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Drill and Blast

Tunnel Profile Future tunnel profile

Figure 4 Sketch showing the drilling of blast holes after the completion of

Tunnelling Boring
Machine (TBM)
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TUNNEL FACE MAPPING (SOIL)
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GROUND TYPE: Unconsolidated sediments
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(FIELD TEST)

SOIL DESCRIPTION
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(Date: 2053014

[Time:

| Site: North Portal

Rock Type: Schist

Rouwnd

Length: 365m

Chainage: 15+413 - 15680
Rock Suppon Class:
Phaot No.

Weathering:
l

Fresh

| slighty | Moderately | Highhl"f | Completely | Residual Soil

Rock Strength:

Vary Strong |

Sirong ]ua-d. Suongl Weak v | V. Wealv'| Ext Weak

Rock Quality

V. Good

| Good | Far |  Poow” | v.Poov’ | Ext Poor

Water Condition:

Dry

| Damp ] Werv'” I Dripping l Seapage l Flowing

Discontinulty Characteristics

Three joint set + Random

Schist

Perpendicular o Tunnel Axis

Drive against the Dip between 45 - 90 degree

Persistance (m)

3-10 m

|Apenture (mm)

0.1-1mm

The exit section at Morth Portal of Nahakki tunnel is
characterized by the presence of schist and
metacrbonate. This strata is highly weathered and
mainly very weak metamorphic rock. The rock across
the proposed tunnel alignment are characterised by
the presence of well developed three to three plus
radom joint sets. Discontinuity length (Persistence) is
maedium and varies between 3 to 10m. The aperture
size varies between tight to partly open i.e 0.1 to 1 mm
Average spacing of joints in the schist are extremely
low to wery low and ranges between 0.02 to LOEmThe
major controlling joint set is the one parallel to the
schistosity which is generally dipping 40° Water
condition is wet

Spacing (mm]

> 60 mm

Filling

Soft filling <S5mm

Weathering

Highly Weather

Rock Support

Lattice Girder

{25x25 cm) [1-1.5m) spacing

Rock Bolt 20mm

Length 4m-5m @ (1.5m) Length (3-dm] @ (1-1.5m) B 32mm

Wire Mesh

: (75*75em) spacing 7.5em

Force Polling

Shotcrate

20-15 om 30-40 cmi

Type

Famlt

Jairt
Shekensided
Fractured
Schistosity
Bedding Plan
Foliation
Shear

Fold

Spacing (m)

Extr. Low

Wery Low 0
Close

Mederate

Wide

Very Wide

Extr. Wide

<0.02
02:0.0 4
0.06-0.2
0.2.06
062
2.5
=6

Aperture (mm)

Very Tight <0.01
0.01-02v"
0.250.5 v
0525
2,510
10-jan

Extr. Wid. Oper 10-100
Cavarmous »1

Reughness

Stepped Rough
Stepped Smoalh
Stepped Shokensided
Undulating Raugh
Undulating Smaath
Undulating Skekensded
Planar Rough

Planas Smoath

Planar Shckensided

Block size Joint! m*
wery Large <1
Lasge 1-3
Madum 310
Srrall "10-30
Very Small >30
Crushed >G50

Persistance (m)
viry Low <1
Lew

Mixdiurm

Hagh

| detda: [JwisAF:  |@Vawe:  |Rook Class:

10V24=0.416 1.54=0375 066M=066 0103




n51NLEAIAT Y% Strain MNTMNEIN (Geotechnical Issue) ua

Uszanaeu (Support Type)

Ref : Hoek and Marinos 2,000) , RocSupport v.4.0 Tutorial Manual

15 r
E | Strain greater than 10%
S MfF Extreme squeazing problams
. 13}
L 12}
@
= 11F
i
= 10
@
S 9f
= a |
w 7 F D Strain betweean 5 and 10%
@ 6 k Very severe squeezing problems
= 5
E Strain between 2.5 and 5%
% 4F Severe squeezing problems
w 3F ¢ Strain between 1 and 2.5%
o 2 F Minor squeazing problems Strain less than 1%
% ] B Few support problems
= T— A
m D ] [ ] [ | L _-I
o 0.2 0.3 0.4 0.5 0.6
G, /P, = rock mass strength / in silu stress
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(Geotechnical Issues)
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Typical Cross-Section of Support Class for Main Tunnel : ESIJ LL‘]JUn'ﬁ’qmtazaﬂﬁﬂfﬁidﬂ%’ldﬁ'\fm
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Support Class
RMR Description Excavation i Shotcrete S Pre-support
Bolts Set
Class | Sub Class
| - 100-81 | Very Good Rock Full Face Generally, no support is required except local bolting
I - 80-61 | Good Rock Full Face v v - -
I - 60-41 | Fair Rock Full Face v v - -
v . 40-21 | Poor Rock efplaizel 03 v v v (If Required)

and Benching

Pipe Forepoling /

Va <21 Very Poor Rock v v v .
vV Top Heading Pipe Roof
and Benchin i i
Vb <21 Ve:ry Poor Rock g v v v Pipe !zorepollng/
(high overburden > 150 m) Pipe Roof
Sa i Extre.mely weak rock, Unconsolidated sediments ' ' i v v (T Recilired)
or soils Sequential Excavation
S Top Heading,
sh ) Extremely weak rock, Unconsolidated sediments Benching and Invert ) v v Pipe Roof

or soils where squeezing problem
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Typical Cross-Section of Support Class for Main Tunnel : zﬂLtUﬁﬂﬁiqmlLazaﬂﬁdTﬂidﬁ%"‘lx‘iﬁ'l el

ROCK BOLT
LENGTH 4.0 m
(LOCALLY)

EXCAVATION LINE

Support Class |

SYSTEMATIC ROCK BOLTS

\‘i )A /, .

SPACING 1.5x1.5m
N

=

STEEL RIB J

H-100x100-17.2 kg'm
SPACTNG 1.5m

Support Class IV

SHOTCRETE
250 nm THICK

EXCAVATION LINE

lasomsnaainsainasauds-1s Me-idesnas
dyail 2 vwer-des

ROCK BOLT
LENGTH40m
(LOCALLY)

SHOTCRETE
50 mm THICK

EXCAVATION LINE

Support Class Il

SYSTEMATIC ROCK BOLTS
LENGTH 5.0 m
SPACING L.5x 1.0m

PIPE FOREPOLING
& 51 mm. LENGTH6m
SPACING 0.3 m

SHOTCRETE

300 mm THICK
STEEL RIB
H-150x150-31.5 kg'm
SPACING 1.0 m

Support Class Va

— EXCAVATION LINE

SYSTEMATIC ROCK BOLTS
LENGTHA.0m
SPACING 2.0x 2.0m

SHOTCRETE
150 mm THICK

EXCAVATION LINE

Support Class il

SYSTEMATIC ROCK BOLTS
LENGTH6.0m
SPACING 1.5x1.0m
PIPE FOREPOLING

$ 51 mm, LENGTH 61
SPACING 0.3 m

SHOTCRETE

350 mm THICK
STEEL RIB
H-150x150-31.5 kg/m
SPACING 1.0m

Support Class Vb

EXCAVATION LINE

Aan1svawa diataaii-ad 2 : mirmunaaswglaved c2



Rock bolt / Cable baolt
(Tendon support)

Steelset / Girder

|

Farepole / Spile
(Umbrella Arch)

Shotcrete
lining




sSurface

Loosened rock

FJF! 2110 'J'lﬂ.r:'..'-l_ﬂl'.i'r- |:'_!E|uj-|]:| concept afl moverment of loosened rock toward a
tunnel I:I.'I'{ width B and height H;) and transfer of rock load, §, ::'.=:|".1': Table 2.5).




Surfoce

g

Carried by Arching

|"' Approx. B + Hy

=

Carried |Carried | Carried |
by Wedgd by roof |by Wedgel

lbdf
X .-__.__Rff.i_ ':-:-/,-' —

Direction of —sx —

movement during
excavation process




NATM Design and Construction Al DRIVEN CONVERGENCE MONITORING
Tunneling in Weak Rock

The stability of tunnels excavated in weak rock is primarily assessed by monitoring the strain within the
surrounding rock mass. Hoek (1998) uses Montecarlo simulation to simulate tunnel closure and construct
design chart by normalizing tunnel closure as a ratio to tunnel’s diameter. Many analytical approaches were
introduced in attempt to estimate time-dependent tunnel closure and verify by numerical modeling (FEM).

S
R
0wl o
o=
AR
£ 2
2%
al c
Q =
/]

Tunnel closure / tunnel diameter

03 04 05 06 07
Rock mass strength / in situ stress

Tunnel Closure by Hoek (1998)
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The 9th Master Plan Improvement Project of Metropolitan Waterworks Authority (MWA)

TassmsdSudyatemsdszidumundn asan 9

4. Tunnelling Boring Machine (EPB Type)
TBM Break-out preparation

TBM lowering down




The 9th Master Plan Improvement Project of Metropolitan Waterworks Authority (MWA)

TasamsSuilzenamsiszihumunan aai o

5. Segmental Tunnel Lining
TBM Excavation and Ring building

Erector
Bl 2




Thailand Underground
& Tunnelling Group

Over—Cutt;i‘-qr Copy Cutter

_[— Cutting face gap

Tail Void
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Longitudinal Profile of Geology Along The Tunnels Alighment : ANBHEN S IHINGIATNE1IVDY quﬁluim
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Method of Construction : %Emifiaa%"m E;ING ﬁ l,l,&irn

O New Austrian Tunnelling Method (NATM)

=l ININE Excavation : 1u1a
» Drill and Blast (rock) : ldiaganda (Auuds)

i !
11
’N' % ; T e
ls J O »  Tunnel excavator (stiff clay to weak rock) :'I.'Eim;'m (An

= = &8 &
Installing Lattice Girders WAREIUIIQIAUAIN)

Mucking : suthelddinasiagauya

Mucking

Tunnel face mapping and select the support class by geologist :

a a A a s
dsziliuaniwmessdiansiiainsoidendsainnaaalassaiemdu
Primary lining: Tassashadedn

> Installing lattice girder/steel arch

: lasanandnen

»  Rock bolting (rock) : asnfafiu

> Shotcrete : aaun3anu

Waterproofin Reinforcement Formwork ° . .
p—— ** Final lining :@ntﬂqimﬁ
Waterproofing : szunuHuiudai
Reinforcement : twaniasulasiass
Formwork : LLUUHﬁEIG\'I@]ﬂBHﬂ%GIQINdFT
a & &
Invert concrete : ﬂauﬂiwwuqluaﬂ

_— o o ' 4
CIP concrete lining : enanaunia siawnaslun
Bench Excavation Invert Excavation Invert Concreting Final Lining CIP Concrete
Shotcrete Arch in invert

lassnrsnaasraniesalWaraudu-15 9 s18-1 589209

e fAon1vandr Slalaaii-ad 2 : mirmwnaaiwgluve €2
dyaii 2 3399124589319




e Justification for Drill & Blast Method based on NATM

-D&B allows rock mass to carry load gradually.

-D&B enables controlled sequence for timely invert closure,
ensuring ring action.

-Staged D&B sequence (heading & bench) aligns with NATM
by controlling stresses, enabling early support, and allowing

continuous monitoring.

-Shotcrete application can be done to minimize loosening.

Image source: Frontier-Kemper Constructors, Inc., Drill-and-Blast
Tunneling

A rkemper.com/services/drill-and-blast-tunneling.htmi)

First primary support

Second primary support \
Upper ben\
A/_ __________ (A b N

Source:Natural Cement Distribution Ltd., SHOTCRETE
530.
Available at:
https.//naturalcement.co.uk/product/shotcrete-530/

Middle bench . Source:Nie, J.; He, C.; Kou, H.; Liu, F.; Yang, W.
L 5y Research on Excavation Method for
Soft Rock Tunnel Based on Stress Release Rate.
Appl. Sci. 2024, 14, 668.
https.//doi.org/10.3390/app 14020668




o Justification for TBM based on NATM

-Immediate ring closure conserves in-situ stress and

prevents loosening.
-Uniform excavation profile reduces overbreak and ground__ /.
relaxation compared to cyclic methods. 4
-Instrumented lining and ground measurements enable

observational method for adaptive support.

(c) CFST arch concrete grouting (d) Steel fiber shotcrete spraying

Source: Wei Lu, Shuguang Song, Shucai Li, Bingchen Liang, Jiabin Li, Yingcheng Luan, Lei Wang, Huibin
Sun,
Study on mechanical properties of composite support structures in TBM tunnel under squeezing soft rock
conditions, Tunnelling and Underground Space Technology,Volume 144,2024,105530,ISSN 0886-
7798, https.//doi.org/10.1016/j.tust.2023.105530.

Source:Hyundai Engineering & Construction. “Hyundai E&C builds tunnels fast and safe (TBM
Method).” Hyundai E&C Newsroom.



Major Cases Of Tunnel Failure

Construction Phase Failures
1. Silkyara Tunnel Collapse(2023)

* Silkyara Bend—Barkot Tunnel,
Uttarakhand,India collapsed at Ch 203m-Ch240
m from portal; 41 workers trapped for 17 days,
all rescued.

* According to the Disaster Management Cell,
India, the potential reasons of tunnel collapse
were: weak/fractured rock patch, water seepage
and erosion, and other undetectable geological
1ssues during construction.

Section collapse trapping 41 workers

Source:Disaster Management Cell, Dr. R. S. Tolia, Uttarakhand Academy of Administration,
Nainital.
“Silkyara Tunnel Section Collapse: A Case Study”



Major Cases Of Tunnel Failure

Construction Phase Failures

2. Sao Paulo Metro Tunnel Collapse (2007)

* On January 12, 2007, a massive sinkhole
formed during the construction of the Pinheiros
Metro Station in Sao Paulo, Brazil.

« 7 fatalities and significant damage to nearby
roads and buildings.

* Approximately 6m of rock above the tunnel.

* Rate of displacement was 15mm to 20mm two

to three days before the accident.

Fig: Drilling in a tunnel to extend the metro system

caused a massive sinkhole ,Brazil,2007
Source:BBC News, 18 Feb 2024









Major Cases Of Tunnel Failure

Construction Phase Failures

3. Heathrow Express Rail Link Tunnel Collapse (1994)
* Occurred during the night of 20-21 October 1994,

causing a £150 million recovery cost, 6-month

project delay, and disruption to the Jubilee Line

Extension (London Underground).

Surface settlements > 200mm
Second surface crater £ = E B A ‘
22 Ocltqper 1994 f o - /
|

“Temporary” works
(250mm shotcrete) .,
contractor designed

e aal
b | g S

]

Third surface crater

First surface crater 23 October 1994

00.15h 21 October 1994

“Permanent” works
(cast concrete)
consultant designed

I
|r |

Fig: Buildings were damaged and a crater
appeared between the airport's two runway

Source: Daily Mirror

Source:Prof. Chris Clayton, “Advanced Course on Risk Management in Civil Engineering,” LNEC Lisbon, November 17-22, 2008.



Major Cases Of Tunnel Failure

Operational Failures

1.Sasago Tunnel (Chuo Expressway, 2012)

* An estimated 270 concrete slabs, each weighing
1.4 metric tons, fell from the roof of the Sasago
Tunnel onto moving vehicles below.

* 9 fatalities, several injuries.

* Failure of ceiling support bolts due to corrosion
and 1nadequate inspection, leading to fallin
concrete panels. s

Fig: Broken concrete ceiling panels after
ol Thread collapsing inside Sasago Tunnel

Source: The Christian Science Monitor, “Japan begins inspection of 50 tunnels

after collapse kills nine people,” December 3, 2012.
Ministry of Land, Infrastructure, Transport and Tourism (MLIT), Japan,

“Sasago Tunnel Collapse Investigation Report”, 2013.

Crack



Major Cases Of Tunnel Failure

Operational Failures

2.Gotthard Road Tunnel Fire (Switzerland, 2001)

* Occurred October 24, 2001 in the 17 km Gotthard
Road Tunnel due to a truck collision.

* Fire lasted ~2 days with intense heat and toxic
smoke.

* 11 fatalities and dozens of injuries.

 Highlighted the need for advanced fire detection
and suppression systems, emergency exits, Fig: Swiss tunnel ablaze after head-on crash
Ventllatlon, and evacuation prOCCdurCS. Source: Ticino Cantonal Police. "In the 'red zone' close to the seat of the fire, the

e Influenced Swiss and European tunnel fire Safety tunnel’s false ceiling collapsed.” Alptransit Portal
regulations.
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Minor Failures For Illustration

e KU Research Tunnel,Nepal * Overbreaks a common issue in
» Excessive deformation of rib tunnels o
* Sandstone weakened by water,
support due to rockfall

causing loss of shear strength and
localized face collapse.
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Table 2.  Observation variables and applicable observation methods

Aax QU c
IHNI5M3I0IA I MaIHlHIA

Subsidence Monitoring
&

Borehole Extensometer Inclinometer and
Settlement Gauge

) i {3 ‘e ) i)
e b e e e e

Absolute 3D displacement monitoring

Face displacement monitoring

Levelling

Extensometer

Load cell

Tilt meter

Hydrostatic levelling system
Borehole inclinometers

Piezometers

Water level gauge

Strain gauges

Invert probe

Geological compass-clinometer

Digital ground mapping

Visual inspection

Surface Settlements

" Structures and utili-
Strain ties deformation

Gauge Lining displace-
ments

Load Cell

Lining strains

Surverying : Anchor loads
System

Invert integrity

" Water level

Tape Distometers |- : \
Pore pressure
| Face displacements

Ground structure

Ground displace-
ments

Qualitative inspec-

tion of lining integri-

ty
Ariznavarreta-Fernandez, Gonzalez-Palacioa, ® very valuable

Menéndez-Diazb and Ordofiez (2016) ?;:T;T:;alue

* - possible with computer-based interpolation and evaluation methods

Austrian Society for Geomechanics (2014)




Method of Convergence Monitoring Al DRIVEN CONVERGENCE MONITORING

Tunnel Construction requirements on Tunnel convergence monitoring

The three methods was commonly found on construction site.
« Crack Gauge : only measure progressive of crack but not see the holistic view of the deformation.

» Extensometers: simple interpretation but not give engineer of overall tunnel closure.

» Geodetic Survey by Total Station: most commonly found on site, but difficult to maintain fixed
reference point in deep tunnel.

< Optical Reflectors
Multiplexer (MUX) "\ : . on Crown

Repressurizing Tube

Optical Reflectors
on Walls

Recording Station
(Total Station)




A Y ! Y (4
IHNI3AFIVIANIFINAUNIVDIDIH9A

v o 1 o . , ) A ~ 1
» 1AL UNE TR (Absolute displacements in space) Gl%’qﬂﬂﬁmminmmmazmm U Total
9J
station, Tachymeter §1539MHAI 1AA1N9 3 AU (X,Y, Z) |9l Wip Easting , WNA Northing 1@z
A5 (Elevation)

afﬁmsm)mﬂﬂmuﬂmﬂaaumm R) !!ﬂ‘H !!’du




INAHAMSTTNTID

|< max. 80 m +1 0-30 m >|

Figure 7. Sketch of an interlinked free station method in the tunnel
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Method of Convergence Monitoring Al DRIVEN CONVERGENCE MONITORING

Tunnel Construction requirements on Tunnel convergence monitoring

L ess common on construction site:

* Laser Scanning
 Fiber Optic Cable

Fiber optic
(FO) cable

—— Fiber optic(FO) cable [l Fixing point(FP)



Earth Pressure Cells

Pressure cells .
for contact and
circumferential stress.

Shotcrete lining

Terminal

Portable vibrating wire
readout

INSTALLATION IN A TUNNEL LINING



transverse element

measuring cable
PVC pipe

strain gauges |||

support member ||

covering material || | :




Borehole Rod Extensometer

Description

Multipoint rod extensometer consists in:

1
2.

3
4,
5

A head where the rods are fixed.

One or more measuring rods. Available in fiberglass, steel or invar. They are
protected from grouting through a protection sleeve.

Bottom anchors. One for each measuring rod, to be grouted in the ground.

2 grouting tubes.

Multicore cable (optional) for connection to a readout.

I

Protection cover

[y

Protection cover

Single-reading multipoint rod extensometer




— Magnetic
Settlement gauge

Embamiment

Setthement ring

' Corrugated sheath
~ Spi
;ﬁ_ﬁ-—ﬂurehole

,——F’f Acoess fube
Datum poind
};ﬂ-ﬂ'ﬂ_ﬂ_ﬂ_ﬂ_

Telescopic bottom end

! 4
4 e

; , o o ap s - v
firm soif auauiladagianan maumumuﬂmmsaja AMRINUAIUIEAN




Inclinometer — Slope indicator

Cumulative
Deviation

:d]‘ﬁdz +d3

d

f—y

d

dy=Lxsin0;
d, =L x sinO5
d3y=L xsin03
d,=Lxsin0

Figure IV-26. Movable Inclinometer In Operation

ELECTRICAL
READOUT

GRADUATED CABLE~

BUTT JOINT AT
CASING ENC —_

T =
ORIGINAL ORIENTATION
OF CASING —_
s
\\ —PROBE |
\ STANDARD
CASING
DIRECT LENGTHS
HOVEML:?:!I e _—ANGLE OF 50 OR 10:0
INGLINATION |
WHICH I8
MEASURED

AT A SPECIFIC
AND REPEATABLE
DEPTH | ABSPLASTIC
INCLINATIONS OF
THE CASING ARE
MEASURED AT
VARIOUS DEPTHS
AND USED TO
COMPUTE A LATERAL
MOVEMENT PROFILE

BOTTOM OF CASING
ANCHORED

BELOW ZONE OF
MOVEMENT

=

| BOTTIOMPLUG — &) W] 1apOINTS
2 |
1 (&

a Butt Joint installation

Figure IV-27. Typical Butt Joint And Slip Joint
Casing Installations
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Case 1: Shallow tunnel in soft ground beneath groundwater

tilt meter

~10m ~10m ~10m ~10m target
1 v/ e Q T surface level

-

' extensdmeters/
‘inclinometers

water:level gauges/piezometers

I I |
| I |
I, I |
1 . | I
I | |
Iw® |
AN ¥ /{:
| |
I |

" targets

inverit probe

Figure 2: Surface monitoring cross section consisting of targets, extensometers, piezometers,
and tilt meters on the same station of a monitoring section in the tunnel




Case 2: Tunnel in blocky rock mass

Figure 3. Blocky rock mass with potential for overbreak; with installed monitoring targets



Case 3: Tunnel with moderate to high overburden in
bedded or foliated ra

L‘ L /’I't

: extensometelrs 4
<
/ g / //
I /:4/_‘ / _:‘ 4

xS A

/ ot T AN
Figure 4. Bedded/foliated rock mass with the potential to shear along
faults/slickensides/foliation/bedding and dilate perpendicular to foliation/bedding;

equipped with monitoring targets and optional extensometers; arrows indicate as-
sumed shearing along faults




Case 4: Tunnel in swelling ground

targets

«— Invert probe

o {»-"-s. ey T i
s S NI IR A
R et f:f(.f-.’-,.f_;-..,:' ;

~ extensometers

-

bty
i

Figure 5. Rock mass with swelling potential;, equipped with targets, extensometers combined
with measurement point, invert probe, and strain meters installed
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Longitudinal deformation profile

Deformation at time
of support installation

v

u
Tunnel face
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Distance X from tunnel face - m
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Figure 37. Typical radial displacement development
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VERTICAL DISPLACEMENTS AT CONTROL POINTS

0 - 160
-100- 140 _
Left sidewall é
200 4+ F1200 2
E
_ 300 ‘100 2
= -400 + 80 £
- | =
-500 + 60 2
600 + 40 =
20 R

< =700 4
30 days

800 X -0

25.11.01  25.12.01 24.01.02 23.02.02 25.03.02 24.04.02 24.05.02

Monitoring of wall deformation (settlement) in a mountain tunnel. The abrupt increase of
settlement after a period of apparent stabilization indicates failure of the tunnel invert. After

two consecutive such failures and repairs, the tunnel failed completely as shown by the
abrupt increase of settlement at the end of May 2002.
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Computer Vision Based Al DRIVEN CONVERGENCE MONITORING

Tunnel Construction requirements on Tunnel convergence monitoring

New Proposed Method (powered by Computer Vision and New Algorithm IDE)
use itself as reference frame to compare the movement across time periods.

This improve workflow and applicable for both manual and automation. The
data will be transmitted to cloud and visualized realtime in remote computer.




Computer Vision Based Al DRIVEN CONVERGENCE MONITORING

Tunnel Construction requirements on Tunnel convergence monitoring

New Proposed Algorithm (IDE) use pairwise distance data to align geometric points to its
pervious state and retrive approximate deformation.

The movement generally combination of deformation + translation.

Displacement Vectors | Yaw=-60.0° Pairwise Distance Change
L AN

DD (linear approx)




Data Representation Al DRIVEN CONVERGENCE MONITORING

Tunnel Construction requirements on Tunnel convergence monitoring

Tunnel Closure measure strain level of surround rock mass which directly relates to stability of tunnel support.
(Hoek, 1998).

Node Positions and Fitted Curves by Period

Cross-section points

=
o
=
=

(3921,395)

Y Coordinate (mm)

o

Period
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© 2024-12-28 00:00:00

—— Curve Fit: First Period
—— Curve Fit: Last Period

0
X Coordinate (mm)

Total Station Survey / Mobile Laser Computer Vision
Extensometer



Data Representation Al DRIVEN CONVERGENCE MONITORING

Tunnel Construction requirements on Tunnel convergence monitoring

The vector movement plot and vertical-horizontal offset are commonly found in convergence monitoring
representation. The maximum movement was defined by the engineer if it beyond design limit using tunnel
closure — soil strength relationship (Hoek, 1998).
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Data Driven Design Al DRIVEN CONVERGENCE MONITORING

Tunnel Construction requirements on Tunnel convergence monitoring

The new proposed method could also provide more insightful information in relation to previous works
(Hoek, 1998) in determining adequacy of tunnel support, helping in evaluate sufficiency of primary lining
and optimization of secondary lining design.

In-<itu pressure. p, | o Radial Strain and Axial Strain in Support vs. Time
—— Radial Strain (Mid)

y = 6.19e-02x + 101.09 Radial Strain (Side)

e elastic 1 s
. === Strain (V:H)

Characteristic curve 4 ~=- Linear Trend
’ P VAL —— Agial Strain in Support

Axial Strain in Support

Support pressure, p,

Critical pressure. p,,

Elastic ' Plastic

[

Displacement at support installation

Tunnel wall displacement, #,




(a) Selection of research area for twunnel face analysis {b] 3D visualization of tunnel face structural plane recognition results
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