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Fig. 1 Hydride precipitation in three principal

planes of zircaloy-4 sheet
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Table 1 Tensile test results of nonhydrided and hydrided Zr-4 alloy along three tested directions

Testing direction E/GPa 0,/ M Pa 0,/ MPa Enax! Yo & % Ly
L 95.2 306.5 386.9 13.6 36. 82 3.12
Nonhydrided LT 88. 1 309. 1 383.8 12. 8 35. 66 3.07
T 92.1 304.2 386.4 14.2 35.58 3. 14
L 973 318.2 396. 1 11.8 30. 06 1.97
Hydrided LT 88.7 326.5 406. 1 12.0 30. 04 1.77
T 94.2 318.2 399.2 12.9 29. 47 2.22
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Fig. 2 Conventional stress —strain curves in tension for nonhydrided and

hydrided Zr-4 alloy along three tested directions
(a) —Nonhydrided; (b) —Hydrided
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Fig. 3 Optical micrographs of a region below

SU germy

fracture surface of hydrided specimens
(The double arrow shows the direction of tensile axis)
(a) —LOT face; (b) —LOS face at 9. 7% applied strain;
(¢) —LOS face at 28% applied strain
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Fig. 4 Schematic diagram of FEM model
(a) —Sketch of hydride precipitation shape in LOT plane used in FEM; (b) —Circle plate model;
(¢) —Square plate model; (d) —FEM mesh

Zrd AT HMERBER 95. 2 GPa, JHHRGEE N
306. 5 MPa. M4k, Zr4&aimfitt o, 3302 1
SAGKUAE L 7 ) (0 B0RY ) —RY AR A

Bl 5 250 T R B BEAR LA ST R bR A B A 7
TR AR ) — N AR dh 2k, b TR T EeE, K5
[N 25 T AL S B0 25 3 . vl WL, [RIEIR &5
IR BT AR 289 357 B 350 4 Hb S A R AE AR Y AR T B AR
TEAT N, (FRAE R NAR TS, 2 OB 28 Jinill i 4 SR 1y
T T SE e 45 A, (H R i 2= R AR K, 78 A W AR

NF10% BT A, THAAE RS S0 AR iR 2=
BN T 5%, MELZTR, TR AR 5L A5 2 T
iR GG BAF . TR A AN AL 9. T%
AL RADERE, HINAEA K HEEEA,
AP R A R RERI R AN K, 3 AT PR T
TS RR ) 32 2R AR T BROG T S BOE
Wy des e arrt, i Lk ARl g, S A
1 EMPHAIERET) . ARG R M e 1 T4
WYL T HE TN ZE .

500
3 g

4001
- 300 1) BERE I 24 24 BOR R 605
s | S G LA, 74 RIE LRI 4 T P9 24 1
S0 e (L) FEM VE, T 5 ) % ) S SR . 2L R4 R 3L

woy ldrided (L) experiment 1 5 1 SEAEAT AR

2) AU DL R T BT R, e
2 ig/%é 8§ 10 BORE | PRI DA W BSR4, (MK KR T

5 ARIuIS GRS h s R g R L
Fig. 5 Comparison between FEM and

experimental results

MEHOBEIME .

3) BEURE " Zr4 £ e W LT O i
R RE . AL E e S+, REK
K.EIF, HEWHH.

4) ABRICIIHTEE AR W, SR R R 1 F A



B2 &8 3

Jer e

EEGLL, 5 BE

Zr-4 A S D2 e KA IR TR

. 549 -

5
JoAE 2 my DA i s P B &S B Ze4 S A )

FYERE .

[ REFERENCES]

Puls M P. Fracture initiation at hydrides in zirconium
[J]. Metall Trans A, 1991, 22A(10): 2327- 2337.
Bai J B, Prioul C, Francois D. Hydride embrittlement in
zircaloy-4 plate( [ ) —Influence of microstructure on the
hydride embrittlement in zircaloy-4 at 20 'C and 350 C
[JI. Metall Trans A, 1994, 25A(6): 1185- 1195.

Bai J B, Ji N, Gilbon D, et al. Hydride embrittlement in
zircaloy-4 plate ( II) —Interaction between the tensile
stress and the hydride morphology [J]. Metall Trans A,
1994, 25A(6): 1199- 1208.

Prat F, Grange M, Besson J, et al. Behavior and rupture
of hydride zircaloy-4 tubes and sheets [ J] . Metall Trans
A, 1998, 29A(6): 1643- 1651.
FAN Yurrchang, Koss D A.

Influence of multiaxial

states of stress on the hydrogen embrittlement of zirconi

um alloy sheet [ J]. Metall Trans A, 1985, 16A(4):
675 681.

Grange M, Besson J, Andrieu E. Anisotropic behavior
and rupture of hydrided zircaloy-4 sheets [ J]. Metall
Trans A, 2000, 31A(3): 679- 690.

Christodoulou N, Turner P A, Ho E T C, et al

[ 10]

[ 11]

[ 12]

Anisotropy of yielding in a Zr-2. SNb pressure tube mate-
rial [ J]. Metall Trans A, 2000, 31A(2): 409-420.
Chan K S. A fracture model for hydride induced embrit-
tlement [ J]. Acta Metall Mater, 1995, 43(12): 4325
- 4335.

DING Xiang-dong, LIAN Jian-she, JIANG Zhong hao,
et al. Thermal residual stresses and stress distributions
under tensile and compressive loadings of short fiber rein-

forced metal matrix composites [ J]. Trans Nonferrous

Met Soc China, 2001, 11(3): 399- 404.

DING Xiang-dong, LIAN Jian-she, JIANG Zhong hao,
et al. Effect of thermal residual stresses on yielding be-
havior under tensile or compressive loading of short fiber
reinforced metal matrix composite [ J]. Trans Nonfer
rous Met Soc China, 2001, 11(4): 503- 508.

Bai J B, JiN, Gilbon D, et al. Microstructural study by
XRD profile analysis and T EM observations on hydrided
recrystallized zircaloy-4 [ J]. Scripta Metal Mater,
1992, 26(3): 369- 374.

Yamanaka S, Yoshioka K, Uno M, et al. Thermal and
mechanical properties of zirconium hydride [ J]. Journal
of Alloys and Compounds, 1999, 293(1): 23— 29.
Yamanaka S, Yoshioka K, Uno M, et al. Isotope ef-
fects on the physicochemical properties of zirconium hy-

dride [ J]. 1999,
293(1): 908- 914.

Journal of Alloys and Compounds,

Influence of hydride precipitation on mechanical behavior of

zircaloy-4 sheets and FEM simulation
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[ Abstract] The mechanical behavior of zircaloy-4 sheets, before and after hydridization, was studied with three orientations ( L,

LT, T) in their planes, as well as fracture characteristics. It is shown that nonhydrided and hydrided zircaloy-4 sheets have isotropic

properties in their plane and anisotropic properties in through-thickness direction. There is no significant effect of hydride on plate’s

anisotropy for mechanical properties. However, the hydride precipitation can lightly strengthen the material, such as modulus of elas-

ticity, yielding stress, fracture strength, and greatly reduce the ductility. The deleterious effect of hydride precipitation on ductility of

zircaloy-4 sheets occurs mainly at the unstable deformation stage. The mechanical behaviors of hydrided zircaloy-4 sheets can be pre-

dicted well by the circle plate unit cell model.

[ Key words] zircaloy-4 sheet; hydride; mechanical behavior; FEM model
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