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ABSTRACT 
 

This study investigates the potential causes and extent of squeezing for a tunnel, which is 

supported by steel-rib backfill support system constructed as a part of Udhampur Srinagar 

Baramulla Rail Link (USBRL) project at the Himalayan region in Jammu & Kashmir, India. 

The semi-elliptical tunnel with 8 segmented steel ribs is constructed in soft ground conditions 

containing soft clay which had undergone tunnel failure, mainly due to squeezing at various 

sections. Finite element method is adopted for modelling the tunnel to study the behavior of 

tunnel support system. Field observations indicated the failure at crown level, while finite 

element analysis has shown the maximum deformations developed at the side walls as well as 

top of the crown. This has been investigated and it is concluded that the failure at the centre 

of side wall is mainly due to joint deflection of the steel-rib segments, while the squeezing 

potential is affected by the flexible support system provided and high overburden pressure 

due to soft ground. It is suggested to provide a flexible support system with high energy 

absorbing capacity SFRS with increasing the flexural strength by providing high quality steel 

bars for better performance of the tunnel. Interpretation of deformations by regular 

monitoring of excavation process is mandatory take further necessary measures, if required. 

 

INTRODUCTION 
 

The Udhampur-Srinagar-Baramulla Rail Link (USBRL) project is one of the significant 

project is under construction in the state of Jammu & Kashmir, India linking the Kashmir 

valley goes through the great Himalayas region. This project is constructed under Northern 

Railway Corporation limited and the tunnel alignment considered in this paper is T42-43 

from chainage Ch.93/300 to Ch. 94/663.219km as shown in Figure 1. Failure of underground 

structures frequently faced during construction of tunnel is discussed in this paper. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Longitudinal section of Tunnel T42-43 from Ch.93/300 to Ch. 94/663.219km 



 

 

GEOLOGY OF THE AREA 
 

The Himalayas possess young rock formations, consists mainly of sedimentary rocks. These 

rocks are weak and are highly sheared in nature. Most commonly sand stone, silt stone and 

weak clay stone are encountered. These rocks are highly jointed and belong to class-III to 

class-V as RMR classification system. Further, the deposits in natural drains are made of 

loose conglomerates, which creates problem during tunnelling. The provision of support 

system will be based on the Ground conditions (i.e., squeezing/non-squeezing) [2]. The 

Claystone present in this area comprised of montmorillonite upto 50%, also certain 

proportions of kaolinite and illite [4]. Claystone with all these minerals have swelling 

properties as reported by [3]. 

 

SQUEEZING OF WEAK ROCK MASS  

Tunnelling  in  rock  comprised  of  swelling  clay  is  a  special  challenge,  since  the  

gradual deformations are predominant over time even after the completion of excavation 

which is a time-dependent behaviour [8]. These deformations are generally constrained by 

support members resulting in the failure of these members if their strength is insufficient [8]. 

Therefore, it is important to estimate potential tunnel problems as early as possible [10]. To 

predict squeezing, load cell, contact pressure cells and tape extensometers are installed at 

various locations [2]. As shallow buried conditions, weak rock always have complex 

mechanical properties and also uneven ground lead to the uneven distribution of loads [9]. 

The tunnel construction throughout this area are affected by squeezing of rock at many 

locations with high rock cover resulting in the buckling of wall support ribs and tunnel roof 

support is damaged as shown in Figure 2 [4 ,5]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Failure of steel ribs at crown portion 



 

 

 TUNNEL CONSTRUCTION METHODOLOGY 
 

The tunnel is elliptical shaped with excavated width of 7.2m. The longitudinal section along 

the tunnel is shown in Figure 1. It can be observed from Figure 1 that maximum rock cover 

above the tunnel is 96m at the chainage Ch. 94/663.219km. The conventional method of drill 

and blast was used for tunnelling. The tunnel advanced rate of 2.0-2.25m was considered 

during normal geological conditions and 0.5-1.0m during adverse geological conditions. The 

distance between heading and benching was maintained upto 10m. The steel rib supports of 

ISMB 150 @ 0.5m spacing centre to centre with backfill of M10 concrete were installed in 

heading as well as in benching. In heading the supports were resting on the haunch. The gaps 

between steel ribs were covered by precast lagging of 50mm. Then the gap in between steel 

ribs and shotcrete is filled with the backfill of M10 grade concrete. Rock bolts having length 

1.2m of resin grouted were installed in competent rocks and cement grouted self-drilling 

anchors of 6m were installed in weak rocks. When the excavation of entire tunnel is 

completed then the lining of 300mm thickness is applied, M25 grade concrete is used. For 

good geological conditions single layer reinforcement mesh is used, whereas for poor 

geological conditions and near tunnel portals double layer of reinforcement mesh is used. The 

steel rods of diameter 10mm and c/c spacing 10cm is used to make the reinforcement mesh. 

 

 
Figure 3. Semi-elliptical shape of section 

 

FAILURE MECHANISM 
 

Continued deformation of tunnel wall resulted in collapse of the steel rib support system of 

heading and side wall of tunnel at various locations. These high order deformations due to 

swelling of claystone had become major concern for the stability of the tunnel. Also tunnel 

deformations are observed at all sides mainly at the centre portion of the walls. To control 

these tunnel support failure problems, support system for the tunnel is assessed using 

numerical technique to propose appropriate remedial measures. 



 

 

 NUMERICAL MODELLING 
 

In the present study, the semi-elliptical tunnel cross-section is considered for analysis with 

different overburden depths along the alignment of the proposed railway-line. The 

dimensions of the tunnel are considered based on the proposed plan. All the material 

properties of insitu Rockmass, Steel ribs and lining, used in this study are given in Table 1. 

The tunnel has been analysed for the effect of gravity. 

 

 

 
Figure 4. Dimensions and boundaries of the model for numerical analysis. 

 

Table 1. Material Properties 

 

Sl.no Density, Young’s Poisson ratio Cohesion, Angle of 

 KN/m
3
 modulus,  KN/m

2
 internal  

  KN/m
2
   friction  

Rock mass 21 30000 0.3 40 25  

Steel Ribs 78.5 210 x 10
6
 0.295 - -  

Concrete 25 25 x 10
6
 0.15 - -  

Lining       

 

2D non-linear finite element model have been developed using ABAQUS software 

to simulate the coupled behavior of Tunnel-Ground system. Rockmass has been modelled 

using plane-strain linear quadrilateral (CPE4R) in dry conditions and 4-node plane strain 

quadrilateral, bilinear displacement, bilinear pore pressure (CPE4P) for simulating pore 

pressure analysis. An elasto-plastic constitutive model considering Mohr-Coulomb failure 

criterion with zero dilatancy following non-associated flow rule has been used for 



 

 

Rockmass modelling [6]. The tunnel components i.e. Steel-ribs have been modelled using 2-

noded beam element (B22) available in ABAQUS element library. The interaction between 

tunnel and rock is assumed to follow coulomb-friction model. The coefficient of friction is 

assumed as 0.4. The contact is allowed for separation after the initiation of tensile forces. 

The boundary conditions are applied in such a way that all the movements are restrained at 

base (i.e., both horizontal, vertical displacements are zero) and only horizontal 

displacements are restrained for left and right boundaries. Also, for saturated condition 

initial pore-water pressure is defined as zero at the location of the ground-water table l. 

The response of tunnel support system has been studied in terms of deformations and 

stresses. In this analysis the insitu stresses are calculated by assuming k as 1 where, k 

denotes the ratio of horizontal to the vertical stress. 

 

RESULTS AND DISCUSSION 

Static analysis have been performed for two different cases i.e., prior to and after construction 

of lining, considering different overburden depths and ground water conditions coupled with 

surrounding rock mass. The results indicate that the deformations before provision of lining 

are much greater than anticipated. The actual ground conditions i.e. with a ground water table 

of 20m below the overburden is simulated, which gives a maximum deformation of 61cm at 

the side wall of the steel-rib and varied with overburden depth with a minimum deformation 

of 7cm. At many locations the deformations are predominant as the longitudinal section 

(Figure 1) shows the average overburden depth in the tunnel alignment is 40m. Movement of 

tunnel is also predominant at the crown level with a deformation of 40cm. 

 

 

 

 

 

 

 

 

 

 

 

 

5(a) Displacement at crown level 5(b) Horizontal displacement at centre of side-

walls 

 

 

 

 

 

 

 

 

5(c) Vertical displacement at centre of side-walls 

Figure 5. Variation of Displacement with overburden depth at Crown and side wall



 

 

Comparative analysis is carried out for saturated and dry conditions at overburden 

depths of 20, 40, 60, 80 and 100m. Significant deformations of ground and steel-ribs in both 

directions are observed, even in dry conditions. The side walls are affected more due to 

squeezing of rocks as compared to crown. This is due to the bending moments at the joints 

are 175 KN-m/m for existing joint condition forming a weak link in the support system and 

as a result failure at the joint had taken place with predominant deformations. If the joints are 

replaced with fixed conditions the bending moments are not released so that deformations are 

reduced to 25cm. After the provision of lining of 0.3m thick the deformations are gradually 

decreased as shown in the Figure 5 (a)-(c). But, there is a possibility of formation of cracks 

on the concrete lining due to the existing deformations of steel-ribs. High stresses are 

developed at the crown level as shown in figure 6 (a)-(b) and also around the tunnel there is a 

significant distribution of stresses, therefore the rock bolts is provided as long as possible to 

minimise the stress distribution around the tunnel. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) Stresses at crown level (b) Stresses at centre of side-walls 

 

Figure 6. Variation of Stresses with overburden depth at Crown and side wall. 

 

Therefore, to prevent cracking in concrete lining rectification of deformed steel ribs is 

essential with high energy absorbing capacity SFRS. Also, flexural strength of SFRS can be 

increased by providing high quality steel bars. For the stability of the Side walls there is a 

need for heavy steel I sections at the joints to reduce the bending moments at the joints. It is 

suggested to provide a flexible support system with appropriate provisions for better 

performance of the tunnel. Interpretation of deformations by regular monitoring of 

excavation process is mandatory take further necessary measures, if required. 

 

CONCLUSIONS 
 

A numerical study on coupled behavior of Rock mass-tunnel system has been 

presented. The cause for failure of support system of Tunnel T42-43 at different locations of 

the of Udhampur-Baramula section has been studied through a comparative analysis, the 

following conclusions are made 

 



 

 

 The field observations had indicated the failure at the top of the crown level at various 

locations, which is due to the squeezing of the surrounding Rockmass as it is mainly 

composed of swelling clay minerals. 


 It is also observed that with the increase of the overburden, the deformations are 

predominantly increased at the crown level which led to the failure of the tunnel 

support system at the top of the crown level. 


 Analysis had shown that the horizontal deformations of the steel-ribs at the side wall 

are higher due to the attracting maximum bending moments at the joints which had 

formed as a weakest link for the tunnel support system leading to failure. 


 The stresses developed after concrete lining of 0.3m thick had been lowered and also 

does not affect the stability of the tunnel, but there is a probability of formation of 

cracks in the lining due to existing deformations. 
 

ACKNOWLEDGEMENT 
 

Authors are thankful to Northern Railway, India for providing suitable data for the study. The 

research work presented here was supported by the Institute Fellowship to the first author 

from the Ministry of Human Resource Development, Government of India. This support is 

gratefully acknowledged. 

 

REFERENCES 
 

Evert Hoek and Paul Marinos, (2000). “Predicting tunnel squeezing problems in weak 
heterogeneous rock masses”. Tunnels and Tunnelling International Part 1 and Part 2.  

Dhiraj Raj, Yogendra Singh, (2016), “Pseudostatic Analysis of a Coupled Building-

Foundation-Slope System for Seismic and Gravity Actions”. New frontiers in Civil 
Infrastructure, ASCE Geo-China 2016: pp. 99-107.  

J.  Donovan  Jacobs,  (1975),  “Some  Tunnelling  failures  and  what  they  have  taught”,  
4th Conference on Hazards in Tunnelling and on false work, institution of civil 

engineers, 1975, Proceedings, London.  

M. Verman, B. Singh, J. L. Jethwa and M. N. Viladkar, (1995).“Determination of Support 
Reaction Curve for Steel-Supported Tunnels”. Tunnelling and Underground Space 
TJ~mIogy, VoL 10, No. 2, pp. 217-224.  

Malan DF (2002). “Simulating the time-dependent behavior of excavations in hard rock”. 
Rock Mechanics and Rock Engineering 35(4):225-254. 

Mielenz, R. C., and King, M. E., (2008), “Physical mechanical properties and engineering 
performance of clays”, in Park, J.A., and Turner, M. D., eds., Clays and clay 
technology: National Conference on Clays and Clay Technology, 1 st, Berkeley, 

California, July 21-25, 1952, Proceedings, California Division of Mines Bulletin 169, 

pp. 196-254.  

O. Aydan , T. Akagi , and T. Kawamoto,(1996). “The Squeezing Potential of Rock Around 
Tunnels: Theory and Prediction with Examples Taken from Japan”. Rock Mechanics 
and Rock Engineering, 29 (3), 125 143. 



 

 

R.K. Goel, Anil Swarup, (2008). “Case history of Tunnelling through Claystone. Sixth 
International Conference on Case Histories in Geotechnical Engineering, 

Proceedings, Paper 4.  

Sharma, P. and Chopra, R. (2006), “Case Study of Railway Tunnel No. 1 on Udhampur-
Katra Section, Seminar on Tunnels and Underground Structures”, J. of the Indian 
National Group of the International Association for Bridge &Structural Engineering, 

Vol. 36, No. 3, Aug-Sept. 2006, New Delhi, India, pp. III47-III56.  

YANG Xiao-li, WANG Jin-ming, (2008). “Stress dilatancy analysis of shallow tunnels 
subjected to unsymmetrical pressure”. J. Cent. South Univ. Technol. 15(s2): 028−033.  


