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Temperature Compensation of Optical FBG Sensors Embedded Tendon
for Long-term Monitoring of Tension Force of Ground Anchor

4 & '  Sung, Hyun-Jong 71 o] A Kim, Young-Sang
ARSIl Kim, Jae-Min L Park, Gui-Hyun

Abstract

Ground anchor method is one of the most popular reinforcing technology for slope in Korea. For the health monitoring
of slope which is reinforced by permanent anchor for a long period, monitoring of the tension force of ground anchor
is very important. However, since electromechanical sensors such as strain gauge and V/W type load cell are also subject
to long-term risk as well as suffering from noise during long distance transmission and immunity to electromagnetic
interference (EMI), optical FBG sensors embedded tendon was developed to measure strain of 7-wire strand by
embedding FBG sensor into the center king cable of 7-wire strand. This FBG sensors embedded tendon has been
successfully applied to measuring the short-term anchor force. But to adopt this tendon to long-term monitoring,
temperature compensation of the FBG sensors embedded tendon should be done. In this paper, we described how to
compensate the effect in compliance with the change of underground temperature during long-term tension force
monitoring of ground anchors by using optical fiber sensors (FBG: Fiber Bragg Grating). The model test was carried
out to determine the temperature sensitivity coefficient (3") of FBG sensors embedded tendon. The determined temperature
sensitivity coefficient 5'=2.0x107/°C was verified by comparing the ground temperatures predicted from the proposed
sensor using 3 with ground temperatures measured from ground thermometer. Finally, temperature compensations were
carried out based on 3 value and ground temperature measurement from KMA for the tension force monitoring results
of tension type and compression type anchors, which had been installed more than 1 year before at the test site.
Temperature compensated tension forces are compared with those measured from conventional load cell during the same
measuring time. Test results show that determined temperature sensitivity coefficient (5") of FBG sensors embedded
tendon is valid and proposed temperature compensation method is also appropriate from the fact that the temperature
compensated tension forces are not dependent on the change of ground temperature and are consistent with the tension

forces measured from the conventional load cell.
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Fig. 1. Principles of FBG sensor measurement

ID: 1.76mm

wwiyg Gl

Optical Fiber
with BG Sensor

Fig. 2. Concept of FBG sensors embedded tendon and its cross section

A7 A% BEa 2A40u2mA, =T 2] BHE,
A=BraggZi#te] 74z)ol YrEsts mg 4ROl
PG AR o)A BrAKreflected light)=]m] vhe] 2] w42k
AEL T2 FiKtransmitted light)d}o] 33 A EY
H 47| (interrogator)of] LERATE THY FBGof| 224 oF
g 59 o Eejsko] Zheld A9 Bt IHA(A)
o] Wzlsto] A= WhALE = T (s)oll HE7E EAY S}
Al gk aejere B spe] HaiAhs)E ST
o FBGof| 7Rl &2]2e] ¥sks 54 + Sl
ojnj 2ot HFE HIfof theh Helj 1 whalubgo] ¥
SFH M) A (1)} o] YR 4= QIti(Hill and Meltz,
1997).

Mg = A[(1-P)AeH(a+E)AT] (1)

714 o= &= BAFAG(ATR 0.51x10°°0), E=

o B 4(5.76x10°/°C), P 3B AF~(0.22), Ae

& A ARe M E ek, AT A 4419

2= Hslero|th. ofuf %*é% Wﬂ 141%?%‘ Eiltd-.% o1&
O

Alpape] WakeRe: RABIRAT=0), 4] (1)2 ok 4] @)

S} o] yhAllgo] wiskeA) 0 e PSS ws}

HAepe & 5 A=S A 4 ArkKim 5, 2011).
1 AXg

8o N, @

16 g=XgtE8stel=2d HM28% Hb5=

ey AR o] A7) 7hell AA Rk A
o] e S45ks Ad-ole AAd Al §iA]of wt
b A 2r=sto] gk Hejj vhalubge] Hat
FS HlT A a1 dfof R A (1)& TG Al
SRS ATREE) S Esto] 4 (3)3 Zol A=
4= St} ojuff 9¥ 272 =wSlo]| o5t WP E HA
olck

il 3 & AT E(e5.2mm) =
AT F R o] BHS AAE AHlek G2
(EP o2+ B IANE F=Uske] AlolEx} dAI7F
H=E gH(Kim 5, 2007). Kim 5(2007)3} Kim 5
Q008)2 FBGALA] Arelsio] A Mol e
T35 dAFE] tigt e s S8l FBGAIA S F

BAFELE A3 W A R=A 9] 7)5-S HFHA
@}%ﬂ’ /HO Aﬂ/ﬂv/] EHA]— r/}zzq zx%o] 7}_0}
b sk 917014 BragehlAle] WE1E Zgat o
o Hem o e} 479 S50 ZHE slseic)
(Kim %, 2009b).

gaow

l

hJ



Fig. 3. Laboratory test for measuring temperature sensitivity coefficient of FBG sensors embedded tendon
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Fig. 5. FBG sensor array for measuring ground temperature profile
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Table 2. Dimension of ground anchor and ground condition of fixed length

No Anchor length | Boring length Free length Fixed length | Boring diameter Number of Ground
’ (m) (m) (m) (m) (mm) tendon (n) Condition
TA-1 6.2 5.0 105 4
e se— 1.2 10.0 Soft Rock
TA-2 5.2 6.0 105 4
CA-1 10.5 - 105 4 Weathered
-] 10.5 9.5 Rock ~ Soft
CA-2 10.5 - 105 4 Rock

(a) Initial jacking of anchor

spero=

SRETCE

1=

43 MR

(b) Load cell measurement

(c) FBG sensor measurement

Fig. 11. Field test for seasonal tension force monitoring of ground anchor
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