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Localized Deformation of Zirconium-liner Tube
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Zirconium~liner tube has come to be used in BWR. Zirconiﬁm liner
mitigates the localized stress produced by the peliet—cladding interaciion
(PCI). 1In this study, simulatiﬁg the ridging, stresses were appliéd to
the inner surfaces of zirconium-liner tubes and Zircaloy-2 tubes, and,
to investigate the mechanism and the extent of the effect, the behavior
of zirconium liner was examined. As the result of examination, stress
was concentrated especiaily at the edge of the deformed region, where
zirconium liner was highly deformed. Even after high stress was applied,
the deformation of Zircaioy part was small, since almost the concentrated
stress was mitigated by the deformation of zirconium liner. In addition,
stress and strain distributions in the cross section of specimen were
calculated with a computer code FEMAXI-III. The results also showed
that zirconium liner mitigated the localized stress in Zircaleoy, although
the affected zone was restricted to the region near the boundary between

Zirconium liner and Zircaloy.

Keywords: Zirconium-liner, Zircaloy, PCI, Ridging, Localized Stress,
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Table 1 Major Properties of Zirconium-Liner Tube and Zircaloy-2 Tube

Zirconium-Liner Tube

Pimension : 1 0. 550X 0. 860!

Yield Strength ( Room Temp. ) * : 3 6. 35 kg/um?
U.T.S. (Room Temp. ) . B51. 86 kg/nn?
Elongation ( Room Temp. ) * 35, 2 %

% Results Including Zirconium-Liner
Grain Size ( ASTM. No.)

Zry—-2 (T /L) : 12.5

Zr (T~L) : 11. 5
Fn: 0. 13
Ingot Hardness ( BHN)

Zry—2 : 178
Zr 97
Annealing Temp. : 57 7°Cx 2. 5Hr

Zircaloy-2 Tube

Dimension : 1 0. 795'"x0. 864"

Yield Stress ( Room Temp. ) : 4 1. 79 kg/nn?
U.T.S. {Room Temp) : 56. 53 kg/nn?
Elongation ( Room Temp.) : 33, 9 %

Grain Size ( ASTM. No.) : 1 2. 5

Fn: 0. 15
Ingot Hardness (BHN) : 1 7 8

Annealing Temp. @ 57 7°C X 2. 5Hr
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Table 2 Physical Properties of Unalloyed Zirconium

Used in Calculation
Properties Equation Ref,
Young’'s E[Pal=(96.90-0. 0673x (T[K]-273. 15) )x10° (7)
Modulus
Poisson’s v =0. 3303+8. 376x10-5x (T{K]-273. 15) (8)
Ratio
Thermal k[W/cm-K]=0. 246-2. 208x10°4T[K]+2. 083x10-"T? (9)
Conductivity
Thermal Axial {10)
Expansion AL/Ly=2. 506x10"5+4. 441x10- 6 T['C}

Radial

AD/Da=-2.373x10"4+6. T21x10" ¢ T[*C]
Plasiticity OQut-of-Pile 0.2% Yild Stress (11)

oy {MPal=16.5+3. 2x10"2X, [ppn)

Xa © Oxygen Content

Friction 0.6+0.1 at  400°C (12)
Coefficient

(Valid for Zirconium and Zircaloy)

-flo_
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a y[MPal=31.32-0. 0213xT K]

Table 3 Physical Properties of Zircaloy-2 Used in Calcuiation
Properties Equation Ref.
Young's E[Pa]=(9. 900x105-566. 9x (T[K]-273. 15)) (8)
Modulus

x9.8067x10f
Poisson’s v =0.3303+8.376x10"3x (T[K]-273. 15) (8)
Ratio
Thermal k[¥W/cm-K]=7.51+2. 09x10-2T[K]-1. 45x10°5T2 {K] (10)
Conductivity +7.67x107°T? [K]
.Thermal Axial (10)
Expansion AL/Lo=-2. 506x10-5+4. 441x18-5T[C]
Radial
AD/De==2. 373x107446. T21x10-8T{*C]
Plasiticity Out-of-Pile 0. 2% Yield Stress (1)

- 1 1 —
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Direction of Test

Majn Part of
Test Jig
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; X H 3 3
) H B . . fe
p-k?J*PrOJectlon‘ R -

a

Specimen

LT e

Fig. 1 Schematic [llustration of The Test
|
Fig. 2 Schematic Illustration of Longitudinally Cutted Specimen
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Room Temp.
400 Room Temp.
300°C
300 350°C
300°C
3_B0°C
200
100 LINER tube ZRY-2 tube
0

CROSS HEAD DISPLACEMENT [ om]

Fig. 3 Examples of Load-Cross Head Displacement Curve
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Fig. 10 (b)) Distribution of Micro-Vickers Hardness in Cross Section
' (Zircaloy-2 Tube, Load=50gf)
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EQUIVALENT STRESS
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Fig. 1 2 Calculated Equivalent Stress in Cross Section

(Zirconium-Liner Tube)
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Fig.1 3 Calculated Equivalent Stress in Cross Section
{Zircaloy-2 Tube)
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Tmm

é ! Longitudinal Cross Section
RADIAL STRESS 5 !
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Fig.1 4 Comparison of Radical Stress in Zircaloy Region
of Zirconium-Liner Tube and Zircaloy-2 Tube
== Zr-Liner Tube : Inner Surface of Zircaloy
= Zry-2 Tube : Inner Surface
— Zry-2 Tube : Same Position as Zry-Zr Boundary

in Zr-Liner Tube
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Longitudinal Cross Section

CIRCUMFERENTIAL STRESS
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Fig. 15 Comparison of Circumferential Stress in Zircaloy Region
of Zirconium-Liner Tube and Zircaloy-2 Tube
~w= Zr-Liner Tube : Inner Surface of Zircaloy
»—-= Zry-2 Tube : Inner Surface
= Zry-2 Tube : Same Position as Zry-Zr Boundary
in Zr-Liner Tube



