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1.1 Structural reliability
1. 1. 1 Definitions Se e sec ses s see see see ses see see sse see ceesee ses s sea ses sus nos ses ses see
1.1.2 Existing structural reliability
1.1.3 Structural time domain reliability
1.1.4 Structural safety and serviceability

1.2 Structural durability
1.2.1 Introduction
1.2.2 Structural durability ==+ «==«=sseseeeretermtae ittt
1.2.3 Relationships with safety and serviceability

1.3 Factors affecting the structural reliability =« ceceeeerereevieeieninenine.
1.3.1 structural states and properties ==+ +=+ ==+ ==+ sessessesaasaesuesierietuesiennn.
1.3.2 actions and actions’ effects ++scssereeererecteatiiiiniiiiiaane.
1. 3.3 Basic factors

References

2 Uncertainty and itS MeEASUrEmMENt ««« -« e eeeresetiit ittt e eenaae

2.1

2.2

2.3

2.4

Contents

Introduction
2.1.1 Theory on uncertainty
2.1.2 Classification of uncertainty
Random

2.2.1 Random phenomenon

2.2.2 Causes of the random phenomena D L I T P P A

2.2.3 Random
Subjective uncertainty
2.3.1 Phenomena with subjective uncertainty
2.3.2 Subjective uncertainty
2.3.3 Characteristic of subjective uncertainty
Measurement of uncertainty
2.4.1 Probability and random variable

2.4.2 Degrees of belief and uncertainty variable

© O NN N = e e

DN NN DN DN DN DN N = e e e
AW W NN~ = O O W W0 NN N U WD D= O



.- ix - Contents

2.4.3 Fuzzy concepts and broad concepts
2.4.4 Cognition equation
2.5 Degrees of belief on the existing things
References
3 Measurement on structural reliability

3.1 Probabilistic measurement of structural reliability

3.1.1 Degrees of structural reliability teseessstessasesertasstessaa st sn0 0nn e

3.1.2 Structural time domain reliability

3.1.3 Measurement of structural durability === «sseeereeeeeeeenneans,

3.2 Degrees of belief on structural reliability
3.2.1 Subjective uncertainty in analysis of reliability
3.2.2 Degrees of belief on structural failure probability

3.3 Index for controlling reliability based on belief

3.3.1 Belief expression for design and asessment «+=++=#+ssseseeteerieceneanannnn.

3.3.2 Belief mean of failure probability
3.3.3 Feasible index for measuring and controlling reliability

References

4  Analysis of existing structural reliability -« -« cceereereerriiiiiiiiiiiiiiinenn.

4.1 Models for actions

4.1.1 Classification of actions

4.1.2 Models for actions on structures in design +++=+=+=ssserereerenansueieniin.

4.1.3 Models for actions on existing structures

4.2 Models for SEIUCTUTAl FESISTANCE «rvrrrrrrtee et teeursnieneeeesoessnnnnenneens

4.2.1 Models for resistance of structures in design
4.2.2 Models for resistance of the existing structures
4.2.3 Examples

4.3 Analysis and calculation of structural reliability

4.3.1 Expression of structural failure probability

4.3.2 Time-interval method for analyzing structural reliability «+----

4.4 Improved method for calculating reliability index
4.4.1 JC method

4.4.2 Improved one-order two-memont method

4.5 Correlation between converted random variables ««-----

References

28
30
32
34
35
35
35

- 36

38
39

¥ 39
- 40
- 45

45

- 46

47

- 48

50

- 50

50
3l
54
56
56
59
63
65
65
69
79
79

- 83
- 89

92



BRALEMTERERR LM

5 Asessment of existing structural reliability ««-:-ecoromrereeeriire e
- 94
- 94
- 95

5.1 Basic principles and methods
5.1.1 Aim of asessment

5.1.2 Contents and items of asessment

5.1.3 Bases Of and Standard fOl’ ASESSMENt **e*ecsecersrcosercentsncencoscsonseses

5.1.4 Basic methods of asessment
5.1.5 Defrees of relability
5.2 Asessment of structural reliability
5.2.1 Choice of methods of asessment
5.2.2 Asessment based on structural analysis

5.2.3 Asessment based on apraisal of structurl states

DI ) (8040 8 LE0v & vamwn & wuzsosis vaceiunn st s o TskAme. oo PR o ks B8 B

6 Conclutions

94

99

- 103
- 104

105

- 105

107

- 108

110
112



F1E HHAEE

TR G M AT B R A RS BT b R A A A $ULEE 45 M) (structures in de-
sign) , & ARG U SE 1) 45 44 BE A 45 #4 (existing structures) . ‘B 1405l & Al FE 4
TR VE G T L BT 4 I AE LSS R G U R T R 45 S A IR B PR
MR GE R A S B RGN

T 2 5 4% Fh A it PR 26 0 445 g T 5 BE 1) S W I, B A 45 H O E S LRSS
(B I T A T3 22 51 o 9 8 0 S DA A 0 5% g T S o TR0 g R A 2 R AR RE A5
1E& R ARG E R M R 2R BUE I RERIBE S . AT SRR B R TE B AR AT
R AR IE 2 M 52 R TR (0 3 R, T EE VR RE B E 0 D00 ) R A 58 R BUE ) B
g B 5 B K T 75 R E AR T SRR R L R AR LSS M, R A D R AL
Sy S (14 25 [ ST , TR £ b 5 g D 3 A AR A A 1 g 20 S A5 B AT 4 4 B T B
AT TR B A Bk

A% B 5 A BT P A0S R TR B S I K R B AR R DT R 45 A AT S P A
e M o L 5 H TR A M 5 FR S L F P R L PR A O S A A OF X R 4h
g AT SEPEARCE TS .

L1 gitgalfgtk

1.1.1 EX

20 40 70 AEAR T, B b g5 M Al g R A Y B AR P THIES, B
14 kg TR 45 F 0 T S0 BT B A B A R A, B AT A ST AR ARE R AR BROIR R B T ik
R B AR X RE R B B A A . CHUEEZE M R AR N T ok i BR A 45 A B Y,
2 IF TCIX R FRIE .

R T 485 # T 5 P S B R SO PR B R AT X LS T S . AEOA R
B, [ BR AR HEC 45 #5 AT 55 2 B ) (general principles on reliability for structures)
(1802394 :1998) Fl KR P HIL T« 45 # 5 H FE Al ) (basic of structure design) (EN1990:
2002) , 5 45 ¥ a5 25 F4 Fa 12396 2 ML L SR 1 BB 0 o A0 FE W R BT 0 ) 4F IR BRI R
1,58 X R g5 i AT SR HEDCY . B R b o (LR G5 M AT R B BT — s fE)D
(GB50153— 92) 28 I 4% ¥4 75 L2 B (6] 9, 76 B0 4 1, 58 U E D RE A RE )
RE SR G R AT SR

] A9 A Xoh 435 g T S A 1) S SCOR R A B AR — B0, LR T 4 g O A2 #R I 1] L 2



@ 0 e RALZMTHEREZRREEA

REER, EAMNE G A RN, RE W 05 2B .
1.1.2 BEHZHMTEN

Xt T A S5 . OET S50 AT S v A SCIRIREE (BB B AP fE 225 . DIl
T PR IR AT SRR E R A B BRI LSRRI RE .

1. B 18]

AR G5 A B AT S R R X — S 4 R [R] XS Y, B R e S R e
) {85 A R 5 B 4 BsF TR, e TR 3 T 4t A o R s 1D A SR . TG R e T
5 Mg I 2 R AT 5 A 3 B f I ] [ 3R 32 7 4 A SR 1 ]

DRSS M ] SEE BT b, B MR HE R B E T 48— A B () X 88, B iR 3
FHA-BR (design working life) , & 5 5 1B AE Y 45 4 B 45 #4 #4148 AS 75 28 47 K 48 BV AT
e WE B R AR AR B b [ R b o R SR A TT B R R 4 — AR )
(GB50068—2001) # 5 By B AR BME W25 1. 1, B BRR 4 1802394 . 1998 #1 1y # 1 T
fEHFERIE 1. 2,

* 1.1 EFRHRA GB50068—2001 MEMIGHERER

%51 Bl R AR R/ 4 ]
1 5 I B 1 45 4
2 25 5 T e 1 25 4 A 41
3 50 ¥ 3 B = FA S
4 100 20 2 T A SRR 0 O R A A

F 1.2 ERRERE 1S02394:1998 £ ¥ Y1 it 8 F £ R

%5 B A R/ 4 Z |
1 1~5 I 44 445 44
2 25 by TR G MR, i e S
3 50 I 51 2 A i) 8 SR Al A 2L 254
4 100 B H K 2085 P A PR Lt R R R TR L K TR

B P9 b 3 25— L A “ B S M1 (reference period) R 1E H Hif 73 76 f
FH AL SO TR] T B 45 MR L 2 S s T A8 A ) % 5 i ) 5 K 1 O i
5 A B {EL T 3 Y 059 ) 2 5051 o B B o 00 AT 240 5 19— A Bk () 6 o L )
Bl A2 5 6 [ R G B9 4 FR AR RHPE BE (0 AR R B DAGE & (TR B 1] 1 LA R 9 7 3L
HE % 16 [7] — i [R] BE N A L b, i BRGSO A2 SC, B 3 i 00 15 485 g 1) T 4 O
THEHRR.



%1F ZHTER « 3

Xof T BE A 45 4 1 RTSEME DT S L [ P9 S b o % L BT 2 i ] X SR R ] A AR
WHIE o [ BRpn fECES F Bt SE Al-WE A 45 44 19 1F 22 ) (bases for design of struc-
tures-assessment of existing structures) (ISO13822.2003) Fg I 2 %) 4> {#F F 4F [
(remaining working life) , 3§ T3] ot 0] 22 BE A5 45 MY 7E 00 & IO 4E 9 & T/E Y 8
IR R R A AR O R KA M A A8 3T v DU fi T R R R B A T 4R R Cassessed
working life) , 3 AT & P 0¥ & B S04l (4 BEAT 45 0 76 B8 25 1F T BB FHAE R . & AT#%8
25 BT AR RO AT A .

BE AT 435 0 T A DV 2 P A s D X3, 1 0 B B o 1S02394 21998 F Rk Ui
B EN 19902002 £FXf AT §E MBI 47 th i AR 7 325 M (i F I T A sk, R
SRS [ X384 6 A 1T 5 45 449 £ 1 5 i (working life) i 3030 45 4, H A 55475 98
T 43R S P B 0] 10 S8R . X531 33 Rl 8 SC, 33k BELKE AT 08 M 5 T % Y ] X
SR 9 HARGE Y (target working life) , HL & 8 11 56 B 5 19 45 #2405 ) 40 0 R
PEAT KA B AT 42 T H 4 4k 22468 F 19 4F 5.

I HID BEA 4504 19 H A5 0100 0 48— B e, B 7 1 b A7 7 K Tl 00
A OGS S R TR I 220 2o 5 BB 20k 2o o JRUSE B BEHE FIAE KR S T, %t H

PR R T A BUE A7 e 20 (L. D A (L. 2) 7755 1 796 00 ok
T =T (1.1
T = T—(t; — ) (1.2)

B — O T B B o A AT S R AR A o 204 R R i ot o i
S S A ) T A HEAT O R B B DA DS JE  BE FTAEBR T/ o H AR A T,
R A LA SR BUISSE M BT BAR S H 0, LT Bt AR . 45 R W A X
H2 TR TR A £ BB FIAR B T (9 B A 54, B 5 0 T B0 e FRARRR T o
I A S BRGS0 R ATS LA S BRI SIS 9 BT H R E B ELE R T 45 4
P B i — A T SO b AT AL R B — FOUE A 3 BRI OUL A 3 A S5 B R AR R T
RS0 3 T PR ) A B AR BR T BT, B 60 — 10 <<T (9159E .

BEAT S5 A rT SRR DF A2 (9 H A0 2 058 S5 M 76 R R 19 B AR I T N R &5 4
BIEOTRHE 2 HIE T BE A 58 BUBUE 19 Sh RE . BAR IE A 45 W 1 T 58 o 5 L 4 3
SEAT SR AE PR E H AR B 5 0k 2% i 8 PRI ) % D55 09 38 0 FEL AR IR T 9% 6 4% 52 19
KA. NTRR A BEUF 000 A 45 M 1 1 71T I 2 765 8 0 3808 AR B T, 34
G2 F T T 40 57 R BB A 28 LA 1 0 SR 8 2 o 0 L B T D 0
TP ) Cn T 20 B0 AR A AR B0 45 . B %o BB A 565 40 119 6 £ D 40
T I AE— 5 B AR 0 B G AE R T 2 B8 R 200 FLAE 5 — 1 M5 » HC IR
17 32 L AT — R B8 A 33 S (8] %8 68 4R B g 3SR =2

22 IR 2 BT 0 Al R AT 4 — RO T T 0 R G 1 R E AR
A DBE HARE R T 5 LU TE S5 H 10 6 R 4R FROR AR T Bt i 3ok, %t T



« 4 B 454 T e A & 5 A

A P — i I () 1) R A 445 40, — T D) o 2% S B S ( ( F I AR B LA RO B 22
R H AR T B — e o AR T 5.

UG A 25 ) ) T S P 3 T D 5 — IR 180 4 L 19 LR B TS0 T 2% 1 L [ B
e 1SO13822:2003 X A [w) () - 28 P 25 K JH 17 S [5] £ BF (i) X388 Xob 3 45 A4 38 P
9% 55, ISR TR 0 TR A {4 BRL A3 AT RN P E 5 A T R R RE 0 R BRAR 2 S [ PR AR HE
1SO13822:2003 Ff A 44 tH H A4 iy B [ DX 38, ELIA Sy B S 14 B (] X3 38 5 3 —

iz

2. F4%

TRRE, M B AT SRR 5 AT A A UK R AT R A O, AL 4G X 45 v e 1E T L AE
FH KIS BRE 5% Wi 2 A UL, DA R AT ZE B il S R S R AT
B J2 o o &5 ) T S A B L RE R A 1 22 BT A A KO RNREE 9 N 2R AT O, TE R
H % 8 N8 R AT N CREFN R R AMOAT D AL AR . X 2K
FAT 0 T T A9 IR A2 2 435 4 ) v 0 T 1 T B AR 2R A T S M SO b BT AR O R AR
47 IR 4R X FE I AT EE AR A

Xif 100 45 A, TR E AR oE U E 45 6 RE 9 15 B E B 8T il T i RN 4
P SE BT AR i TG AR Y R SRR AEH R,
BrbRdE 1502394 : 1998 7 Ho 38 FH 0 [ (] e b 1, 120h5 ME A28 18 © 60 5 AT 19T UL )
A8 FH L FF A J0 R 1% 8 T A AP AT . BRI LT EN1990: 2002 1] BH # R

T FoRES

: 1) 25 KA Z 19 36 1R A 45 0 14 1 1 el A R OE S A R 22 00 1 N R

2) Jiti I H A AH N B BB FH 22 50 i N B

3) Bt R A R A W T R

4) F AR ] & A8 FH AR A RO YE EN1990 A1 EN1991 % EN1999 /¥ #
S 3 TR XM T o 1 L B58  5 ML B B

5) ZEHIREMEAS B IE M 4Ed .

6) ZhfRESE F BT AL E [ .

3 B 7 AN AN 45 A8 BSR4 BT L BT B R AR A, R IR Lt L
JH HE3 55 16 s i oK, 7 B0 o P T B

Xt FREA 450, R R M3 T4 it T TR B 58 R, I & T — & i 8] fY fdi
P02 B BT RO i R BE A A 2 4B R RS B o BE R B S E 4
B FVE 5 BEA 45 #4169 AT 58 P IR BB AR Y AR s A K 4545 3 T IE B IR it T Ll
FREAE G, 10 W LA B SE 9 78 B 25 PR AR AR L R BE AR XY 4 B A R A T R
FEA R R R

ER , BEA G509 1 AT S84 20 B 3 S R A R0 48 R AR, B AT 2 BT X A Ok T



