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Abstract To meet the requirements of the structural integrity test for prestressed concrete containments in
nuclear power plants, a containment structural integrity monitoring system has been designed and developed.
This system is based on a JAVAEE layered architecture software platform and uses fiber-optic sensing
equipment. It employs point and distributed multi-level monitoring networks, all-optical signal status
monitoring, spectral signal demodulation, and front-end and back-end data acquisition and analysis
technologies. These features simplify system design, improve scalability and reliability, and establish an
online monitoring system with a four-level architecture comprising data perception, acquisition, data, and
application layers. The containment optical fiber monitoring system has been applied and validated during the
structural integrity test of a prestressed concrete containment. On-site verification demonstrates that the system
operates stably and reliably, with accurate monitoring results that satisfy the requirements for monitoring
prestressed concrete containments. The system can be further applied in subsequent renovation and upgrade

projects of containment monitoring systems to enable online monitoring during containment structural integrity
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Fig.1 Schematic diagram of double-wall containment
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Fig.3  Architecture diagram of the containment fiber

optic monitoring system
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Fig.5 Fiber bragg grating strain sensor
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Overall strain history curves of distributed fiber optics

REWIE
T BRI R G R T 1, TR T A

3.2

A BRI A,

P R T 00, TR 2 2 Fe 85 M B 1R - A%
A, B AN RIS IR 5% A% SRt 1) W 5Bl | Xof 22
LS BT BT B IE , % 2T 45/ A n)
5 AR A 22 K 23 TR, 4 e A% 1)
ZEATPINER [ AR TR R, B TS ] AR TR AR

K22 Zesedb s Ip A
Fig.22 Diagram of circumferential deformation of the

containment

K23 GareE v

Fig.23  Diagram of vertical deformation of the containment



Structural Engineers Vol. 42, No. 1

Experiment Study

SEATIRBERE AT BOCLT Yt AR AL 1 22 4258
G5 R I BE TS A I 72 72 A ML G ] 24 18] 25 BT 7S o
ANTRY A A 2T T, 2 A 5e 45 P i 25 X I
AP 27 A e FR MR RE B 1) A8 A MR R A S 2 PR
K, BASACHRE AN SR AR 2 X, Wi 7
10 PRBEAE XI5k, 52 Jey &l s LA K Rz 7 553 114
SN U 2 AT A AR E AR AL AT S 2R PRI G
(EPER =] (RN

300 e SIff7(0.105 MPa)
b SI{E(0.21 MPa)
[~ SI{{1(0.42 MPa)
. 200 F
g
= 150 ﬂ//
i e
50 ~———=—— o —o— "
{] L L L L L L L J
02 0 02 04 06 08 10 12 14

el AMEIEE / m
24 2.65 m/95" I [ B AR AR i A2 A th 2k
Fig.24 Radial variation curves of 2.65 m/95 °

circumferential strain

140 - o SI{{(0.105 MPa)
120 | —= SH(0.21 MPa)
—a— SI{{i(0.42 MPa)
100 +
2 80 _F__-a.a———_"
560
40 + .~
0——‘___'.______
Wp T . e
(} 1 1 I 1 L L L J
-02 0 02 04 06 08 10 12 14
A ABEE / m

K25 2.65 m/95" 1 fial i AR VT2 [ AL A 1 £
Fig.25 Radial variation curves of 2.65 m/95 °

vertical strain

3.2.2  WEDNEHE X LA b

T P 5% A% IR A U 4 4 0 BE TR 3 W 2 AR
B, 43 B & 2 HE TN 04K 5 1 5 4 2 E
TN 7 4050 0, BB AN 26 R o AR YE T
PR 52 S W B i, X SH A e T e X 3
(1) 6 21 S W% S W D0 45 i 08 A7 S BT L
I £F A% I W T B0 20 08 B A8 0E L N AR AL 1ok R
& 1E J5 , 5 T 4 5% 4% JEk e i 0 84 1 A7 X
A #T .

BRIETIE 6T, 210 R WG £F A% 2k
A W R A PR G T 4 R L K 2 A K

BEMELAE /Ty
AW AD

RN sC S

(5126 YR 15 B4 T 1 5]

Fig.26 Plan view of embedded vibrating wire sensor
S5 2% UL S 1, FBG 4315 22 g 26 1 kG I
FBG 3 5 47 PR T 1T 3308 1 2518, HR 5% 1% J&&
i (VWS) P 22 03 152 25 Ay 5 3 A 4 L A0 T 4
% AL R MR 5 A R IT I AE 1) 2505, VWS
A2 DR 1R 22 A ST 48 4 5 AN T R 5% 14 Ik
I S A ROCTH A R 2208, Bk K 27,
28 iz o LA AN]R8 B ) 5 18
ti] S 8 21 07 AR W I A B AT 5 AT L B
P4 M 5% 2 K T iR 5% A SRR ) W D R 2, AR
AV 0 255 S s 2 F M QPR X AL IR AN . AP AE L
UG (1) Ji R AT g S B A i T2 AN e TR
O LT A% A 1Y N A2 A% 338 R AN — B, R
4 B 5 AR 22 ] i S BOG A7 A% B3 W I B3
SIS ES

/I 11507 0 = W 2 b R 811K 4 O 4 2 o £ W
EF A 1R DX AL A 3 A 3 — 2 4 5% A IR An
K129 s, & HE T E BT, o0 A SO EF A
A5 5 4% 5% oA g W Ry AR BES T RLE AN 2
FiR o WEIEHE R, 3 A SOGEF MR ARIas
D EE 5 A BR oo T3 2 AT e v i — Bk, o
130 Ji 7, 4 5% A% 8 W I A5 s 5 PR e T3
I RIR 25 0 -8.50 e, /3 A X OGEF W B dl: 5 A
FROCTH B A KR 254 3.89 pes

AT LT TR 8 DX IR R - i A i) S AR
$1206.51 e, ARHE A (D BIFE T2, iTTHEZ
Ab AR T 384 550 e KPR F1 N 41.2 MPa, i/ F
(IR % + 45 # & 1H HL ) (GB 50010—2010) H?
HRB500 £ #7 14 Jie IR 568 B2, N )22 22 4 5 Ry Tl )
XA TR B A R A R A TR A A T R
A, LR TR 7 A8 I 7 157 A A ] W Y 2T A5 SR B
ARV AL AT ) 8 A & A R



SR HFST - - 137 - ZERY TRRIES 42 45 55 1 3

F*1 FEERBREERTIHESERIREE
Table 1 Error values of two types of sensors and finite element calculation results
b i J3F S ARG FIHT FBG FBG i VWS A2 VWS SR
5 /MPa A e M/ e RE/we iR 2E e iR 2E e
0.105 27.3 54.88 27.58 7.52 20.87
0.210 BN 60.7 113.42 52.72 12.16 37.49
3 0.420 166 205.69 39.69 16.02 41.53
2.65 m/95
0.105 18.9 15.63 -3.27 -1.92 6.08
0.210 3L 37.35 27.79 -9.56 -5.48 9.37
0.420 87.8 52.10 -35.7 -31.91 -1.25
0.105 26.6 45.70 19.1 15.15 23.37
0.210 EAN| 68.9 83.60 14.7 29.97 37.66
3 0.420 105 159.40 54.4 52.06 99.95
13.27 m/95
0.105 19 11.88 =7.12 -2.23 6.07
0.210 3L 38.4 21.31 -17.09 -5.55 7.19
0.420 95.3 40.16 -55.14 -19.58 -9.78
0.105 26.1 55.29 29.19 19.28 18.63
0.210 m) 67.1 106.10 39 34.85 31.28
3 0.420 139 206.51 67.51 51.21 64.95
23.89 m/95
0.105 19.7 21.37 1.67 -7.24 1.65
0.210 3L 39.7 42.40 2.70 -16.35 -0.34
0.420 97.1 84.44 -12.66 -46.18 -18.97
0.105 34.6 44.53 9.93 6.14 19.88
0.210 o m) 70 93.90 23.9 11.28 36.03
3 0.420 248 189.43 -58.57 -11.10 -36.83
19.7 m/84.5
0.105 27.3 31.30 4.00 -2.55 23.93
0.210 30 56 65.85 9.85 -4.75 39.16
0.420 159 139.84 -19.16 -27.05 22.85
2 ST 5 REIRZ T R 2R LT &R
Table 2 Monitoring data of distributed fiber optic and surface vibrating wire sensors
JEJ3 (MPa) il £ 0 ‘ 0.105 ‘ 0.210 ‘ 0.420 ‘ 0.210 ‘ 0.105 ‘ 0
R 1= /m Tiil(%) J51A] NiAE /e
VWS 13.27 10 H 0.00 33.70 72.20 154.60 89.90 50.50 12.40
DOFS 13.00 5~23 H 0.00 39.37 79.13 166.66 85.45 43.21 3.12
LISz 13.00 5~23 H 0.00 40.78 81.56 163.10 81.56 40.78 0.00
VWSR2 0 -7.08 -9.36 -8.50 8.34 9.72 12.4
DOFSi®Z: 0 -1.41 -2.43 3.56 3.89 2.43 3.12
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Fig.29 Location of distributed fiber optic and vibrating

wire sensors
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Fig.30  Monitoring data of distributed fiber optic and

vibrating wire sensors
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