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Effects of tow specification, fabric ply angle, and loading direction

on tensile and damage behavior of carbon fiber biaxial composites
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Abstract: A systematic investigation was conducted on the mechanical behavior and failure
mechanisms of carbon fiber biaxial composites. Single-ply and hybrid-ply composites were fabricated
by selecting carbon fiber biaxial fabrics with three tow specifications, namely 12K, 24K, and 48K.
Tensile tests were conducted at 0° and 45° loading directions, and strain evolution was monitored
using 3D-DIC technology. The results indicated that the tow specification had a significant impact on

the fiber-resin interfacial bonding strength. The fabric ply angle notably influenced the load transfer
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path and failure mechanism of the specimens. Hybrid-ply could enhance the tensile strength of the

composites but induce significant interlaminar delamination. The loading direction determined the

stress mechanism of the fibers. When the load direction was parallel to the fiber axis, the fiber

strength was fully utilized, and the composite failure was characterized by sudden brittle fracture. In

contrast, under off-axis loading, the composites exhibited ductile fracture with a gradual process and

complex strain distribution.

The research findings can provide references for the design and

application of biaxial composites, suggesting that optimizing the ply configuration based on the

primary load-bearing direction could achieve synergistic regulation of mechanical properties and

damage behavior.

Keywords: carbon fiber biaxial fabric; composite; tensile property; tow specification; fabric ply

angle; loading direction; failure mechanism

B T4 525 AR A B B AL v R T S A
S URBAFENT A MR A A Y AR A B A
SRR ARAE 22 o rp i) B2 B e 4t vl
IrRREZH (= 24K, RIVEE AL 22 /DT 24 000 AR ) 11
/LR (< 24K RV 221G T 24 000 AR PR
R 22 R 2T 4 A8 2B 77 A B A 77 RO 8
o LR AR A B AR AR A KU I T o
ARG AR U B b U 1) 2 4
BRI R FERRET e T 2 P RE WA RGERAR , k4T 47
HAPRIR S S54SR | i 2 DL S 1 IR
FIRULTT AR B AT B, AT HA D5 85,
XSG 73] 28 G 405 ¥ BE AT 00T I PR 28 4 25t A s 2mg 7
AN AR T A e 2 AR Y e B RS A5 ) 5 4
FHMOT b 2T A AU i 26 bRk L 11 1 i
st ERUh U 2 A AR R RO
R PIE S T IS G

MHT, O 25 U 2 A 2 T 4
ZXT Bk £F 4 1 5% 5 5 4 B} (carbon fiber reinforced
polymer, CFRP ) J22 G M N2 HoAt 2T 4 ( /)N 22 i 2F
Y 5U PHELTAESE ) WU 1A S S5 MR 2
BERY R JR TP R AT . B, 08 45 450
~45° 0°F1 90°J7 [a] Xof Al P G 4T 4 52 5 BoRL B D5 28/
PORET IR I 52 G MR EAT T Rl 45213k
B T —45°F1 45° 77 ] Hr At 1Re R A RE d
Horp 528/ BB LT YEIR 2 A M RHEIT 405 1)
AT , AR B A al B I 4T 4 5 B MR =
T 29 20% , F B ALK E B TR X — 35
UG ARG T, Pang' " il iS40 BT 6 Fhl )2
Jr Ay CFRP JZ G R AL 7, R G HO R T HA%

— 12 —

OPLPERES B, & AR )2 FA B 5 B0 2 00T % 44
PrPEREA W, BFSTER L, 7R R 2RO AR
BT B 004l 28 T2 6 B A If 3 2 48 e L
B, AT SR TR R A 7 R R, Ren 55103
FEHTZ A 5 2 RS CFRP L BE A 2 M AL
il 200 e 0 FHREJE 40 1) ok 2455 .75 T 100 wm A T
BRE, & T 38 U R SRS m RIPE R A AR, AT
TR, 25 B 2R E 1) W42 A
1) T S X ) B, LR T A 1) R 25 R ST o
PERE 19 52 ) K F X6 28 X2 2 A AR H, Yu
SFUOTHAER T 3 FhERE A (0°,45° 5 -45°) (kLT
Y mp ) R AR AR o7 o B rh LY R AT R, &
PR [ 6 J2 # B X 280 e B A S i 1 43 A B W
BAYPAEAEA, Gao %) I T AR 42 H B R )
FAS SRR, S T2 S
RN X CFRP APtk reny sz, 451 R0,
CFRP A HTHLaR BT I A% 3 52 55 hy SRR, P A7 FG A
TR HRE AN 0 AR A T B R A
AERAY. , S22 IUT 556 )2 A B A AL [F 20 . Swolfs
LSRR TE CFRP A | S 3a80Ks B 1 Bk 41 4 TR
RH5 U RV AT IR 24 2 RIS AR
VR SRS R S ORI B 5 e B A BT R B, (R
BHER R P AR R A, L O HEE
SRR T RGWFE T 4 FIE 2 A B 10 22 4 )
LUt g G A B R E R, S5 R T2
FEE RIS R AR AT Bl 2 AR B X AR i
PEREX A FH AR, B BE 3 21 4 7 [n] 5 57 A 5 1)
FARYBE A, AR E S R R, (H LR 22 3R
LRI B N F R X 5, R L EZ A AR



F44%
2026 F£5 3

EURMAR

Technical Textiles

L EEHH 1

F12EPERE R R A iR D

AWFFEEEL 3 P22 AL A% Bl 12K (24K 5 48K
IR AT AU 1 2390 , 43 il £ SR —4f 2306, I ik
— 20 Ml 3@ Ik VR 2 A B A TR A B 2R RS
1 005 4577 AT Hr AR, R G5 22 AR |
LVYIR I A0 B R AR 1) Rk 2T 4k XUl 1) & A b4 R
PLAR B AT R R RE I, XoF B I A FL IR LA, LA
AR T A U ) &2 A R BT R R S

1 Ao

1.1 R
EAMRIETRIAR 12K F1 48K BRET 4 XU 7] 21
(RN 22 R A A R Iy A3 BR A R AE ™)
PR 24K BRET 4 XUl ) 239 (g T % HER A MR
B EIAE ) BRS 5N 1 fn, KB 1 islfg
TR AR I 2V B R e 0 SRR L T,
1 BRFEWHEAWEEGSH

Tab.1 Specific parameters of carbon fiber biaxial fabrics
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Fig. 1 Photo of carbon fiber biaxial fabric
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Tab.2 Specifications of composite samples
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Fig. 3 Photo of tensile test site
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Fig.4 Photo of speckle pattern on the surface of tensile specimen
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Fig.5 Tensile properties of single-ply specimens in 45° loading directions
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Fig. 6 Tensile properties of single-ply specimens in 0° and 45° loading directions
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Fig. 7 Tensile properties in 0° loading direction for single-ply and hybrid-ply specimens
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Fig. 8 Contour plot of strain for single-ply specimens in 0° and 45° loading directions
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