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Fracture Behavior of Carbon Steel Straight Pipes with Local Wall Thinning
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To evaluate the stractural integrity of power plant piping, monotonic bending tests and low cycle fatigue
tests were conducted on 100 mm diameter (100A) full-scale carbon steel pipe specimens with local wall thinning.
The local wall thinning was simulated as an eroded part. From the monotonic bending tests in case that eroded
area was subjected tensile stress, the fracture behavior at maximum moments was classified into two types,
ovalization and crack initiation. To evaluate the difference of fracture behavior, the finite element analyses were
conducted. Using the Mises strain at the maximum eroded area and multiaxial fracture strain estimated by
modified Weiss’s method, the difference of fracture behavior could be explained. From the low cycle fatigue tests,
the fatigue strength of eroded pipes with 100 mm in eroded axial length, 0.5 in normalized eroded depth and 90 deg.
in eroded angle is almost equal to the design fatigue curve in ASME B&PV Code Sec. I1I. To evaluate the local
strain amplitude in the cyclic bending tests, finite element analyses were conducted. Using Mises strain amplitude
and low cycle fatigue curve, the number of cycles to 25% moment decreasing of eroded pipes were evaluated,
conservatively.
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Fig. 1 Configuration of eroded pipe specimen.
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Table 1 Experimental. variables and test results of monotonic bending test using eroded pipes

Configuration of Eroded Area Maximum | Plastic Collapse
Specimen| Material | Eroded Depth| Eroded Angle |Eroded Lengthj Moment Moment Mmax/Mc Fracture
No. d (mm)| dit |26 (deg.)} 26/2n ¢ (mm) Mmax (KN-m) | M, " (kN-m) Behavior
TP-1 ‘ 1.7 0.2 180 0.50 39.6 34.9 1.13 Ovalization
TP-2 4.3 0.5 180 0.50 38.4 26.4 1.45 | Crack Initiation
TP-3 STS410| 6.9 0.8 180 0.50 100 29.5 15.9 1.86 | Crack Initiation
TP-4 6.9 0.8 90 0.25 33.5 26.2 1.28 | Crack Initiation
TP-5 3.0 0.3 180 0.50 38.8 30.9 1.26 QOvalization
TP-6 4.3 0.5 90 0.25 37.5 315 1.19 Ovalization
TP-7 43 | 05 60 0.17 38.6 34 1.14 Ovalization
TP-8 69 | 0.8 60 0.17 38.1 30.5 1.25 | Crack Initiation
Table 2 Experimental variables and test results of cyclic bending test using eroded pipes
Configuration of Eroded Area Controlled Fictitious }
Specimen| Material | Eroded Depth| Eroded Angle Eroded Length| Displacement | Stress Amp. Nos Remarks
No. d (mm)} dit |26 (deg.)| 20/2n ¢ (mm) 8, (mm) S, (Cycles)
TP-22 180 0.5 -12.0-+10.8 | -11.8-+10.7 57
TP-23 |STPT410} 43 | 05 100 -9.1-+7.7 -9.0-+7.6 93 No ratcheting
TP-24 90 - 0.25 -11.9-+11.0 | -11.7-+10.9 150
TP-25 -17.2-+16.8 | -17.0-+16.0 36
F B0, 4 AETRESEBORNE, RULHRICIZE I
L 37 XA A Y [
23 RBEM BERMMTERR, RUBELFERROR _
By FhZRE L, RUE2IORT. £TOREBIER 0 ]
BriE, SBARP. WEZ LOL&BF B TRAHE TH g
BREFEREL 7. = 30 L B
[
3. MBMMEERROBR, RUEE 5 I e ]
31 MEMNFERROSER HFAMMHERBROERE 3% Corbon Steeh ST 1
FUIORT. FPICIIREREE STS410 OBBERETH 5 T [f Fracture Behavior ; Ovalization |
DEWEIGHEEICETERATREN S BHEAHIRE — X < 10 i s, /0.5, 20-1000es. | -
MM, P TRL. 1] -mmsmee TP-6, 0/1=0.5, 26=90deg. 1
4 awmee TP-7, d/t=0.5, 26=60deg.
M, =20 R*t{cos@ /2)-sin6 } (1) % 20 40 s 80 100 120
Load Line Displacement, & (mm)
ERIZBNT, RE EE%O)EF%E#%’ 1 EE, Oy (FRERIS Fig.3 Relationship between M and &
7 _k BlERIR S OFIHETRENDLABIENERT. 28, (Fracture Behavior : Ovalization).
BESA T H B STS410 DEIRIC BT 5 BARIE /113 326 MPa,
FI3ESE K13 490 MPa & L7-. R 1IRLZX I L, RED
SEBONTBRE—RAY N Mpn i, 2TOEFICBNTE 50 S
BHRBE—-A Y MM EDDREV. bbb, EWEIEH L [ Fracture Behavior : Crack Initiation | |
EHEIC X DV BRARBEORAMEL RFMIFFMET 5 L ° r ]
THETH D E BT 5. ) \3 :
T T, BAE— A Y NAREORAEE OFE L RAR z - YT N ]
BEOWEEREERTHE, BABROBNICLY, BE = 30L ]
DRWELGHRE DI EHFFH L. BARSHFREC, 2 € Py \ "
SWABENK EVIE Y, BERRIEEEHEORTL (U E N .
F, WAL & HER) 7S BORHME S 5 0 2 REAE (U 220 " Matoral:
L & %'é’%‘éi L ﬂ?’vﬁ) K%ﬁjﬂ Z;{tﬁ[ﬁ]z’)fﬁ bNks. %J' 0 \"‘-. : Crack Innia;ion Poini:
BIEEB W ERTLCSEINIBEORME— A ¥ < 00 ¥ ]
MM EHEREMSOMBRER 3 ITRT. ERFBEL 2V [ e |1
BE, RAROTENR2o TOAEME— AV P EHER , <=e= TP-8, d/10.8, 20-60ceg. | |
EOERE—A Y i P 3 -
4 1SR @CP(DQEEHL"; x %%fﬁ)}\éi Lf:ﬁ#ﬁ.’%zﬂﬁ L, x Load Line Displacement, & (mm)
BOREIZIVAME— AV FPABIZET LTV AERN Fig. 4 Relationship between M and &
REERTEL. T, XBRAME, BRARKICLY 27 (Fracture Behavior : Crack Initiation).

B EDTHE.

— 216 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

B2FMRMEREMMNEBVAEHIEY 51 57U 7 DR

3.2.1 MAREIC 513 BARABO % WA RAR

ERAVERENTERROE RS S, RARSOKE
CREGKHRTEL L SHBECHDEENLZ EBGho s,
ZIT, ABTIETRATRIKDOECFHIEREDOEVIIRIT
THEEYRET 20 CAREREENICL Y, BRKEBA
HICBTARFUOTARZFHWT, BEY 5457 7O
7o 7.

3.22 MRIFEY BARERERITCHVAEREZ S %
5 12RT. BT T VIIRARERBREKO RS ZE
L TRAES 114 EFVERWE. BT BT A8 R&01E,
HM2IRL 4 ST ES ST 2RSSt s
HIEHREL:. BBV E O TAOBRICIE,

HEMTH D STSAI0 DER S L EVTADOEZRE B/,

%8, FREEREREBN IO 7 03B a—-FT
& % ADINA Ver.6.1 7z,

323 ZHUSHBICH 2 ERMEMTMFEERORE —#&
B LB DB IZ BV T EBIS D & i U CERITIE
HAMET 5. Weiss 3FEBICTIBICBIT2HEZ 5147
TELT, BKELAPRBFHKELIICEL L &K
WHRELAL LEBKESIZ 745 7EAVWTEEG
NHCBTHEEMESELERLL TR B 2. BHEVTH
DR n BEARICLIVRENDLRELLSES, 8
BN B 5 BRI IE e, & BEIS 5181 5 ERHT
it DI IERAOBEBRI KL T 5.

o = (mm)”n €y (2)

m=J0+a+BY—3@+B+aB) (3)

o=1/1+a+B), a=0,/c,, p=0,/c, (4)

ERicBVT, oy, 0, B0 dEILH, nidt n FHFELEIT
BHEOTHAOBEBREEMLLE E0MEBEHEET.
Weiss iZFE OIS & O TADOBRIE n RBEILRNIHE S LR
FLTR (2) 2BV, L2ALEFS, BRKRABICBT
ARAMEROIET L OTAOBERIE, n RE(LBITEBET
LI ENRELBEBEITOTANEMTLEEZONS,

ZIT, WALV TAHAOMREROTAEELLEHOTH

I E CHEBEMICRRTES X 912, A TIE, Ramberg-
Osgood PR Y% o Tl h L DT ADOBBREREMNT S S
EERRABI. ZOLE, FHISTIGICBI 5 EBITIE .,
& HEIETI5 BT 5 BB Ee, OB RO BR D
BT 5.

(5)

€,=06,/E, 6,=0,/E

ERIZBWC, ERY VIR, o, EBRRIEN, o« B nid
Ramberg-Osgood AR T, T A DSEREBTE TS O I8
FCHENEVOTAOEBREREBLBEOMBEREET.
RETIE, ZEICHE BT HEBBIEMRER (5) 12k D
RETaHL LI

323 BIER TUEREFXERAEL Lo RBREES
TP-4 %33 & L2BTRERZ K 6 1SR d. K6 (a) TH,
EMREM OB RIHE ) FRBAFNETIZEBIT S Mises

— 217 —

HLOFTAOEL, RURK (5) 2RLAZEENE BT
HEBMIEHOEAE R L. WEBREMOBERIZEN
Mises fH Y O AT KT 255, S8UC T BT 5 EikE
EMET LT 2 ERIHEATE 5. WERENIW 27
mm & %25 FICB VT, Mises HHE O TAE SIS HICE
TARBERESRIRET S, Thbh, ZOATRERS
CBWTERPEETLEEZLNS, H6 (b) i, R
BREE S TP-4 DEME— A » b EHEREMN OBRBICKT
LIRMTEREERER TR LAERER L. BiITESR
CEBRERIBV—RZRY. I72, KBEES TP4D

Eroded Area
(Wall Thinning Area)

Fig. 5 Example of mesh pattern (Specimen No. TP-4)
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