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Abstract:

infrastructures for urban and industrial energy supply. The

Underground pipe networks are the critical

predictive operation and maintenance (O&M) is the key
issue for ensuring service throughout their life cycle.
failure mechanism of

According to the damage

underground continuous pipelines, a stress analysis
model is proposed based on the multi-source monitoring
data fusion, and specific fusion algorithms are provided. A
decision model for the first maintenance inspection plan is

presented based on the time-dependent reliability, which
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considers the structural deterioration caused by uniform
corrosion. A practical case showed that the fusion
algorithm can successfully estimate unpredictable
longitudinal bending stress and axial thermal stress,
which demonstrates the effectiveness of the method
proposed in this paper. The comparison result between
the proposed model and existing model proves that the
longitudinal bending stress cannot be ignored in the safety
assessment and service life prediction of underground

pipelines.

Key words: underground pipelines; predictive

operation and maintenance; time-dependent reliability;

data fusion; Bayesian formula
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Fig. 1 Predictive maintenance decision-making method based on fusion of multi-source monitoring data
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Fig. 2 Thermal deformation of an underground me-
tallic pipe installed with a compensator un-

der temperature loads

AT IV 5 R R R B A R 43 1)
MR T 22505 B S,, S, ) S, RIS, 4 B350
il 7 A5 M A (o) FIRLEE 22 55008 AT (), WA 25
L3 426 RSB L AL As A, A 435
T 1 B {37 B 2 B 1 S T A
FiT 25 iV T B T PR P e B APE F Ai
F 9, A5 3 3 (SRR B0/ INE 43 o 1 10 2
P A S R T R 2 e A R AR
IPEBA BT 1. AR D I A 5

P(SI,SZIA,-)P(AZ-)
AR SI= S bis s p(a)
P(S|A)P(SJA,)P(A,)

D P(SIA)P(SJA)P(A))

L P(AJS, S,) HTE 2AE IR Aey, AT ) F
PEA B S B 5 P (S)A,) Hy fE 3 E A, O
TAEBIES, 195 P(A,) N ok A, (e i
RS PIA)= 1 AEBE 5 BRI F Ao
Sy 44 S SR A

g\ 1) 2 N HT o (o) R ] FRON 7 0 () AT

D



%2

AR A R H T 160 T 0 4 2 U D) e il 15 DR SR 173

AR DU -7 il 5 FECHE Rl 5 1) 7 1 34, AR GE.
HAT
(1) BB 18 AR 1B 1Y 70 A OG- AL B L
TG NS ARSI 5 G SCER AN B ARG AR
5 B ME % Pu(ANS, S.), k=1,2, -+, N, & X
(T TA D & S A EfE SE
(2)FEHE— W RT3 P, e A48T O A T T R
R PR A AR = (8) TR
S P(AfS.S.)

p<A1'|ShSZ): N

,i=1,2

(8)
(3)FEHE— Mol JET 3 oA, A48 T A A il ) AP
FH AR 6 Rt 61 25 e, B B 422X () A E
P(A3,4|Sla Sz):

E;LIPA(A:JSb Sz) + 2}§;1_“Pk<A4|51, Sz)
v N

max
l<z,<N

(9)

(4) i i e K5 56 2% (maximum a posteriort,

MAP ) Fl I {E Y J7 208 5 48 T R — A 0 N A A 19
2, s (10) .

P<A:’|Sla Sz):
max{p<Al|Slasz),P(A2|Sl’SZ)yP(AB,4|Sl9SZ>}>
Pthres (lo)

(5)#P(A)S,S,)=P(AS., S.)=> P, M %
T EAE R, A S . 1M 00w (2)=EAe (2 )o
(6)# P(AJS1,S,)=P(A;4S1,S,)=> Py, M
KA T IAER, Bl 2400 T o0 (&) ATAR P52 (1)

A
or(x)=
—EaAT (), 0<x,<L,
—EaAT (x)+ EAe(x), L, <z, <L
an

A o B E AR R LSRR R o FTL, 2350 R
N TE A A AR T A T 7 R ] B
K.

()45 P(A IS0, Sy) < P, W 5 45 5 N Ay
L Z I E I AN BT onp ()Mo r(x)s

L5 b AR SR C A BB AL B LT S
I AR, e DL S8 2 SO RO Rl 4145 1T
s R ENE N R R R T P2 s IS ki
R R URIRE SN S kX e W AVA B o U B B
S

1.2 ETFHEBHETRUEER
5 [ 45 T8 R A [ A4 FLH22 4248 PR ) (Pipeline and
Hazardous  Materials ~ Safety ~ Admunistration,
PHMSA) 2021 4£ R4 B , J il it i T 454
BRI FEP R, LA E R
23.3%" JEEIRAT 43 S B A SR s RN R B S k. AR
Jry R PR A b AR B B R B ALY, JCE AR AT
TIPS B AR v Al AL ) Te A A
T Bt G BN KR RS . AR ST A
A PR ORI i AR B PSR AR, R R
BIS @9 VE S o 248 UG I 58 1S AT AT A S
FEAEAHEZR ™ LS S AcH (17 TR EE ) 4k 2o A
JRIT I T 7 AR RN B v AR SR R 0
(14 PR RSORR B R 24 S S P g i A, 4na(12) -
o.—kt" (12)
AP o B JE T B TR BE 5 & F o0 5350 Sy JE e 1G4
(9 R BORAEE O B T B IR
o ph 5 RS A A8 B A AR A R T LA Ry e x4
R JEE ) ik g A, PRLHORE 2C (12) 10 35 5 JE s A
YR8 8 B IR s i A A L (2) L (3) L (4) L (6) R
AT LIS S8 8 B 25 R A AL
1.3 ETFTHTAIEEMNIEHERKEE
SRt R T 43 B A AR RN 25 AR A AL b ) 1
Z I RS ECE B HE IR AE S, 5+ 8
THURE G R BT B TR R B AN o P, A% 2%
W Y B A AT e b A R DU iR 25 . DAL,
R T AR K SN PR BT T
AR REE B 4ERBEBAY  XF T IR R A Jm A 1A
Von Mises Fl Tresca R RHENIHE 2 Al , 11 W 543
W — e T Ry Bk B CanJE s 0 ) 18 B0 S B
P FEUNSRA ., 5 R E R A TE R 5
A B 2 AR R B R IR SF Y Tresca 2R &50HE
DU T B FROR A 5, i (13)
o (2, t)=0,(x,t)—0o(x,1)>[0] (13)
Ko (2, 0) WETE R Z (AER S8R0 T 5[ 0] R
BRI VI, BV AR G T
PEI AT L PR o
TR (13) 2w AR n & AR ik &
>k J Monte Carlo J7 ¥ #E4T /AR . #4818 2 e iz
AT BN E R A G5 R AL B 8] 5 SCR T, B Al AR
R ARSI (13) 25 B AR BRIR T
4T Monte Carlo BHIF XA FATGE T, (H AT LA
13 B I TEAT B AL B 2 A SRS TR T A RE 3% B pR
B (o, To), Pt BB TEAE B A 8 o, IR 7L



174 [l o K 2 2 MCH 9K BE 2% O

Koo, RAGH R0 BRI R AT DL = (14)
g
F(x, T))=P(x, T'< t):thT(x, w)du

(14)
g5 b AR SCHEN 143 Wi Y 4544 1R LA R
AR ] R FE AT A S AL ANy T B S TR) AR Ak B S e R
SUOMERALTY , [GIR, A 70 5 A () 4803 P 581 4y
I RIAN[R] , B il A T R B B S 5 R R A 1 S
DS A SRS e 245 6L, DT I fefT 00 285 SR 3
BT ELSLE O, AR o S S S R . AR R
TSR, 1] LU LR R
Thy =T, #F(2,T))=F .
(T,=1,2,--,N,) (15)
R Ty 8 YRI5 8] 5 T, Mg as A7 ], 4F
F ies DR BT UR A0 14 5 1T P (L, AT PR A7 IE 9 H
bRl SEPEFE AR B 2 s N, i Tl FH i o AR 4l =X
(15), 4537 A5 18 (1) A5 ] S PR A8 A 8 )00 1 18
B, R R BRI AN A 3P it o A 1 ORI i, XIS ot
RIBNGEOA T 0S5 S, T LIS ph 3 451 A
(A2 B8 FH DL 3 v A S )R AT AR AR SC

0.015
[ SE R

0012 |— BB HE
% I
(=M YT\ T
= 0.009 t
& i
=
%M; 0.006
-

0.003

O L
-120 =80 40 0
AR /1076
a o2 HifE A (u=0,0=40)

40 80 120 140

FROHEZR SRR 1 AREE5 | AR TS T 45

2 TiEEM

2.1 #R

S SRR TR SRR A A T 5 i A Rt
FrE M, SR B R A, TR R
Q235B ), iy 1% 422 [81 5 S8, 5y — g i B B0
MRS . NI E SRR I 13, 5 m T BA AT B il G 2F
MR Ry 57. 7 mo 7R EE |22 %E DS18B20 £4
R BE AL %4 , SITRANS P DS TTEUF 7748 3% 4 A5
BRI A E AR K B RYE L 19550,
F RN P(A))=P(A,)=P(A;)=
P(A,)=0. 25, X AR R WE S 1 T 54
BT, ENR AT 2 T IR/ NS BT R A 25 5 an
B3R o SR FH SIS Y 95 %0 B A X [H) Sk 1 4%
TG ST AR 25 R 0% 1. K
FIRUN B E B B M 0. 7. AL, SRR
ILﬁ?FHaéE’J”*BH&ME’J&J\Z‘HH%&BTE@I@%;E 5k

i V00 A S 1 72 e A A1 A P R A 15 2

0.60

I Seilli 22

— WA
= 0.45 7
2 AN
By 7l TN
ig 0.30
i
Bl
= 0.15

3 -2 -1 0 1 2 3 4
WEZE/C
b TEE R AER(=0,0=1)

3 IMBRENEERS BRI

Fig. 3 Probability distribution statistics of measured data
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Fig. 4 Measurement and identification of longitudinal strain after construction
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Fig. 6 Calculation of longitudinal bending stress

and axial thermal stress
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Fig. 7 Calculation of time-dependent reliability and maintenance decision
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