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Fig. 1 Stress relaxation curves under different temperatures
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Fig. 3 Stress relaxation curves at different initial tensile rates
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Fig. 5 Comparisons between the fitting curves and test results according to the classic Maxwell model
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Fig. 6 Comparisons between the fitting curves and test results according to the generalized 3-component Maxwell model
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Fig. 7 Comparisons between the fitting curves and test results according to the fractional model
3.4 SDEIEHMERLE
I EER BT R A R B0 AT, 5 2R L IET 8.

warp " 23°C —23°C 110r
g 1007 © 40°C ——40°C £ 100l
S gl 450°C ——50°C S
>~ v 60°C ——60°C > 90t
E 30 v =
3 g 80t
g 70| £
g g
b= L s
_::é 60 ,‘:‘S 60k
o
= sof . . = sot, . .
0 100000 200000 300000 0 100000 200000 300000
time 7/s time 7/s
(a) A
(a) Under different temperatures
L 300
& < 100 #
§ 275 g o
& LB
2250 > T
S Z 80§
g 225 3 i
g
= L
£ 200 =70
3 £ 60
< S L
Txﬂ 175 _:‘é
150 2 sop
0 10000 20000 30000 40000 0 10000 20000 30000 40000
time 7/s time 7/s

(b) ATFIRIAAHL A AL
(b) At different initial tensile rates
B8 AR AL B MK I B A L
Fig. 8 Comparisons between the fitting curves and test results according to the fractional exponential model
MIET 8 &t 2 73 HCHE BB 28 o) A st AR 405 RO | 302 PR 20 B AR 3 T A i
BUSRPEAT N FIRG AT S 22 T B 22 (BT, BE S 4 stk S PR RHAORG SERPEME B, L IE S 1
MR B A G 5C R S AR LR SR PEAN Y 5 2R Z [] %6



YE O ik B OE gk HoOAk 273

3.5 Burgers &S

Burgers F AR FH A & X REIE S LA 2R ULIE 9.7] LI Y : Burgers #5 7 GE7F — i B
R RIREE TS ANEAIT AL R R A PTRE JEAT I 1R st BE X & IR 4 Burgers 570
FH—1> Maxwell FAYFI—~ Kelvin B 53 5T B 2 G A AY | R A8 S WORY 55U B4 R i 722 Ay
P SCRE B WAL N T Rt AR ER S AT Y Maxwell BEAVECR 5 /0 S50 | BB R
AN BEAR NG B b S RS SER P A 4 107 T 8 st 1 R

‘wai
100l P . 23°C ——23°C p 110
< © 40°C ——40°C S 100
< 9o} A 50°C ——50°C N
2 v 60°C ——60°C gz %
2 ol . . =
§ 80 <4« 70°C ——70°C -é 20
=] L
= 70 £ 70
g 60t Z 60
S e
= 50F 50
0 100000 200000 300000 0 100000 200000 300000
time 7/s time ¢/s

(a) ARG

(a) Under different temperatures

300 5
< 100 L § weft
S 55l B £ 5 " 2N/s ——2N/s
S Z gl © 5N/s ——5N/s
2 250 & p A 10N/s —— 10N/s
= 2 80l v 20N/s ——20N/s
g 25| @ =
]
£ £
& 2007 g
= =
2175} Z
150t &
0 10000 20000 30000 40000 0 10000 20000 30000 40000,
time 7/s time ¢/s

(b) ARG E
(b) At different initial tensile rates

9 Burgers BUAMDLA G 5 1S KR AR L

Fig. 9  Comparisons between the fitting curves and test results according to the Burgers model
300 -
s " experimental data
g 2804 fractional exponent model
j 260 H fractional-order model
2 .
= 40l generalized Maxwell model
2 Burgers model
g 220}
g
5 2001
g
= 180
2
] 60 _I 1 1 1
0 10000 20000 30000 40000

time 7/s

10 JLAMRERY 28 i) () 35000 73 X LE

Fig. 10 Comparison between the predictions of several classic viscoelastic models in the warp direction
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Stress Relaxation Properties and the
Prediction Models for PTFE Membranes

XU Shan-shan', ZHANG Ying-ying', ZHANG Qi-lin’
(1. Jiangsu Key Laboratory of Environmental Impact and Structural Safety in Civil Engineering,
China University of Mining and Technology , Xuzhou , Jiangsu 221116, P.R.China;
2. College of Civil Engineering, Tongji University, Shanghai 200092, P.R.China)

Abstract. With the PTFE membranes as the research object, the uniaxial stress relaxation tests
were carried out respectively under 5 temperatures (23, 40, 50, 60, 70 C) and at 4 initial ten-
sile rates (2, 5, 10, 20 N/s), and the effects of these 2 kinds of factors on the stress relaxation
properties of the membranes were investigated. The variations of the relaxation moduli were got
and several existent viscoelastic constitutive models were used to fit the experimental data. The
results show that, the PTFE membranes exhibit obvious stress relaxation behaviors. Both the
temperature and the initial tensile rate have significant effects on the stress relaxation character-
istics. The membrane stress relaxation rate decreases while the final steady stress increases
with the temperature; on the other hand, the final steady stress decreases with the initial ten-
sile rate while the stress relaxation rate keeps almost unaffected. Most of the existent viscoelas-
tic models, esp. the fractional exponent one, make good predictions for the stress relaxation

behaviors of the PTFE membranes, while some models work ill due to their poor compositions.

Key words: PTFE membrane; stress relaxation; temperature; initial tensile rate; viscoelastic
constitutive relation
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