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Total Length 3209 m

(I)-TM (Bineshian, 2022) 336 m; successfully employed in problematic portion due to 
failure of Conventional and NATM

Conventional Tunnelling Method 1082 m; unsuccessful in problematic portion

NATM 1791 m; unsuccessful in problematic portion

Wetness Moist, Leak, Wet, Drip, Shower, Flow, Gush, Burst 

Lithology Alluvium, Claystone, Colluvium, Dolomite, Limestone, 
Mudstone, Sandstone, Scree, Shale, Siltstone

Identified Mechanical Behaviour of Ground Fully Plastic, Gravity Driven, Liquefaction, Squeezing, Visco-
elasto Plastic

Geo-structure Highly Jointed, Highly Sheared, Highly Tectonised

T01: Salient Features
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T01: Alignment in RT within MBT
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336 m of T01 in RT & MBT

T01P1 (Katra Side)

T01P2 (Reasi Side)

Sinkhole (L60 m, W43 m, D35 m)



November 22nd – 23rd 2023, Mumbai, India 

Tunnelling Asia 2023 
International Conference on Underground Space

T01: Geological L-Profile
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USBRLP - T01 - Geological L-Profile

T01P1 CH32019.4 2023/11/22

T01P2 CH32034.35 2023/11/22
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Unexcavated portion 14.95 m balance
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Failure 
Code

Date of Failure Discharge (m3) Failure Location Chainage

01 2016/08/28 5,000 T01P2 CH32140

02 2016/09/29 10,000 T01P2 CH32145

03 2017/02/23 150 T01P2 CH32145

04 2017/03/12 100 T01P1 CH31804

05 2017/03/18 250 T01P1 CH31804

06 2017/03/24 150 T01P1 CH31804

07 2017/03/29 250 T01P1 CH31804

08 2017/05/05 6,000 T01P2 CH32137

09 2017/09/21 100 T01P1 CH31818

10 2017/09/26 150 T01P1 CH31820

11 2017/10/03 350 T01P1 CH31820

12 2017/10/14 20,000 T01P2 CH32140

13 2017/11/02 350 T01P1 CH31820

14 2017/11/22 3,000 T01P2 CH32145

15 2018/01/25 300 T01P1 CH31820

16 2021/11/17 300 T01P2 CH32140

T01: Chronology of Failures
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T01: Overview of Physical Progress in MBT
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TM 
Employed

Classification 
Employed

Progress 
(mm/day) From To

Duration 
(days)

Total Advance 
(m) 

NATM Q Nil 2016/08/28 2019/08/31 1098 Nil

NATM RMR 2.03 2019/05/23 2022/01/31 984 2

(I)-TM I-System 512.28 2022/05/01 2023/11/22 570 292
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1

FaceP

2

GCD

3

PR + PU-2C

4

PreI (PU-2C) 
+ DH 

5

GCD

6
PSD/PSE + 
RigidR + 
FaceButt

T01: Advancement Flowchart
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a. FaceP and FaceButt b. Axial Drainage Hole/s (ADH) c. Wing Drainage Hole/s (WDH) 

   
d. GCD Holes e. Examples of drilling location and orientation f. Pipe Roofing (PR) 

  
g. Pre-excavation Injection (PreI) h. Partial Sequential Digging/Excavation 

(PSD/PSE) 
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T01: Execution Details

10



November 22nd – 23rd 2023, Mumbai, India 

Tunnelling Asia 2023 
International Conference on Underground Space

Tunnel Design

Design Approach

Empirical

Analytical

Seismic

Observational

Classification & 
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I-System

Tunnelling Method

(I)-TM

Design Procedure

DC

GZ
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Design Flowchart
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Underground 
Structures

Semi-surface 
Structures

Surface 
Structures

Rock

Soil

Civil

Mining

Oil & 
Gas

Application

of

I-System

Accurate in Prediction of GB After 24 Years Scrutinization in Practice

I-System: Application
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Problematical 
Configuration

Structural 
Configuration Scale Effect Earthquake Effect Excavation Method 

Impact

Squeezing/Swelling/
Heaving VEP Behaviour Fully Plastic 

Behaviour
Time Dependent 

Behaviour
Burst Prone Ground 

Condition

First Ever Classification That Considers

I-System: Features
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(I) = (Ai + Ci + Hi + Pi + Si) × DFi × ETi

I-System: Scoring Diagram
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I-System: Summary
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Input

Derive parameters 
(from visit or data)

Indices

Calculate

I-System

Calculate

(I)-Class

(Classifies the ground 
and advises for 

practice and design) 

(I)-GC

(Characterizes the 
ground and advises 

for design)

(I) = (Ai + Ci + Hi + Pi + Si) × DFi × ETi

Output

I-System: Utilisation Diagram
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Selection of 
Type of 

Structure
Input Data

I-System

Computation

(I)-Class
&

(I)-GC

- (I)-Class: I-System’s Ground Classification (Bineshian, 2021)
- (I)-GC: I-System’s Ground Characterisation (Bineshian, 2021)
- (I)-TM: I-System’s Tunnelling Method (Bineshian, 2021)
- GCD Calculator: Ground Conductivity Designation (Bineshian, 2020)
- PL Advisor: Pull Length Advisor (Bineshian, 2021)

- PPV Predictor: Peak Particle Velocity Predictor (McKown, 1986)
- SSH Identifier: Squeezing, Swelling, and Heaving Identifier (Bineshian, 

2020)
- SysB Configurator: Systematic Bolting Configurator (Bineshian, 2021)
- ViD Assessor: Vibration-induced Damage Assessor (Bineshian, 2021)
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(I) = (Ai + Ci + Hi + Pi + Si) × DFi × ETi

I-System Software
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(I)-TM

Pre-
design

DesignConstruction

Post-
construction

In any medium
Under any condition

(I)-TM: Application
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(I)-TM

Principal Procedure

GZ

GB

GH

(I)-Class(I)-GC

SD

SV

ViD

(I)-TM

Assumptions

Arch pressure 
effect at any 

depth

Comprehensive 
application at 
any ground

Controlled 
release of 

deformation
Flexible 

contract and 
management

Permanent 
life for tunnel 

structure

Primary 
measures 

part of final

Utilisation of 
ground's load 

bearing capacity

(I)-TM: Principles and Concept
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Re-evaluation
(re-calculation of I-System for the new face preceded by data collection for the new face)

I-System ViD Assessment Observation/s Further Assessment/s

Advance
(one cycle of advance at face and application of recommended measures by I-System's outputs)

Move ahead for one round using pull length proposed by (I)-Class

I-System
(calculation for the fresh face to start the tunnelling procedure preceded by data collection)

(I)-Class for execution (I)-GC to review the design

Design
(using proposed design procedure, I-System's outputs, and numerical analysis)

DC GZ GB GH SS SD SV

C
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Phase
D
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R
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(I)-TM: Utilisation Diagram
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(I)-TM vs Other Existing Tunnelling Methods

21

Tunnelling Method

Application
Employing 

(Conceptual)

In
 

Ph
as

es

In
 

M
ed

ia

U
nd

er
 

Sp
ec

ia
l C

on
di

tio
ns

*

Pe
rm

an
en

t L
ife

 
Ex

pe
ct

an
cy

 fo
r T

un
ne

l S
tr

uc
tu

re

Fl
ex

ib
ili

ty
 o

f C
on

tr
ac

t
 fo

r 
Ex

ec
ut

io
n

Su
rr

ou
nd

in
g 

G
ro

un
d’

s 
Lo

ad
 B

ea
ri

ng
 C

ap
ac

ity

A
rc

h 
Pr

es
su

re
 

at
 A

ny
 D

ep
th

C
on

tr
ol

le
d 

R
el

ea
se

 o
f  

D
ef

or
m

at
io

n 
in

 P
la

st
ic

 
G

ro
un

d

Pr
im

ar
y 

M
ea

su
re

s 
as

 
Pa

rt
 

of
 F

in
al

 M
ea

su
re

s

Pr
e-

de
si

gn

D
es

ig
n

C
on

st
ru

ct
io

n

Po
st

-
co

ns
tr

uc
tio

n

R
oc

k

So
il

Conventional N/A N/A A N/A A A N/A N/A N/A N/A N/A N/A N/A
CnC N/A N/A A N/A A A N/A N/A N/A N/A N/A N/A N/A

NATM N/A N/A A N/A A N/A N/A N/A N/A A C/A C/A N/A
NMT N/A N/A A N/A C/A N/A N/A N/A N/A A N/A N/A A

Pipe/box Jacking N/A N/A A N/A N/A A N/A N/A N/A N/A A N/A N/A
SCL N/A N/A A N/A C/A N/A N/A N/A N/A A C/A N/A N/A

(I)-TM A A A A A A A A A A A A A

A Applicable C/A Conditionally Applicable N/A Not Applicable
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(I)-TM vs Other Existing Tunnelling Methods
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(I)-TM I I I I I I I I I

N/I Not Included in the method           I Included in the method P/I Partially Included in the method
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Injection 
Pump

Top/Mech 
Packer

Injection Hole (e.g., NX)

Li
Vw

Pm

GCD = 3&
4' 5(67'

 Bineshian (2017, 2022)
GCD Ground Conductivity Designation (dimensionless)
L! Length of water injected portion (packed length) of hole (or perforated SDA) in m (length of the hole to be equal 

or lesser than the grouted/injected length if GCD is used for post-grouting/injection assessment) 
P" Peak head (MPa) during T! (the measured water pressure before the first drop in peak; the first peak) 
T! Injection period (min) for injecting V# water (the period from initial raise in pressure till the first drop in peak) 
V# Injected quantity of water (lit) during T! (measured from the initial raise in pressure till the first drop in peak) 

GCD Range GCD-Class
Technical Description

Ground Hydraulic Conductivity Ground Solidification Quality Judgem
ent as per design requirem

ent

≤ 0.99 GCD-01 Considerably Low (CL) Considerably Good (CG)

1 - 1.99 GCD-02 Extremely Low (EL) Extremely Good (EG)

2 - 2.99 GCD-03 Very Low (VL) Very Good (VG)

3 - 4.99 GCD-04 Low (L) Good (G)

5 - 6.99 GCD-05 Moderate (M-) Fair+ (F+)

7 - 9.99 GCD-06 Medium (M+) Fair- (F-)

10 - 14 GCD-07 High (H) Poor (P)

15 - 24 GCD-08 Very High (VH) Very Poor (VP)

25 - 49 GCD-09 Extremely High (EH) Extremely Poor (EP)

50 -100 GCD-10 Considerably High (CH) Considerably Poor (CP)

Ground Conductivity Designation
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This presentation as part of a lecture and paper both entitled “(I)-TM’s Output in T01 of USBRLP; An Efficient and 
Safe Hybrid Tunnelling Method” provided to you by Dr Bineshian, Hoss "AS IS". The content – entirely without any 
change, amendment, or modification – is part of the design – which is based on I-System and (I)-TM – submitted to 
KRCL and implemented successfully in T01 Tunnel in USBRLP of Northern Railway. I-System and (I)-TM developed by 
Bineshian (2019 - 2022). I-System is developed based on 22 years of research and practical experience of the author 
(officially released in 2019) to help the design of structures in ground including underground, surface, and semi-
surface structures. (I)-TM is the I-System’s tunnelling method officially developed in 2022. The I-System can be used in 
the Civil, Mining, and Oil and Gas industries. The (I)-TM can be employed as a method for design and construction of 
any underground structures. They can be used in practice, academic, and research institutions due to their 
comprehensiveness in their applicability for any types of ground from any type of soil to any type of rock. You 
understand and agree to use the I-System, (I)-TM, and content or I-System Software and content at your own 
discretion and risk. Author make no guarantee/s regarding the content, quality, accuracy, precision, completeness, 
effectiveness, reliability, or usefulness of the I-System, (I)-TM, content, result/s, or advice/s obtained from the I-System, 
(I)-TM, or I-System Software, or that the I-System, (I)-TM, or I-System Software will be error-free. The same is 
applicable to this presentation, design, and content and its associated paper. Any articles and/or publications
regarding the I-System and (I)-TM or this presentation and its associated paper is allowed to be used, copied,
distributed, transmitted, stored, or translated in any form subject to cite the author of the I-System and (I)-TM as
“Bineshian (2019 - 2022)”, this presentation and its associated paper, or later or related publications under the author
name.

Disclaimer

24



November 22nd – 23rd 2023, Mumbai, India 

Tunnelling Asia 2023 
International Conference on Underground Space

References

Bineshian, H 2019. ‘I-System: Index of Ground-Structure; A Comprehensive Indexing System for Ground-Structure 
Behaviour; Classification and Characterization’, JOEG, XLIV (1 & 2), 73 – 109.

Bineshian, H, 2021. ‘Design approach for tunnels using engineering classification with reference to I-System’, 
EGCON 2021, Proceedings of Int Conf on Recent Advances in Geotechnics, Keynote Lecture, 56-74.

Bineshian, H 2021. ‘I-System: Index of Ground-Structure: 2021 Edition’, JOEG, XLVI (1), 1 – 50. 
Bineshian, H 2022. ‘(I)-TM: I-System’s Tunnelling Method – An Introduction’, TAI Journal, 11 (1): 40 – 49.
Bineshian, H 2022. ‘GCD – Ground Conductivity Designation: 2022 Edition; A testing method to quantify grounds 

hydraulic conductivity and solidification quality’, TAI Journal, In Press. 
Bineshian, H 2022. ‘T01; The Most Challenging Tunnel in India’, Technical Note, USBRLP, Submitted to Northern 

Railway, 20220515.
Bineshian, H 2022. ‘Tunnelling in Himalayas Terrain’, Technical Note, USBRLP, Submitted to Northern Railway, 

20220522.
Bineshian, H 2022. ‘Unlocking solution for the T01 in Himalayas’ over-critical thrust wedge by I-System; The Most 

Challenging Tunnel in India’, Tunnelling Asia 2022 – International Conference on Underground Space: The need of 
the Day, Proc Int Conf TA 2022, Mumbai, India, 125 – 144.

Mahi, S, Bineshian, H, Gupta, S, Hegde, R K, 2022. An Overview of the Success in Resolving the Years-lasting 
Problem of USBRLP’s T01 Tunnelling in Himalayas’ MBT within the RT Zone by Employing I-System and (I)-TM. 
Proc Int Conf on Engineering Geology and Geotechniques for Safe and Sustainable Infrastructures, EGCON 2022, 
Kolkata, India.

25


