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Novel glue-laminated cornstalk scrimber is a new timber substitute produced by special techniques, without damaging the
original fibers in cornstalks. This novel material outperforms ordinary timber in the resistance to water, damping, insect, and fire
and provides a desirable green building material. However, glue-laminated cornstalk scrimber has not been widely implemented
in the building industry, because the application of cornstalk products is limited to decoration panels. With the aid of the finite-
element software Abaqus, this paper simulates the glue-laminated cornstalk scrimber specimens with different slenderness ratios
under axial compression and analyzes the compressive performance of such specimens. The results show that the height of glue-
laminated cornstalk scrimber is negatively correlated with the buckling load and nonlinear load under axial compression and
positively correlated with the transverse displacement and axial displacements induced by axial compression. The research results

provide a good reference for improving the design and application of glue-laminated cornstalk scrimber.

1. Introduction

Konjac is a perennial herbaceous plant in the genus of
Amorphophallus, Araceae family. The main active compo-
nent is konjac glucomannan (KGM), a water-soluble natural
polymer polysaccharide [1]. The KGM is generally consid-
ered as a polysaccharide formed by linking glucose and
mannose at the ratio of 1:1.69 or 1.4:1 through -1, 4
glycosidic bonds. With a molecular weight of
200-20,000 kDa, the KGM has an acetyl group at the C6
position for every 19 sugar units on the main chain [2, 3].

In recent years, China has highlighted the importance of
ecological civilization and further restricted timber con-
sumption to protect forest resources. As a result, a diverse
array of timber substitutes has emerged, such as scrimber
and glulam [1, 2].

Much research has been done on timber substitutes
around the world. For instance, Uzel et al. [3] compared the
flexural behavior of glulam beams with that of large-volume
timber beams. The University of Catania [4] described the
structural behaviors of glued laminated (GL) timber and
laminated veneer lumber (LVL) and introduced a new

technique called post-tensioning of timber beams. Through
tests and evaluation, Graz University of Technology [5]
proposed a generic design approach generally applicable for
all linear and planar, unidirectional, and orthogonal lami-
nated structural timber products. The Institute for Me-
chanics of Materials and Structures [6] developed a
stochastic engineering framework capable of accounting for
how the random fluctuations of the stiffness of wooden
boards work on the performance of glued laminated timber
(GLT). Anshari and Guan [7] established a finite-element
model to simulate the prestress performance of compressed
wood (CW) glulam beams and further examined the
structural properties of prestressed beams under destructive
bending.

Cornstalks, the most common type of crop stalks, can be
reconstituted and recombined into a novel timber substitute.
This helps to protect the air environment and alleviate the
shortage of forest resources. Therefore, the application of
glue-laminated cornstalk scrimber not only boasts profound
theoretical value but also has great economic and social
significance [8-10]. Despite its excellent features (e.g., high
density, high strength, fire resistance, corrosion resistance,
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moisture resistance, and insect resistance), glue-laminated
cornstalk scrimber has only been applied as decorative
panels. Few studies have attempted to implement the novel
material in the building industry [11-14].

In the light of the above, this paper carries out a finite-
element simulation on the compressive performance of glue-
laminated cornstalk scrimber, shedding theoretical new
lights on the mechanical performance of this novel material.
The research results could promote the design and appli-
cation of glue-laminated cornstalk scrimber.

2. Finite-Element Analysis on Glue-Laminated
Cornstalk Scrimber under Axial Compression

2.1. Constitutive Relationship. Glue-laminated cornstalk
scrimber is a nonsymmetrical anisotropic material. To
measure its compressive performance, the elastic moduli,
Poisson’s ratios, and shear moduli of three surfaces were
recorded in the elastic phase: the fiber direction 1, the
scrimber direction 2, and the bonding direction 3. Referring
to the definitions of timber yield phase, the generalized Hill
yield criterion [15-19] was introduced for the yield phase.
Table 1 lists the performance parameters of glue-laminated
cornstalk scrimber.

2.2. Finite-Element Model. 'The axial compression specimens
of glue-laminated cornstalk scrimber were meshed into
three-dimensional (3D) eight-node hexagonal elements
C3D8R (Figure 1). The load was applied concentratedly on
the top of the specimen. The load was fixed for the elastic
model and gradually stepped up for the nonlinear model. At
the bottom of the specimen, the support was allowed to
rotate in one direction only; at the top, the support could
rotate in one direction and displace in the axial direction.
Through structural optimization, the finite-element model
of glue-laminated cornstalk scrimber mainly consists of
hexagonal elements [20, 21].

2.3. Model Size. This research only considers the overall
stable bearing capacity, without tackling local stability.
Therefore, the slenderness ratio of the finite-element model
was changed to study its effect on the ultimate bearing
capacity.

Drawing on Technical Code of Glued Laminated Timber
Structures (GBT50708-2012) and Code for Design of Timber
Structures (GB50005-2017), the model size was designed as
follows: the sectional area was fixed at 150 mm x 150 mm,
while the length was set to 1,200 mm, 1,600 mm, 2,000 mm,
2,400 mm, and 2,800 mm, respectively. The resulting spec-
imens were coded Z-1 to Z-5 in turn (Table 2).

2.4. Results Analysis

2.4.1. Eigenvalue Buckling Analysis. The eigenvalue buckling
analysis aims to calculate the ultimate load that drives an
elastic member from a stable state to the critical state of
instability. The analysis results are consistent with the
classical Euler solution. Through Abaqus calculation, the
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TaBLE 1: The performance parameters of glue-laminated cornstalk
scrimber

Elastic modulus Shear modulus Poisson’s Density
(MPa) (MPa) ratio (kg/m3)
E, E, E5 Gi Gz G oy piz o U p

8.817 925 548 805 584 183 0.21 045 043 1220

FIGURE 1: The finite-element model of glue-laminated cornstalk
scrimber under axial compression.

cloud atlas of buckling equivalent stresses and buckling
equivalent displacements of Z-1 to Z-5 were obtained
(Figures 2 and 3).

As shown in Figures 2 and 3, the buckling equivalent
stress mainly concentrated in the middle of the specimens
under axial compression. When the sectional area was fixed,
Z-5 had the greatest deflection under ultimate load, while
Z-1 had the smallest deflection. The deflection of the axial
compression specimen gradually increased with the growth
in specimen height. From Z-1 to Z-5, the eigenvalue
buckling load was 605kN, 545kN, 526 kN, 502kN, and
456 kN, respectively.

2.4.2. Nonlinear Buckling Analysis. The five axial com-
pression specimens were subject to nonlinear analysis. In
this way, the nonlinear buckling load of Z-1 to Z-5 was
obtained as 564 kN, 523 kN, 504 KN, 465kN, and 425kN,
respectively. As shown in Figure 4, the nonlinear buckling
load was slightly smaller than the eigenvalue buckling load;
the two loads exhibited roughly the same trend: the greater
the slenderness ratio, the smaller the load and the weaker the
resistance to lateral displacement.

As shown in Figures 5 and 6, for Z-1 to Z-5, the
transverse displacement and axial displacements changed
similarly under compression load: both of them gradually
increased with the load and with the slenderness ratio. In
other words, the bearing capacity decreased with the
growing load and slenderness ratio. In the early phase of
loading, transverse displacement and axial displacements
increased almost linearly; the transverse displacement
had the greater increasing rate. Later, as the load con-
tinued to grow, the traverse displacement tended to be
stable, while the axial displacement still exhibited a linear
growth.
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TaBLE 2: The model size.

Specimen number Sectional area (mm?) Length (mm) Slenderness ratio
Z-1 1200 27.7
Z-2 1600 37.0
Z-3 150 x 150 2000 46.2
Z-4 2400 54.2
Z-5 2800 63.2

(e)

FIGURE 2: The cloud atlas of buckling equivalent stresses.

Figure 3: Continued.
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(d)

(e)

FIGURE 3: The cloud atlas of buckling equivalent displacements.
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FIGURE 5: The load-transverse displacement curves.
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Load-axial displacement curve
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FIGURE 6: The load-axial displacement curves.

3. Conclusions

This paper carries out Abaqus finite-element simulation of
glue-laminated cornstalk scrimber specimens with different
slenderness ratios under axial compression. The generalized
Hill yield criterion was introduced for elastoplastic analysis,
in view of the nonlinear property of the material; through
eigenvalue and nonlinear buckling analyzes, the cloud atlas
of buckling equivalent stress and displacement and non-
linear load-displacement curves were obtained. The main
conclusions are as follows:

(1) With the growing slenderness ratio, both eigenvalue
buckling load and nonlinear buckling load gradually
decreased, and the former was slightly greater than
the latter. The eigenvalue buckling analysis assumes
that the specimens are ideal elastic members, while
the nonlinear buckling analysis considers the initial
defects of the members. Therefore, the nonlinear
buckling analysis better conforms to the actual sit-
uation and outputs more reliable results.

(2) According to the nonlinear buckling load-displace-
ment curves, both transverse displacement and
longitudinal displacements gradually increased with
slenderness ratio. In the early phase of loading,
transverse displacement and axial displacements
increased almost linearly; the transverse displace-
ment had the greater increasing rate. With further
growth of the load, the traverse displacement tended
to be stable, while the axial displacement continued
to increase linearly at the original rate.

(3) The buckling load and nonlinear load of the axial
compression specimens gradually decreased with the
growth in specimen height. Moreover, the transverse
displacement and axial displacements changed

similarly under axial compression: both of them
gradually increased with the height of specimen.
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