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ABSTRACT

Bamboo culm’s cross sectional area is never a perfect circle, but almost ellipse. Each
ellipse shape has a unique value of eccentricity as parameter to denote its circularity. A
perfect circle has a zero value of eccentricity. Conventional calculation for bamboo flexural
properties as designated by ISO 22157-1:2004 resulted an overestimate or underestimate
value compared to the actual value because of the perfect circle cross sectional assumption. We
harvested 36 bamboo stems from 4 species namely Ampel (Bambusa vulgaris Schrad.), Tali
(Gigantochloa apus (BlL.Ex Schult.f) Kurz), Gombong (Gigantochloa verticillata (Willd.) Munro),
and Mayan (Gigantochloa robusta Kurz.), and found that the eccentricity value of bamboo stem
could vary from 0.000 to 0.508. This paper studied the effect of eccentricity to the flexural
properties of bamboo and aimed to create the strength ratio (C,) between actual elliptical shape and
assumed perfect circle shape. It was reported that the conventional calculation arise an under
estimate result if the major axis (a) arranged horizontally, while overestimate result will be get if the
major axis (a) arranged vertically. So the modulus of rupture (Sz) which is calculated by
conventional calculation should be adjusted by the strength ratio of eccentricity (C,.) in order to
define more precise value. This study result the exact relationship between C, value and eccentricity
for both conditions. For simplicity, the graphical sketches were made too.
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INTRODUCTION

Bamboo is natural product which traditionally has become the rural community’s main
choice for many purposes in Indonesian villages because it is cheap and easy to find in their
neighbourhood.  Some bamboo species are used for construction material, e.g. Betung
(Dendrocalamus  asper), Tali  (Gigantochloa apus), Andong (Gigantochloa
psedorundinaceae), and Ampel (Bambusa vulgaris Schrad.). People commonly build their
bamboo houses based on the traditional experiences without any engineering calculations.
Since the demand for green and sustainable construction arises and spreads globally,
recently bamboo construction attracts the engineer’s attention because of its artistics, high
performance, natural resources sustainability, and environmentally friendly. @ Many
researcher reported the advantages of bamboo for environment (van der Lugt et al. 2006,
2012; Bahtiar et al. 2012) and, its properties compared to another materials (Hamid et al.
2012; Verma et al. 2012; Sakaray et al. 2012; Jiang et al. 2012; Yu et al. 2008; Huang et al.
2012; Li & Shen 2011), and its sustainability (Vogtlander et al. 2010; Nath et al. 2012).

As natural product, bamboo stem properties are influenced by many factors during its
growth period, e.g. genetic and habitat condition. These factors create the variability in size
and physical shape, then every stem could have various diameter size, taper, and eccentricity.
Nugroho and Bahtiar (2012, 2013) conducted some researches of bamboo taper effect on its

Theme: Product Design and Technology



10" World Bamboo Congress, Korea 2015

flexural properties. It was reported that the taper value didn’t affect to flexural properties on
centre point bending test, but significantly affected on third point loading bending test. So
the bamboo modulus of rupture (Sz) should be adjusted by its taper strength ratio (C,) when
it was defined by third point loading bending test. Conventional method to measure the Sg
of bamboo stem as designated in ISO 22157-1:2004 based on third point loading bending
test resulted under estimate values than the actual ones because of no-taper assumption.
Adjusting the resulted testing value with the coresponding strength ratio will result more
precise value. Beside taper effect, the eccentricity on bamboo stem will affected to its
flexural properties which will be studied in this paper.

Bamboo stem commonly assumed as hollow cylinder shape. Its cross sectional area is
naturally never a perfect circle shape but almost ellipse. There are always maximum and
minimum diameters on every pieces of cross sectional area. Some standards (e.g. ISO
22157-1:2004) designated the average value of diameter as standard value to calculate the
bamboo mechanical properties. This assumption arise a new problem because it created an
over or under estimate value compared to the actual properties. An overestimate mechanical
properties of material could become dangerous in structural planning because the building
could collapse since the overload condition, while the under estimate value created non-
efficient building. It is important to study the effect of eccentricity on bamboo mechanical
properties in order to plan the bamboo construction more reliable.

Eccentricity term commonly have used in physical and planetary science. Eccentricity is
the parameter to measure the circularity of ellipse shape. The eccentricity value for a perfect
circle is 0 (zero), while the value becomes higher for the thinner ellipse shape.

THEORETICAL BASIS

Bamboo stem’s cross sectional area is commonly assumed as a perfect circle, while its
actual shape is almost ellipse (Figure 1). The circle diameter (d) which calculated as
average of maximum and minimum diameter of ellipse shape is commonly chosen as the
standard value. The maximum and the minimum diameters in ellipse shape are called major
axis (a) and minor axis (b) respectively. So the mathematical relationship between d, a, and
b usually is defined as Equation 1.

d=a+b
2

The strength ratio of eccentricity (C.) denoted as the ratio of maximum stress in actual
ellipse shape (0,) and the assumed cylindrical shape (o.) (Equation 2):

C, =— )

(M

(A)

Figure 1. The sketch of assumed cylindrical shape compared to the actual ellipse shape where the
major axis coincides with abscissa (A) and ordinate (B).
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The bending stress in a beam under simple bending is known as Equation 3, where M, ¢, and
I are the moment at neutral axis, centroid and moment inertia, respectively.
Mc

o=—
7 3)

So the eccentricity strength ratio could be defined as Equation 4, because the maximum
length from centroid (c) is a half diameter (d/2) for a circle, while is a half minor axis (5/2)
for an ellipse.

bl
C, =—= “4
dl,
Substituting Equation 1 into Equation 4 it becomes:
2bl
Co=r—75- (5)
(a + b)] .

Since the moment of inertia for circle (/.) and ellipse (/.) shape are denoted by Equation 6
and 7 respectively, Equation 5 could be solved become Equation 8:

1 =2 (©)
64
1 =" ap )
64
_ (a + b)3 ®
° 8ab®

Eccentricity is a measure of the deviation of an elliptical path, especially an orbit, from a
perfect circle. It is equal to the ratio of the distance between the foci of the ellipse to the
length of the major axis of the ellipse (the distance between the two points farthest apart on
the ellipse). Furthermore, eccentricity can be defined as the ratio of the distance of any point
on a conic section (ellipse, parabola, hyperbola, or circle) from a focus to its distance from
the corresponding directrix. This ratio is describing the shape of a conic section and the
value is constant for any particular conic section. By this definition, eccentricity (e) is
known as Equation 9, so ratio of minor axis (b) to major axis (a) of ellipse could be defined
as Equation 10.

2
e=.[1- é )
inr
b_ 2 (10)
a

Substituting Equation 10 into Equation 8, we get the exact relationship between eccentricity
with its strength ratio as seen in Equation 11, and the graphical sketch is shown in Figure
2(A).
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As seen on Figure 2(A), strength ratio value for a perfect circle shape is 1 (one), while for
ellipse shape is always higher than 1 (one). It is proved that the perfect circle assumption on
conventional bending test resulted an under estimate flexural properties value when the
major axis (a) configured horizontally during testing. The under estimate flexural properties
value will made the oversize structural component. The building will be stronger but more
expensive. Equation 11 and Figure 2(A) are suitable for major axis (a) arranged coincided
with horizontal axis (abscissa) (Figure 1(A)).
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Figure 2. Strength ratio of ellipse bamboo when major axis arranged horizontally (A) and vertically
(B) during bending test
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Different result will arise when the testing conducted with major axis (a) configured
vertically as shown in Figure 1(B). If the major axis (a) aranged coincided with vertical
axis (ordinate), the C, value could be derived by similar way become Equation 12, and the
graphical sketch is shown in Figure 2(B).

@ﬁ)}

8,/(1-e2 i

C = (12)

e

Figure 2(B) showed that the strength ratio commonly lower than 1 (one). This condition
proved that the conventional flexural properties are over estimate compared to the actual
value. This condition could be dangerous because it leads the engineer to design smaller
size structural component than the demand. In extremeem condition, the building could be
collapse before estimated maximum load applied.

SURVEY ON BAMBOO ECCENTRICITY

We made a survey on a bamboo shop in Bogor, and measure the basal and top diameter of
162 bamboo tali (Gigantochloa apus (Bl.LEx Schult.f) Kurz) culms which have 50 — 110 cm
length. The maximum diameter was defined as major axis, and minimum diameter was the
minor axis. The result was shown in Table 1. Then we harvested 36 bamboo stems from 4
species namely Ampel (Bambusa vulgaris Schrad.), Tali (Gigantochloa apus (Bl.LEx Schult.f)
Kurz), Gombong (Gigantochloa verticillata (Willd.) Munro), and Mayan (Gigantochloa
robusta Kurz.), 9 stems from each species. Our measurement found that the bamboo cross
sectional shape could vary from perfect circle into ellipse. Zero eccentricity which means a
perfect circle shape found in Tali and Ampel, but it was not found in Gombong and Mayan.

Table 1
Summary of the dimensional properties of 162 culms from bamboo Tali shop in Bogor.
Basal Top

d a b e d a b e Taper
MIN 3.33 3.38 3.28 0.00 3.21 3.28 3.14 0.00 0.0000
MAX 7.40 7.50 7.30 0.47 7.17 7.23 7.10 0.51 0.0136
Average 5.12 5.19 5.05 0.21 4.84 4.90 4.78 0.1926  0.00439
St. dev 0.96 0.97 0.95 0.10 0.96 0.97 0.95 0.10 0.0033
Covariance 18.69 18.74 18.73 49.51 19.75 19.76 19.82 52.35 75.11

Note: d: average diameter, a: major axis (maximum diameter), b: minor axis (minimum diameter), e: eccentricity, N=162

Table 2
The eccentricity of bamboo culm and its strength ratio.
. Sample Major axis Minor axis  Eccentricity Sfrength Ratio (C.) fo.r:
Species size (n) () (b) () HOI:]ZOHti.ll Vt?rtlcal.
Major axis Major axis
Tali 9 7.32-994 7.26-9.81 0.000-0.338 1.000 - 1.032 1.000 - 0.971
Ampel 9 573-8.60 4.94-8.12 0.000-0.508 1.000 — 1.087 1.000 - 0.936
6.30 — 5.85—
Gombong 9 1124 1124 0.021 - 0.438 1.000 — 1.059 1.000 — 0.952
Mayan 9 7.05-9.89 6.32-9.78 0.126 — 0.498 1.004 — 1.082 0.996 — 0.938
Overall 0.000 — 0.508 1.000 — 1.087 1.000 — 0.935

Note: N= 4, a: major axis, b: minor axis, e: eccentricity
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As seen on Table 2, the overall eccentricity for 36 measured bamboo stems was 0.000 —
0.508. It is similar with the survey result on the shop. This condition proved that most of
bamboo cross sectional plane was almost ellipse than circle. So the conventional bamboo’s
flexural properties value which assumed circle shape of bamboo stem could make 0 — 8.7%
under estimate value or 0 — 6.5% over estimated value compared to the actual modulus of
rupture (Sg) which calculated by ellipse shape assumption

CONCLUSION

Bamboo culm cross sectional shape could vary from perfect circle into ellipse. The
eccentricity which denoted the circularity of the shape affected to the measurement of
bamboo stem’s flexural properties.

The relationship between eccentricity and its strength ratio was determined by
mathematical equation, and it was proved that circle assumption on bending test lead under
estimate value if the major axis arranged horizontally on test configuration, and lead over
estimate value if the major axis arranged vertically.

The measured Modulus of Rupture (SR) could be 0 — 8.7% lower or 0 — 6.5% higher than
the actual value.
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