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Study on the Evolution Law of Axial Fracturing of Carbon Fiber Reinforced
Polymer/Plastic Reinforced Cypress

XIE Yugiang, SHE Yanhua® , HUANG Junjie, LI Meng, HE Jiaming
(School of Urban Construction, Yangtze University, Jingzhou 434023, China)

Abstract ; In order to study the evolution law of compressive cracks in two layers of CFRP reinforced cypress with different angles,
uniaxial compression experiments were conducted on cypress wood with two layers of 30°, 60°, and 90° CFRP, respectively. Acoustic
Emission (AE) technology and Digital Tmage Correlation ( DIC) technology were used to monitor the crack evolution process of the
specimens. Finally, numerical simulation was used to verify the load displacement curve of the specimens and provide guidance on
strengthening the wood. The results showed that the acoustic emission signal can reflect the initiation law and mechanical characteristics
of cracks in the specimen. The larger the CFRP wrapping angle, the smoother the crack propagation, the higher the ductility and the
higher the maximum bearing capacity. The combination of RA-AF analysis method and DIC surface cloud map can reflect the type of
crack, location of initiation, and propagation process of the specimen. The cracks in the specimen were mainly tensile type cracks, and
the larger the CFRP wrapping angle, the easier it was for cracks to occur at the end. The combination of AE technology, RA-AF anal-
ysis method, DIC technology, and numerical simulation provides a reference for further studying the relationship between the wrapping
angle of CFRP and the crack evolution law.
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Tab. 1 Material parameters of cypress

WRSCHL SR/ MPa A BPEAE 5/ MPa

5 e Lo -3
&'Jy\_/(g om ™) Longitudinal compressive  Longitudinal modulus
Density

strength of elasticity

0.45 53 8 000

&2 CFRP MBS
Tab. 2 Material parameters of CFRP

SR/ (g - em™) JELRE/mm W FRETHLIEE/ MPa W BRILAHNIAE (%) DI S pEAS i/MPa 88 1] S0 PEA Bt/ MPa BRIA) BT LN 72 (% )

D 2 grom ,ﬂ‘]x K Ultimate tensile Ultimate tensile  Longitudinal modulus Transverse modulus Hoop fibre rupture
ensity rekness strength strain of elasticity of elasticity strain

1.53 0.167 2142 1.01 211 495 7930 0.71
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Tab. 3 Material parameters of the glue
TLRLRIE/MPa PRI/ GPa ARBRANK (%)

LS ;
BLOYIRIE/MPa Tensile Elastic Ultimate
Shear strength .
strength modulus elongation
14.2 52.8 2.9 2.8
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Fig. 1 Schematic diagram of specimen reinforcement
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Fig. 2 Acoustic emission sensor location map
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Fig. 3 Diagram of the loading device
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Fig. 5 2-layer 30° CFRP—wrapped cypress acoustic emission parameter diagram
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Fig. 6 2-layer 60° CFRP-wrapped cypress acoustic emission parameter diagram
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(%) (%)
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0.895 1.643
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10 22 30° CFRP 8EMHANESREANT =E

Fig. 10 2-layers 30° CFRP—wrapped

cypress each point surface strain cloud map
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(%) (%)
14.670 30.866
13.664 28.502
12.657 26.138
11.650 23.773
10.644 21.409
9.367 19.045
8.630 16.681
7.624 14.316
6.617 11.952
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4.604 7.223
3.597 4.859
2.590 2.495
1.584 0.130
0.577 -2.234
-0.429 -4.598
-1.436 -6.962

TZILL ALY CFRP AR K T HE I 25

[ FH 23 B F10, 25 £ 5 R 60° 1 90° 34 Y 4% 1
A1 0 78 7 PO AR (1 11 AT 12) ,60° CFRP fU2E (1)
AR 32 J1 S TR R A M, B SN 72 1 BE 1 U
SLECAE AL FF 0 2B (H ™ A R S0 XU K,

(%) (%)
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27.734 45.127
24.380 41.676
21.026 38.224
17.672 34.772
14.319 31.320
10.965 27.868
7.611 24.416
4.257 20.964
0.903 17.513
-2.450 14.061
=-5.804 10.609
-9.158 7.157
-12.512 3.705
~15.866 0.253
-19.219 23.199
-22.573 ~6.650

B 11 2/E60° CFRP BRHEANERRANERE
Fig. 11 2-layers 60° CFRP—wrapped cypress each point surface strain cloud map
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-0.015 -0.171
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B 12 2/E90° CFRP BRMANEIRANER
Fig. 12 2-layers 90° CFRP-wrapped cypress each point surface strain cloud map
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Wk(34], FTis 1250 57
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Tab. 4 Cypress parameters in ABAQUS

FAPERLAE/ MPa By IR/ MPa THAA
Elastic modulus Shear modulus Poisson’s ratio
Ey Ey Ey Gy Gy Vi VIR V1R
8000 500 500 650 60 0.35 0.05 0.4

TE LAY s R WA AR T AR U1

Note: L means wood longitudinal; R means wood radial; T means wood tangential direction.
F5 CFRP 7 ABAQUS HEIBH
Tab.5 CFRP parameters in ABAQUS

P D R e g e
P s T LI
PMERCE/MPa DYIRUR/GPa AL RSN T o © O BREE/MPa SREE/MPa
. . - . Longitudinal Longitudinal =~ Transverse Transverse L.
Elastic modulus Shear modulus Poisson’s ratio R . i X Longitudinal Transverse
tensile compressive tensile compressive trenath shear streneth
sar strength  shez
strength strength strength Strength shear strengfh sheat: streng
E, E, Gy Gy G V12 Xy X, Y, Y, Si Si3
211.49 7.93 5.3 5.3 4 0.35 2 142.08 1414 37 169 134 120

TE: 1 NUYER4ETT 1] 52 TR T4 4E 07 1) 53 )R T 1]

Note: 1 means along the fiber direction; 2 means perpendicular to the fiber direction; 3 means thickness direction.

R 6 CFRP FMAMZE MR ANERE ABAQUS RS H
Tab. 6 Parameters required for the cohesion model between CFRP and wood in ABAQUS

. L . . - 187 F 2 B
LA R R THEERE SRR RN 2 R kg o 2
. . . . . . - - Wi 4 he Wi B
L direction R direction T direction Normal 1 Directional 2 Directional ~ Normal fracture .
. . . First shear Second shear
stiffness stiffness stiffness stress shear stress shear stress energy
fracture energy fracture energy
1 830 1830 1830 11 11 11 3.3 3.3 3.3
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7° is the maximum principal stress in the S direction; 8, is the dis-
placement corresponding to the maximum principal stress; &; is the failure

of the bond displacement; G; is fracture energy; S, i the area of a triangle.

B 13 ARNETEFES-FEXER

Fig. 13 Cohesive unit traction—separation relationship
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Fig. 14 Verification of load—displacement curves of cypress at different CFRP—wrapped angles
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Tab. 7 Comparison of maximum bearing capacity test values and simulated values of specimens

under different CFRP—wrapped angles

- e KA 1A/ KN e KA IS/ KN o _
CPRP B ROSRR U i RO RR AL HIXFR2% (%) S (%)
Maximum bearing Maximum load capacity .
CFRP-wrapped cypress . . R Relative error Increase
’ capacity test value simulation value
Uﬁk@% 1 149.5 148.1 0.94 0.0
nwrapped
LA 30°
The wrapped angle is 30° 154.4 152.6 117 3.3
TRAE N 60°
The wrapped angle is 60° 155.8 153.2 1.67 4.2
AR 90 159.8 158.8 0. 60 6.9

The wrapped angle is 90°

ses
S.Mises CE:75% HSNFTCRT HSNFTCRT
41:75%) S Y S )
CF¥:75%) 4526510 (F44:75%) (ﬂ?i’al:zg %)
2.110 x 10° +4.837 x 1.00 +1.
st e g SR LR
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+1.055 %< 107 +2.271 x 10 +5.000 x 107! +5.000 x 107}
+8.791 x 107 +1.844 % 10 +4.167 x 10! -167 x 107
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+5274 % 10 10'883 2500 x 10 +23500 % 10!
o Bt 1340 Hegsi e
e 3 +8.333 x 1072 +8.333 x 10~
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[ ) —1 ~ st — ~
[EIREVLE SN (b) K#t (c) %5 1) CFRP (d) %3 2 JZ CFRP

(b) Timber

B 15 2% 30° CFRP BEEMEAREM=E
Fig. 15 2—layer 30° CFRP-wrapped cypress simulation cloud map

(¢) The first layer of CFRP (d) The sceond layer of CFRP

(a) The specimen as a whole
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Fig. 16 2—layer 60° CFRP-wrapped cypress simulation cloud map
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Fig. 17 2-layer 90° CFRP—wrapped cypress simulation cloud map
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