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WRTHERAR SRR R
BBk ERR T E

1 BHE

AR ERLRE T B AT S 3 TR B0 B A AR B RO K R I B R E A AR U R
REAFEARBE RS ABRLR . BKETHEERE DRI EENRENELE RRRES.
AR EE A TR BT 4R TR A E R AR B R
E: MREERMIEESREZIEARTRSET 10 L, ZAFRE TERNE, REFRE NI TBR, EEORITAE
KRB ERBRKESITEESN 204, HEEREX.

2 MuEHsIAXH

THI SR T A SR R R AR AT A . FLETE H BSR4, AU B3 M RARE A T AR S0
. LB B BNTI R, RRHRA (BEFTARER R BER TR,
GB/T 5351 £ 43 5 #% J& it B0 OBL 8 A W /K IR R 30 0 i e 07 ¥k

3 RiFFMEX

THIARE M€ SGE T4 3CH.
3.1

BH#%#F$H free-end closure

—Fp B 2 A R Sk , B E7E N R AR T BR 7= A2 35 m1 DL A7 A, 3R BB P A Bl ) N A7 B9 5 B 36 B R
g,
3.2

ARBEH  restrained-end closure

—MEEARERTNERREREW, ERKE—RET AN IR SN BN, R ZH KN ES
B0 Bl 1) 4 7, DATATHE S 77 PR I ZE R BE A 3R 1)
3.3

% failure

REBEUEMERNESREEERRS, WEENN. FHRERE. . EEHRERT-FULEER
RSN E BB .

. AR, MR R AR R 6.6 A1 9.2 BRSAM, IR RN R,
3.4

IREA S hoop stress

BB S EREN BN ET SRR A R RS . RAES OB &SR 23R w7, R
(D&

S=pD—1t.) /) NG D
AR
S ——3 [ B ST, B A JEIE (MPa)
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p —WE, B4 IR (MPa) ;

D — 3R HIME, A R Z K (mm) 5

t. —R/NEREEE, B K (mm),

FE: BZIBR A5 A IR R RS R IR E T BEAT R E
3.5

Bk EigitE &  hydrostatic design basis; HDB

of — 25 MU A [ % 350 3 4 4 348 9 A [ S B R R 4 BB I AR R G B K P, T B iR
FERY S %At [B] , b [E0 05 B R AN 50 4E(4.38 X 10°h) G B R FA M M 1 {H .
3.6

Bk Ei&ItES  hydrostatic design pressure; HDP

FE S Ee v (PDB) 36 LA B 8 T R4 Hh A 8 K IR M, 76 4R 7 F 3 39 4 24 3 0 20 [ W AR
ERE MR RBEBEITHARERK.
3.7

#KEGITRL /1 hydrostatic design stress; HDS

K R 2R ¥ (HDB) 3 LA R FH B 11 28 3075t A9 3F i) B 77 48, 12 BE 77 By 35 2 1 fn 1) P 3K R 1 5
B, FERNL N T BB A IR A E R R E R B BB A K E R
3.8

KHA#/KESRE long-term hydrostatic strength; LTHS

BT YRR A E R IR B R M EBOK NWEIERT , &3 38 % it [8])5 B BE R FF [0 R (R R BEE

i BRIk ERE (LTHS) SRK K EE ) (LTHP) § i8] B 7= 5 4R M 2 » 38 & B /8 — 8t & 100 000 h

B 438 000 h,

3.9

KHA#KEES long-term hydrostatic pressure; LTHP

DA A BRRESENBEREHEBKAEERAT . S0 BENEEEEREBRZNRERN
EAE.
3.10

JEAiEEMRE  pressure design basis; PDB

of — 25 R A [ 4 35 3 4 44 4t o o BT e B B R AR R 4 TR I AR R A R K PR, T IR
RE B 2 2k it 1] , Tl BT 5 gl 2R /MR 50 4E(4.38X10° h) [ BE FrRE AR Z B K E 1 1E .
N

A&+ &¥  service design factor

— N BAFBNELREARNENSPAZLEBERNRY, HE/NTFHSET 1.00, HDB FLIZ
AT B FKERITR S HDS, 83% PDB L% 2B A8 R # /K Eikit E 5 HDP,

- 3,12

FE5ME  average outside diameter
3% GB/T 5351 MBHINRE, BEEEIRTHENBREEEBINGR.
3.13
B/MEEEEE  minimuom reinforced wall thickness
BYE GB/T 5351 MBHMEREEEE BENHEEEMIREIENEREEERINGER.

4 HBFEE

Xt T AL A IR R 3 30 7 A 0 5 0 (B e A B A B AR R (D 18 M) 43 S BE I AR [R) i 1 5 8 K
2
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PUEE » T 1 A3 G SR 380 B U] 5 5 o 4R Mk TB1 S0 4387 O 2 » 49 B 3 1) 2y B 7 ke 5 2 8 s i) Xt 3
E@%‘l&ﬁlﬂam?ﬁ,Mﬂﬁﬁ%‘s‘ﬁ%#mﬁﬁi%mmﬁg LTHS. k& K EEH LTHP . #KE&ITE
# HDB. /& fyi% i+ 4 PDB %,

5 A . KEMR.REFHMREBEE

5.1 X

TR o DR AT 4 0 TR IR B PR IR B BB 1, SRS AT S 5R BB M IR A R I A Bl AT
2 3 5 P A AR IR B RT BLAF & GB/T 5351 HLE .

52 RBEMTE
REN AR, MEHREITHE—2, W RAHMBRENE.
53 WHEHE
REMENBEERERRBEN T3 CHUA.
54 REiEHE
BEAXMRESS EEEMBKAE, BRIEXBEANENDERFETRLH OB KNEMHED
1% UK.
6 RBISR

6.1 XAREHS, % GB/T 5351 WEEMAKK FHIIMEMB/NEERBEEE.

6.2 WWEEER RPN 3R R BB A0 , AR R AR 7 X ER AR 57 =
6.3 KEHFAFNFHRE SRR EMEE, AR K GEHEAMBREN D, HFHRES.

6.4 EZ HSMEZFEENMAERENE. RN AERENEREENHRREBR 1 EN
KBRS

R RBIAFHER

gémlfﬁﬁ] RBARK

10~1 000 EhaA

1 000~6 000 E2A 34

6 000~10 000 #2334

10 000 B E zZ2H 14
— B EA 184

6.5 TR MR I S B 5 5% 30 Bt IRT0 2 2 00 LA ER 40 b, BUE /N
6.6 & A.1 FE M ARSE N B (R MPa 2 840 B XF B0RN 2% 8Bt 1] (LA b S B07) B Xf 8, 43
FriAEER. FEEERUTIHERL:
a) WMBRAEEEFEHR -TERZN,HEITMT L.
WMRLETF SN EFETRLU L, HERM AL
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—ZEEHKEARE, FRREEEEREELRT - TEERHXBN, BEREA;
—RE AR IERRBE
b) it 10 000 h AR KL ARFE, ZE 7 2 B A RE, ATE R AN R, EAXEBESATERS
HBMRRER LTHS 8 LTHP., TieEPFEMR AR R 6.60) X TRILERFEHER.
o) FER—RLF1KF(+1.38 MPa )R [A]— FE 77K - (£0.138 MPa ) , 25 T 5 B -2 R Rt (]
/ANF 0.3 h B, XERMEARTRA.

7 R K EHKERTER(HDB)

7.1 #HMF AHE LTHS, 3 &8 A2 100 000 h 5 438 000 h,

7.2 #BRADODTEMEFEFM S,y M S, KT 0, MEWEAFTHI .

7.3 #HAADHEHRRE r R r ATE AL BHNB/ME WEERA TG .
7.4 WMAFTE,WHRE 2 BEHBKERITEE(HDB S,

R2 BARERUTELEER Bz S Ik bA

BRKERITEESFR LTHS HEERE BKERITEESR LTHS 3 HEE H
17.2 16.5~20.7 86.2 83.0~105.9
21.7 20.8~26.3 110.0 106.0~130.9
27.6 26.4~33.0 138.0 131.0~169.9
34.5 33.1~40.9 172.0 170.0~209.9
43.4 41.0~52.9 217.0 210.0~259.9
55.2 53.0~65.9 276.0 260.0~320.0
68.9 66.0~82.9 — —

8 [EAigitE #(PDB)

8.1 W bR 7.1.7.2 0 7.3 @RI S B ¥ ST AT R
8.2 INHE, BRI FEENRITEME(PDBEL.

x3 EHGHEASESR k- Xivdyo Pl |
EAEITEREER LTHP HBEMEE ERHEESESR LTHP i+EEBEE
0.63 0.605~0.760 3.15 3.03~3.83
0.80 0.765~0.990 4,00 3.84~4.79
1.00 0.995~1.18 5.00 4.80~6.04
1.25 1.19~1.51 6.30 " 6.05~7.68
1.60 1.52~1.98 8.00 7.69~9.58
2.00 1.99~2.38 10.0 9.59~11.8
2.50 2.39~3.02 12.5 11.9~15.3
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9 HDB = PDB B AE

9.1 Wm—MEE™HEH HDB I PDB, M A FlE TZ SN BEEREMEER, R#ER.2,
9.3.9.4.9.5 1 9.6 BYRLE HEITIRAE .

9.2 ELHWARERERS R . FER—N K (£1.38 MPa DL 8 [/ — B 1 K- (£0.138 MPa
U T, BHREBEADLF 34, KEBHNRRAER4ME, G5 3000 h GHARAKEELER
HDB = PDB [E 54 ik .

K4 RKENEHA
é V)
ﬁ,ﬁsazw:emwrm .
10~200 B34
FF 1 000 B34
Bit B 64

9.3 (VAR INERBMEIE, % A4 EHERIFRM 95 % B FRM 95X FMWR.
. BRI RA A R A RN BNEE, TEERXNOEEBRNEE; S EER REKEE RN EYHES
2.5% W] SR e VS ZE B A5 IR (UCLY M b7, MBS AT BB 2.5 % T AR ¥ e BAS TR (LCLYM T . 95 % BBl
WU PR, 330 400 B0 R B S BB (A 2.5 %6 O T BR#EVE ZE T 1 FR (UPL) 0 b7 , R 0 7T BB 2.5% B 7] BR A 96 7
W TR (LPL B F A .
9.4 WMRIZHABERBEUTER, EMHMBELZRBPERRATLUEZN.
a) BAINAREAKETHEHEFENMEIRETEARBR SUBERFETRUL.
b BIMMARENKET,BRHRBEAEBXTTFEAEIEL 5B TFRU L,
o RMESMBEACHEBARWIE BFECHEALZUTHARSBEERELI =42,
9.5 MR I2HIABLERBEUTER, THEBAAZEN 0.4, M E TLERTERET IE
ZH.
a) FiABEAEIEHRIER BSUERFETRUL,
b) EAB A RIKRZETEED 3 000 h,
9.6 WEIARISHEE . TUSEARE —EARFHBIEH, HFNBEIEAH EFH W EIFLM
HDB & PDB,
9.7 HMRFB/ARETERE 9.4 2 9.5 WHE , AN B AH & T2 REFE KT, MEH#HIT AR, 76K
IR, AT BT R AR E fE R s e i HDB = PDB,
a) IEMFE A KE, 9.2 KRB HBIESMEZ 438 000 h(50 B 95K BfF T RRE.
b BEAREIHLE 50 FErEK 95 % BE TR,

10 &k Eigit B 51 (HDS) = #/k & & i+ [E /1 (HDP)

¥ HDB 5 PDB e Ll b FI 5t R 408 B % K I # 7H B2 7 (HDS) s # K K 5t 3+ & 1 (HDP) . R A
BTt R BRI BEIBLE B LT A%

a) FRHEEMRBSECREHNERT B HE HETZURFERFHIERZEML;

b) BN S R R R R VIR BB T RERY B E R A A R BT B AT B

BB RO RO TR IR T PG B R R R TR R .
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c)

d
e)
D

g
h)
1Y)
»
k)
D

T BRI AR 5

RERNEBER AR LR RE . FERARK;

REERST, B4 R R M/ YR B REE CSEH IR, R RE WA, BaRE N
BN EE;

WA EH IR

HERE;

AR RS R, AAGIEMN AZES (L MPa 845 RBmE (L h A B8AD  R3K
T 2B B 3% B FB AL 5

BREEHEFERE HEE ST T 10 000 h ARBESR T 78 oy 2 3% 75 B9 R BE B 4FBREE 9

WER LTHS 5 LTHP;

r BME;

HDB = PDB;

REPUEINNEFHREFL;

LRELHRAMRBAR .
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KB AkERESRKPABKEENHITH

Al ER

A1l THHRSFHBETRADHRERER:

y=a+bz vereenseneesnrsneneeenn ( A1)
K

y —— N EE;

a ey ¥ EREREE;

b —HZHRE,;

r—HAMER.

A2 ETFRRRBBE, QW EHMT T 2 CF BB B 7 2447 07 57 SRR R MR R
B TAMRTIARNAE RGEITE KM, AT MR B F R HR M R#ETHIA.
A3 AMRBEREE S FENFERFW.

A2 HESWRIR

PR R R n HPARME TR y A )RBWTHEE
a) HZAREb;

b) 7y HEWEE;

o HREHEr;

d) TP FHE EHEA 95 % B 5 T R AHm X .

A3 ETRHSE
x B lge,¢ FEHE], LUNEE () 8z, ik y B 1gV,V #8801 (BB D E.

A4 BEXRAXMITEAZE

A4l ERETHES

—— WEBIRE (V. o) BIA R
i — gV, Vi BB R i G=1, -, ) BIRB RS (REFD 5
s lgti e BRMMWR iG=1,0000 sn) IR B (¥ B R] , B8 g /N Ch)
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=13z, e (A3)
n
A42 HBXFHW
FARF 7 iR R (A ~K (A HE
S., =%E(x,~ —z2)(y; — ) TN G- XD
S =%2(xi —x)? NG XD
S,, =%2(yi — )t R NG - - D)

MR S, >0, A EEMBAESRANTE.
A43 HIEHERXM
A43.1 BRADHBEBHERR 7.

Y ENCK
"IN GL XS, (AT

A432 MR PTFRAIFNBHE n AREOB/ME N EFXEHEMBRRTFRETEALFH
B/ME, M 8kSE A4,

Al rIR/ME

(n—2) r B/ ME (n—2) r HIB/ME
11 0.683 5 24 0.495 2
12 0.661 4 25 0.486 9
13 0.641 1 30 0.448 7
14 0.622 6 35 0.418 2
15 0.605 5 40 0.393 2
16 0.589 7 45 0.372 1
17 0.575 1 50 0.354 1
18 0.561 4 60 0.324 8
19 0.548 7 70 0.301 7
20 0.538 6 80 0.283 0
21 0.525 2 90 0.267 3
22 0.514 5 100 0.254 0
23 0.504 3 — —

A44 FEHXRR
RPRAK y=a+bz T a Mo, HER(A8~R(AL0IHE:

A= (%) NG . XD
b=—sA N - XD
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a=y—bx - N D)
H: BT y=1gV,z=lg, W] V=10",:=10", W V A XK : FRKXK AN
V=10+sxl

A45 FHEVHHE

A.45.1 VUIBESREIE] ¢ BOXTEEIER =0, IR (A11):

z, =lgt, ceesesasens -<( Al11)
A452 BEAID~FRAINHE =19 i=n Bl WBEMEe EE y WBREAY, flz R
EH Lok

&, =[Ax; +6(y; —adl/2x cerrrenserensesesecese( A12)
Y. =a +b¢; NG - N D)
=[2(y; =YD +2aA3(z: — €)' 1/[A(n —2)]
w(A14)
A453 #HRAIB~RAIDHETIISHK.
r=bol/2S,, N - W 1)
D =2xbs}/nS,, T T NI- D)
=—Dz(14+7) ceesrnenenscasenensnen ( A17 )
A454 TETIHHE:
HERAIDIHRE b WITEC:
C=DU+7) cerrescennesesenieneeene( A18 )
BERAIDITHEWTEA:
A=D I:_;Z A+ + S;”j' N - N D)
BRAOWHEUEELE 2. W E0:
=A+2Bx, +Cx,? Y ¢ A.ZQ )
HRADIHE y HIREF E ol
o =2Ask TN @- W1 D)
HBRADHE y Fz, WHRNUEy. WETZE:
ol =g+ N - WD)
A.455 HWR(A2DHETNME y. WinEZEo0,:
o, =(c% a2 N - Wi D)
&ﬁ(A.Z‘l)H@;@%ﬁ*tﬂ y EIL B‘Jﬁ?ﬁ!ﬂ{ﬁy“
y.=a+bx, crrreensnneresannnseenns ( A 24 )
ERFH o 1o BELRADHKX(ALORSE.
A46 HEEEERNA
A4.6.1 BHARA2DWE yo 95T X EE TR yr.00s:
Yei.09s =YL — Lo0, B N - W1 D)

KA.
v — R A20HE, HP 2, FRAIDIHE;

t, ——uv=m—2FK ¢ HHE, NE A2, £ A2NBEHKFERM 0.05 CFH L2578 ¢ HA{H.
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RA2 t HHEEEMEKERM 0.05)

BEE t {8 BhE t 18 H B t 18
(n—2) t, (n—2) ty (n—2) ty
1 12.706 2 34 2.032 2 67 1.996 0
2 4,302 7 35 2.030 1 68 1.995 5
3 3.182 4 36 2.028 1 69 1.994 9
4 2.776 4 37 2.026 2 70 1.994 4
5 2.570 6 38 2.024 4 71 1.993 9
6 2.446 9 39 2.022 7 72 1.993 5
7 2,364 6 40 2.0211 73 1.993 0
8 2.306 0 41 2.019 5 74 1.992 5
9 2.262 2 42 2.018 1 75 1.992 1
10 2,228 1 43 2.016 7 76 1.991 7
11 2.201 0 44 2.015 4 77 1.991 3
12 2,178 8 45 2,014 1 78 1.990 8
13 2.160 4 46 2.012 9 79 1.990 5
14 2,144 8 47 2.011 7 80 1.990 1
15 21315 48 2.010 6 81 1.989 7
16 2,119 9 49 2.009 6 82 1.989 3
17 2.109 8 50 2.008 6 83 1.989 0
18 2.100 9 51 2.007 6 84 1.988 6
19 2.093 0 52 2.006 6 85 1.988 3
20 2.086 0 53 2.005 7 86 1.987 9
21 2.079 6 54 2.004 9 87 1.987 6
22 2.073 9 55 2.004 0 88 1,987 3
23 2.068 7 56 2.003 2 89 1.987 0
24 2.063 9 57 2.002 5 90 1.986 7
25 2.059 5 58 2,001 7 91 1,986 4
26 2.055 5 59 2,001 0 92 1.986 1
27 2.051 8 60 2.000 3 93 1.985 8
28 2.048 4 61 1.999 6 94 1.985 5
29 2.045 2 62 1.999 0 95 1.985 3
30 2,042 3 63 1.998 3 96 1.985 0
31 2.039 5 64 1.997 7 97 1.984 7
32 2.036 9 65 1.997 1 98 1,984 5
33 2.034 5 66 1.996 6 99 1.984 2

10




GB/T 32491—2016

® A2 (5D

B E t {8 BHEE t {8 HHE t &

(n—2) t, (n—2) t, (n—2) ty
100 1.984 0 124 1.979 3 148 1.976 1
102 1,983 5 126 1,979 0 150 1.975 9
104 1.983 0 128 1.978 7 200 1.971 9
106 1.982 6 130 1.978 4 300 1.967 9
108 1.982 2 132 1.978 1 400 1.965 9
110 1.981 8 134 1.977 8 500 1.964 7
112 1.981 4 136 1.977 6 600 1.963 9
114 1.981 0 138 1.977 3 700 1.963 4
116 1.980 6 140 1.977 1 800 1.962 9
118 1.980 3 142 1.976 8 900 1.962 6
120 1.979 9 144 1.976 6 1 000 1.962 3
122 1.979 6 146 1.976 3 1.960 0

A4.6.2 R (A.26)HE V BAHRL 95% I TR«
V1,095 = 1071095

A.4.6.3 BFEIN ¢ B,V BBIESE V., R (A2DITE.

Kot

ye——HRA2OTHEBF S,

VL == 10‘”‘

ceeerenennens( AL26)

v ( AL27 )

A4.6.4 BERADFH o) =0l HTE-NEXKNERXE, AR KRR WEE K HW X H

11
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Mt ® B
(3 B B3R
BES T EITE G

B.1 BiESH

B.1.1 MRE@EH SR ERNEHXR

BT eIk B T AR K 30 8 K PR 58 BE I 5 SR PR B 160 B2 7 5 4T 38088 43 7 » W1 LUK B2k R 2R 4
Xt 45 R, WA B R EHE R E TR HDS H—H %, B T X &R =LA RS A
B b2  BRAE FT A S B B R = S BRI TR R

B.1.1.2 3B RE R TR A R B RIER, B R R A R4,

B.12 HMESAYHEMNBHXER
¥ A EEAE SR 2 AR B, A A HE 59 P VS B PO 9 KB ULAT TR R B2 2 e LA R 4T 3 [ B 7 33 1 A ™=
ot B {58 PR A A T '

B.2 itE %4

B.2.1 Effi¥#E

FAMBIEILE B.1. EARZEMEXAAAR T HERE HEERTRHEATL—8. FIRAKN
G AR AN R B.2.5 WiTEREE LTIV A.,

R® B.1 G HNERMBE

I i ] B H BFEIE | RO —_ B [8] B A1 i 1] B B A1 8
h MPa EE | HPUE h MPa St 1A X §fE

1 9 37.92 | 0.954 24 | 1.578 87 12 589 33.10 | 2.770 12 | 1.519 83
2 13 37.92 | 1.113 94 | 1.578 87 13 669 32.41 | 2.82543 | 1.510 68
3 17 37.92 | 1.230 45 | 1.578 87 14 684 34.48 | 2.83506 | 1.537 57
4 17 37.92 | 1.230 45 | 1.578 87 15 878 31.72 | 2.943 49 | 1.501 33
5 104 35.85 | 2.017 03 | 1.554 49 16 1299 33.10 | 3.11361 | 1.519 83
6 142 35.85 | 2.152 29 | 1.554 49 17 1301 32.41 | 3.114 28 | 1.510 68
7 204 35.85 | 2.309 63 | 1.554 49 18 1430 33.10 | 3.155 34 | 1.519 83
8 209 35.85 | 2.320 15 | 1.554 49 19 1710 33.10 | 3.23300 | 1.519 83
9 272 34.48 | 2.434 57 | 1.537 57 20 2103 33.10 | 3.32284 | 1.519 83
10 446 34.48 | 2.649 33 | 1.537 57 21 2 220 31.03 | 3.346 35 | 1.49178
11 466 34.48 | 2.668 39 | 1.537 57 22 2 230 30.34 | 3.348 30 | 1.482 02

12
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* B.1 (48
- i fB] R 1 B[] B Joali] T B [ R B (5 B4 R 789
B h MPa STHE | X EE ) h MPa Xt B X 18
23 3 816 32.41 3.581 61 | 1.510 68 28 8 900 31.72 3.949 39 1.501 33
24 4110 32.41 3.613 84 | 1.510 68 29 10 900 31.03 4,037 43 1.491 78
25 4173 31.72 3.620 43 1.501 33 30 10 920 31.03 4,038 22 1.491 78
26 5184 30.34 3.714 66 1.482 02 31 12 340 31.03 4.091 32 1.491 78
27 8 900 31.72 3.949 39 1.501 33 32 12 340 31.03 4,091 32 1.491 78
B.2.2 EHFH
S.,. =0.798 120
S,, =8.768 10X107*
S., =—0.024 815
B.2.3 HXEY
r =0.938 038
B.2.4 HEH¥*XE
A =1.098 594X107?
b =—3.314 50X 1072
a =1.620 689
B.25 HEHE
D =4.837 83X107°
B =—1.467 67X107°
C(b BJ52) =5.008 26 X107°
Aa IHTE) =4.663 19X107°
o2 (x RET ) =4.042 960X 107°
ol (y MIREFE) =1.159 0X107*
B.26 BEEKHE
n =32t {HR 2.042 3, KM FHEFMEF XE TR B XE T RILE B.2.
£B2 BERXME
A /8] T - H EEXETR W X 7 T BR
h MPa MPa MPa
1 41.75 40.43 39.32
10 38.69 37.84 36.60

13
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# B.2 (%)

i ] -4 BEXE TR P X 18] F BR
h MPa MPa MPa
100 35.84 | 35.37 34.01
1 000 33.21 32.91 31.54
10 000 30.77 30.33 29.19
100 000 28.51 27.84 26.96
438 000 27.15 26.35 25.60
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