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Abstract: In this study. the short-term (15 min) tensile creep behaviors propylene (PP) at different tem-

perature and stress levels were examined by DMA creep model test, by the characterization on the long-

term tensile creep behavior (10 h) continuous glass fiber reinfor ‘@ fopylene composites (CGF/PP) at the dif-
ferent stress levels and fiber orientations. The Burgers visc 1%11 model was adopted to simulate the materials

N
e

i

, and the creep modulus retention rate decrease obviously,

creep curves and pertinent model parameters associated e stress levels and fiber orientations were derived.

The results show that, with the rise of loaded stress, p compliance and steady-state creep rate of PP and uni-
directional CGF/PP laminate both increase signif1
demonstrating that the creep behaviors of CGF/PP under low stress levels is dependent on the viscoelastic properties
of PP matrix. The tensile-shear coupling effects occur in the loaded angle from 0° to 90° for the off-axis tension with

a stress level of 30% , specifically in the 45° where steady-state creep rate and the creep deformation of composites

exhibit maximum values. The derived numerical model by means of four element Burgers viscoelastic model to fit the
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creep curves in different conditions matches well with the experimental data, with a correlation coefficients of 0. 99 be-
tween them. The numerical clearly illustrated the stress and fiber orientation dependence for the pertinent model parame-
ters. The numerical formula of model parameters was established. The estimated tensile creep curve in the 0° fiber direc-
tion at 10 MPa and the estimated off-axis tensile creep curve in the 45° off-axis fiber direction at 30% of stress level

are nearly identical with the experimental curve, showing the reliability of the derived numerical model in this paper.
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Table 1 Off-axis tensile creep experiment condition of
continuous glass fiber reinforced polypropylene
(CGF/PP) composites

Off-axis angle/ (%) Temperture/C Stress/MPa
15 65 9.0
30 65 4.8
65 2.7
65 1.8
©75 65 1.2
65 0.9
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Fig. 2 Creep curves of polypropylene (PP) at different
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Table 2 Creep Burgers modelling parameters of PP under different experiment conditions

Experiment conditions

— — E,/MPa E,/MPa 71/(10" MPa-s) 72/ (10° MPa«s) R?
Temperature/C Stress/MPa

25 4 1087.18 2 781. 20 27. 30 26. 20 0.9981
35 4 987. 74 3 170.75 37.70 11. 90 0.9974
45 4 709. 20 1 686. 21 31.00 8. 45 0.9992
55 4 545. 25 1155.43 14. 70 6.71 0.9969
65 1 447.01 1 805.57 27.90 9.20 0.9996
65 2 415. 14 1 150. 09 16. 70 6. 80 0.9987
65 4 402. 70 905. 30 11. 40 5.97 0.9976
65 6 371.55 498. 48 6.16 2. 34 0.9988

Notes: E1—Elastic modulus; Ez—Primary creep modulus; 7 —Primary creep damp;

tion.

n2—Secondary creep damp; R?*—Coefficient of determina-
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Table 3 Creep Burgers modelling parameters of CGF/PP composite single layer under different experiment conditions

Experiment conditions

Temperature/ C Stress/ MPa E1/MPa E;/MPa 71/(10° MPa- ) 72/ (107 MPa+s) R?

25 4 21 462.41 24 079. 85 97. 20 52.70 0.9974
25 8 18 203.17 11 474. 43 45. 40 25. 80 0.9973
25 12 13 338. 94 7 445.76 27.10 18. 70 0. 9946
25 14 7 461.61 2 606.13 8. 24 7.66 0.9921
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Table 4 Off-axis creep Burgers modelling parameters of CGF/PP composite single layer in different angle at 65°C

Experiment conditions

E,/MPa E;/MPa (10* MPa-s ,/(10° MPa-«s) R?
Off-axis angle/(°)  Stress/MPa 1/ @ 2/ @ 7]1/ ars) & /¢ ars
0 240. 0 10 097. 21 6 142. 34 94. 40 59.10 0.9984
15 9.0 2 863. 96 2 202.06 26. 60 19. 30 0.9973
30 4.8 666. 72 836. 59 9.61 6. 36 0.9976
45 2.7 476. 38 417. 50 6. 04 3. 36 0. 9986
60 1.8 233.21 333. 30 @ 5. 85 2.13 0.9986
75 1.2 169. 81 340. 92 @ 4. 10 1.74 0.9990
90 0.9 120. 67 @{Q&O 3.81 1.75 0.9981
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