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Abstract: Wood consumption in Indonesia, which is expected to reach more than 64.84 million m* by
2025, is putting enormous pressure on forests, as evidenced by the reduction in forest area through the
clearing of 96,230 hectates of forest in 2023. To reduce dependence on wood as a building material,
alternative materials with comparable physical and mechanical properties are needed. Bamboo, espe-
cially laminated bamboo, was chosen because it has high tensile strength, a short harvest time, and
abundant availability. This study examines the behavior of hollow section laminated bamboo beam-
column connections with a glue-in-rod-bracket system to determine the ductility of the connection
under unidirectional (static) loads. An experimental method was used with the independent variables
of diameter and number of bolts, while the dependent variables included the moment-rotation of the
connection, stiffness, strength, and ductility. The results show that the average ductility values for 4
and 6 thread rods D6, D8, and D10 mostly meet the SNI 1729 (=1.25) and AISC 360 (rotation >0.03
rad) standards, with classifications ranging from "partially ductile" to "fully elastic." However, the 10-
diameter 6-thread rod only achieved a ductility of 1.2, thus failing to meet the SNI standard. Based on
the Handbook of Structural Steel Connection Design and Details, all connections fall into the non-
seismic category because their ductility values are less than 3. These findings confirm the potential of
laminated bamboo as an environmentally friendly construction material, while also providing technical

guidelines for the design of non-seismic beam-column connections.
Keywords: Beam-Column; Bracket; Ductility; Environmentally; Laminated.

1. Introduction

Roundwood consumption in Indonesia in 2024 is recorded at 64.84 million m3an in-
crease from 42.28 million m? previously, according to Statistics Indonesia 2025 (BPS, 2025).
Forests are shrinking, with data showing 96.23 thousand hectares of forest area cleared in
2023 (BPS, 2025). The highest consumption of wood is for construction, followed by furni-
ture (Abdullah et al., 2020). Due to environmental impacts and sustainability concerns, there
is a need for alternative construction materials to replace wood. Currently, alternative mate-
rials to wood in the construction sector include wood plastic composites (WPC), galvalume,
aluminum, steel, and laminated bamboo (Arifin et al., 2023). Laminated bamboo is a product
that closely resembles the mechanical and physical properties of wood, one example being
the orthotropic properties of wood (Obara, 2028) (Arifin et al., 2025). Another advantage of
bamboo is that it is a fast-growing plant with a harvest age of approximately 3.5 years and a
diameter at breast height (DBH) of 2.5 cm (Guerra et al., 2010).
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Laminated bamboo is made from a collection of bamboo that is cut into squares and
glued together using phenol formaldehyde (PF) or urea formaldehyde (UF) glue into various
shapes (Muhammad Suandi et al., 2022). The bamboo used in this study is petung bamboo
(Dendrocalamus Asper). This bamboo was chosen because it has better strength than other
types of bamboo. The properties of Dendrocalamus Asper bamboo are 52.82% moisture
content, 10.88% dry matter content, and 0.539 g/cm3specific gravity (Rini, 2018).

The current research focuses on laminated bamboo in the form of boards, solid beams,
and hollow beams. The results of the research show that the hollow form is the most efficient
(Karyadi et al., 2020). This form of laminated bamboo is intended as a construction element.
The limitation of laminated bamboo as a construction unit is the need for connecting tools
(Eratodi et al., 2014) (Syafi’i, 2019).

Based on the preliminary description, this study aims to develop laminated bamboo
joints to form a unified construction. The connecting tools to be studied are brackets and
glue-in rods. The purpose of the study is to determine the capacity of the main connection in
terms of ductility. Experimental testing methods are used to determine whether the connec-
tion type meets the SNI 1729 (SNI 1729:2020, 2020) and AISC 360 standards (AISC 360-16,
2010).

2. Literature Review

2.1. Laminated Bamboo

Laminated bamboo is a combination of bamboo strips that are arranged and glued to-
gether to form laminated bamboo elements. This study created laminated petung bamboo
from bamboo strips with a cross-section of 5 mm x 20 mm, which were glued with UF glue
with an application of 268 g/m2 and pressed with a force of 2 MPa for 4 hours (Karyadi K
et al,, 2014). The shape of the slats (a) and the arrangement of the laminated bamboo (b) can

be seen in Figure 1.
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Figure 1. (a) Bamboo strips and (b) laminated bamboo arrangement.

The development of the laminated bamboo shape began with a solid beam shape with
an average strength of 55.59 kN (Karyadi et al., 2020). The shapes developed in I, papa, and
hollow profiles had an elastic modulus (MOE) of 11.537 GPa (Karyadi K et al., 2014). Further
studies found that an optimum thickness of 1/3 of the hollow shape provided an increase in
strength (Karyadi et al., 2019) . Further research related to the hollow shape showed that the
cross-sectional dimension between b:h of 1.5 was the most efficient with an MOE of 14.504
GPa and a Modulus of Rupture (MOR) of 106.5 MPa (Karyadi & Susanto, 2017). The formula
for the bending moment of beam-shaped elements in laminated bamboo is as follows.

M =S5, X op, M
Ix

Sx= ©

I = 1_12 (bd3® — ah?), o)

Theorem 1. M = Flexural Moment (N.m); S, = Elastic Modulus (mm?3); g, = Cross-sec-
tional Stress (N/mm?);

Theorem 2. [, = Moment of Inertia (mm*); y = Center Point (mm);

Theorem 3. b = Cross-sectional Width (mm); a = Hollow Width (mm); d = Cross-sec-
tional Height (mm); h = Hollow Height (mm).

2.2 Glue-in Rod and Bracket Joints

Furthermore, in order for the elements to form a unified building structure, connection
tools are required. The connection tools selected are glue-in rods and brackets. Glue-in rods



The International Conferences on Engineering Sciences 2026, vol. 3, no. 1, Arifin, et al. 3 of 9

are embedded connections consisting of threaded rods and adhesive glue with an embedding
distance from the edge of 3d (Karyadi K et al., 2014). The formula approach uses ASTM
D1761-88 (ASTM D 1761-88, 2002).

F=f x5, ©)

S=1L, x 7w % dy, ©)

Theorem 4. F = Strength (N);f, = Shear Stress (N/mm?);S = Embedment Area (mm?);
Theotem 5. Lx = Embedment Length (mm);d, = Thread Rod Diameter (mm).

Bracket is a connecting device that facilitates the connection of thread rods. The bracket
is shaped like a square bowl with a thread rod hole at the edge. The plate thickness is 10 mm,
which is the maximum thickness of the thread rod used, referring to the SNI 03-1729 steel
connection plate standard (SNI 1729:2020, 2020). The shapes of the glue-in rod and bracket
are as follows.

THREAD ROD ;
/D8 D6 ANDDW —
BRACKET PLATE T 10 MM P9
Vs DOLBEL W16
- b 7
SIDE VIEW
——
ISOMETRIK
TOP VIEW

Figure 2. Glue-in Rod and Bracket Connection Model.

2.3 Ductility of Column-Beam Joints

Ductility, symbolized by D, is the ability of elements in a building structure to experience
large post-elastic deflections when loaded, causing initial yielding while the structure still re-
tains sufficient strength and stiffness. A high ductility value indicates that the building main-
tains its position when collapse is imminent. Ductility at the joint is defined as the distribution
of energy at the angle of rotation.

The ductility factor value is taken from the moment-rotation relationship graph of the
joint. The ductility factor is the ratio of the first yield deflection and before the joint receives
the maximum load. The first yield rotation, referred to as the elastic rotation (8y), is taken
from the intersection of the Ks and Kp slope lines, Figure 3. The maximum rotation (8u) is
detived from the peak point of 0.8 Mu or 8u , which is 0.03 rad based on AISC 2016 (AISC
360-16, 2016).

M=PL

L O O=TAN (U
= 0,03 rad

Figure 3. Determining the Ductility Value from the Moment and Rotation Relationship.

The references for the Wakasima ductility equations (J. P. Jaspart et al., 2019) and SNI

1762 (SNI 1729:2020, 2020) are as follows:
fu
D= E, ©)
Theorem 6. D = Joint Ductility; 8y = Elastic Rotation; and fu = Maximum Rotation.
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The D value results are classified into connection ductility groups based on SNI 1762
(SNI 1729:2020, 2020). These performance levels will be used as a reference for planning the
type of structural system. There are various structural systems in SNI 1762, namely: Bearing
wall system, Frame system, moment-resisting frame system, cantilever column structural sys-
tem, and double structural system. A summary of the grouping parameters is provided in

Table 1.
Table 1. Ductility Parameters

Structural Performance Level D Value

Fully Elastic 1.0
1.5
2.0
2.5

Partial Daktail 3.0
3.5
4.0
4.5
5.0

Full Daktail 8.5

SNI 03-1726-02
3. Proposed Method

3.1. Research Design and Phases

Experimental research by creating laminated bamboo test specimens. The testing
method was used to observe the ductility of laminated bamboo beam column joints measur-
ing 10 cm x 15 ecm x 100 cm. The control performed was damage to the joint. The variables
are described as follows: The independent variables are the diameter and number of embed-
ded treadrods; the dependent variable is the ductility value of the joint; and the control vari-
ables are the thickness of the 10 mm bracket, UF glue, epoxy glue, and Dendrocalamus asper
bamboo. The research flowchart is shown in Figure 4.

?

Moy larmbia Serination

Ane st 41 Sarrpet

ard beacket 10 rmm

==

Figure 4. Research Flowchart.

3.2. Sample

The test object consists of 3 components that are combined and will be tested experi-
mentally. The laminated bamboo column beam component measuring 10 cm x 15 cm x 100
cm will be connected to form a T. The bracket is shaped like a double bowl with holes for
connecting the thread rods embedded in the column and laminated bamboo beam, with the
bracket measuring 5 cm x 8 cm x 15 cm. The threaded rod components embedded in the
laminated bamboo consist of D6, D8, and D10, which are configured in 4 and 6 arrange-

ments. The assembly diagram of the sample is shown in Figure 5, and the sample details are
shown in Table 2.
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Figure 5. Sample Assembly.

Table 2. List of Test Object Samples.

No Thread Rod Diam- Column/Beam Dimen- Thread Rod Sample Code
eter (mm) sion (cm) Configuration
1 6 10x15x100 4 6.4.1
2 6.4.2
3 6.4.3
4 6 6.6.1
5 6.6.2
6 6.6.3
7 8 10x15x100 4 8.4.1
8 8.4.2
9 8.4.3
10 6 8.6.1
11 8.6.2
12 8.0.3
13 10 10x15x100 4 10.4.1
14 10.4.2
15 10.4.3
16 6 10.6.1
17 10.6.2
18 10.6.3

3.3. Data Analysis

Analysis to determine the ductility of connections. Ductility data analysis refers to SNI
1762 and AISC 360 when the angle rotation exceeds 0.03 rad, which is classified as ductile.
The analysis categorizes the results of experimental testing according to SNI and AISC stand-
ards. The earthquake category is based on the Handbook of Structural Steel Connection De-
sign and Details with a ductility of 3. The data was obtained through flexural testing. The
experimental sample placement is shown in Figure 6.
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Figure 6. Placement for Experimental Testing.
4. Results and Discussion

4.1. Results

D are detived from the 8y and theBu , which in this case is 0.03 rad. The ductility
values from the tests will be included in the AISC 360 standard (AISC 360-16, 2016), SNI
1729 (SNI 1729:2020, 2020), and the Handbook of Structural Steel Connection Design and
Details (Akbar & P.E., 2010). AISC 360 states that a connection meets the ductile category
when the rotation is greater than 0.03 rad. SNI 1729 has ductility parameters described in
Table 1. A building is considered earthquake-resistant if the ductility is 3. The results of the 4
ThreadRod configuration are shown in Table 3 and the 6 Thread Rod configuration in Table

4,
Table 3. Configuration of 4 ThreadRods with Diameters of 6 mm, 8 mm, and 10 mm.
No Code Rotation  Rotation Ductility Standard Ductility
Sample Yield Ultimate D) SNI AISC
©6y) (6u)

1 6.4.1 0.020 0.03 1.5 Fully Elastic Meets
2 6.4.2 0.008 0.03 3.7 Partial Daktail Meets
6.4.3 0.019 0.03 1.6 Partial Daktail Meets
Average 2.3 Partial Daktail Meets

Standard deviation 1.2 - -
4 8.4.1 0.028 0.03 1.1 Fully Elastic Meets
8.4.2 0.013 0.03 2.3 Partial Daktail Meets
8.4.3 0.017 0.03 1.7 Partial Daktail Meets
Average 1.7 Partial Daktail Meets

Standard deviation 0.6 - -
7 10.4.1 0.014 0.03 2.1 Partial Daktail Meets
10.4.2 0.018 0.03 1.7 Partial Daktail Meets
10.4.3 0.020 0.03 1.5 Partial Daktail Meets
Average 1.8 Partial Daktail Meets

Standard deviation 0.3 - -
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Table 4. Configuration of 6 ThreadRods with Diameters of 6 mm, 8 mm, and 10 mm.

No Code Rotation  Rotation Ductility Standard Ductility
Sample Yield Ultimate D) SNI AISC
6y) (6u)
1 6.6.1 0.016 0.03 1.9 Partial Daktail Meets
2 6.6.2 0.010 0.03 3.1 Partial Daktail Meets
3 6.6.3 0.012 0.03 2.5 Partial Daktail Meets
Average 2.5 Partial Daktail Meets
Standard deviation 0.6 - -
4 8.6.1 0.014 0.03 2.2 Partial Daktail Compliant
5 8.6.2 0.037 0.03 1.0 Fully Elastic Meets
6 8.6.3 0.020 0.03 1.5 Partial Daktail Meets
Average 1.6 Partial Daktail Meets
Standard deviation 0.6 - -
7 10.6.1 0.029 0.03 1.0 Fully Elastic Meets
10.6.2 0.018 0.03 1.7 Partial Daktail Meets
9 10.6.3 0.030 0.03 1.0 Fully Elastic Meets
Average 1.2 Fully elastic Meets
Standard deviation 0.4 - -

4.2. Discussion

Further discussion of the data on the results of processing the standard deviation data
from the experimental tests. The data is presented in the graph in Figure 7:

Connection Ductifty vs. Threaded Rod Diameter {4 vs & Rods)

$ & Thveaced Rods {250}
$ & Thvwaded Rods {25D)

L3¢l

Ductilty ratio. D (mean =
5 in

6 mm 8 mm 10 mm

Threaded rod Sameter (mm)

Figure 7. Standard deviation data processing graph.

Based on the test results of laminated bamboo beam-column connections with steel
brackets and threaded rods, all specimens reached an ultimate rotation 6u = 0.03 rad (AISC),
while the yield rotation Oy varied, resulting in a rotation ductility range D = 6u/0y between
1.0 and 3.7. In terms of performance, the 4 thread rod configuration showed relatively con-
sistent average ductility at all diameters (D6: 2.3; D8: 1.7; D10: 1.8), while the 6-threaded rod
configuration showed a tendency for decreased ductility at larger diameters, especially @10
mm (average 1.2), which approached "nearly elastic" behavior (small post-yield deformation
reserve) (SNI). This pattern indicates that increasing the number/diameter of rods can in-
crease the stiffness and tensile capacity of the fastening system, but at the same time has the
potential to reduce the length of the post-yield inelastic phase, so that the energy dissipation
obtained from indicator D becomes smaller. However, all connections are categorized as non-
seismic connections because the ductility value is less than 3.

The ductility results show that the 4-threaded rod configuration produces an average
ductility of 1.7-2.3 (mostly partial ductility), while the 6-threaded rod configuration shows a
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downward trend in ductility at larger diameters, especially D10 mm with an average D = 1.2
(approaching fully elastic behavior). This pattern indicates that increasing the number/diam-
eter of rods in a predominantly tensile bracket does not always improve ductile performance.
Instead, the connection can become stiffer, resulting in shorter post-yield inelastic defor-
mation and reduced energy dissipation potential. These findings are in line with the SNI's
emphasis that connections must be able to provide the rotational capacity required for ine-
lastic deflection demands.

5. Comparison

The results obtained from the testing meet the AISC standard that ductile connections
have a rotation of more than 0.03 rad at ultimate rotation. AISC serves as the primary speci-
fication for the strength design of steel components and connections. The connecting devices
used are brackets and threaded rods made of steel, so the regulatory standards are appropriate
and met.

Based on SNI, the experimental test results show that the most ductile connection is
configuration 6 with D6 mm of 2.5, which falls into the partial ductile category. The smallest
result is configuration 6 with D10 of 1.2, which is fully elastic. Referring to SNI 1729 in Table
2.6, the building structure system is only close to a conventional moment-resisting frame sys-
tem for configuration 6 with D6 mm.

Research by Adisukma (Emanuel Fadjari Gumelar Adisukma et al., 2017), created beam-
column connections from kruing wood using 12.5 mm thread rod connectors in configura-
tion 4. Sample 1 used only 4 thread rods directly embedded between the kruing wood beams
and columns, while Sample 2 used 4 thread rods with an additional 4 mm angle plate at the
bottom. The ductility value of sample 1 was 1.43 and sample 2 was 2.33. Based on this, the
use of additional brackets affects the ductility of the connection in line with experimental
bamboo research conducted with a maximum ductility value of 2.5. It should be noted that
increasing the diameter of the thread rod and the number of configurations has the potential
to reduce ductility.

Further research related to joints with angle plates was conducted by Asmoro, Susanto
& Suswanto, B (2020) (Asmoro & Suswanto, 2020). 2 without stiffeners (TSJ-1 and TSJ 3)
and 2 with lower stiffeners (TSJ-H and TSJ-R). The ductility values without stiffeners were
smaller at 2.711 and 2.075, while the addition of stiffeners with angle plate spacing yielded
values of 7.160 and 4.176. Based on the experimental results and references, the addition of
angle plates did not have a significant impact; what did affect the results was the installation
distance from the center point of the load. It’s like BIM to next research (Arifin et al., 2025).

Based on the findings, the ductility testing of all samples has met the AISC 360 standard
and the highest value according to SNI 1729 in the 6 D6 mm size configuration is 2.5. The
results of a comparison with previous studies show the potential for increasing ductility by
adding angle plates. However, a significant increase in ductility is achieved by the shape of
the bracket and the support point to determine the amount of ductility increase.

6. Conclusions

Based on SNI, the experimental test results show that the most ductile connection is
configuration 6 with D6 mm at 2.5, which falls into the partial ductility category. The smallest
result is configuration 6 with D10 at 1.2, which is fully elastic. Referring to SNI 1729 in Table
2.0, the building structure system is only close to a conventional moment-resisting frame sys-
tem for configuration 6 with D6 mm. The AISC 360 standard is met because all joints have
an angular rotation greater than 0.06 rad. In general, laminated bamboo joints with bracket-
threadrod connectors have been experimentally tested to meet SNI and AISC standards.
Based on the Handbook of Structural Steel Connection Design and Details, all joints fall
under the non-seismic category because their ductility value is less than 3.

Follow-up experimental testing does not stop at testing column beam brackets. Other
connection elements such as columns or beams need to be studied to create a complete struc-
tural unit. Further research can be conducted through cyclic (back-and-forth) loading to sim-
ulate an earthquake.
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