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Abstract: In this study, fatigue tests were carried out using real-scale pipe bend specimens with wall-thinning defects
under a cyclic bending load together with a constant internal pressure of 10 MPa. The wall-thinning defect was located at
the extrados and the intrados of the pipe bend specimens. A fully reversed cyclic in-plane bending displacement was
applied to the specimens. For the pipe bends with wall thinning at the extrados, an axial crack occurred at the crown of
the pipe bend rather than at the extrados where the defect was located. In addition, the fatigue life was longer than that
of a sound pipe bend predicted from the design fatigue curve in ASME Sec.Ill, and it was less dependent on the axial
length of the wall-thinning defect. For the pipe bends with wall thinning at the intrados, a circumferential crack occurred
at the intrados. In this case, the fatigue life was much shorter than that of a sound pipe bend predicted from the design
fatigue curve, and it clearly decreased with decreasing axial length of the wall-thinning defect.
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Table 2 Matrix for fatigue tests on wall-thinned pipe bend specimens
Thinning Min. thickness, Thinning | Circ. thinning . Frequency,
Spec. 1D location tp[mm] length, L/D, | angle, 0/m Loading type fHz]
Ex7 1.4 1.0 0.15
Extrados
Ex8 1.4 0.5 0.15 Press. (10MPa)
+ 0.1
Intrados
In8 1.4 0.5 0.15
10° ASME Design S-N Curve 40 . K ' '
- ---UTS: 792.9-896.3MPa 65A Sch.80 pipe bend
N UTS: < 551.6MPa Y
R \\\ — 301 Elastic b
1077 c2ompa E Elastic-plastic

= B = -

% \\ S 20f |

Yy P IR N | S . S S g

& 10+ .
>
.% 6.6mm
101 0 L L L L
10" 100 100 100 10° 10° 0 5 10 152025
Number of cycles, N Displacement, 5[mm]
Fig. 2 Elastic stress amplitude used for the Fig. 3 Determination of the displacement
fatigue test corresponding to the cyclic bending
load
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Fig. 4 Schematic diagram of apparatus for the
fatigue test on wall-thinned pipe bend
specimen
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Fig. 5 Sample data from the fatigue test on
wall-thinned pipe bend specimen
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Figs. 67} 72 Alge] $k5¥ AHES & A
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(b) Detail view of axial crack

Fig. 6 Post-test specimens with wall-thinning
defect at extrados
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Fig. 7 Post-test specimens with wall-thinning
defect at intrados
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Table 3 Fatigue life and failure mode for wall-thinned pipe bends

Spec. D Thinning Fatigue life, Ny Final failure Failure mode
location [cycle] location
Ex7 5282 Crown Axial crack
Extrados
Ex8 6416 Crown Axial crack
In6 445 Intrados Circ. crack with local bucking
Intrados
In8 177 Intrados Circ. crack with local bucking
AgHE Ao SN FUF Fho] BA o
SHATEY w2 Aol ALgE 3k A Bestff cuve
A% Zel7b dt=08% AL e, Wekel 10 "> Extrados: L/D =10
MPao] il $HIFo] x| WL A9 (5, =455,) 10° "\ Bgdos (003
ol ugte] Wi 2 $AEe] gH A9 g o
1ol O .(:51_ %ALEE% ol = 7_]_‘% o)r 2~ o) 2, Intrados: Intrados: Tl
rjr/] T ]’ e} X ] A = T M 5 10 L/D 0.5 L/D =1.0 x
) o _ ASME design curve
ol AT FUse] AvnW, Asio] 7
sAgel EAsE Tpe 485E w2 309 .
ok diskel A7l dARle]l A et dit = 100 100 100 10 100 10°
0874 AA =3} FASE £AR S E "It} Number of cycles, N
[ = = o= Fig. 8 Comparison of fatigue lives for wall-thinned
=, ke SHelA S afde] AddT w pipe bends with design fatigue curve in
|, el EAdte] EAes Aol = ASME Sec.IlI
fe] EAREsl As olo] m g =,
AEAT o7k e ASolt AW Iy HF A ARFRES A ARdel <5
Zro] yto] Zwo|x] Zulel FAo| AAE A 1A =30 vz (_790 cycle) Btk 6 ~ 8u] 2
W, Aol e Aol paATel mas:  WHL USR] Al Talshs S
Y a oA Qz=urel o] urAl sl HzZ2del A S5 A 3] vzrgel] e
24 &2 v2aEs Bt 9d dsts =24
32 Eli_/'\_no l:]n_‘:]' %’% LHC}):IL(O or 3MPa)J+ % %E’ﬂlﬁ (Sa>10
Table 3& A& A3} Fo]x 7 AlHe ¥z S0l TR 7= d'm A Ao 25
Wi EAREE Aeld Aotk ARAdel o]  APol Am¥o] FA: Fue URE ASME
S RS Aol A7 del7t LD, = 1.0 Secle] AA vZadEY F v2eis 1
9 Bx7 AW MRS 5282 cycleol™, AF  thI™? el zrgAge] Fute Warat &9
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