shallow and urban characteristics. 
Bad-Godesberg Tunnel, Bonn, Germany. An 85 m2 section 
tunnel segment for the Bonn light-rail had to be excavated at 
shallow depth (3.5 to 6.8 m to the crown) in quaternary alluvial 
soils. The typical stratigraphic sequence reveals highly pervious 
sandygravel body (k = 10-2 m/s) underlying a 4.5 m thick sandy-
silt layer (see figure XX). The 500 m long tunnel had to cross 
underneath a 30,000 vehicle/hour freeway, several utilities, and in 
close proximity to the high-speed Köln-Frankfurt railway. The 
NATM scheme adopted for the excavation entailed extensive use 
of single fluid jet grouting elements to consolidate the arch in 
granular soils. Where the sandy-silt layer intersects the excavation 
face, the crown soil-stabilization is replaced by 28 mm diameter 
steel spiling. A full scale soil-stabilization test section was 
completed before the beginning of the jet grouting works, in order 
to define the grouting parameters. The typical jet grouting column 
diameter identified during the test section was 60 cm average; 
accordingly, the spacing at the tunnel face was set at 47 cm, so 
that at the end of the 12 m long treatment, the columns were 
theoretically tangent. The excavation proceeded in 9 m 
increments. 

During the installation of the first columns, some surface 
was noticed. The phenomenon was related to the very limited 
ground coverage above the jet grouting (as little as 3 m), and to 
the momentary loss of spoil return from the borehole: this was 
believed to cause a transitory status of overpressurization in the 
soil, causing its volumetric expansion. This phenomenon was 
mitigated by reducing the grout volume and injection pressure, 
and by drilling pressure relief holes immediately above the jet 
grouting boreholes. Subsequent to the implementation of these  
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revised procedures, the installation of the jet grouting elements was 
completed with a total recorded ground heave of below 10 mm, with 
less than 3 m of ground coverage. The jet grouting treatment quality 
control entailed the verification of mechanical properties of the jet 
grouting spoil collected at the borehole. The average 28-day 
compressive strength recorded was 22 ± 10 MN/m2, while the 
average total unit weight was 16.5 ± 2.5 KN/m3. 

Also the excavation phase was cautiously sequenced in 
order to minimize disturbance and surface settlement: 10 m2 
sections were excavated and immediately covered with 3-4 cm of 
spritz beton. The steel rib spacing was set a 1 m, with every third rib 
closed through the invert. The temporary support was completed by 
applying 25 cm of spritz beton, reinforced with double steel wire 
mesh, and extended to protect the tunnel face. The work progressed 
from both headings, with the same excavation and grouting crews 
alternating from one front to the other. The jet grouting spoil, typically 
consisting of a variable admixture of grout and soil, was evacuated 
from the tunnel face and collected at the portals, for future disposal 
after the initial set. The jet grouting treatment performed satisfactorily 
overall, allowing the safe completion of the tunnel excavation. It must 
be noted however, that in the section where the jet grouting 
treatment at the crown was interrupted (silty-sand lenses) the largest 
settlement occurred (see figure XX). Conversely, the continuous 
arch of jet grouted soil allowed the containment of surface 
settlements within 10 mm. The total work quantity for the soil-
stabilization by jet grouting included 20,000 lineal m of jet grouting 
columns. Globally, the installation of 55 jet grouting treatment 
sections and excavation of the tunnel were completed in a 7-month 
time, averaging 18 m (or 2 complete sections) of excavation and 
completed temporary support per week. The work schedule was on 
2 8-hour shift per day, 6 days per week. 
NOTE ON QAQC - UCS 

A large number of applications are recorded in the 
literature. Two case histories of full-face treatment are provided 
hereafter. 

2.2.1 Case histories:- 
Islais Creek, San Francisco, USA. A groundbreaking 

application of jet grouting to tunnelling in soft clays was done at the 
Islais Creek Transport/Storage Project in San Francisco, and is 
described in detail by various authors (Bruce and Pellegrino, 1996; 
Pellegrino and Adams, 1996). The originaldesign for the 232 m of 
combined sewage tunnels, 4.5 m in diameter, contemplated the use 
of compartimentalized breast boarding shield under compressed air 
to overcome squeezing ground conditions. The Contractor proposed 
the use of jet grouting to pre-treat from ground surface the soft clay 
along the tunnel alignment, excavate the jet grouted soils with an 
open face road header, and install steel ribs and wood lagging as 
the primary tunnel lining. The revised design, based on 2-D and 3-D 
F.E.M. analysis, required full face treatment, extended 1.2 m around 
the bore, with a minimum unconfined compressive strength of 830 
kPa. Predicted surface settlements were in the order of 10 mm. 

The pre-treatment of the clay started in advance of the 
tunnelling operation, by installing close to 1000 overlapping jet 
grouting columns, for a total of 7500 linear meters of jet grouting. A 
section of the tunnel had to be mined under three highway viaducts, 
a double-track commuter railroad embankment, and several 
underground utilities. Angled jet grouting columns up to 25 m deep 
were necessary to ensure complete coverage of the tunnel 
alignment, as shown in figure 6 (after Pellegrino and Adams, 1996).  

The tunnel excavation took place over approximately 4 
months, with excavation rates in the order of 6 meters per 10 
hour shift. Tunnel muck consisted of chips of hard jet grouted 
clay, easy to handle and dispose. The surface settlements 
recorded were in conformity with the design prediction, and no 
disruption to the highway and railroad traffic or adjacent utilities 
was caused by the mining operation. Although the use of jet 
grouting to overcome squeezing ground conditions was not 
unheard of in the industry, especially in the Far East (Mongilardi 
and Tornaghi, 1986; Fang and Yu, 1998), this Project 
represents the first recorded application of full-face treatment. 
Utility Relocation, Boston, USA. The Central Artery/Third 
Harbour Tunnel Project inBoston USA, is one of the largest and 
most complex urban infrastructure project currently in 
construction in North America. Jet grouting has been 
extensively used project wide as support of excavation, mass 
soil stabilization, and deep water cut-off(Lambrechts and Roy, 
1997; Bruce and Pellegrino, 1996). As part of a major utility 
relocation contract in the South Boston area, two tunnels were 
to be excavated, for acombined length of 250 m in diameter, 
and diameter ranging from 2.1 m to 2.5 m. Tunnels invert lay at 
a depth of approximately 8 m, in a highly congested 
metropolitan area, as indicated in figure 7. The subsurface 
profile includes very soft organic silts underlying granular fill and 
miscellaneous urban debris at depth varying from 7 m to 8 
m. The organic silts rest over marine clays, part of the well 
known Boston Blue Clay formation. Water table is found in close 
proximity to the ground surface, as the tunnelalignment is only 
30 m distant from the inner Boston harbour. Jet grouting was 
designed to support the final pipeline, and extended from tunnel 
invert to the deeper marine clay bearing stratum. The Contractor 
elected to extend the jet grouting through the tunnel elevation, 
to overcome otherwise problematic mixed face conditions. 
However, the two different formations required the tailoring of 
the jet grouting work in to a 2-phase operation, to avoid the 
development of excessive strength in the granular fill present 
through the tunnel profile. The deep foundation of the pipeline 
was created by injecting 1.2 m diameter columns from the 
bearing stratum up to 0.5 m above the tunnel invert, developing 
unconfined compressive strength in the organic silts in excess 
of the minimum specified of 480 kPa, thus providing adequate 
support to the future pipeline. 

In a subsequent phase, the tunnel face was 
consolidated by means of 1.8 m diameter columns, injected with 
a cement-bentonite grout mix to maintain the unconfined 
compressive strength of the jet grouted soil under 400 kPa, as 
shown in figure 8. The weak treatment of the granular fill 
allowed sufficient stand-up time to the otherwise raveling sands 
at the tunnel face, without impeding the hand mining operation. 
Pipe jacking and hand mining were performed in safe conditions 
under an intersection of major thoroughfares, and water inflows 
in the tunnel were kept to a minimum. 

SOIL IMPROVEMENT TECHNOLOGIES FOR TUNNELLING: SELECTED CASE 
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 Shri Mata Vaishno Devi 
Introduction:- 

Vaishno Devi, also known as Mata Rani and 
Vaishnavi, is the exposition of the collective spiritual strengths of 
Mata Maha Kali, Mata Maha Lakshmi and Mata MahaSaraswati. 
It is described in DurgaSapatshati that the goddess was born as 
a young girl of extraordinary beauty and strength, out of the 
collectively pooled 'Tejas' of various 'Devtas' and three lords 
Brahma, Vishnu and Shankar. 

The immediate purpose of the creation of the goddess 
was the annihilation of Asura (Devil) Mahishasura. However 
another purpose of her creation was that she might usher on 
earth an era of pious and ascetic life so that the peace could 
prevail upon the world and she through her penance could rise to 
higher levels of spirituality and ultimately merge with Vishnu. 

Vaishno Devi Mandir is the cave shrine at an elevation 
of 1700 meter on top of the Trikuta Hills, Katra. The cave 
measures approximately 30 m in length and 1.5 m in height. The 
holy town is located in Reasi district and is at a distance of about 
46 km from the town of Jammu. It is the second most visited 
religious shrine in India, After TirumalaVenkateswara Temple. 

Mythological sources of shrine:- 
 This peeth is counted among 64 shaktipeetha mentioned in 
Devi and 108 Shakti Pethas listed in ChandiPurana. (Though 
not counted among conventional 51shaktipeethas as per 
various religious texts). Some traditions believe that skull of 
Mata had fallen here. Other believe that right arm of Mata fell 
here. The Vaishno Devi cave as per geological studies is million 
years old. Rigveda does mention trikuta hill but has no 
reference to worship of mother goddess. The worship of Shakti 
started in puranic period. The first mention of mother goddess is 
in Mahabharata, when ARJUN is said to have invoked the 
blessingof mother. He calls her Jambookalaka Chilyaishunilyam 
Sannihittalaye you who always dwells in the temple on the slope 
of the mountain in jamboo. It is also believed that pandavasa 
were the first to build the temple at kolkandoli and bhawan in 
gratitude. Here are five stone structures believed to represent 
five pandavas.  
 To know the history of the temple we must go back to 
TretaYug when the virtuous people were tormented by the 
Asuras (demons) Ravana, Kumb-Karan, Khardooshan, Tadka 
and others. The Gods decided to create a divine personality, in 
the form of a girl for their protection. The divine girl asked the 
Gods the cause and reason for her birth. The divine forces told 
her that she had been created to protect Dharma and rekindle 
spirit of religion. She took birth in South India at the home of 
Ratnakarsagar as a girl named Trikuta. 
 

 Later the same girl was called Vaishno because of her 
taking birth from Lord Vishnu’s lineage. The religion 
propagated by this goddess girl was called Vaishno-Dharm 
Legend OF VAISHNO DEVI shrine:- 

The above story is about 700 years old. Shri-Dhar 
was an ardent devotee of Ma Vaishno Devi. He resided in a 
village called Hansali, 2 Km away from the present Katra 
town. Once Ma appeared to him in the form of a young 
bewitching girl. The young girl asked the humble Pandit to 
hold a 'Bhandara'. (A feast to feed the mendicants and 
devotees) The Pandit set out to invite people from the 
village and near-by places. He also invited ’BhairavNath’. 
BhairavNath asked Shri-Dhar how he was planning to fulfil 
the requirements. He reminded him of the bad 
consequences in case of failure. As Pandit ji was lost in 
worry, the Divine girl appeared and told Him not to be 
despondent as everything had been arranged. She asked 
that over 360 devotees be seated in the small hut. True to 
Her word the Bhandara went smoothly with food and place 
to spare. 

 BhairavNath admitted that the girl had supernatural 
powers and decided to test her further. BhairavNath 
followed the Divine girl to Trikuta Hills. For 9 months 
BhairavNath was searching for the mystic girl in the 
mountains. He saw the 'girl' hitting the stone with an arrow 
and water gushing out of the stone. He 'saw' the 'girl' sitting 
on the mountain top. When Bhairav went to that place, he 
saw footprints on the stone. Bhairav wondered how the 'girl' 
had eluded him for 9 months! Wondering whether she was 
hiding in the cave (AdiKunwaari), he decided to enter it. 

On seeing Bhairav entering the cave, Ma tore open 
a path behind the cave, by her trident and came out. Ma 
reached the beautiful cave in the Trikutamountain. She urged 
Bhairav not to follow her. But he disobeyed. The Goddess 
took the shape of Fierce Chandi and killed Bhairav. The head 
of Bhairav fell on the mountain peak. Bhairav had Spiritual 
powers. So though his head was severed, he still retained 
consciousness. Bhairav repented for his conduct. Ma forgave 
him and granted him the boon that whosoever worshipped 
her would later visit his shrine. 

Meanwhile Pandit Shree-Dhar became impatient. 
He started to march towards Trikuta Mountain on the same 
path that he had witnessed in a dream. He ultimately 
reached the cave mouth. He made a daily routine of 
worshipping the 'Pindis' in several ways. His worship pleased 
the Goddess. She appeared in front of him and blessed him. 
Since that day, Shree-Dhar and his descendants have been 
worshipping the Goddess Mother Vaishno Devi. 
 Description of CAVE SHRINE:-  
  The Holy Cave of the Mother is situated at an 
altitude of 1700 m. The Yatris have to undertake a trek of 
nearly 13 km from the base camp at Katra. At the culmination 
of their pilgrimage, the yatries are blessed with the Darshans 
of the Mother Goddess inside the Sanctum Sanctorum- the 
Holy Cave. These Darshans are in the shape of three natural 
rock formations called the Pindies -depicting the 3 forms of 
Vaishno Devi, namely Mahakali; the Hindu goddess of time 
and death, Mahasaraswati; the Hindu goddess of knowledge,  

  
Gauri Tomar (Class VII) and Adya Tomar (Class IV) of 

Sanskriti School, Chanakaypuri, New Delhi. 
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And Mahalakshmi, the Hindu goddess of wealth and fortune. The 
Shri Mata Vaishno Devi Shrine Board has been assigned the 
responsibility of maintaining this temple. There are no statues or 
idols inside the Cave. Darshans are open round the clock 
throughout the year. 

Why visit the shrine:- 
It is said that, if you want to achieve the four objectives of 

human life laid down by the Indian spiritual tradition viz. 
Righteousness, Material Pursuits, Contentment and 
Enlightenment, you must visit Vaishno Devi at least once in your 
lifetime. And even if you do not believe in religion, you must pay a 
visit to this place simply because of its natural beauty. The 
panoramic surroundings and the enchanting journey will make 
your trip a memorable one. 
 Visiting period and travelling information:- 
 The walk to the holy shrine can be undertaken throughout the 
year. The peak season is during the summer (May-June), the New 
Year and the Navratra months in March-April and September-
October. It is advisable to avoid the walk in the monsoon (late July 
to early September) when the road becomes slippery. The route is 
very cold in December and January, so it is better to start the walk 
at dawn. 
              All visitors need to register at the Yatra Registration 
Centres in Katra before leaving, and carry a registration slip with 
them. Online registration can also be done on the Mata Vaishno 
Devi Shrine Board's official website. 

 The trek begins at the Banganga check post, situated at 
the foothills. Video cameras and other electronic equipment are 
not allowed beyond this point, so leave them behind in Katra. It is 
advisable to travel as light as possible during the climb, since food, 
water and blankets are easily available on the way. The way to 
Bhavan is steep and requires a long walk uphill from Katra. 
Alternatively ponies and palanquins are also available. Helicopter 
service can also be taken for a large part of the trip. The Trust 
offers comfortable stay for pilgrims. Katra is at an altitude of about 
2500 feet (about 762 meters); Banganga is at an altitude of about 
2800 feet (863 meters); Bhavan is at the altitude of about 5200 
feet (about 1700 meters); and, the distance from Katra to Bhavan 
is about 13 km. the climb itself is on a well-paved path with a 
gentle slope. Its duration varies according to the weather, the 
crowds and your speed. The route is dotted with shops selling 
souvenirs and devotional music, with pleasant views all along. You 
also have the option of climbing up stairs, which are shorter but 
much steeper and hence, more physically demanding. Key 
landmarks include DarshaniDeodhi, Banganga, CharaPaduka, 
Indraprastha, Adhkuari, GarbhaJoon, Himkoti, HaathiMatha, 
SanjiChhatBhavan, SherkaPanja and BhaironMandir. The mid-
point is at Adhkuari, from where you continue to SanjiChhat, a 
scenic plateau that has been developed as a helipad and resting 
point. From here, it is a comfortable two-and-a-half km walk to the 
shrine. A second, cleaner track (it doesn't allow ponies) separates 
from the main one half-a-km before Adhkuari 

The maximum number of pilgrims is limited to 30000-
350000 a day. During the peak season when the numbers exceed 
this limit, waiting slips are issued. Helicopter services are being 
provided by two private operators namely HimalyanHeli Services 
private Limited Services and Global Vectra helicopt&Himalyan with 
fares of Rs-1039/- one way and Rs-2078/- to and fro from 01.04.14 
 
 

Mata Vaishno Devi 

 

 
Panoramic view of Shrine Complex 

 

 
Baan Ganga (Entrance gate) of tracking to Shrine  

 
Night view of Shrine Complex 

 
Pindis of Godesses in Temple 
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Chinar Tree – Pride of Kashmir 
 Introduction:- 

 Chinar (scientific name Platanus orientalis Kashmeriana) also called the Oriental 
Plane Tree and it is called Booune or Buoin in the Kashmiri language it is the only species 
of family Platanaceae found in India and it grows throughout the Kashmir valley. The 
Platanaceae consists of only a single living genus Platanus, of six to ten species of tall 
trees, and is a native of the eastern Mediterranean region from where it spread eastwards.  
The Plane Trees bear flowers of both sexes on the same tree but in different clusters.  The 
Plane Trees are characterized by rapid growth and they furnish quick shade and they have 
a very long life.  Its name Booune or Buoin in the Kashmiri language is said to be a derived 
from the Sanskrit word Bhawani which means goddess. The species name meaning 
‘eastern’ contrasts it with the western (American) plane, (Platanus occidentalis) and also its 
original known distribution eastward from the Baslkans, where it was recognized in ancient 
Greek history and literature. Following Greek usage it is called platane or related names in 
continental Europe. It was equally well known in Asia and from Turkey to India is called 
chinar, chenar or related names.  The native range of this tree is Eurasia spreading from 
the Balkans to at least as far east as Iran. Some accounts extend its native range to Iberia 
in the west, and to the Himalayas in the east. As it has been known in cultivation from early 
times in much of this region it can be difficult to determine if it is truly indigenous in 
peripheral areas. 
 

 

The tree of Hippocrates, under which Hippocrates – the “Father of Medicine” – taught at Kos, is reputed to have been an 
oriental plane. A 500 year old tree presently there may be on the same site and may have been planted from a succession of 
cuttings from the original. The Athenian Academy, outside Athens, featured a sacred grove of planes where the students listened to 
the masters and where among other the Peripatetics practiced philosophy. 
 Pliny’s Natural History, an encyclopaedia written by Pliny the Elder (an Roman author, naturalist, and natural philosopher, as 
well as naval and army commander of the early Roman Empire) records the westward progress of the plane “introduced among us 
from a foreign clime for nothing but its shade”, planted first at the tomb of Diomedes on the island of Tremiti, then imported to Greek 
Sicily by Dionysius the Elder (c.432-367 BC).   He had plane trees conveyed to the city of Rhegium (Reggio di Calabria), where 
they were looked upon as the great marvel of his palace, according to Pliny’s sources.    From there it spread by the first century as 
far as the lands of the Morini in Belgic Gaul.  

Pliny goes on to describe some legendary plane-trees. There was one on the grounds of the Athenian Academy, he says, 
that had roots 50 feet (15m) long. Licinius Mucianus held a banquet for nineteen men in a hollow plane-tree of Lycia, and the 
emperor Caligula had more than fifteen servants in a tree house built in the branches of a plane-tree at Velletri. 
 The Chinar trees in Kashmir are sometimes compared 
with maple trees of Canada, but  there is a difference.  The Chinar 
Tree of Kashmir is Platanus orientalis. There are many species of 
maple in Canada, the best-known of which is Acer saccharum, 
which is the main source of maple syrup which one finds on 
breakfast tables in western countries for spreading on 
pancakes. Both the two trees look quite similar, both having 
palmately dissected leaves. However, flowers and the fruits are 
quite different and the trees belong to different families. The 
Chinar belongs to the Platanaceae family and the flowers and 
fruits form a ball-shaped catkin. The maples belong to the 
Aceraceae family with insect pollinated flowers and fruits known 
as a samara, formed from a pair of winged fruits.  Both are very 
attractive trees planted right across temperate regions of the world 
as street trees and as ornamental trees in parks and gardens.  
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Chinar Tree – Pride of Kashmir 
 
 

Like other plane trees, its leaves are borne alternately on the stem, 
deeply lobed, and palmate or maple-like. It usually has a flaking bark. 
Flowers and fruit are round borne in clusters of between 2 and 6 on a 
stem. Considerable variation exists among trees in the wild, and this 
may be complicated by crossbreeding with planted London planes 
(Platanus acerifolia), the hybrid of P.orientalis with the American 
sycamore (Platanus occidentalis) 
 Chinar is an enormous tree which grows to a height of 25 to 30 
metres and a huge girth and is known for its longevity and spreading 
crown. The tree is at its most elegance and exuberance during 
autumn. Though its majesty can be seen all through the year. Iqbal, 
the poet of the East, traces the warmth of the Kashmir soil to the 
“blaze of Chinars it nurses in its bosom”.    The four seasons in 
Kashmir follow the seasons of the temperate zone: spring, summer, 
autumn, winter. The chinar is at its most splendid in the autumn. The 
tree is at its darkest green in summer, when its shade is at its most 
dense. A large part of the magic of autumn in the Valley is because 
of the chinar tree whose leaves change from gold to russet to scarlet 
to brown. Because of the shape of the leaf – a five pointed “palmate, 
deeply lobed” leaf and is compared to a human hand with five 
fingers.  Poets, singers, artists, weavers, painters have been for 
centuries expressing their admiration for this majestic tree – in lore, in 
their poetry, in their songs and ballads – each in their own way, each 
in their medium of excellence.   The Chinar tree of Kashmir is 
mentioned in a remarkable book “ A Dictionary of Kashmiri Proverbs 
and Sayings by James Hinton Knowles (1885), Sir Walter Lawrence’s 
book Valley of Kashmir (1895) and in the Kashmir Gazetteer (1889-
1895 A.D. Vol I, Chapter IV Flora, Page79)”. In the Akbarnama 
written by Abul Fazal, it is mentioned, “The emperor took 34 persons 
inside the hollow trunk of an aged Chinar tree”. 

 
 

 

Mughal Emperor Jahangir and his wife Empress Nur Jehan were 
both in love with Kashmir.  Chinar was adopted in his times as a 
major garden and landscape tree and it still dominates the gardens 
even today.  A famous landmark in Srinagar being an island on Dal 
Lake where found Chinar trees named Char chinar or Char Chinari is 
marked with the presence of majestic Chinar trees at the four corners 
hence its name. It is said that Murad Baksh, brother of the Mughal 
Emperor Aurangzeb, constructed Rupa Lanka. The second Chinar 
Island, known as Sona Lanka (Gold Island), is located on the Lokut 
Dal, and overlooks the holy shrine of Hazratbal.  
 

 
While chinar trees are found in many parts of the valley, there is 
something poetic about those trees that give shade to 
graveyards. To be laid to eternal rest in the shade of a 300 
years old three whose leaves change with the passing of the 
seasons is to be given as picturesque burial as possible.   A 
more than 600-year-old chinar tree has been found in 
Chatargam, Chadoora, Badgam District, and Kashmir. In repute 
it was planted in 1374 AD by an Islamic mystic, Syed-Abul 
Qasim Shah Hamdani.  This chinar tree could be the oldest in 
Asia and it has a girth of 31.85m at ground level and 14.78m at 
breast height. Chinar a multipurpose tree is considered to be a 

 

wealth because it contributes 
not only to the beauty of 
Kashmir but also to its 
resources. Additionally, being 
a highly valued ornamental 
tree of Kashmir it is mostly 
grown for shade in parks and 
on the roadside as avenues. 
The wood of the Chinar is easy 
to saw. It can be finished to a 
smooth surface that takes a 
beautiful polish. In Kashmir, 
the wood is mostly used for  
, trays, cabinet making, furniture, veneers, carving and for wood 
pulp.  The roots are known for making dyes.  The dry leaves are 
gathered and burnt to make light charcoal for use in fire pots 
(Kangris) in hard winter days.  The bark of chinar trees 
possesses antiscorbutic and antirheumatic properties. Boiled in 
vinegar, it is given in diarrhea and dysentery. Bruised fresh 
leaves are applied in opthalmia.   The tree had medicinal uses 
from early times.  Pliny the Elder also detailed around twenty 
five remedies using preparation from the bark, leaves and 
excrescences of plane. Some are still used: it stops bleeding 
and is used in eye ointment. Pliny also prescribed it for burns, 
bites, stings, frostbite and infections.  In addition, they are good 
sources of certain important chemical compounds like platanin, 
tannin, allantoin, phlobaphene, mannitol, platanolic acid and 
platanol, which can be extracted for novel use. 
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This ‘king of trees’ has, however, been under some 
indiscriminate felling. Their number, as per one estimate, 
dwindled from 42000 in 1970 to less than 27000 in the Valley. 
Once abundant, the chinars had started becoming a rare sight.  
The government has initiated stringent measures to stop the 
illegal felling of this great tree of Kashmir.  15 March 2009 was 
declared as ‘The Chinar Plantation Day’. A recent ban has been 
enforced to curb cutting of Chinar trees. Chinar trees are now 
being registered and are considered national property of the 
state. Registered Chinars are painted white at their base.  
Increased awareness means most old Chinars are protected and 
looked after. Conscious efforts are being made to undertake 
plantation drives of this tree in other states as well. The tree has 
been successfully planted in New Delhi, Chandigarh, Dehradun 
and Meerut. But the size and girth attained in these places is no 
parallel to that of the tree in the Kashmir valley. 
 

Chinar Tree – Pride of Kashmir 
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Stations on USBRL Project: Udhampur  
 Intoduction:- 

Udhampur also known as Devika Nagari is a 
district in Jammu and Kashmir. Situated among lush green 
forests of Eucalyptus, it is the second-largest city of 
the Jammu region and the fourth-largest city in the state of 
Jammu and Kashmir. Named after Raja Udham Singh, it 
serves as the district capital and the Northern Command 
headquarters of the Indian Army. A Forward Base Support 
Unit (FBSU) of the Indian Air Force is also stationed there. 
Udhampur is used by the Armed Forces as a transit point 
between Jammu and Srinagar when travelling by road 
(National Highway Number 1A).  

The district of Udhampur is located in the shiwalik 
range of Himalayas and the terrain is mostly mountainous. 
The upper reaches of the district experience snowfall in the 
winter season. The city of Udhampur is located at 32.93°N 
75.13°E[2] in a relatively flatter part of the district at an 
elevation of 756 metres (2480 feet) and rarely experience any 
snowfall. The city itself spreads on uneven hills of Shiwaliks. 
Udhampur is just 68 km ahead of Jammu city towards 
Srinagar .Katra too is only 23 km off Udhampur. The city of 
Udhampur is governed by The Udhampur Municipal Council 
having 22 Municipal Wards. Udhampur consists of four tehsils 
(administrative districts), namely Udhampur, Ramnagar, 
Chenani and Majalta.   

 
 

and all important religious festivals of India are celebrated. 
And above all, the Independence Day and Republic Day are 
celebrated with great enthusiasm. Holy Navratras also 
provide special occasion for worship and pilgrimage to holy 
places culminating into small to big fairs. 

Climate:- 
 Talking of Udhampur city in particular the climate is 
sub tropical. Summer temperatures do not cross 40 degrees 
while in winters mercury generally dips to 2 degrees or even 
sometimes to zero. Heavy downpour is also experienced. The 
annual rainfall is 130 cm mainly in monsoons and winters due 
to Western Disturbances. Ramnagar town nearby experiences 
heaviest annual rainfall in a year. Udhampur rarely 
experiences snow while there may be snow in upper reaches 
.However due to changing climate patterns snowfall has been 
experienced in some years. In the year 2011 it snowed and 
there was about 15 cm snow. Heavy hailstorms with piles of 
hail can be experienced in February and March. 
 Culture:- 

The culture of this area is PAHARI which resembles 
the culture of other areas of Duggardesh. The other part of the 
district has Dogra culture. Dogri is the main language spoken 
by the people of the district. The Dogri spoken here is known 
for its sweetness in tone. The language in the rural and hilly 
area has maintained its native purity, accent and sweetness. 
Gojri is also spoken by the Gujjar Community settled here and 
there. District is culturally an integrated part of Jammu region 
 

Transport:- 
• Road:- 

Udhampur is well connected by road as it is located 
on National Highway 1A to Srinagar, which is the only 
national highway that connects Srinagar to the rest of India. 
Four laning works on Jammu-Udhampur National Highway is 
on full swing. Bus services (both private and state owned) are 
the most common mode of public transportation to and from 
Udampur. Frequent connections to the Kashmir Valley and 
Jammu are easily available. 
• Rail:- 

Before commissioning of Udhampur Katra section 
Udhampur was a terminus railway station but now the railway 
line has been extended upto Katra. The rail link connecting 
udhampur to Jammu was commissioned in April, 2005. 
Udhampur town is connected to rest part of the country by 
many trains as listed below. Commuter unresrved passenger 
trains linking Jammu and Udhampur (and pathankot also) 
also run on a daily basis and are quite popular.  
• Delhi Sarai Rohilla-Udhampur Special-22402 
• Delhi-Udhampur Jammu mail-14034 
• Ahmedabad-Udhampur Janmabhoomi express-19108 
• Indore-Udhampur Malwa Express-12920 
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HQ Udhampur Town 

Area 2,380 sq. kms. 

Population (As per 
2011) 

Total 5,54,895 Rural 4,46,777 Urban 1,08,208 

SC Population Total 1,38,569 Rural 1,22,742 Urban 15,827 
ST Population Total 56,309 Rural 53,636 Urban 2,673 

Sex Ratio 863  Female per thousand Male 
Sub Divisions 01     Dudu Basantgarh 

Tehsils 04     Udhampur, Ramnagar, Majalta, Chenani 
Blocks 07     Udhampur, Ramnagar, Chenani, Majalta,Dudu, Ghordi, Panchari 

Towns 04     Udhampur, Ramnagar, Chenani, Kud 
Panchayats 204 Villages 357 

Patwar Halqas 121 Niabats 12 

G.Q. Circles 30   
Municipal 

Committees 
02 

Ramnagar, Chenani 
Municipal 

Corporation 
  

 
Places to visit:- 
Devika River:- 
 Histroy/Details:- 

Udhampur is also well known city for the Devika river. The 
Devika river is also known as the younger sister of the Ganges. 

In the Nilmat Puran that was written in the 7th century by 
Nela Muni, it is mentioned that the Devika River is a manifestation 
of the mother Goddess Parwati herself to benefit the people of 
Mader Desha that covers areas between river Ravi and Chenab 
and the river Devika appeared on Shiv Ratri. Lord Shiva himself 
remains side by side with his consort Uma manifesting himself in 
form of Shiv Lingas at 8 places alongside the Devika river. The 
river presently runs under its sandy surface.In Devi Mahatmays it is 
mentioned that there is no need to perform Japa or any ritual for 
obtaining spiritual benefits at this pilgrim centre, only to touch with 
the Devika waters or having a bath in its waters is enough to get 
spiritual benefits. Water comes out by digging about a foot into the 
sand bed. Cremation on the sands of Devika is considered as 
meritorious as cremation on the banks of the Ganges at Kashi. 

 
 

 

 

 

Group of Temples Krimachi:- 
 

 
Kiramchi is a small village in Udhampur district of Jammu & 
Kashmir State. It lies 12 kms north of Udhampur on 
Udhampur-Lander road and 67 kms from Jammu. The 
complex consists of five temples and two small shrines. This 
valley amidst green mountains is located at an elevation of 730 
m above the mean sea level. Two rivulets namely "Birunala" 
and Kiramchi are draining this area.   
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 The local tradition says that in the past it was a halting 
place on Jammu- Kashmir route through Banihal. According to 
them mythological stories, Pandavas of Mahabharata laid the 
foundation of the place. Another tradition, says that Kiramchi 
was capital of Bhuti which had been one of the principalities of 
Jammu region under the successors of  Daya-Karan, a ruler of  
Kashmir. According to Diwan Narsingh Dass Nargis the 
descendents of King Daya- Karan ruled for many centuries and 
their dynasty was known as "Bhutials". As per tradition the last 
ruler of this dynasty named "Himmat Singh" was defeated by the 
Maharaja Ranjit Singh and Ultimately the Bhuti was given to 
Raja Gulab Singh. Thus Bhuti was included in to the Jammu 
Kingdom in A.D. 1834. 
  The group of temples at Krimachi has been built over 
the elevated terrace of Biru Nala. 
 

 

 

Ramnagar Fort:-
   

 
History/Details: -                           
                       Ramnagar is situated on the left bank of Kud river 
in mid Himalayan range, about 40 kms west of Udhampur. 
Ramangar also served as the capital of old Bandarlta State. 
During the reign of Maharaja Ranjit Singh, it came under Sikh 
rule and Raja Sushet Singh, the brother of Raja Gulab Singh of 
Jammu became its ruler in A.D. 1822. Raja Suchet Singh besides 
being a valiant general was also a great connoisseur of arts. He 
took much interest in Ramnagar and built the places Shish Mahal 
and Purana Mahal. He also renovated the fort situated in the 
town. The Nawa Mahal complex was built by Raja Ram Singh, 
who succeeded to the Ramnagar throne in A.D. 1844. He was 
son of Ranbir Singh who became Maharaja of Ranbir Singh in 
A.D. 1856. 
  
 

 
Raja Suchet Singh died in A.D. 1844 near Lahore and it is 
believed that the queen of Suchet Singh performed sati near the 
fort. There is also a Samadhi of Maharani in the fort, at the site 
where the sati was performed. Tourists can reach this fort by 
using a narrow bridge over the moat. The fort was renovated and 
undertaken by the Archaeological Survey of India in 1972. The 
palace complex at Ramnagar comparises of Shish Mahal, Purana 
Mahal and Nawa Mahal which are close to each other. 
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Sudh-Mahadev and Mantalai Temple:- 

 
History/Details:- 
 This highly revered Shiva temple is located at a distance of 
42 Kms from Patnitop and 112 Kms from Jammu, Legend has it that 
after bathing at a spring called Gouri Kund, just short of Sudh 
Mahadev, the Goddess Parvati would worship the Shivling here that 
is believed to be at least 3000 years old. The temple also houses a 
black marble statue of local Shiva and Parvati. A trishul of Lord 
Shiva is also preserved here.Pilgrims in large number visit the 
shrine on the full moon night Of Sawan to participate in the festival 
to worship Lord Shiva. The mystical underground stream,Devak 
believed  to be as sacred as the Ganges originates at Sudh 
Mahadev and disappears among the rocks  some distance  
downstream .Also of interest are wooden sculptures ,crafted locally, 
Accommodation is available in Tourist Saraj managed by J&K 
Tourism Development Corporation and Dharamshala managed by 
the Dharamarth Trust. 
 A few kilometers further ahead of Sudh Mahadev is 
Mantalai(1450 meters)  surrounded by lush deodar forests. As per 
legend, it is the place where lord Shiva got married to goddess 
Parvati besides the Shiv temple here one can also visit the complex 
created by Swami Dhirendra Brhamchari which includes a tree 
shaped house, an air strip, a hostel and a number of other 
unfinished project. An excursion through the woods to Naina Devi  5 
Kms from Mantalai provides excellent views of the mountain  
landscape all round. 
 

 

Pingla Mata 
 

History/Details:- 
 Pingla Mata is situated at a small hillock in village 
Pinger in Ramnagar Tehsil, about 20 Kms from Udhampur on 
Udhampur-Ramnagar Road and has been gaining popularity 
since last few years. The Holy Shrine is about 6 Kms away from 
the village Kaua on the Domail-Ramnagar Road and is linked 
with the track. The Shrine consists of small cave where The 
divine power lies in the shape of Pindies. The cave of Pingla 
Mata seems a small hole from outside but it has as much space 
inside as to accommodate at least 500 people at a time. Though 
the journey is tough yet it does not tire the devotees because of 
scenic beauty throughout. The entire track consists of lush 
green pine trees which inspire the devotees to move on.  
As per the popular legend, some shepherds of Pinger village 
used to come to this jungle for grazing their cattle. A girl used to 
provide them food everyday but had warned them that this must 
not be disclosed to anyone. As such they never felt the 
necessity to take meals at home. Their parents were worried as 
to why they do not take meal at home. One day the villager 
followed their children and watched them in the jungle. They 
saw a girl serving food to the shepherds and then disappeared 
in a nearby cave. Another Legend some hunters came to this 
jungle for hunting and they saw a lion entering the cave. They 
collected some firewood and burnt it at the mouth of the cave. 
But within no time the hunters were astonished to see that the 
lion came out of the cave after piercing the big rock. Then they 
entered the cave and saw Mata there. Light can be seen coming 
from this narrow hole in the cave from where the lion had gone 
out. 
Moungri Cave Shrines:- 
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History and Details:- 
 In the ancient times the village Moungri was known as 
Sonara. The word Sonara means a land of hundred water 
springs. In Dogri language, water spring is called Naaras. 
According to the legend, it was an abode of Nag Devta (King of 
the snakes), and once hundreds of natural stone made water 
springs used to flow. Still at present number of such water 
springs found in the area. 
According to another ancient legend, associated with the Kansar 
Shrine, a small stone shrine of Lord Shiva was discovered by an 
irate local villager. To remove the impediment in the process of 
cultivation, agriculture being the mainstay of the local population, 
the stone structure was uprooted and flung into the Kansar 
stream. But as soon as this was done calamity befell on the 
helpless villagers. Then the shrine was hurriedly retrieved from 
the rivulet bed and a temple was erected on a nearby hilltop by 
the rural folks. The temple still stands as a testimony to their 
labors 
 Moungri Cave Shrines-village Moungri-Sonara-land of 
hundred water springs-abode of Nag Devta -Panchari Block of 
District Udhampur-Shri Swatantra Dev Kotwal-Shiv Parvati Cave 
Shrine-nine and half feet high naturally formed rock Shiv Lingam-
Joint Parvati Lingam -Damroo-Nandi- Shankhas- Amrit Kund -

  
 
SHANKRI DEVTA:- 
 History and Detail:- 
Shankri Devta temple is situated on a hillock in village Meer of 
block Panchari in a scenic spot which is surrounded by 
meadows, lofty mountains and lush green forests. Village Meer 
and Block Headquarter, Panchari are linked with pucca road 
from Udhampur town. The District Administration organises 
the Shankri Devta Mela in the month of April/May every 
year. 

Youth Services and Sports Department, Udhampur 
organized rural sports competitions including Kabbadi, Tug of 
war, weight lifting events for the entertainment of people and 
also to expose the talent of students in culture and games. The 
district administration has made adequate arrangements of 
drinking water facility, medicare, electricity, sanitation, transport 
etc. To educate the people about various state and centrally 
sponsored government schemes, different departments have put 
up their stalls at the site of mela. Local traders had also 
constructed their makeshift stalls of Jalebi, Pakora, bangles and 
toys etc. at the spot. J&K Indian Style Wrestling Association in 
collaboration with Local Dangal Committee also organized 
wrestling competitions during the first day of the mela in which 
famous wrestlers of different areas participated. 
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PATNITOP:- 

Patnitop or Patni Top is a hilltop tourist location in 
Udhampur District in Jammu and kashmir state of India on 
National Highway 1A 112km from Jammu on the way from 
Udhampur to Srinagar. Situated on a plateau in the Shiwalik belt 
of the Himalayas, Patnitop sits at an altitude of 2,024 m (6,640 
ft). The river Chenab flows in close proximity to this location.[1] 
The name 'Patnitop' is a distortion of the original name of the 
place, "Patan Da Talab" meaning "Pond of the Princess". In 
olden times a pond existed in the meadows and a certain 
princess often used to bathe there. Some part of the pond still 
exists near the local youth hostel. It may be the case that the 
British had difficulties recording the Indian name correctly in their 
revenue records. Hence, over the years the name has changed 
from "Patan Da Talab" to Patnitop 
 Patnitop is located in the Lower Himalayan Range close 
to the Pir Panjal range, 47 km (29 mi) from Udhampur and 
112 km (70 mi) from Jammu. This famous hill resort is perched 
on a beautiful plateau, at an altitude of 2024 m across which the 
Jammu-Srinagar Highway passes. The towns 
of Kud and Batote are nearby. Kud is a very small town where 
sweet shops make freshPatissa (a sweet). It may be bought hot 
and melts in one's mouth. Batote is known as a place for 
quality rajma or the kidney bean. 
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Pictures of Patnitop 
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Stations on USBRL Project: Udhampur  
 Intoduction:- 

Udhampur also known as Devika Nagari is a 
district in Jammu and Kashmir. Situated among lush green 
forests of Eucalyptus, it is the second-largest city of 
the Jammu region and the fourth-largest city in the state of 
Jammu and Kashmir. Named after Raja Udham Singh, it 
serves as the district capital and the Northern Command 
headquarters of the Indian Army. A Forward Base Support 
Unit (FBSU) of the Indian Air Force is also stationed there. 
Udhampur is used by the Armed Forces as a transit point 
between Jammu and Srinagar when travelling by road 
(National Highway Number 1A).  

The district of Udhampur is located in the shiwalik 
range of Himalayas and the terrain is mostly mountainous. 
The upper reaches of the district experience snowfall in the 
winter season. The city of Udhampur is located at 32.93°N 
75.13°E[2] in a relatively flatter part of the district at an 
elevation of 756 metres (2480 feet) and rarely experience any 
snowfall. The city itself spreads on uneven hills of Shiwaliks. 
Udhampur is just 68 km ahead of Jammu city towards 
Srinagar .Katra too is only 23 km off Udhampur. The city of 
Udhampur is governed by The Udhampur Municipal Council 
having 22 Municipal Wards. Udhampur consists of four tehsils 
(administrative districts), namely Udhampur, Ramnagar, 
Chenani and Majalta.   

 
 

and all important religious festivals of India are celebrated. 
And above all, the Independence Day and Republic Day are 
celebrated with great enthusiasm. Holy Navratras also 
provide special occasion for worship and pilgrimage to holy 
places culminating into small to big fairs. 

Climate:- 
 Talking of Udhampur city in particular the climate is 
sub tropical. Summer temperatures do not cross 40 degrees 
while in winters mercury generally dips to 2 degrees or even 
sometimes to zero. Heavy downpour is also experienced. The 
annual rainfall is 130 cm mainly in monsoons and winters due 
to Western Disturbances. Ramnagar town nearby experiences 
heaviest annual rainfall in a year. Udhampur rarely 
experiences snow while there may be snow in upper reaches 
.However due to changing climate patterns snowfall has been 
experienced in some years. In the year 2011 it snowed and 
there was about 15 cm snow. Heavy hailstorms with piles of 
hail can be experienced in February and March. 
 Culture:- 

The culture of this area is PAHARI which resembles 
the culture of other areas of Duggardesh. The other part of the 
district has Dogra culture. Dogri is the main language spoken 
by the people of the district. The Dogri spoken here is known 
for its sweetness in tone. The language in the rural and hilly 
area has maintained its native purity, accent and sweetness. 
Gojri is also spoken by the Gujjar Community settled here and 
there. District is culturally an integrated part of Jammu region 
 

Transport:- 
• Road:- 

Udhampur is well connected by road as it is located 
on National Highway 1A to Srinagar, which is the only 
national highway that connects Srinagar to the rest of India. 
Four laning works on Jammu-Udhampur National Highway is 
on full swing. Bus services (both private and state owned) are 
the most common mode of public transportation to and from 
Udampur. Frequent connections to the Kashmir Valley and 
Jammu are easily available. 
• Rail:- 

Before commissioning of Udhampur Katra section 
Udhampur was a terminus railway station but now the railway 
line has been extended upto Katra. The rail link connecting 
udhampur to Jammu was commissioned in April, 2005. 
Udhampur town is connected to rest part of the country by 
many trains as listed below. Commuter unresrved passenger 
trains linking Jammu and Udhampur (and pathankot also) 
also run on a daily basis and are quite popular.  
• Delhi Sarai Rohilla-Udhampur Special-22402 
• Delhi-Udhampur Jammu mail-14034 
• Ahmedabad-Udhampur Janmabhoomi express-19108 
• Indore-Udhampur Malwa Express-12920 
 
 

 

 

By:- 
Bhan Singh 
 AXEN-I/USBRL/USBRL 
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HQ Udhampur Town 

Area 2,380 sq. kms. 

Population (As per 
2011) 

Total 5,54,895 Rural 4,46,777 Urban 1,08,208 

SC Population Total 1,38,569 Rural 1,22,742 Urban 15,827 
ST Population Total 56,309 Rural 53,636 Urban 2,673 

Sex Ratio 863  Female per thousand Male 
Sub Divisions 01     Dudu Basantgarh 

Tehsils 04     Udhampur, Ramnagar, Majalta, Chenani 
Blocks 07     Udhampur, Ramnagar, Chenani, Majalta,Dudu, Ghordi, Panchari 

Towns 04     Udhampur, Ramnagar, Chenani, Kud 
Panchayats 204 Villages 357 

Patwar Halqas 121 Niabats 12 

G.Q. Circles 30   
Municipal 

Committees 
02 

Ramnagar, Chenani 
Municipal 

Corporation 
  

 
Places to visit:- 
Devika River:- 
 Histroy/Details:- 

Udhampur is also well known city for the Devika river. The 
Devika river is also known as the younger sister of the Ganges. 

In the Nilmat Puran that was written in the 7th century by 
Nela Muni, it is mentioned that the Devika River is a manifestation 
of the mother Goddess Parwati herself to benefit the people of 
Mader Desha that covers areas between river Ravi and Chenab 
and the river Devika appeared on Shiv Ratri. Lord Shiva himself 
remains side by side with his consort Uma manifesting himself in 
form of Shiv Lingas at 8 places alongside the Devika river. The 
river presently runs under its sandy surface.In Devi Mahatmays it is 
mentioned that there is no need to perform Japa or any ritual for 
obtaining spiritual benefits at this pilgrim centre, only to touch with 
the Devika waters or having a bath in its waters is enough to get 
spiritual benefits. Water comes out by digging about a foot into the 
sand bed. Cremation on the sands of Devika is considered as 
meritorious as cremation on the banks of the Ganges at Kashi. 

 
 

 

 

 

Group of Temples Krimachi:- 
 

 
Kiramchi is a small village in Udhampur district of Jammu & 
Kashmir State. It lies 12 kms north of Udhampur on 
Udhampur-Lander road and 67 kms from Jammu. The 
complex consists of five temples and two small shrines. This 
valley amidst green mountains is located at an elevation of 730 
m above the mean sea level. Two rivulets namely "Birunala" 
and Kiramchi are draining this area.   
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 The local tradition says that in the past it was a halting 
place on Jammu- Kashmir route through Banihal. According to 
them mythological stories, Pandavas of Mahabharata laid the 
foundation of the place. Another tradition, says that Kiramchi 
was capital of Bhuti which had been one of the principalities of 
Jammu region under the successors of  Daya-Karan, a ruler of  
Kashmir. According to Diwan Narsingh Dass Nargis the 
descendents of King Daya- Karan ruled for many centuries and 
their dynasty was known as "Bhutials". As per tradition the last 
ruler of this dynasty named "Himmat Singh" was defeated by the 
Maharaja Ranjit Singh and Ultimately the Bhuti was given to 
Raja Gulab Singh. Thus Bhuti was included in to the Jammu 
Kingdom in A.D. 1834. 
  The group of temples at Krimachi has been built over 
the elevated terrace of Biru Nala. 
 

 

 

Ramnagar Fort:-
   

 
History/Details: -                           
                       Ramnagar is situated on the left bank of Kud river 
in mid Himalayan range, about 40 kms west of Udhampur. 
Ramangar also served as the capital of old Bandarlta State. 
During the reign of Maharaja Ranjit Singh, it came under Sikh 
rule and Raja Sushet Singh, the brother of Raja Gulab Singh of 
Jammu became its ruler in A.D. 1822. Raja Suchet Singh besides 
being a valiant general was also a great connoisseur of arts. He 
took much interest in Ramnagar and built the places Shish Mahal 
and Purana Mahal. He also renovated the fort situated in the 
town. The Nawa Mahal complex was built by Raja Ram Singh, 
who succeeded to the Ramnagar throne in A.D. 1844. He was 
son of Ranbir Singh who became Maharaja of Ranbir Singh in 
A.D. 1856. 
  
 

 
Raja Suchet Singh died in A.D. 1844 near Lahore and it is 
believed that the queen of Suchet Singh performed sati near the 
fort. There is also a Samadhi of Maharani in the fort, at the site 
where the sati was performed. Tourists can reach this fort by 
using a narrow bridge over the moat. The fort was renovated and 
undertaken by the Archaeological Survey of India in 1972. The 
palace complex at Ramnagar comparises of Shish Mahal, Purana 
Mahal and Nawa Mahal which are close to each other. 
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Sudh-Mahadev and Mantalai Temple:- 

 
History/Details:- 
 This highly revered Shiva temple is located at a distance of 
42 Kms from Patnitop and 112 Kms from Jammu, Legend has it that 
after bathing at a spring called Gouri Kund, just short of Sudh 
Mahadev, the Goddess Parvati would worship the Shivling here that 
is believed to be at least 3000 years old. The temple also houses a 
black marble statue of local Shiva and Parvati. A trishul of Lord 
Shiva is also preserved here.Pilgrims in large number visit the 
shrine on the full moon night Of Sawan to participate in the festival 
to worship Lord Shiva. The mystical underground stream,Devak 
believed  to be as sacred as the Ganges originates at Sudh 
Mahadev and disappears among the rocks  some distance  
downstream .Also of interest are wooden sculptures ,crafted locally, 
Accommodation is available in Tourist Saraj managed by J&K 
Tourism Development Corporation and Dharamshala managed by 
the Dharamarth Trust. 
 A few kilometers further ahead of Sudh Mahadev is 
Mantalai(1450 meters)  surrounded by lush deodar forests. As per 
legend, it is the place where lord Shiva got married to goddess 
Parvati besides the Shiv temple here one can also visit the complex 
created by Swami Dhirendra Brhamchari which includes a tree 
shaped house, an air strip, a hostel and a number of other 
unfinished project. An excursion through the woods to Naina Devi  5 
Kms from Mantalai provides excellent views of the mountain  
landscape all round. 
 

 

Pingla Mata 
 

History/Details:- 
 Pingla Mata is situated at a small hillock in village 
Pinger in Ramnagar Tehsil, about 20 Kms from Udhampur on 
Udhampur-Ramnagar Road and has been gaining popularity 
since last few years. The Holy Shrine is about 6 Kms away from 
the village Kaua on the Domail-Ramnagar Road and is linked 
with the track. The Shrine consists of small cave where The 
divine power lies in the shape of Pindies. The cave of Pingla 
Mata seems a small hole from outside but it has as much space 
inside as to accommodate at least 500 people at a time. Though 
the journey is tough yet it does not tire the devotees because of 
scenic beauty throughout. The entire track consists of lush 
green pine trees which inspire the devotees to move on.  
As per the popular legend, some shepherds of Pinger village 
used to come to this jungle for grazing their cattle. A girl used to 
provide them food everyday but had warned them that this must 
not be disclosed to anyone. As such they never felt the 
necessity to take meals at home. Their parents were worried as 
to why they do not take meal at home. One day the villager 
followed their children and watched them in the jungle. They 
saw a girl serving food to the shepherds and then disappeared 
in a nearby cave. Another Legend some hunters came to this 
jungle for hunting and they saw a lion entering the cave. They 
collected some firewood and burnt it at the mouth of the cave. 
But within no time the hunters were astonished to see that the 
lion came out of the cave after piercing the big rock. Then they 
entered the cave and saw Mata there. Light can be seen coming 
from this narrow hole in the cave from where the lion had gone 
out. 
Moungri Cave Shrines:- 
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History and Details:- 
 In the ancient times the village Moungri was known as 
Sonara. The word Sonara means a land of hundred water 
springs. In Dogri language, water spring is called Naaras. 
According to the legend, it was an abode of Nag Devta (King of 
the snakes), and once hundreds of natural stone made water 
springs used to flow. Still at present number of such water 
springs found in the area. 
According to another ancient legend, associated with the Kansar 
Shrine, a small stone shrine of Lord Shiva was discovered by an 
irate local villager. To remove the impediment in the process of 
cultivation, agriculture being the mainstay of the local population, 
the stone structure was uprooted and flung into the Kansar 
stream. But as soon as this was done calamity befell on the 
helpless villagers. Then the shrine was hurriedly retrieved from 
the rivulet bed and a temple was erected on a nearby hilltop by 
the rural folks. The temple still stands as a testimony to their 
labors 
 Moungri Cave Shrines-village Moungri-Sonara-land of 
hundred water springs-abode of Nag Devta -Panchari Block of 
District Udhampur-Shri Swatantra Dev Kotwal-Shiv Parvati Cave 
Shrine-nine and half feet high naturally formed rock Shiv Lingam-
Joint Parvati Lingam -Damroo-Nandi- Shankhas- Amrit Kund -

  
 
SHANKRI DEVTA:- 
 History and Detail:- 
Shankri Devta temple is situated on a hillock in village Meer of 
block Panchari in a scenic spot which is surrounded by 
meadows, lofty mountains and lush green forests. Village Meer 
and Block Headquarter, Panchari are linked with pucca road 
from Udhampur town. The District Administration organises 
the Shankri Devta Mela in the month of April/May every 
year. 

Youth Services and Sports Department, Udhampur 
organized rural sports competitions including Kabbadi, Tug of 
war, weight lifting events for the entertainment of people and 
also to expose the talent of students in culture and games. The 
district administration has made adequate arrangements of 
drinking water facility, medicare, electricity, sanitation, transport 
etc. To educate the people about various state and centrally 
sponsored government schemes, different departments have put 
up their stalls at the site of mela. Local traders had also 
constructed their makeshift stalls of Jalebi, Pakora, bangles and 
toys etc. at the spot. J&K Indian Style Wrestling Association in 
collaboration with Local Dangal Committee also organized 
wrestling competitions during the first day of the mela in which 
famous wrestlers of different areas participated. 

 

Stations on USBRL Project: Udhampur  
 

 

 

 

 

 

 
PATNITOP:- 

Patnitop or Patni Top is a hilltop tourist location in 
Udhampur District in Jammu and kashmir state of India on 
National Highway 1A 112km from Jammu on the way from 
Udhampur to Srinagar. Situated on a plateau in the Shiwalik belt 
of the Himalayas, Patnitop sits at an altitude of 2,024 m (6,640 
ft). The river Chenab flows in close proximity to this location.[1] 
The name 'Patnitop' is a distortion of the original name of the 
place, "Patan Da Talab" meaning "Pond of the Princess". In 
olden times a pond existed in the meadows and a certain 
princess often used to bathe there. Some part of the pond still 
exists near the local youth hostel. It may be the case that the 
British had difficulties recording the Indian name correctly in their 
revenue records. Hence, over the years the name has changed 
from "Patan Da Talab" to Patnitop 
 Patnitop is located in the Lower Himalayan Range close 
to the Pir Panjal range, 47 km (29 mi) from Udhampur and 
112 km (70 mi) from Jammu. This famous hill resort is perched 
on a beautiful plateau, at an altitude of 2024 m across which the 
Jammu-Srinagar Highway passes. The towns 
of Kud and Batote are nearby. Kud is a very small town where 
sweet shops make freshPatissa (a sweet). It may be bought hot 
and melts in one's mouth. Batote is known as a place for 
quality rajma or the kidney bean. 
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Pictures of Patnitop 
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Introduction:- 
Anything that poses a challenge or a threat to our well-

being is a stress. Some stresses get us going and they are good 
for us. Without any stress at all, our lives would be boring and 
would probably feel pointless. However, when the stresses 
undermine both our mental and physical health they are bad.  
To manage stress one has to be aware and plan to manage 
stress in a productive way. 
 

 

Effects of Stress:- 

What is stress? 
Stress is the outcome of miss match between your 

aspiration/ expectation & achievement. 
 

 
To maintain this balance one may have to curtail once aspiration 
or put in more effort to accomplish the goal.  

Always be realistic with your goal and also one should 
be aware of the limits to which you can stretch yourself.  
 In very simple term:  
GOOD STRESS MANAGEMENT = GOOD SELF 
MANAGEMENT (SELF AWARENESS) 

There is no panacea to stress management. Since 
everyone has a unique response to stress, there is no “one size 
fits all” solution to managing it. No single method works for 
everyone or in every situation, so experiment with different 
techniques and strategies.  
 

Few basic things should be very clear: 
We are all surrounded by stressors; stress is essential 

part of life. Some amount of stress is needed to keep us moving.   
Stress is like the tension in the strings of guitar, if there is no 
tension in the strings of the guitar it will not produce good music.  

Guitar has different strings, like wise there are different 
strings / aspects in an individual’s life: personal, family, social, 
work...etc. One has to decide for himself how much tension is 
optimal for each of these strings. This again depends on 
individual choices and what you want to be?  
 So if you wish your life to be like serene music, accept the fact 
that some stress is essential. 
Next, each string needs to be calibrated like the strings of the 
bow and arrow. This again depends on your aspiration and 
goals. You should know how much you can stretch the string and 
how far you want the arrow to go. 

It is hard to change the stressors around. Try to change 
your reaction and your outlook.  
 

 

Stress Management 

  Few tips to reduce work stress:- 
• Time Management: Start early in the morning.  
• Organise your work place. 
• Prioritize tasks: Urgent & Important, Not Urgent but 

Important, Urgent but Not Important, Neither Urgent 
nor Important. 

• Resist perfectionism. No project, situation, or 
decision is ever perfect, so trying to attain perfection 
on everything will simply add unnecessary stress to 
your day. When you set unrealistic goals for yourself or 
try to do too much, you’re setting yourself up to fall 
short. Aim to do your best, no one can ask for more 
than that 

• Try to upgrade your skills.  
• Improve your communication skills 
• Practice 4D’s of decision making: Delete, Do, 

Delegate, and Defer. 
• Accept the things which you cannot change 
• Learn to say NO: when things are beyond your 

capacity. 
 

Dr. Steven George 
DyCMO/KRCL/Reasi 

 

 Focus on what makes you feel calm and in control. 
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Corrosion of metal looks innocuous, but with time it will destroy the 
inherent strength of the metal, like wise chronic stress weakens the 
mind & body, making us more prone to many diseases.  
We paint the metal to prevent corrosion; similarly we can protect 
oneself from stress with some spiritual make up. What is this spiritual 
make up? 
Some simple changes in our attitude & habits will protect us from the 
harmful effects of stress.         

Touch each of the sense organs & gives these auto 
suggestions: 
     Ears: Be a good listener, listen with empathy, and listen 
objectively. 
     Tongue/Mouth: Listen more talk less; don’t open your mouth 
when you are angry, think before you talk. 
     Eyes: Look at things & people without any preconceived notion or 
dogma. 
     Hands: Learn to give more & expect less. Receivers get more but 
givers sleep well. 
     Legs: Walk & exercise regularly. 
     Avoid: toxic air, toxic food & toxic people. 
 
 
Change your attitude:- 
 Let go of your EGO (Edging God Out). Each one of us has a spark 
of divine & evil within us. When you edge out the divine you know 
what is left.  

Learn to smile & believe in the divine. Do good things and 
in return you will receive divine blessings. Always command respect 
& do not demand. Be optimistic, whatever can’t kill you will make you 
stronger. 
 

Stress Management 

 

Relaxation can help to relieve the symptoms of stress. It can help you 
calm down and take a step back from a stressful situation. 
 
Relaxed breathing:- 

Practise deep breathing at a regular time and in a quiet 
place where you won’t be disturbed. 
Sit comfortably in a chair or lie on the floor or bed. Place your arms 
on the chair arms, or flat on the floor or bed, a little bit away from the 
side of your body with the palms up. If you’re lying down, stretch out 
your legs, keeping them hip-width apart or slightly wider. If you’re 
sitting in a chair, don’t cross your legs. 
Good relaxation always starts with focusing on your breathing. The 
way to do it is to breathe in and out slowly and in a regular rhythm as 
this will help you to calm down. 

 Fill up the whole of your lungs with air, without forcing.  
 Breathe in through your nose and out through your 

mouth. 
 Breathe in slowly and regularly counting from one to 

five (don’t worry if you can’t reach five at first). 
 Then let the breath escape slowly, counting from one to 

five. 
 Keep doing this until you feel calm. Breathe without 

pausing or holding your breath. 
 Practise this relaxed breathing for three to five minutes, two 

to three times a day. 
 

Spend some time lying quietly after your relaxation with your 
eyes closed. When you feel ready, stretch and get up slowly. 

Finally & most importantly, do not hesitate to seek 
medical assistance.  
 

Deep muscle relaxation 
Find a warm, quiet place with no distractions. Close your eyes 
and begin by focusing on your breathing; breathing slowly and 
deeply, as described above. 
You may want to play some soothing music to help relaxation.. 
For each exercise, hold the stretch for a few seconds and then 
relax. Repeat it a couple of times.  
Face:      push the eyebrows together, as though frowning, 
then release. 
Neck:            gently tilt the head forwards, pushing chin 
down towards chest and then slowly lift again. 
Shoulders:   pull them up towards the ears (shrug) and then 
relax them down towards the feet. 
Chest:        breathe slowly and deeply so that you're 
using the whole of the lungs. Then breathe slowly out, 
allowing the belly to deflate as all the air is exhaled. 
Arms:             stretch the arms away from the body reach 
and then relax. 
Legs:             push the toes away from the body, then pull 
them towards body, then relax. 
Wrists and hands:     stretch the wrist by pulling the hand 
up towards you, and stretch out the fingers and thumbs, 
then relax. 
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The Bosideng Bridge 
Status :the third longest arch bridge in the world, after completion 
Type :Highway bridge 
Span Configuration: span of 530 m (1,740 ft). 
River :Yangtze River; City :Hejiang County, Sichuan, China 
Opened :under construction 
 

Item Udhampur -Katra Katra- Qazigund Qazigund -Baramulla Total 

Route length 25 128* 118 271 

( km)     
Ruling gradient 1 in 100 © 1 in80© 1 in 100 ©  
Max Curvature 5 o 2.75 o 2.75 o  

Bridges 38 62 811 911 

Max. height of Bridge 85 m 359 m 22 m  
Length of Bridges(m) 1488 7310 4210 13008 

Longest span 

154m Steel Girder over 
river Jhajjar 

467 m Steel Arch over river  
Chenab 45 m  

Tunnels Length 10.9 105 0 115.9 

( km)     
Tunnels (No) 9 29 0 38 

% Tunnels Length 43.6 79.84 0  
Longest tunnel 3.15 km. 11.27 km -  

Max Depth of Cutting 20 m 40 m 12 m  
 

Salient Features of the Project 

The Jammu Udhampur Srinagar Baramulla Rail Link Project was envisioned with a view to provide a reliable and alternate transportation system in 
the state of Jammu and Kashmir and to connect the state and the Kashmir valley with rest of the Indian Railway Network. With the above vision, 
Government of India planned a 326 km. long Railway Line. The Project was declared as a “National Project “ in year 2008. 

Some of the special features of the project are as under:- 

 The Jammu-Udhampur-Katra-Quazigund-Baramulla Railway line is the biggest project in the construction of a mountain railway since independence. 
From Jammu to Baramulla, length of the new rail line is 326 km. and it passes through the young Himalayas, one of the most geologically complicated 
and challenging terrains in the world. The Geology, tectonic thrusts and faults, drainage and ground water of the region have great bearing on the 
construction of this project. 

Sites are remotely located, inaccessible and therefore difficult from logistic and topographic consideration. 
 Providing access to the work sites involves construction of large network of Access Roads, the most challenging job for completion of this project. In 

particulars the stretch between river Chenab and Banihal is passing through a virgin territory and require construct of about 200 km of access road. 
 The alignment crosses deep gorges of Chenab River near Salal Hydro Power Dam, which necessitates construction of long span bridges. The Chenab 

Bridge, 359 m above river bed, will be the highest bridge in the world, and longest span for BG Rail line with arch span of 467 m.  
 The project also involved construction of Pir-Panjal tunnel, the longest transportation tunnel of Indian Railways across PirPanjal range connecting 

Jammu & Kashmir provinces of J&K State. The tunnel is located between the Banihalrailway stations in South and Qazigund in NorthTotal length of the 
tunnel is 11.2 km with overburden of 1100 m. This tunnel had been completed and Section from Banihal to Quazigund opened to public by Hon’ble 
Prime Minister on 26.6.2013. 

 The stretch betweenKatra to Qazigund representing 128 km length is the most difficult part of this project. Almost 80% of length of this stretch is in 
tunnel and 10% on bridges and rest on embankment.  

 Some of the special features of this stretch are:- 
♦ Alignment in this stretch passes through the world’s one of the most difficult terrain, both in terms of logistics and geological strata.  
♦ Terrain characterizes sedimentary/metamorphic rocks which are yet to be stabilized.  
♦ Various type of geological formation are met with in this stretch having altogether different characteristic / properties.   
♦ Alignment running across major tectonic features such as Reasi Thrust, MurreeThrust,Panjal Thrust & Local faults 
♦ The structural discontinuities occurring in the form of faults, thrusts, shears and joints are likely to pose problems in the construction activities 

along the rail alignment 
♦ Adverse climatic condition due to heavy snowfall in winter resulting in sub-zero temperature and reduced working period. 
♦ Many of station on this project are located on tunnel/ bridges.  
♦ World most advance and modern technology is being used for construction.  

♦ When completed this will be a marvel of engineering with unparalleled benchmark. 
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Geology along the Project Alignment 

Disclaimer 
Him Prabhat, USBRL technical news magazine is published in good faith and can-not be held responsible in any way for inaccuracies in report / content that appear 
in this publication and the views of the contributors may not be those of the editors. The opinions expressed by this magazine are not necessarily the views of the 
editors/publisher, but of the individual writers. Unless specifically mention the articles and statements published in this magazine do not necessarily reflects the 
views or policies of Northern Railway, Ministry of Railways or Govt. of India. 
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