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Comparison on Mechanical Properties of Knitted Fabric and
Woven Fabric Membrane

YANG Bin, HUO Zhenting, LUO Xiaoqun', ZHANG Qilin, WU Menglin

(College of Civil Engineering, Tongji University, Shanghai 200092, China)

Abstract: The variation rules of tensile strength and strain at break of the Seaman PVDF 8028 biaxial warp knitted

membrane and Ferrari 1202T2 membrane at seven biaxial angles of 0°, 15°, 30°, 45°, 60°, 75"and 90" were compared.

The applicability of Tsai Hill strength criterion, Norris strength criterion and Hashin strength criterion to the two

kinds of membranes was studied. The off-axis tear patterns and tear characteristics of the two kinds of membranes

at 07, 15°, 30°, 45°, 60°, 75"and 90" off-axis angles were compared. The biaxial mechanical properties of the two

kinds of membranes were compared, and the applicability of linear and nonlinear orthotropic constitutive models to

the constitutive relations of the two kinds of membranes was discussed, which can provide theoretical reference for

engineering design.
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Table 1 Physical parameters of Seaman PVDF8028 and Ferrari 1202T2 membranes

Membrane type Base fabric type

Finished coated mass/(g-m ?)

Yarn linear density /dtex Thickness /mm

Seaman PVDF8028 Polyester

Ferrari 1202T2 Polyester

1100 0.74
1100/1 670 0.78

1.2 {mEhH i Ie

Fie B DG/TT 08-2019—2019¢ JIEE 45 44 46 I 47 1 )
WUAE , R FH AT B 4 RE 87 2 b BB 20 1) LA 28 i) g it
HE WS RS AR (0)0° . 15°.30°,45°.60° . 75°F1 90°4E 74~
£ B R 0T K SR 4 S B LR i TSR
e 35 2 e Sk FEAT AR 50 2 Hh B 1 Y RS T T ke
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Fig.1 Shematic diagram of off axis tensile

specimen(size: mm)
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Fig. 2 Shematic diagram of off axis tear

specimen(size:mm)
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Fig. 3 Drawing of biaxial tensile specimen(size :mm)
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Fig. 4 Off axis tensile stress-strain curves of Seaman
PVDF8028 membranes
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Fig. 5 Off axis tensile stress-strain curves of Ferrari
1202T2 membranes
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Table 2 Properties of Seaman PVDF8028 membrane
specimens with different off-axis angles

. -/ (kN )
0/() 7 1) SD RSD/% | 0/C) /% SD RSD/%
m
0 92. 86 1.83  1.97 0 18.46 0.50  2.70
15 70.70 1.82  2.57 15 35.52 0.41 1.15
30 59.77 1.50  2.52 30 60.54 2.63 4.35
45 56. 34 0.75 1.34 45 69.11 1.31 1.89
60 61.49 1.89  3.07 60 67.31 3.06 4.55
75 69. 35 1.53  2.20 75 46.54 0.81 1.74
90 83. 64 3.64  4.35 90  23.57 1.00 4.26
3 Ferrari 1202T2 R+ & 45 5 f ik F 0 1 A8
Table 3 Properties of Ferrari 1202T2 membrane
specimens with different off-axis angles
-/ (KN-
0/C) ”1/(,1) SD  RSD/% | 0/C) /% SD RSD/%
m

0 111.02  6.86 6.18 0 19.52 1.14 5.82
15 82.73  0.95 1.15 15 35.78 0.83  2.32
30 74.32  0.35 0.47 30 53.37 0.46  0.86
45 73.86  0.99 1.33 45 61.00 0.83 1.36
60 84.58 0.86 1.02 60 56.49 0.56  0.99
75 95.15 1.38 1.45 75 38.19 1.09  2.86

1.

87

90 119.53  2.78 2.33 90 19.54 0.37
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Fig. 6 Offaxis break forms of Seaman PVDF 8028 membranes
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Fig. 8 Strength criterion prediction of Seaman PVDF8028
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Table 4 Comparison of predicted and experimental values of Seaman PVDF8028 membrane under three criteria

Tsai-Hill Norris Hashin
0/C)  o;/(kN-m ')
Calculated/(kN-m~ ") Error/%  Calculated/(kN-m ') Error/%  Calculated/(kN-m ') Error/%
0 92.86 92. 86 0 92. 86 0 92. 86 0
15 70.70 75.79 7.2 75.79 7.2 75.28 6.5
30 59.77 58.56 2.0 58.55 2.0 58.55 2.0
45 56. 34 53.10 5. 8 53.10 5. 8 54.41 3.4
60 61.49 57.25 6.9 57.25 6.9 57.08 7.2
75 69.35 71.17 2.6 71.17 2.6 70.72 2.0
90 83. 64 83. 64 0 83. 64 0 83. 64 0
&5 Ferrari 1202T2 [R4F 3 F A U T HUMME 51X 58 18 1Y Lb 32
Table 5 Comparison of predicted and experimental values of Ferrari 1202T2 membrane under three criteria
e H’I/(}{IN . Tsai-Hill Norris Hashin
m) Calculated/(kN*m™")  Error/%  Calculated/(kN*m™')  Error/%  Calculated/(kN*m™')  Error/%
0 111.02 111.02 0 111.02 0 111.02 0
15 82.73 93.10 12.5 93.11 12.5 92.51 11.8
30 74.32 73.86 0.6 73.87 0.6 73.67 0.9
45 73.86 68.12 7.8 68.13 7.8 69. 82 5.5
60 84.58 75.01 11.3 75.02 11.3 74.95 11.4
75 95.15 97.26 2.2 97.27 2.2 96.61 1.5
90 119.53 119.53 0 119.53 0 119.53 0
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Fig. 10  Off axis tear curves of Seaman PVDF8028
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Table 6 Off axis tear strength of two kinds of membrane
Membrane type a/() o,/N SD RSD/ % Membrane type a/(°) o,/N SD RSD/%

0 582. 14 22.29 3.82 0 981.31 36. 85 3.76

15 580.73 33.27 5.73 15 766.76 36.91 4.81

30 691. 86 49.61 7.17 30 904. 06 29.59 3.27

Seaman PVDF8028 45 1122.48 127. 26 11. 34 Ferrari 1202T2 45 1225.46 80. 86 6. 60
60 1081.97 86.67 8.01 60 665.78 34.61 5.20

75 736. 60 16.00 2.17 75 613. 20 12.62 2.06

90 811.37 28.08 3.46 90 736.45 29.25 3.97
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Fig. 12 Fracture forms of off axis tear of Seaman
PVDF8028 membranes

K13 Ferrari 12027 2 5 b4 (4 f Sl 8 24 Wy 11 20
Fig. 13 Fracture forms of off axis tear of Ferrari
1202T2 membranes
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Fig. 17 Biaxial stress-strain curves of Ferrari 1202T2

membranes
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Table 7 RMS comparison of two membranes under linear
and nonlinear constitutive models

%

Linear constitutive Nonlinear
Membrane type .
model constitutive model
Seaman PVDF8028 7.1 3.5
Ferrar1 1202T2 14.4 5.3
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Table 8 R’ comparison of two membranes under linear and
nonlinear constitutive models

Memb . Linear constitutive Nonlinear

mbran

¢ ©ype model constitutive model

Seaman PVDF8028 0.975 0.995
Ferrari 1202T2 0.943 0.989
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