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Fig.1 General four-state Markov model
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Fig. 2 LBB failure four-state Markov model

AR E 2 Fim AL 20D ~ () 1Y ps .
or HE LMD ~ () 2N

% —— (@ +2)S + oF + . (8
dF _ 35 — (w4 a0 F (9
dr

b S+ AF —Guetpol 0

d



554 1] Mm%, GRTABEAELIRS VW EELESE T NA 481
%e — ol 1y BRI 1R
AX=(S F L RT, 1
— (D +As) w P 0 ,
@ — (w+Ap) 0 0 =
G= B 3 3
0 0 o 0 B4l ferus
M) ~ A WIEMIER N 5
X _ ex (12) A B _Co.P E
dt RS2
Hiln A& 0H 3 kA& R
S(it=0) =1; Fig. 3 Risk matrix of equipment

D=0 =Fa=0=Ct=0 =0
AR 98 R B oy B gk, XX (12) 1Yk
X()=C E e + C,Eye2' 4 C;Ese' + C,E, e’

(13>
Hrp C.Co\Cy \Cy ly 30 FY 55 0 1Y &R 3G
E, .E; .E; .E, Jj Gk &, HE, = (0 0 0
Dsaias xsa HGHFRHEE . B 20 = 052, .22
x5 s B HREAE TS R A -
P (@Fwtptpo A FAs)2"
(et o) Qr +0) + P+ o +Ar) +
As(w+ o + A0 ]z + (Do Ar + Aswp) =0
(14)
D BRI =R 7 T B 4 A R fi

2 SRl KRB S B il

2.1 PHSEM LT
2.1.1 ERFEBERENLT. . EBEEEG T
& F B RBI BB 8 B A H 5 ar R N Sl
it RIS 1 A8 Ak T 8 D5 AN T) ) RGO S TR I AR
ST G 50 11 34 (B A 2003 R AR 3R I Y BRI
o 2. AR SCER L 1-2 )b X T 2R 20T e 1 A Y
8 S BTN e XU R e s I R AT v AR
B % XURS: FLR BT BB SE R AT 3 ik
738 5 AT B RS 56, i XIS 3 1 HE AT — A AL
PEAG IS XTI RUBS: S HEAT A 30y, L A% ol A 96 17 100 1)
R 50 SR AT A SCRR [ 1-2 ] R 43t A 22 HIARE 2R 40 A X
P A B ANEL 3 77 110 18 £ XU 4 B

PNGI RN S N E PN =E S
TE 54 JE 391 N I 8 T3 1) G 36 280 %6 1) 72 Ak Al AN [
PRI, 75 380 4 BROAS [ 5 R 45 0 %) a0 s i A 3 1 1)

H 1 AR RHE RN T 6 A B
CEECE T

Tab.1 Average probability of flaw inspected in
different failure consequences
IEES ST K BB DY
Z2 17 (1 KU [ 7 N
52k BRI CTTE S ST E YO
AR AU 3/5 0.3
AB K CRBEH =3 1/5 0.7 0. 50
o S IR 1/5 0.9
X (RAEHR<3)  2/5 0.5
C PR CREEHR =3  1/5 0.7 0. 70
o A R 2/5 0.9
- X (CRAEHR<3)  2/5 0.5 074
o i A e R 3/5 0.9 ’
E o R RS 1 0.9 0.9

2.1.2 BARBIHRLE ABTFEAHTHELTA B
& A 12 84 A 3 D %‘ﬂaﬁﬂﬁﬁﬂ%ﬁﬁﬁﬁ?&iﬂ
SIRER 2 (O RAE ¢ BFZI B, H 2 (o Ik
M Gamma REHLIT R .

Soo (2) = Galx | puiat/0” sprexa/0”)  (15)

Hrh
ted = EQx()) /85 0° = var(x(@))/t (16)
4
a = pia/0"s b= prea/o’ an
TE T B2, 36 B 5 B (B4R S B AL A 1 5048 31
BT B 20 0 B I B A 22, T R X (16 i EE
SSE LR OE T TR (T P AN N W R
T B 200 S B ) Gamma FifiBIL 53 A7

T
b aT—1 —br

I‘(aT)I €

f‘l-('r) (I) - F(l‘ ‘ aT,b) —



182 x # B I X

VS

¥ % R %53 %

x € (0, + o)

oo
I'(aT) :J tTle e (18)

A o AR AL A8 A RS BE L Y 2 () > e
B, Ik B 2 T DAR O Y L R AR 4 =X (18) 457
P = Galz (@) >e} =1 —Galx() <e} =

1— J? F(b;;)x“’];' e "dx (19
2.1.3 b Ad A KA S E R
ATHF B o TEA LR BT 75 I 18] Ry <., DAY i 48
T s 220 380 R Uk 7 P ST RN A A8 B ) ) B
T, » W HE 4G 109 [) L A JE 4 18 35 7 A A= itk T 7 Ak
F pi MR FA G A

pi(x=k) = P (x=k) =

e (g, /o)t

k1
D0 50 57 977 P s, R 4 A6 I i) G A A A A8 A K AR
eI BIHER p, MR AIAFA 23 A

T ,/'rl (Tp /2'1 )k

po(e=k)=P,(x=k)=" 3

DA ik T 1 D0 & A — U A BCLE 13 4 15 B Al >R
_ Pupis(x=0)p,(x=0) !
" T+ H

Horp g RS T2 (Al IR 3 s A 808
T8 R R 5 T oA TG 000 1143 F 1 8] B 5 1
itk P 24 00 A R

TEAZAERE Pt B A1« A R e — A R4
SO K LR AT G 1B B AR

o
P = . (23)

A g AR U B TR) o AT R R IR AT AT
RS R p, N
po =1 —Gala(®) < w) +Gala(t) = w) =

20

@D

22)

2T et dy -

I_Jo I‘(baT)
Horr w Sy BEJE.
A 150 7% e H e DA X 50 TE 2 43 A . U3 4 7E 5
AT B R po, N

b = Pop = %} (25)
Horb po D far 2
I A R pa M
P (T — )

Du = Tu

Forp oy Sy — U R A I BT 2 I B TR] 5 P, SR
— R AT 35 T e R DU A R 25 O T
PRI F BE AR AT 850R 3% 2 s, WIAS [A) 2% 3%
Jo RN P, 5 X N A SR ARG 56 7 ST 24 A 3R
— A, 3k 1 PR,

2 PR MR I F B RO R
Tab. 2

Detecting effectiveness of different leak
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Fig. 4 Hazard rate curve caused by rupture
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Application of Markov model to pipe maintenance in process industries

CONG Guang-pei“', GAO Jin-ji’

( 1. School of Chemical Engineering, Dalian University of Technology, Dalian 116024, China;
2. School of Mechantronic Engineering, Beijing University of Chemical Technology, Beijing 100029, China )

Abstract: A Markov model based on leakage before break (LBB) is applied to study the effects of
maintenance activities on the failure probability of pipe systems in process industries. The model can
predict the influence of complex maintenance plans (including the pressured seal, etc.) on the pipe
failure probability, which is significant for quantitative assessment of maintenance plans. According to
features of pipe maintenance in petrochemical industries in China, pipe is distinguished into four
states, success state, flaw state, leak state and rupture state, similarly constant coefficient
differential equations have been deduced on the pipe failure probability with the time after establishing
a LBB four-states Markov model, and these constant coefficient differential equations can be solved
with Shengjin formula. At last, a practical case is calculated applying the model in a maintenance

activity of pipe thinning to testify the reliability of the model.

Key words: risk-based inspection (RBI); risk; failure probability; uncertainty quantitative; Markov
model; hazard rate; leakage before break (LLBB)



