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Abstract: High-density polyethylene (HDPE) piping, which has recently been applied to safety class III piping in
nuclear power plants, can be butt-joined through the thermal fusion process, which heats two fused surfaces and then
subject to axial pressure. The thermal fusion process generates bead shapes on the butt fusion. The stress concentrations
caused by the bead shapes may reduce the fatigue lifetime. Thus, investigating the effect of the thermal butt fusion
beads on fatigue behavior is necessary. This study examined the fatigue behavior of thermal butt fusion via a tensile
fatigue test under stress-controlled conditions using finite element elastic stress analysis. Based on the results, the
presence of thermal butt fusion beads was confirmed to reduce the fatigue lifetime in the low-cycle fatigue region while
having a negligible effect in the medium- and high-cycle fatigue regions.
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Table 2 Specification of the thermal butt fusion procedure

AL AT ZAS Table 1 3 2D wjak A 2HA] variables
Eoxo] #A EA e vl AA EA Conditions Criteria
05] FE VA= HIMEY TR 2 HH HSE Heating plate temperature (°C ) 205
off ol A AR FEH 3—2]' e 5 gl Interfacial pressure (bar) 5.2
) ) Bead size after heating (mm) >6.0
Table I Resin material data Removal time of heating plate (sec) <5.0
Source Properties PE100 P600 Time to interfacial pressure (sec) <12.9
Cell 445574C Pressure maintenance time (min) >18
Classification Bimodal
PPI Pipe Grade PE 4710
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Testing or Melt Index @21616g /li%/ 11?1?1 C e —
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. . e I e e of M 375
Pipe Density 0.952 g/cc I SN
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Testing Strength 25.4 MPa Rgl3
Carbon Black
Content 2.03 % | | mizgfes
0.09 g/10 min
Confinmat MeltIndex | G 16 kg/190 C :
or{“ trmatory Density 0.952 g/cc (a) Base material (b) Fusion Joint
esting :
Tensile Stfgngth 10'% 51\/%7’a Fig. 1 Schematic configurations and dimensions of the
@yie @ fatigue test specimens.
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Fig. 2 Cross-sectional configuration of the thermal butt
fusion joint
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Fig. 3 A representative variation of stroke displacement
vs. tensile fatigue cycle
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Fig. 4 Tensile fatigue test results of the thermal butt
fusion joint and base material specimens

.34 8 AE WAL ANGT Ak

S,(MPa)=-0.8785In(N)+16.1278
(Roi7] A gy

A=) (1)



14 e

o
o

O AL g2 gl 2A it B Al
A FHARE AT g B2E AW B 5
A2y AolZel dEl & FH SoHAFe
vebd s ofm gkt

SIF = St—base / St-withﬁlsian (3)

047]}\1 St—base J‘i; _ZI—O];S_ ?l;g_ ‘T‘qi f,:
e wa A o9 A%
fusion J‘i; _zroi;f_]_ %?’:’]_ O‘l;g‘ gl = Z"_Ué] /J\}-O]%oﬂ
AdEe 2oy A gAy AHe] 34 Ase

%ﬂ‘L*(nﬂ”(«%
T of gk A%
ol7|A  SIF

EES A FARATE R
Al Al ARt olet SE TR 2]
d FFRHFE zZx Y= A A¥He AY
Azelth, 1,000cycles HEOA 11251 ¢ &
eSS Holal k. =, gdiy] E §RAFE
7hR Al ] g BEA AlE Hh 11251 ) 2R
TR NG &8 AFeA T IARFY Mo
1,000cycles = 4YEYS & F At =249
Aol Zo] F7FEFE SIF & 7H4sto] 30,000cycles
AL oAM= 1 9 #E TS & o+ ddth
o] 30,000cycles A% oAl FTuFy] IR
G = Byl € FHFE 7R 2|y
g7l 4 RS A @ BEA AE BT
TY AFEH WFo| dF U A2ZFHEES
AL =2

|4 meli mpsh ol §F = Yol

Fig.
Fh3 go] G = (F4 o ehrp EA st

ng vrdtyg M Fagrh gotd g s ol gt
o] w ARl A 013l wured & Alol
W AEle] I 2 A% 9es wA 5 vk o)

2 5 o143

=
o g%

NI

1=}
T

il

N
to
o
™

2
I
fu
0
X
>

]ﬁg] NoR=e-=2 yqi/\]fﬂ =o}
stk Fig 6 & A4 sk sl
A gere] Qg A &

ﬂ—ﬂﬂﬁ‘%ﬁ“w Hd
E‘}q— F1g 6 Oﬂ

Mz I o [r
Moo = H2

o BT U v 22

b
il
rlo
B H
”z&
%0
m
ﬁ

==
u
=
22

e oo R

X
I
o,

UL\;H 7]

o ox
! [l 01)‘ ol
rlo
an
)
=
ws]
27
1
Lo
K
ox Mg 40 2

XM ore e ro
N

j&:éﬁ F1

SIF

100 1000 10000 100000
Fatigue Lifetime (Cycles)

Fig. 5 Variation of the SIF vs. fatigue lifetime cycle

Fig. 6 Temperature distribution during fatigue test measured
by an intra-red thermal imaging camera
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Fig. 7 Temperature histories at maximum temperature
generation points during fatigue test measured by
an intra-red thermal imaging camera
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Fig. 9 Geometric dimensions of the thermal butt fusion
joint
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Fig. 10 Finite element model of the thermal butt fusion
joint in the fatigue test specimen
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Fig. 11 Axial stress distribution of the thermal butt
fusion joint under pure tensile loading
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Fig. 12 Stress distributions from inner surface along the
path 1 in the thermal butt joint
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