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Experimental Study for Establishment of Long-term Monitoring System using Fiber
Optical Sensor for Pipeline System for Waste Transportation

Haeng-Bae Kim', Jae-Ho Song2>X<

Abstract: Recently, the pipeline system for waste transportation has been increasingly constructed as new solution for the waste collection and disposal
system by constantly increasing domestic waste which issued as social problem. The pipeline system is constructed through long distance, so proper
long-term monitoring system is necessary which available to detect the damage location for the effective maintenance. In this paper, the experimental
study is carried out to evaluate the applicability of optical strain gauge sensor based on FBG for the long-term monitoring system. Three test parameters
such as pressure leaking, blockage and deformation are considered as typical damages for real-scale pipeline test specimen. In order to measure flexural
and volumetric strain and temperature, three FBG sensors are installed at each monitoring sections. From the test results, this study suggested effective
methods of sensor installation and arrangement. Also the sensor spacing for the design of monitoring system using FBG sensor is derived by the

correlation of distances from deformation between sensor responses.
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Fig. 1 Conceptual diagram of Fiber Bragg Grating
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Table 1 Comparison of specifications of FBG and DTSS sensors

Item FBG sensor DTSS sensor
Accuracy +lue +30ue
Resolution 0.1m Im
Length range point sensor 30km
Acquisition time 10sec 0-20 min.
Configuration Multiple fibers Single fiber
Temperature accuracy +0.4°C N/A
Temperature & strain Multiple fibers Multiple fibers
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Table 2 Damage types as test variables
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Table 3 Technical specification of interrogator and sensor

Variables Monitoring items
Normal Strain at the normal condition Items Specifications
Leakage Volumetric strain by changing of internal pressure Interrogator Model sm125-500
Blockage Volumetric strain by changing of internal pressure Channel no. 4ch
Deformation Flexural strain by pipeline deformation Sample rate 2Hz
Temp. range 0~50°C
.:./Fm temperature compensation .. Application Fiber optic only
T TS el ‘direclion::: . Manufacturer Micron optics(USA)
-\\ For volumetrie srain___ \\\ FBG sensor Model ST-310
ﬁ—IE / Type FBG
! /// /// Range +2,000ue
A TR g Temp. range -20 ~ 80°C
B e Resolution +0.5ue
Manufacturer FBG Tech(Korea)

Fig. 2 Conceptual diagram of sensor installation
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(a) Sensor installation (b) Data acquisition system

Photo 2 Pipeline monitoring system using FBG sensor
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Fig. 4 Test results of normal operation condition
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Fig. 5 Results of pipeline leakage test
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Fig. 6 Results of pipeline blockage test
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Table 4 Summary of pipeline leakage test results
Section Distance Longitgdinal Volum'etric
from valve strain strain
C 4m 21.2 37.4
D 29m 13.4 17.2
E 33m 11.5 13.5
B 36m 9.7 10.7

Table 5 Summary of pipeline blockage test results

. Distance Longitudinal Volumetric
Section . '
from blockage strain strain
G 0.5m 36.2 472
F 1.5m 18.1 19.6
E 6.0m 4.4 9.3
D 10.0m 2.7 7.5
H 25.0m 1.1 3.7
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Table 6 Summary of deformation test results

. Distance Longitudinal ~ Volumetric
Displacement . . .
from deformation strain strain
1.4m 82.9 32.1
4.5m 41.6 16.5
6.4m 413 12.3
Smm
10.9m 19.9 10.8
15.9m 6.2 6.2
20.9m 2.3 1.3
1.4m 189.4 66.3
4.5mm 80.7 36.3
6.4m 77.8 342
10mm
10.9m 36.9 21.8
15.9m 12.4 15.9
20.9m 10.3 6.5
1.4m 236.9 87.9
4.5m 135.1 67.3
6.4m 1184 52.1
15mm
10.9m 79.6 31.2
15.9m 29.2 22.1
20.9m 22.9 14.4
1.4m 264.7 126.6
4.5m 192.8 16.5
6.4m 132.1 36.3
20mm
10.9m 87.5 67.3
15.9m 49.1 79.6
20.9m 27.3 12.3
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Fig. 9 Correlation between distance and strain of deformation test

Table 7 Summary of correlation between strain and distance

Displacement Trend line analysis R’

Smm y=114.12¢~ 1818« 0.9859

10mm y=193.57¢ 015242 0.9626

15mm y=260.19¢~ 012237 0.9728

20mm y=2306.15¢~ 1158 0.9962
€ SHHYES AT AR 543 Folees AS &
A = Ak 29} 244 AE A 2lshA Table 73 2L o] &
ol A Wele] =27] B /Aol whE A eA SAE =
AP ES /st A4 MM E AL 5 ek & A
TolAE =S BEH AT 22 T DA E 93]
A ol A EE Aol AAE A AT =17 SHol
SHA| 2

=20 01] ﬂif& HE2HY S IR

3.8 E

1) & AFolxes 287] BZolsA 2l ahzo g 7|
87Fsd B HEE AAE o183 A7) ASA ="

S AES] Yste] AEFR nE FAZo|sA|AHo| B

A FBGAIAE X512 hEHQ B2 439 &
gz a9 AZHE FNS TAE S o|ERE
o) exot ¥R ES 2ok A4S SRS 292



O
obo
2 et
lzt
z

3 e BN A9 o sue] ARG FBGE4 o] 414 E 3 4E:
2 AAME AAeh= Zlo] a2 A8kt &394 71 ASAI =R 7213 o| FH R %“3% —’F AE
o2 Ehskon, M| B9l ol Epe] Lo Eabol tE AL BAG ATE w2 A5 A 28
o2 AME A%t Zlo] axF o g Yt =3, = AR Ao F ChR e, A 2 AW
AP AT 4o o o) $BE 0] LENSH= T4 oo} B AV F/IY P BAS 5o 2o AU AS
A E A E HEFE S o] B2 AL &kl N2E Y AAE A LS AEZ 82 FUAS A= 7]
3T oiE ok
2) 4ETEL A A 9F37uee AA YT WY Eo| =4
HALL, o] FHE AA| o] LE=RF S A Q]S ¢F 20m ©]
A9 A G FEE AT rA RS AAT References
S QIoiTh TR A ] 4 $oll = Hu) F4Tuee] A2 g
HEFEo] SAHEANAT, F=7} A E A oA 2m oW Choi, H. S. (2010), Settlement of the Pipeline Blockage for a Refuse
o] YA AT A FA A= SEFE=Ho| 7S Ao R A Collection System, Thesis of Master degree, Graduate School of
et W3dde) A Py Aol 20m e gaa%'c;n% e ,
ung, W. , Optimization of Waste Pneumatic Transportation
A} - & [s]
] © 201 Aol A= 5~20mme] J‘% =H¥es st System by Results of Facility Diagnosis, Journal of Fluid Machinery,
HEEo|] ZAAHJA T B2AA| 9] 2=HEPG-E A5} Korean Society of Fluid Machinery, 13(5), 54-57.
™M 20me] ©]49 7{3]0]“1_‘5 15mm == _4 W o] 1WAy Nikles, M., Briffod, F., Burke, R., and Lyons, G. (2005), Greatly Extended
- o= Distance Pipeline Monitoring using Fibre Optics, Proceedings of
o Z¥R|7} 7Sk Ao =2 L)
sk | l‘ F ) jE]— j = OMAEQS, 24th International Conference on Offshore Mechanics
3) 22871 O]'J“'Jri“] 47 ASAZH S 2 FBGAIME &2 and Arctic Engineering, June 12-17, Halkidiki, greece, ASME,
A5t QFe =, HEHEY 9 A2 A A5 S8 539-546.
A= e rZa) Az lo) #Hoksl 2o A ;_<1 &k Takashima, S., Asanuma, H., and Niitsuma, H. (2004), A prototype of
1= aFiber-Optical Downhole Measurement System of Pressure, Temperature
[e] AAE AAXsy & kos| SNA= bR =]
== FBG-‘—] 18 AAlsta, SRl tisiA= 2aw and Flow, Proceeding of 2004 SEG Annual Meeting, 10-15 October,
of doaFo & AXZE IHAE 40m FEOE A 7‘] k= Denver, Colorado, Society of Exploration Geophysicists, 123-125.
Zlo| valAsIt . EEH AT &3k o) 2 o) HAYsH Zou, L., Bao, X., Afshar V. S., and Chen, L. (2004), Dependence of the
=19)0] 7] D 9]0 whet A AT = Wy T Brillouin frequenf:y shift on strain and temperature in a photonic
Absho] HAE A = s e e crystal fiber, Optics Letters, 29(13), 1485-1487.
< ddete] HEg AAMAE DAL F =S HYY Zou, L., Bao. X., Yang, S., Chen, L., and Ravet, F. (2006), Effect of
A YR ZEE| Q] o)A A g} HEETe AdTA 4] Brillouin slow light on distributed Brillouin fiber sensors, Optics
L =712 F3ste) A 5EE Al AgaAal e & Letters, 31(18), 2698-2712. Geophysicists, 123-125.
ahgick
4) EATelA T AY S A A ER ARE B Received : 02/12/2016
3 o] =ol et ATE £ 0= WAL AP S T Revised : 02/19/2016
A0 8 BE BEO|FALH dEH o' A A Accepted : 02/22/2016
2 g8l @AY} ok e B AT B

2 AT A& 0T ZIhsHe AT B M2 A A A FAZ gl the A2 71 Be] £ D Subge
87 ol g oAl glo] A 5k 1 glek. o] 3k ol S HEA 2L 7] AFL 2] whitol o] SEo] BAL BT S S
G 9128 sletsle] 2313 4 Qs AT A7IAZA 28 S 2§51 Zlo] Basith, £ ATl S FBG B f WY E NS 0§37
A2sElo] 2 G HES L, o) F o 87 HH 0| ASA LS EET 5 U AR T 18 A ATRA, o] SHel WY 5
e Q) SAFHOR TR, BENY L DA 3714 DY WA TR 5y o] SHZAG A BAR F Bzo] 4
FBGALA 2R E| SE SAslth AQATE vlgto 2 Auss 483 217ke] 4480 HhE E321Q) A A1) ) il 2 2

=239tk 55 #2NPUY Avhs AGRYAH O ZRE o A4 she] Aelel BHE S JUUAES T3 AAHAIA-S 5} FBG
AAE o) §8 A SHAE

HAM GO : o] FABA2H], FAF HEE A, FBG, A7 AISA 28, A A=) 7HA

>

o

=
=

o4 [o
o2

o]

¢

J. Korea Inst. Struct. Maint. Insp. 43





