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Abstract — The development of environmentally friendly composite materials is important because it is a global demand. However,
using natural materials does not rule out the possibility of a decrease in quality during use in a wet environment and in conditions of
impact defects. This paper analyzes the post-impact bending strength of sandwich composites with woven bamboo reinforcement after
being immersed in seawater. Sandwich composites are made by laminated polyurethane rigid foam sheet with polyester resin and
bamboo-fiberglass woven hybrid reinforcement. To provide defects in the sandwich composite, dropweight impact was carried out, then
it was immersed in seawater and a bending test was carried out. The highest average bending strength of sandwich composites occurs in
formations with a higher amount of fiberglass. The performance of maintaining post-impact bending strength is better in composites
with more bamboo laminate formations, the decrease in post-impact bending strength is only 2.6%. The post-impact bending strength
of sandwich composites in wet conditions has a lower value than in dry conditions. The longer the immersion of the sandwich composite
in seawater after impact, the smaller the bending strength
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I. INTRODUCTION

Everything related to environmental friendliness is now a very interesting topic. Even many countries in the world are now
make products that are environmentally friendly without forgetting the function of the product. This requires the development of
environmentally friendly composite materials. The use of natural fibers in composites is beneficial because natural fibers can
produce and are environmentally friendly. Compare this with synthetic fibers such as glass fiber, where all the materials cannot be
repaired and the waste cannot be recycled and can harm human health[1]. This is what strengthens the researchers to continue to
develop composite materials with natural fibers as constituent.

The development of bamboo fiber composite materials is also based on environmental issues. However, basically any
engineering technology that uses natural materials does not rule out the possibility of a decrease in quality during its use for a long
time. Boats made of composites, for example, at this time one of the basic composite materials that are trying to be developed are
made from natural fibers. Bamboo fiber which has biodegradable properties will weaken when water wets it for a long time,
especially in the environment around it there are excess microbes. Microbes break down the bamboo fiber, the fiber then softens
and swells due to the absorbed water. Damage to the fiber-matrix interface occurs, weakens the strength of the interface and
ultimately reduces the quality of the composite [2]. Matrix crystallization also occurs, resulting in a decrease in the weight and

Corresponding Author: Agus Dwi Catur 150



The Effect Of Immersion On The Post-Impact Bending Strength Of A Polyurethane Rigid Foam Sandwich Composite With Bamboo-
Fiberglass Woven Reinforcement

mechanical properties of the composite [3].

The typical sandwich composite structure consists of two thin, rigid and strong skin. The thin skin sheets are separated by a
lightweight core which is usually made of a polymer foam, honeycomb, or corrugated core. The core material maintains the skin
sheet in position with a slight increase in weight, to increase bending strength, buckling resistance, shear strength, and impact
energy absorption capability [4,5,6].

Many studies have investigated the residual strength of sandwich composites after applied impact loads, including those
reported on epoxy-fiberglass sandwich composites [7]. The flexural stiffness of the epoxy-fiberglass sandwich composite
decreased by about 30.5%; 35.2% and 55.6% for composite cores of balsa, styrene acrylonitrile and polyethylene terephthalate
after impacting them. Reductions in flexural forces were also measured as 22.8%, 4.9% and 22.1% for the composite core of
balsa, styrene acrylonitrile and polyethylene terephthalate.

Post-impact flexural strength is reported to generally decrease with increasing impact energy. The flexural strength is higher in
the case of outward bending than in the case of inward bending, because it reduces the compressive properties of the skin affected
by impact [8]. Post-impact compressive strength also decreases in glass fiber-epoxy composites, a decrease in compressive
strength occurs with increasing impact energy [9]. The author [10] also previously wrote about the residual bending strength of
sandwich composites that have been subjected to impact loads. Defects formed in composites subjected to impact loads are:
delamination, hollows and even holes. The more layers of reinforcing fiber in the composite skin, the shallow basin formed. The
greater the impact energy, the greater the depth of the basin formed. Sandwich composites still have flexural strength after impact,
but decrease with increasing impact energy imposed on the composite.

Based on the research report above, when the polymer composite works in an aqueous environment, water gets it. Composite
materials got a decrease in quality when the composite is exposed to water for a long time. Sandwich composites are hit or hit by
falling objects with relatively small energy, the sandwich composites become damaged on the surface or even spread to the
composite core. The defect causes a degradation of the strength of the sandwich composite. When the polymer composite has
surface defects, water will more easily enter the composite through the reinforcing fiber.

When objects fall or hit the surface of the sandwich composite with relatively small energy, the composite on the skin of the
sandwich composite is damaged. In addition to injury, there is also a degradation of the strength of the sandwich composite skin.
If the composite is in a wet environment, water can enter the composite. However, as far as the authors know, the effect of water
ingress on polymer sandwich composites by immersion in composites that have experienced an impact on their mechanical
properties is still very limited. Because of these problems, the idea arose to research and analyze the effect of immersion time on
the post-impact bending strength of a polyurethane rigid foam sheet sandwich composite with bamboo-fiberglass woven
reinforcement. The number of layers of composite sandwich skin varied. The bending strength of the sandwich composite which
was previously deformed from low impact loads after immersion in seawater was analyzed for variations in the number of layers
of the sandwich composite skin.

II. MATERIAL & EXPERIMENTAL PROCEDURES

In the research in this paper, the object of research is a sandwich composite with polyurethane rigid foam sheet as the core.
The two sandwich composite skins are made of laminated polyester with a hybrid reinforcement of gigantochloa apus bamboo
woven and fiberglass woven. The making of bamboo strips uses a thin cutter to separate the outermost and innermost skins so as
to obtain a strip thickness of 1 mm with a width of 10 mm. The bamboo strips are woven at an angle of 45° and -45° to form a
sheet of bamboo woven for further cutting according to the dimensions of the specimen. The bamboo woven were soaked in 4%
NaOH solution for 2 hours. This alkaline treatment aims to remove lignin on the bamboo surface so that the interface bond
between the fiber and the polyester matrix is better. After alkaline treatment, the bamboo woven were dried in the sun for 1 day.
Bamboo woven weight has an average weight of 576 gr/m”. Another laminate reinforcement is fiberglass woven with a weight of
200 gr/m”. The polyurethane rigid foam sheet (PURF) was cut to the size of the sandwich composite specimens (Fig. 1a).
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Figure 1 Making sandwich composites: a. cutting polyurethane rigid foam sheet as the core b. sandwich composite core laminate.

a.

The manufacture of sandwich composite skin is done by laminated polyurethane rigid foam sheet (Figure 1b) with polyester
resin with a hybrid reinforcement of bamboo woven (B) - fiberglass woven (F). The number and arrangement of reinforcement
are varied according to the planned formation. For the formation of the 2F/1B-PURF-1B/2F sandwich composite, the
polyurethane rigid foam sheet is sandwiched by a laminated polyester reinforced with 2 sheets of fiberglass woven -1 sheet of
bamboo woven for each of the top and bottom skin of the sandwich composites. In the 2F/2B-PURF-2B/2F sandwich composite
formation, the laminated polyester reinforced with 2 sheets of fiberglass woven -2 sheets of bamboo woven for each top and
bottom skin of the sandwich composites flank a polyurethane rigid foam sheet. While the 3rd formation of sandwich composites
is 3F/1B-PURF-1B/3F, namely polyurethane rigid foam sheet flanked by laminated polyester- three fiberglass woven sheet and
one sheets of bamboo woven.

The two laminates that have been glued flanking the core are then allowed to dry in the room. The sandwich composite has
been finished and is ready to be cut using a high speed grinder (Figure 2b) to be made into specimens that are ready to be tested.
Referring to the ASTM C 393-00 standard, the dimensions of the composite sandwich test specimen are rectangular in shape
(Figure 2a). Where the width must be not less than twice the thickness of the core. The length of the specimen must be equal to
the length of the span plus 50 mm (or 2 inches). To ensure that the simple sandwich composite theory applies the rule of thumb
for the three-point bending test, the span length divided by the sandwich thickness must be greater than 17.

Falling load impact method using a dropweight impact test tool (Figure 2¢). Dropweight impact loading was carried out by
applying a shock force to the surface of the composite skin in another study to determine the ability of the skin and core sandwich
composite to withstand shock loads. The dropweight impact treatment in this study was intended to provide defects on the surface
of the sandwich composite skin so that seawater could enter and further affect the exposed bamboo fibers during immersion. This
is to cause defects in the composite by impact, with the analogy of a sandwich composite boat receiving an unexpected impact
when using the boat at sea.

After the dropweight impact is carried out, a bending test is performed, so the specimen size is adjusted for the ASTM C 393
sandwich composite bending test specimen size. The dropweight impact loading mechanism in this study is to use a falling load
with an energy of 26 joules, the falling load given is 2.6 kg blunt steel (1 inch diameter) at a height of 100 cm, with a span
distance of 20 cm and assuming the acceleration of gravity used is 10 m/s”.

p=900
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Figure 2 Specimens and test equipment; a: specimen size (mm),b: cutting specimen,c: dropweight impact test tool,d; three-point
bending test

Immersion of sandwich composites using seawater is intended to determine the effect of seawater on test specimens that have
been deformed by impact loads. The surface of the composite specimen that has been deformed makes the matrix and fibers that
make up the sandwich composite come into direct contact with water. In the background it was reported by previous researchers
that moisture can reduce the mechanical strength of composites using fiber. To be able to find out how much influence sea water
has on the decrease in bending strength after impact, sandwich composites are treated with seawater immersion at different
immersion times, that is 10 days, 20 days and 30 days. Immersion is carried out in a tub filled with sea water originating from sea
water from Ampenan beach, Lombok Strait. The sandwich composite is pressed with a rock so that all parts are submerged. After
reaching the specified day variation, the specimen was removed from the bath, and allowed to dry in room temperature until no
water wetted the specimen surface, then a bending test was carried out.

The type of bending test carried out is three-point bending by applying a bending force slowly in the middle of the specimen
supported by roller supports at both ends of the specimen (Figure 2d). The bending test standard is ASTM C 393-00. From this
bending test, it is known that the bending force of the composite can withstand the load until the composite breaks or the bending
load decreases drastically. Prior to the bending test, the dimensions of the specimen were measured, shifting the bending pedestal
so that the distance between the supports is 760 mm and the penetrator is in the middle of the distance between the supports.
Bending specimens were placed on a universal testing machine and tested by bending at three points with a deviation speed of 5
mm/min. The magnitude of the addition of bending load and bending deflection that occurs in the specimen is recorded and can
be seen on the computer monitor.

When the specimen is tested for bending, the upper part of the specimen is subjected to compressive stress and the lower part
is subjected to tensile stress. The maximum bending stress at the bottom surface can be calculated by the equation (ASTM C 393):

2L
Ty = 2t{d+ b
Where :
03 = sandwich composite bending strength (MPa) d = sandwich thickness (mm)
P = maximum load applied to the midspan (N) ¢ = core thickness (mm)
L = span length (mm) b = sandwich width (mm)

t = skin thickness (mm)
III. RESULT AND DISCUSSION

Table 1 shows the average maximum bending force of the bending test results on all sandwich composite specimens: without
treatment, with drop weight impact and immersion treatments. The average maximum bending force of sandwich composites that
have been treated with drop weight impact and immersion is smaller than that of composites without any treatment. There is a
decrease in the bending force of the sandwich composite in all composite formations. The average maximum bending force on the
sandwich composite 2F/2B-PURF-2B/2F without treatment obtained a force of 773 newtons. The bending force on sandwich
composites with impact treatment without immersion resulted in a decrease in the force to 605 newtons. After impact treatment
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and immersion using seawater, the composite bending force decreased with increasing immersion time, i.e. soaking 10 days to
467 N, 20 days to 487 N and immersion for 30 days obtained a decrease in the average maximum bending force value to 402 N.
The same thing happened to decrease the average maximum bending force in sandwich composites with the 2F/1B-PURF-1B/2F
formation and the 3F/1B-PURF-1B/3F formation.

The decrease in the value of the maximum bending force of this composite indicates the weakening of the strength of the
matrix in binding the fiber due to damage to the skin when it gets impact and the effect of seawater immersion on the specimen
after being given an impact. From table 1 there is a relationship that the longer the immersion in seawater, the greater the
reduction in the maximum bending force of the sandwich composite.

Table 1 Average maximum bending force of sandwich composite

sandwich composite average bending force (N)
formation no dropweight with dropweight impact

impact, no 10 days 20 days 30 day

no immersion immersion immersion immersion immersion
2F/2B-PURF-2B/2F 773 605 467 487 402
3F/1B-PURF-1B/3F 642 427 357 357 338
2F/1B-PURF-1B/2F 535 380 312 337 335

To calculate the bending strength of sandwich composites, the composite dimension measurement data and the maximum
composite bending force in table 1 are applied to equation 1. The composite bending strength values obtained from the three
sandwich composite formations, before and after being treated by impact and immersion in seawater are shown in the figure. 3.
From figure 3 it can be seen that there are several factors that affect the value of the bending strength of sandwich composites i.e.
the effect of variations in the composite skin constituent layers, the effect of impact treatment and the effect of variations in
immersion time.
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Figure 3 Graph of sandwich composite bending strength before and after impact and after immersion

The bending strength is influenced by the sandwich composite formation. The highest average bending strength is in the
3F/1B-PURF-1B/3F formation, which is a sandwich composite with the top and bottom skins each laminated 3 sheets of
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fiberglass-1 sheet of bamboo fiber. The intermediate bending strength is the 2F/1B-PURF-1B/2F composite, and is followed by
the 2F/2B-PURF-2B/2F composite formation. If there has not been a failure in the skin and core, the upper sandwich composite
skin is still able to transmit the bending force to the core with a greater magnitude, then it is forwarded to the bottom skin. The
presence of fiberglass reinforcement in the sandwich composite,so skin is stronger than the reinforcement of woven bamboo
strips. Bamboo strip woven has a thickness dimension that is greater than fiberglass woven, the bamboo strip woven cavity is
filled by a matrix causing the strength of this laminate to be smaller besides that the fiberglass strength is better.

Impact treatment reduces the bending strength of sandwich composites, this can be seen from Figure 3. The bending strength
of sandwich composites with the 3F/1B-PURF-1B/3F formation without impact treatment and without immersion is 15.01 MPa,
this is down 29% due to impact treatment to 10.64 MPa. The bending strength of the sandwich composite with the 2F/1B-PURF-
1B/2F formation without impact treatment and without immersion was 13 MPa, this decreased by 21% due to impact treatment to
10.22 MPa. Impact also reduced the strength of the 2F/2B-PURF-2B/2F sandwich composite from 9.23 MPa to 8.99 MPa or
down 2.6%. The bending strength of the 3F/1B-PURF-1B/3F post-impact sandwich composite is better than the other two
formations, this cannot be separated from the role of fiberglass which dominates the reinforcement in the sandwich composite
skin. However, the performance of maintaining the original bending strength is better in the composite with the 2F/2B-PURF-
2B/2F formation, the dominance of thickness by the bamboo laminate makes the impact only damage a limited area on the surface
so that the decrease in post-impact bending strength is only 2.6%.

Composites are very sensitive to loads in the thickness direction, especially low velocity impact [11]. The energy of the impact
penetrator imposed on the sandwich composite results in the failure/damage of the composite. In the presence of impact energy at
a certain collision contact time and the resistance to the impactor causes fluctuations in the impact force, causing damage to the
composite. Through the experiment, it was found that the low velocity impact caused damage to the laminated sandwich
composite skin. The polymer sandwich composite that received the impact load experienced defects on the surface which
continued to the core. Some of the damage modes that occur are: delamination, fiber breaking, matrix cracking, concave surface,
even holes or through. Sandwich composite damage due to impact depends on the impact parameters such as the shape and mass
of the impactor, impact energy, and the material and size of the composite [10]. An example of a defect that occurs after impact is
shown in Figure 4a.

crack in the core

delamination between core and skin

Figure 4. Failure modes on a sandwich composite specimen; a: post-impact defects of the 2F/1B-PURF-1B/2F sandwich
formation, b: bending specimen damage after impact of the 2F/2B-PURF-2B/2F sandwich formation

Sandwich composites that have been impacted result in a decrease in bending strength due to the initial defects due to the
impact given before the bending test. Impact treatment causes a decrease in bending strength in all variations of composite skins.
Impact damage on the three sandwich composite formations caused a significant decrease of up to 29% in the residual bending
strength of the material. This is the same as the research of Genghan et al [11], Zhang et al [12] on fiber-reinforced composites,
which concluded that the residual strength of fiber-reinforced composites after impact was studied to be reduced. The failure of
the after impact bending specimen in the form of delamination between the skin and the bottom sandwich composite core and the
occurrence of cracks in the core (figure 4b). This failure occurs because the strength difference and the deformation limit are
relatively too far between the skin material and the sandwich composite core. Core to the limit of deformation is not able to
transmit the force to the sandwich composite skin. It can be seen in Figure 4b that the crack starts from the bottom of the core
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where in this section the tensile stress is more dominant.

The effect of immersion with seawater after impact treatment causes a decrease in the bending strength of all sandwich
composite formations with the length of immersion time, this can be seen in the trend of the bending strength graph in Figure 3.
The after impact bending strength of 2F/1B-PURF-1B/2F is 10.22 MPa. Immersion of this sandwich composite with post-impact
seawater for 10 days, 20 days and 30 days caused a decrease in bending strength to 8.1 MPa, 7.7 MPa and 7.58 MPa. On the open
surface, the reinforcing fiber and the surface between the fiber - matrix in the sandwich composite skin cause water to easily enter
the composite, this is due to the capillarity of water in a narrow gap. Water can have an adverse effect on polymer composites
both chemically and physically. Chemically, water affects the chemical structure of the resin matrix and water can lower the glass
transition temperature [13]. Physically, water can swell the matrix and cause fiber-matrix separation due to the internal tension
between them [14]. This causes cracks in the matrix and the separation of the matrix-fiber interface so that the strength of the
composite decreases.

The post-impact bending strength of the 2F/2B-PURF-2B/2F sandwich composite was 8.99 MPa, decreased to 7.1 MPa, 6.9
MPa, and 6.47 MPa after being immersed in seawater for 10 days, 20 days and 30 days. The surface of the sandwich composite
that has been deformed and exposed allows seawater to enter and freely wet the natural fibers which are the reinforcement of the
composite. Seawater can reduce the mechanical strength of natural fibers, as a result, it can reduce the bending strength of the
bamboo fiber-reinforced composite which is used as a composite reinforcement in this study. The effect of water absorption on
the mechanical properties of plant fiber composites was also studied by Sanjeevi et al. [15], namely composites with areca fine
fibers and calotropic gigantea fiber reinforcements. The water absorption behavior of the composite follows the non-fickan law,
the penetration of water in the fiber disrupts the interfacial bond which causes poor strength in the composite.

The degradation of the fiber-matrix interface caused by exposure to moisture resulted in a significant decrease in the
mechanical properties of the composite [16], even a decrease in mechanical properties not only occurred in polymer composites
with animal natural fiber reinforcement, but also with plant natural fiber reinforcement caused by hydration in the fiber matrix
composites [17]. In wet and dry conditions, the hybrid sandwich composite with 2 layers of fiberglass skin reinforcement - 1
layer of woven bamboo strips showed better strength than the other two composite formations. However, the bending strength is
greatly reduced when the material is wet. The bending strength of the 3F/1B-PURF-1B/3F sandwich composite post-impact
without seawater immersion is 10.64 MPa, with 10 days of immersion the bending strength value becomes 9.82 MPa, while at 20
days of immersion the bending strength value decreases to 8.9 MPa and if immersed in 30 days the bending strength decreased to
8.44 MPa. The banding properties of post-impact sandwich composites in wet conditions have a lower value than post-impact
sandwich composites in dry conditions.

IV. CONCLUSION
From the results of experiments and analysis, several findings have been obtained:

1. The strength of the composite sandwich depends on the skin formation, the highest average bending strength is in the formation
with a higher amount of fiberglass 3F/1B-PURF-1B/3F, which is a composite sandwich with the top and bottom skins of each
laminate 3 fiberglass sheet - 1 sheet of woven bamboo.

2. The performance of post-impact bending strength is better in composites with the 2F/2B-PURF-2B/2F formation, the
dominance of thickness by bamboo laminate makes the impact only damage a limited area on the surface so that the decrease
in post-impact bending strength is only 2.6% .

3. The comparative properties of post-impact composite sandwiches under wet conditions have lower values than those of post-
impact composite sandwiches under dry conditions.

4. The longer the immersion of the sandwich composite in seawater after impact, the lower the bending strength.

5. Longer immersion in seawater on the after-impact sadnwich composite causes the lower bending strength.
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