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Uniaxial tensile creep experiment and creep model of fabric for airship structures

SONG Yinbo , CHEN Wujun’, GAO Chengjun , CHEN Longlong , WANG Xiaoging, YAN Yongsheng
(School of Naval Architecture, Ocean and Civil Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: Polyester fabrics are often used for airship structures because of their light-weight, high-strength and
environmental resistance properties, their creep failure behavior under high stress levels determines the long-term
safety performance of airship structures, but there is no relevant test standard or research at present. In order to
study the creep properties of polyester fabrics, a membrane material composed of Vectran fibers was selected to
carry out uniaxial tensile creep tests at 4 high stress levels: 85%, 80%, 75% and 70% of ultimate stress. The variation
laws of creep strain, creep modulus and creep failure time with respect to stress level were summarized, and the
fitting formulas of creep rupture envelopes were given through Newton iterative calculation. When the stress level is
lower than 63% of the ultimate stress, the fabrics will not reach the creep rupture point. Based on the experimental
data, the parametric four element creep model and creep failure criterions are established. It is found that the
fitting model can generally reflect the creep failure reactions under high stress levels.

Keywords: fabric membrane material; creep strength; creep model; viscoelasticity; nonlinearity
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Fig.1 Mesostructure of Vectran-polyvinyl fluoride (PVF) fabric material
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Table1 Instruments parameters of Vectran-PVF fabric creep testing

Test equipment Measuring range Accuracy Error
Electronic universal testing machine 0-5000 N 0.1N +0.5%
Displacement meter 0-800 mm 0.008 mm +1%
Thickness gauge 0-12.7 mm 0.001 mm +1%
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Lupr—Maximum creep failure time; £,,,—Creep tensile test time limit;
Veonst—Loading velocity of creep tensile test; F,,,,—Load retention of
creep tensile test
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Fig.2 Configuration of Vectran-PVF fabric specimens and

experimental scheme
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Fig.3 Stage division of Vectran-PVF fabric creep strain curve
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under various stress levels
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Fig.5 Creep strain curves of Vectran-PVF fabric specimens under various stress levels
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Fig.6 Creep modulus curves of Vectran-PVF fabric specimens under various stress levels
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(a) Macroscopic fracture
of specimen
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(b) Microscopic fracture of
fiber bundle

Fig.9 Macroscopic and mesoscopic views of Vectran-PVF

fabric specimen failure
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Fig. 11 Comparison between Vectran-PVF fabric creep model and

experimental results
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