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Previous Cladding Failure .

:

| Criteria (FRAIL) |

;

* Failure criteria based on correlations for j
* Engineering failure strain (total

circumferential elongation) f
* Engineering failure stress

.

9

* Failure probabilities calculated with each
correlation and largest probability

|
assumed ;

|

* Inconsistent probabilities, large '

uncertainties and important new data
. suggested need for revision ;

INEL-S-22 625
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Present Cladding Failure -
-

Criterion -

;

* Failure predicted when true stress ;

.

exceeds failure stress at any location

"9 failure = A K + 0.4 AK
f

*
,

.

K = Strength coefficient of annealedi

! zircaloy

| AK = Change in K due to cold work and
'

| irradiation
! A = 7.7 for temperatures above 1050

kelvin,1.36 for ;emperatures below
750 kelvin

INEL-S-22 624
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Model Development (I) -

,

,

Data set collected using tests which reported
i

initial cladding dimensionse

i ,

* Total Circurnferential "

|
Elongation (TCE)'

;
4

; * Temperature and pressure at failure
!
I

* Wall thickness at failed region

! * Estimated radii of curvature (axial
and azimuthal)

f INEL-S-22 626
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Model Development (II)

Data were used to test four proposed failure
criteria;

* Engineering strain (TCE)
,

;

| * Engineering stress
;

| * Local strain
|

! . True stress mu.s22 3,

|

|

!
!

!
!
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Engineering Stress Versus
; Temperature
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|True Stress at Failure vs
Temperature
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| Cladding Shape at Failure !

-

,

i * New failure criterion intended to improve
predictions of cladding shape at failure !

* Calculate cladding shape versus
time with a mechanical code

* Failure occurs when "6 =
"O failure anywhere, .

,

* This approach explains the large scatter
in TCE. TCE is sensitive to: :

; * Temperature versus time
* Temperature versus position
* Pressure versus time'

.

!
* Closed torm solutions for symmetric

j deformation provide insight '

im-= en
I

_ _ _ _ _ _ _ _ _ . _ _ _ _ _ . . _ _ __ _ __ - - . . . _ . _ - _ _ , . _ . .
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Cladding Shape at Failure
:

For axial and azimuthal symmetry FO'o
< j i

j og = PR = pro exp (Eg),

W Wo exp (- Eg)|
!
: - >

sg = Ln wg y gor
ma-s-n en

PR*
, ,

!

!

i i

!

|

1

!
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Cladding Shape at Failure -

.

.

* For azmuthal symmetry ;

;

o O
,

| .

1

i

!

"A| RZX ;
.

\
i

k

-
--

g = Ln 0 " 6 + U zWo
Io Wo\zgE

pro 2PRz (2PRz)
N

_ INEL-S-22 621
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Cladding Shape at Failure
~~

.

b

* For nonsymmetric deformation a modified
|

| version of BALLOON used
Perturbation theory approach*

i

(Kramer and Dietrich ANL-77-95) i

Anisotropy added*

; * MATPRO equation of state for plastic
-

; deformation
MATPRO cold work annealing model*

i input pressure and temperature !
e

; -

j versus time
,

:
i

j * Preliminary comparison to ORNLINUREGI
{ TM-245 data consistent with true stress '

:

| interpretation
, m . ,,, ,,,

i
!

_ _ . _ __ - -
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Code Predicted Cross Section !
,

|

: TC
1

-

.

:

(/

@, Heater 0
.

,
-

t
../. ,

, ,?'

! Failure
'

| TC TC
;

! TCE 57% '" u +22 2o

Elevation 18.7 cm
Time to burst 18.4 s,

i
'

:

!,
-



Cladding Shape at Failure R|
.

* TCE away from burst area predicted |

accurately :

-

-

* Large predicted strains in burst area
.

| caused by
!

!

* Temperature averaging between,

thermocouple locations
,

; * Coarse model grid (8 circumferential
|

and 8 axial nodes) '

-

* Deformation sensitivity to unknown; :
t

'

i axial temperature gradients
;

i
3,

'

'

; *
Predicted strain accurate at 67 cm

j
because strain much less sensitive to1

i small input errors when strain is small
! inet-s-22 eso
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.

Conclusions~

.

!

;

|
* Cladding failure during ballooning best |

described by true stress,

|

* Cladding shape at (after) burst affected by
j all variables which affect deformation !

! history

* Preliminary experience with coupling -
1

mechanical codes to new failure criterion
has explained scatter in TCE versus
temperature plots im.s.u 33

.
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