
P
os
te
d
on

16
A
p
r
20
24

—
T
h
e
co
p
y
ri
gh

t
h
ol
d
er

is
th
e
au

th
or
/f
u
n
d
er
.
A
ll
ri
gh

ts
re
se
rv
ed
.
N
o
re
u
se

w
it
h
ou

t
p
er
m
is
si
on

.
—

h
tt
p
s:
//
d
oi
.o
rg
/1
0.
22
54
1/
au

.1
71
32
47
15
.5
91
57
13
7/
v
1
—

T
h
is

is
a
p
re
p
ri
n
t
a
n
d
h
as

n
o
t
b
ee
n
p
ee
r-
re
v
ie
w
ed
.
D
a
ta

m
ay

b
e
p
re
li
m
in
a
ry
.

Fatigue testing strategies for the X65 steel catenary riser with

small-scale specimens considering the effect of welding residual

stress

Hang Liang1, Niantao Zhang1, Caiyan Deng1, Baoming Gong1, and Yong Liu1

1Tianjin University School of Materials Science and Engineering

April 16, 2024

Abstract

Wave-induced fatigue damage is inevitable for the deepwater steel catenary riser (SCR). To accurately evaluate the fatigue

performance of the full-scale SCR using small-size specimens, five kinds of fatigue testing strategies were explored, considering

the effect of welding residual stress. Further, the corresponding fatigue tests were conducted regarding the welded joint

specimens with the same weld profile, and the relevant differences in fatigue testing results were comprehensively analyzed.

Through comparison with the full-scale resonant bending fatigue testing results, the most equivalent strategy using small-

scale specimens was confirmed. The relevant results indicated that compared with the fatigue lives of full-scale pipeline joint

specimens, the fatigue testing lives under the constant applied maximum stress of the yield strength for base material or

the constant applied mean stress of the peak value of transverse welding residual stress strategy are relatively lower. The

fatigue life values obtained from the high-stress ratio testing strategy are higher, especially in the low-stress range region.

Comparatively, the fatigue lives obtained under the 80 mm wide specimen without the cutting process strategy were higher in

the high-stress range region. The variable applied mean stress strategy using the 25 mm wide welded joint specimen was most

suitable for equivalence with full-scale fatigue testing results, and the difference in the fatigue life testing results was only 9.7%.

The difference between the applied mean stress and the actual transverse welding residual stress under various fatigue testing

strategies is the key to affecting the equivalence of fatigue testing results.
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