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Development and Assessment of a Computer Code BALBUR
for the Analysis of Deformation of a Zircaloy Tube

*

Motoye SUZUKI and Naoaki OHTSUBC
Division of Nuclear Safety Research,
Tokai Research Establishment, JAERI

(Received August 2, 1982)

A computer code BALBUR has been developed to predict the
local deformation of zircaloy cladding of fuel rod in a
loss-of-coolant accident of LWR. In the code, cladding
ballooning is simulated by radial displacement of nodes

on a cylindrical shell. Assessment of the code has been
made on the calculated results in comparison with measured
data. Experimental values are those obtained mainly in a
directly heated single rod burst test. Comparison among
the results calculated with various values of parameters
and discussion on it have led to the following conclusion:
(1) Adjustment of material properties within their
uncertainty limit permits predicted values to become close
to experimental data, but modifications based on physical
considerations are also needed.

(2) The effect of azimuthal temperature difference on the
axi-asymmetrical increase of strain is very large.

(3) Burst criteria must have some local conditions of

deformation.

Keywords: LWR, -LOCA, Zircaloy Cladding, Ballooning,

Burst Criteria, Cylindrical Shell, Computer Predicticn
Deformation, BALBUR Code

* (Century Research Center Ltd., Tokyo
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Table:l - Flowchart and Functions of Subroutines

INSET [ coverreeeremnens Setting initial conditions,
MATTBL || orrerrerrereeen Printing material property data,
INDATA [ ooorrrrmmeeseeeeeneees Printing input data
SETUP i coeeremreemmns Setting initial condition for each time step,
ﬂ TIMSTE || oo Setting time step size
l
TEMPER || rrovrevrrrerriereaes Calculating temperature distribution
OXIDIF 2 || -oreerereromrmernaee Calculating oxygen concentration distribution,
l
GAPPRE || e Calculating internal gas pressure
DEFORM || s Calculating tube deformation {stress and
| strain)
¥
CANEAL || oo Calculating annealing ef fects,
l
CANISO || e Calculating anisotropy factors.
!
e A A L R R time increment
tprine @ time to print out results,
QUTPRPUT || corerrrermniiin printing results,
!
PLTOUT I reerrerriimaiimn Plotting results,
T
NO i\
‘—étmax\- ------------------------ t e - Maximum calculation time given by

input data,
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Table 2 Comment on Figures 6~17 of D-method series

The meanings of indications® ,® ,© . ® . ® , @ ana &

are tabulated as follows:

Symbols
Parameters

CRECREICRECRECRECHRS:

Modification on K

Yes | Yes | Yes | Y&s No | Yes Yes

Modification on m

Yes No | Yes | Yes | Yes | Yes Yes

Anisotropy Yes | Yes | —— | Y&s | Yes | Yes Yes
Isotropy — | ——  Yes
Two~dimension Yes | Yes | Yes | —— | Yes | Yes Yes
One-dimension Yes

Coldwork (%)

Oxidation No No No No No No Yes
Table 3 Comment on Figures 30~ 41 of I-method series
C)——— The same condition as the case (® in D-method series.
(®) --- The same condition as the case ©) in D-method series.
© --- The same condition as the case (RK) in D-method series.

Comment I on Figs.l8 -~ 29 and Figs.4Z2 ~ 53

The calculated shape

(plotter output) in each Figure is

drawn at the time when calculated diametral strain at the

most expanded axial

elevation is equal to or only slightly

different from the burst strain of the corresponding specimen.
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Table & Comparison of Calculated Results and Measured Data
Eg * Measured burst strain ( Engineering ).
tB . Measured burst time (sec.).{see Figs. 6~17 )
tcal . Calculated time to produce the same strain as €g-
TB : Measured burst temperature (K).
Tcal.: Calculated temperature at tcal.' (K)
. 1
Sc : Calculated hoop stress at tcal. (MPa)
Sp : pPredicted hoop stress by MATPRO-11 at tcal (MPa) .
( using modified strength coefficient K )
Symbols . ! ! !
Cases s | "2 fear. | "B Tcal. Sc ! Sp
i
15-D-6 0.53 1105.0 t104.50 1235 1 1234 29.4 : 54.8
15-D-12 0.63 56.0 i 55.45 | 1260 : 1254 25.8 | 33.4
15-D-24 0.74 33.0 : 31.67 1 1283 : 1265 34.4 : 31.4
15-D-40 0.90 19.0 ; 18.01 | 1339 , 1299 39.1 | 29.1
i | !
40-D-6 0.48 g4.0 | 82.54 [ 1171 i 1164 62.3 ; 150.1
|
40-D-12 0.405! 50.0 ; 49.13; 1188 ! 1178 59.3 1 116.9
40-D-24 0.50 27.0 1 26.07 | 1218 E 1199 67.9 E 93.5
40-D-40 0.53 17.0 | 16.96 | 1210 | 1209.5| 60.0 1 81.3
: | i I
80-D-6 1.25 75.0 | 73.16 1 1088 : 1076 194.6: 286.9
80-D-12 1.27 40.5 : 39.08 | 1094 | 1080 214.91 281.7
80-D-24 1.09 | 22.0 | — |1119 | — 157.9: 227.7
80-D-40 0.935| 14.0 ' —— | 1148 ;| — 143.5; 179.8

i
(R
(o)

|
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Table 9 Comparison of Calculated Results and Measured Data

€g * Measured burst strain ( Engineering }.
tB . Measured burst time (sec.).{(see Figs. 30~41 )
tcal calculated time to produce the same strain as g
TB . Measured burst temperature (K).
TCal Calculated temperature at tcal.' (K)
Sc : Calculated hoop stress at tcal. (MPa)
Sp . Predicted hoop stress by MATPRO-11l at tCal (MPa) .
( using modified strength coefficient K )
Symbols [ T 7
€ tp teal. T T S i S
Cases B l ca ]l Cal- Cc ‘ e
' | - |
15-1-6 | 0.42 | 115.5 | —— | 1196  —— 18.0 | 96.8
15-1-12 | 0.47¢| 74.5 | — | 1214 | —— 11.8 | 76.9
15-I~24 0.39 35.0 | 33.81 1228 11250 20.5 | 37.7
15-I-36 | 0.93 25.0 . 22.03] 1285 ' 1276 41.1 ' 32.3
1 ¥ |
i ' !
40-1-6 0.76 | 118.0 | —— 1128 : — 46.8 | 216.6
|
40-1-12 0.58 68.0 1 63.78 | 1166 | 1165 84.1 I148.3
40-1-24 || 0.33 31.0 | — 1173 | — 35,6 1 127.1
|
40-I-36 0.21 23.0 | 22.25| 1194 1 1192.7 41.6 1100.1
I : ;
80-1I~6 0.50 93.8 : 93.15 | 1028 | 1021 110.5}|339.8
g80-1-12 0.58 58.0 | 55.16 | 1051 11059 125.0 | 310.7
80-I-24 || 0.56 30.0 | —— 1089 | —— : 76.4} 270.6
80-1-36 | 0.51 | 21.75| — 11091 | — 76.5 | 268.1 |

-4 —
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