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Major Accidental Events in Taiwan and Overseas

1994(April)
- 1994 (Oct)

1994(Nov)

1995(April)

1995(July)

2002(Aug,Nov)
2003(Feb)

2003(May)

TRTS-CH221: Excessive ground subsidence during segment
replacement in the interface of bored tunnel and vent shaft
Heathrow Express Rail Link: Collapse of a NATM tunnel

TRTS-CN252: Ground loss induced by piping in deep excavation
of an underground station

TRTS-CN261: Ground loss during TBM-launching
TRTS-CN262: Excessive ground loss during TBM-docking
TANEEB Suei-shan Tunnel : Series of accident during TBM &
NATM tunnelling

THSRC-Hu-ko Tunnel: Ground loss during NATM tunnelling
TRTS-CD266: Ground loss during TBM-docking

KRTC-LUOO4: Excessive ground loss during TBM-docking



2003(July)
- 2003(Aug)
2003(Aug)
2004(April)
2005 (Deq)
2007(Jan)

2008(Nov)

Shanghai Metro 4: Tunnel collapse during the excavation of a
Cross-passage

KRTC-OO01: Ground loss induced by piping due to defective
diaphram wall during the excavation of an underground station
TRTS-CK570C: Flooding due to a gap btwn the river bank and a
pump station

Singapore LTA-MRT Circle Line: Collapse of 33m deep
excavation of a cut-and-cover tunnel

KRTC-LUOQ9: Excessive ground subsidence during the
excavation of a sump inside a cross-passage

Sao Paulo Metro-Linea 4: Collapse of a NATM tunnel

Hanzho Metro — Line 1: Collapse of 16 m deep excavation



Contractors All Risks Insurance & Third Party Liability Insurance
of Underground Works  { Chuay,2008 )
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e KL-MRT2 (2016)

= Deductible: NT$7-10m

= Limit of indemnity: NT$2,200m

o« B1EEEZE AR (2014)
- BEE%8:NT$2-5m

- BEE FIR: E—5MNT$100m
(& Ex1ZE _EPRNT$300m)
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Problems
- Nightmare for clients or contractors
- No offer of insurance policy by insurers
- High premium but very limited coverage
(low frequency but severe consequence)

- Concerns by insurers
- Frequency of accidents
- Severe consequence




Joint Code of Practice for Risk Management of Tunnel Works in the UK

- Discussion at ICE, London in July, 2002 about the "JCoP for the procurement,
Design and Construction of Tunnels and Underground Structures in the United
Kingdom"

- Jointly produced by Association of British Insurers and British Tunnelling
Society in 2003

- Pre-requisite for insurance

Prepared jointly by T
@ The British Tunnelling Society B S

The Association of British Insurers

THE JOINT CODE OF PRACTICE FOR
RISK MANAGEMENT
OF
TUNNEL WORKS
IN THE UK




ITA (Intern’l Tunnelling Association) Working Group 2 (2004):
Guidelines for tunnelling risk management

ITIG (Intern’l Tunnelling Insurance Group) (2006):
A Code of Practice for Risk Management of Tunnel Works
- Supported by ITA and Intern’l Association of Engineering Insurers
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The Risk Assessment Process

Hazard Identification

k

Frequency Analysis

k

l

Consequence Analysis

k

Risk Assessment

Acceptance

Risk

No

Risk Reduction

r

Yes

End




Risk Level Matrix

% Frequency
of occurrence
of a hazardous
event

Risk Levels

Frequent Undesirable
Probable Tolerable Undesirable
Occasional Tolerable Undesirable | Undesirable
Remote Negligible Tolerable Undesirable | Undesirable
Improbable Negligible Negligible Tolerable Tolerable
incredible Negligible Negligible Negligible Negligible
Insignificant Marginal Critical Catastrophic

Severity Levels of Hazard Consequence
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Project Organisational Structure

PROJECT MANAGEMENT

Project Control
: : Construction
Englneerlng Management

\ 4

S & RAM
Coordination
Group

DDC.

Civil Contractorg|E&M Contractors

IV &V

Review - Audit - Site Inspection - Test Witnessing




Case History |

- Kaohsiung MRT R&O Lines
LUOOQO9 Recovery Plan



LUOO9 Recovery Plan
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LUOQ9 Recovery Plan
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LUOOQ9 Recovery Plan
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Case History 2: Planning/Design Stage

Necessity of cross-passages in bored tunnels




Prescriptive criteria vs Performance-based approach

- NFPA 130: Standard for Fixed Guideway Transit and Passenger Rail Systems (2007)

N < 6.2.2.3 Means of egress (Cross-passageways): Not farther than 244 m (800 ft)
i t
i apar

< 1.4 Equivalency: New method, material or device equivalent to or superior to
the requirements of this standard with respect to fire and life
safety

< 4.2.2 Goal: Minimum requirements for those instances where
"noncombustible materials are not used"
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Quantitative Risk Assessment, QRA




Fault Tree Analysis, FTA X ZE 16 72T

- * Data base from UK EMU operation of 34
~ years

e Data from KCRC EMU operation of |14
years

e Internal fire event: 20 month return period
e External fire event: |5 month return period



fire inside train
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Event Tree Analysis, ETA
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Event Trees

Fire in Passenger Carriage In Single Track Tunnel {Internal Firgs)

Fraequency of Fire
in sector which i . Does the fira slze remain
, Is fire extinguished Does train procesd out | Is the stop controlled orf ik Type of evacuation
cuu"? o g " locaily? of the tunnei? uncontrolied? Balow siftcst thoemine required FRETSSS Ance retise.) Hisg o]
train stop in during evac. in tunnel?
tunnel. .
Fireslyear YIN ¥YiN Cc/UC YiN - -
0.9 No tunnel evacuation 1 5.634E-02
5.634E-02 ¢ . iy
No Tunnel Evacuation 2 2.224E-G3
{ 5930602 |
From Fault Trees
Y| 950 Evacuationin 3 6.619E-04
6.619E-D4 smoke free conditions
M 0.050 Controlled stop
2.965E-03 {see 1nt.)
6.968E-04
N[__0050_} Evacuationin .. 4 3.484E-05
3,484E-05 Uncontained smoky conditions.
Controlied stop
(see2111)
N
7.413E-04
Evacuation in 5 4.225E-05
smoke free conditions
Uncontyolled stop
ucy o080 [ {see 3 Int}
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N5 ] Evacuation i o
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Uncontralled stop g
isee 4 int}
5.930E-02




2 Int - Evacuation in Tunnel with uncontained smoke and
controlied Stop

Is Lhe fongitudinal
From Fault A i Can oxit Doos ventilation system{  venulallon system Fr Conseguence
Sequence prosedures correctly | thsough nearest intarvention] in non-incident tunniel | switched on in incident "‘“J;“" (M. of people
Humber & Implemented? point? operate carrectly? tunnel and operated (evfyr) affocted)
! correctly?
| YN Ym YiN Yin EUnADEELT
§.42E-07 C.00E+00 l
i 2.72E4:9| Q.00E+0G l
272609 0.00E700
N 0
T.31E07
¥ G0 H 137611 2.70E+01
2515-05 655610
Y[E0 0.00E+00 1.00E+04
2.00E+00
0.00E+00 1.B0E*01
0.00E¥00
0.G05+00
0.00E+00 1.50E+01
0.00E+00 270E+01
R |
Fiom nodes 4
1.&1&4111 1.50E+01
S.07E-10 2,70E+01
S.07E-10

0.00&+00

0.00E+00 .

4.56E-12

0.00E+00

0.00E+00

‘ 0.00EH0

| 0.00E+00

150E+01

2.70E+01

| 225E20%:, l

] . 8 %
Risk lyr
Miner Major 440 - 1600
Injury Injury Eq. Injury

| GOOE700 _DOCE+G0 __ O00E+00] 0 [ T T ]
o == I
OC0E+00_ 0.00ErGG Oo0Er00l 0 T i
|
0.00E+00__O.00E+00 0.00E+00] __ 0
N
[22E _seseti B30E41] 5 | emel | T ]
! e
[ G00E+00__G.00Ev00 000E*00] 2| O.00Er
I
O.00E00__0.00E+00 0.G0E+00f 3 G.00E+00 _
O0.00E+00 _ 0.00E+00 0.0E+00] 3 GO0E00 | T
=
ﬂ&ouﬁ 00000 O0EVGR] 5 T (O0ERT
WW 2626073 RS ]
!
{ TA7EGE__6.126409 AJGE08] 5 1 448E03 | | ]
l ! |
w 338EQe[ 4
[1E90 462613 SASEH] 7 | 3ase | [

0.00E¥00 _0.00E+00 0.00E+00] 3 \M_T:___I__l
0.00EY00___G.00EvDA 0.00E+00] & 0.00EH
0.00E+00__OO0E#00 0O00E+00] 4 G.00E00

[0.C0E+00__ D.00E+00 0.00E+00] 7 | QO0Es0G [ | g |
185806  6.88E-Q7 A65431E07 0 o

4.68E-07




External fire In Single Track Tunnel

Frequency of Fire D ;
3 < S oes the fire separation
in sector which | Does train proceed out of }1s the stop controlled or | 15 fire guished
Soiil vasolona the tunnel? insontrolled? locally? malntain its Integtaty Type of evacuation required Fault sequence number. | Frequency
5 g during evac.?
train stop in tunnel.
Firesfyear YIN ciuc g YN YN
0.90 * No Tunnol ovacuation 1 1.800E-02
1.800E-02 g e
\ .
N1 B No Tunnel evacuation : 2 1.6925-03
1.692E-03
. 1.880E-03
! 2.000E-02 | Evacuation in train 3 1.786E-04
From Fault Trees with controlled stop, limited heat and
smoke exposure,
N[ 0300 ] (see Ext1)
1.880E-04
N Evacuation In train with 4 9.400E-08
9.400E-05 . with controlied stop and exposura to smoke.
{see Ext.2)
N 0,100
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10,9505 Evacuation in train 3 1.140E05
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{see Ext.3)
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(see Ext 4}
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1 Ext - Evacuation for Exlernal Fires, Contreliod stop, limitad

snicke & heat exposureg.

t the fongitudingl
Frezn Faun Ato AvacuzIzn Dass vantltztion yatentin]  wontdadon spsem wenco
Soquerice | PROSESUKS COMAcly | 44 the QearestIP asaiaoke? | nan-ncident tunasl ogertel awiiched on in kncisenl {5 of poopis Minor - Major oy
iy 3 [t cormectiy? wanel and oponding allected) lnjury  Injusy
conmily?
S b7 i Yre W i
1OE01 S 2 N 2 R 2
v
[EIY)
140508 18E W 15007 G20E08 420603 "0 426508
’ uos-au‘ 1508401 ‘ THED FrEw  Awess T3 JASEm] ]
N_—-———- 24E-11 270641 TUEH 47340 IZTEA 5 [ AzEin] =
TazE0d
¥
,mm-wi 500841 f GGOET0 O0GEv00  GO0e00] . 2 ST i
w[ ot ——r 000400 1608401 O.0G+00_0D0E+0a __ DOLERDE] 3
[ [C=r]
W T
L= £
l T.00¢000 l () \ CDeEiod_g0oeeos  ofeed] 3 JoERe] |
3 BO0E00 B
QO3E00 2708404 TOEHA_ODEW0__ GO0EI08| 5 QOCEg
From oot 3
i Q15E0¢ | 1.50EH I BI%06_I4TED 2WEG] 3 [Z3Eo6] |
‘ AE5E08 276001 © [F=E6_3viEos _ Zweosl 5 | TiEes
i
I ‘ AESE0 18 l GmEQY gimEOR  _tjEevel 4 [aveEeal T [ ]
! 2MEAL | 568510 2 VEAD TeE0] 7 | teiEK] _i i
1 0ODE«00 1506401 l OBED0_ GO0 DO0EA08] 5 1 GOOERT
0853
GEDS GOCE0T
! u.ooe.oe] 2706401 l R )
’ Q00EHD I " 225 I QUGE+0 DOXAE0 0Dl 4 Tedgesos] 1 ]
l DLOE 100 ‘ X l DECERI0_GO0EsD0  GO0EIGa] 7 OoteRs] [}

L5EDS 106005 122E-00

TLEDCG QO0EAX) 0.00E+D0



Structure of Tunnel Fire Risk Model

Evacuation Strategy

r

Failure rate data from
PSC-TARM database

! ‘Faihu‘e rate data from
‘ KRTC statistic

STAR-CD
CFD tunnel
Fire model

Model

Intertace

Tenability

k4

Fault Trees

3

FASIT
Tenability
Model

Evacuation
modelmg
(STEPS)

¥

Frequency of
mternal and
External fires

Event Trees

h

Frequencies And
consequences

| l

F-N charts

Risk charts




Standard

Fire Curve for DFRA and QRA Tunnel Fire Analysis

Standard class car with  transformer
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Structure of KCRC TFRM

" Failure rate data from
PSC-TARM da_tabase

Failure rate data from
KCRC statistic

Fault Trees
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Trend Graph for Individual Equivalent Injury Risk

Riskipassengeriyear IP Bpacing/ Risk per passenger per year
100807
wereili i ula ;
1.00E-08 | s 6% of Corparate Ssterg Torges for
Bitinnets.of this cross-section -
i
1.00E-09 ; ; ,
0 500 - 1000 ’ 1500
1P Spacing {m}
=&~ Annual Risk for Regular Traveller for generic tunnaf

=&~ KCRC Corporate Safety Target (Tunnel Fire for LMC Spur Line Tunnel)
=&~ Annual Risk for regular traveller (all tunnels of this dimension)
=&~ Annual Risk for regular traveller (East Rail & SCL)




Necessity of cross-passages in bored tunnels
(Kowloon Canton Railway 2003)

- Deterministic Fire Risk Assessment of Tunnel fires
< Principle: Passengers to walk away in tunnel fire and reach a place of
safe passage
< Evacuation strategy of passengers in tunnel fire
- Transverse vs Linear evacuation routes
- Duration of evacuation against various cross-passage spacing
- Evacuation through side doors or end doors
< Key factors in the safety of evacuation
- Evacuation in the correct direction
- Correct operation of the ventilation system

Possible Solution: Transverse vs. Linear evacuation



Necessity of cross-passages in bored tunnels
(Kowloon Canton Railway 2003)
'Results of analyses

-No measurable safety benefit provided by a closely spaced cross-passage
configuration
- Vital safety factors: Initiation of evacuation in the correct direction &
Correct operation of the ventilation system
- Simple procedure for linear evacuation providing better crowd control and
reducing the likelihood of accidents




Case History 3

- Kuala Lumpur MRT Line 2
Chan Sow Lin Station, CSLS




FEATURES
ALREADY
EXPOSED in
Chan Sow Lin
excavation.

Multiple caves
and cavities were
unearthed during
excavation.
Extreme Karst
condition exhibit
very variable
combination of
black organic
material infills to
highly weathered
rock.




Geological Conditions

— Deep Soil Mixing
g%%%t Bored Piles

i

- L Additional Curtain

g»Grouting Between
i] Station & Entrance

JKR Wilayaﬁ'
Persekutuan I
KL CHAN SOW LIN

. STATION

Future Duke 3 Elevated [ — ]

Ground Investigation:

1.
2.

R

Soil Investigation
Drilled Holes for
Curtain Grouting
Surrounding Station
Perimeter (2m to 4m
spacing c/c)

Bored Pile Drilled Hole
Microgravity Survey
Borehole Televiewer
Rock Mapping on Rock
Face
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Geological Conditions
BN
- Deep valley cutting across
Chan Sow Lin Station
footprint shown by
microgravity survey (in
blue) and Sl data/piling

3D VOXLER
MODEL
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MRT CHAN SOW LIN
STATION

Station
Information

Length 200 m
Width 2.6 m
Depth 40 m
Entrance 3 nos
Linkway to | nos
LRT

No. of Floors 5

A4



Station Configuration




Example of
localized
ground loss
(rock slip)
due to
unforeseen
rock joint
formation
behind
exposed
rock face.

Despite
extensive
soil
Investigatio
n and
geophysics
work were
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Typical Cross-Section

Approx. 40m

1st Reserve 2nd Reserve

<le

\ 4

TPNQ

Ground Level

Active Rock Wedge—

FEL

Debonded Length

Approx. 38m

Approx. 29m |
|

Approx. 8.5m |
|

P42-L

P42-R

Rockhead Level

Approx. 25m
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Risk Rating Matrix

IMPACT CAPACITY |

IMPACT SEVERITY
Risk Area 1 2 3 a 5
Minimal Minor Moderate Major Severe (‘ati;s'_rOP
> 20 ¥
Financial <1 mill >1 mill <5 mill >5 mill <10 mill >10 mill <20 mill mill > 1 bill
Safety None First aid required Medical treatment required |Serious injuries A fatality case
Programme <4 wks >4 wks < 8 wks >8 wks <12 wks >12 wks <16 wks >16 wks

Third Party Impact

Negligible damage

Minor damage some
repairs required

Moderate to high damage
requires specialist to repair

Significant / permanent
damage

Widespread, substantial/
permanent damage

Environmental Impact

Minor contamination of
spoils at works area

LIKELIHOOD

Almost Certain - happens
frequently (more than 10
times within the project)

Very Likely - could happen
frequently (more than 3
times within the project)

Slight contamination of
spoils at works area - some
precaution's necessary
result in slight delay

Likely - could happen
occasionally (less then 3
times within the project)

Contamination/pollution
into public space causing
public nuisance/discomfort

Unlikely - could happen
rarely (1 time within the
project)

Major source of
contamination causing
adverse public health &
well being

Very Unlikely - probably
will not happen (has never
occurred)

Catastrophic
environmental damage

Low
Medium

High
Very High

438



. Risk Assessment

Top 2 risks anticipated due to DUKE3 piling
work are:
1) Safety related to rock slip

2) Impact to programme/cost

49
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Risk Assessment — Safety Related to Rock Slip

o L|I<eI|hood Category 2/3 [Risk Rating Matrix]

Site investigations were carried out according to best practice.

> Geological mapping was carried out during excavation and the design of rock bolts and shotcrete
was done accordingly.

However, geological conditions can not all be fully exposed.

° Impact Severity: Category 5 [Risk Rating
Matrix]
> 50-150 workers in any time; therefore, the consequence can be catastrophic if a rock slip occurs.
* Level of Risk: Severe (Cat 5) x Unlikely/Likely
(Cat 2/3) = High (10-15)
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Mitigation Measures

By DUKE 3
No piling work until the completion of concourse sla»

One pile at a time after the completion of concourse slab.

By MGKT

Remove the workers 20m to either side of piling point. No activity in the 40m
cordoned-off zone during active piling.
. k-2

For example:

when P42-L piling work is on-going,
MGKT’s no-work zone shall be as
highlighted.
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Mitigation Measure
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Case History 4: Design Stage

Design of R10 Cofferdam
(Kaohsiung MRT Project)

- Risk assessment: Hazard identification and mitigation measures
< 140 m in diameter and 20/27 m deep with no strutting system in
urban area
< Hoop pressure = Ground water pressure (80%) + Earth pressure (20%)
< Verticality of diaphragm wall
< Glass-fiber re-bar for TBM-launching
< External excavation after the concreting of the circular structure
< Geotechnical monitoring system
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Risk assessment: Hazard identification and mitigation
measures

< 140 m in diameter and 20/27 m deep with no strutting system in
urban area

< Hoop pressure = Ground water pressure (80%) + Earth
pressure (20%)

< Verticality of diaphragm wall
< Glass-fiber re-bar for TBM-launching
< External excavation after the concreting of the circular structure

< Geotechnical monitoring system




R10 Risk Register
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International Standardards

- 1S0O3100:2009 Risk Management — Principles and
Guidelines, supported by “Practice standard for project
risk management” 2009 published by Project
Management Institute



Risk Management — Key Elements
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Thanks for your attention
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