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ABSTRACT
In this work, we used tensile tests to analyze the tangential failure forms of raw bamboo and determine a relationship between tangential tensile strength, elastic modulus, position, density, and moisture content. We found that
the tangential mechanical properties of the culm wall were mainly dependent on the mechanical properties of the
basic structure of the thin wall. Formulas for calculating the tangential tensile strength of moso bamboo and
adjusting the moisture content were also determined. The tangential tensile strength and the tangential tensile
modulus of elasticity (TTMOE) followed: outer > middle > inner, and diaphragm > bamboo node > culm wall.
Below the ﬁber saturation point, the tangential tensile strength and TTMOE values of the bamboo gradually
decreased with increasing moisture content. When the moisture content was 15%, the tangential tensile strengths
of the inner, middle, outer, culm wall, bamboo node, and diaphragm samples of the ﬁve-year-old moso bamboo
were 3.17, 3.29, 3.31, 3.24, 3.67, and 8.85 MPa, respectively. Furthermore, their TTMOE values were 215.09,
227.98, 238.45, 224.04, 267.21, and 559.27 MPa, respectively. Hence, this study provides a theoretical basis for
future research on bamboo cracking.
KEYWORDS
Engineering raw bamboo; moso bamboo; tangential tensile strength; tangential tensile modulus of elasticity;
bamboo cracking

1 Introduction
Large-diameter moso bamboo (Phyllostachys edulis) tubes are used as the main force-bearing members
in construction projects for forming engineering raw bamboo, while small-diameter moso bamboo and its
branches are used in ﬁberboard manufacturing [1,2]. Using raw bamboo in construction projects can
reduce the energy consumption of bamboo processing; however, moso bamboo can easily crack during
storage, transportation, and after felling [3]. Once the raw bamboo is cracked, it will cause the bamboo to
rot, which and reduces its strength.
Bamboo loses water due to the equilibrium moisture content of the external environment and
consequently, shrinks and deforms; therefore, cracks will easily occur in raw bamboo when the tensile
This work is licensed under a Creative Commons Attribution 4.0 International License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original
work is properly cited.
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stresses on its inner and outer surfaces exceed the tangential tensile strength. Hence, the tangential tensile
strength and the TTMOE play vital roles in moso bamboo cracking.
Extensive research has been conducted to analyze the longitudinal tensile strength, compressive
strength, ﬂexural strength, stiffness, and elastic modulus of bamboo along the ﬁber direction. However,
the radial and tangential mechanical properties of bamboo have rarely been explored [3].
Bamboo exhibits better mechanical properties than ordinary wood and has excellent compression and
bending resistance [4,5]. Bamboo fracture is characterized by three forms: matrix failure, interface
dissociation and ﬁber fracture [6]. Moisture content has a signiﬁcant effect on the mechanical properties
of bamboo, and bamboo with high moisture content has higher fracture energy. According to Askarinejad
et al. [7], the high strength of moso bamboo is due to the vascular bundle ﬁbers that can withstand high
stress during deformation. Bamboo nodes and vascular bundles mainly affect the energy absorption
capacity of bamboo, and the energy absorption capacity of the nodes is greater than that of internodes [8].
Tian et al. Calculated the knotted and parallel grain tensile strength of moso bamboo as 163.1 MPa, with
a non-knotted tensile strength along the grain of 177.9 MPa, and along the grain tensile modulus of
elasticity of 11.65 GPa [9]. The compressive strength of Moso bamboo was calculated as 45–65 N/mm2
[10]. In addition section, the compressive strength of upper bamboo section will be higher than that of
the bottom, which is caused by more vascular bundles in the upper part of bamboo. From the inner layer
to the outer layer, the strength and stiffness of bamboo gradually increase, and the bamboo with high
bamboo stem has higher mechanical properties [11,12]. The average strength of bamboo is similar to that
of hardwood. Compared with the outside, bamboo has higher toughness and lower hardness [13,14]. The
tensile, compressive and ﬂexural strength of bamboo decreased signiﬁcantly with the increase of
humidity. Askarinejad et al. observed the highest bamboo shear modulus of bamboo at 60% humidity and
the highest bamboo shear strength at 60%–80% humidity [15]. Thus, bamboo becomes more ductile as
humidity increases. The properties of ﬁber also have a signiﬁcant impact on the properties of bamboo.
The tensile strength of bamboo decreases with the increase of ﬁber diameter, and the fatigue life and
fatigue limit increase with the decrease of ﬁber density [16,17]. Furthermore, Akinbade et al. observed
that the bending strength and stiffness of bamboo stems are greatly affected by the silica rich epidermal
layer, which is attributed to the destruction of the parenchyma near the outer stem wall at the interface
between parenchyma cells [18].
Mo et al. [19] performed rapid hot pressing on four six-year-old moso bamboo slices at high
temperatures and obtained calculated compressive strengths of 63.78–80.19 MPa, ﬂexural strengths of
61.85–151.00 MPa, and ﬂexural elastic modulus values of 7071.14–10487.44 MPa. Kadivar et al. [20]
used an open hot press to densify the bamboo and noticed that bamboo had the best bending performance
when the moisture content was 10%, with average calculated bamboo static bending strength, elastic
modulus, and dynamic elastic modulus values of 318, 27754, and 34120 MPa, respectively.
The GB/T15780-1995 (Testing methods for the physical and mechanical properties of bamboo) and
JG/T199-2007 (Testing methods for the physical and mechanical properties of bamboo used in buildings)
standards do not have regulations for assessing the tangential tensile strength of raw bamboo. According
to these two standards, the length of a tensile strength test piece must be at least 280 mm along the grain
direction, and for the GB/T14017-2009 standard (Method of testing in tensile strength perpendicular to
grains of wood), the length of the horizontal grain must be 150 mm. However, moso bamboo does not
typically have a sufﬁcient tangential length of 150 mm; thus, the tangential tensile strength of moso
bamboo is rarely studied.
Zeng et al. [21] calculated the internode transverse grain tensile strength of moso bamboo as 3.0 ± 0.96
MPa and the transverse grain tensile strength at the nodes as 3.6 ± 0.85 MPa. However, the specimen
dimensions used for the anti-splitting tests were not clearly deﬁned, and the tangential tensile strengths of
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the bamboo with and without slubs were compared. Zhong [22] divided the culm wall into ﬁve equal parts
from the inner to the outer section and studied its tangential tensile strength. The results showed that the inner
bamboo section had the largest tangential tensile strength, whereas the portion closer to the inner section
experienced a sharp decrease in tangential tensile strength. Thus, the tangential tensile strength gradually
increased from the middle to the outer. However, calculation formulas for bamboo tangential tensile
strength and its tangential elastic modulus have not yet been reported.
In this work, we studied the tangential failure forms of raw bamboo and established a relationship
between its tangential tensile strength, elastic modulus, location, density, and moisture content through
experimentation.
2 Materials and Methods
2.1 Material Preparation and Pre-Treatment
2.1.1 Specimen Collection
Moso bamboo was collected from bamboo forests in Liyang City and Changzhou City in Jiangsu
Province (east longitude = 119.43° and north latitude = 31.18°). The distance between the bamboo joints
at 1.3 m height was 228.57 ± 21.81 mm, with an average outer diameter of 89.32 ± 9.19 mm, and the
average wall thickness was 8.95 ± 0.74 mm.
According to Guan et al. [23], the stable period of moso bamboo is 4–10 years, and bamboo at this age
can be directly used for construction projects. The shoot period of moso bamboo is 3–4 years. Thus,
considering the economic needs of bamboo farmers cutting bamboo shoots, ﬁve-year-old moso bamboo
was selected as the research material.
According to the GB/T15780-1995 standard, 100 sets of specimens were obtained for each group, where
the average moisture content was 17.35 ± 5.17%, the volume shrinkage coefﬁcient was 0.84 ± 0.46%, the airdry density at 12% moisture content was 0.81 ± 0.07 g/cm3, and the total dry density was 0.76 ± 0.08 g/cm3.
2.1.2 Specimen Preparation
A schematic depicting the intersected test specimen is shown in Fig. 1.

Figure 1: Schematic showing an intersected test piece (in mm)
The inner, middle, and outer specimens were collected from the inner, middle, and outer 1/3 sections of
the culm wall in the thickness direction, respectively. To reduce the additional bending moment caused by the
tangential curved surface of the moso bamboo, we used the inner, middle, and diaphragm specimens without
a curved surface. The culm wall, bamboo node, and outer specimens also had a curved surface in the
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tangential direction. Because the additional bending moment decreases the actual detected values, the effect
of the additional bending moment was ignored. The cross-sections and dimensions of the inner, middle,
outer, culm wall, bamboo node, and diaphragm specimens are shown in Fig. 2.

Figure 2: Cross-sections and dimensions (in mm) of the different test pieces. (a) Inner bamboo section (b)
Middle bamboo section (c) Outer bamboo section (d) Culm wall (e) Bamboo node (f) Diaphragm
The moso bamboo was ﬁrst cut into 25-mm-long bamboo rings using a sliding table saw. The bamboo
rings were then cut into 25 mm × 31 mm bamboo blocks using a micro band saw machine, and the obtained
bamboo blocks were ﬁnally cut into the inner, the middle, and the outer specimens with a small sliding table
saw. The specimens were then polished to corresponding thicknesses with a sanding machine and milled to
the sizes shown in Fig. 2 using a micro bench drilling and milling machine.
The two opposite sides of the effective cross-sections of each test piece were ﬂat and parallel to each
other. The test pieces also had no defects and were numbered randomly after processing. The allowable
deviations for specimen length, width, and effective width were ± 1.0 mm, ± 0.5 mm, and ± 0.2 mm,
respectively.
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2.1.3 Specimen Storage and pre-Treatment
After processing, the bamboo test pieces were placed in a cool and ventilated place without stacking so
that they could freely release water.
The test pieces were then placed in an HWS-250 constant temperature and humidity box before the
experiment, and their moisture content values were adjusted to 5%, 10%, 15%, and 20% to obtain the
four different sample sets.
2.2 Experimental Devices
In this experiment, we used the following equipment: a D-54518 Niersbach sliding table saw, an MBS240/E
mini band saw machine, a No. 27070 mini sliding table saw, an MF70 mini bench drilling and milling machine
(PROXXON Co., Ltd., Germany), a LUXTER-MM491G sand tray machine (Jinhua Maituo Power Tools Co.,
Ltd., China), an HWS-250 constant temperature and humidity box (Shanghai Jinghong Experimental Equipment
Co., Ltd., China), a BS423S electronic balance (Shanghai Meiyingpu Instrument Manufacturing Co., Ltd.,
China), a WDW-200 electronic universal testing machine (Changchun Xinte Testing Machine Co., Ltd.,
China), and 150 T vernier calipers (Shanghai Menet Industrial Co., Ltd., China).
2.3 Evaluation Criteria
The bamboo ﬁbers were naturally dried and ﬁnely ground after steam explosion, and their sieving value
was determined with a Bauer-McNett ﬁber sieving instrument according to the TAPPI T233 method.
The bamboo specimens were tested at 20 ± 2°C with 65 ± 5% relative humidity. Each specimen was
clamped with a clamping device and placed vertically in the tensile testing machine, and the stress (σ),
strain (ε), and maximum load (Fmax) of the specimens were automatically recorded by a computer.
The tangential tensile strengths (ftw) of the specimens were calculated by
f tw ¼ Fmax =ðbtÞ
where b and t are the width and thickness of the effective portion of the specimens, respectively. The total dry
densities (ρ0) of the specimens were calculated by
q0 ¼ m0 =V0
where m0 and V0 are the total dry mass and total dry volume of the specimens, respectively.
Linear numerical ﬁtting was performed on automatically recorded stress and strain values to ﬁt a
straight line σ = Eε + a (a is an arbitrary constant and E is the TTMOE), on the basis of a signiﬁcance
level of R2 ≥ 0.90.
2.4 Data Processing Methods
To analyze the rules of the test data, we obtained the standard deviations for each data group and checked
whether the number of test pieces in each group met the requirements. In this study, we calculated the
relevant statistics in accordance with JG/T199-2007.
3 Results and Discussion
3.1 Bamboo Tangential Failure Mode
The failure modes of each specimen are shown in Fig. 3. Fig. 3a shows that hard marrow ring tissue with
highly woody fossil cells was present in the inner bamboo specimen. Moreover, no vascular bundle
distribution was detected, causing the broken surface of the inner specimen to be inclined and irregular.
As shown in Figs. 3b–3e, the damaged surfaces of the middle, outer, culm wall, and bamboo node
specimens were parallel to the ﬁber bundles.
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Figure 3: Failure modes of the different bamboo specimens. (a) Inner specimen (b) Middle Specimen (c)
Outer specimen (d) Culm wall Specimen (e) Bamboo node specimen (f) Diaphragm specimen
As shown in Fig. 3f, the section failure surface of the diaphragm had an irregular slope. Reticular
vascular bundles of the segment formed from the centripetal bending, bifurcation, merging, radiating
extension, winding, and staggering of the longitudinal vascular bundles at the bamboo nodes. The
vascular bundles also gradually became denser and thicker from the middle section to the edges.
According to Chen et al. [24], bamboo has three fracture modes: matrix (multi-walled parenchyma cells)
destruction, interfacial (ﬁber and ﬁber or ﬁber and parenchyma cells) dissociation, and ﬁber fracture.
We found that the tangential fracture of the culm wall mainly occurred due to matrix failure, which was
accompanied by a small amount of interfacial dissociation (Fig. 4). In addition, the bamboo had no horizontal
organization. Therefore, the tangential mechanical properties of the culm wall were mainly dependent on the
mechanical properties of the thin-walled basic structure. The tangential strength in bamboo is provided by
lignin, which acts as a glue, and the lignin in the thin-walled basic structure is responsible for
cementation and determines the tangential strength of the material.

Figure 4: Choral fractures in the moso bamboo. (a) Matrix destruction (b) Interfacial dissociation
The formulas for calculating stresses at any point in a cross-section under the actions of a crack as
follows:
rﬃﬃﬃﬃﬃ


a
h
h 3h
cos
1  sin sin
(1a)
rx ¼ q
2r
2
2
2
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where σx, σy, txy are the normal stress in the x direction, the normal stress in the y direction, and the shear
stress at the crack endpoint, respectively, q is the tensile force, a is half of the original crack length, r is
the distance from the calculation point to the crack endpoint, and θ is the angle between the line
connecting the calculation point and the crack endpoint with the horizontal line.
As shown in formula (1), when θ = 0, the σx and σy values were the largest. When the stress exceeds the
chord tensile strength of the bamboo, cracking will occur; therefore, the crack propagation direction was
along the thickness direction of the bamboo wall.
3.2 Tangential Tensile Strength
The tangential tensile strengths of the inner, the middle, outer, culm wall, bamboo node, and diaphragm
specimens were measured with moisture content values of 5%, 10%, 15%, and 20%. We used eight test
pieces for each group, according to article 6.5.3 of the JG/T199-2007 standard.
The tangential tensile strengths and related statistical data of the moso bamboo with moisture content
values of 5%, 10%, 15%, and 20% are presented in Tables 1–4, respectively.
Table 1: Tangential tensile strengths of the moso bamboo with 5% moisture content
Location

Average
value (MPa)

Standard
deviation (MPa)

Mean standard
deviation (MPa)

Accuracy
index (%)

Minimum number
of test pieces (piece)

Inner
Middle
Outer
Culm wall
Bamboo node
The diaphragm

4.42
4.57
4.63
4.51
4.88
10.63

0.99
0.93
0.95
0.87
1.22
2.14

0.35
0.33
0.34
0.31
0.43
0.76

15.84
14.39
14.51
13.64
17.68
14.24

6
7
7
8
5
8

Table 2: Tangential tensile strengths of the moso bamboo with 10% moisture content
Location

Average
value (MPa)

Standard
deviation (MPa)

Mean standard
deviation (MPa)

Accuracy
index (%)

Minimum number
of test pieces (piece)

Inner
Middle
Outer
Culm wall
Bamboo node
The diaphragm

3.82
3.91
3.95
3.86
4.32
9.04

0.85
0.78
0.84
0.80
0.95
1.80

0.30
0.28
0.30
0.28
0.34
0.64

15.73
14.11
15.04
14.66
15.55
14.11

6
8
7
7
6
8
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Table 3: Tangential tensile strengths of the moso bamboo with 15% moisture content
Location

Average
value (MPa)

Standard
deviation (MPa)

Mean standard
deviation (MPa)

Accuracy
index (%)

Minimum number
of test pieces (piece)

Inner
Middle
Outer
Culm wall
Bamboo node
The diaphragm

3.17
3.29
3.31
3.24
3.67
8.85

0.61
0.68
0.82
0.69
0.71
1.79

0.22
0.24
0.29
0.24
0.25
0.63

13.61
14.61
17.52
15.06
13.68
14.34

8
7
5
7
8
7

Table 4: Tangential tensile strength of moso bamboo with 20% moisture content
Location

Average
value (MPa)

Standard
deviation (MPa)

Mean standard
deviation (MPa)

Accuracy
index (%)

Minimum number
of test pieces (piece)

Inner
Middle
Outer
Culm wall
Bamboo node
The diaphragm

2.62
2.68
2.73
2.65
2.70
6.76

0.62
0.59
0.71
0.56
0.61
1.37

0.22
0.21
0.25
0.20
0.22
0.48

16.73
15.57
18.39
14.97
16.00
14.29

5
6
5
7
6
8

Of note, the outer section of bamboo had the highest tangential tensile strength followed by the middle
and the inner sections; however, the difference was not signiﬁcant. The tangential tensile strength of the culm
wall was similar to the middle section. This occurred because more thin-walled basic tissues and fewer
vascular bundles were present in the inner bamboo section (tangential tensile strength damage mainly
occurs in thin-walled basic tissues).
Moreover, the diaphragm had the highest tensile strength followed by the bamboo node and the
internode culm wall. The vascular bundles in the bamboo nodes had different degrees of bending,
bifurcation or merging, and inward winding, and the horizontal vascular bundles in the diaphragm were
arranged irregularly in a network. The tangential failure of the diaphragm and bamboo node led to ﬁber
damage, and the diaphragm broke relatively more ﬁbers.
With 15% moisture content, the tangential tensile strength values of the inner, middle outer, culm wall,
bamboo node, and diaphragm specimens of the ﬁve-year-old moso bamboo were 3.17, 3.29, 3.31, 3.24, 3.67,
and 8.85 MPa, respectively.
We found that below the ﬁber saturation point, the tangential tensile strength of each moso bamboo
section gradually decreased as the moisture content increased. This mainly occurred because bamboo is
composed of lignin, cellulose, hemicellulose, and lignin, which acts as the glue. Lignin is affected by
humidity, and the bonding performance will decrease as wettability increases. In addition, the ﬂexibility
of hemicellulose will increase after water exposure.
3.3 TTMOE
The TTMOE values of the inner, middle, outer, culm wall, bamboo node, and diaphragm specimens
were measured with moisture content values of 5%, 10%, 15%, and 20%. Eight test pieces were used for
each group, according to Article 6.5.3 of the JG/T199-2007 standard.
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The TTMOE values and related statistical data of the moso bamboo with moisture content values of 5%,
10%, 15%, and 20% are presented in Tables 5–8, respectively.
Table 5: TTMOE values of the moso bamboo with 5% moisture content
Location

Average
value (MPa)

Standard
deviation (MPa)

Mean standard
deviation (MPa)

Accuracy
index (%)

Minimum number
of test pieces (piece)

Inner
Middle
Outer
Culm wall
Bamboo node
The diaphragm

301.52
312.83
318.47
306.45
324.47
636.32

60.33
67.08
72.24
60.17
78.45
124.22

21.33
23.72
25.54
21.27
27.74
43.92

14.15
15.16
16.04
13.88
17.10
13.80

8
7
6
8
5
8

Table 6: TTMOE values of moso bamboo with 10% moisture content
Location

Average
value (MPa)

Standard
deviation (MPa)

Mean standard
deviation (MPa)

Accuracy
index (%)

Minimum number
of test pieces (Piece)

Inner
Middle
Outer
Culm wall
Bamboo node
The diaphragm

265.17
277.30
281.21
270.34
292.46
584.78

57.51
62.07
63.14
55.62
58.83
119.08

20.33
21.95
22.32
19.66
20.80
42.10

15.34
15.83
15.88
14.55
14.22
14.40

7
6
6
7
8
7

Table 7: TTMOE values of moso bamboo with 15% moisture content
Location

Average
value (MPa)

Standard
deviation (MPa)

Mean standard
deviation (MPa)

Accuracy
index (%)

Minimum number
of test pieces (Piece)

Inner
Middle
Outer
Culm wall
Bamboo node
The diaphragm

215.09
227.98
238.45
224.04
267.21
559.27

41.36
46.47
50.90
43.03
58.28
107.52

14.62
16.43
18.00
15.21
20.61
38.01

13.60
14.41
15.09
13.58
15.42
13.59

8
7
7
8
6
8
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Table 8: TTMOE values of moso bamboo with 20% moisture content
Location

Average
value (MPa)

Standard
deviation (MPa)

Mean standard
deviation (MPa)

Accuracy
index (%)

Minimum number
of test pieces (piece)

Inner
Middle
Outer
Culm wall
Bamboo node
The diaphragm

190.26
204.87
210.71
196.42
225.75
524.44

44.09
39.15
45.33
38.45
53.22
99.75

15.59
13.84
16.03
13.59
18.82
35.27

16.39
13.51
15.21
13.84
16.67
13.45

6
8
7
8
6
8

We found that the outer bamboo specimens had the largest TTMOE values, followed by the middle and
inner specimens. Moreover, the diaphragm specimen had the highest TTMOE value followed by the bamboo
node and the internode culm wall specimens. Below the ﬁber saturation point, the TTMOE values of each
moso bamboo section gradually decreased as the moisture content increased.
With 15% moisture content, the TTMOE values of the inner, middle, outer, culm wall, bamboo node,
and diaphragm ﬁve-year-old moso bamboo specimens were 215.09, 227.98, 238.45, 224.04, 267.21, and
559.27 MPa, respectively.
3.4 Calculation Formula for Tangential Tensile Strength
A moisture content value of 15% was selected as the research basis. The tangential tensile strength of the
ﬁve-year-old bamboo wall was calculated, and the tangential tensile strength (σ) and air-dry density (ρ) of
each specimen were determined. We also used 100 test specimens, according to the GB/T157801995 standard.
The tangential mechanical properties of the bamboo wall are mainly dependent on the mechanical
properties of the basic structure of the thin wall. Shao et al. [25] calculated the elastic modulus (E0) and
tensile strength (σ0) of thin-walled basic moso bamboo tissues as 0.22 GPa and 19.42 MPa, respectively
(the average air-dry density of the moso bamboo was ρ0 = 0.81 g/cm3).
As shown in Fig. 5, the density ratio ρ/ρ0 and stress ratio σ/σ0 were taken as the abscissa and ordinate,
respectively, and linear ﬁtting was performed to obtain a formula to calculate the tangential tensile strength of
moso bamboo.
As clearly shown in Fig. 5, the stress ratio σ/σ0 increased with increasing density ratio ρ/ρ0. When ρ/ρ0
was between 0.8 and 1.2, σ/σ0 increased linearly; however, when ρ/ρ0 was lower than 0.8 or higher than 1.2,
the change rate of σ/σ0 decreased signiﬁcantly.
When 0.8 ≤ ρ/ρ0 ≤ 1.2, the stress ratio σ/σ0 and the density ratio ρ/ρ0 were linearly ﬁtted to obtain the
formula for tangential tensile strength at a moisture content of ω.


q
(2)
rx ¼ 0:198  0:027 r0
q0
where rx is the tangential tensile strength of the moso bamboo with a moisture content of ω, σ0 is the tensile
strength of the basic parenchyma of Phyllostachys edulis, ρ is the air-dry density of the bamboo wall with a
moisture content of ω, and ρ0 is the average air-dry density of the bamboo wall.
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Figure 5: Calculation formula for the tangential tensile strength
3.5 Water Content Adjustment Formula for Tangential Tensile Strength
When the moisture content values were 5%, 10%, 15%, and 20%, the tangential tensile strength values
of the bamboo wall were 4.51, 3.86, 3.24, and 2.65 MPa, respectively (Tables 1–4). Linear ﬁtting was
performed on these four sets of data to obtain a relationship curve between the bamboo tangential tensile
strength and the moisture content, as shown in Fig. 6.

Figure 6: Relationship between the tangential tensile strength and the moisture content
The calculations ﬁtted in Fig. 6 revealed that when the moisture content was 12%, the tangential tensile
strength was 3.627 MPa.
The four tangential tensile strength groups with moisture content values of 5%, 10%, 15%, and 20%
were divided by the tangential tensile strength, resulting in a moisture content value of 12%. These four
sets of data were linearly ﬁtted to obtain a relationship curve between the tangential tensile strength ratio
and the moisture content, as shown in Fig. 7.
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Figure 7: Relationship between the tangential tensile strength ratio and moisture content
Fig. 7 shows that when the moisture content was 12%, the moisture content adjustment formula for the
tangential tensile strength of the moso bamboo could be formulated by:
rx
(3)
r12 ¼
1  0:34ðx  12Þ
where σ12 is the tangential tensile strength of the moso bamboo with 12% moisture content, and rx is the
tensile strength of the moso bamboo for a moisture content value of ω (where ω is the moisture content
of the moso bamboo).
4 Conclusions and Recommendations
4.1 Conclusions
In this study, we conducted tangential tensile strength and TTMOE tests on ﬁve-year-old moso bamboo,
and observed that the tangential mechanical properties of the culm walls were mainly dependent on the
mechanical properties of the thin-walled basic structure.
Below the ﬁber saturation point, the tangential tensile strength and TTMOE values of all bamboo
sections would gradually decrease with increasing moisture content. When the moisture content was 15%,
the tangential tensile strength values of the inner, middle, outer, culm wall, bamboo node, and diaphragm
ﬁve-year-old moso bamboo samples were 3.17, 3.29, 3.31, 3.24, 3.67, and 8.85 MPa, respectively, and
their respective TTMOE values were 215.09, 227.98, 238.45, 224.04, 267.21, and 559.27 MPa.
Under the condition of 0.8 ≤ρ/ρ0 ≤ 1.2, the formula for calculating the tangential tensile strength of
bamboo with a moisture content of ω could be expressed by


r
sv ¼ 0:198  0:027 s0
r0
sv
Thus, the moisture content adjustment formula s12 ¼ 10:34ðv12Þ
could be used to adjust the tangential
tensile strength of moso bamboo with different moisture content values, and for tangential strength with 12%
moisture content.
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4.2 Recommendations
In this study, moso bamboo samples were collected from Liyang City and Changzhou City of Jiangsu
Province. In future research, moso bamboo samples will be collected from different regions, and the
inﬂuence coefﬁcient of moso bamboo performance in different regions will be used to adjust the formulas
obtained through this analysis.
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