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Abstract: A novel composite plate made of carbon fiber-
reinforced polymer ( CFRP) grids and bamboo scrimber,
termed CBCP, was developed to enhance the mechanical
properties of bamboo scrimber and reduce its anisotropic
defects. To investigate the mechanical behavior of CBCP and
assess the influence of its composite fabrication method,
uniaxial tensile tests were performed on eight sets of CBCP
tensile specimens, and pull-out tests were conducted on
eighteen groups of CBCP pull-out specimens. Three similar
constitutive models were selected to depict the bond stress-
slip curves of the pull-out specimens. The critical anchorage
lengths between CFRP grids and bamboo scrimber were
determined. The effects of the number of CFRP layers,
characteristics of transverse CFRP bundles, and anchorage
length on the bonding performance between CFRP grids and
bamboo scrimber were analyzed. The results reveal that
integrating a CFRP grid can increase the tensile strength of
bamboo scrimber, both parallel and perpendicular to the
by 35. 77% and 135. 20%,
enhancement effectively reduces the anisotropic defects of
bamboo scrimber. The increase of the number of grid layers

grain, respectively. This

and the grid spacing can enhance the tensile performance of
CBCP. With the increase of the anchorage length, the
average interface bonding strength decreases exponentially
while the peak load slip decreases linearly.
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amboo is prominent for its short growth cycle and
Beco-friendly attributes'"’, rendering it a natural
green building material. Despite its advantages over
common structural timber'”’
such as significant variability in mechanical properties
and limited corrosion resistance when used as a building

, bamboo faces challenges
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material. To address these challenges, researchers have
proposed engineering bamboo solutions such as laminat-
ed bamboo and bamboo scrimber”™ . Studies exploring
the mechanical properties of engineered bamboo encom-
pass various aspects”®. Gong et al.'” demonstrated
that bamboo scrimber has significantly higher tensile and
compressive strengths compared to timber and other
bamboo-based composites. However, as a construction
material, bamboo scrimber’s load-bearing capacity is rel-
atively low owing to the substantial bidirectional dispari-
ties in mechanical properties. Therefore, these challen-
ges highlight the need to enhance bamboo scrimber’s
strength to advance its application in construction engi-
neering.

Fiber-reinforced polymer ( FRP) materials are widely
used in construction and bridge engineering, particularly
for reinforcing existing structures, owing to their light-
weight, high strength, easy processing, and excellent

[8-9]

corrosion resistance While most studies have fo-

cused on applying FRP in reinforcing concrete struc-

10-12
tures' !

, research on applying FRP to bamboo struc-
tures is sparse. Shen et al. "' proposed a modified cal-
culation method based on elastic theory for ultimate de-
formation in carbon FRP ( CFRP) composite bamboo
scrimber beams, which was validated through experi-
mental testing. Wei et al. """ conducted four-point ben-
ding tests to assess the flexural performance of FRP-
strengthened bamboo scrimber beams. The predominant
method of applying FRP materials in engineering in-
volves attaching them to the external surfaces of struc-

15
tures'"”’ .

While this method is straightforward in terms
of construction, it faces challenges with interface dura-
bility owing to environmental factors, posing debonding

16 .
18 To address these issues, near-surface mounted

risks
FRP reinforcement has been developed, offering en-
hanced protection against external environmental damage
and improved bonding performance "',

Ref. [ 18] investigated the flexural performance of a
CFRP grid composite cross-laminated bamboo ( CLB)
one-way slab. In the resulting one-way slab, the inclu-
sion of CFRP significantly enhanced its mechanical per-
formance and led to distinct failure modes. This study
aims to elucidate the mechanical properties of the carbon

fiber-reinforced polymer grids-bamboo scrimber compos-
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ite plate, termed CBCP, and analyze the bonding per-
formance between CFRP grids and bamboo scrimber. In
this study, we conducted a series of uniaxial tension tests
and pull-out tests on CBCP. Through experiments and
parametric analysis, the tensile properties and bonding
characteristics of CBCP were systematically explored.
The influence of different types of CFRP grids on the me-
chanical properties of CBCP was discussed to establish a
foundational data set for CBCP application.

1 Mechanical Tests

1.1 Materials
1.1.1 Bamboo scrimber

The bamboo scrimber utilized in this study was derived
from moso bamboo aged between 3 and 5 a, featuring a
density of 1 236. 12 kg/m’ and a moisture content of
8.27% . For the purposes of this study, bamboo scrimber
was assumed to possess identical strengths and moduli in
two transverse directions that are perpendicular to the
grain'”. The mechanical properties of bamboo scrimber
were evaluated according to Chinese standards LY/T
3194—2020"" and GB/T 40247—2021"". The material
properties summarized in
Table 1.

of bamboo scrimber are

Table 1 Material results of the bamboo scrimber

Strength/MPa Elastic modulus/MPa
Type Parallel  Perpendicular Parallel Perpendicular
to grain to grain to grain to grain
Tension 125.31 13.28 11 140.07 3783.44
Compression 113.94 50.93 19 666. 06 2 852.03
Bending 142.95 15.60 15 543.98 1 671.40
Shear 13.30 56.96 1691.72 2 935.38

1.1.2 CFRP grids

The CFRP grids comprised multiple layers of transverse
and longitudinal CFRP bundles, utilizing four types of
CFRP bars fabricated with two, three, or four layers of
CFRP bundles. Tensile tests on the CFRP bars with a var-
ying number of CFRP bundle layers were conducted in
accordance with standards ACI 440. 3R-04"' and GB/T
1447—2005"". Table 2 presents the results of the cou-

pon tests.

Table 2  Tensile strength and elastic modulus of the single

CFRP bar

Layer number of Tensile Elastic
CFRP bundles strength/MPa modulus/MPa

2 1380.73 21 782.77
3 974.72 23 682.66
4 808.72 24 570.26

1.1.3 Specimen preparation

The production process of CBCP involved splitting,
dipping, hot pressing, and cutting. Initially, raw bamboo
was split and processed into bundles of bamboo filaments

through crushing and drying. These bundles were then
dipped in adhesives, dried, and subsequently hot-pressed
at pressures ranging from 16.0 to 17.0 MPa at a tempera-
ture of 135.0 C. The resulting plate was cured for 1-2
weeks at room temperature before being cut into the de-
sired shapes for testing.

1.2 Uniaxial tension tests

Uniaxial tension tests were conducted using a hydraulic
servo universal testing machine ( MTS 810) at a loading
rate of 2 mm/min, as depicted in Fig. 1. The detail in-
formation of the specimens for CBCP uniaxial tension is
presented in Table 3. Specimens were designated as UTP
and UTA for those parallel and perpendicularly to the
grain, respectively. The numbers indicate grid spacing,
while L1 and L2 represent CFRP grids with 5 and 7 bun-
dle layers.

A?l - %
\f oA
Marker line &/ Traverse CFRP bundle
(b)

Parallel to grain/perpendicular to grain

| | I I |
|4 A | | r |

Longitudinal CFRP bundle
(¢)

(d)
Uniaxial tension of the CBCP (unit: mm). (a) Test
setup; (b) Front view of the specimen; (c) Side view of the specimen;

Fig.1
(d) Front and side photos of the specimen

1.3 Pull-out tests

The pull-out specimen involved two bamboo scrimber
plates and CFRP grids, as illustrated in Fig. 2. The
length of the left bamboo scrimber was designed to pre-
vent any bond slip between CFRP grids and the bamboo
scrimber, while the length of the right bamboo scrimber
varied to study interfacial behavior.
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Table 3 Detail information of the uniaxial tension of the CBCP
Label Grid Layer number of CFRP bundles Specimen
abne.
spacing/mm Longitudinal Transverse number

UTP-0-0 5

Parallel UTP-50-L1 50 3 5

to grain UTP-50-L2 50 4 3

UTP-100-L1 100 3 5

UTA-0-0 4

Perpendicular UTA-50-L1 50 2 6

to grain UTA-50-L2 50 3 4

UTA-100-L1 100 2 3 4
Clamping ends  Paralled to grain/_o'z)ltYé’Fsl‘{‘F%gbr‘i‘gS]e designations are as follows: POP and POA denote pull-
——_perpendicular o grain out tests parallel and perpendicular to the grain, respec-
Tl% ‘ %{ tively, with subsequent numbers indicating grid spacing.
| 200—5—1 AN L1 and L2 represent CFRP grid types, while the final

! 400 by | number denotes anchorage length.
Anchorage length
(a)
v f I
CFRP grids
(b)
Fig.2  Pull-out specimen (unit: mm). (a) Front view; (b) Side
view

The pull-out tests were conducted using MTS 810 at 10
mm/min (see Fig. 3). Eighteen groups of pull-out speci-
mens were tested, detailed in Table 4. Pull-out specimen

Fig.3 Test setup for the pull-out test

Table 4 Detail information of the pull-out specimens

Number of transverse

Label
CFRP bars

Layer number of CFRP bundle
Longitudinal Transverse

Specimen

number

POP-50-L1-25

(=]

3 2

NS}

POP-50-L1-40

POP-50-L1-55

POP-50-L1-70

Parallel to grain
POP-50-L1-85

POP-50-L1-100

POP-50-L1-115

POP-50-L2-70

POP-100-L1-70

POA-50-L1-25

POA-50-L1-40

POA-50-L1-55

POA-50-L1-70

Perpendicular to grain
POA-50-L1-85

POA-50-L1-100

POA-50-L1-115

WL [W|W W[ W | W|WIN|W (N[NNI N[N

POA-50-L2-70

IR N NN == OO N[NNI ==

POA-100-L1-70

B[N N NN |WIR W W W W W w W
WWh|lAlWL —m|NWIND|W[IRAR|ROVIRARIND =N

[SSI NN

2 Test Results and Experimental Observations

2.1 Tensile behavior of CBCP
2.1.1 Failure modes under uniaxial tension
Fig. 4 illustrates the failure surfaces of uniaxial tension

specimens. Two distinct failure modes were observed in
bamboo scrimber specimens without CFRP grids: fracture
of bamboo fibers (F) and separation of bamboo fibers
(S). Conversely, CBCP specimens exhibited three failure
modes: failure of bamboo scrimber parallel to the grain
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and CFRP grids (FC), failure of bamboo scrimber per-
pendicular to the grain and CFRP grids (FS), and failure
of bamboo scrimber perpendicular to the grain and partial
failure of CFRP grids (PA).

(e)
Failure modes in uniaxial tension tests. (a) F; (b) S;
(c) FC; (d) FS; (e) PA

Fig. 4

2.1.2 Force-displacement curves

The test results of the uniaxial tension are listed in Ta-
ble 5. F,, is the peak load at the failure point and f, is
the tensile strength calculated as

F

f= (1)

where b and d are the average values of the measured
width and thickness, respectively.

The force-displacement curves of CBCP specimens par-
allel to the grain exhibit three distinct stages, as illustra-
ted in Fig. 5(a), including the linear stage, the nonlinear
stage, and the failure stage. During the linear stage, the
force increases linearly with displacement until reaching
point C, followed by a decrease in slope during the non-
linear stage due to bamboo fiber fracture. At point D, the
force peaks before experiencing a dramatic decrease, indi-
cating brittle failure.

As shown in Fig. 5(b), the force-displacement curves
of CBCP specimens perpendicular to the grain also dis-
play three stages: linear, plastic, and failure. The linear
and failure stages resemble those observed in specimens
parallel to the grain. However, the plastic stage, starting

801

Peak load
00 D
6 (Nonlinear stage
50F
g C
S 40F Failure stage
Q L
= 30+
20r / Linear stage
10
s, AL .
0 2 4 6 8 10
Displacement/mm
()
101 D
) Peak load
8 |- Plastic stage
E 6 Failure stage
=
g
= 4r
C
Linear stage F
20
E
B
0 1 1 1 1 1 1 ]
0 1 2 3 4 5 6 7
Displacement/mm
(b)

Fig.5  Stage definition of the force-displacement curve. (a)
Parallel to the grain; (b) Perpendicular to the grain

at point C, exhibits significant fluctuations owing to bam-
boo fiber separation, contrasting with the nonlinear stage
in Fig. 5(a). At point D, the force peaks at a relatively
lower level compared to that in Fig. 5(a).
2.1.3 Stress-strain curves

Only the stress-strain curve, derived from extensometer
data in the early loading stage, was analyzed. Stress in-
creased linearly with strain until brittle failure occurred in
the uniaxial tension test. Fig. 6 displays the stress-strain
curves of representative groups of uniaxial tension speci-
mens. The average modulus of elasticity for each speci-
men group is depicted in Table 5.

2.2 Interfacial behavior of CBCP

2.2.1

The pull-out test yielded two types of failure modes:
bond failure ( BF) and tensile failure ( TF), as illustra-
ted in Fig. 7. In specimens experiencing BF, the force
increased linearly with displacement until the peak
point without any relative slip between the CFRP grids
and the bamboo scrimber. Subsequently,
debonding occurred, resulting in a sudden decrease in
force, while residual force ( approximately 50 % -60 %
of the peak load) persisted owing to interfacial friction
until the total pull-out of CFRP grids ( see Figs. 7 and 8
(a)). After debonding, no damage was observed on the

Failure modes under pull-out

interfacial
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(a) (b)
Fig.6  Stress-strain curves. (a) UTP-100-L1; (b) UTA-100-L1
Table 5 Test results of uniaxial tension tests
Label F,./kN Tensi'Ie strength . Peak Failure Average. I.nodulus
fi/MPa displacement/mm mode of elasticity/GPa
UTP-0-0 56.188 4 108.9 5.7 F 12.04
UTP-50-L1 59.908 0 128.6 5.9 FC 16.93
UTP-50-L2 71.306 0 147.9 5.1 FC 17.98
UTP-100-L1 71.623 0 146.9 5.0 FC 18.85
UTA-0-0 5.8714 11.6 1.0 S 3.49
UTA-50-L1 7.710 1 15.5 1.8 FS 5.84
UTA-50-L2 12.298 0 25.3 1.9 PA 7.12
UTA-100-L1 10.444 8 21.5 1.5 PA 6.16
18
16 _Peak load
14}
2 2111 50%-60% of peak load
0-60% of peak loa
% 10 _—
<
c 8
() (b) — 6
Fig.7 Failure modes in the pull-out test. (a) Bond failure; (b) 4
Tensile failure 2
. . . O 1 1 1 ]
CFRP grids, although some bamboo scrimber residue re- 0 5 10 15 20 25 30
. . Displacement/mm
mained. Notably, BF occurred only when the bonding
length was smaller than the critical anchorage length. (a)
In specimens experiencing TF, the combined effect of 24 -
chemical bonding and mechanical interlocking provided % ___ Peak load
interfacial shear resistance that exceeded the tensile i
strength of the composite specimen. Similar to BF, the o 16 /70% of peak load
force-displacement behavior remained linear until reaching % . 40% of peak load
the peak. Beyond this point, the longitudinal bars in the 3 /
CFRP grids gradually fractured, causing force fluctuations 8
within a small displacement range. At approximately 5 4
mm of displacement, most carbon fibers had fractured,
and the force decreased to about 2 kN. Further displace- 00 10 20 30 40 50
ment deactivated carbon fibers, causing the force to re- Displacement/mm
duce to zero (see Fig. 8(b)). (b)

2.2.2 Constitutive model of the bond stress-slip be-
havior

The results of the pull-out test are summarized in Ta-

bles 6 and 7. F__ represents the peak load at the failure

point, and 7, denotes the average interfacial bonding

Fig.8  Force-displacement curves of pull-out specimens for
different failure modes. (a) Bond failure; (b) Tensile failure

strength between the longitudinal grid and the bamboo
scrimber, calculated as
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F

max

T Zo(wan)l 2)

where w, ¢ and [ are the average values of the measured

width, thickness and anchorage length of longitudinal
grids, respectively.

Table 6 Test results of the pull-out test parallel to the grain

Peak load Fail
Label n [/mm w/mm t/mm Frox/N T/ MPa e' od arare
slip/mm mode
POP-50-L1-25 0 25 7.17 5.46 15 651.42 24.81 1.264 BF
POP-50-L140 1 40 6.94 5.47 18 470.99 18.61 1.234 BF
1 55 7.91 5.40 17 034.20 11.63 1.095 BF
POP-50-L1-55
2 55 7.25 5.65 19 540.52 13.73 0.99%4 TF
1 70 7.27 5.46 15 863.25 8.90 1.553 TF
POP-50-L1-70
2 70 6.97 5.34 17 384.36 10. 10 0.423 TF
POP-50-L1-85 2 85 7.33 5.44 16 559.22 7.64 0.867 TF
POP-50-L1-100 2 100 7.38 5.57 19 446.24 7.52 0.410 TF
POP-50-L1-115 2 115 7.32 5.51 20 015.91 6.78 0.177 TF
POP-50-L2-70 2 70 7.48 7.49 21 248.97 10.15 0.900 TF
POP-100-L1-70 1 70 7.10 5.41 15 782.35 9.01 0.498 TF
Note: n denotes the number of transverse CFRP bars in the anchorage section.
Table 7 Test results of the pull-out test perpendicular to the grain
Peak load Fail
Label n I/mm w/mm t/mm Froax/N T/ MPa efl oa arare
slip/mm mode
POA-50-L1-25 0 25 7.92 2.90 9716.08 18.03 1.057 TF
POA-50-L140 0 40 7.74 2.85 1 2678. 46 14.96 1.176 TF
POA-50-L1-55 1 55 7.47 3.34 9 521.25 8.02 1.127 TF
1 70 7.46 3.26 5283.44 3.52 1.226 TF
POA-50-L1-70
2 70 8.00 3.49 11 645.61 7.24 1.330 TF
POA-50-L1-85 2 85 7.48 3.66 10 323.10 5.45 0.521 TF
POA-50-L1-100 2 100 7.40 3.38 11 636.68 5.40 0.065 TF
POA-50-L1-115 2 115 7.75 3.23 10 166.99 4.02 0.750 TF
POA-50-L2-70 2 70 8.10 4.61 11 690. 63 6.57 0.573 TF
POA-100-L1-70 1 70 7.22 3.30 5 079.60 3.45 0.239 TF

Bond stress-slip curves of representative specimens
were fitted using the MBPE model”™, CMR model*",
and smooth curve model™ . The fitting results are pres-
ented in Fig. 9. The values of the coefficient of determi-
nation (R*) of the fitting results are presented in Table 8.

The bond stress-slip curves of pull-out composite
specimen groups revealed three stages: ascent, descent,
and residual. According to the fitting results, the MBPE
model exhibited satisfactory performance solely in the
ascent stage for the parallel-to-grain specimens and both
the ascent and descent stages for the perpendicular-to-
grain specimens. the residual stage of the
MBPE model was not suitable for the bond stress-slip
curves of the CFRP grid and bamboo scrimber. Con-
versely, the CMR model effectively fitted the ascent
stage of the bond stress-slip curves for all specimen
groups, as evidenced by the high R* values. Lastly, the
smooth curve model was applicable only to the descent
stage of the bond stress-slip curve for the perpendicular-
to-grain specimens.

However,

2.2.3 Critical anchorage length
From Table 6, composite specimens featuring 3 lay-
ers of longitudinal CFRP bars exhibited BF at a 40 mm

anchorage length, while specimens demonstrated both
BF and TF at a 55 mm anchorage length. Therefore,
an anchorage length of 55 mm was identified as the
critical anchorage length for CBCP pull-out specimens
parallel to the grain with 3 layers of CFRP grids.

The calculation method for anchorage length follows
GB 50010—2010™". Fig. 10 shows the calculation mod-
el for the critical anchoring length, which can be calculat-
ed according to the equilibrium of force as

wt fC

lﬂzkz(wﬂ)f (3)

where [, is the critical anchorage length of CFRP grids;
w and t are the width and thickness of longitudinal
CFRP bar, respectively; f, is the tensile strength of
CFRP grids; f, is the tensile strength of the bamboo
scrimber.

By substituting the data obtained from the pull-out test
into Eq. (3), we can derive the calculation formula of
the critical anchorage length for CBCP pull-out specimens
parallel to the grain with 3 layers of longitudinal CFRP
bars as
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Fig. 9

12
—— POP-50-L1-70
10k “ —— MBPE model
—— CMR model
8\ Smooth curve model
6 -
4 -
2 -

0 1 1 1 L L !
2 0 2 4 6 8 10 12
s/mm

(a)
351
——POA-50-L1-70
30k —— MBPE model
.l CMR model
=] I — Smooth curve model
20F
1.5F
1.0f
0.5F —
1 1 1 1 !
0_2 4 6 8 10 12
s/mm
(c)

POA-50-L1-70; (d) POA-50-L2-70

—— POP-50-L.2-70
—— MBPE model

—— CMR model
Smooth curve model

t/MPa

8 10 12 14 16 18
s/mm

(b)

——POA-50-L2-70
—— MBPE model

—— CMR model
Smooth curve model

o

/MPa

4 6 8
s/mm

(d)

Fitting results of test results and theoretical models of bond stress-slip curves. (a) POP-50-L1-70; (b) POP-50-L2-70; (c)

Table 8 R’ of fitting results

Label MBPE model CMR model Smooth curve model
ape.
Ascent stage Descent stage Residual stage Ascent stage Ascent stage Descent stage
POP-50-L1-70 0.89 0.77 -4.08 0.82 -0.42 0.74
POP-50-L2-70 0.93 0.01 -2.09 0.95 0.08 -0.71
POA-50-L1-70 0.76 0.88 -1.63 0.92 0.55 0.94
POA-50-L2-70 0.83 0.9 -3.55 0.89 0.20 0.96
wt [, Table 7), it was not feasible to determine the critical an-
[,=2.26— — 4) .
w+t f, chorage length of CBCP pull-out specimens.
3 Discussion
t{l
———— ,ﬁ» 3.1 Parametric analysis of uniaxial tension of CBCP

- - - = =

l,

Fig.10 Calculation method of critical anchoring length

Owing to the limited number of tests conducted in the
pull-out test of specimens perpendicular to the grain ( see

In the uniaxial tensile tests of CBCP, specimen groups
UTP-0-0 and UTA-0-0 serve as the control group. The
variations in tensile strength, elastic modulus, and peak
displacement compared to the control groups for each
specimen group are presented in Table 9.

Table 9 Average parameters of each specimen group

Label

Tensile strength

Elastic modulus Peak displacement

f/MPa Variation/ % E/GPa Variation/ % s,/ mm Variation/ %

UTP-0-0 108.90 12.04 5.73

UTP-50-L1 128.59 18.08 16.93 40.61 5.89 2.79
UTP-50-L2 147.85 35.77 17.81 47.92 5.14 -10.30
UTP-100-L1 146.90 34.89 18.85 56.56 5.01 -12.57
UTA-0-0 11.56 3.49 0.98

UTA-50-L1 17.52 51.56 5.84 67.33 2.14 118.37
UTA-50-L2 29.27 153.20 7.12 104.01 2.09 113.27
UTA-100-L1 21.53 86.25 6.16 76.50 1.47 50.00

Note: s, denotes the peak displacements in uniaxial tensile tests.
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3.1.1 Effect of the CFRP grids

Table 9 demonstrates that integrating CFRP grids sig-
nificantly enhances the tensile strength and elastic modu-
lus of bamboo scrimber and has a more significant effect
on the perpendicular-to-grain direction of bamboo scrim-
ber (maximum increase of 35.77% for specimens parallel
to the grain and 153.20% for specimens perpendicular to
the grain), effectively mitigating its inherent two-way an-
isotropic defects.
3.1.2 Effect of the layer number of CFRP grids

Comparing groups UTP-50-L1 and UTP-50-L2, along
with UTA-50-L1 and UTA-50-L2, reveals that increasing
the number of longitudinal CFRP grids enhances the ten-
sile strength and elastic modulus of CBCP, especially
perpendicularly to the grain. Material data presented in
Section 1.1 indicate that CFRP grids possess substantially
higher tensile strength and elastic modulus compared to
those of the bamboo scrimber. Consequently, as the layer
number of CFRP grids increases, the ratio of CFRP to
bamboo fibers’ cross-sectional area ratio rises, boosting
CBCP’s tensile properties.
3.1.3 Effect of grid spacing

Comparing specimen groups with different grid spac-
ings ( UTP-50-L1 and UTP-100-L1, UTA-50-L1 and
UTA-100-L1) reveals that increasing the spacing between
transverse CFRP bundles enhances tensile strength and e-
lastic modulus but reduces peak displacement. This is at-
tributed to the reduced gaps on the surface of the CFRP
grids (see Fig. 11), improving the synergy between the
bamboo scrimber and CFRP grids, thereby enhancing the
tensile properties of the composite specimens. However,
given the inherent variability in bamboo scrimber speci-
mens, further experimental verification is needed to deter-
mine the impact on peak displacement.

(a) (b)

Fig.11  Voids on the surface of CFRP grids. (a) Grid spacing
of 50 mm; (b) Grid spacing of 100 mm

3.2 Parametric analysis of interfacial bonding of CB-
Cp
3.2.1 Effect of the layer number of CFRP grids
Analysis of the test results presented in Tables 6 and 7
reveals that, compared to POP-50-L1-70, the average
interface bond strength of POP-50-L2-70 increased by
4.54% , and the peak load slip increased by 12.5% .
On the other hand, when compared to POA-50-L1-70,
the average interface bond strength of POA-50-L2-70 de-

creased by 9.25% , and the peak load slip decreased by
56.91% . The peak bond stress of the pull-out tests par-
allel to the grain was found to increase with an additional
layer of longitudinal CFRP bundles.
pull-out tests conducted perpendicularly to the grain,

Conversely, in

peak bond stress notably decreases with more CFRP grid
layers. This decline in bonding performance can be at-
tributed to the increased cross-sectional area ratio be-
tween the CFRP and bamboo scrimber, resulting in a
higher number of voids between the CFRP grid surfaces
perpendicular to the grain, which consequently reduces
their bonding performance with bamboo scrimber.

3.2.2 Effect of the transverse CFRP bundles

For both the parallel and perpendicular orientations rel-
ative to the grain, we compared the test results of speci-
mens in groups POP-50-L1-70 and POA-50-L1-70, which
feature 1 and 2 transverse bundles in the anchorage sec-
tion, respectively. When the anchorage length is consist-
ent, an increase in the number of transverse bundles in
the anchorage section causes the average interface bond
strength to rise, resulting in a 15.30% increase for speci-
mens parallel to the grain and a 105. 68% increase for
specimens perpendicular to the grain. This phenomenon is
attributed to the robust integration of transverse CFRP
bundles and longitudinal CFRP bundles at the nodes using
epoxy resin, thereby requiring the pull-out test to surpass
both the bond strength of the epoxy resin and the con-
straint of the transverse bundles.

When comparing the average interface bond strength
and peak load slip across specimen groups with different
transverse grid spacings ( POP-50-L1-70 and POP-100-
L1-70, POA-50-L1-70 and POA-100-L1-70), with the
same anchorage length and number of transverse bundles
in the anchorage section, increasing the spacing of trans-
verse bundles from 50 to 100 mm reduces the peak load
slip for specimens oriented both parallel and perpendicular
to the grain, while the average interfacial bond strength
changes minimally.

3.2.3 [Effect of the anchorage length

Fig. 12 illustrates the bond stress-slip curves for each
anchorage length group, revealing a gradual decrease in
peak load and a leftward shift in the curve as the anchor-
age length increases. The average
strength and peak load slip data at various anchorage

interfacial bond

lengths were subjected to a fitting analysis, as depicted in
Figs. 13 and 14.

With the increase in the anchorage length, both the
peak load slip and the average interface bond strength ex-
hibit a decreasing trend. This occurs because as the an-
chorage length increases, the bond strength increases, re-
sulting in a corresponding decrease in slip displacement at
the peak load. Additionally, as the anchorage length in-
creases, the contact area of the interface also expands,
leading to a decrease in the average interface bond stress.
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Fig.13  Fitting results of anchorage length and average inter-
facial bond strength. (a) Parallel to the grain; (b) Perpendicular to
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The fitting results show that as the anchorage length
increases, the average interface bond strength decreases

CP specimens improve with additional layers of CFRP
grids.

3) The pull-out tests revealed two failure modes. Based
on these results, a formula was developed to calculate the
critical anchorage length of CBCP featuring 3 layers of lon-
gitudinal CFRP bundles in the parallel-to-grain direction.
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4) The bond stress-slip curves are characterized by
three stages: ascent, descent, and residual. To analyze
these curves, three constitutive models were applied to fit
the test data, revealing partial degrees of applicability to
the bond stress-slip curves of CFRP grids and bamboo
scrimber.

5) Increasing the number of CFRP grid layers enhances
the bond strength of CFRP parallel to the grain. Howev-
er, it significantly weakens the bond strength of CFRP
perpendicular to the grain. Augmenting the number of
transverse CFRP bundles in the anchorage section en-
hances bonding performance, especially in the perpendic-
ular direction to the grain. Widening the grid spacing re-
duces the peak load slip between CFRP grids and bamboo
scrimber without notably affecting the average interfacial
bond strength.

6) As the anchorage length increases, both peak load
slip and average interface bond strength decrease. The re-
duction in the average interface bond strength can be de-
scribed by a power function, while the peak load slip de-
creases linearly.
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