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Fig.1  Microstructure of commercially purity zirconium (CP-Zr) 
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Table 1  Chemical composition of the CP-Zr (ω/%) 

Fe+Cr C N H O Zr 

�0.2 �0.05 �0.025 �0.005 �0.16 Bal. 
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Table 2  Tensile properties of the CP-Zr 

R

p0.2

/MPa R

m

/MPa A/% Z/% 

244 342 33.5 53 

100 µm 
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Fig.2  Cyclic stress response curves of the CP-Zr at different total 

strain amplitudes 
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Fig.3  Microstructures of CP-Zr at different total strain amplitudes: (a) 0.5%, (b) 0.8%, (c) 1.0%, and (d) 1.2% 
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Fig.4  Total, plastic and elastic strain amplitudes vs the number 

of reversals to failure of CP-Zr 
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Table 3  Low-cycle fatigue parameters of CP-Zr 

n′ K′ 

f

'σ /E b 

f

'ε  c 

0.311 411.275 0.748 –0.092 4.111 –0.324 
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Fig.5  Plastic strain energy response curves of CP-Zr at different 

total strain amplitudes 
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Fig.6  Half-life hysteresis loops of CP-Zr at different total strain 

amplitudes 
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Fig.7  Relationship between the measured plastic strain energy 

and the cycle number of failure of CP-Zr 

 

 

 

 

 

 

 

 

 

 

 

 

� 8 	
��78������-. !3456 

Fig.8  Relationship between cumulative plastic strain energy and 

the cycle number of failure of CP-Zr 
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Fig.9  Variation in cumulative plastic strain energy as a function 

of total strain amplitude of CP-Zr 

 

{â�á C M/¥ÔvQ1¹ 10bZ¹ 10aj A

á+ åÙ¼½�ú_Í�ÄÅ;TlÈæ{�LÄ

Å<=�çË��/�/TMÁ<¿T�ù�l�l

Ë_CD�øÍ��CDù�þ+è�w�(é��1

"qù��wCDl��qêl8�á�É����

ÔvS"�ëì}�¥íîzï�Gù��w���

w�èQMÁ,ÝðB)o ñ�¥ò�lËCD

ù�1ù�lË���PF�ghij�CDù�r

(é���~5óÂ1¹ 10cZ¹ 10aj Bá+ L

MåÙ¼½1ú¹ 10c s]a��ù�úôõ��Ý

< è��ªÊ��l�8>{ù���hÝ�W 

å�¥>�å�>ZCDù���#lË öù÷¶Ì

øìùú°Î·�{ù���hÝOP�W����Ü

Lá+�Q �Zù�¶Ìëìùú°Î·]�ó

8�S�¶Ìûìüï°Î·1â�á¶¹ 10d·��

�Ù` Æý]��ÆýAþ��f` ��¶Ì¹

j�ìüï°Î·�Æý l�Y/G�ø�ù#)w

GQ S�Tl1 

CDù�Etù���}~��ù���Õ	b

c�
���Í�vó8��ù�m���Ü¾��

�[ CD�£�RCD���Ì¹ 11°Î1�ù�

 è��}~��ú_ù��þ/�� TÊ�ù�

��(é±<=JK�=#÷:H	JK1ù��þ

Sl
ÊÞ[

[20]

ÍÎ]�Ç��g#�ù�£���

�þè_��Ãµ$�Ö×/� 60@�ù��þ

±ØÙ�/�hÝwJK$�,Ö/��F��1

ØÙ��ù��(&ØÙ1ú_S�Tl ���ù

��þ /�ýj���ù��þ
Ê

[21]

�
ÊÏù

�Ý3���~{ù��þ�(3K~=`� �

	1�Ö/�TvÓ/�#�ù��þctÓ³�� 

10

2

10

3

10

4

1

10

 Experiment

 Fitting

P
l
a

s
t
i
c

 
S

t
r
a
i
n

 
E

n
e
r
g

y
/
M

J
·
m

-
3

Number of Cycles, N

f 

W

p

=59.468(N

f

)

-0.353

R

2

=0.992

10

2

10

3

10

4

10

3

10

4

W

f

=59.019(N

f

)

0.647

R

2

=0.999

 Experiment

 Fitting

C
u

m
u

l
a
t
i
v

e
 
P

l
a
s
t
i
c
 
S

t
r
a
i
n

E
n

e
r
g

y
/
M

J
·
m

-
3

Number of Cycles, N

f

0.3 0.6 0.9 1.2 1.5

10

3

10

4

10

5

 

 

C
u

m
u

l
a
t
i
v

e
 
P

l
a
s
t
i
c
 
S

t
r
a
i
n

E
n

e
r
g

y
/
M

J
·
m

-
3

Total Strain Amplitude/%

0.4 0.5 0.8 1.0 



�2520�                                          �������	
                                           � 48� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 10  	��������� 0.5%������� SEM�� 

Fig.10  SEM images of fatigue fracture of CP-Zr at total strain amplitude of 0.5%: (a) macro-morphology of the fracture, (b) crack 

initiation zone, (c) crack propagation zone, and (d) final fracture zone 
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Fig.11  SEM images of fatigue striation of CP-Zr at different total strain amplitudes: (a) 0.5%, (b) 0.6%, (c) 0.8%, and (d) 1.0% 
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Abstract: The Low cycle fatigue properties of the commercially pure zirconium (CP-Zr) were investigated by a method under axial 

loading controlled by symmetric strain. The characteristics of cyclic stress-strain response and hysteresis loop of CP-Zr were discussed. 

The cycle softening and hardening characteristics and cumulative hysteresis of the CP-Zr were analyzed and then the fatigue life was 

predicted. The results indicate that the CP-Zr displays cyclic hardening when the total strain amplitude is more than 0.5%. The fatigue life 

of CP-Zr matches Basquin-Coffin-Manson’s empirical relationship, whose transitional life is 1548 cycles. And the plastic strain energy can 

be suitably used as an essential parameter in fatigue failure model to evaluate the fatigue damage. The hysteresis loop area (i.e. the plastic 

strain energy) decreases with the total strain amplitude decreasing and the number of fatigue cycles increasing. The fatigue striation can be 

obviously observed, and as the total strain amplitude increases, the number of fatigue striation decreases and the width increases.  

Key words: commercially pure zirconium; low cycle fatigue; fatigue life; plastic strain energy; fatigue striation 
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