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Application of RBI Technology to Improve Safeguard Technology of
Pressure-Bea ring Equipment for Domestic Petrochemical Plant

Al Zhi-bin YANG Tie-cheng CHEN Xue-dong
(Hefei General Machinery Research Institute National Technical Research Center on Safety
Engineering of Pressure Vessels and Pipelines, Hefei, 230031, Anhui)

Abstract: RBI, RCM and SIL constitute the risk-based assets integrity management (RBM)
technology, which is now continuously disseminated and applied in petrochemical industry of
foreign developed countries and gains extensive recognition. In this paper the achievements obtained
from RBI works conducted by the authors in recent years on 64 sets of oil refining and chemical
plants of 27 large-scale petrochemical enterprises in SINOPEC and PetroChina system are
summarized and the problems about further promoting the application of RBI, RCM and SIL
technology in domestic petrochemical plant are discussed.

Keywords : Risk-based inspection (RBI); reliability-centered maintenance (RCM) ; safety
instrumented level (SIL); petrochemical plant

1 5

i

B XU BRI (RB) . LART$E 424 th 0 464 (RCM) I SIL MR T 26T KUK B 38 7= se itk
BHERBMBAR, ©E&HTAUEEFLPHANG/GRE. BRURES. NENZLE
FRY . EESNOERFA AT EEREHE R H B Z R

BEE 2 BRTALALR BEVR T R AL E AN ITIR R, 4 ik TATMAE B RS 5 b AT & b B
BREEESEEN. Biaml TAERE TR AR, HRARE, B8R EE
ERTEES. Mt TRERTIAKAPREE“RERELWES NEEFREEY
o AE, ETAFRET XK B e BB B (RBM) BN RSB S B R
ESNKEERAGUIRE LR ZNA. Bl st BT RBM, W LURERE IR R %
RE, BEMHLRBEFLERRWHERRESFIRNEE, CTHEE RS FRIET.



A SCAE S 55 2006 4R I L 58 U5 250 (2520 B o i RBI Sk LA J% DL ATt i 3%
Gy SE By M A RBI 763 A A B A S F 5 T IS IO SERE B 419), 3 — 2B 34 5 RBI.
RCM B SIL $¢AN I i) — 25 ) 5 e FFiHE

2 RBI NARZ

2.1 oA oL

#BEF] 2006 FFJE, MBI COERL. FHM 27 FAEUME 64 £35E FFFRE T RBI
TAE. FIRAE 3 FIR TR 3 BRLEIFR T RBI 2R, HITOIFRE RBI TAEM%E
BRA O 2R B E S A TR E, Hoh s, SE. R,
WL IR, IEREH] ESER. HIA. AR, KTEEaE. 2R3,
AN, MTBE. HAM. BZM. PXLEES . “HIHS%, WIESE NS, B REKE
HNBEB/NTZ G FENT 245 Wit B REIRR B 5 548 T B [ i 700 4 5 8 1 RS 45
A R & AVE B 0 LR SR (L B ) o B R0t AR 10t 0L R 1~ ] 4.,

Medium 69
Low 16
Low 6
High 10 High7

Medum 46

Medium-High 43 MedumHigh 33
hFat—EmaEE FIRFENSEE |
Medium 83 Medium $4
Low 12 Low 11
High 5
High 15
Medum-High 38 High 31
AERBUMERLER BUF AR ENESNER

BT SR (R IR ) KUt Ee

Medium 53 Medwim99

Low 22
Low 20
h

High9
gh 31

\\ Hgt
Medm-High 36 Medium High 50 e g 10

WA _ERRE EhEERE REFAFHF AN HERE

Medum€d
Low 16
Hgh 27

B2 H o KU %



Medium-High 126
MedumHigh 118 " Mediur-High 115

RERLEFRILRIL KEGH=fEit HIRE

Medium 32 Medum 81

Low 10

High ¥
edium-High 32

Medum-High 4

SEATTRL B FRat - EEhEt wIFRL R

B3 AR RS E

Medium 210
Medwm 305

Low 9 ~Low 23

High 2 High 4

Medum High 68
Medium-High91

REGHHRE FEIHNR Bz 45

Medium 152

Medium 173

Low 6
High 7
Medium-High 68 Medium-High 133
pUEES S Spal ] BUFELZERE

B 4 AR RN

ML L[R2 B B XS LA B ml L, 4% 235 B S 1 XU 2 B B — S ALY, AR
RTTE AR I BB AR AT 8, T 2R B AR BHE. [
B2 R B A 257 E R SR EISATER. FRMEE . W& 5SEEMRIHEM. KK
KB RARE BITEREREGX.

TEANFIZRBY RO T, D (L5 2 FIORE ) A2 8 o o KUY LA % 4% i 3
MXBZ, TSR B SR KRB 6 T B B AR KR T MR, AamEa
WA B I A 5 T e R MTBE, TR B G B | T L S/ R P AR AE USRI B
A RAGRE I  HE R R -



2.2 RBRRXEBH LA

RBI 73 #r 45 SRR W], L ARZRA e B LA RV £ B SR AR08 - R Ty S BRI s
MEAE . FREREMECRNE RSB ME LT ER RPN B, MR
TITR. SMERIE T ISR A B R E R EEARBARA N SR S R iR
LU G R MTBE % B e & AN 2 T R AR 0 . sl I ) IR 4. 4h

0B ot el U

SR E P ER B S EE R BB S LA T 5 R LB 5~ 11,

G-k
REETE
SR RAT R R
RSV

BEEF NN S AN
B R ALIRE RSt R
A

B AR

mEES R AR
oSN D ES AR
DB MK

O fzfEtd
BEERtEEE
| = i AT B R b
mREETREH

B ERSMG

7 BRI D R TR

- SEARMHEEEH AN

Bl 5 2B B 4 A 2 vl en

SEEEE

B EHAR/MHEEEHAR
B R DR AR
(el

BB AR
BRI R R
OBERMEKE D

mE i

s SERLE/ SR
B &R/ IRER
nfREE TR

SR EE

E 6 ﬂﬂ%%ﬁ*ﬁﬁ*ﬂﬂﬁiﬁm (8], (141, 151, T16] , (22], [29)



o

60K

40% ¢ |

20%F ;
TRACHIR D i FF R
AR/ NS MAB AR

o%

BEFAYR/ MHSRTHAR
u RN D R TR
o R

BEEFR

o B PR
oSN AR TR
mE MK D
OB

O

B EaEmtE/aE
oS E/ R RS
B REETE

7 {&%%Eﬁﬁmﬁﬁjﬁ[u)]'[nh (17], [21], [24], i26]

BRI
BRI R

25%
BRI NBEAR

o SEARTNSEEHRAR

B8 HIR R BRI A

BRE R
REBETH
BB/ R
BBRGRLE/ SR

WA TR
FAHIR BT
SFFR/ AR EEHFH

B9 HIAREMGHLEE A"

B ESFHRNSMEHAR
BRI B R
oiRFR

BiRFR

oA R

OB MK AR

mEN 30

et

B SR mATNRER R W
nREE TR

B LIRS B
DHBRAFR
OFn BT
OB K B

B HAMILE/SE
0 FaF/ A RBEY
BREET R

LE-F 6000

B EHFE/E AT EERTFH




. B AR
FERERM | @ pm o

REETRR | gmmrm/mhe a8 AR

gg%gﬁga%ﬁ B EEREN N RTFR
EEGFH/ ) R R g p e
e 2 7 stk
oA R

Bl 10 Bk BRI A

BEEAH/ NAFREEFH

;Eﬁirm B LYIN ARt TR

Bt | g e

SEEFRE (oo

@mﬂﬂﬁ@m&&mi%%mﬁrmﬁﬁ

RS/ SR -

S O #%BER

K Eth O R fEth

" FAYIR F1 TR rh I B EEAMILE/ SRt
BREFH B SRR/ FREREM

BT % mREETE
ALY S R TR FF 3 B EEER
SEFR/BAHZEEEFH

BBEE

B 11 A RcE s By B A

M 9~15 FrostatiMLEE > A GE vt G5 R AT W, ik B BRI LIS, Sl IR
PUEE E BN EA LIS T SSCC 5 HIC/SOHIC. MH/KEm%. S30X—IE MM E
L5 A A5 A o b PR St o S R A (R BRI R R A ) o PRIEEBA A 1E R, 0 -t
BE, RIS T 3745 R 75 1 A5 R0 1 VR A U ok R R ) B B e 7 S TR
KEAMEZETH R —.

LA 02 B B A RV I 1 S AR LA RIBE T i, e i &
PERIRERBUR, AT AR o R A 1 JA ok 4 4 e B B e 2 B T 5 ) B R 1

B e B R AT AE I 3 BB RN I ) P R N BERR R AP b LA
i E B BRI BN B (SSCCL HIC/SOHIC), B R ARNEM %
#AE LT TN AR HITR (BFEREZE TRM5IRK SCC). BN NEMmITH. &
R DT 8 PRI R T R ik DL K iR U % . 3L eh R I 5 LA R A R T B4
B A4 R T e SR o )

2.3 BBREHZ

RBI 746 el 2 /5 Bt RBI 70 BT BAt R iIE i, BATTARYE & & RBI &5 R4+ %t RBI PEATE
F AR — G BB LR E L2 T RBIRK SR . A% 500 ) B A OISR A, B
W7 G (SER) . RIS, RN E SR EHE TREAIRR TR

6



SE I RBI A 58S 1] 48 5 & 208 8 2 #5077 R dh .

TEHIE RBI KB SENG I, R I A M AAR U 5 1 KR 2 APIS8T 158 9 5 R A KM
SEMHATE AR, 7E RBI K36 (RF 9 R 7E LR K K ) 20K b o] SR A 3T A B R (B35 &7 R 0 5t
SR AR B S ATEEN 2B AR R (TOFD) BA & Wnfi & e TR R A &
EFEELRR HLBEKRL.

2.4 SR B AR &AL

RBI Pl 45 R BoR, M TALEE R IEE BB &R FRSENERSRKR AN
Ao A TIE NSRS, BATHE T LA G — /RN

(1) AT~ ERL . KR B SSTHnE S M SR G, KR
WS K 1 K2 X

(2) REEHA “4L” 8“7

(3) T 45 R B R B FE A H 45 A L XU K P07 4 R R SRA B XU KT o

HHERBEBE P ZHPBFEE P EKRRR AP RSHEMA YRS, A5RE8EN
30~40%. TMHEBE. MEMELRERAGMEE T RE 10% A0 K R&R&ESEK
Y56 FA B ) 4%

3 [BEEite

Ve G ECER[4]. (5] TTHZ IR . RBl SIREEM AR ARMIEH LR, K5 A
RIRRSE . FELRANS0 M), &N 3R E S i 8. S5 35S SO S ) BUEAT T 8T, IR
TREAIEE RBI ATHZ XM “SXBEHA” RN, b SASCAREER, EMEe
F =5 T 6 1) AU A T TR T iR
3.1 X FaAEedaiesin

E A Tk Rk E R AR R &G RAFHNRTEaBES, RESITRRIHGRELEME
A, Rb—BAFERERE NS, BROFFRXTBIRARE TRELESWEHHR,
RBI 4347 5 F RME T H B AE B RSB RACRE NN . MR E A AR R &Y
BT @ &ML E P NP SHEUREGEFSER TR, FHHAER
ZFWHERFOBS, FEREREBEPREHRAEZHAL SR, 57— HH, R&EMEEFE
A B AR R AR K i BB R S R AR R R % e A R A A T
AR %o 4B B ARA AN & B AR B PR A T IR 4 M A vE AT BOEE,  DMEIPAS & REBL R E AR
B &K EH MR NLRE R SREETHEFBHXMP R TE.

FATA R RBI B AR KN Y R B & Bt S i BRI B, FEITM AR W& EE
AdeHFad XK, B tAFda, BEBHRERERE, RIEREHKEL2ME
H.

3.2 %F RBI 5 RCM & SIL #4944

RBI 5 RCM K SIL ZiFR A3 T XU 8 P se B B HIBUR (RBM) , RBI Al v f) R B 45 4% 1
FEHENRARHT SRR KN, RCM HTHEIHIREMEBRIEHEIE, SIL WESHFRNERR
LB RENTTHEES AR LR, HTFAAEE, BELIKARLE. BEMNHARIET
WIHRIE SR & BT R 5 N, RANENETTERNZENEBRMRERHRHTE
MR EFIEE R, RAABRERRERRESBNER AN BRE S, FHERUE R
RBIBN. FEASN AR, REESHENA RBI. RCM K SIL ZH R KM Fd@rET
MR EF-TEEERAR, TREARRARSEEAKT, TEREEHAH, BEAE™

7



BA, HRFEENKAZAET.
3.3 £ -F RB. eye®%k ¢4 2 B AR

RB.eye jZik[H BV 7 API 581 Al EFF R ML ke & RBI 4347, 2003 FE3IANREHAT
AT AL EE K RBI 4347, HRIFMA P R EMREENEEESR THA AT . RAEN
RZBA RS, RNT —EARAEFER, HHREREA TS SRS T — st
HUGHE IR, B 2003 £ 5 HE 2006 F 4 HiZBM4C#TT 3 KSR ETHE, TEWRa
fire MPRLER SR BUBHIBEE T THAMEE, FREEHHE, ReERA.

4 JLmIAIR

4.1 RRHIZHKE A TH) RBI AT A

RBI T4ERAE A IR SN FAE KR, RBI AR MALT. ST, BHRSSHESA
B REFRHET RARTR, HEAT RBI TR MKYE APIS80 1 APIS81 FRUE#AT, BAIZEHAT
EHH AR A TEHAIREPHRIT APT fadEF 1 — SR ARG REA TR
B KRBT E VR, RIS R IR R A . a2, SOk
[B]~[s]rh e vedtiR, AT MIEMNA), Hoh, 7 RBI TYEERE, RBI THEEHK
R E 5 ORI T R BRI — . FERRIEAY, BEHSK
PRAER AT BERCh RBT BURATHHE N AN, BIERFRER%T RBI H A4
RS FRGEN, RIRALZTFRUCT T, 25I3ERRES R RBIL ARvERIEER F BT &
E B i RBI HiRbrEA R

R UG EFTHF R RBI RIS TN AN AAR BRI EHENCEAE S LW
KA ENH S EAMTEER MM TRSRSE, ANHETHN LR EENEAZE
FIEREBHEE, TODPRAE R g HHR Ot RESF IR AR, A EEX T E O T — SR
HEE,

AT, HEihamEAEALN APIS80 FI AP1581 #ib A T W ARHE .
4.2 EXHEREIMEARGEME, REEEMEGL RBI TE SRR ARD

RBI f& £ X AR R &M R &R EEERNES, ¥ EE AR HESSR 3
FHACHEE N, Fot RBI () N A M RTROTIES — N ER EEMREWE ERE RBI iF
G510 R AR KL 5008) BT e R BT I E SR . RBI BRI EEHT N AN R L.
A AR KRS b A e 1 A B O ITE R KR, KRS A NER, X— AT
WAV ZEHY, B —FHBAE—EEE LART O E#BRBESNEE. BK
BN, X EF AR REHEN RBI R A TG RARBIFER) BT 2mag, &
U TR BLAL b, NGRS ARSI . BRE (A HE. AR, SRME) 07 L& 58T
B, 4T RBI @AM VEMAL A RN AR O X HEIESHEFF RBI BANAE
KER A, REREFHFREZERERAKTE.

WIEEADT P A EERN S PR, RSSO LR AP B A B RAITA R
NI CAE 245 £8

1) SEVFLL RBI Ky SRS 45 2 5 [ 1) 28 88 R 8 MY I8 SE 7 2 (5 MR 10 SR A7 s 3%
KT E G R Rt B %) X ES K,

2) Xt A IR IR A B AT R B A h A28 AR VFET RBI VRAb ke R & Al KA
5 R

3) AAVFRIFE A I 7 VA3 AT & 4 F0 5 3 RS B B



4) 255 RBI ARG PEAl (136 B P M ) 5 38 5 B I AOR 30 T HART 25 B8 XU K S ROR R
HITHIE .

4.3 FARH LIS RBL w045 T = A 0 %h -

EER, RMmSRSH OByt RS BEadA AT BE, RmaRNSeEE
BHE S 8. RBRE. 88, EERSTES IR L. ZEWMEAFKMTEEN
AMOERE) . EIREN. AR, MERMEE. BTk i 8 X 826 (KR R e iE /e
R, Frnl RXANE S MR AR R Rt B AT RS2 ER, APIS81 FIAH A
8 P P PR DR B AN BE S8 2 R N & M E M R iR, R BE R DI FE R PUEL
FAOSRR I 50 T AE FIN SRR £ F5 ol s 00 Sk S4B 37 O P i A A, 5 RBI BB FEMEAT LB
HISEEMATE, & RBI PRAEKIMERYE. HiTRKREEEZ T AURET REHRSRE ML
FEBHP MRS R T EN TME, XEER TRV BMCRHEIE, THRARR
P9 TR Xt & K4 B v, £ F RBI BB E.

4.4 FHpERBIEFFE R TH

RBI TAER — I HAE R T4, FEAWHFFLESOE. EEM RBI PFH 45 RO IEFE T
AR, TR IE R PP AL AT LAY [E B IRV B L AR . SRR R E, B&
PRAG HER M .

4.5 A FEBACEELTHEIR RBI T4

B Hi BT R RBI TAEF R M EE R AR EHRATH, AR EERBT “HEHs”
TH. FeRlRXTALE RBl WP RN TRt AN RERL (BEEENREITFAE
B, GMAY., RPN RE) TS B0RXR & R B R e R B RS
B RVEE, BB XA LTS B KA R Wit fE7E3E B R BURBET RBI VRAE, R
WA BBt T 28 R A5 T IE AT AT 6 H BRI SR B8, U] LA Rz i SR AR o o £
HRMA L AL, HFREEHEBAT H RS0, T A RS2 BAZ AT i B R KR K S
4.6 %*-F RBI &5 RCM & SIL #9454~

RBI 5 RCM & SIL GEFR AT B 1 %8 7= 52 B B B H R (RBM) , RBI iR gk f S 8 i & 0
EIER X SRR %S, RCM HTESIRENEBERNEIE, SIL NESHRNER
ERYARERTEE SRR R. S TAREE, ELHKENLE. BENBARET
WIRIES R % BT R 5 Sk, RN GER G A SR LSRR L RHE T &
MR TN TE KRB, MANBRIERIRER RSB EM R BRERIE, 4 HHE R
REIED. KA ARERYE, REELENA RBI. RCM & SIL S8R MR Fa kT
R HIB - e M E B R, ARERSURARESEEAE, TAREERA, BEAR
A, BRRERE KRR 2ETT,

4.7 A FTARELGEE 24 Kicisbst RB] B R e aB £ 0Lk

HAla B RS REAKEAN RS, ReNERESEE. BEFHERE, Tlamk
BEARLENTHRRAMTEE, FHHPAE P BIRE. X b0 S K7 L
MU RTEEE —EMEH, (B FXET 2B E AT TRV, EE RBI VY
I TGEREWER KL BB RE ARG ROE R, BOE X2 BB E T e
¥y 58 B AT SE M P4 (RIS BT K &N REP R LR IR (SIL) 2) .

4.8 HIFLHKEBRHFOFAH. HEHREEFABX ST B K B EHIEE

IEESR, FMEHABEM) . B (Wi ies . BEEHmnRE), FhiE TEE
AUEE FBoRBE RN, APIS8T LLE BAMKA S E DS OELEHIE, H T2 RBIF
HIESK, BY)IRER KRR . KPR S R U DR 8 s R 538



B& 30k

1 American Petroleum Institute: “Risk-based Inspection Base Resource Document” APT 581, First Edition, 2000.5
American Petroleum Institute: “Risk based Inspection”, API 580, First Edition, 2002.5

BRFRSE, TR HAIRBD b LR R A G AR R BRI T, RS, 2006, 23(5): 1~5
MREEIR . E0kSE, BT RERRAIRBDZE S B AN LR &E T RBE, KA, 2004.21(8):

39~45
5 BRFAR. E0KSE, ETREHRMERBDET R ALKRE TN, BABEEENERFRSWBIE,
37~47, 2005.11

6 A AR BB 5P IR ) A gk Sl |
7 EREE AT 5B s A ARt
8
9

HOW N

BV, SRR IIEA R IHRMEEE MRS, 2003.12
BV, EZAWMEARMLEE R IEMHRE, 2003.12

BV, K& WEPEC EiimE$E KPP EHRE, 2004.12
BV, Ki% WEPEC % WA E KR IFMAIHRE, 2004.12

& REE RN UM TR IR ) A8 R o o
5 AL AV URE S BT IR ) AR 56 o

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

10

& BEE AU T I 1A S0 300 . BV, K3 WEPEC L 3LR B MK i, 2004.12
& HEE MU BT IR A SR uE . BV, KiE WEPEC HIE 3 B R KITAEHR %, 2004.12

& MR R UET ST S I A SRl BY, SRA R E RIS, 2004.12
é%ﬁﬁﬂ%ﬂﬁ%ﬁﬁ@%ﬁ%%ﬁwuEE%%E%@%&E%%%N&Mmﬁ%%ﬂ@ﬁﬁﬂ%,

2004.12

AR BRI U570 2 B Ry S
T LRI 0T o 2 B R Bt
AR LR SUT 50 2 B R S
AR LRI SO 0 2 SR R
R TR LT 0 2 B R o
N R LR 20T 2 SR B
AT LR U7 0 3 B R R
AN LR SU5T I 2 SR Ko
T U AT FE 1 2 SR Rk
N AT BB T 15 26 SR R0
A LR 2057 5 2 AR Bt
S G B PIE
M LR S0 0 2 B
BB AU 05T 0 2 SR B
R LR 20T ) 2 AR B
BRI U7 7 25 SR B

AR AR IEEMCEE XSRS, 2004.12
AW I AT IIERS B ECB) KBRS, 2004.12
RIEAMEEE XK IFMARE, 2005.12
KIERAE =R E X AR S, 2005.12
RIEALETRAGERNRIFER S, 2005.12

KIEF MTBE % & KB IFEIR &, 2005.12

P 1 2 2R A 3 B M VPG, 2005.12
T e E AL 3 B X IR &, 2005.12
POA A4 e B IR PSR4 , 2005.12
PORA AL B 5 B R F AR &, 2005.12
BEARFANERELIEE KRS, 2005.12
BERFHRE A REEENRER S, 2005.12
ZMAELE=ZER LR E R IFERS, 2005.12
FERNOEBHRE T RR AR S, 2005.12
EEANH AR A bR R GRS, 2005.12
BF At —EnmEFEEXRFERE, 2005.12



TAE U 73 A B RAE B A 46 Dol
FISEER S B 2%

Y W o
(R T AN S50 1 TR, B, 210009;
o E AR A R A B TR TSR 5 0, BERL, 210009)

B OE AXHALRIBARA BRI 2EARIBRETHAT T HENER. HEBTEE
BRIV IRRESITEARGE R LR, FERDT —LIBRMRSTFERA NN, wEHME
XEFHR L5 MR A, W. Kent. Muhlbauer 77 7%, MBI AFN TN THURMREER S TH IR 2
HERNE, HIBARANBAREREG T hP st - S RA— LEERE TP HES., HENRH
—SHIBRREHTHEA. RERENIEZRRIATERAT, EFMAFLIVHELEZRSE.
XA TRAEHA, EHTE; EHRS5R

Practice and Thinking about Engineering Risk Analysis Technology

In Petrochemical Industry

SHEN Shi-ming
(Nanjing University of Technology, Nanjing, 210009;
Research Center of Engineering Risk Analysis Technology, SINPEC, 210009)

Abstract: In this paper both Concepts, what is and how does carry out the engineering risk
analysis technology, were briefly introduced, The practices of engineering risk analysis technology
on petrochemical industry were reviewed. The methods and its applications of engineering risk
analysis were particularly discussed, for example relative standard and code at abroad, W. Kent.
Muhlbauer method, fuzzy comprehensive evaluation, rough set theory and extension engineering
method etc.. Some thinking was proposed for further application of engineering risk analysis
technology. The purpose of this paper is further spreading engineering risk analysis technology,
providing the level of engineering risk analysis, and serving for safe production of petrochemical
industry.

Keywords: Engineering risk analysis technology Risk analysis Practice and thinking
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