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Thermal Load Analysis in an Incompressible Linear Visco-Elastic
Cylinder Bonded to an Elastic Shell
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Abstract

A linear thermoviscoelastic material model, whose basis is on incremental constitutive equation
that takes complete strain and temperature histories into account, is derived and computerized in
the finite element code.

The thermoviscoelastic F.E.M. code which is intended primarily .to analyze the cylinder model
during the cool-down period, embodies the assumption of linearly elastic bulk and visco-elastic
shear responses, thermo-rheologically simple response to temperature change and isotropic thermal
expansion,

The verification of computer program is accomplished by first testing it against a closed form
solution of A.M. Freudentha] & M. Shinozuka's.

The stress and strain analyses of five cylindrical models are presented and compared with
experimental results.

Analytical results are good agreement with experimental results. Margins of safety are evalu-

ated and its allowable ranges are presented.
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Table 1 Material properties

Property Unit Elastic case Viscoelastic material
Density kg/m? 7.8x10° 1. 72X 10°
Specific heat J/kg-K 5. 86X 10? 1.20%x 103
Thermal conductivity J/Hr. K. m 1. 08X 10° 1.10x10°
Heat transfer coeff. W/mz K —1.26x10° —
Yonung’s modulus kg/m? 2. 0410 Table 1(a), 1(b)
Poisson’s ratio 0.33 0.5
Coeff. of thermal expansion mm/mm°C 1.134x10°% 1.0386x107*
Bulk modulus kg/m? 2.00x 10" 1.375X10°
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Table 1(a) Shear relaxation modulus function, ¢(f) =X a.e *** (kg/cm?)
m 0 1 2 3 4
On 3.79 1.06 1.63 2.00 4,00
B 0.0 2.76x1072 6.7x10°? 7.73%x107! 1.46x10*
m 5 6 7 8 9
[+ 7.28 15.18 26. 34 43. 34 57.42
B= 1. 71 X 10* 2.04xX10° 1.96x 10* 2.01x10° 1. 83x 10°
Table 1(b) Time-temperature shift function, f(T)=In®
T,°c | n | 25 4 —18 | —40 —54 —60
( ‘ 3.715 1.155 0.0 —1.620 —3. 348 | —6. 908 —11.012 —13.816
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Table 4 Crack length at temperature(unit: °C,mm)
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temperature (unit: °C, mm)
we
1 2 3 4 5
Temp.
57 8.33] 10.30 13.10f 16.30 19.47
20 9.80; 11.170 14.06] 17.03] 20.00
0 10.53;] 12.41 14.65| 17.40{ 20.22
—10 10.77] 12.75 14.06] 17.80 20.50
—20 10.82] 12.85| 15.27] 18.02] 20.71
—=30 10.83) 13.16| 15.61) 18.38 20.90
—40 10.86) 13.20] 15.77] 18.53] 21.03
—50 10.89] 13.22| 15.93] 18.68 21.21
—60 10.90, 13.28; 16.03] 18.89| 21.57

Table 3 Experimental inner bore hoop strain at
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Table 5(a) Inner bore hoop strain and safety
factor at time (type 1)

e | var | e |iogean] (& | M.
6 796.3 20.25 —3.59 24. 3 0.20
24 1634 21.70, —3.87 24. 5 0.13
30 1743 33.02 —3.72 24.4 —0.26
48 1928 33.54{ —3.76 24.4 —0.27
54 1964 29.20 —3.70 24.4f —0.38

temperature (unit: °C, %) Table 5(b) Inner bore hoop strain and safety factor
Type at time (type 2)

% 1 2 l 3 4 5 hr l t/ar ‘ &s log(¢ar) a(l‘i:))w M.S.
57 1. 59 0. 98 0.77 0.62 0.36 6 982 14.15| —3.84 24.5 0.73
20 19.51] 13.96 8.13 5.12 3.09 24 1617 14.40 —4.05 24.6 0.70

0 28.41  21.701 12.70 7.42 4.22 30 1724 21.91 -—3.93 24.5 0.12
—10 31.34] 24.96| 15.87 9. 88 5. 67 48 1910 22.24] —3.93 24.5 0.10
—20 31.95 25.98| 17.46] 11.22 6.75 54 1945 26.00] —3.87 24.5 —0.06
—30 32.07) 29.02{ 20.05[ 13.47 7.73 72 2024 26.17) —3.89 24.5] —0.06
—40 32.44] 29.41 21.35] 14.40 8. 40 78 2039 29.96/ -3.83 24.5 —0.18
—50 32.80] 29.61] 22.54 15.34 9. 33 96 2070 30.08 —3.84 24.50 —0.19
—60 32.99f 30.76| 23.27( 16.58 11.18 102 2074 33.87 —3.79 24.4{ —0.28
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Table 6 Interface bond stress and safety factor at time

‘ Type 1 Type 2
hr i t/ar o, Ou M.S. t/ar g, On M.S.
5 571 2.05 3.88 0.89 570 1. 32 3.88 1.94
24 1424 1.99 3.40 0.71 1421 1.27 3. 40 1.68
29 1406 3.25 3.37 0.04 1403 2.07 3.37 0.63
48 1696 3.19 3.28 0.03 1693 2.04 3.28 0.58
53 1724 3.88 3.16 —0.18 1722 2. 47 3.16 0.28
72 1807 3.80 3.08 -0.19 1804 2.42 3.08 0.27
77 1819 4.57 3.07 -0.33 1816 2.91 2.07 0.05
96 1850 4.45 3.00 —0.31 1847 2.84 3.00 0.08
101 1853 5. 34 3.00 ~0.43 1850 3.41 3.00 —0.10
— ; Analytic -1 Analytic
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# . Failure :
TF o Allowable +iAllowable
60 o A {
X 5ot T Fa%ure
u‘.l), i 3t one
r% sob Failure Zone §.
& 5
g 30f a 2f
£ £
§ 20t 4
D ) é 1+ P . ’ :
g wr ! - ype
= " S § ; :
% w D 0 0 D R B R e e
Temp,, °C Temp..C
Fig. 11 Analytic and experimental hoop strain vs. Fig. 12 Analytic and experimental bond stress vs.

temperature
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