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Abstract. This research investigates the performance of lightweight
precast slabs reinforced with steel and bamboo (PSSBR) under vertical
loading, validated through numerical simulations. The maximum
deflection capacity, crack patterns, and failure modes are compared
with precast concrete panels reinforced with steel and bamboo as
control specimens. Two panels were fabricated with 1600 x 1600 x 110
mm dimensions each and subjected to vertical loading. Based on
experimental analysis and numerical simulations, comparing the test
results with numerical simulations indicates a close agreement. The
specific advantages of PSSBR include environmental friendliness and
sustainability.
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INTRODUCTION

The recent publication by the United Nations dis-
cusses the repercussions of global warming over
the past decade and suggests measures to allevi-
ate climate-related disasters [1]. Using fossil fuels
significantly contributes to climate change,
prompting numerous countries to explore green
technology solutions. Research and innovation in
renewable energy are crucial for achieving the
Net Zero Emission target and addressing global
warming. Bamboo emerges as a promising re-
newable energy source due to its environmental
friendliness, affordability, accessibility, rapid
growth rate, and ability to absorb CO2 and re-
lease 35% more Oz than other plants [2].

In a study [3], bamboo bio-concrete (BBC) build-
ings were tested, revealing that increasing the
use of BBC in construction can enhance carbon
stocks and reduce operational carbon. BBC tech-
nology offers a potential alternative for mitigat-
ing and adapting to climate change. Authors [4]
suggested that bamboo, used as the primary ma-
terial for glulam products in construction appli-
cations, tends to have a carbon-negative impact
with higher carbon dioxide content than wood.
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From an economic standpoint, bamboo is more
cost-effective than steel, and bamboo-reinforced
concrete is 50-65% more economical than steel-
reinforced concrete. However, specific treatment
processes are required for bamboo to be utilized
as concrete reinforcement, including soaking [5],
drying [5], and the application of either an epoxy
layer [6] or a waterproof coating [7, 8].

In terms of resilience, bamboo exhibits a high
tensile strength of up to 370 MPa [8], elasticity,
and excellent energy absorption during earth-
quakes [5].

Authors [9] mentioned that bamboo-reinforced
concrete panels incorporating styrofoam filler
exhibit notable performance, as the nominal
flexural capacity often falls below the design
moment with minimal reinforcement. Despite a
15% decrease in capacity compared to standard
concrete panels, their performance remains sig-
nificant. Authors [10] asserted that bamboo rein-
forcement presents a viable alternative material
for slabs, with its cost and suitability for low-cost
housing extensively discussed in various studies.
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Authors [11] investigated the energy absorption
characteristics of panels under monotonous stat-
ic loads, finding that variations in bamboo spe-
cies do not significantly affect energy absorption
capacity, making it suitable for broader applica-
tions. Authors [12] simulated the reinforcement
ratio's influence on panel capacity using the
ABAQUS program.

Previous studies indicate that bamboo-
reinforced concrete performs less effectively
than steel-reinforced concrete and exhibits simi-
lar failure patterns [13-16]. The differentiation
in this study lies in the dimensions of reinforce-
ment and geometry. Therefore, this research
aims to investigate the behaviour of PSSBR.

METHODS

The panels were reinforced with petung bamboo
aged 3 to 5 years, sourced in 6-meter lengths. Be-
fore utilization, the bamboo underwent an exten-
sive treatment regimen. This process involved
air-drying, shaping it to the required dimensions,
and applying a waterproof coating with a sand
sprinkle. Table 1 shows the results and mechani-
cal properties of steel, concrete, AAC (Autoclave
Aerated Concrete), bamboo, and wire mesh.

Table 1 - The properties of steel, concrete, AAC
(Autoclave Aerated Concrete), and bamboo

Material | Size | Modulus |Poisson's| Yield |Compressive
name |(mm)|ofelastic-| ratio,v |[strength,| strength, f'c
ity, E fy/fb (MPa)
(MPa) (MPa)
Steel ®8| 200,000 0.30 240 -
Concrete 21,538 0.20 - 21
Bamboo | 5x5| 10,122 0.229 387.7 -
AAC - 1,119 0.15 - 2.23
Wire -| 200,000 0.3 240 -
mesh

Two precast slab test specimens, using bamboo
reinforcement for PSSBR, made with a dimension
of 5 x 5 mm, and steel reinforcement was built
from plain steel bars with a diameter of 8 mm for
the length of the bar according to the panel size
minus 30 mm for the concrete cover. The details
of slab reinforcement and installation are shown
in Figure 1.
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Figure 1 - Details of panel reinforcement and
installation of bamboo reinforcement, steel
reinforcement, and wire mesh

The loading frame with a capacity of 100 kN was
used for the primary test. It is even loaded using
a hydraulic jack and load cell connected directly
to a data logger. To detect panel deformation or
displacement due to vertical loads, 3 LVDTs were
installed in the middle of the span and the right
and left edges of the concrete slab. Loading was
carried out monotonously and gradually to ob-
tain load and displacement. The load was applied
progressively and monotonously to read the dis-
placement according to the planned loading
stage. The loading was carried out until the panel
attained the ultimate load or collapsed, using two
methods, namely the load and the displacement
control. The load control method was applied
from the initiation of loading until the panel at-
tained the request, where the readings control
the hydraulic pump. A displacement reader con-
tinuously controlled the hydraulic pump. Crack
and failure patterns were observed and identi-
fied, from initiating the first crack until the panel
collapsed. Load and displacement data were col-
lected and recorded on the logger tool. In the fi-
nal step, the load, displacement, and failure pat-
tern data obtained from the experimental results
were validated using the FEM numerical method.
At the same time, the test setup of the panel is
shown in Figure 2.
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Figure 2 - The test setup of the precast slab

RESULTS AND DISCUSSION

The flexural capacity of the PSSBR slab is shown
in Table 2.

Table 2 - The capacity data of Slab Flexural load from
experimental and theoretical results

Specimen Flexural Load Displacement,
p Capacity, kg mm
Al1-T4 4346 9.080
A2-T4 4300 4.550
ABAQUS
CAE 4350 4.445

The maximum displacement of the PSSBR slab
was obtained in 2 test specimens. In specimens
A1-T4, the displacement value at mid-span was
9.08 mm with a load of 4346 kg; in specimens
A2-T4, the maximum value was 4.55 mm. with a
load of 4300 kg. The displacement value obtained
from the ABAQUS CAE calculation is 4,445 mm
with a load of 4350 kg.

Displacement observations and analysis were
carried out at points 1/3 and ¥ of the span of the
test object. Figures 5a and b show the relation-
ship between load vs displacement of PSSBR
panels. In the early stages of loading, until the
crack is visible, displacement occurs and does not
show an entirely linear load and displacement
relationship. This indicates that the elastic prop-
erties and density of bamboo sclerenchyma tis-
sue fibres influence the stiffness of the panels.
The density of sclerenchyma tissue fibres is an
indicator of increasing the compressive strength
capacity of bamboo [17]. The difference in initial
cracking load between A1-T4 and A2-T4 was
measured at 2350 kg and 2450 kg, respectively.
Likewise, there is a difference in the ultimate
load achieved, namely Slab A1-T4 reaches
4346 kg compared to 4300 kg for A2-T4. The
load-displacement relationship pattern after the
initial crack shows differences, and slab A2-T4
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shows higher stiffness in carrying the load than
A2-T1, as shown in Figure 3.
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Figure 3 - The relationship between load vs. dis-
placement PSSBR

Validation of panel crack and failure patterns was
carried out by finite element method (FEM) sim-
ulation using the ABAQUS program. Concrete
was defined as a homogeneous 3D solid compo-
nent that can be deformed, with a Poisson's ratio
value of 0.2, and included in the element type
C3D20R. Steel and bamboo reinforcement were
defined as 3D bars that can be deformed, with a
Poisson's ratio value of 0.3 and 0.229 for steel
and bamboo reinforcement, respectively, includ-
ed in element type T3D3. Steel and bamboo rein-
forcement were designed with embedded truss
elements. AAC was defined as a homogeneous 3D
solid component that can be deformed, with a
Poisson's ratio value of 0.15, and included in the
element type C3D20R. Wiremesh was defined as
a homogeneous 3D solid component that can be
deformed, with a Poisson's ratio value of 0.3, and
included in the element type C3D20R. Concrete
meshing was limited by the type of material
available in ABAQUS called brick elements, ena-
bling the most appropriate force distribution to
be obtained in 3D analysis, as shown in Figure 4a.

(a) (b) (c)

Figure 4 - a) Meshing, b) Constraints, c) Boundary
conditions and load direction
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Steel and bamboo reinforcement meshing was
defined as a 3D truss element about the nature of
the force distribution. This followed the nature of
the truss element in ABAQUS, distributing the
force along the component and enabling proper
behaviour for steel and bamboo reinforcement.
Figure 4a shows the constraints panel, and Fig-
ure 4b indicates the boundary conditions in the
slab performance simulation. The boundary con-
ditions in the slab performance simulation were
determined in two stages. The first was defining
support and final conditions, assuming that the
fitting surface of the panel was a joint or pin sup-
port. In contrast, the suitable surface was re-
strained vertically to apply the displacement to
the panel. Figure 4c shows the boundary condi-
tions and loading directions.

Figure 5 shows the crack and failure patterns of
the BRCPP panels.

Figure 5 - Crack and failure patterns of PSSBR slab

The pattern commenced with an initial crack of
one to three at the bottom-middle of the slab. As
the load increases, new cracks continue to ap-
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