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A study on estimation of the total loss and damage ratio of maintenance

monitoring sensor of subway tunnel
Jong-Tae Woo'*

'Member, Professor, Dept. of Construction and Environmental Design, Kyungbok University

ABSTRACT: In this study, the total loss and damage ratio of maintenance monitoring which is installed and operated in
the domestic and foreign tunnel structure is researched and analyzed for estimating the loss and damage ratio of
maintenance monitoring sensor of subway tunnel. The total loss and damage ratio at the elapsed time of 5-6 years after
installation is 14.2% in the Seoul metro line no.5,6 and 7, 14.8% in the section 1 of the Seoul metro line n0.9, 13.9% in the
Channel tunnel of England and all of them are close to 15%. Therefore, it is reasonable to reflect that the total loss and
damage ratio of maintenance monitoring sensor of subway tunnel is estimated provisionally 15% on design, and hence
the study of the loss and damage ratio with the number of elapsed years in long-term by the measurement category will be
needed.

Keywords: Tunnel structure, Maintenance monitoring sensor, The total loss and damage ratio, The Seoul metro line
n0.5,6,7, and 9, Channel tunnel
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Table 1. Summarization chart on loss and damage ratio of tunnel maintenance monitoring sensor of Seoul metro line no. 5,

6 and 7 (Standard for 2000. 03 :

elapsed 5-6 years)

(Unit: word count)

Loss and DO Installed

Division Total Ratio (%) Normal damage ratio Ranking .
damage %) location

Total 591 100.0 507 84 14.2 - -

Earth pressure 56 95 50 6 107 3 Tunnel natural
meter ground
Piezometer 38 6.4 36 2 53 5 Tunnel natural

ground

Rebar stress meter 162 274 142 20 12.3 2 Tunnel
structure

Lining stress 33 547 268 55 17.0 1 Tunnel
meter structure
Optical fiber 12 20 1 1 33 4 Tunnel
sensor structure

Table 2. Loss and damage ratio of tunnel maintenance monitoring sensor of Seoul metro line no. 5, 6 and 7 by section (Nam

S. S., 2000) (Standard for 2000. 03 :

elapsed 5-6 years)

(Unit: word count)

Earthmeptr:rssure Piezometer Lining stress meter | Rebar stress meter |Optical fiber sensor Total
Section Install qus Install LOSS Install LO.SS Install LO.SS Install LO.SS Install LO.SS
ation Loss | ratio ation Loss | ratio ation Loss | ratio ation Loss | ratio ofion Loss | ratio ation Loss | ratio
(%) (%) (%) (%) (%) (%)
5-15] 3 0 0 3 0 0 6 1 167 | 6 5 |833 - - - 18 6 |333
5-18 | 5 1 [200] 5 0 0 12 6 |50.0] 12 5 [417 ] 12 1 83 | 46 13 | 283
6-4 14 2 14.3 - - - 67 22 | 32.8 - - - - - - 81 24 | 30.0
6-5 4 0 0 4 1 [250] 12 0 0 12 0 0 - - - 32 1 3.1
6-6 10 2 1200 - - 84 19 | 226 | 3 0 0 - - - 97 21 | 22.0
6-9 4 1 [250] 4 0 12 0 0 12 0 0 - - - 32 1 3.0
6-10 - - - - - - 90 7 7.7 | 90 9 100 | - - - 180 | 16 | 9.0
7-19 - - - - - - - - - 8 0 0 - - - 8 0 0
7-20 - - - 2 0 0 3 0 0 4 0 0 - - - 9 0 0
7-21 - - - 4 0 0 12 0 0 - - - - - - 16 0 0
7-23 - - - - - - - - 6 1 166 | - - - 6 - 16.6
7-24 | 16 0 0 16 1 6.2 | 25 0 - - - - - - 57 1 1.8
7-25 - - - - - - - 4 0 0 - - - 4 0 0
7-26 - - - - - - - - - 5 0 0 - - - 5 0 0
Total | 56 6 | 107 ] 38 2 53 1323 | 55 |17.0 ] 162 | 20 | 123 | 12 1 83 | 591 | 84 | 142
Total loss and damage ratio = (loss and damage number / installation number) % 100
= (84 / 591) x 100 = 14.2%
Rank | 3 5 \ 1 \ 2 4 -

27



5

o] A GAlA 2.0%0]CHNam S. S., 2000).
% —é‘j& 82 142%0|9, 3 EE éﬂ“&%ﬂ

2|4 0.0%0l14 2 33.3%=2 2 2ol5 E3

1995 8UHE| 9L7X] 17§17t =3(5- 154~TL)

oA HRETZS-18)0]
= EQAAL 4ol

Ho] 2 Aoz ek,

ol-'

EYLES 142%0]H, ASAIME
Ejge] told-gEA 17.0%,

Eld o]

21pALS
T

Z [e]
A5

g3Ees dit S4qae

ol Qlat AZAlNe] &

==

é rlo

123%, Ede] B34 10.7%, Ede] A4l
8.3%, EI9e] 7HI491A] 5.3%<A R Lehee.

3.2 AKX 934 194377 g2 X
2 ASHMNO F EBUS

AAISFE 9BAARTAL 1871 Thet e
FAR] ASHAL] SBAEE Table 3, 49} 2O
2006958 fAE] AZAAA HREgon,

Table 3. Summarization chart on loss and damage ratio of tunnel maintenance monitoring sensor of Seoul metro line no.9 on

1 stage by section (Standard for 2011. 08 :

elapsed 5-6 years)

(Unit: word count)

L Ratio Loss and Loss and. . .
Division Total %) Normal - damage ratio| Ranking Installed location
(%)
Total 655 100.0 558 97 14.8 - -
Earth pressure meter 18 2.7 17 1 5.6 6 Tunnel natural ground
Piezometer 66 10.1 53 13 19.7 3 Tunnel natural ground
Rebar stress meter 148 22.6 132 16 10.8 4 Tunnel structure
Lining stress meter 294 44.9 270 24 8.2 5 Tunnel structure
Segment stress meter 73 11.1 45 28 384 1 Shield tunnel
Concrete stress meter 56 8.6 41 15 26.8 2 Box structure

Table 4. Loss and damage ratio of tunnel maintenance monitoring sensor of Seoul metro line no.9 on 1 stage by section
(Standard for 2011. 08 : elapsed 5-6 years)

(Unit: word count)

Earth pressure Piezometer Concrete stress Rebar stress Lining stress Segment stress Total
- meter meter meter meter meter
tion | Instal LO.SS Instal LO.SS Instal LO.S S | Instal LO.SS Instal LO.SS Instal LO.SS Instal LO.SS
lation Loss | ratio lation Loss | ratio lation Loss | ratio lation Loss | ratio lation Loss | ratio lation Loss | ratio lation Loss | ratio
&) (0] (&) (o) ) (o) (0]
901 8 1 |125] 8 1 |125] 0 0 |00] 61 4 166|488 | 0 |00] O 0 |00 [125] 6 | 48
902 | 0 0 |00 2 2 |100| 16 | 6 375/ 16| 0 |00 | 5 1 120.0| O 0 00|39 | 9 |23.1
903 | 10 | 0 | 00| 4 1 [250] O 0 [00] 10| 2 |200] 20 1 50| 0 0 [00] 44 | 4 |91
904 | 0 0 [00] 2 0 [00] 8 2 1167 8 2 (167 0 0 [00] O 0 [00] I8 | 4 |222
905 | 0 0 ]00] O 0 001 10 1 |10.0] 5 1 1200| O 0 ]1]00] O 0 1001 15 2 |133
906 | 0 0 ]00] 12| 2 |167] 4 0 1]00|34 | 5 |147]60 | 7 |11.7] O 0 |00]110| 14 |12.7
907 | 0 0 ]00] O 0 100 4 3 |75.0] 4 2 500 0O 0 ]00] O 0 100 8 5 625
908 | 0 0 ]00] O 0 100 8 3 |375] 4 0 ]00| O 0 ]00] O 0 ]00] 12| 3 |25.0
909 | 0 0 ]00] O 0 ]00] O 0 ]00] O 0 ]00| O 0 | 00| 73 | 28 |384| 73 | 28 | 384
910 | 0 0 ]00]| 6 2 |333| 0 0 |]00] O 0 | 00| 45 1 122] 0 0 |00] 51 3 159
911 0 0 [00] 4 0 [00] 6 0 [00] 6 0 |00 | 20 1 50| 0 0 |00] 36 1 |28
912 | 0 0 [00] 12| 2 |167] O 0 [00] O 0 [00|62]| 7 [113] O 0 [00] 74| 9 |122
913 | 0 0 00| 14| 2 |143] 0 0 1]00] O 0 10024 | 4 |167] O 0 100|388 | 6 |I158
914 | 0 0 ]00] 2 1 |50.0] O 0 ]00] O 0 00|10 | 2 ]20.0] O 0 1]00] 12| 3 |25.0
total | 18 1 | 56|66 | 13 |197] 56 | 15 |26.8]| 148 | 16 [ 10.8|294 | 24 | 82 | 73 | 28 |38.4| 655 | 97 | 14.8
Total loss and damage ratio = (loss and damage number / installation number) x 100
= (97 / 655) x 100 = 14.8%
Rank | 6 3 P \ 4 5 \ 1 -
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Table 5. Loss and damage ratio of tunnel maintenance monitoring sensor about Channel tunnel (Standard for 1990 : elapsed

5 years)

VWSG : Vibrating Wire Strain Gauges

Division -
Installation number

Loss and damage number

Loss and damage ratio (%)

Segment lining stress meter 231

32 13.9

Loss and damage ratio (%)

(loss and damage number / installation number) x 100

= (32/231) x 100 = 13.9%
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Table 6. Loss and damage ratio of tunnel
. elapsed 3 years)

maintenance monitoring sensor about Red line subway tunnel (Standard for 1997

Division Installation number = Loss ar}d Rank
number damage ratio (%)
Total 839 34 4.1 -
Concrete lining stress meter
(Vibrating Wire Strain Gauges) 200 10 >0 4
Crackmeter 506 8 1.6 5
Liquid level gauge 106 9 8.5 3
Liquid density gauge 19 5 26.3 1
Flowmeter 8 2 25.0 2
PN (loss and damage number / installation number) x 100
Loss and damage ratio (%) = (34/839) * 100 = 4.1%
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