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In this study two viscoelastic analytical models -the four-parameter Burgers model and the single-integral
Schapery model- were compared, analyzed, and evaluated for predicting the long-term creep behavior of
glass/vinylester composite laminates. The parameters of the Burgers viscoelastic model were characterized
using available experimental data. Since using the same set of characterized parameters from the creep
stage in the recovery stage resulted in significant discrepancies between experimental results and the
Burgers analytical model, the model parameters for the creep and recovery stages were characterized
separately. The results obtained from the Burgers model showed significantly better agreement with
experimental data for glass/ vinylester composite laminates, especially at high temperature and stress levels,
compared to the Schapery model. This agreement was observed clearly in both the creep and recovery
stages. Furthermore, the effects of temperature and stress on the variations of the Burgers model parameters
were investigated, revealing that these parameters change with varying temperature and stress levels.
Subsequently, the governing equations describing the variation of these parameters with respect to
temperature and stress were derived. Finally, the creep compliance, creep modulus, damage factor, and
creep strain rate were calculated at each stage. The results for glass/ vinylester composite laminates indicate
that with increasing temperature and stress levels, the creep compliance, damage factor, and creep strain
rate increase, while the creep modulus decreases.
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Fig. 1 Schematic of the four-parameter Burgers model [1]
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Fig. 2 Variations of the burgers model parameters E;, E,, 11,, 5 during the creep stage as a function of static stress at 75°F
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Table 1 Fitted Equations for the Burgers Model Parameters During the Creep Stage at 75°F

R? c b a Function Parameter
1 159.1 0.5221 -74.97 f(x) =aocy? + ¢ E;
1 3655 0.9041 -3157 f(x) = acy? + ¢ E,
1 1.62E+05 5.62E+05 -9.7E+05 f(x) = acy? + boy + ¢ 2
1 1.09E+07 2.043+07 1.52E+07 f(x) = agy? + bay + ¢ N3
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Fig. 3 Comparison between the creep response of schapery and bergers models and experimental tests performed at different stress levels and
temperature 75°F
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Fig. 4 Variations of the burgers model parameters E;, E,,1,,713 during the recovery stage as a function of static stress at 75°F
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Table 2 Fitted equations for the burgers model parameters during the recovery stage at temperature 75°F

R? c b a Function Parameter
1 1515 0.5907 -70.98 F(x) = aoy? + ¢ E,
1 3412 1.788 -4019 f(x) =agy? + ¢ E,
1 1.63E+05 5.62E+05 -9.7E+05 f(x) = agy? + boy + ¢ 72
1 8.58E+06 -6.082 539.9 ) = aosy? + ¢ N3
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Fig. 5 Comparison between the recovery response of schapery and bergers models and experimental tests performed at different stress levels and
temperature 75°F
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Fig. 6 Creep compliance, creep modulus, and damage factor as a function of time under various stress levels at 75°F
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Table 3 Fitted equation for the variations of steady-state creep strain
rate at temperature 75°F

Function

f)

= aoy® + bay + ¢

R? c b a

1 -1.81E-06 2.34E-05 3.18E-05

I 2 295 e S80Sl (B 18, She 50 e 93 0

diged 59y p Lo Jlesl mhaw 4z ;2 558 oo alax>dle aS jshiles ol oo
Oeie lee VL (G55 ()5 g S SVl G5 ke wil SV
@ 6o 2 e Ghbl 5 S n Jae Vo (5 5 gles zshae o
5 55 2 Se¥lsSs Joo o Gl 0l S0 )55 0 (078 Slapses]
akd ol 5 0.6 5 04 25 sl 3 0 sbapses] @b
C}Jam)é Leo Q‘)"‘""J o> l) U”"J" Al?,a)é)fﬁ JJ.A El,Ez,rlz,T]3
ety aid 205seelS aYauz 0 g = 0.2 — 0.60y,;; Ssbewl s

a3 o aled il

O ce> b Sl (53 55 25 Sl p oS Aol
@ ozl @l J 2 B oo sles 5o e Jlos! (St
dglio 8 JSi .l 00 03,913 o )les Jga 10 75°F (slos ;0 ooy aloxl
S35 2 1) e Srosesl @l 5 b 5 50 ladas (555 Gl o
Joome o o 457 BUI asly byl Juing aded u5emlS sladigas
&) oles maw Yz 05 09 = 0.2—0.60y;; Ssbwl i con 331
Silwaarie 5 (05 0l Gln @8 slogsel @Sl aes e
Sl o oolaznl 5 Jow sle el )l

%107
T T T T T T T T T
25k ==Curve fitting 7
@ Result from experiment
sk T=75F _
@ 1sf 1
s
v
1k i
05F 7
0 s ' s L ' L L s L
0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65
/
T (MPa)

Fig. 7 Variation of creep strain rate as a function of static stress
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Fig. 9 Variations of the burgers model parameters E;, E,,1,,7; during the creep stage as a function of temperature under static stress g, = 0.20y,;;
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Table 4 Fitted equations for the burgers model parameters Ej, E;, n,,1; during the creep stage under static stress g, = 0.20,,;;

R? d c b a Function Parameter
1 84.72 1.146 -95.18E-04 1.885E-05 f(x)=aT3*+bT?*+cT+d E;
1 -1.42E+04 5104 -4.489 0.01192 f(x)=aT*+bT? +cT+d E,
1 -9.69E+05 4.14E+04 -340.5 0.7587 f(x)=aT®*+bT?* +cT +d 1,
1 -3.402E+07 1.241E+06 -1.122E+04 30.4 f(x) =aT?*+bT?* + T +d N3
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Fig. 10 Variations of the burgers model parameters E;, E;, 15,173 during the creep stage as a function of temperature under static stress g, = 0.40,;;
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Table 5 Fitted equations for the burgers model parameters E4, E5,1,, 173 during the creep stage under static stress 69 = 0.40,;;

R? d c b a Function Parameter
1 168.2 -1.246 0.008663 -2.562E-05 f(x) =aT3 +bT?+cT +d E,
1 1.888E+04 -447.8 3.847 -0.01105 f(x) =aT?® + bT? +cT +d E,
1 2.049E+06 -4.904E+04 4212 -1.207 f(x) =aT3 +bT? +cT +d B
1 2.294E+07 -4.461E+05 3552 -10.03 f(x) =aT3 +bT? +cT +d N3
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11 Variations of the burgers model parameters E;, E,,1,,15 during the creep stage as a function of temperature under static stress o, = 0.60,,;;
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Table 6 Fitted equations for the burgers model parameters E, E;, n,, 13 during the creep stage under static stress g, = 0.60;,;;

R? d c b a Function Parameter
1 204.1 -2.455 0.01847 -5.1188-05  f(x) =aT®+bT? +cT +d E;

1 3373 -44.46 0.3365 0001043 f(x) =aT®+bT?+cT +d E,

1 0.00403 8.446E+04 0.04482 -131.9 fx)=a-exp(b-T)+c-exp(d-T) 72

1 1.162E+07 -1.689E+05 1168 -2.987 f(x) =aT®+bT?+cT +d N3
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Fig. 12 Creep compliance and creep modulus as a function of time under various stress levels (0.2 — 0.60,,;;) and temperatures (75—150°F)
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Fig. 13 Damage factor and variation of creep strain rate as a function of time under different stress levels (0.2 — 0.60,,;;) and temperature (75-150°F)
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Table 7 Fitted equation on the creep strain rate at the end of the creep duration induced under various stress levels (0.2-0.66u;) and temperatures

(75-150°F)
R? d c b a Function Level stress
1 0.04953 6.461E-09 -0.0059 648806  f(x)=a-exp(b-T)+c-exp(d-T) 0.2 0,
1 -6.93E-05 2.287E-06 -2.108E-08 6.87E-11 f(x) =aT3+bT?+cT +d 0.40,;
1 -1.69E-05 9.1E-07 -6.451E-09 1.94E-11 f(x) =aT3+bT?+cT +d 0.6 0,
&=ly-6 & S 4z -4
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