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INTRODUCTION 

 

•Methods of Tunneling 

 • Conventional Drill and Blast 

• Cut and Cover  

• New Austrian Tunneling Method (NATM)/SEM 

• Tunnel Boring Machine (TBM) 
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Conventional Tunnelling 

• Tunnel is excavated using drill and blast method 

• Depending upon tunnel diameter, heading and benching is decided 

• Tunnel is supported using shotcrete, rock bolts/anchors, steel ribs, lattice 
girders 

• Tunnel lining Plain or reinforced is installed 

• Drainage arrangement, curtain and consolidation grouting, water proofing 



June 27th – 28th  2022, Mumbai, India  

     Tunnelling Asia’ 2022  
International Conference on  

  Underground Space : The Need of the Day 

• Tunnel is excavated using sheetpiles, diaphragm walls, soldier piles, secant 
piles 

• Lateral support by struts, walers, anchors 

• Then structure/tunnel is constructed 

• Then the tunnel is backfilled 

Cut & Cover Tunnel 
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NATM Method 

Basic principles of NATM  

 

• (i) Mobilization of rock mass strength, 

• (ii) Shotcrete protection to preserve the load-carrying capacity of the ring of 
rock mass, 

• (iii) Monitoring the deformation of the excavated rock mass, 

• (iv) Providing flexible but active supports and 

• (v) Closing of invert to form a load-bearing support ring to control deformation 
of the rock mass. 
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• Tunnel is excavated by TBM, earth balancing, slurry, shield type 

• Rock/soil support in form of rock bolts, shotcrete and segmental lining 

• Consolidation, curtain grouting, water proofing 

TBM Tunnels 
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Various Analyses Various Analysis 

i. Numerical techniques like FEM, FDM, DEC can used for analysis of cavities 
with any possible geometrical shape, properties and support system 

ii.  Rock mass/soil is modeled using  a mesh of Finite elements of appropriate 
size and spacing 

iii. Joints can also be modeled using interface elements 

iv. Mohr-Coulomb/Hoek-Brown or any other failure criterion can be used based 
on strata properties 

v. Groundwater and pore pressures can be simulated along with seismic loads 
(if required) 

vi. Stage wise softening , tunnel excavation & support installation can be 
simulated 

vii. 3D modeling can include realistic effect of confinement loss in face-ahead of 
tunnel cavity  

 

 

 

 

 

 

 

 



June 27th – 28th  2022, Mumbai, India  

     Tunnelling Asia’ 2022  
International Conference on  

  Underground Space : The Need of the Day 

 Strength Parameters (c, phi, tensile strength, Dilatancy) 
 

 Deformations parameters (E, v) 
 

 Joint Parameters (c, phi, normal and shear stiffness) 
 

 Permeability 
 

 Density 
 

 In-situ stresses 

Input Parameters for Analysis 
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Basic Concept 
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Loads and Ground Reaction Curves 
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Supported 
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   Hydro-geological conditions affect tunnel stability 
– Additional water pressures are exerted 

– Extreme conditions negatively affect durability of supports and strength of rock mass 

– Drainage has to be provided to allow water to release. Drainage pumps have to be 
used in case of heavy flow 

– Confined aquifers encountered during construction are dangerous & may cause 
flooding 

 

 

 

 

 

 

 

 

 

 

Geo-composite 
 application 
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i. Bartons’ “Q” system method 
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(ii).   Support system based on RMR 
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Modeling in Staad pro 
& final lining drawing 
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Numerical Models for Hard Ground and 

Soft Ground 
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Typical Support System for Soft Ground 
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Segmental Concrete lining 
 
 
 
 
 

Normally segmental  precast concrete segments used in soils, boulders & weak rock 
masses. The TBM is capable of placing them in position all around a circular tunnel with 
the help of a segment erector. 
Increased speed of construction 
Tapered rings for curve alignment & simultaneous grouting with tunneling 
Water tightness - extremely important and double gasket system and hydrophobic 
sealing is used 
Provides structural capacity to resist ground, water pressure and reaction frame to push 
TBM ahead (if TBM used) 
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Load cases to be considered: 
1.Ground & Groundwater loads 
2.Loads produced by maximum  
Desirable deflection 
3.TBM Propulsion jacking loads 
4.Grouting loads (Annulus & secondary  
grouting) 
5.Seismic loads 
6.Handling & Stacking loads 
 

ULS :  Check for failure by Max. Bending 
Moment or min. thrust couple (for all loads) 
 
SLS: Check against cracking by Max. Bending  
moment & Thrust couple (for Load 1,2&4) 
 

Ground & Groundwater analysis: Elastic analysis (Curtis/Muir wood;) 
Or FEM analysis (Flac, Plaxis etc.) 
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Reinforcement Design 
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Essential component of NATM is Instrumentation and Monitoring  

1. During & prior to tunnel excavation 
– Standpipe piezometers, extensometers are installed along tunnel alignment to account for sudden change in GW 

level and subsidence 

2. During Excavation and Installation of Primary Support System 

To check deformations, convergences and stresses in primary support system 

– Optical Targets/ Bi reflex targets/Displacement targets 

– Extensometers MPBX/Tape Extensometers, Measuring anchors 

– Pressure cells, Stress meters, Load cells, inclinometers 

– Piezometers 

After final lining 
– For long term stability monitoring of tunnel and structures on ground. 

 

 

 

 

 

 

 

 

 

 

 

During construction, monitoring is done very frequently (fortnightly, weekly, daily). After 
 construction monitoring frequency is reduced. 

Instrumentation and Monitoring in SEM/NATM 
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Tunnel Convergence 
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Top Heading
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Displacement targets

MA....Measuring anchor

E.......Extensometer

PC....Pressure cells

SM....Strainmeter

SM
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PC

PC

PC

E

Geotechnical Monitoring Section 

1.   Alert Limit: 50-60% of predicted deformation 

2. Attention Limit: 70-80% of predicted deformation 

3. Alarm Limit: 95 to 100% of predicted deformation 
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Bi-Reflex Target 

MPBX anchor & rods 

Load cell & its arrangement  
With rock bolt 
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Some Examples 
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Some Examples 
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Some Examples 
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Thanks for Kind Attention 

                     uvglobaldesign@gmail.com 


