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Application of Plastic Region Tightening Bolt to Flange
Joint Assembly

R AR
&M & (Shinobu KANEDA)
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i  #— (Hirokazu TSUJI)

Plastic region tightening has been applied to the flange joint assembly. The tighten-
ing procedure follows the modified HPIS flange tightening procedure, which employs
the angle control method instead of the torque control method. Tightening tests is con-
ducted using JPI 4 inch flanges and spiral wound gaskets. Bolts of MI6 with the re-
duced shank are used to adjust the tightening force. The estimation method is proposed
for the yield tightening force of the balt with reduced shank of hollow cylinder. The
scatter of the axial force is 10% or less after the tightening process is completed. The
uniformity of the bolt axial forces obtained by plastic region tightening is equivalent or
superior to that of elastic reglon tightening by HPIS procedure. In the tightening proc-
ess, the increase in axial force Is very small in the plastic region of the bolt, so that the
influence of the elastic interaction is also small, which is advantageous with respect to
the uniformity of the bolt axial force. Application of plastic region tightening to the
the fange due to higher tightening forces and

flange joint may downsize the bolts and
their uniformity.

Key words : Flanged joint, Balted joint,

method
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Table 1 HPIS tightening procedure [3]

Step Loading
Hand tighten all bolts, then tighten 4 of 3 equally
bolta With gradmalty { Sghtening
Install | goeque to 100% of target forque on & eross-pattern

HMmmMﬂm

Tighten all bolts with tightening torque to 100% of
target torque on & rotationsl clockwise patien for
specified iterations (6 passes for 10 inch and greater
flange, 4 passcs fior others).

Tightening

1f pocessary, wait a minimum of four hours and
tighten by the previous step, but 1 of 2 passes.

tightening
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Table 2 Tightening control method.

Tightening Tightening
Tightening control method Index 2 o
Torgue control method Tightcning torque elastic region 14-30
] clastic 15-30
Angle control mcthod Tightening angle etio makin 12
Torque gradient Tightening longue gradient
control method Griglinipage | BEwelk e
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Fig. 3 Assembly of bolt and elongation detector.
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Fig. 1 Setup for plastic region tightening test.
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Fig. 6 Setup for Mlange tightening test.
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Fig- 8 Result of tightening test of flange joint.

BT, (@K | BB SREOETL F Oy
OBk, (b | EGHHEO#IIL OO0
Eikand, 4EEE TREMTEERICEEL
FILCHIL F DMTIRRIINT 5. 4 AEMURETE
b AT S 2, Fig. 8@k b D
Mg Ain L, ()X bEhn$iEEd T
B kbbb B, B S AEICBWTRTUE
74k 40KN &7 D EERAICET B, 6 BICBY
CATOFIL PO HERICEEEICET 5. BN
AN OTEIE A5kN Eixoft, Fle, B
HuseTisoMhniEsD>ER+9% LD,
HPIS 7 7 > S F i e ) it haw
3 PV YiEIC X AR O T2 +13% &
WL TRIF R RAsC LN TE. TV
URFO L S ESHATIL M ERkicBLT Y
UGS T BT OIS DR IEPEL,
Fig. 94 W Bl o @hoZke
. (NG AOL P ASIHEEICH D | MBI O

8

75 » IRMFAOBIEEBKOBEMA

—+—Bok No.1 —%— Bokt No.2 —*— Bolt No.3 ~*~ Balt No.4
—4— ol No.5 —5— Bokt No.& —— Bolt No.7 5~ Bok Na &

Bolt No.
(a) Pass at elastic region. (Pass No.2)

—#— ol No.| =% Bolt No.1 —#— Bolt No.3 ~#= Bolt Nad
0okt No.5 —5—Bolt No.é —#—Bolt No.7 “9~ Bolt Na.8

50

1 2 3 4 5 6 7 8
Bolt No.
(b) Pass at plastic region. (Pass No.6)

Fig. 9 Variation of axial force during one pass.

HEHOB A, (b0 AT A > T
% | RO EhOEEERL TV 5.
TS UIHFE T, BRIV EEDNTLE
FORBOIIV  OEHSI LD T SFER
HERAE LS, M2k (GRS cBy
T, Hi FOEHIHOE 5D CTEHEEN
HAPERNTH LT EPHENTVS, ARRT
BEEAETEHEDT D, BhOFL H Rk
Tit, L2 AR E L ARICHTEHEE
(FROEEHNR 6N, Fb P EEECEY 5
b, BV REEBDHGTE, TOAEMY ORIV
FOEhcIREENR 6 N, B TRIE
OPMEE T IMhOR DR, HEEE
(FROBEESFIC VW N, B EhH0S
—(LiHENTH S,

B REOHEAENS ARG T~
AR A BFcBWT 7 I YA ENE L
7ro FOERBATSE 0.4mm, BEMICIZ0.0

EAH WSEBRS T



E h & & 271

mm &FESBHIC L3RRDT—F LRA%EY
THh, FEHREC STV,

AHFETIREHTHEROIBMIE TV
WiE A 50. 3mm? OEFMERITED. B
BHTEMDIE SN TH B, BB7 I I/ARX
iy FOHEE B 2 EERMNT NI 035
kN THD, BREHUBND0THETSHSZ. F
W ABE LRV PHEEETE LV NS %
I BWT, AHBYS v VatEBREZEHT
fug, REEFV H ERESHTND 0.7 #0HY
WidME L DOMBFN F (BB A, =366
mm?) THALRUMHERZTENTES,

75 v IRFICBEHAEEART S L, BT
DORHFEHOWH LD X2 EHIMINEE
ha7=h, FbFCRENE (T DT LAl
THB, 77 IEFOMEEERRIIMI DG~
¥, 75 v IRFoNEUEOBI SRR
Lo & @BifENES,

7.8 B

ABFRTIX, 77 VRTFOMITICHEES

HOBMZBR LU TORREN .

(1) SNB7 B:E)L F ORI EH 6 A
Liz. S&MMORMMRGILY N LR L TR
IRt RRRBS S,

(2) PEAMMORBSER DIV F ORERE ST
W OHEE R R L.

(3) v FEGEMAEERELEEEHPIS 72
Y UBERHERHC X D 75 Y VT O
T o 2, BT 5E TR F Y
e H 2 WA, AEHEFROBEINE
Ve ESEEEh0E (LA TS 5.

(4) JPI 4 inch 75 ¥ JRF OB T
i, BREATZHBHI@ODESDERLI%
kb, MERBSOE LG DEE13% LR
LTRSS Fomhol—Ea#ohi,

(5) MIBENLFERAWVTWVLHAS Y FHET S
IR IC RS R WA T 5 & MB L B
THahrEh e s h 5.

JHPI Vol. 45 No.5 2007

2EXM

1) HPI ¢ 3 —, MSEAENRBELUREILS
WAy b7 VHBkD -V Y ITFI )
ny—, (208 .

2) Sawa, T. . Nagata, S, and Tsuji, H. , 26, New
Development in Studies on the Characteristics of
Bolted Pipe Flange Connection in JPVRC., ASME
Journal of Pressure Vessel Technology, Vol. 128, pp.
18—108.

3) HATREE, JISB 1083, LCorfHirn,
(1997).

1) HPIS (BARENHRBSER, 772 JRFH
{fi3iEdt, HPISZIW TR 2004, (2004).

5) ARMEEALL, Y »Hy Filb b O,
EimE, 1008, 52 (12).

6) E. A. Cornelius, F. O. Kwami : Die Steigerung
der Sicherheit von Schraubenverbindungen durch
uberelastisches Anziehen, Konstruktion, 18, Heft
4 (1996) 142.

7) T. Okubo, S. Tanaka, K. Garomaru :Reliabil-
ity Evaluation of Bolts Tightened in Plastic Region
and Their Application to Diesel Engines, SAE Pa-
per, No. 840506 (1984).

#) M. Mizusawa, T. Tanosaki, M. Kawase, T.
Oguchi : New 11 Liter Komatsu Diesel Engine,
SAE Paper, No.B840511 (1984).

9) Hajime Yamashita, Tatsumi Makimae : Develop-
ment of Plastic Reglon Tightening Cylinder Head
Bolts for New Diesel Engine, SAE Paper, No.
851641 (1984).

10) ASME PCC-1 2000, 2000, Guidelines for Pres-
sure Boundary Bolted Flange joint Assembly,
ASME.

11) Nakano, M. and Tsujl. H.2002, Bolt Preload
Control for Bolted Flange Joint, ASME PVP-Vol.
433, pp. 163—170 (2002).

12) Tsuji, H. and Maruyama, K. , 1969, Estimation

of Yield Clamping Force Based on Rigid-Plastic

Model, 1999 ASME TMECE DE-Vol. 106, pp. 157

—162
()

&m 2
HORLREA S KB
T350-0394 MERKLLBMIFIAFER
TFL:049-296-2911 FAX:049-296-6544
Eﬂgau:kanedaen.tsmnab.dmﬁalmjp
it B—
MHRBRAY TR
T350-0394 MIERECBMILIIAFER
TEL:049-296-2911 FAX:049-296-6544
E-mail:tsuji@n.dendal.acJp




77 VREORYN - BLiLORBILE X2y 7 FORRCELONE 2+ 41)

HO704-01
0385-96894/07/¥SOOMMILICLS

(& &)

77 MFDET - rLEDREILE
2y bOBRKEEDORHE A

1. ELBIC

T ANRA b2 b6k 5 S i d i i T4
OYEfThh. P18 9 H 1 HhbilfFah:
SEIED, ARNGORE, SHSSEESA,
2L, WEDEHTHWLNAN Ay b, iy ¥
i EDT— VR, AN RLESORIE AT
Ehtwd, Zh6DHEFITOVWTHFER204EF TS
Sl ERT A EASROLRTE)., HArY
FOGREAA BB E k> T D, ShUHIET S
Tedd, HAY v b OWREFHl IR EGE s h D
L3, HLYWHEREROH A v bR s
2 b

BT 75 » JHFFERETE, WIEISH LaBERd
Ay VEREXRET ALDICH Ay v FRE
(m, y) MEHEIRTVWE, L L. Ay v MEK
(m, v) OREHEIHAFHETRVW D, Chooffl
WA Ay Mot LTIROH 5 REORENTEL
WEWHMENELTWE, HFAYy b 7523,
EAEHEICMT 5 JISHEICH LT, FRIBEMRD
CESICMT AR N AEAEAfTbh/. L
L. x4y MEE (m, y) IZ29WTIE, AR
o QBN ETOFIRINDII L LRSS
—%., BMEOREISTRT T 604 E
wEEdHRA O RR SIS hooh b, 7TV
FOREPENEROESRICEZH S TWLH A
v ME79 v VEEFIE, MM LRS R WMTT
bb. S, WEShLRAREEHRTEL 777
HFEEMHYLEE 2 -TL A HAry MRE
(m, y) (=X BT ORI IR 2 ) B
BN LW ORHEATE RV,

VEokHic, BiTORMRATHW6RTWL A
Ay MAE (m, y) RO IRMALZETELHH
LWHAry FMREOBA, TLTH Ay Mi77

wnmmAcs & B
Hirokazu Tsuji

v HEFH L O A REF ORI BWTER
FTLIEARD LA TWAEY, ZolBizid. A7
2 PORMWIFELXHEOMITAZ L6 LAALET
HoEY, TNEITERL 77 2 VREFHI R UE
ho—lThrI i, 77 VHEFIIFLTAL
RO NZOMED A TEAN L ERESRD bh
Twh, 25ICIMTERTT 9 V#EFHIRREHAY
IZMANT A7 DO HELRETHN ., &
MR A SR e R TF & L THE I RET
Hbo

CZITi. HAr v ORI Lo AR E 2
T, BAWEHHMHBESEE (HPIS) & LTRTS
ni=H A4y v FEMNBERE:. 75 - VT
AR L, 77 PHFORUEEEE LTR2E
LwigthzowTik~<3,

2. BiH 24y FEIEOEE

FRE184FE 9 A 1 HA 6T s h-H ik ik
T 4 SOEOBEE I AOM ) Th Do FROFRMICD
WTHHNGOEATZO W L E L BEOR
IOV TIE, FEFEMICAEEELTREH L
W, PRI E B2 WEEENGEEIEORN L
L., Wh®aRIF17)AMELL Chizown
TIRAEREGHOFINEPLAERMEHAT 5200
EBERHORERI—EORMEET S LT S hisl:
DThb, BITF4 7)) A MITHEYT LIRS
£dfFiz, 100CH Lo LTHWSsh AR
WMiad b= bH A7y FTHDH. FFIIZOVWT
i1, (AN cHEY AR SR
& (ME%ME) ] TORNERFEERL LT
20064 1 At 2 hTw 5,

—H, [7ARA MEBH LN R & (BiHE
) | LD, BEOBRMIZOVWTH 2008451, X

BEREE 2007.7. 53



79 »SBRFORMN - WLIEORRLE A Y » FORR{CH{LONHELA-1{2)

FE Lol RaokiEiduorst

KTARA PRGBEERIZGALLLADENND
Hm [EHCIIMA MARF L2 RSOME
HEeBEL, LLetteFET 5.

< Bh sy ORB A, B89 L2 FROBE
cAEPONACONERFNA VROFTER
MO ALKOENSEADRRE, BF. WLFiCk
SRFALEIF

FEgE

s WM EERBKE2 2T 7 7TRIREMVTRA Y
RS OlH7— 7 T 5.

s Wohf:7— 2 K EI M, BRGNS L
ahELITREINT 5.

B HMCEYINLE Lo TR Lo E T B, IR
ML 3BRFN, MERBYOFLELvWENREEOME
ERBTEENUE LY.

Rk

T LT R L v AsEATH s ha,
BTk, plREGOUEEEEE L~V 1, 1,
Mo32afL, (KBICY > TOEWRMRED
% v, et EREoMVIELH NGNS
OED HEBRI L. AHT 34 7+ y— bt
HIEDHE L OF Ay MRV 1| OKIERBRERE
OWSE Sl 81 RICLOV I RiahDEIE
RN OSSR T, HERBRTIE, ERROMAL
HTC B0 A REPEOMN & RS D) 27 DBEE
UFORHEHEORYYE R FHES 5L LTwh, [Ek
2. FAMBROBL, 79 v YRF0 L2 FR%
DR WA HEOBR BT Ty h, 12—
5, RMCHIERBLEDS, HOHVEETIHE#O
BRSO RO L EED 5 AR s his,
HAry by 772, ENERSOJISHIEIZD
WwTh, AlREEkofRhEZd [AR) M5
ERENET AAEA O LIZHEATbh A
FHREOFRIIBWT, BBPOH Ay v MEE (m,
y) PRI AY v Mz LTERAShTWAHITH
Az, (A Lv) HEESTERBTaZ EiICL
h A7 FAFES Z LTRSS, LA L (m,
y) iz oW TH— SHARHE A (. FlEMH
D (m,y) flitk, JERETHEE o7
PEARTELBRE D, AARGEDERIBE M
# (HPIS) & LTHIEEINTWAS [H77 VA
HAry F OEAERIHERE S| “OREMH—
B LiEwib, T4hbb, HAry MEE (n,
y) IEEBRMICHRH O TEL LY, RS Y A
9 FELTHLOHESEROT A v MR SO
Th, ATy MEMEEBMICRET A EATE
BVEVWHIHBIAELTWS, TOZEDHIELE
W, HAry brbORARERIH A v MRE

54 BOEHE 2007.7.

BLEEROLDHOHT A v VEBIRREH, &V T
WAREEBTEL75 Y VEFRIBEOMBLETF
XhTwWh,

—F, EiEBBIBVWTHETEN 2 o0—-X7v 7
EhTwd, BEMICE<LE, A aA &
— b Ay v FiE TARGORBILOEEAKE W
7ol Gky FELF 4 2 7) HTCERV, 0
e LT e EET A L AR S
NTWAN, 75 VREFHN TR IR %
IERz S 2 o AR A RRAEMLICE - Th
WELGRE L >TWA, HPISE& LTHIEE SR Tw
5 [79 7 JEFHH s ade & Rty
M s EHAEORWIESHE LTHREBSTEY,
L hEHEO®7 7 ¥ VRFOMLO/LHIZERA &
NAZENETE L,

3. Ay MEHSERE
3—1 HRA4y FOBRESISEORE A&
RiroH Ay MRE (m, y) (SRR E 9 %
LA, BOETIR7 T » VHEFONRMNCHFEr o0
Bk 2 B A5 TR O R LAsEs
LR TWwWbhH, PVRCTIRN AY v Ol FEE F 4
ZLDOTEBHAAY v MABERELTWE Y, —
#i. EN 1591 — 1" H 27 v Mtz E8CE S
75 v HFRENETH . @4 CHRT AT A »
F285 A —#12EN 13555" TR S b, Eko A A
Yo FRBOHHECM LT, RO LS ML AR &
hTwb,
e D TRUP ZRMBROMZEERIE, BED 75
Y IRFORML AN E—F LT,
o 24y MEIZ L ARBAFORAHEE Xh
Twizwy, FEBRA A7y M LT, ERAFA
oy MERHERPTORMMNE S B 5
[EIZMEA DS S,
o BB A v b & Rl oM E oMUk Tl
TOH AN v MEOHEAA#Y).,
HAIZHEWCHHPIS Z 104 [79 » I AY
v P ORI RGBS ] AR E s his,
ok OSSO MBEICH L, HPISHEIE T A ®
L9 iAo T A,
o ELRIFMA L A AEOBRNBRE A
L. 5B RMICORIETE 2,
CHEBH Ay FEITERA A v FOBHE
L@ L., HNLERY Ay MERIEER
BE e L



75 ¥ VRFORM - WTEORBLEFZ Y » FOHBRRBEONH 24 -{3)

1 Load cell

Displacement gage
Caver cylinder

Tubing

Pressure control
valve

Flowmeter Pressure gage
Q-ring Platen

;1 H A4 o P OENIHELRER

Test gasket He gas cylinder

o RpBFTHEON Ay M LT, BRI

HTELHEERE L. |

3—2 HPISICLARRFIR

£ FICRBREROME LTS, BN AYy b
W LB T 57 42, u— NP LCESER
TEANT D, NI AFACEWNEERH A9 b
VAR 54, ARy MR SR L2 A 2 54
L. imitEER 8 ¥Ry MEREORAT
Y—fr AL MV TREFRERON AT v b
@ER A RETE D,

B ROBHILTOFRUZL 5, BRI T 2
FieBIFARERLYNSG, HFAry MHEECEKELR
WA R Ls 2 I THINT 5.

!
L’=I [Pa-m?/s] 1)

S ZTRAkIIH Ay POPSHELIZ L HARER
HUThho
1
e
%2 [ICRBEREY TR, AUHEe,BLUE
FRETERS, (o th T B Ls E R HMFRL TV A, EMRE
HRTERTLE, LA —HENICHERMRETIORT
X, WAk RIZTEHTEORBEOEE 25,
—E DRI —r o ANET BRIk ORI
HAKIBICERE NS, BCRTIAN) A —2 574
FI I ERVTED TR 2R ZHE L Twb, -
Ofzdh, EWEEHMELEL L, —E0RBFRY
FIFFADIC2 HBE (22AF v TOF A4 v beh
TRAT 44N, 66RO RB7— ¥ BRI I T
Wwa) AUEEY L, HPIS Z 104 Tk, iRilitoxt
SUEER % B RRKEELC X AR IR IR ORI IR E
FAaIEicL), —RORBRFNAE 3 BFIERETEN
TELHbDEL.

~42)

1.00E01 7=
| + Test 1
g * Test 2 |
4l 1.00E-02 bl
K] ::: ’N —AV.
4% 1L00EG e
58 ™ s
E 5 1.00E-04
o
1.00E-05
0 10 20 30 40 50
Gasket stress o, [N/mm?]
(a) BAMARBLENAY 2 b EaDME
.ODE-01 ——
8 * Test 1
@ = Test 2
LOOE-02 & Test 3
E "\J; i lgegression
4% LwE® = e
§& TR .
g 5 LOOE-04
a 1,~02762¢ %5285
1.00E05 L L L

0000 0020 0040 0060 0080 0100 0.120
Gasket displacement 5, [mm]
(b) MMM E N Ay v MEREERS,OME

F2E HOMYad b= bHAY s bOEFERNEHE
(30K-40A)

L, ZOHMIIET {EEBRT— & O L T %
v, AR SEVWT I ¥ VREETH ok
Wr— 7 LB N Ay PERERETAETH
Bo Fo MERORESRFTOEMFELEETH
Az, HiRFEREETHEE AOREL LTHHLT
Wk,

H 24w PUOBED SIRMEIICRZ T LW
FUTICE LD, IV TRIZHAY v MENER
T4, ThbEFENV FOPNETIHER(SA51E
Y. A EEsT 5. 79 v VEEFOMHIET
i3, WAy v MEMEER VI L AR T —
EIERT A0IHNTH D, 1L, HFArw VE
frefiil, FARHT Ay MEHOFEEELETERS
DTREL, HAry MeH, ATy VEDZH
BB LUETNHOEMISEEILETH S,

4, 77 BFETHER

75 v VHFOHILIZBWT, BEbED OF Y H
HUhES5 252 279 v JHFICHIOREL R
MR LNRRETHH: 77 ¥ VEksEOBIHTH
HEOML 213, xR M oI D & AT
B N WHT, SEAROKEN MR DIERE

RERNT 2007.7. 55



73y YRFOR - BLEORALE XA 7 FORRLHLOREL A4

XM E—BOLSVTRETAZLILHD, =
DL HBERIZH L. ASME PCC-1 &2 LY, v {
ShDT I Y IBFTHEORIMRITEATY
6m|°

BoEGE L ERE LS —RERLOR
WS AR RN, F2=A N LHE— FHPIS Z TR
03¢ LTRIFShTwa"Y, CoOHPISHRIMB LU
DHERERITOVTHNT 5.

4—1 BEAKLNMNBRHOEIEL

Fu M EBOERA

S AN b OB TIEE MERH T D OMER
R MM E 25, BHETHFN FOBHTIZED
FgEDT bR TWHL T E T2 L
Bo COBESITHN FEFNUFICKE IKFFEL, o
N L D asatE D oK ASHEHEEH ORIV
vy,

AR VER 2 MR L TRV MRESD ZIOK S4B
fed, EW P A EEEHOHTEZ LB TH
5o 7:7fL. ASME PCC-1 Tix+ v bAshlE L% <
LHECHOETILZLEERLTEY, BATHD
NTWAHIERE & TR E %%,

BHUERCIZ7 I Y IDIATI4 A7 FOBIE
LEREND, HAT 7 P OWEREAE =D fE
OARI NPT, BROLEE LT, MBS
FTofT b2 ofil. B XU A OB NE
AR S Twa,

4—2 HPISICL 275 UkiftiHEst

HPIS 7 7 ¥ J#ifF sty v VEEE & (FRett
O % RO/ FME G 2 T b EREOR
{84 EER T B 0O T E ORI, ABKI A
ik 6T 2O ORHHIFEOMBE L. #itHT 21
SAFy TORIEIE LN TS,

2 RICRHTFMOBMEL R, &0 RE%
i EBRAEET BB, FEM Y3 alb—ya " iclk
Sk, @ IHOEREES%EERE LTwA, Th
12k DA 15%DFEN D OFRAELSH, HER
BT PV 2 B ERRB O & 10%Hn S22
flik+aZ iz hHERT 2.

4—3 77 THERBEOEM IRIRICES

1530

# 3 @42 JPI Class 300 NPS 2077 7 ¥ (MK
SFVC2A) % Hv. ASME{#étH X UTHPIS1FHC
I AEEV TN TR ST L 2 R R T
ASME FHROBEOHMIIRound F 5 L H>THD,
Round 43 L U5 ICRBIROERIEAE Tk, B

56 BERUT 2007.7.

W2%E HPISHisH: L 3EHHFN
ER.] B AHE

FTHEDT, 0k, 4 AL LEBX
KM FERE, HABHIIZLN. @

R L) | PAzemsse BETHREM L2
@ 100% IEVEEIT FAZ £ 2 B B,
7 ViMMERL ST 5.
BESMHI A2 100%T, HRFED CM
i EWE (77 > IMUFEI0A 2 FELER 60,

10 4 »FARIZ4 M) BOHITS,

g » LRE6ET, 4WNELEEAR. REHITL
MHOHET I BLvL 2 BEHHIT 5,

% IAHME 10% M S diE HEENT P2 ET 3,

BROEH 548800
FEFEEREEsEeE

Tlebesodided

Round {ff %
(a) ASMEfist

HPISTM
Test gasket * Nonasbestos SWG

EEEEEEEE
Besnesss

ae0drirdeedd

ARG

TT0gepobadid

i

HERH T N B
(b) HPISHAsh

WMIE 204 »F 77> VT RBIC B BHEL FEHE(L

B 2R RER, ASMEFTo 10/
i L. HPISEMCIXEEY LRREECLY TRE
Hifa s h=, HPISFNH® ASME T el 5 &
HNMEHBL7S VB (FAry PEN, B
HEE) M LTRSOH—HXE6HITED, R
12 EV FRCh O BB~ ORI,

PE@ X5z, @ & ERER WL S KA
LB FMCHL L HEETETL,

5. BUBIEGRELTOI 7 - JRFOEGE

5—1 73 HFRBHONT

BARICT7 7 Y VHTFERUMRKE LTRSS
R A2 5o oMEL R, MU TRETHE,



75 v VEFONN - BLEORB{EE Ay v hOERIHEOWH 2 15)

Axial force by
internal pressure

/‘wh\kﬂ

[
Iill.

ﬁ\“" Gasket load /ﬁ ’.
\ Fr-Fe
Bolt force

Fi+F,

!
!

w4 77 VRTIEINT B

R MCOMERI D FAS L 6hAZEIZEN #
A4y MZOMOESNF, (EfCiZ7 7 2 YFv b
AENIZHLN-F) PEL S, MRIRBTIE, AAH
INEAYERT A 0BREMA D WARET S, W
137 7 ¥ VRFEHREICT 2040 ThY) ., WNDT)
AEI bOBIEH FEF Ry MERDMNL G F,
ICEDHMEERANE .

WHF & F A EsnaHE. ozl
& (=N-F/W) k& Fwb - v FREUERSSEEHY
DaArTIAT A (ThEgotl) chis, 7
3 ¥ JHEFUNO— R R TIE, ThoolE
I BEE B W THA &, IIEDMET, i
01 FTdh b,

WIEEAIRE TR FFRMU TN T A L
7T Y VERFORITREBETHLOT. NEME
FHARBTH R v bE&D (F-F) A—@flibl ki
RS hhuZ v,

5—2 77 VHFHREHEOEY

(75>ynO—-F—ar)

RUEHELHZMICRAHZEMETH ). HE
LhUERT A 2RO A IS EEROER
FEz AYENEL, 77V VREFETIR, WOERIIZL
) R U OZERAYE L. &R0 ORHE
ERMICLTWwA, Thbb, B5HIRT 7747
O—5—%ar (7979 8O- bAh) Tdhh.

BB E T, B ol E T2y b
DENEBE—RAY P TT7 Ty VO—F—a st
S5, EERETIE, WEC L SRR R D W
OERIZEY, 777N 27T 5E—A Y MR
SarmtAZ LI, 7o xVu—F—ardb
Hik$B, cDLE, 75 r¥a—F—vayiEHA
iy bOSHAEEMBEEEERLE LTELSAS [

Axial force by
internal pressure
w
ﬂ Bolt force

Rotation

H+—— Flange ring

!
Rotation

U II Bolt force

Axial force by
internal pressure
w

WE5E 75 Va—F—ial

b WOKE S Lo TEEAMICEBEIT 5. Th
LAERTLHE, 77 VVBFIIBITARN O @
13, 79 YV ORRTHESIAHIET A5 AL bl
EHE v,

6. PEERERCH Ry v MEMDIFER ST
TWAPHRTLUIN, 77 v Tu—F—a il
L0 H Ry Mo A ER AL 25 L
WAHMMBMLAE L2 O CRIBETOEEILETS
Bo KHELMET BT 5 I VY HROBHEOH
RS IR ETH S, ASME Sec. X Div. 1
Appendix 2 (Mandatory) 275 ¥ VElEOF v
S HENEEERB I L Loz, PE¥EIXAppendix
S (Non-mandatory) THRI—OAHEIFRESNTS
h. YEIZE DEMMERB 2 o7 LML, CO
BEXTTIE7 T v VEFH S ORMRAHEMUT
Al ERRIETEZWEWHHLEENDHSL LS
2, 77 VRIS AREROF = v 7 L vwo i
il ERPRT & 2%,

5—3 BEAFI MESEOEEHE

T3 VHEFR, 7TV, EVb-Fy b AR
v ML R ShaE#Eo—HiTH), S6IC
ZEAEN MR EORER L Vw2 5.

R LSO AR L AN LR TR LTy
AON KA VHHERETRITLCWA VDI 2230T
H5", Tk BHIEE (M voERE) BT
A @i l) OBRIBHERTERTENR
He3hTwd, CHUSLVERHITHDIRLGDENE
Mah, 2SR BRI D OIZL T LM

BN 2007.7. 57



75y VETFORN - WTHEORELE AT » OBRIVEHEOTEL A {6)

EIW PIERG LR B RAHEHS

MR d CadstE
1eRtiEst i 4i#

VR D) BV I BE | ANEE

TaBLENBLT S h B R SRR
1| emvfii i ir Ath & T

o GEFE LRI ik & )

o EVRREN

Mt : Alomrty | MME

HV DI TFIAT > G =duthoin

RERMEMNEEL ST
wicml T3 (FikLkbn

o [heFHR b &+ B) Ry
"" “\ ﬁl-.n
: =
M+ OECAT KELWEOCR | RhOROR
HA ROt E R | Sym Ssym
AZRD (IR0 ,
g [#HEMF 25 5 “|
1
iSa i
! J
ADEMEROEL : | K2 eWihae | BAOMLR

0> Son®llh, Wik
BT L, @iwia

W RmEnAh A% | o
F

H (1
4 i L"
3 —midl

RhfEMEBRogS : o femizm
fefemomaid, °& | @sLE DO T B
ZEFBAHEIIEL &3

5 LHITFITS aOmn

¢

fHIESEH. Sh. LYORTFAmLoh, LB
Wb MERAPRESNL VAT AL R2TW
Ao

VDI 2230 Tt TWA DL, JEARMNC 1 RFW b
L AERKTH D, ZUAEN MERECMLT
. ORI 1 480 M ~0€
FAkic L b, BENTHLHARTEE LTwb,
7272, VDI 2230 Tk 2 A Kb OBAT 12 & i
FAtoEMENHRE LTwaiwd, FAyy Mi&7
g ¥ VR - T v, F L OB FIRD
W OEEETE LTI EFohTeniwy,

5—4 REHREtOAE

83 RICHEAEORINCBIAEE Ly hst&R
4o MACHT AEN ROk LTEES L
AWYEhLiR, EESBYBLIThLSBGO2 77
4T ADOEHTEEICRTE, s hb, W3
FIFTEAEASHE. PSR A B EE D T LA

58 BRI 2007.7.

Bk OFESTREEN] FIico%dth L v BAIIIETNT
Wh, FHROKE | Tld, B0 2HEE
BHO T4 T ¥ AWML BT 72050 bOF)
M@ HETELZTELTHELTWS, Hét2
T, EEESHomMEMILCEY, £0a
T34 T YAREBEL{ LTS, H§t3. 4TiL, B
LEET RO PSR R S €50TIN
5, HE5 IR (BX) LA
NOloET2H-Twna.
RED7 T 7 JEETIR. DI HIEEERR S
D1/ 3BELENLSNTHB, Tz, HEHIH
O H Ay bDBARBOI L TIA T 7 ANEL
(AT B B0, 7T ¥ VHFEMEANL IS
1480 bREHET NV E LTRS LRCERT /W
LI OB E e bo T, 84 FISTRTEXEHS
BiFa2T Lttt & U0k Rl (3T
Whe
te-T. itk LTRA7 7 v TR0 HE
#HELTUTOZ LAY HRD,
@ WSRIEENV FERW, BEEDEWLEEL
MBI DR LG5 25

@ Hw kiR ONEL DICRET S | RO
i, RO hIRBERI A ECEY, 757
Jo—sF—varEHsh, ¥Ary MEhb
HEH NI —E D FOIZDITHEHREED/)
B PRV, 75 v Y oRltm ELEHT
5‘5&

@ HAyw FoRlE HoViE7 T ¥ VHHOR
HEBLT S L H Ay VEGLOBER) % #b &4
A EIZE D RIS —EICIRT A,

LiOFHETEIIEEN &7 5 » SERTCEM -t
WioBWTER ShTwA23CEBI b EEhTw
Bo WA, HTEBEHAY 2 bENMEIM 77T
e -2 FTHDMTT A Z ERAMILIZASHTHS
EnH BN ERO@ITHY S 5.

6. BbhHIC
R A 9 OB M L TRAOMEA K
KhHRTMRARINTWAHT, HAREDHRT
&0 (IEHBRROY—) » 7EEHREERZ] oBw
T75 7 VHFBLUHN Ay MM AEETRH
fibhTHh, ZFOEHEREPCCBA L. 4%
A4t r o CaL Rty ERTEL 750 Y
AR, HAY v FOEMNFUHRESE, 750V
BT E w o e—LO B OB A K v,



77 v RTFOEN - BLHORBMEE F 2T 7 FORRVEHEOTHEL A7)

AR TR LIHPIS® 2 Bk JISHBIL 2 A7
BOFFEXIA-TED, FALZOZ LIZFENISO
LA HFFI AN LD THD, 361, FAHA AT
v b OFRSIEWHE E BRHILOFEM. B LUHFG T ®
Wikl d AR Ay v PEFEF OB Lk
L7 J ¥ FREFRIHBOMEISED b hTnb,

<EHFVal>

(1) % ®iT-iL Bi—: 7ASZ MUMNGILRESOBRESE
22w, AFIER, Voldd, No.i3, ppl-6 (2006)

(2) Toshiyuki Sawa, Satoshi Nagata, Hirokazu Tsuji :
Development in Studies on the Characteristics of Bolted Pipe
Flange Connections in JPVRC, Trans. ASME, J. Pressure
Vessel Technology, Vol. 128, pp.103-108 (2006)

(3) FHRMIOEH L GRS, MRS
H (2006)

(4) TAMZ MU LR R WG, EiRd (2006)

(5) HAEMENERISSHIE . §7 5 »INH 202 FOEAENN
YELRE) ik, HPIS Z 104 (2005)

(6) HAREHEMIBLME 75~ VRFEMT S, HPIS Z
103 TR (2004)

(7) Bickford H. ]. : Gaskets and gasketed joints, Marcel Dekker
Inc, (1997)

(8) EN 1591-1 : 2001 : Flanges and their joints—Design rules
for gasketed circular flange connections—Part 1 : Calculation

New

method (2001)

(9) EN 13555 2004 . Flanges and their joints— Gasket
parameters and test procedures relevant to the design rules
for gasketed circular flange connections (2004)

0 ASME PCC-1-2000 : Guidelines for pressure boundary bolted
flange joint assembly (2001)

00 OalEedis 75 7Y - Fn FENTTAER, TPI8R-152002
(2002)

03 Takaki, T. and Fukuoka, T.: Systematical FE analysis of
bolt assembly process of pipe flange connections, PVP-Yol. 433,
pp. 147-152 (2002)

03 fumKE  BTEIGIC L 377 > Volktt, HPI i+
— BB ENRGBLURTCEBIEN Ay 77 - VRN
D= »FFH )OI, pp99-124 (2006)

9 VDI 2230 Blatt | (2003) : A53410 42 CHER DERMOTHHEE—T
PR —AH L PN —, LAl CRReiR2 (2006)

[HHEN)
i B
FOURECE T80 MMTHEH HE
350-0394 HEREACEMILETAE
TEL : 049-296-2911 FAX : 049-296-6544
E-Mail ! tsuji@n.dendaiac.jp

EREmORH - ETHME

LE;I piiETE

ONMAEAR | 19634 (MMISE) 11 A8
oR 7 B:@AAERT
$ OR{TRE W : 240008
oML - BN : 8511 144K
[ 3 & : 2,000A
(%4k1,905F) XHR)

OEMMEH ; 148 (MR 2AE)
24,0007 (B - 2€#54)

P FRIMED TR UAH (S
AR 55 [ @

N\ (03 3944 8001

 @mnstene |

A2, ZRAAN. BIPkkE, BY SERESOR
MEFORMEE LT3 SEROBERESGS. HEMLEL
mo, wFN. Wbk, M. T 2 Y- I —LPHR
R, —BEREL. REEE. HEAREEIUBHN
W, AFPBADA T VT FENCVEDH B
SBEMMCOVT. TOATAMSHHE, W - BT,
G - R, BMESRICOAESERICOVWTIARE - &R
EEBMANORBEM S LY B, BMEHEICRBRIC
RUOHBEREEHELTEVET,

{8 M T ARERR

#* 3 T113-8610 WA EXKA6-31-26 BT MILEEL
TELO3(3944)1181(18)  FAX.03(3944)6826
hitp: Awww.nikko-pb.co jpf - a-mail: info@nikko-pb co jp

XM MF 754)-0046 AEHPREFHN1-6-8-705
AFEMNAN T103-0004 MREPREREEMI-5-T DTN
S EE N TIS000! AEERMT AR

TEL.06(6202)8218 FAX.06(5202)8287

TEL.03(3808)1021 FAX.03(3808)1023

MHAKEINFR
TEL (FAX) 0591-7855622

BB 2007.7. 59



Proceedings of PVP2007-CREEPS

2007 Pressure Vessels and Piping Division Conference

July 22-26, San Antonio, Texas

PVP2007-26442

APPLICATION OF PLASTIC REGION TIGHTENING BOLT TO FLANGE JOINT ASSEMBLY
-Behavior of Bolt Preload in Flange Joint Subjected to Internal Pressure-
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ABSTRACT

Elastic region tightening by means of the torque control
method is a conventional method to tighten bolts. The bolt
axial force is controlled by a torque wrench; however, it is not
casy to achieve constant bolt axial force. When the torque
control method is applied to the flange joint assembly, the scatter
of the bolt axial force is significant with respect to the joint
reliability, such that it may cause leakage of the internal fluid
from the flange joint.

Recently, plastic region tightening has received considerable
attention, which provides good uniformity in the bolt axial force.
In a previous study, plastic region tightening was applied to a
flange joint assembly, and the superior uniformity of the bolt
axial force was demonstrated.

The present paper describes the behavior of the plastic
region tightening bolt in a flange joint subjected to internal
pressure. First, the flange joint is tightened to the plastic region
using a downsized bolt. The internal pressure is then applied
to the flange joint, and the behavior of the additional bolt axial
force is investigated.

Application of plastic region tightening to the flange joint
assembly is found to be effective for obtaining leak-free joints
and for downsizing of the nominal diameter of the bolt. The
behavior of the bolt axial force in a flange joint subjected to
internal pressure was clarified. The additional bolt axial force
has a sufficient margin for the allowable limit.

INTRODUCTION

Flange joints with gaskets are widely used for the joints of
piping and pressure vessels in various plants. The pressurized
fluids contained in such piping and vessels are often under
high temperature and are harmful. Since it is difficult to
completely prevent leakage, the leakage may cause an accident.
A number of studies have been carried out to establish a design
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method and an assembly procedure for the leak-free flange
joint, although neither has been obtained.

Plastic region tightening ofthe bolt is attractive as a practical
tightening method in which the target of the tightening force
is the yield point or the plastic region of the bolt [1]. Plastic
region tightening has the advantages of a higher axial force
and reduced scattering of the tightening force. The yield
tightening force is determined by the mechanical properties of
the bolt material and the effect of the friction coefficient of the
threads is small. Plastic region tightening prevents fatigue
fracture and relaxation of the joint, which increases the reliability
of the joint. Provided that one obtain equivalent joint
performance, the diameter of the bolt can be reduced, the number
of the bolt can be decreased, or the strength class of the bolt
can be lowered. Therefore, for critical applications, high
performance and reduced cost are achicved.

Plastic region tightening has been applied successfully to
various fields. In the automotive industry, plastic region
tightening is applied to the cylinder head bolt and the connecting
rod bolt in the engine assembly. In the architectural field, plastic
region tightening is applied to friction grip bolts.

In the present study, plastic region tightening has been
applied to the flange joint assembly. In a previous study, the
bolt axial force was measured under plastic region tightening
[2]. As a result, the scatter of bolt axial force was +8%, and that
for elastic region tightening was £10%. Uniformity of the bolt
axial force was obtained. When plastic region tightening is
applied, higher axial bolt force is obtained, as compared with
the required bolt axial force. Consequently, the diameter of the
bolt can be downsized. The problem that should be considered
next is the behavior of the flange joint subjected to internal
pressure under plastic region tightening.

In the present paper, plastic region tightening is applied to
the flange joint assembly using the downsized bolt, and the



internal pressure is then applied to the flange joint. An additional
bolt axial force is measured when internal pressure is applied,
and this behavior is compared to the results obtained for elastic
region tightening.

CALCULATION OF THE REQUIRED DIAMETER OF THE
BOLT

Figure 1 shows the relation between axial force and bolt
clongation obtained by a tension test and a tightening test.
The method of estimating the yield tightening force of bolts
based on a rigid-plastic model was proposed by Tsuji et al. [3],
[4]. The yield tightening force in the plastic region tightening
can be calculated by using the material constant obtained by
the uniaxial tension of the bolt. The yield tightening force /7, is
expressed as follows:

xd; o,

) 3d (P, . 1
4J1+J{53’:(ﬂ, :,155;;,]} (n

where d, is the pitch diameter, d, is the diameter of the net
cross-sectional area, P is the pitch, g, is the yicld stress, and g,
is the friction coefficient of thread. Substituting o, = 993 MPa
obtained by the uniaxial tension test for Eq. (1), £, = 134 kN for
the M16 bolt. The yield tightening force £, is 14% smaller than
the yield force obtained by uniaxial tension.

The target bolt axial force of the test flange joint is 30 kN.
Since higher bolt axial force is obtained under plastic region
tightening, as compared with elastic region tightening, the
diameter of the bolt can be downsized.

For the M8 bolt with g = 993 MPa and p = 0.056, F_is
estimated from Eq. (1) as 32 kN, and the target axial force
requirement is satisfied.

PLASTIC REGION TIGHTENING TEST OF A FLANGE
JOINT

LTC |
TIGHTENING

The characteristics of plastic region tightening of the bolt
used herein are examined before the tightening test of the flange
joint.

Figure 2 shows a test bolt. The nominal diameter of the bolt
is M8, and the material of the bolt is SNB7. In addition, the
material of the nut is S45C. A load cell that measures the
tightening force is placed between nuts. The lubricant used in
the test is a dry coating spray of MoS, (molybdenum disulfide),
which is used in a number of plants. First, the bolt is tightened
gently by hand. The bolt is then tightened by the angle control
method using a torque wrench with a torque multiplier until the
bolt breaks,

Figure 3 shows the relation between the nut angle and the
bolt axial force. The bolt axial force increases in proportion to

UNDER PLA

nut angle from 0 to 200 <. The rate of the bolt axial force
increment changes when the bolt reaches the plastic region.
The yield tightening force is 28.5 kN, determined as 0.2% of the
pem anent setof the clam ping length of the bolt Vakie of F,
obtained by the tightening test is almost equal to F, obtained
from the Eq. (1).These behaviors are similar to those of the
general high-strength bolt tightened to the plastic region.

To obtain the relation between the nut angle and the bolt
axial force in the joint, the compression compliance of the joint
as well as the pitch of the bolt should be taken into account.
Since the compression compliance of the flange joint is large
due to the gasket and the flange rotation in the case of the
following flange tightening test, the target value of the
tightening angle should be chosen so as to ensure that the
bolt is set into the plastic region by the preliminary test.

PLASTIC REGION TIGHTENING TEST OF A FLANGE
Jol N DBOLT

Figure 4 shows the flange joint with a joint seat gasket
subjected to internal pressure. The test flange is a 4-inch class
150-1b (material: SFVC2A), raised face, slip-on welding neck
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Fig.] Relation between axial force and bolt elongation
under tension test and tightening test.
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Fig.3 Relation between axial force and nut angle.
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