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Abstract: This study investigates the utilization of waste
Polyethylene Terephthalate plastic bottles and Bambusa

Dendrocalamus ~ Asper

and Bambusa Blumeana are

Blumeana (thorny bamboo) as a raw material and treated by
seawater for scaffold planks for construction platforms. The
research aims to produce a load-bearing scaffold plank that can be
used as alternative construction materials while addressing
environmental concerns by reusing byproducts. Four material
designs were formulated with varying thickness of planks and
layers of plastic bottles and bamboo. It is tested for flexural
strength (kN-mm) and deflection capacity (mm). Results revealed
that 328.25 kKN-mm and 58 mm for sample 1, 395.688 kN-mm and
74 mm for sample 2, 446.649 kN-mm for sample 3, and 644.719
kN-mm and 85 mm for sample 4. Each specimen deflected more
than the scaffold plank's permitted deflection. The scaffolding
plank was not cost-effective to use when compared to coco lumber,
which is commonly used for scaffolding and costs $120. Samples
1, 2, 3, and 4 of the scaffolding utilized in this investigation cost
P103.40, P1816.70, P2546.80, and P3731.60, respectively. The
study concluded that the treatment and additives for bamboo and
PET Plastic to improve service and durability, and cost analysis of
Bambusa blumeana and Polyethylene Terephthalate scaffolding
board construction, required for further study.

Keywords: Scaffold plank, Bambusa blumeana, Plastic bottles,
PET, PVAc-D3.

1. Introduction

Humanity's  increasing  consumption and  product
development lead to increased waste and environmental issues,
particularly in the production and consumption of plastics,
which pose a threat to human health and the environment. Over
8.3 billion metric tons have already been produced worldwide
up to this point [1]. Recycling is crucial for reducing plastic's
environmental impact, but industrial production limits its use.
Plastic has also been used in civil engineering applications,
such as concrete additives and waste binder.

This study explores using plastic bottles and bamboo as raw
materials for scaffold planks, a sustainable alternative to
traditional wood, to reduce waste plastics [2]. Bamboo, also
known as engineered bamboo, is a valuable and superior
substitute for wood composites like pulp, paper, stripboards,
and plywood.

considered engineered bamboo due to their structural capacity.
This study aims to create a scaffold plank using waste plastic
bottles and Bambusa blumeana, a common Southeast Asian
bamboo with a spine or thorns, as an engineered material, to
enhance the construction process [3], [4].

This study investigates the feasibility of PET plastic bottles
and Bambusa blumeana as scaffold planks, focusing on
recycled material and bamboo's load-bearing potential.
Scaffolding is a temporary framework used in building and
maintenance tasks, providing a safe and accessible support for
workers and supplies [5]. Through this, the completion of this
study is expected to produce a scaffold plank made of plastic
bottles and B. blumena that can be used as construction
material.

A. Statement of the Problem

This study investigates the feasibility of utilizing plastic
bottles and bamboo as a potential scaffold plank. Specifically,
the study addresses the following objectives:

The study explores the use of plastic bottles and bamboo as
scaffold planks, evaluating their physical properties and
mechanical properties. It aims to determine the optimal ratio of
bamboo and plastic bottles for desired strength and compares
the cost-effectiveness of the combined planks, promoting the
reuse of waste products

B. Scope and Limitation

This study investigates the Polyethylene terephthalate (PET)
and Bambusa blumeana (Thorny Bamboo) as potential raw
material to produce a scaffold plank for a construction platform.

1.  What are the mechanical and Physical Properties that
affect the construction of scaffold plank?

2. What is the ratio of Bambusa Blumeana and plastic
bottles to satisfy the desired strength of the scaffold
plank?

3. What is the material and production cost of scaffold
plank compared to commercialized plank?
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C. Framework of the Study

This section shows the concept that outlines the process of
developing this study. To conduct this study, it will start with
gathering materials such as Bamboo (Bambusa Blumeana),
plastic bottles, and wood glue. These are the primary materials
that are needed to construct a scaffold plank following the
required design ratio in the fabrication of sample specimen.
Sequentially, the process of determining the results of the study
will be based on field experimentation, laboratory testing using
flexural testing machines, and analysis of data. And the
expected result of this study is the possible fabrication of
scaffold plank for construction platforms made of plastic bottles
and bamboo.

[ Input ] [ Process ] [ Output ]
. + Fabrication s Scaffold
of Sample Plank made
Specimen of Plastic
« Field Bottles and
Experiment ) Bambusa
+ Design Ratio ¢ Laboratory Blumsana
Testing
e HAnalysis of
Data

Fig. 1. Conceptual Framework of the study

2. Review of Related Literature

This chapter includes all the results and findings from past
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[13], [14]

B. Plastic bottles, Bambusa blumeana, and Polyvinyl Acetate
D3 as Construction Materials

1) Polyethylene Terephthalate (PET) as an Adhesive to
Construction Materials

Plastic waste in civil engineering applications can reduce
waste disposal and improve concrete's mechanical properties.
Recycling and utilizing waste plastics can reduce material
usage, cost, and quality, while maintaining or improving the
properties of the materials used [17]. Plastic bottles are used as
adhesives in concrete to enhance compressibility, tensile
strength, and load-bearing capacity. They also minimize road
cracking and are eco-friendly, as they don't require steel mesh,
reducing landfill waste [15] [16] [17].
2) Bambusa Blumeana as A Substitution for Wood Materials

The studies reveal that Bambusa blumeana exhibits
characteristic strength levels, including compressive and tensile
strengths of 20 and 95 MPa, shear strength of 5 MPa, and
bending strength of 34.6 MPa and the mean and fifth percentile
modulus of elasticity of 13100 and 8600 MPa, respectively [18]
3) Polyvinyl Acetate D3 Super Wood Glue as an Adhesive in
Construction

D3 glues are reliable for wood assembly due to their water,
thermal, and sustained load resistance properties. Polyvinyl
Acetate, a water-based solution polymer, is commonly used in
furniture, doors, windows, and tiles for its odorless and
nonflammable properties. [19]. The study found that adding 1%
of Silicon Dioxide nanoparticles to Polyvinyl Acetate adhesive

Table 1
Treatment and curing for bambusa blumeana

Treatment Curing Citation
Soaking the bamboos to the seawater for seven sun-dried for two weeks [22],
days. lateral drying method [23],[24]
bamboos are placed running water for 3 months ~ bamboos were then exposed into smoke for 15 days [25],

[26]
bamboo fibers are soaked in 100°C distilled soaked bamboo fibers in distilled water were then for the same temperature for 40 minutes [27]
water for 1 hour After soaking with the solution, the fibers are dried with 100°C
the fibers were then soaked in the Sodium
hydroxide Solution (5% with heat to 60-65°C)
Bamboo strips were soaked in a 5% boric acid The moisture content of bamboo strips reached around 12% after three days of drying at [28]

solution

60°C and 40% relative humidity, then conditioned at 20+2 °C and 65 +5% relative humidity.

studies and articles that are related to the present study, which
focuses on the utilization of plastic bottles and bamboo as
material used in scaffold planks.

A. Environmental Effects of Plastics

The studies revealed that plastic waste is not biodegradable
and can persist in the environment for years, highlighting the
need for further research.[7]. The study aims to find a
sustainable solution for handling, processing, and disposing of
used plastic containers, as they pose severe environmental
issues and release harmful chemicals.[9], [10]. One of the main
causes of air pollution is the open-field incineration of plastic
garbage [11]. Plastic, containing harmful chemicals like BPA,
thalates, antiminitroxide, brominated flame retardants, and
poly-fluorinated compounds, can cause greenhouse gases, clog
canals, increase flooding, and harm land and marine animals.

significantly improved its mechanical properties (13.46%—
23.88%) [20].

C. Treatment and Curing for Bambusa Blumeana

Bamboo treatment enhances durability and mechanical
properties by removing sugar content and carbohydrates that
attract fungi and insects, thereby extending the life of the
bamboo structure. [21].

D. Research Gap

Studies show various methods to minimize waste plastic in
the environment, including creating boards with adhesives like
epoxy, resins, and bio binders. Waste plastics and Bambusa
blumeana can be beneficial for construction, as plastic bottles
can act as adhesives. However, studies do not show that plastic
bottles can be load-bearing objects.
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Table 2

Research gaps
No. Research Gaps References
1 Emission of Greenhouse gases [29], [30], [31]
2 Carrying Significant Dynamic Load of a person/persons [32]
3 Resistance to crack and fracture under the sudden and intense impact ~ [33], [34]
4 Ability to withstand applied load [35], [36], [37]
5 Resistance to Deformation [38]

The review of articles suggests that waste Polyethylene
terephthalate plastic bottles and Bambusa blumeana could be
used as scaffold planks for construction platforms, with
Bambusa blumeana having high mechanical properties and PET
plastic bottles potentially increasing their properties when
added to concrete.

3. Methodology

This study uses quantitative research which uses variables to
determine numerical values and uses statistical analysis for the
values. The research method used is experimental research to
measure the potential of Polyethylene Terephthalate plastic
bottles and Bambusa blumeana as a scaffold plank. In this
study, researchers were able to control the variables and modify
which are the dependent variables specifically that affect the
result of the independent variables. This study also used
comparative research, where the comparison of similarities and
differences among the variables used a statistical approach to
those values.

The experimental process followed the research procedures:

i Gathorong of
Matrais a

Trwnlsenls ol

Matarials

Fig. 2. Research design flowchart

A. Collecting and Specimen Construction

e For Plastic Bottles (Polyethylene Terephthalate)
1) STEP I: Collection of Materials

Fig. 3. Collecting plastic bottles

2) STEP 2: Removing Hard Parts of the Bottles

Fig.4, Cutting off the neck and bottom parf‘()f the bottle

3) STEP 3: Cutting the Remaining Parts of the Bottle into
Vertical Strips

Fig. 5. Cutting the PET in vertical strips
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4) STEP 4: Weaving the Strips

3
-
™~

Fig. 6. Weaving of PET strips

Fig. 9. Seawater treatment for bamboo

e For Bamboo (Bambusa Blumeana)
1) STEP I: Collection of kawayang tinik from nearby sources ~ 4) STEP 4. Treated Bamboo is Sun-Dried for Two Weeks in a
Lateral Drying Method

Fig. 7. Gathering bamboo Fig. 10. Sun-drying the bamboo

2) STEP 2: Weighing the Weight After Cutting for the Data

; 5) STEP 5: Turning into the Strip 1-Inch Wide, the Thickness
of Moisture Content

Varies

- o
wldl

. Fig. 8. Weighing the bamboo

3) STEP 3: Soaking the Bamboo to Seawater for Seven Days Fig. 11 Cutting into strips
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o For the Construction of Scaffold Plank 3) STEP 3: Three Hours Compressed Drf’gin

1) STEP I: Construct a Specimen Based on the Layers of B ¥ % -11?9 ek, ite ;*
Plastic Bottles and Bamboo ' sy &

R vp :
Fig. 14. Compressed drying

Fig. 12. Costructing specimen ‘ B. Material Requirements

The following is the tabulated list of materials necessary
in producing scaffold planks. Polyethene Teraphthalate is a
lightweight substance that is used in carbonated drink bottles
made of plastic. B. Blumeana was cut at an advanced age and
identified by its dark green hue and heavy lichen cover. The
glue, PVAc-D3, is water-based, with a pH of 2.7-3-7. It
requires two hours of pressing in a chilly setting to cure.

2) STEP 2: Using a Clamp to Hold Layers in Place of the
Raw Scaffold Plank

C. Material Design

The ratio of Bamboo must be greater than the ratio of plastic
bottle base to their properties where PET plastic bottles having
tensile strength 48.3 Mpa — 72.4 MPa [39] and bamboo having
42.2 MPa 18], thus first and last layer use bamboo. These ratios
vary in two different samples that depend on thickness which
are 25 mm and 50 mm which is the minimum and maximum
thickness of scaffold plank based on the book of Occupational
Safety and Health Administration.

Table 3
Specimen details
Dimesion Of Scaffold Plank

Sample Layer Thickness (mm) Length (mm) Base (mm)
1 3 5 Bambusa blumeana 25 400 75
2 5 PET Plastic
2 4 5 Bambusa blumeana 25 400 75
1 5 PET Plastic
3 3 10 Bambusa blumeana 50 400 75
2 10  PET Plastic
4 4 10 Bambusa blumeana 50 400 75
1 10 PET Plastic
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Fig. 16. Sigle layer strips of bamboo

D. Specimen Details

Polyethene Terephthalate (PET) Plastic bottles and Bambusa
blumeana are provided and have the same dimensions when it
comes to length and width, 762 mm x 152 mm, respectively.
The thickness varies between 25 mm and 50 mm, which is the
base height of the thickness of the five layers of the scaffold
plank. Table 4 shows the details of specimen samples used to
determine data that researchers will use in determining the
results of this study.

E. Laboratory/Experiment/Field Experiment

1. Compressive Strength Test
2. Displacement of Plank
3. Moisture Content Test

These three testing procedures provide data that will be used
in evaluating the load-bearing capacity of the scaffold plank as
well as the displacement that will occur from different
magnitudes of load applied in the different treatments. Also, the
compressive strength of the potential plank will be determined
at the laboratory testing.

The findings from the systematic analysis of compression
strength, displacement, and moisture content provide evidence-
based results in the feasibility of using PET plastic bottles and
bamboo as scaffold planks.

F. Research Instrument Used

First, this study uses a camera for documentation of the study
and AutoCAD and Sketchup for generating models of scaffold
plank and its layers. The researchers observed in this study the
load-bearing capacity of the potential scaffold plank. The
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researchers will input the data on the observation sheet of the
researchers. By observation, the researchers will know how
high the load the potential scaffold plank can bear. The second
thing that needs to be observed is the deflection. Through
observation, the researchers will find out how high the potential
scaffold plank will deflect as the load is being applied.
Concluding data used a graphical method where it shows the
result of the synthesized data.

This study also uses Microsoft Excel for the encoding and
analysis of the data collected. These data are presented in a bar
and line graph. Three sample specimens for each sample group
were tested.

4. Results and Discussion

1) Compression Test of Scaffold Plank

Using YE-2000C compression machine, the compression
test of specimen of scaffold plank was conducted accordingly.
The load was applied gradually to determine the maximum
strength capacity of the plank.

FLEXURAL STREGNTH (kN-mm)

]

063

500

. e - o
- 3 = € = o
30 I ] I
1 a 3 4

333.125

Fig. 17. Flexural strength test result

Figure 15 shows the flexural strength results that were
gathered after the testing using the YE-2000C compressing
machine. The tested samples (1-4) produced various point
loads. Using the maximum moment formula, where the point
load (kN) is multiplied by the span of 325 mm and divided by
4, produced the value of the moment: Sample 1 (320.125 kN,
336.375 kN, and 263.250 kN-mm); Sample 2 (392.438 kN,
398.938 kN, and 333.125kN-mm); Sample 3 (436.313 kN,
459.063 kN, 433.875 kN-mm); and Sample 4 (667.875 kN,
621.563 kN, and 320.125kN-mm).

2) Displacement of planks

Displacement (mm)

e,
1 F 5

Fig. 18. Displacement test result

CHARLIES DAVE S. BANEZ., ET.AL.: WASTE POLYETHYLENE TEREPHTHALATE PLASTIC BOTTLES AND BAMBUSA BLUMEANA

(THORNY BAMBOO) AS RAW MATERIALS FOR SCAFFOLD PLANK FOR CONSTRUCTION PLATFORM

19



IJPRSE
Progressive Resear

Figure 16 shows the displacement result from applying loads.
The value measured on initial position of bottom of the sample
until the last location of the sample. Governing loads on each
sample are used to determine the values for the average
deflection. The data for sample 1 (57mm and 59mm), sample 2
(74 and 74), sample 3 (92 and 84), and sample 4 (86 and 84)
produced the average deflection of 58mm, 74mm, 88mm, and
85mm.

3) Moisture Content Test Result

MOISTURE CONTENT(%)

Fig. 19. Moisture content test result

The result in Figure 17 shows moisture content; the values
are determined by cutting every 2.33 meters (7 feet) of
Bambusa blumeana and splitting it in half and weighing it on a
weighing scale after submerging it in salt water for seven (7)
days, giving saturated unit weight, and sun-drying it for two (2)
weeks or fourteen (14) days, giving dried unit weight. Using the
given formula for the mean, the total value of moisture content
is then divided by the total amount of moisture content, showing
52.539% moisture content.

4) Cost Analysis

Table 5 is the total cost for each of the layers of the
construction of the scaffold plank. The total cost for the
construction of the B. blumeana is P316.00, from the cutting of
the bamboo for P50.00 each bamboo and turning into strips for
P50.00 per strip. PVAc-D3 Pioneer Wood Glue 500g is
P116.00 per bottle, but only half a gram can be applied on both
sides of the bamboo plank. Polyethylene terephthalate (PET)
plastic bottle with cap P0.09 per bottle PET Plastic Bottles and
30 pcs. of bottles are weaved to complete the span of scaffold
plank costing $2.70 pesos.

The labor cost is extracted from the cost of materials because
labor is a general cost that can be added to the total cost of the
construction of a single sample. Example: at Table 6, using
sample 1, material cost for one layer B. blumeana plank
P316.00 multiplied by the number of layers in each sample, the
total is P948.00, and for the weave PET plastic bottles, the
single layer costs 2.70, and by multiplying by the number of
layers, which are 2 layers, the weave PET plastic bottles cost
P5.40. The sum of the total value of B. blumeana (P948.00)
and PET Plastic Bottles (P5.40), the total cost for a single
scaffold plank is without labor and equipment is P953.40. From
P953.4 plus the labor (P100.00) and equipment (P450.00), the
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price of sample 1 is P1503.4, sample 2 is P1816.7, sample 3 is

P2456.8, and sample 4 is P3731.60 pesos.
Table 4

Production cost per layer
MATERIAL COST and LABOR ODST of a SINGLE LAYER
Material Quantity  Price (®) ®

Cost of Single Layer of B. blumeana

Stalk of B. blumeana 1 50 50
Strip of B. blumeana 3 50 150
DVRo-D3 Glus 0.5 232 lle
Total Cost 316

Cost of Single Layer of FET Plastic
Polysthylsns tsrsphthalats
(BET) plastic bottle with

cap 30 0.0% 2.70

Tobal Cost 2.70
Labor
B. blumsans (per stalk) 1 S0.00 S0 .00
Plastic (per sample) 50.00 50.00
Total Cost 100 .00
Eguipmert
Gclamp 30 €0.00 1800.00
Total Cost 1800.00
Table 5
Unit cost per scaffold plank
TOTAL COST
SAMPLE Layax Matarial 4 oY P TOTAL Lakor Clamg Prica
a3 | e s48
1 i 52.4 | 100 450  1503.4
2 FET 2.7 5.4
Plastic - -
4 b.;;_n_ 21€ 1264 | 1oee
2 e } 100 450 1616.7
1 FET 2.7 2.7 7
Plastic . .
. B. . .
€ . . 2le 1B5€ -
2 Bommeans 180%. | 100 250 2456.8
a FET 2.7 | 10.8 g
Plastic . .
3 ] 3 21g.7 | 2599 | B8 44 450  3731.6
Doimeans c c

5. Conclusion and Recommendation

e Melting PET plastic without catalysts results in brittleness,
making it waste. The researchers changed to weaving it.

e  The proposed scaffold plank was formed using PET plastic
and bamboo, with PVAc-D3 glue as a binding agent to
maintain their properties.

e The study utilized seawater soaking to enhance bamboo's
strength and serviceability, but did not protect it from
termites or insects. Bamboo’s long-term durability remains
uncertain.

e The plastic and bamboo layers, none was completely
broken and all samples deflected beyond the allowed limit,
plastic-bamboo ratio is suitable

A. Recommendations

The following recommendations are offered for the possible
improvement of this study. Bamboo layers should be higher
than plastic layers. Melt plastic bottles with a catalyst to
maintain mechanical properties. Protect bamboo from termites
with solignum. Analyze the cost of the scaffold plank to
determine its cost-effectiveness compared to commercial
planks.
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