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Abstract

In line with the increased usability of utility pipe conduits in urban areas, construction
and R&D activities of utility tunnel, incorporated with the shield TBM method, are
actively under way. The utility tunnels are installed through underground excavation,
and thus are relatively weak in terms of construction safety. However, hazards
associated with the utility tunnel construction have not been properly identified,
despite the introduction of a policy to the ‘Design for Safety’ for the purpose of
reducing accident rates in the construction industry. Therefore, in this study, following
the derivation of hazards associated with utility tunnel, these hazards were then used
as the basis to uncover key safety hazards requiring extensive management in a field,
which were then used to conduct a risk assessment having applied the matrix method
so that the results can be utilized in risk assessment during the stages of utility tunnel
planning, design, and construction, while also serving as a data reference.

Keywords: Utility tunnel, Safety hazards, Risk assessment, Likelihood, Severity

=z 2
=

EAIRoA] 9] -5 7e] B8] Sl wheh A TBM Fo] 285 B 4] 35719

2l A7) s A=A Qict. BlE 4] 5 Aok At SAEA] 1/t

1 1
=
ol A 0 2 FetslAe A4 Afahe 7Has 9iet AARFA AE A &S]
& Bpsla B4 25 A0) A8t 9 e 47t At oA 9l ek b

Journal of Korean Tunnelling and Underground Space Association

931



Joo-Hyun Seong - Min-Hyung Jung

ko Al g ES 4-8ate AR, IR 0] A2 8l o) 8o Tt
N BETE 2% el 21 Astel ko2 4
& AU Sk A1 el A A B A ¢
9 A gl e WEAE, $A £A] 502 A R
[FEA 2 5 7o) A 5o nfe} choe Al
014).

1—
,2
4710 2 |3 glom], Zele] dol 4, T

>
m
o
m\l
rlo

FEFE Tk, A7, BN B
510 ofaf EAARA ] 23t
S 24, A5 B A
SN o 2185
94 357 e E 3 Qe 0

Lo] 7155 4l TBM 3Ho] F

o
Y
iy
)

ol
1o

~
O
o

:OI_I‘_I‘
2
o
1
o>,
1o
o,

>
=
N

ol

e of ot pE

H1
>,
12
1o
N
it
N

!
2
oo
i)
T
%9,

CHKALI

>

mY,
i
e
Mo

S
O
)
2
0
o
[
r?
=2,
Y
el
ro
i)
=2,
1o
)
)
iRy
N
2
e

ofl
7

o,

fo X
ol
)
og
©
rst
N
ofN
4o
ool
;
N
_O'L
&
%0,
9,
L)
2
)
)
S~
>
&
2
:cé
o
o,

K
rlo
2
o,
v
{1k
2
3|
[4)e]

N
I~

ul

N A
iy
(98]
= o
T
r 1o
O o
¢ =
30
A
L ij
ML
&%
s
R
> o
e B
o I‘_\n‘;
~ M
Fj e
N
R
oz
=) ]
o =
o ol
rlo 2
o,
ﬁ o
xH
b 4
N
oy rH
}-; o,
S off
oo
30 o
e 2L
g L X
E o
Ay o
w2
%
Mo 2 —~
)
BB Zomy 2

o 9
o,
ool
flo
T
o
kd
%0
R}
62
)
Hd
iy
0
oL r
rr
o
o
M
rlo
Y
e
e
1o
E
=
)
o
2
oy
filo
Ho
)
%
0.
i
o,
)
il
>,
Ooll
Olt
ol

=
e, 2016\ 7713 S E3l A B A DA IATE e 84 (Hazards) =27 912

d
oX,
oH,

N
=
fag
w2
=
o
2
(9]
2
=]
]
=3
i
i)
>,
ol
o
rlr
2
)
1o
rO
R
ox,
o,
kT
=
ki
L
i
ins
ol
o
o
<
o
o
=
[\ ]
2
-

Death/10,000workers

0.0 T T T
2011 2012 2013 2014 2015 2016 2017

Year

Fig. 1. Comparison of industrial disaster between all and construction (MOEL, 2012~2018)
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Table 1. Hazards of small section utility tunnel based on detailed construction type

No.

Sub-construction
type

Number
of hazards

Safety hazards

Shaft

27

Influence of other construction works that cause excessive deformation and collapse
during permanent or temporary construction, Difference between penetrated depth
and soil investigated depth linked to collapse of earth retaining wall, Falling and
dropping of wale during deconstruction of earth retaining wall, Failure of earth
retaining wall such as anchors, struts, etc., Lack of stiffness for earth retaining
wall, Excessive excavation that causes decreased stability of earth retaining walls,
Lack of penetration depth that causes decreased stability of earth retaining walls,
Slope activity that causes decreased stability of earth retaining walls, Inflow of
running water and infiltration of ground water that cause decreased stability of
earth retaining walls, Difference of soil profile between design conditions and
construction condition that cause decreased stability of earth retaining walls,
Instability of tunnel face at destination location of chamber, etc.

Assembly,
install and
dismantlement
of equipment

Irrelevant underground docking of TBM that causes failure of tunnel, Overturning
of TBM equipment during assembly and dismantlement, Overturning and falling of
equipment due to lack of crane capacity during assembly and dismantlement of
equipment, Collision of equipment attached to the safety bar when lift work by
mobile crane, Non-compliance of inclined angle that causes overturning of mobile
crane when lift work, Inadequate bearing capacity that causes overturning of mobile
crane on soft ground, Impact load by rapid drop of heavy materials during work to
of cargo crane, Inadequate installation of cargo crane outrigger

Main tunneling

23

Tunneling without pressurised face that causes tunnel face collapse, Insufficient
face pressure in weak or permeable ground that causes Instability of tunnel face,
Faults and open joints or unanticipated weak or permeable ground that cause
instability of tunnel face, Mixed face conditions that cause instability of tunnel face,
Increased wear on cutting tools due to mixed face conditions, Misalignment of
TBM due to mixed interface, High pressure groundwater, Settlement due to volume
loss of soil or rock, Ground vibration due to tunneling, Existing tunnels, deep
foundations and constructing structures that cause collision or near collision with,
Dangers associated with cutter-head intervention in compressed air, Instability of
face during cutter-head intervention in free air or low face pressure, etc.

Assembly of
segment lining

Instability of tunnel lining/ defects in tunnel lining rings that cause “Pop Out” of
segments, Occurrence of segment flaw, Deterioration of segments lining, Ground and
groundwater chemically aggressive towards concrete and or steel (high Sulphate,
Chloride content, etc.), Carelessness during segment assembly, Stricture during
tightening of bolt or pin for segment assembly, Falling of equipment during segment
assembly, Rupture of high pressure hose during backfill grouting for segment

Transportation
& Supply

Repeated power failure, Careless use of high voltage electricity, Fan/ventilation
problem, Noise and contamination of slurry, Derailment of a locomotive, exceeded
capacity of the Gantry crane

Follow-up

Insufficient ventilation during internal work, Fire during welding work and
emission of harmful gas due to fire, Inadequate lighting conditions for internal
work, Insufficient safety distance of track or conveyor
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Sequence Contents

= Literature review and survey for safety hazards of utility tunnel
Pre-test = (Categorization and classification of the items
= Selection of panels

<=

Composition of open and closed questions
Obtain preliminary evaluation indexes

Y=

1st Survey

= Composition of closed question based on the first survey result
= Calculation of median, IQR and CVR etc.

=

= Revaluation of the 2" survey indexes with offering 2" survey result
3rd Survey » Calculation of median, IQR and CVR etc.
= If it does not reach consensus criteria, 4th survey would be carried out.

2nd Survey

Fig. 2. Process of conventional Delphi survey
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Table 2. Results of the Delphi surveys for safety hazards of the utility tunnel

. 2nd survey 3rd survey
Sub-construction Key safety
type Safety hazards CVR CVR | Convergence |Agreement| -
(=0.51) | (=0.51) (£0.5) (=0.75)

Influence of other construction works
that cause e).icesswe deformation and 0714 0.857 0.50 078 O
collapse during permanent or temporary
construction
Difference between penetrated depth
and soil investigated depth linked to 0.714 0.857 0.50 0.75 O
collapse of earth retaining wall
Falling and dropping of wale during | 57y | g5 0.38 0.81 O
deconstruction of earth retaining wall
Failure of earth retaining wall such as 0.714 0.714 0.50 0.80 O
anchors, struts, etc.
Excessive excavation that causes

Shaft decreased stability of earth retaining 0.571 0.857 0.38 0.81 O
walls
Inflow of running water and infiltration
of ground water that cause decreased 0.857 0.857 0.50 0.80 O
stability of earth retaining walls
Difference of soil profile between
design conditions and construction
condition that cause decreased stability 0.857 1000 0-50 0-80 O
of earth retaining walls
Instaplhty of tunnel face at destination 0.857 1.000 038 0.81 O
location of chamber
Lack of stiffness for earth retaining wall | 0.000 0.429 0.38 0.81 x
(the remaining 18 safety hazards) : : : : X

i f TBM i

Overturning of TBM equipment 0571 | 0571 0.00 1.00 O
during assembly and dismantlement
Inadequate bearing capacity that

Assembly ’ causes overturning of mobile crane on | 0.857 1.000 0.50 0.75 @)

install and

3 soft ground

dismantlement -

of equipment Impa(%t load b'y rapid drop of heavy
materials during work to of cargo -0.857 -1.000 0.00 1.00 x
crane
(the remaining 6 safety hazards) : : : : x
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Table 2. Results of the Delphi surveys for safety hazards of the utility tunnel (continue)

. 2nd survey 3rd survey
Sub-construction Key safety
type Safety hazards CVR CVR | Convergence |Agreement hazard
(=0.51) | (=0.51) (£0.5) (20.75)

Insufficient face pressure in weak or
permeable ground that causes 0.571 0.857 0.00 1.00 @)
Instability of tunnel face
Faults and open joints or unanticipated
weak or permeable ground that cause 1.000 1.000 0.50 0.80 @)
instability of tunnel face
Mixed face conditions that cause

Main tunneling | jnseability of tunnel face 0857 1.000 0-50 0.75 O
High pressure groundwater 0.714 0.857 0.50 0.80 O
Pangers ?ssqc1ated with cutte‘:r-head 0.571 0.857 0.00 1.00 O
intervention in compressed air
Mlsahgnment of TBM due to mixed 0714 -1.000 0.00 100 N
interface
(the remaining 17 safety hazards) X
Instability of tunnel lining/ defects in
tunnel lining rings that cause “Pop 0.571 0.857 0.00 1.00 O
Out” of segments

Assembly of Carelessness during segment assembly |  0.571 0.857 0.00 1.00 O

segment lining | Ground and groundwater chemically
aggressive towards concrete and or steel | -0.857 -1.000 0.00 1.00 x
(high Sulphate, Chloride content, etc.)
(the remaining 6 safety hazards) : : : : x
Careless use of high voltage electricity | 0.429 0.714 0.00 1.00 @)

T rtation & . ..

Slrl?::l};o AUOM &I Noise and contamination of slurry -0.571 -1.000 0.00 1.00 x
(the remaining 4 safety hazards) : : : : x
Fire during welding work and

. 714 1. . .

emission of harmful gas due to fire 07 000 050 0-80 ©

Follow-up Fnadequate lighting conditions for 0714 1,000 0.00 1.00 N
internal work
(the remaining 2 safety hazards) : : x

Total of key safety hazards: 19
4.3y SERA0| I8N W}
A A aE A9/ B F6l A9 e THsll, 51871s 919 e "ol B A
He AAstoiof ottt A sl A1 840 A9 919 0] 518 27 e 2705 5180l s 2 73]
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Q1 2712 o shick

4.1 2 MM R VIR

EjgA] 57 obA $131.8 Ao A3l 984 WoLE 95l AL BAL oFdTa] 4E2sa) 2 (MOLIT, 2016)
T dA 9] P AE vRiFE(MOLIT, 2017)0] -8 $19/d 87171 <) e e 485ttt /¢
73 B7tell= thegst 71 o] EA6HAIRH(Lim, 2012), A5 -8/ T 47 4-ag7ke] E4dg wlslr| Sl A
Aol vl mjE A 71Ho] Hslgir) o] &, miirde] 425 Table 39] 4 x 4 HlEZA D 9J514 01371
Ftt o]ef T Table 4] PR 9 HZH] 7152 A85130Th 455 712 Ao #5435

2ot o] QLo NI oF HZMY S 1o & ofjufisiA] ATEsHA] %*711 stol ZF =0l T o2 2Hs
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Table 3. Criteria of risk assessment for 4 x 4 matrix (MOLIT, 2017)

Severity Likelihood 1 2 3 4
1 1 2 3 4
2 2 4 6 8 Acceptable
3 3 6 9 12 Conditionally acceptable
4 4 8 12 16 Unacceptable

Table 4. Criteria of severity and likelihood for 4 x 4 matrix (MOLIT, 2017)

Likelihood Criteria

4 | Very likel In cases of judgement by the expert that the same (or similar) accident occurred in the last 3 months
ry Y |or that it is very likely to occur

In cases of judgement by the expert that the same (or similar) accident occurred in the last 1 year or

Likel o
3 ey that it is likely to occur

) Unlikel In cases of judgement by the expert that the same (or similar) accident occurred in the last 3 years or
Y | that it is occasional likely to occur

In cases of judgement by the expert that the same (or similar) accident occurred in the last 5 years or

1 likel .. .
Very unlikely that it is very unlikely to occur
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Table 4. Criteria of severity and likelihood for 4 x 4 matrix (MOLIT, 2017) (continue)

Severity Criteria
4 Severe Deaths, injuries which causes long-term disability/ or Failure of object (or adjacent structure)
during construction
3 Serious Injuries which accompany disasters causing shutdown/ or Severe damages of the object (or

adjacent structure) which cause a construction period loss of more than one week

Minor injuries which don’t accompany disasters causing shutdown/ or Slight damages of the object

2 | Considerable . . . . o
(or adjacent structure) which cause a construction period loss within 3 days

None injury, or injury of level of emergency treatments/ or Slight damages of the object (or

1 | Insignificant . . . .
& adjacent structure) which don’t affect for construction period
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Table 5. AHP results of severity and likelihood for each key hazard

Severity Likelihood
Key safety hazards 1 ‘ 2 3 ‘ 4 1 ‘ 2 ‘ 3 ‘ 4
Importance (rank) Importance (rank)

i‘;ﬂ::;: Zi;’fgﬁfﬁggtﬁa‘zzzkjsgitgca“Se 0.097 | 0.178 | 0.345 | 0.373 | 0.086 | 0.144 | 0369 | 0.401
permanent or temporary construction “) ) ) M @) ) @ M
Difference between penetrated depth and soil | ne | 144 | 0369 | 0.401 | 0.191 | 0407 | 0.255 | 0.147
investigated depth linked to collapse of earth @) 3) @ ) 3) ) @ @)
retaining wall
Falling and dropping of wale during 0.109 | 0.251 | 0.399 | 0.241 | 0.153 | 0.246 | 0.319 | 0.282
deconstruction of earth retaining wall “4) 2) )] 3) “ 3) (1) 2)
Failure of earth retaining wall such as anchors, | 0.084 | 0.142 | 0.344 | 0.430 | 0.155 | 0.3179 | 0.3181 | 0.209
struts, etc. “) 3) (@) ) “) (@) @) €)]
Excessive excavation that causes decreased 0.109 | 0.205 | 0.397 | 0.290 | 0.101 | 0.215 | 0.376 | 0.308
stability of earth retaining walls 4) 3) (1 2) “) 3) (1) 2)
;231:3 ?i;ﬁgﬁ Zﬁf Zzzlr::;;gifb‘hify of | 0093 | 0232 | 0413 | 0262 | 0.125 | 0.298 | 0367 | 0.209
earth retaining walls @) ) M ) “) @ M ®)
zﬁfgr‘i: ;If ;Zlolnii?lfgtel:;i\zz:ti?ti:t e | 0107 | 0198 | 0.463 | 0.233 | 0.117 | 0235 | 0.405 | 0.243

4 1 2 4 1 2
decreased stability of earth retaining walls 5 ) D 5 ) ) M @
Instability of tunnel face at destination location | 0.127 | 0.278 | 0.330 | 0.265 | 0.147 | 0.343 | 0.352 | 0.159
of chamber 4 ) (@) 3) 4) ) (1) 3)
Overturning of TBM equipment during 0.132 | 0.242 | 0.343 | 0.268 | 0.222 | 0.447 | 0.226 | 0.105
assembly and dismantlement 4) 3) (1) 2) 3) (1) 2 @
Inadequate bearing capacity that causes 0.107 | 0.196 | 0.326 | 0.371 | 0.113 | 0.225 | 0.421 | 0.241
overturning of mobile crane on soft ground “4) 3) 2) (1) 4) 3) (1) (1)
Insufficient face pressure in weak or permeable | 0.123 | 0.254 | 0.403 | 0.220 | 0.157 | 0.320 | 0.356 | 0.167
ground that causes Instability of tunnel face “) 2) (1) 3) “ 2) (1) 3)
E:;‘EZ;;: ‘;Ir’:l‘ rfg‘:l‘stoclﬁ's‘:ﬁ;fgﬁfgﬁak | 0111 | 0204 | 0.410 | 0275 | 0.159 | 0.303 | 0.366 | 0.173
tunnel face ) 3) (1 ) “) 2 (1 3)
Mixed face conditions that cause instability of | 0.121 | 0.269 | 0.394 | 0.215 | 0.169 | 0.277 | 0.341 | 0.213
tunnel face O] 2) (1) 3) 4) (2) (1) 3)
High pressure groundwater 0.144 | 0.234 | 0.291 | 0.331 | 0.179 | 0.336 | 0.281 | 0.205

“ (©)) @ ) “ @) (@) (€))
Dangers associated with cutter-head 0.153 | 0.311 | 0.330 | 0.207 | 0.161 | 0.275 | 0.333 | 0.231
intervention in compressed air 4 2) @)) 3) “ 2) (@)) 3)
Instability of tunnel lining/ defects in tunnel 0.170 | 0.313 | 0.329 | 0.189 | 0.167 | 0.321 | 0.323 | 0.198
lining rings that cause “Pop Out” of segments 4) 2) (1) 3) 4) 2) (1) 3)
Carelessness during segment assembl 0.198 | 0.397 | 0.267 | 0.139 | 0.140 | 0.274 | 0.355 | 0.231

Y 3) Q) (@) “ “) (@) @) (€))

Careless use of high voltage electricity 0.088 | 0.165 | 0.369 | 0.378 | 0.127 | 0.364 | 0.367 | 0.142

“ 3 (@) ) “ (@) @) (€))
Fire during welding work and emission of 0.079 | 0.130 | 0.332 | 0.459 | 0.158 | 0.358 | 0.309 | 0.158
harmful gas due to fire 4 3) ) (1) 3) (1) ) 4)
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4.3 /¢ Got At
AHP 42 59 7V 50 F0.08 Uehiis 448 2 o] 918 ak0] Aizbah e s 5375
& A753AL, & Table 3] 4 x 4 HEZ20f 2]-8510] 1/ H=E Table 601 LFERH AT
Table 6. Results of risk assessment for each key hazard
Sub-construction Kev safetv hazards Grade Point from | Result of risk
type v saiel Severity| Likelihood |4 * 4 matrix| assessment
Excessive deformation and collapse during
permanent or temporary construction due to 4 2 8 Unacceptable
influence of other construction works
collapse of earth retaining wall due to difference
between penetrated depth and soil investigated 4 2 8 Unacceptable
depth
Falling and dropping of wale during deconstruction
of earth retaining wall 3 3 ? Unacceptable
garl:lltusreei)cf earth retaining wall such as anchors, 4 3 12 Unacceptable
Shaft Decreased stability of earth retaining walls due to 3 3 9 U tabl
excessive excavation hacceptable
Decreased stability of earth retaining walls due to
inflow of running water and infiltration of ground 3 3 9 Unacceptable
water
Decreased stability of earth retaining walls due to
difference of soil profile between design conditions 3 3 9 Unacceptable
and construction condition
Instability of tunnel face at destination location of 3 3 9 Unacceptable
chamber
Assembly, Overturning of TBM equipment during assembly 3 5 6 Conditionally
install and and dismantlement acceptable
dismantlement | Overturning of mobile crane on soft ground due to
of equipment inadequate bearing capacity 4 3 12 Unacceptable
Instability of tunnel face due to insufficient face
pressure in weak or permeable ground 3 3 9 Unacceptable
Instability of tunnel face due to faults and open
joints or unanticipated weak or permeable ground 3 3 9 Unacceptable
Main tunneling | Instability of tunnel face due to mixed face
conditions 3 3 9 Unacceptable
High pressure groundwater 4 2 8 Unacceptable
Dangers associated with cutter-head intervention in
compressed air 3 3 9 Unacceptable
Segments “Pop Out” due to instability of tunnel
Assembly of lining and defects in tunnel lining rings 3 3 9 Unacoeptable
segment lining Carelessness during segment assembly 2 3 6 Conditionally
acceptable
Transportation &| ¢, ) fhigh voltage electricit 4 3 12 bl
Supply areless use of high voltage electricity Unacceptable
Fire during welding work and emission of harmful
Follow-up gas due to fire 4 2 8 Unacceptable
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