
June 27th – 28th  2022, Mumbai, India  

     Tunnelling Asia’ 2022  
International Conference on  

  Underground Space : The Need of the Day 

by 

SEQUENTIAL EXCAVATION IN SOFT GROUND AND HARD ROCK 

(OBSERVATIONAL APPROACH) 

Dr. Rakesh Kumar (PhD IIT Delhi) 

UV GLOBAL CONSULT 

uvglobaldesign@gmail.com 

1 



June 27th – 28th  2022, Mumbai, India  

     Tunnelling Asia’ 2022  
International Conference on  

  Underground Space : The Need of the Day 

2 

INTRODUCTION 
 

•Sequential Excavation Method (SEM)  

•Method of tunnel design and construction which started to gain popularity in the 1960s and 1970s. The essential component of the SEM approach is to take 

advantage of the natural capacity and strength of surrounding rock/soil to support the tunnel with minimum support system, cost and time 

 

•SEM and NATM 

 

•SEM is also known as the New Austrian Tunneling Method (NATM). It can be said with some certainty that while there are similarities to SEM, the name New 

Austrian Tunneling Method was intended to distinguish it from the old Austrian tunnelling approach in the 1960s.  

 

•Sequential excavation was well known when the term NATM was coined in 1964, and many believe that SEM was developed around 200 years ago by miners 

that had to adapt their techniques to the needs of civil engineering works. In his 1963 book entitled ‘‘The History of Tunneling”, Sandström talks about the 

tunnelling methods devised in the first half of the 1800s 
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Basic Terms in Tunnels 
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INTRODUCTION 
•Basics of SEM 

•SEM tunnelling is characterized by the sequential removal of ground material followed by the installation of support. 

The SEM process includes a thorough investigation of the ground and adjacent structures to create 

functional classifications for support and advance lengths (maximum unsupported excavation length). 

 

•Tunnel and geotechnical engineers use these classifications (or pre-planned scenarios) in combination with direct ground 

observations on-site to assess the result of the latest tunnel advance and recommend new round length and class of 

support system for the excavation operation ahead. 

 

•In SEM, the strength of the ground around the excavation is purposely mobilized to the maximum extent possible. This is 

achieved by allowing controlled deformation using an initial primary support with load-deformation characteristics 

appropriate to the ground conditions. 
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INTRODUCTION 

 SEM Support System 

 

•Timely support installation with respect to ground deformations and monitored by geotechnical instruments to assess developing 

deformations and make improvements to support selection for the work ahead. 

 

•Support measures usually include Shotcrete and additional reinforcement as needed, such as wiremesh, lattice girders, bolts/SDA, or 

dowels in rock.  

 

•Heading, bench, invert and side wall drifts depending on size of tunnel and geology 

 

•In soft grounds of poor geological situations pre-support measures need to be used to protect the next advance before excavation and 

installation of support measures take place. Methods like spiling, forepoling, and pipe roofing/canopy, micropiling are among favourite 

techniques to improve the ground ahead. 

 

•In SEM, rather than using stiff support members that attract high loads to fight the ground deformation, flexible but strong support 

measures (like shotcrete lining, wiremesh, bolts/anchors) are used to redistribute loads into the ground by deflection and allow the 

ground itself to become an integrated part of the tunnel support system. 
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INTRODUCTION: Loads and Ground Reaction Curves 
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Ground Considerations 

 

•Another vital aspect of SEM is ground classification systems, which should be based on wide-ranging investigations and 

field observations. The ground response to tunnelling needs to be evaluated based on the data from the geological models 

in combination with the results from the investigation program and laboratory testing.  

 

• These shall consider tunnel size, shape, overburden height, groundwater conditions, and environmental concerns. 

 

• The next step is to calculate the ground support needs and plan for “excavation and support” sequences.  
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Ground Models/Characterisation, Rock Mass Type & Behaviour, Rock Support Type in SEM/NATM 
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Ground Models/Characterisation, Rock Mass Type & Behaviour, Rock Support Type in SEM/NATM 
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Typical Ground Model and Geological L section 
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Various Methodologies for SEM/NATM-Hard and Soft Ground 
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Various Methodologies for SEM/NATM-Hard and Soft Ground 
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Numerical Analysis 

 

•In most design efforts for SEM, a numerical model of the tunnel and support systems is constructed using a 2D or 3D 

finite element (FE)/FDM/DEM program for soil and rock applications. 

 

• FEM/FDM/DEM software can be used for a wide range of tunneling and underground projects to simulate the complex 

interaction between ground and structural elements and generally facilitates the excavation design and evaluation of 

support systems, groundwater seepage, consolidation, dynamic analysis, and much more. 
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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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Typical Support System for Soft Ground 
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Typical Support System for Soft Ground 
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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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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 



June 27th – 28th  2022, Mumbai, India  

     Tunnelling Asia’ 2022  
International Conference on  

  Underground Space : The Need of the Day 



June 27th – 28th  2022, Mumbai, India  

     Tunnelling Asia’ 2022  
International Conference on  

  Underground Space : The Need of the Day 

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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In between excavation of tunnel and installation of support a certain percentage of stress 

relaxation will take place. A percentage unloading method was used to approximate the three 

dimensional redistribution of stress around the two dimensional model. 

  In this analysis the ground relaxation allowed is 70% before installation of 

support. This value is assumed by combining the results obtained from ground reaction curve 

analysis and literature available on rock support interaction analysis. The variation of support 

pressure with some distance ahead of advancing face and some distance behind the advancing 

face is shown below. 
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Excavation steps for 
unstable heading 
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 Underground alignment is divided into sections based on the predicted 
stability of core face in absence of stabilization measures : 
– Stable core face (Behavior category A): Deformation in elastic range. Instability manifested are 

falling ground at face & around cavity 

– Core face stable in short term (Behavior category B): Deformation in Elastic-plastic range. 
Instability manifested are spalling at face & around cavity 

– Core face unstable (Behavior category C): Deformation phenomena in failure range. Instability 
manifested are failure of face and collapse of cavity 

 

 

 

 

 

 

(ii). Face instability 


