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(Abstract)

VALQUA reviewed the impact of gasket on the social environment. In particular, with respect to Asbestos regulations, we
have taken steps ahead of the competitors, developed high-performance sheet including No.GF300 and we also started
long-term reliability assessment considering long service life of asbestos products. Moreover, the necessity of leakage
amount management for atmospheric concentration regulation and the measurement of liquid micro- leakage were also
mentioned.
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(Abstract)
Maintaining high gasket stress is very important for the long service life of gaskets. Stress relaxation and creep caused
by the influence of time and temperature, reduces gasket stress. In this paper, for expanded PTFE gasket which is widely
used as a non-asbestos gasket, stress relaxation, creep are quantitatively evaluated, indicating more effective re-tightening
methods.

Keywords:
stress relaxation, creep, non-asbestos gasket, re-tightening
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(Abstract)
This paper introduced a long-term characteristic evaluation method of pipe flange joints using FEM simulation technology
as reliable evaluation method to replace the experience based evaluation. To evaluate the possibility of leakage from
gasket part before maintenance or to propose solution or improvement to prevent potential leakage are possible by this
technology. Comparing with previous unclear method using track record, new method provides effective data for safety and
security operations of the plant.

Keywords:
pipe flange joints, FEM, gasket
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Various gaskets are used for plants according to the location environment. Compressed asbestos fiber sheet was shifted to

various alternate products because of stopping manufacturing compressed asbestos fiber sheet. This paper introduced the

line-up of high performance sheet and proposed the gasket integration for less than 300°C.

Keywords:

high performance sheet, gasket integration




CEY
HTREFERB SR MEETENERARELET S M S, A RMEEEREHERRGET, HIATEHEHES
B, AXENBEARRAM & LE R B, $xf300°CLL T oIR8 B 6 %,

K5I
BRI, b

W Fl
WFFEPHFEAER
PSR BAFEZ NV —T

STQT Iduwung




—bHAT Y MTE

B 7 v Vi OBEHREICOWT

1. 1XUHIC

JETIEH OB E et BBIC L SN BT A vy M &E 75
CURRRICIE. ROCBAMRT Ay MM S TE2,
Ll “PRITHEE SAICHER LA S BB ]
5. ik 2045 11 B0 55822 4 A AT 4 o Ik DU, 1%
BaELCIRARY A r IS TWRY , JEAMA A
roMERDPEATLZCK T, SoZ g% (PTFE) A
oy MOREHIF ROV LB AFAELZY . 208D
L, AT A N IER A A ORI D7 TS
T AHMADORUNCEDLDEE 2 H5ND, DTl
HENBIN LTI RMT ATy M &EE 77 DR
DFEHMEREIUE R IN T AT Ay M &EE 75
VIR RO ZNUI L TR ZDD L > TNRED 0%
RBLENDHLY . CNHPRBOE—DHNTH D, BT
C TR RO RO WIS 1% [ — T4,

ZD72DH A MR TOIE TI— O AR DIE 2
JIS B2490 12X A EE RSB X0 Ay MEAR TO %
ek R O EBROE 75 Uk RICA BB L O9EA
M aA Y b — MRy Ml A LR RS R o % B BB % ko
595,

B OHERV MR I OIXH 0 E AR B RIS
BAE S B ERNBIETH D, RV D200
Ji8: (ASME #:B XU JIS ) O VI2X0i i, (352%0
FREZHOLMICL, EIEZH W RV NI R
ENFzVaf V=M EE 75 2 VRS R O IR AT
<%, KIEPVRC (Pressure Vessel Research Council, =
NEWRIEZRE4L) DBFC (Bolted Flanged Connection
Committee, RIVN7T > DRk H &) DSV M
DXL DOEEMIE T 5720DBE. ThbHARNVMIY
T IR R 2R ELT0EY . AWM TIITRNE
JLMEDP 727k 4R % (Assembly Efficiency) 2k, #
AR ELTE T A RVNMIIR T DO EEE R T,

2. 34 b= bHARTY b (CSG) DA%
HHEFHEET 7 VRBEROELRRRE
FTEAMTaA I — A9 (BUF, CSGEFT
50) BAROE IR RBEZAT) o S B Ay b~k
E, 88 Imm,. #HE1494mm, [EX15mm THb, JIS
B2490 D IEARFE B RER" ISV TH AT VM OIE T~
LIS RR e %, IR EL W E L7z Figurel 135

Helium gas

JIS B2490 (CE D<K EARF FHF B DR E
TEERT . WEBARIIANYY 27 22V, RlEL 20
AR EEE VCE T 5o

FEARPEMHRE L&, FEARB IR Rl SN 7R
BLEHWT, FHEEEEL TR, BoNs -2
TER R e O ARG B O BRE W CRIHEICEE 7
T IREAEAR DA Ay MEME T 534 DA T T 2 ViR
RO EFEEIT)o

Figure213Yaf Vb =24y (CSG) ZH W E 75
UM R OB R OBR AR T BRI VW87
FTYIDOMEIIAT Y VAS, SUS304THY, FFOEE, IO
JEINEENZENASMEBED 3L > F. 7T A600 T b,
Rk OBV O E 12 SUS304, FFOERIEM20, AFVEAR
BNIZ8ARTH D, FHARNVMIFRO2HM DT AT —IIck
0. WIETERIREOFRVNE T OZEACEZNE T 5. WA
FANYT LA AE e NIRRT A7 — VTR

Figure1

Pressure gauge

Pipe flange 2 A
Pressure
BC{:' N tran§ducer
riT ,-/.:" gy 11
A 7 ;
L: ’/ ! ////L.J
Nut 7/ |/ Analyzing Dynamic
17 A recorder amplifier
: A\
H 1 [ =]
M o o0
$ 89

Figure2 34 FE IS IHEAHRDEHHROBIRER



(XD, AR TR EDIE T B

2-1) HAT Y MO HZHNFE (6F - ERZORFR)

Figure3 (&l € SN 7=CSGHARD IS ] - EAL O BAFRZE R
T o A CSGIZOWTIIRSL DR RV 2B L 720 B
WFETOF M CSGEIEF M CSG DOMEHMEAREIZ. DT Hh
TIEHLDFEF M CSG DITHIA/I S,

50 T : T : T
Compressed sheet gasket
Gasket thickness: 1.5mm
= 40 [~+—- Approximated line ] 4
o 4
= Non-asbestos P S
% 3ot~ Asbestos /i s ;:
= 782MPa /s T ) S
B SN
3 20+ / '/ j(!l "!
w /, =1 rd
© e /;
4 Z L0 7
10_369MF’/a » "/; ¢

S P 2955MPa

0.04 0.08 0.12

[0.0267] [0.0533]  [0.08]

Displacement § (mm)
[Strain]

Figure3 CSG (Yaq1 b —MR4yh) BIADIEH - EAER
(JIS B2490(-#=HLL THIFE)

2-2) CSG (¥af U h—MNATYN) DEKRRRE
Figure4 (3. JIS B2490 ¥ T35 72 CSG DH A4y hDJE
RIFIDIET B ST Ay NEAKDIEA IR L, DB FR%E
RT o LM CSGIAAM CSGIZHRT, FULEEEID
WA IR E L 23 L) /NS, BEEENIVENRT

Compressed sheet gasket
= Ay, Gasket thickness: 1.5mm
T 107

% . - ~53.56 5

S . L¢=0.0745¢

~%

= 3

2107

o

e o

8 L=0.079167%0-797 X

- * “\“

10_‘4_ \‘

----+---- Asbestos
—&— Non-asbestos

1 1 1 1 1 1 1 1 | 1 1 1
0.01 0.04 0.07 0.1 0.13
Displacement § (mm)
Figure4 CSG (a1 b —bHRyb) DEXRREE
B2y NERE DR (RIEE)

Who ZHud, Figure2 (R 3 $IEA# CSGIE A # CSG
IZHARTH T TIEH 50558 (H0) RO E OB E (s
PEARED) LD/ S, 1S DXIEH A, FHL I
CSG Tldd 5 i TOME (HEM LR E) 1244Gpa THY. A
i CSGDZHUE56Gpa Th o720 MHENIY/INSWIES #i
CSGZE 72k R o8 HPE BRI A M CSGOZ LY AT
LHERENS,

2-3)NEZZIBET 7 URRAEONZEFRERRE
WEE

Figureb 138 77 » Vs ko 1 RERL. — /1
ENADFRIV R Fy MTRVMIRA ) F, Tl —I2H/if o
SNTFEAERICNE PATER L7 IRRBZ R 97, WIEFERIC
IO ZIIH 5 15 5RD ) WASE AL, £ RVMITR
VNN F, 7208, FAF, £7ebo Ay MEMEIZ
S E 2580 (RWNARSDIZN), F-F %5, ZORE,
¢=F,/ (W/N) DfEZNIJREET-5R. EE»okbh
BHE.=(1-¢)x(W/N) &b, WIIHREBOMEIRE TN
i F oA/ ER RN LT, Zozol2id
Figure3HOfE%Z LD/NELT5HZETH S, Figureb DI
BEOAEMMCSGRUIEAMCSCE W I-E 7T Ik ko
BB PERE RO Ry MERG J1 55045 2 T F L = RO
BREIFRE (FEM) ICE0IRIT 27 HAr M & 750V
fitsAROTRMEIL. FHRCRDBA ATy MEMIG 15545 &
DHEET Do A ATy MEMTAZTE H I 5E L. K55
DFEIGI A Ay MRS & FEAR B SR B Y X0
HNAH Ay MEfG T & TR a0 B4R (Figured) 7 v
THEFTORMEBEZIT T 5, KEHOIMEORMID
77 VMG ROTRMERE T 5. AT O SCHS) &
Z T2,

-

e #

/ “Nut
/| Gasket

Figures WESERTIE 77 VMEAOHFAR

—3T=

57
fity

=t
ity




B — T =

i
=t
(2]

[1x107%
10
Compressed sheet gasket
3 —@— Experiment
E (Non—asbestos)
é ——aA—— Non-asbestos
= 9 —-—m—-- Asbestos
ICHENE
(1] "“\
° FAL S, Internal pressure -
3
1
D_
20 30 40 50
Tzm (MPa)

Figure6 ;.;;;5‘/’)ﬁﬁﬁ@iﬁﬁ%*&ﬁﬁ%&lﬁ%iﬁ%iﬂﬂﬁ

2-4) FEiEADRRE

Figure6 13 CSG I &% 75 » V5 K (Figure2) DR %
EHE AR L THEE N EEROFEBRE RERT
(P=3MPa®¥tr) o Meldim La, BliEAn o)
T RE DI Ay NS T 0, % 7R o FEEPERRISH
MOYGETHEDS, IEAM CSGE R 7=HifE Ak (aH) D
TR EIIRE R DA M CSG & v 7-Fiks & () oF e
B LOFE DL EoREERE GHIE) 24 3 528AVRE
N5, HfEEiE R (A IZFEER S (@ JEAM) LD
PN I—FHL TV 5,

3. RV NIERRER N DIESDEDE TP
R AOBRIMREICKITTRE

Figure5 (Z/RL72ENINADFRIVR Fo b Tk § 58 7
FUIRHERIZMVZ LY FIZED, JIS B 2251 1CHLE ST
VB EARV MR35 ASME PCC-177%%% 2
5N B Tablel X JISHE DM fh 1719 2R L, Table2id
ASME#:" %73 F, T2 COHMIL 1) #4FIEJIS B
2251° J OF ASME PCC-1") KO8 75 > VIO (37 (U
%) K 08207 CRIOER) ) O 2 EASKOVMARR S I 01X S
DEICTATTEE. 2) A FIHJIS B 2251 LY ASME
PCC-1) KU 75V VMO BEDERIE 75 IRk D
BEERBICRIT TR, 3) A MERE (FEM) #ITICL2
RIVMIEARE A T DIESDEWE T T DRFARERD I A b
BSOS TRBLREERT R, 4)RNEILED
TR 2R 2E, Thbo

TaM b= NIRRTy MIEET T L URRAOBEEFEICOVWT

Table1 JIS B 2251 DT FIE

FIE b wp s

FILNEF TR D, ZDHRABREVLER
DARINEEY, ALV NLIE
g, FKTEERHFFNLTD100% L
WML ES 2B, REICT7S U EBERE
T B,
(FIVNAED SR T DIBE L FRIVNE L5
DHETRHTI3)

{Rs A
(1> Zb=IV)

BiZESF LI D100% T, BEETEIVICHRE E [
AEERT (I VU EN 101> FRIEIZ6ME, 101>
FRimis 4 E) T2

PEESIE, AREUEEBRICAERIER

bl BOBEC1 BEOL 2B 5.

Table2 ASME PCC-1 QO#{+FIE

FIE wHBE

£ T8 (15-30Nm) f {115

BT | (Gimian 20%E@ATRES ALY
188 4 _EICBIEG L0 20-30% TR 5
2[EE 14 _EICBIEG L0 50-70% TR
3@E 148 EICBIERTML D 100% TR B
e WS A BRI L7 D1 00% CF oM EIEL
B L BE RS

AR LEBL%. 4 BECRED A E Chi

SEH "3

INECIEE(37) BOSKIEE (207) Ay MY & 75 ¥ Vi
HARZE TV LY FIZEBFRVE - Fo et (v
). FIVMIEIRA D DS DX E R OE 75 Vi
RSO EE EBFEIT). EBRICIVEOShI- KB
REDFIV M) %45 BREEFRIG IFFAT IS, e BgT A
MEMIG oA E RS, RILEEHEE T 5o

3-1) R DRI M HEE R O TRIRERERER
Figure7 334 # CSGF&20" & 75 v ViR o~
EHEERY (75 VhMETTSmm) o FEF#E CSG A& 207
BT IRERR (RVIAREIN=24) & Figure2\Z7x L 723"
75 kR (N=) L TRV NG B O AV b
BT E B SN 2 A% O 72 TR MR T 8 R AT )0
BT B B O ARV Ml NSRRI R SN2 O3 A — DI
DRIET %o BETTVREFERORNI R L720DDKRIVI)
WIRER D F & RV R D37 R 4 Ml
Nog &I Ao -E 75 VEME DM A, EORZ ARV
RPN THRELIANET S (FFo ,XA,/N)o HEELTZHIVE
R IV7 TV RSk RVMNIIRER I F, . RVbo
MOEdEZHWT, T=kxFxd\ZE0EHT 5, B2
BB KIEARIVS - FoMIEY, FTTVVD1IRDRVIRE
BaeTFuy—Lic—rohEMfE G E 770V NE



Figure7 201 F&EI75 I#HiEEDER )
(RIVMEEODEM33, RILMEAEIN=24. BERNEP476. 77>
SHZPp775)

22mm XM ME42mm K O 8 40mm. 20°E 7TV N
% 35mm XFHE60mm M ONE E65mm) Z#EfT1F HFEERIC X
DTFORMELIZ, ZOFER, /MO () ETT VDM IR
Bidk=016. KIEQ20") EI7IVidk=013¢%o72, &
T5vT FYMEE R OARIVE - Fy MU IO & T
HHEAIL L TR O 6 LT 7 7 o2 B AL T,

BT VRRE RO E R (i) 25l 3 5720
IZ.PVRC IVIEENTOBBIA MRAF X =% T,V % F v
%o TpDMEAKENIE PR EAD BRI RNIE
ZRLTWA,

3-2) EEHER

Figure8I3 KI£8(207) 75 v Ik R LT, R
M R D P3G Ay MG T 6, HY60MPa & 725
INCHEEREN MV &R E L7 A O, B AVMNE T BERS
DRV ZE B ORI EFE R %R T Figured (a) 13JISH:,
Figure8 (b) I3 ASME {1 Tdh b, 1AKH7-DOHEER V)
WA )1 FAZ159.0kN (F=T/kd) T %o IRV M
KBHIDDZBEBETORNVMETFERL, AHERV M
W FNED % Be % R L TWh, ASME PCC -17 Tl % BB
AT (Round0). 18 H (Roundl). 2J&H (Round2)
ELTHY5EH (Round5) T5E T Th b, JIS B 22519 Tid
firft FNEZ REL, AT, R BLUERTOD=
BB Twho ASME PCC-1"EDHIED7250, A1
(Round0). ARFEFIZBNTE 7T > VR KE —JH
F1FBZ 8z Passl. Pass2& 3%, F72. Pass 4. Passb.

Axial bolt force F (kN)

Ozm=60MPa

Assembly procedure: ]
JIS B 2251

1 2 3 456 178
mn @ @& @ ©
Pass (Round)

(a) JIS B 22519(C & Bt

200
180}
160
1407
120
100f

:Target bolt preload

Axial bolt force F (kN)

Y7/, % Assembly procedure:
— ASME PCC-1 -
0 1 2 3 4 5
Round

(b) ASME PCC-1"\_ & #5413
Figure8 JISi%® HEUASME & " IC &k BRIVMEFTEIRICHT
BRI AZT B DRIERHER
(20 “E 75> HkElF)
Pass6% 4 JEH (Round4) &L, Pass6 DfEHDAZERL T
%o [ABRIZHIKG D (Pass7. Pass8) (2D Th, Passd D
R&5FH Round5) EL TR o BIHO— SR 5E
THRFOARIVN T O3l (Average bolt preload) Z7~
L. WIS EHEAR)V R (Target bolt preload) #7534, 2
DOOFMA(JISHEBL ASME ) &b, RIVMEfT5E TRO
ERNVMINIE, EHDEPEL TS, SHITHiT5E TR
DERIVIOIY ROV M ASEREAR VM INEL Tz
WIEATRENT WA, RVl O KA i /IME O 7%
(&, JIS B TIEHI 40kN (25%) - ASME - Cid# 33kN (21%)
ThHo7ze ASMEFEO T JIS B, IE5DEALY /N
WS, TOEBIIMMD TNV, TR 7 AR ko
ANV D OIXSDEIT R T BTN S, B

—3T=

%
i




B — T =

i
=t
(2]

RS RO DS, JISHACEARHT DT A5, RVl
DOYUREAT R AVMEA T O B3 JIS D L) D70
v FEAH TR D XD TH D,

Figure912JIS B 2251912k 2/N148 (37) 45 75~ Dbk
1K (Figure9 (a)) & " K 2 (207) & 79 » V& & R
(Figure9 (b)) TORNVNMHAHRED, KB RETORIVMGT)
EEO AR . HEEARVMHEN MG H 2y Mg
S 0 ,, AT30MPal 25 EHNCED TV D, RIBDIHI
W B TOIELDEDERITNE V2o, S TIIJISHEICK
DRVMENTEIT O, E7950 VIFOEOZER (3 BXY
202D WTHIRT 50 /NORE 7T IRk R RRIZR L
MRB AL T, TRTOFRNMMEHE S L O

30
25t Target bolt preload
z
~ 20
[T
@
(&)
o 15;
2 3"inch
§ 10t 1
z Oy, =30MPa
51 ~ Assembly procedure]
p JIS B 2251
[0% 20% 70% 100%| 1-4 5
Install (1) 2 (3 (4) (5)
Pass (Round)
(@ /O Q1>F) 772 IfkE
100
—~ 80
z
w
o 60
e
L
§ 40 Assembly procedure:
g JIS B 2251
<
20 20"inch
Oz, =30MPa

1 2 3 456 78

(1) (2) (3) (4) (5)
Pass (Round)

(by KXOF (2040 >F) 772 TG

Figure9 /NAR GBI F)EXOR Q0 F)ETS o Tkisk
DOFIVMNEFHBIE (JISIE) (ICHB T BRIV A ZE B DA
EiER

TaA L b= MRy MIZRE T T URHREOBEHEMECOVNT

J& B % A3 72 v 72 @, Figure9 @ A% #ifi 12 Round0 2> 5
Round3 FTEGRATIFEL Round4 Z A% A41F, Round5 %
HHiDES Bo ARV 58 TR DAV Ml ] D /IMEITH
T5, RNl ORKEER/MEOEDOE &L, ETheE
WO (3") B 77w ViR Tld 22.3%. KIOE(207) &
TT Y VRREIRTIZ23.7% ThH o720 ZOFERINTHDED
HEEIXIZIZFAAEE CTH S, HEERIVNE ) (Target bolt
preload) &3 R )V il JJ (Average bolt preload) @ 7=
. ANCE(3T) BT T VRS TIZ9.9%. RIT4E(207)
BT URRERTIZ58% ThH o720 1E->T RVl D
IXEDEDORREIZE 77V VMR RO OO (3" BX
D20 TIEREUKAE L v

FigurelOix. WIEEHT T, /MO (S B 7T Ikt
RBIUKRIOE(07) B 75> VRiss kD & B35 77 2
o NEIIS 0, SIER AT AT M &E 75 2 DRk
DIAMIAINGA—F (T,) DIE (HEE)RITTHEELR
o MEENIZA NRRING A =% TR L, BRIV MR
RO BEBEEIGA A v MERIE T 0, %R T o HEN(O) TR
FHRUFV NIRRT B O RVl D DIE S0 DRI
R, 9 7b bRV A — (Uniform) O 77 > i
HoOBmEVERERT . PN (C) RIS B 2251°
WZEOFFF 2B ORE RA R L, OLIEEN(O) TRTHIZ
ASME PCC-1 "\ X0Mi 72 B D 277§ o B/
A% @) E 7T I RO EE2RL, EHIT RO
(20") E 7T IO RER T TNHOHRID,
JIS#YE ASME 37 X018 5M B B E LRI A5 THhHH L
HIREN TS, RIS T 23X DD W ki ko y
AMRAIST A= T, DREEAV M A5 —Cd RS 1K

800

—e— Uniform (3inch)
—— JIS B2251 (3inch)

D
o
o

Tightness parameter Tp
I
o
o

N
[=
o

© Uniform(20inch)

O JIS B 2251 (20inch)
' & ASME PCC-1 (20inch
0 40 60 80 100 120 140
Initial target gasket stress o, (MPa)

Figure10 #1834 X4y MEMIEAA AR (31> F) EXOE (201>
FVETT IR DI AINTA—F T RIT T EE




DOFNIYNEL, BEMEREN S LIEATRENT WD, T2
BEMREO 2 BT HEARVMER L2 25k EWIEE, (B
Ay MERE o, DIRENEE) KE LB EAVREN,
ZOEAWHILRVMIEIF I DIXS-E0 L, KO
BE TV IRRERO T RLYRENZED G H D /AR
(375 IRFEARD T DT I H Ay Ml s
H320~40MPad BTl RO (207) B 75 VkitstRoZ
NEVKREL, ANOE G BT VR RO B iR K
R AROZNIYRWIEZRLTWA, KOFRE 7TV
THAERIZ 7900 —F — v ar OB BN KREND, B
HYERBIZS HZEDHMSN TV B,

3-3) BRERE (FEM) f#IAFER

Figurel 1 1&A)V Ml 77 2 FERIC I S 7 i AT B
FEDIXH DRIV N D% v TFEMf#IT 2 17V>,
Ay MR T OIS N 5 A% 5 R L7 BRICNE%E
VeI &R 7L Z DAL AT A Ay Nl T T oo I J 5 T3 i
SN Ai %R o FEFH CSCAFE 3" KU 20 475> Vi
FEARONPEEBIUIEEMEICB LM DAy
MEMUS I 5% 7R T o FHEIZFEM 2—F ANSYS % v
72o TZTIE, ADNOEE)E 7T ViR KO£ (207)
BTV ORI CERMRE S R 25720, AOR B
75 v IRERE ARG ARV NI A R O HEE S 3 7 2 o M2
fill it J o, % 30MPa,  KITHE(207) 45 75 » Dk 1,
0,m®60MPak L T\ 5, #E#lIZA A7 v NEEfil s 71
o, %R B O HEESE3G 0 A 4y Mg S H o, TR TTIEL
7AlARRL, BRENCIZME AR R T, TORIED,

1.4 .
° ° » -
1.2+ a ;/ \\\
A /@"‘—"“, Ji’ )
1o - 1
0.8

07/ 0zm
o
(o]

| W Outer 4 Inner(uniform:3")
O Outer <> Inner(scattered:3")

@ Outer A [nner(uniform:20")
0.2r © Outer /\ Inner(scattered:20")

mo=== =t A
0 s : g
0 90 180 270 360
Degree 0

Figure1l RE/FABOAROR (20 EI7 7V ERT
O&(3") &7 7> VHfERORBHEA Ry M
ISHP DR

AN (BT 77 7 Vs RO 6 RV o
X5 D& (Scattered) 1ZH Ay MIVEENSH A v b
BRTHNTTH Ay MERWR I 54V BE L AR v Mgl
I 153 A DS IR B — BRI A3 A § B 2 L35 B KR
(20") B 77 VR R DY G, A MV EEAME T
H AT MRS T AT EREL AL ATy ML E
TOH Ay MERE T 5345 DBEALIZ NS W EATRENT
Wb, KEPE(207) B 7T VATl AV
HHILEAE DO Ay MEBIG ORI KEGERT S
72D RATRNIHT Ay MERNS I 3B LN b, bW
5750V —T—arPRRELTWAEHENSNS, fito
T KEOEQO)E7Iv IRk ML, NOEG)E75
TR R I B EE ALK T 3%,

3-4) RREEEORHAHENDORE

PVRC Tid, 15200 7= o3 flix HEEE § Al 7%
BINH R R Z DTS, L LRI FIMET
HY. I ESDETRADRNVMNINAKRAE T Do DT
BRI EEIER T 572012, FikE Aok =L EOR T
B EFeT 5o THDOHLEBEORNVIMIYIRA I7IZEE
ANV D E, 01/ nfi U (F,/ n) EL TR 28, %
B ORI AT A SN IR R DL T IS 522 Bk
LTwW5,

(AR T R NOE AN K X DN ARV AL Aoy
(Scattered) IZBIF B HE MR K TIA MAANTA—F %
T, &l E722RVMHEA) 71430 — (Uniform) Td 535
BETOENET,, Tho COMEDWERN T (=T,/
T,.) L3 %0

Figurel213nlZB 9 245 RE2 R T M zhEnz
R, RS T A o v EMIS D 0,,% R T
PVRC 243 i1 #h 3 n =0.85 (F)V Ml ) 3 4E) & i
§ AL ILEDRIT R DT S PVRCOEN LY/ E
WlIZ %0 770 VRERROBEE RV RO E T %
HH ARV ML R D BRI Ay MEfG 1% K&
CBRELY A (0,,=60MPafE1) TIIA A ML E R 45
TORERAFNVMNTIDIESDEDFZEI I ANV IR+
I — DFFEAR LB H P REDML L B0 ZOFIEIIHA
Ty O TlE— @ HICPUR T 22 &pVREN T
%o HEo T KORE 77 0 IR (8" L )TV TR
(T,) DRI ZEn% 065, /NARE 75 IRtk
TlInZz08ICTRETH S, THDEPVRCORET 5
=085 TIIFTARMEFME L WERHl o etesble
BRLTS, 3Bk H " ORI LB F A Ay Mt &/

—3T=

%
i




B — T =

i
=t
(2]

E@)E 75V VM ROBREURM TR T, EAM
CSG D& D Ji h3fith CSG & 7Rk R & Xond
fEASKREL, FEAM CSGHREE 7T > VR R TIEARIV M
WIREA D OIXS DS HEH PRI T TR B A S
ZEEIRL TV D,

=Tps

PVRC 7=0.85 |

n
o
o
3}

s B 3"inch flange ]
- —+— 20"inch flange]

=
c 4 ©
N O @

065 [ |

d — ¥ - 3"inch flange(asbestos)
20 40 60 80 100

Initial average gasket stress ,(MPa)

Figure 12 g#ﬁqzi’:]ﬁ'lb‘vl*?%ﬁﬂﬁiﬁi)“ﬁﬁ?zf)%n(:)&ﬁﬂ‘%ﬁ

Assembly efficiency

0.6

4. HHYIC

A#Tld, FTROBEMEHINTE AR Ya( M —b
H A b (A CSG) &t i Shuisd 726 A #i P af b
T—bMGEAH CSG) OB HMERRICHL GEX, 1) AT vk
HAROBEMEBEIZIEA M CSG D AR B CTh b, 2)
3E T VMR CIE AL 72 E 0B ETEBELIEA #CSG
DWGEDFNRFEENENL L THAIEERLI,

I, JISTEBIV ASME 2L 28 75 Vi koK
IVNIEIRE A FERR A AT, 1) BEEAROV MR A I L
TEBORVMIHRA NN 252 %RL, 2) JISH:
EASMEZEIZE B RNVMEN OIS DX THHIL
BIRLIZo T2RZURVINREN S bk, JISTED T At
BRI DOHIFIATREV 3) XS DWW RV MR T
T FRRICNIE 2 S8 2L A DR AL HE DR R %
nER7AE L PVRCOEFK T b DERER LIz 4)
O IEA # CSG & H W 72 i AR TIRIE O ERIARAE L
WOEPRELLDIEIENDMHITKRELLHZEEZRL, i
06521, Z D% HAE ARV MR R ULE A
TR R 2 R TR RORI SIS TELZERR LT 7,
DELIELH CSG A& (3°) fik kD J5 2541 #5 CSG (37) #is
R AR TRENWIEDRLT,

HOICARBUC RIS A 9RIE. B IR B R () &
DI ZE S O AR TR F I R B kX At B e 4

TaA L b= MRy MIZRE T T URHREOBEHEMECOVNT

ERBAT B FE £ > 8 —) DAL RS Ok By R P26 41 )
WZRL7-bDTH LI LR FLEE T 2724,

5. 8

DIREAT. i—. TARZAMUB LR B UG S04 R
EERRITONWT, BEAEHUN, Vold8, Nol3, pp.1-6 (2006).

2) Ando F.,, Sawa T. Ikeda M., A New Design Method
for Piping Components Against Leakage and
Damage Subjected to High Level Earthquake Load,
Proceedings of the ASME Pressure Vessel and
Piping Conference, PVP-Vol44, No.1, (2002), pp.113-
118.

JEATER, KEtil, IS, R ®RIT. WEE
HATFCBIBEAM Y af M — M Ay M EE 7T
TRERARDIS TIFNT L RE R, B, 495
5%, pp.216-224. (2011).

4) HAR TR, JIS B 2490, 7TV VHA AT v O%
BB T . (2008).

5) EIARZER, KREshitl, AKEE R ®RI7, 77
UM EERVMIRE A I DIES D& N EEZF
BIEAMH Ay MF &E 75 2 VRS RO B I RIS R
139, JEEAN. 50%. 6%, pp.315-325 (2012).

6) HARTHHME, JIS B 2251, 79 VTR H ik
(2008).

7) ASME Post Construction Code, PCC-1,Guidelines for
Pressure Boundary Bolted Flange Joint Assembly,
(2010).

8) Bouzid, A. H.,, Derenne, M., El-Rich, M., Effect of
Flange Rotation and Gasket Width on the Leakage
Behavior of Bolted Flanged Joints, Welding
Research Council Bulletin, 496, (2004).

9) /IRREE. ERAKR KL —T42 7750 I~DSWG
BH OO OB EFFELCE,  1ILIFL R 2 38 G S5
652 (2007).

10) ASME Boiler & Pressure Vessel Code Section VIII
Division 1 Nonmandatory Appendix BF],
Alternative Rules for Bolted Flange Joints with
Ring Type Gaskets-Draft, (2000) .

11) 7k FHES, ARASGIR RRAT, "NIEAEH T TOH A vk
1457 7 > Vit RO IR EAT L8 B R RFA RV )
BT I DIXSOEDFE) . HARM 25 38 (A
#)+ Vol.70. No.699, pp. 1595-1602 (2004).



(Abstract)

The sealing performance of bolted pipe flange joints with non-asbestos joint sheet gaskets under internal pressure was
investigated by FEM calculation and experiment. A new prediction method of seal performance was established and results
showed better result than that with the asbestos gaskets. Then, the effects of scatters in bolt preloads tightened according
to ASME PCC-1 and JIS B 2490 are examined on scatters in bolt preloads of 3" and 20 “ bolted pipe flange joints. The
scatter in bolt preload is approximately the same between ASME PCC-1 and JIS B 2490 however the tightening elapsed
time by JIS B2490 is smaller than that by ASME PCC-1. In addition, the difference in the sealing performance is smaller
when the bolt preloads are tightened the above two methods. Finally, assembly efficiency is proposed newly based on the
amount of leakage. The new assembly efficiency proposed is 0.65 for pipe flange joints with joint sheet gaskets.

Keywords:

sealing performance, pipe flange joints, joint sheet gaskets, scatter, assembly efficiency
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