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Compressive test and simulation of cassava stems
using ANSYS
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Compression tests were conducted on cassava stems with a universal testing machine in or-
der to determine their compressive strength limits, or the points at which the stems began to de-
form plastically. Based on the test, ANSYS, a universal finite element analysis (FEA) software,
was used to construct the mechanical models of the cassava stems and analyze the displace-
ments, stresses, and shear stresses within the stems as they broke under compressive loads.
Keywords: cassava, compression, simulation, ANSYS.

KomrmpeccmonHble WCOBITAHUS IPOBOJWJINCH HA CTEOJAX MAaHMOKA HA YHUBEPCAJILHON
HCIIBITATEJIBHOM MAIIUHE JJIs TOTO, YTOOBI OIpPeIeIUTh WX IIPeIesIbl IPOYHOCTH, WU TOUYKH, B
KOTOPHIX cTebn miactuieckn nedopMupyoTes. Ha ocHoBaHMEU TecTa, IPU MOMOIIH IIPOrPaMMBbI
ANSYS, wmeromom komeunbix anemenToB (FEA) Obuia 1mocrpoena Mopjesib OIIpejeIeHust
MEXAaHUYECKON IPOYHOCTHA CTebell MaHUOKK U IMPOAHATHU3WPOBAHBI HATPAKEHUS CIBUTA B
CTe0JIAX TIPHU CKUMATOIINX HATPY3KAX.

BunpoGysanHa Ha CTHCK i MOJeTIOBAaHHA HaNpy:KeHL MaHioka meromom ANSYS.
Wican Hin, Cioe :HKone, Yorcarn Anvains, Cone Jlexune

Kommpeciitni BumpoOyBaHHSA IIPOBONWJIMCA Ha cTe0jax MaHIOKa HA yHIBepCaJbHOI
BHAIPOOYBAJIBLHOI MAIIIKMHI [IJIS TOr0, 100 BU3HAYUTH IX MesKl MIIIHOCTI, 400 TOYKH, B AKUX cTebsIa
maacTudHo Aedopmyorbes. Ha migerasi Tecry, 3a momomorom mporpamu ANSYS, meromom
rinnesux esemenTiB (FEA) Gysra moGymoBana Mojiesib BU3HAYEHHS MEXaHIYHOI MIITHOCTI cTebeJt
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MAaHIOKH 1 IPOaHAJII30BAH1 HAIIPYTH 3CYBY B CTEOJIAX MIPU CTUCKAIOTH HABAHTAKEHHSIX.

1. Introduction

Cassava, one of the three main root and tu-
ber crops (i.e., cassava, sweet potato, and po-
tato) [1], is one of the world’s most important
food crops, ranking fourth after wheat, rice,
and maize. It is also an economically important
crop due to its multiple uses, for example, as a
raw material for starch and alcohol production
[2-5]. While the tuberous roots of this crop are
widely used, its stem 1s usually discarded dur-
ing harvest and production [6]. However, the
stems of this crop can be used not only as veg-
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etative reproduction material, but also as a raw
material for biomass fuel production through
fermentation [7-8]. Crushed cassava stems can
be used as a substrate for edible mushrooms
[9] and as organic fertilizer [10-11]. Currently,
recycling cassava stems requires some treat-
ments, such as cutting and crushing. Since few
studies on the mechanical properties of cassava
stems exist, the mechanical treatment of cas-
sava stems is inefficient.

Research on the mechanical properties of
plant stems has typically been conducted on the
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basis of traditional mechanical experiments.
However, due to the development of comput-
er technologies, studies using FEA software
to model stems have also yielded satisfactory
results. The mechanical properties of ramie
stems processed on a hemp scraper have been
studied using ANSYS software [12]. This soft-
ware was also used to research the influence of
sugarcane internodes on the mechanical prop-
erties of stems [13]. In another study, the me-
chanical conditions of corn stems subjected to
a harvester were simulated with ANSYS and
ADAM software [14].

In this paper, in order to research the me-
chanical properties of cassava stems, the me-
chanical conditions of cassava stem models
as they reached the critical point, the point at
which their mechanical behavior shifted from
elastic deformation to plastic deformation, were
studied. Highly efficient and reliable simulation
and analyses were performed with ANSYS us-
ing the mechanical data of cassava stems. With
this method, the limitations of time, space, and
resources that physical experiments are subject
to were avoided.

2. Experimental

2.1 Material Preparation

The Huanan 205 cassava samples used in
this study were collected from the Tropical
Agricultural Machinery Research Institute of
the Chinese Academy of Tropical Agricultural
Sciences in mid-December, 2013. On average,
the cassava stems were 2.2 m long, 30 mm in
diameter, and had 63.66% water content. The
straight and healthy stems were selected for
the test. After removing the branches from the
stems, sections ranging from 50 to 150 mm
above the stem bottoms were removed and
used as the samples. Ten standard samples
were obtained. Their outer diameters were
29 mm + 0.5 mm, their inner diameters were
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Fig. 1. Complete cassava stem sample

13 mm + 0.5 mm, and their lengths were 40 mm
(+ 1 mm), as shown in Fig. 1.

2.2 Test Method

The samples were separated into two equal
groups for testing. One group was used for the
axial compression test, and the other was used
for the radial compression test. The feeding
rate of the universal testing machine during
the tests was 20 mm/min. Fig. 2a and Fig. 2b
display the stress-displacement curves of the
samples during the axial and radial compres-
sion tests, respectively.

As shown in Fig. 2, the average breaking
point of the samples (the stress at which the
stems began to deform plastically) subjected to
the axial compressive load was approximately
4264 N, and the average breaking point of the
samples subjected to the radial compressive
load was approximately 600 N.

2.3 Simplification of the model

Cassava is a perennial shrub. Cassava
stems are upright, and usually 2 to 5 m high.
Numerous branches arise randomly from
the main stems, with two vertically adjacent
branches 20-60 mm in distance. From the cen-
ter to the periphery, the cassava stem consists

Fig. 2. Axial and radial stress-displacement curves of the cassava stems
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Table 1. Material Parameter and Value

Parameter  Value
Xylem EX/Pa 5.001E7 Bast fiber
EY/Pa 5.001E7
EZ/Pa 2.5042E8
NUXY 0.53
NUYZ 0.43
NUXZ 0.43
GXY/Pa 1.634E7
GYZ/Pa 1.634E7
GXZ/Pa 8.756E7

Material Parameter Value

EX/Pa 1.78E6
EY/Pa 1.78E6
EZ/Pa 1.224E7
NUXY 0.5
NUYZ 0.38
NUXZ 0.38

GXY/Pa 5.9E5

GYZ/Pa 4.43E6

GXZ/Pa 4.43E6

of the pith, xylem, and bast fiber, as shown in
the cross section Fig. 3a. The pith, a soft tissue,
has relatively poor mechanical properties com-
pared to the xylem and bast fiber.

During modeling, the structure of the cassa-
va stem was simplified as a laminated compos-
ite structure composed of only two parts: the
bast fiber and the xylem. A hollow cylindrical
model was constructed in this way, as shown
in Fig. 3b.

2.4 Modeling the cassava stem

In order to improve the efficiency and accu-
racy of the computations, the hollow cylindrical
model of the cassava stem was subdivided into
two models according to the axial symmetry:
the 1/4 model, which was specific to the axial
compression simulation, and the 1/2 model,
which was specific to the radial compression
simulation.

The model’s element and material types
were determined according to the requirements
of the different models and analyses. The differ-
ent parts of the cassava stems were distributed
in a symmetric radial pattern. Due to its axial
symmetry, the model was subdivided radially
into elements with six faces. Then, considering
the type of material and the requirements of
the simulation and analysis, a three-dimen-
sional solid element, SOLID186, was selected
for the purposes of this study.

Although the xylem and bast fibers of cas-
sava stems are horizontally isotropic materi-
als, orthotropic material was used for the model
according to the ANSYS software instructions.
Orthotropic materials have nine independent
elasticity coefficients. Values of each of the pa-
rameters influenced by the isotropic faces were
assumed to be equal. The material parameters of
the xylem and bast fiber are shown in Table 1.

The ANSYS model was completed through
the following process: Main Menu— Prepro-
cessor— Modeling— Create— Volumes—
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Fig. 3. Cassava stem model

Cylinder— Partial Cylinder. Then, the param-
eters were entered in the Partial Cylinder pop-
up dialog box in order to model the xylem and
the bast fiber separately.

Considering the laminated composite struc-
ture described previously and the continuity of
the composite material’s deformation, the Glue
command was executed between the xylem and
the bast fiber during the modeling process.

2.5 Mesh generation

Mapping was used to generate the mesh of
the cassava stem models. First, Quad was im-
plemented to create a quadrangle grid on the
bottoms of the models. Then, Sweep was used
to complete the mesh generation throughout
the models.

The lengths of the xylem and bast fiber
grid elements in the 1/4 model axial compres-
sion simulation were 0.001 (1 mm) and 0.0004
(0.4 mm), respectively. The final 1/4 model had
31641 nodes and 6840 elements (Fig. 4a).

In order to facilitate the computation of the
1/2 model’s radial compression simulation, the
number of elements and nodes were reduced by
decreasing the length of the bast fiber to 0.0006
(0.6 mm). The final 1/2 model had 38139 nodes
and 8208 elements (Fig. 4b).

Functional materials, 23, 3, 2016
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a) 1/4 model

Fig. 4. Final models

2.6. Static simulation and analysis

Static simulation and analysis were per-
formed in order to analyze the mechanical con-
ditions of the cassava stems subjected to axial
compressive loads in the universal testing ma-
chine. The displacements, stresses, and shear
stresses in the cassava stems were observed as
elastic deformation terminated and plastic de-
formation occurred. Fig. 5a and Fig. 5b display
the schematic diagrams of the axial and radial
compression on the cassava stems in the uni-
versal testing machine.

2.7 Constraints and loading

Due to the subdivision, the models were sub-
jected to additional constraints before loading.
The normal displacements of the points in each
axially symmetrical plane were assumed to be
zero, and the displacements in the other direc-
tions were not restricted. Therefore, constraints
were imposed on the degrees of freedom (DOF)
of the cross sections in order to constrain their
normal displacements.

According to the compressive tests, the av-
erage breaking point, at which the stems began
to deform plastically under the axial compres-
sive load, was approximately 4264 N. Thus, for
the 1/4 model, a uniform load of 1/4 x 4264 N =
1066 N was imposed on one end of the model,
while constraints were imposed on the DOF of
the other end in order to constrain displace-
ments in the axial direction. Fig. (6a) displays
the simulation of the axial loading on the cas-
sava stem.

A radial uniform load of 1/2x600 N =300 N
was applied to the linear region of the 1/2
model corresponding to the boundary between
the stem and the mobile platform. Constraints
were imposed on the DOF of the linear region
in order to restrict any radial displacements.
Fig. 6b displays simulation of the radial load-
ing on the cassava stem.

3. Results and analysis

After imposing the constraints and loads on
the models, the following processes were ex-
ecuted in order to obtain the solutions: Main
Menu— Solution— Solve— Current LS. Then,
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b) 1/2 model
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Fig. 5. Schematic diagrams of the axial and ra-
dial compressions on the cassava stems

a) Axial loading

b) Radial loading

Fig. 6. Loading on the model

the nodal contour plots were obtained by im-
plementing the following post-processing pro-
cedures: Main Menu— Plot Results— Contour
Plot— Nodal Solu.

Fig. 7 displays the displacement plot, stress
plot, XY shear stress plot, YZ shear stress plot,
and XZ shear stress plot of the axially-loaded
1/4 cassava stem model at the breaking point.
At the breaking point, the displacements of the
model under the axial compressive load ranged
from 0.107 mm to 1.552 mm; as shown in the
plot, the maximum was observed at the bound-
ary between the stem and the mobile platform.
In addition, the stresses in the model varied
from 0.47 Mpa to 9.6 Mpa, and the maximum was
located at the xylem. The shear stresses in the
XY direction ranged from —1785.7 Pa to 308.146
Pa; the maximum shear stress, —1785.7 Pa, was
observed in the bast fiber, and the minimum was
observed in the xylem. In the YZ (XZ) direction,
the shear stresses varied from -0.172156 Pa to
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Fig. 8. Nodal contour plots of the 1/2 model
0.058631 Pa; both the maximum and minimum
were located in the interior of the xylem.

Fig. 8 displays the displacement plot, stress
plot, XY shear stress plot, YZ shear stress plot,
and XZ shear stress plot of the radially-loaded
1/2 cassava stem model at the breaking point.
The displacements ranged from 0.00216 mm
to 7.157 mm, and the maximum was observed
at the boundary between the stems and the
mobile platform. The stresses in this model
ranged from 0.00259 Mpa to 8.23 Mpa, and the
maximum was located at the interface between
the xylem and the bast fiber. The shear stress-
es ranged from 0.206437 Mpa a to 1.86 Mpa in
the XY direction. The shear stress in the YZ
direction ranged from 0.09362 Mpa to 0.84309
Mpa, and the maximum was observed in the xy-
lem; the shear stress in the XZ direction ranged
from 0.173504 Mpa to 1.56 Mpa. The maximum

was located at the interface between the xylem
and the bast fiber.

4. Conclusions

The compressive strengths of the cassava
stems under radial and axial loads were deter-
mined with compression tests using a universal
testing machine.

Based on the test results and the mechani-
cal data of the xylem and bast fibers of cassava
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stems, the ANSYS simulation and analysis was
conducted to study the displacements, stresses,
and shear stresses of the cassava stem models
at the breaking points.

The research results were inevitably influ-
enced by the accuracy of the basic data used
in the ANSYS simulation and the computer’s
operational performance. Therefore, improve-
ment in these aspects would increase the accu-
racy of future simulation research results.
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