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ABSTRACT

The use of lightweight materials like balsa wood in prototype bridge construction has become a fascinating topic in civil
engineering, especially in laboratory-scale experimental studies. This research aims to evaluate the structural performance of
a prototype balsa wood truss bridge under concentrated loading. The bridge is designed with a symmetrical truss system and
a main joint at the central connection, which acts as the center for force distribution. The design process was conducted using
anumerical approach through structural software to analyze the axial force and bending moment under various load scenarios,
namely 10 kg, 20 kg, and 30 kg. The analysis results show that the compressive and tensile axial forces, as well as the bending
moments that occur, are still within safe limits based on the specifications of balsa wood's modulus of elasticity and strength.
Additionally, experimental testing was also carried out on this balsa bridge prototype. Structurally, this bridge has a total
weight of 25,91 grams. The test results show that the bridge can withstand a load of 30.90 kg. When compared to the weight
of its structure, the bridge demonstrates good material efficiency as it can support 1,161.327 times its own weight.

Keywords: balsa wood, lightweight material, load, truss bridge.

Introduction

A bridge is a transportation facility that plays a very
important role in human life. [1] A truss bridge is a type of
structure made of interconnected members forming a
triangular pattern, which provides high stability and the
ability to distribute loads efficiently. The construction
materials can vary, such as wood or metal. A truss structure
is composed of components arranged into triangular units —
the most stable geometric shape known in construction. [2]

truss bridge

tied arch bridge suspension bridge

cantilever bridge cable-stayed bridge

= e

Figure 1. Kinds of bridge truss shapes

A Wood structure is a type of structure whose components
are made of wood materials. As construction technology
develops, wood is increasingly used as an alternative option
in various civil engineering projects. Its uses include roof
trusses, bridge frames and girders, scaffolding structures, and
building elements such as columns and floor beams.[3] Wood
has the advantage of being a renewable material. So far, it
has been more commonly used in industries such as plywood
and furniture manufacturing, while its application in bridge
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construction remains relatively limited.[4] The use of wood
as the main material for bridges has been around for a long
time because wood is known as a suitable material for
connecting areas separated by rivers or ravines. Although
many bridges now use materials such as steel and concrete,
wooden bridges still have their place in civil engineering.
However, the use of wood also has its own challenges.[5]

The quality of wood as a construction material is crucial in
ensuring the strength and durability of bridge structures. A
lack of quality control can lead to various problems, such as
structural damage or a reduction in the material's service
life.[6] In general, the wood used must be in good condition,
provided that its characteristics and any defects do not
damage or reduce the quality and strength of the building's
construction.[7] Nonetheless, wood continues to offer a
number of advantages, such as ease of cutting and processing,
as well as its environmentally friendly properties, making it
a promising alternative for future bridge construction.|8]

T

Figure 2. Balsa wood

Balsa wood has unique characteristics that set it apart from
other types of wood, namely its very lightweight. It also has
good flexibility and a high strength-to-weight ratio, making
it a very valuable material for various purposes such as
making miniature bridges, carved crafts, surfboards, model
airplanes, and other creative applications.[9] Balsa (Ochroma
pyramidale) is a type of wood known for its low density. The
elastic properties of balsa wood are very important when it is
used as a core material.[10] Balsa is a type of natural wood
used in composite materials and is also considered an
environmentally friendly material. It is known as one of the
lightest commercial woods, with a low density (60—-380
kg/m?) and good mechanical properties and performance.[11]
Moreover, one of the important things that must be
considered in a wooden structure is its joints. The joints must
be calculated in such a way that the safety of the wooden
structure is guaranteed.[12]

Method

The steps of this research are shown in the following image.
This research began with the design of a truss bridge model
using balsa wood with a cross-section of 3 mm x 3 mm and
a rod length of 1000 mm.

Material Properties
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Conclusion

Figure 3. Flowchart

The bridge has a span of 320 mm, a height of 100 mm, and a
width of 68 mm. The following are the specifications of the
balsa wood as the primary material for the bridge:

Table 1. Specifications of balsa wood

Details Spesifications

Name Balsa

Tree size Ochrama Pyramidale
Dry wight 150 kg/m3
Spesific gravity 0,12 ;0,15
Tensile splitting strength 19,6 Mpa
Elasticity 3,71 Mpa
Compressive strength 11,6 Mpa

Using the Indonesian Forest team's balsa wood identification
as a reference, the minimum air-dry density of 150 kg/m? is
used. Density is defined as weight per volume divided by the
weight of an equal volume of water.[13] Therefore, its
modulus of elasticity (E) can be calculated using the
following equation:

E = 16000 x G*7 (D
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Where:
E = Modulus of Elasticity (Mpa)
G = Specific Garvity (t/m?)

Based on the equation above, the flexural modulus of
elasticity (E) can be calculated as follows:

E =16000 x 0.15 %7

E =4160.49 Mpa

The material specifications used for structural analysis
modeling are as follows:

Material : Balsa wood

Dimension :3 mm x 3 mm x 1000 mm
G : 150 kg/m?

E :4160,49 Mpa

The modulus of elasticity (E) for balsa wood is 4160.49
MPa. The reference modulus of elasticity for stability
(Emin) can be determined using the equation from SNI
7973:2013, C4.2.4-1 [14], as follows:

E.[1-1,645 .COVE].(1,03)
1,66

2

Enmin =

Where:

E = Modulus of Elasticity

1,03 = Correction factor to correct the value of E
1,66 = Safety factor

COV = Variation coefficient of E

We can see the coefficient of variation for the modulus of
elasticity (COVE) in SNI 7973:2013 [14] as follows:

Table 2. Coefficient of variation (COVE)

Variation COVEg
Visually graded sawn timber 0,25
Mechanically evaluated wood 0,15
Mechanically stress-graded timber 0,11
Structural glued laminated timber 0,1

The value of the modulus of elasticity (Emin) can be
calculated from equation 2.

E.[1—1,645.C0V;].(1,03)

Enmin = 1.66 (D
4160,49.[1 — 1,645.0,25].(1,03)

Enmin = 1,66 @)

Emin = 1519,86 MPa 3)

The balsa wood used has a modulus of elasticity for stability
(Emin) 0f 1519.86 MPa.

Figure 3. Bridge illustration

This bridge truss design was inspired by an open book, where
each page resembles the truss structure of a bridge. The
book's structure has sharp angles and clean lines, providing a
strong visual representation of how elements can connect to
form a harmonious whole.

Figure 4. Truss bridge design

Each open page is like a bridge truss, connecting the ideas,
knowledge, and creativity into one complete whole. Here are
the basic data points for planning a balsa bridge structure.
Type of brige: Truss

Width of the bridge : 68 mm

Bridge span 320 mm

Truss height : 100 mm

Support : Pin - pin

Material : Balsa wood 3 x 3 x 1000 (mm)
Connection : Glue

5,15

Figure 5. Side view of the truss bridge
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Figure 9. 3D bridge design using structural software

6,5
5
53

The planning of three load trials (10, 20, and 30 kg) were
conducted as follows:

Load 10 kg: Here is a discussion of the internal forces that
occur due to a 10 kg load.

Figure 7. Top Side view of the truss bridge

il HH

o
e
Figure 10. Normal force (axial) diagram due to load 10 kg
The beam with a maximum axial force due to a 10 kg load,
E8E 53 HE_ [ along with details, is shown in Fig. 11 below.
59 .
Py S -

76 Kof

Figure 8 Front view of the truss bridge ot 17,6 mm

Resultant Torsion

The entire truss of this bridge is centered on a main joint in Torsion
the middle. This innovation makes the bridge more sturdy

and stable because the forces from each member are

-0,16 Kgf-mm

_ Raiie

distributed evenly to a single central point. This central joint (a)

not only functions as a truss binder but also as a load 7

distribution center, allowing the bridge to withstand larger Axial

loads with maximum efficiency. _ e

Results Resuftant Torsion Torsion

Modeling I o
at 116,01 mm

This bridge structure modeling uses structural analysis

software. The modeling aims to model the planned structure (b)

and loads, with the output being axial forces and moments Figure 11. (a) Compression (b) Tension due to load 10 kg

used to design the dimensions of the trusses.[15]
Based on Fig. 11, the results show a maximum compressive
axial force of -7.6 Kgf at a position of 117.6 mm and a
maximum tensile axial force of 5.3 Kgf at a position of
116.01 mm. This indicates a small but significant
compressive force on the axial axis, where the structure is
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experiencing a compressive force that needs to be considered
for further calculations.

AN

Figure 12. Moment diagram due to load 10 kg

Beam with maximum moment due to a 10 kg load with
details is shown in Fig. 13 below.

ResunanL Shear

Shear V2

0,29 Kgf
at 117,6 mm

Resultant Moment

|
‘V

Moment M3

|

10,3 Kof-mm
at 58,8 mm

Deflections

Figure 13. Maximum moment due to load 10 kg

Deflection (2-dir)

0,108085 mm
at 58,8 mm
Positive in -2 direction

Based on Fig. 13, the structure experiences a maximum
bending moment of 10.3 Kgf-mm at the 58.8 mm position.
Overall, the structure is able to withstand these forces well
and remains within safe limits for balsa wood.

Load 20 kg: Here is a discussion of the internal forces that
occur due to a 20 kg load.

Figure 14. Normal force (axial) diagram due to load 20 kg

Beam with maximum axial force due to a 20 kg load with
details is shown in Fig. 10 below.

RESUILEIILARRI PVl e

Resultant Torsion

(a)

Axial

-15,16 Kgf
at 17,6 mm

Torsion

-0,32 Kgf-mm
at 58,8 mm

RESUILINIL AR Ul GE

Resultant Torsion

(b)
Figure 14. (a) Compresion (b) Tension due to load 20 kg

Axial

10,57 Kof
at 116,01 mm

Torsion

6,768E-02 Kaf-mm
at 116,01 mm

Based on Fig. 14, the results show a maximum compressive
axial force of -15.16 Kgf at a position of 117.6 mm and a
maximum tensile axial force of 10.57 Kgf at a position of
116.01 mm. This indicates a small but significant
compressive force on the axial axis, where the structure is
experiencing a compressive force that needs to be considered
for further calculations.

N\

Figure 15. Moment diagram due to load 20 kg

Beam with maximum moment due to a 20 kg load with
details is shown in fig. 16 below.

ResuEIL Siiear

Resultant Moment

[ =
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Shear V2

-0,58 Kof
at0, mm

Moment M3
20,54 Kgf-mm
at58,8 mm
Deflections

Figure 16. Maximum moment due to load 10 kg

Deflection (2-dir)

0,215619 mm
at 58,8 mm
Positive in -2 direction

Based on fig. 16, the structure experiences a maximum
bending moment of 20.54 Kgf-mm at the 58.8 mm position.
Overall, the structure is able to withstand these forces well
and remains within safe limits for balsa wood.

Load 30 kg: Here is a discussion of the internal forces that
occur due to a 30 kg load.
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ResuRanL Snval

Shear V2

_ /i

at0, mm

Resultant Moment

Moment M3
| 30,85 Kgf-mm

;77 at 58,8 mm
—~— |

Deflections.

Deflection (2-dir)

0,323859 mm
at 58,8 mm

Figure 17. Normal force (axial) diagram due to load 30 kg Posttive in -2 direction

Figure 20. Maximum Moment Due to Load 10 Kg
Beam with maximum axial force due to a 30 kg load with

details is shown in Fig. 18 below. Based on Fig. 20, the structure experiences a maximum
R bending moment of 30.85 Kgf-mm at the 58.8 mm position.
Axial Overall, the structure is able to withstand these forces well
20K and remains within safe limits for balsa wood.
I |
Resutant Torsion Experimental
_ forston Constructing a balsa wood bridge is not an easy task. It is
ﬁ—- e quite time-consuming and requires a complex process, thus
_ it demands meticulous planning, careful execution, and
(a) periodic evaluation. The stages begin with assembly,
checking the frame's specifications and weight, and end with
RESUILEILAXI FUICE A tStin.
at 116,01 mm
Resultant Torsion
Torsion
‘ 0,1 Kgf-mm

(b)
Figure 18. (a) Compresion (b) Tension Due to Load 30 Kg

Based on Fig. 18, the results show a maximum compressive
axial force of -22.76 Kgf at a position of 117.6 mm and a ~ :
maximum tensile axial force of 15.88 Kgf at a position of Figure 21. Prototype of the bridge
116.01 mm. This indicates a small but significant
compressive force on the axial axis, where the structure is
experiencing a compressive force that needs to be considered
for further calculations.

T

The bridge's weight was measured, which will be used as
a parameter for the strength-to-maximum load ratio it can
bear.

Figure 19. Moment diagram due to load 30 kg

Beam with maximum moment due to a 30 kg load with
details is shown in Fig. 20 below.

Figure 22. Weight of the bridge
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Based on Fig. 22, the bridge's weight was 25.91 gr. The
bridge's dimensions were then checked by measuring it with
a ruler, and the bridge could be passed through by a wooden
block measuring 80 mm x 40 mm with a length of 300 mm.

A

80 mm

Figure 23. Bridge dimension checking

Based on Fig. 23, the bridge dimensions obtained are a span
0f' 320 mm, a height of 100 mm, and a width of 68 mm, which
meet the specifications. After this, a load test can be
performed on the bridge.

The Load Testing stage is conducted to determine the
maximum load capacity of the bridge. This process is carried
out by suddenly attaching a hooking mechanism, consisting
of a plate and a bucket (initial weight of £1 kg). Subsequently,
the load is added gradually (500 grams per measure) into the
bucket every 5 seconds. The test ends when the bridge
collapses.

Figure 24. Load testing phase

Based on Fig. 24, the bridge was able to withstand a load of
30.09 kg. This shows a trend that's similar to/consistent with
the modeling analysis plan

Discussion

Comparison of modeling results

Modeling has been completed, followed by a comparative
analysis of the results (model with a load of 10, 20, 30 kg).
The purpose of the comparison is to determine the
differences in the values of axial force and moment across
three (3) modeling variations. The results of this comparative
analysis are shown in the graph and table figures, including

Table 3, Fig. 25, and Fig.26.

Table 3. Test output of bridge load testing using software.
Load (Kg)

No. Output
10 20 30
Max. Compression
Force ( Kgf) -7.6  -15.16 -22.76
Max. Tension Force
2. 53 10.57 15.88
(Kef)
Max. Moment
3. (Kef.mm ) 10.3  20.54  30.85
Here is the graph based on the data in Table 3.
Load vs Axial Froce
25
= 20
g 15
5 —@— Max.
% 10 Compression
3 5 —@®— Max. Tension
0
0 20 40
Load (Kg)

Figure 25. Comparison graph of load vs axial force

Based on Fig. 20, it can be seen that the axial force, both
compressive and tensile, increases with the increasing load.
This indicates a correlation between the axial force value and
the load carried.

Load vs Max. Moment

B NN W W
U O U1t o u;m

—@— Max. Momen

=
Ul O

Max. Moment (Kgf.mm)

o

0 20 40
Load (Kg)

Figure 26. Comparison graph of load vs moment

Based on Fig. 21, it can be seen that the moment value
increases with the increase in the applied load. This indicates
a good correlation between the moment value and the load
being carried.
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Analysis of Experimental Result

Based on the results of the experimental test, the maximum
weight that can be supported is 30.09 kg. This is in
accordance with the design that was modeled in the structural
software. Furthermore, from this test, the effectiveness value
of the bridge truss can be calculated.

) Max.Load

Effectlveness = W (4)
. 30090 gram

Effectlveness = m =1161.327 (5)

Based on the efficiency value calculation, it can be
interpreted that the bridge is able to withstand 1161.327 times
its own weight.

Conclusion

Based on research regarding bridge planning with balsa
wood material, several important points about bridge
planning were concluded. Among them is an innovative
design where the entire framework of the bridge is centered
on one main joint in the middle. This innovation makes the
bridge more stable, as the forces from each frame are
distributed evenly toward a single central point. This central
joint not only serves to connect the frames but also acts as
the main load distributor, allowing the bridge to withstand
greater loads with maximum efficiency.

Based on the modeling of the three types of loads, it can be
concluded that the greater the load carried, the greater the
external forces that occur, both axial and moment. This
means that the bridge truss will also experience greater
deformation. Experimentally, the balsa bridge could
withstand a load of 30.90 kg before it eventually collapsed.
If viewed from its efficiency value, it can be interpreted that

the bridge is able to withstand 1161.327 times its own weight.

References

[1] D. F. Lilu, “Alternatif Perencanaan Struktur Atas
Jembatan Rangka Baja Tipe Camel Back Truss
Dengan Menggunakan Metode LRFD Di Weutu Kota
Atambua, Kab. Belu. Provinsi NTT.,” e-journal
Perencanaan Jembatan Rangka Baja, vol. 3, no. 02,
pp. 17-24, 2019.

[2] Bambang. Supriyadi and A. S. Muntohar, “Jembatan
(Edisi Pertama),” Jembatan, pp. 1-244, 2007.

[3] A. Murtono, A. Sandhyavitri, and Z. Djauhari,
“Analisis Jembatan Kayu Komposit Berbasis Material
dan Kearifan Lokal (Studi Kasus : Kabupaten Indragiri
Hilir),” Jurnal Selodang Mayang, vol. 5, no. 2, pp. 6—

16, 2019, [Online]. Available:
https://ojs.selodangmayang.com/index.php/bappeda/a
rticle/view/123

[4] A. Astasari, S. Sutikno, and W. Wijanarko, “Bending

[7]
[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

and Torsional Characteristics of Carbon Fiber and
Balsa Wood Sandwich Composite,” IPTEK Journal of
Proceedings Series, vol. 0, no. 2, p. 5, 2017, doi:
10.12962/j23546026.y2017i2.2270.

S. Suryansyah, J. Purnomo, and F. Kamil,
“Perencanaan Jembatan Kayu di Jalan Pertanian Desa
Mekar Sari Kecamatan Benua Kayong Kabupaten
Ketapang,” Journal of Research and Inovation in Civil
Engineering as Applied Science (RIGID), vol. 1, no. 2,
pp- 36—41, 2022, doi: 10.58466/rigid.v1i2.1186.
Maksum Tanubrata, “Bahan - Bahan Konstruksi
Dalam Konteks Teknik Sipil,” Jurnal Teknik Sipil, vol.
11, pp- 132-154, 2015, doi:
https://doi.org/10.28932/jts.v11i2.1407.

PKKI NI-5, “Peraturan Konstruksi Kayu Indonesia,”
1961.

Nurjanah and H. Nikmatul, “Efektivitas dan Efisiensi
Jembatan Rangka Kayu Sebagai Alternatif Rangka
Jembatan Pejalan Kaki,” PROKONS: Jurnal Teknik
Sipil, vol. 15, no. 2, pp. 34-41, 2016, [Online].
Available: prokons.polinema.ac.id

M. R. Setiadi, H. Abdillah, and D. Agustine,
“Pengujian Kayu Balsa untuk Struktur Jembatan,”
Jurnal llmiah Fakultas Teknik, vol. 2, no. 1, pp. 14-22,
2021, [Online]. Available:
http://ejournal.unis.ac.id/index.php/jimtek/article/vie
w/1319

E. S. Jang and C. W. Kang, “Porosity analysis of three
types of balsa (Ochroma pyramidale) wood depending
on density,” Journal of Wood Science, vol. 68, no. 1,
pp. 10-15, 2022, doi: 10.1186/s10086-022-02037-2.
M. Tiifekci et al, “Low strain rate mechanical
performance of balsa wood and carbon fibre-epoxy-
balsa sandwich structures,” Composites Part C: Open
Access, vol. 12, mno. November, 2023, doi:
10.1016/j.jcomc.2023.100416.

A. N. Fajarwati, Y. S. Yoganata, and A. M. Kurniawan,
“Analisis Struktur Omah Saka Papat di Blitar Terhadap
Risiko Beban Gempa,” vol. X, no. 3, pp. 13711-13721,
2025.

SNI 03-6848, “SNI 03-6848-2002 Metode penguji
berat jenis batang kayu dan kayu struktur bangunan,”
Badan Standarisasi Nasional BSN, p. 3, 2002.

BSN, “SNI 7973-2013 Spesifikasi Desain untuk
Konstruksi Kayu,” Bsn, p. 334, 2013, [Online].
Available: www.bsn.go.id

Y. S. Yoganata, K. Purwitasari, K. N. Cahyani, and A.
N. Fajarwati, “Analisis Nilai Tegangan Terhadap
Variasi Cekungan pada Pelat Baja Menggunakan
Finite Element Method,” vol. X, no. 2, pp. 13080-
13090, 2025.

Copyright©2025 by authors, all rights reserved. Authors agree that this article remains permanently open access under the

terms of the Creative Commons Attribution License 4.0 International License

| 40



