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The optical fiber cable acting as a sensor was embedded in the underground research tunnel and portal area in
order to monitor their stability and the spatial temperature variation. This system includes two types of sensing
function to monitor the distributed strain and temperature along the line, where sensor cable is installed, not a point
sensing. According to the results of one year monitoring around the KURT, there is no significant displacement or
movement at the tunnel wall and portal slope. However, it would be able to aware of some phenomena as an
advance notice at the tunnel wall which indicates the fracturing in rockmass and shotcrete fragmentation before
rock falls accidently as well as movement of earth slope. The measurement resolution for rock mass displacement
is 1 mm per 1 m and it covers 30 km length with every 1 m interval in minimum. In temperature, the cable mea-
sures the range of —160~600°C with 0.01°C resolution according to the cable types. This means that it would be
applicable to monitoring system for the safe operation of various kinds of facilities having static and/or dynamic

characteristics, such as chemical plant, pipeline, rail, huge building, long and slim structures, bridge, subway and
marine vessel. etc.

Key words : KAERI Underground Research Tunnel(KURT), optical sensor cable, distributed temperature and
strain sensing(DTSS), automatic monitoring system

*Corresponding author: kskim@kaeri.re kr

63



64 7% - o -

N

BE 3T N B2 FREES A7) AAek)
w2} 7V, AFARIEEE Wl 2% 2 X7 5 o
7H] R gQlel] 9Jgt Jgo g Wy oA ol
Al e} o] Ast e sl HH, AWgE Te
sk, AR, AP F HiE ARSI R oloix)r e
o} ol2lgt Al 27l 2wk Moz RE
Ssle] R dael] meaiA Bk EArR) o
Bol A4S EX A 9 Lxd Yshls 2719 Eo 33
23 HIEAEE ASsP] A T2 AFel Ax%
7 AYAZ7] (strain guage) 7122 EUE B4 4
B7¥stal Qick. ojwf Hrpi Y TE2ES 75 e B9
WY 54900 wEbA 54 97 2 A3 A9 e
TS AAsledof s, o] oA i AlMs} 94
AeIA & Tl MM Fofl sl whgel 97
A& 2oE o B9 opE BE ASVIE A &
Aslolof 517] w2l o8} 717] ofzigol A ok

E A7ME gdulsog BAg0R A= 3
o8 S A4 (optical sensor cable: 333-F-AlAA 0] E)
2 g3l HAg ) 1m 7HEoE AN )58 T F
VT 5SS o8N 7 AAMer FEe AFMe
ERE eI, Wil T8 dekst 2al4,
71818k B skl tiAE = gl 7FsAS #
L), 53], AP ' AR 35 AE-
AR 24 F W 50m 7HHo2 T8y Ato] FHefst
TFoolle Brt 2Wd 7o 2 Auhag) ZAFEE A
HSEE SRP (Standard Review Plan)ellA #3381
Ao, B2 U dFAlEe A A AgskES
FESHL Sirk. B A8 B3l AdFdAEATY el
AX s WAMIA 7B A)Ed A4 (KURT: KAERI
Underground Research Tunnel)2] QP99 2998 9)5}e]

AN B ) WRe] Aukas) B ST WsE A
2o 4P Psd ANE FYRoEA, HRe) 39

WY AL vlel Bl R B0E AR o
Sk, ot oh Asieeie] S 2 skl B o
g2 ¥ 5 A =g

FHRUM AR &2 2Bz

SFAFAMACIEE Tl tids] Fo] F& dlolAT
ATE B, Alols WellX At o] dFtt 2 F
YF= whalen Prje|o s o) Pl 1ES ¢
AFZe] 2T ties] Atk viek, Alo18e] FHEE, &,
5, WY, Y 5ol Bisph IAEkE Al 7] SR A
Z87 (Rayleigh scattering, Raman scattering 2
Brillouin scattering)®] WERAT) (Fig, 1). & JES zh=
Rayleigh A2 AR Aol & 9] W=wsel A=
7 W= QIT}. Raman AR gloj#]g}e] 713 ko]
AFHolA Alolg o] 2% wslel] ulz} JF o
Yeldt) Z, stokes o] 43 FHRaman 2F&He
2Rl FASAIRE anti-stokes H$]2] AH-Raman
e 2eRiglel met ao] FE HojlA oRlgt 9k
RoAFEr) o714 2535488 vl2 stokes 2 anti-stokes®]
Raman 4F} 2% (intensities)S #24J8ko 24 oA =
Aoltt. 4, Raman 2R g WS Fo] 27) of
ol B4 S9N 29 a7t Bl folsitt. ol
2 23 s Eole FEd 7o) Ak

Brillouin 2kt @42 222 E2]312} Lon Brillouin
(1889-1969)1 of3l HAH W olo) Uit S nj=2
B9 2= % H¥E 3797192 DTSS (Distributed
Temperature and Strain Sensing) AlZd2] A o]t}
FAIEA We HliA HE Fulo] AdEs Ao
ofel AdAoR St Bt o)A HuEe

>

} Rayleigh-Scattering
2

Pulsed |, oo T
Laser e

. Tight Buffered 90¢ micran fiber
e Aramid Strength member
T Care-lacked Folyurethane jacket

Rayleigh-Saattering

Brillouin-Scattering n-Scuttering

Q P \A;\T \7}\5 - S }&

Rs  Aray
e e e S S,
Stokes Anti-Stokes

Fig. 1. Principles of temperature and strain measurement using the optical sensor cable.
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Table 1. Strain measurement methods of DTSS.
Strain Estimated
. . M

Measurement Type Resolution Measurement Time easurement Range

Distributed strain (non-compensated) 10 pe 20 minutes 10 km

Temperature compensated Distributed strain 20 ue 20 minutes 10 km

Dynamic Distributed strain 30 pe 10 Hz 5km
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Fig. 4. The installation locations of optical sensor cable and monitoring sections in the tunnel.
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Fig. 5. The installation locations of optical sensor cable and monitoring sections around the tunnel portal.
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Fig. 8. The example of realtime presentation of strain intensity in the tunnel.
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Fig. 10. The example of realtime presentation of strain intensity around the tunnel portal.
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