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Preparation and bending properties of curved structure composite

reinforced with multi-axial warp-knitted glass fabric

XU Hainan, LIU Ce, YANG Jinwei, GAO Xiaoping*
(College of Light Industry and Textiles, Inner Mongolia University of Technology, Hohhot 010080, China)

Abstract: Biaxial warp-knitted glass fabric and quadriaxial warp-knitted glass fabric were used as reinforcement,
respectively. The flat and curved structure samples were prepared by applying the vacuum assisted resin transfer
molding process. The bending behavior and quasi-static indentation characteristics of composite specimen were
experimentally tested, and the influence of the reinforcement structure on the bending behavior of the composite in
0° and 90° directions was analyzed. On this basis, the influences of the reinforcement structure and the radius of
curvature of the sample on the quasi-static indentation characteristics were also analyzed. Results show that the
equivalent bending strength of the composite reinforced with biaxial warp-knitted fabric in 0° and 90° directions in-
crease by 94.74% and 98.37%, respectively in comparison with that of the quadriaxial warp-knitted fabric, and the
maximum fracture strain of the quadriaxial warp-knitted fabric in 0° and 90° directions are 1.9 times and 2.4 times
than that of the biaxial warp-knitted fabric. When the curvature radius of biaxial composite is 260 mm and the
curvature radius of quadriaxial composite is 150 mm, the bending strength of the two materials are optimal. When
the curvature radius of biaxial composite is 150 mm and the curvature radius of quadriaxial composite is 80 mm, the
fracture strain of the two composites are optimal. The experimental results will provide guidance for application of

curved structure composite in various large outdoor building domes.
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Table 1 Basic parameters of multi-axial warp-knitted fabric

Fabric structure Axial/(°) Linear density/tex Layer number Weaving density/(yarn-10cm™)  Surface density/(g-m™) Thickness/mm

Biaxial o 2400 2 27 1200 1.0
1axia 90° 1500 22 :
0° 600 39
Quadriaxial 457 300 3 55 800 0.7
vadn 90° 300 55 :
—45° 300 40
(a) Biaxial |(b) Quadriaxial L Gas s
by ipmai g I g ey e o
e g e o
b O o fpp e < o 45 O
Warp
Binder yarn
Weft — e
e A .
s e e oyt <
A A e g

1 20 S mBIEEAEY)
Fig.1 Multi-axial warp-knitted fabric
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Fig.2 Schematic diagram of curved-surface mould
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Table 2 Composite material specimens and performance tests

Specimen structure Fabric structure Test direction Type of test
Biaxial 0°/90° . .
Flat Quadriaxial 0°/90° Bending properity
Biaxial — . - .
Curved Quadriaxial o Quasi-static indentation
%3 THRESER R 1.3 FHEERSBIKRE
Nl 29] 57 WL RS o i 2
Table 3 Actual size of bending sample Z: i ASTM D3171—2015" o R B I
Specimen Test Average Average Average E % *j *‘4 ﬁtﬁé B/‘J —Q—‘T‘ Zﬁ M: H ﬁ@[ o /E\* M: /A\ J_’—t ﬂn T
P direction width/mm thickness/mm span/mm S e (RT3 BK Vi
= = 2y .
0° 12.79 3.20 51.20
o PmWr
Biaxial 90° 12.63 3.17 50.72 f= ———— x100% (1)
Pt W +pomWr
- 0° 12.85 2.98 47.68 S N NS N
Quadrizxial g0 oo 2% pios S W B IR SRR TR B (g)s Wl 25 Bt

% M ASTM D6264/D6264M-17 # ifi , 43 5l
il $5 P AR SR AR 25 A8 . 3 APl %€ (80 mm, 150 mm
260 mm) 6 i FLAK S IR LI R, A
RS R A 5 e, IR IR WL IR 3, kA
SR 4,

(8)s prh WG LT Y % & (g/cm®);  pohy H AR % JE
(g/cm’®),
1.4 T ph e K

M AGS-X HL 27 B AL (H A< 5 3
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Fig.3 Quasi-static indentation test specimen
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Table 4 Quasi-static indentation test specimen parameters

Designation Value/mm
Length a 751
Width b 75+1

Half length ¢ 40+0.5
Diameter d 50+1
Thickness e 15+1
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(b) Specimen test
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Fig.4 Three point bending diagram and test

(a) Schematic diagram
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Fig.5 Quasi-static indentation test equipment and specimens
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Table 5 Mass, volume before and after burning and fiber volume fractions of composite reinforced with multi-axial warp-

knitted glass fabric
Specimen Specimen volume/cm?® Specimen mass/g  Mass after burning/g Matrix mass/g  Fiber volume fraction/%
Biaxial 1.482 3.217 2.402 0.815 56.68
Quadriaxial 1.468 3.196 2.235 0.961 50.80
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Table 6 Parameters of bending performance of composite reinforced with multi-axial warp-knitted glass fabric

Specimen Direction/(*) Maximum Maximum Bending Bending Equivalent Equivalent

P load/N strain/% strength/MPa  modulus/GPa  strength/MPa  modulus/GPa
Biaxial 0 1 255.59 2.78 741.49 32.89 588.69 26.11

1axia 90 729.58 2.10 430.85 29.98 342.07 23.80
Quadriaxial 0 541.75 5.27 341.26 9.42 302.30 8.34

vadnaxial g, 329.64 4.99 194.67 5.54 172.44 491

2.2.2 ¥ JJ-0 A2 2R WAEI IS, B ) HLEAE 3, imiE N R 2Lk
XSl 1oy 600 DU B 1] 525 A RHIET 0°F1 90°T7 1) Y 25 AR AT, BRI

it Rz g - AR 2k, W 6 Bk . TR, XU e A
0l ) S R AR ) 2 g - 1A il B AR
fREa#ARRL, g55R 1A, h TSR 2
LH2h AR AR AR AR, 2 A il ﬁm%
BOR, UU 1) 52 5 A R 2 2880 R 3 38 R D i 1 52
FARE RIS, P AR A 2 5 AR e AN A D
T 9077 1] A2 KT 0°J7 [l o

TERI IR B B, MHZK R R PR, 2l g ok
PR R PR I ) R PH A o T 257 R A ) 6
PR 257 L A A R, eI S A B A
5] Fof 3 P ot 5 A L5 3 o A S8 T RS o A 5
AT B E— A, SRR AT, T
BSRIR N Z R, ROTR BRI B
AR KM, AN Z 22 IR R R 3 Ok 257K

223 RBEE

I F BC1000 /& 8t G Be (AR 56 i1 P58 v+ )
oA BRAA ALY WGP R0 &2 G b Ak Tr 24 48 T T A0
fiE, W7 fiR. bk, &AM
W0 EAE PRI X 4, HLRAE 3R R
ZESE S, TR EERZRA . R g%
TR R B RIE A, WA E I E &
MOBHR BT . i 2 iR R RO AT A, B4
KEZERE LELEFHME, R T REEE AR
[ B E A 3

XU 1] 52 A3 B R RE T 00T 90 ), L
AR BT R A2 B X, R A
[ FE BE LR ikl . 724 . I EE , i
FEMI T BT 400 )2 . P2 W . ik SE 4,



R P A o T A 2 A 22 Tl ) B IR T A 52 5 b R A I S i M R - 4511 -
800 500
(a) 0° direction . — - - Biaxial (b) 90° direction — - - Biaxial
700 /.-’ b —— Quadriaxial . —— Quadriaxial
P 400 | i
600 7 ‘ TR
7 | iV
r / ! :
§ 500 ! § 300 i \
< 400 | / \ S i \—’\
& J | 4 ;
& / Z 200 | / :
“ 300 | ’ \. A ! ‘
g ]
7 . i .
200 + M i I
. 100 |
100 |/ e i \
1" N X ] W/‘\
0 1 2 3 4 5 6 7 0 2 4 6 8 10

Strain/%

Strain/%

6 22l B LT 2B MOBRE A [) J7 16 25 7 3 - o 28 1 26

Fig. 6 Bending stress-strain curves of composite reinforced with multi-axial warp-knitted glass fabric in different direction

(a) Biaxial warp-knitted composites in 0° direction

(b) Quadriaxial warp-knitted composites in 0° direction

(c) Biaxial warp-knitted composites in 90° direction

(d) Quadriaxial warp-knitted composites in 90° direction

Bl 7 i 2 BERELT A5 RN i KRR

Fig. 7 Bending failure diagram of composite reinforced with multi-axial warp-knitted glass fabric
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Fig.8 Load-displacement curves of composite reinforced with multi-axial warp-knitted glass fabric with different curvature
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