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The increasing demand for lightweight, corrosion-resistant, and sustainable construction

J materials highlights the need for exploring alternatives to conventional steel, such as

i i Bending aluminium alloys. Despite their advantages, including a high strength-to-weight ratio and
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investigates the structural behaviour of aluminium alloy beams under Eurocode 9 design
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guidelines, aiming to address these limitations and identify optimisation strategies for their
application in construction. Using manual calculation spreadsheet and SCIA Engineer

A Comantional. software, structural analysis, validation, and parametric studies were conducted. In the first

HO"O(;V:;C“O" Section case study, 24 aluminium alloy specimens with varying cross-sections, alloy series, and beam

lengths were compared to steel beams. The findings reveal that while steel beams generally
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oo deflection. To address deflection and buckling challenges caused by lower modulus of

elasticity of aluminium alloy, an optimal increase in flange width by a factor of 1.6 was
FAIL proposed in second case study. In the third case study, conventional aluminium alloy

sections (CS RHS and CS SHS) were evaluated for structural feasibility compared to standard

hollow sections (RHS and SHS). Aluminium alloy sections outperformed hollow sections in
) 12000 14000 16000 180.00 bending and deflection, whereas CS RHS exhibited lower shear and buckling resistance than
RHS due to smaller torsional constants and shear areas. This study underscores the potential
of aluminium alloys as a viable alternative to steel, providing critical insights into their
structural optimisation. The results offer valuable guidance for improving aluminium alloy
beam designs, promoting their adoption in construction, and advancing sustainable
engineering practices.
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1.0 INTRODUCTION representing the constituent alloy, alloy modifications, and

arbitrary numbers. Among these series, 6xxx and 5xxx are well-
Buildings mainly use steel and concrete in construction; however, known for their suitability in structural applications due to their
these materials possess weaknesses such as heaviness, corrosion resistance, extrudability, and ability to withstand high
susceptibility to deformation, and corrosion. In contrast, tensile or compressive stresses [2]. According to Malaysia
aluminium offers several advantages as a construction material, aluminium manufacturers [3 & 4], aluminium production involves
including lightweight nature, a high strength-to-weight ratio, billet casting, extrusion, and fabrication. Aluminium billets are
corrosion resistance, flexibility in shaping, and environmentally extrU(?Ied throt.Jgh dies with spec.ific .cross—sectional p_rofiles. The
friendly manufacturing processes [1]. Aluminium materials are resulting profiles undergo fabrication processes like cutting,
classified using a four-digit numbering system, which each digit punching, deburring, drilling, etc., to produce final products like

solar frames, glass frames, louvre, etc. Series 6061 and 6063,
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tempered from T5 to T6, are commonly used in the construction
industry for both architectural and structural engineering
applications.

Georgantzia et al. (2021) [5] conducted a review comparing
the stress-strain curves of various aluminium series to carbon
steel, as illustrated in Figure 1. These findings were supported by
studies conducted by Su et al. (2014) [6], Moen et al. (1999) [7],
Foster et al. (2015) [8], and Alsanat et al. (2019) [9]. From Figure
1, it is evident that aluminium materials exhibit identical yield
strength to mild steel i.e. up to 300 MPa, but with lower Modulus
of elasticity. Peko et al. (2016) [10] modelled a reticular space
structure using aluminium and steel materials, resulting in
approximately 60% savings compared to steel. This shows that
aluminium is particularly effective in consulting lightweight
structures resistant to corrosion in humid environments and
energy-efficient for movable structure. However, challenges like
stability and fire resistance remain drawbacks of aluminium
structures.

Additionally, Misiek et al. (2019) [11] contributed to
understanding the buckling behaviour of aluminium alloys under
compression loading and the material properties of various
aluminium series. Eurocode 9 [12] provides guidelines and
calculations for determining design resistance, which have been
adopted in SCIA Engineer structural design and analysis software.
With this crucial information, the application of aluminium alloy
structures can be enhanced, leading to advancements in their
utilization as construction materials.
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Figure 1 Stress-strain plot of various four-digit series aluminium
comparing to high-strength carbon steel. [5]

Despite the differences between the steel and aluminium
structures, several studies [13-19] have aimed to study the
structural behaviour of aluminium alloy beams, identify distinct
failure modes, and evaluate the predictive accuracy of Eurocode
9. Wang et al. [13; 14] investigated the lateral torsional buckling
(LTB) and local buckling of aluminium I-beams, showing that
parameters such as flange width, span length, alloy composition,
and the presence of stiffeners affect the beam design resistance.
They also noted the deformation characteristics of aluminium
beam, highlighting that while shorter spans exhibit higher
bearing capacity, they pose a risk of sudden collapse due to
significant deformation. Expanding on this research, Castaldo et
al. [15] and Piluso et al. [16; 17] delved into determining the
flexural behaviour of RHS beams. Their findings suggest
improving the current theoretical model by replacing the
Ramberf Osgood model with the Hopperstad model for more
accurate predictions of flexural resistance and rotation capacity.
They also developed empirical formulas to validate their model.
In another study, Su and Young (2018) [18] focused on web
bearing behaviour under various loading conditions, questioning

the adequacy of Eurocode 9 and proposing a new design
approach. They proposed the Component Strength Method as a
more robust and accurate design approach. Furthermore, Yuan
et al. (2021) [19] identified various failure modes of aluminium
beams through a parametric study on H beams under shear load.
They found discrepancies between Eurocode 9 calculations and
their results, showing conservativeness and underestimation in
certain scenarios, particularly for beams with rigid end post
conditions.

Existing studies have demonstrated the complex behaviour of
aluminium beams under various loading conditions and have
significantly contributed to assessing design methodologies
outlined in Eurocode 9. However, there remains a lack of
research comparing the structural design between steel and
aluminium alloy. The limited practical application of structural
aluminium alloy in construction results from its low modulus of
elasticity, which prone to buckling, deflection, and reduced
loading-carrying capacity compared to steel. Therefore, it
becomes crucial to conduct a comparative study to determine
the optimum sizing of aluminium alloy to achieve loading-
carrying capacity akin to steel.

Furthermore, the feasibility of using conventional aluminium
alloy shapes available in the market as structural members
warrants examination. Additionally, there exists a need to
explore the suitability of emerging structural aluminium analysis
software, such as SCIA Engineer, given that previous research has
mostly relied on alternative software like ABAQUS. The wide
variety of aluminium alloys offers ample opportunities for further
investigation into their structural behaviour through parametric
studies, which can significantly contribute to a deeper
understanding and enhanced utilisation of aluminium alloy in
construction. This study underscores the importance of
optimizing aluminium alloy sizing, evaluating commercially
available shapes, and using advanced software tools like SCIA
Engineer. Additionally, focused research into the behaviour of
diverse alloys is essential to enhance their application in
construction and better assess their potential as a competitive
alternative to steel.

2.0 METHODOLOGY

This study comprises five key stages aimed at enhancing the
understanding and application of aluminium alloys in
construction. The first stage involves the development of a
manual calculation using Microsoft Excel, where a spreadsheet is
created for the design of aluminium alloy beams based on
Eurocode 9. The second stage focuses on modelling and
structural analyses using SCIA Engineer to validate the results
obtained from the manual calculation. The third stage is a
parametric study, which investigates the relationship between
various key parameters, aiming to identify the optimal sizing of
aluminium alloy beams. The fourth stage involves determining
the optimal size for aluminium alloy beams based on
performance criteria, while the fifth stage assesses the
practicality of using market-available aluminium shapes as
structural members. Each stage contributes to a comprehensive
exploration of the structural behaviour of aluminium alloys and
their potential in construction applications, with the
methodology and interconnected components summarized in a
flowchart shown in Figure 1.



49 Lee Yuen Soh et al. / ASEAN Engineering Journal 15:4 (2025) 47-58

2.1 Development of Manual Calculation using Microsoft Excel

A manual calculation Microsoft Excel spreadsheet was developed
for the design of aluminium alloy beams based on Eurocode 9.
The loading condition, support condition, and beam size were
aligned with those in the steel design worked example 4.4 by
Saim et al. (2019) [20] (see Figure 2(a)), facilitating a direct
comparison between the two materials for beam design
purposes. Aluminum alloy EN AW 7020 was selected for this
calculation due to its 0.2% proof strength, £, falling within the
range of 275 N/mm?2 to 290 N/mm?2, which closely approximates
the vyield strength of mild steel S275. The Excel program
simplifies the process of determining optimal sizing for
aluminium alloy beams to achieve a load-carrying capacity
comparable to steel beams.

2.2 Modelling and Structural Analyses using SCIA Engineer for
Validation of Manual Calculation Result

Using the structural analysis software SCIA Engineer [21], a
model replicating the worked example was developed. SCIA
Engineer enables the manual definition of complex aluminium
structure cross-sections by importing AutoCAD files. Load cases,
encompassing dead and live loads, were inputted into the model,
and ultimate limit state (ULS) and serviceability limit state (SLS)
load combinations were defined as illustrated in Figure 2(b).
Subsequent to obtaining results, any discrepancies between
them and those of the worked example will be discussed and
analysed. The validation process aims to produce a more
accurate and reliable prediction of the structural behaviour of
aluminium alloy beams while also identifying any limitations of
SCIA Engineers.

2.3 Parametric Study

Three case studies (Case studies A, B and C) were undertaken to
determine the relationship between various key parameters,
identify the optimal sizing of aluminium alloy beams, and assess
the feasibility of using conventional aluminium alloy shapes as
structural components.

Case study A focused on examining the flexural behaviour of
different aluminium alloy beams. In order to address the existing
research gaps and ensure a comprehensive analysis, aluminium
alloy series such as EN AW 7020, EN AW 6082, EN AW 6063, and
EN AW 6005A were investigated. A range of dimensions for |-
shaped beams, including 406 x 140 x 39 kg/m, 457 x 152 x 60
kg/m, 610 x 229 x 101 kg/m, and 762 x 267 x 147 kg/m, were
considered to observe the influence of thicknesses on flexural
behaviour of aluminium alloy beams. This analysis encompassed
parameters such as bending moment, shear yielding, shear
buckling, and buckling moment resistance. Additionally, the
investigation explored aspects such as deflection and the
relationship between shear and bending moment in aluminium
alloy beams. Comparative analysis was conducted between the
design results of aluminium alloy beams and those of steel S275
beams, aiming to determine potential applications of aluminium
alloy beams as structural elements.

Case study B aimed to improve the viability of replacing steel
with aluminium alloy beams as construction materials by
mitigating the weaknesses resulting from the insufficient
modulus of elasticity, E. This objective can be achieved through
an iterative process involving trial and error, wherein various
parameters are adjusted to optimize specific performance
criteria, such as buckling moment resistance and deflection. The
outcome of this study is to determine the optimal sizing of
aluminium alloy beams under specific conditions.
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Figure 2 lllustration of (a) loading conditions applied to an aluminium alloy beam, and (b), (c), (d) numerical modelling setups in SCIA Engineer.

In order to utilise the applicability of aluminium alloy as a
construction material, Case Study C proposes the use of
conventional aluminium alloy shapes, such as CS RHS 80 x 40 x
2.8, RHS 80 x 40 x 2.8, CS SHS 100 x 100 x 6.3, and SHS 100 x
100 x 6.3, which are readily available in the market as
structural elements in construction projects. Complex cross-
sections were created using AutoCAD and then imported into
SCIA Engineer as customised cross-sections. However, this
procedure raised concerns regarding the reliability of the
section properties assigned to these imported cross-sections as
provided by SCIA Engineer. Consequently, the validation of
section properties was conducted to ensure the credibility of
the design resistance predictions prior to any further structural
analysis. Subsequently, the resistance to flexural failure of
these conventional aluminium alloy shapes will be compared
with that of Rectangular Hollow Section (RHS) and Square
Hollow Section (SHS) sections, considering their similar
appearances.

3.0 RESULTS AND DISCUSSION

In this section, the differences of the results obtained from
manual calculations and those generated by SCIA Engineer are
presented and discussed. The findings of parametric studies
were aimed at providing a more comprehensive understanding
of the structural behaviour of aluminium alloy beams.
Furthermore, determination of the optimal sizing of the
aluminium alloy beams to attain a load-carrying capacity
comparable to that of steel was achieved. Lastly, the design
resistance of conventional aluminium alloy shapes to flexural
failure is also being determined.

3.1 Validation of Manual Calculation with SCIA Engineer

The ratio of manual calculation based on Eurocode 9 to those
calculated using SCIA Engineer for the 356 x 171 x 45 kg/m
aluminium alloy beam are presented in Table 1.

According to the findings outlined in Table 1, the shear area,
A4,, calculated manually exceeded that obtained from SCIA
Engineer. This difference resulted from the fact that Eurocode 9
considers the 4, with depth between the flanges, whereas SCIA
Engineer defined 4, based on the depth between the welded
fillets, as illustrated in Figure 3. Therefore, SCIA Engineer
underestimated the shear vyielding resistance, V.zs, of the
aluminium alloy beams.

Furthermore, differences were observed in the correction
factor, #, calculated through manual computation and SCIA
Engineer. 7 is determined using Equation (1). Differences in #
were attributed to variations in the proof strength, f,, and
ultimate tensile strength, fi, values calculated by manual
calculation and SCIA Engineer when different thicknesses were
involved. A limitation of SCIA Engineer lies in its consideration
of only a specific aluminium alloy within a particular thickness
range. This limitation further affects the calculation results of
the slenderness parameter, 4,, and the reduction factor, p..
Additionally, discrepancies between Eurocode 9 and SCIA
Engineer regarding the shear buckling resistance, Viw,ri, Were
also attributed to the different areas considered. As previously
mentioned, the area used to resist shear buckling in SCIA
Engineer is within the weld toes, bw x t., whereas the area used
in Eurocode 9 is within the flange, /& x tw. This difference in
areas leads to variations in the formulas used to compute Vy,rq,
as shown in Table 2, thereby contributing to the discrepancy in
shear buckling resistance calculations between Eurocode 9 and
SCIA Engineer.

n = 0.7+ 035 fow/fow (1)
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Table 1 Differences between manual calculations and SCIA Engineer results for section properties

Classification of Cross-section Symbol Manual Calculation SCIA Engineer Ratio
Classification of Cross-section 3 3 -
Shear Area (mm?) A, 5420.52 5146.20 1.05
Shear yielding resistance (kN) Vera 782.38 742.79 1.05
Shear buckling resistance Cl. 6.5.5 (kN) Vira 631.19 631.13 1.00
Correction factor n 1.12 1.15 0.98
Slenderness parameter Aw 0.97 1.02 0.95
Reduction factor Dy 0.88 0.86 1.02
Shear buckling resistance Cl. 6.7.4 (kN) Vird 684.76 671.58 1.02
Bending moment resistance (net area) (kNm) M, ra 641.20 - N/A
Bending moment resistance (yielding) (kNm) M, ra 572.50 573 1.00
Elastic critical moment (kNm) M., 349.93 400.41 0.87
Relative slenderness parameter ALt 1.34 1.25 1.07
Coefficient Oir 1.49 1.37 1.09
Reduction factor xLr 0.46 0.52 0.89
Buckling moment resistance (kNm) My, ra 266.10 297.04 0.90
Total deflection (mm) Omax 65.97 66.70 0.99
Steel Aluminum SCIA considered a higher value of shape factor for Class 1 cross-
EN1993 EN1999 Engineer sections. This difference leads to SCIA Engineer
underestimating the bending moment resistance of Class 1
| | | | \ | cross-sections.
From Table 1, it was noted that SCIA Engineer only
consideres Mors when calculating the bending moment
hit, e b resistance of an aluminium alloy beam. However, according to

Figure 3 Shear area as defined by Eurocode 3, Eurocode 9, and SCIA
Engineer. [12; 22]

Table 2 Formulas used to calculate shear buckling resistance according
to Eurocode 9 and SCIA Engineer.

V\.ra €quation used in Eurocode Vv.ra €quation used in SCIA
9,Cl.6.7.4 Engineer

fo
V3yma

fﬂ
Vw,Rd = pvtwhwm Viwrd = Putwby

A significant discrepancy exists in the prediction of elastic
critical moment, M., between the manual calculation and SCIA
Engineer. In accordance with Eurocode 9, Annex I.1.1 was used
for the calculation of M., while SCIA Engineer employs the
formula from Eurocode 9, Annex 1.1.2 (as shown in Table 3).
Upon comparing the results obtained from the two formulas, it
was observed that Eurocode 9, Annex I.1.1 yields a more
conservative buckling moment resistance, Mp rq4, in comparison
to SCIA Engineer. Therefore, the prediction of M.-in Annex 1.1.1
is used for the development of the Excel -calculation
spreadsheet.

Table 3 Formulas used to calculate the elastic critical moment for
lateral torsional buckling.

Eurocode 9, Annex I.1.1 (Manual Eurocode 9, Annex 1.1.2 (SCIA

Calculation) Engineer)
M. = n?El; [L2GL " I M. = m/El, Gl
a2 NwEl @ ar = Her L

SCIA Engineer considers Wpi,/Weiy as o for both Class 1 and
Class 2 cross-sections, whereas Eurocode 9, Annex F, have

manual calculations following Eurocode 9 procedures, the Mzq
should be determined as the smaller value between M, rs and
Mo ra. Therefore, under conditions where M, rs has a lower
value than M, r4, SCIA Engineer will underestimate the bending
moment resistance of the beam.

3.2 Parametric Study

3.2.1 Case Study A: Analysis of the flexural behaviour of
various series of aluminium alloy beams

Table 4 presents a classification of different series of aluminium
based on their cross sections, with S275 steel included for
comparison purposes. Due to differences in f, values resulting
from different aluminium alloy series and cross-section sizes,
the classifications of results differ for each cross-section within
different aluminium alloy series. The range of thicknesses
affecting f, is narrower for aluminium compared to steel,
resulting in multiple £, values for the same aluminium alloy
series but with different thicknesses. Additionally, the selection
of aluminium alloy beam cross-sections is constrained by
product availability and thickness limitations, as certain
sections may have thicknesses outside the specified range, such
as, EN AW 6082 762 x 267 x 147 kg/m.

In Figure 6(a), it is evident that Mrs of a steel beam exceeds
that of an aluminium alloy beam. Although the characteristic
yield strength of EN AW 7020 is higher than that of steel S275,
the Mrq of EN AW 7020 remains lower due to the partial safety
factor and slenderness limit of the materials. The trend, where
EN AW 7020 demonstrates a lower Mrq than S275 steel despite
its higher yield strength, is consistent with the findings of
Georgantzia et al. (2021) [5]. They observed that, while high-
strength aluminium alloys exhibit superior yield strengths, they
are more prone to deformation and buckling failure under
flexural loading compared to steel due to their lower modulus



53 Lee Yuen Soh et al. / ASEAN Engineering Journal 15:4 (2025) 47-58

of elasticity. Additionally, EN1993-1-1 specifies a lower partial
safety factor (see Table 5) compared to that of aluminium, and
the higher slenderness limit of steel (see Table 6) allows for a
design procedure of lower classification, resulting in a higher
output of Mrs due to the application of a higher section
modulus (see Table 7). However, the material of beams
ultimately governs the Mgrs under conditions where there is a
significant difference in f, between the compared materials.
Overall, the Mgrs of aluminium alloy beams varies among
different series, with higher f, values leading to higher Mga.
Moreover, within the same aluminium alloy series, larger
dimensions of aluminium alloy sections contribute to higher
MRra due to increased section modulus.

For shear resistance, the V.rs of steel S275 is higher than
that of EN AW 7020 due to the partial safety factor. However,
the percentage decrease relative to steel remains consistent for
sections with the same f; (see Figure 6(b)), as it is unaffected by
the class of cross-section. The decrease in shear resistance
(Vera) for aluminium alloy beams, as observed in this study,
aligns with findings from Yuan et al. (2021) [19], who also
highlighted the challenges aluminium faces under shear loading
due to its relatively low yield strength and susceptibility to
shear buckling. Furthermore, due to the low slenderness limit,
the resistance of aluminium alloy beams to shear buckling must
be checked. Figure 5 illustrates that the Vera, Vbra and Vi,ra of
Eurocode 9 demonstrate an increase in shear resistance with f,
and the dimensions of cross-sections, indicating a consistent
structural behaviour of aluminium under shear buckling.

For buckling moment resistance, aluminium alloy beams
exhibit a significant percentage decrease in Mj rs compared to
steel (Figure 6(c)), indicating their greater susceptibility to
buckling failure. This phenomenon is attributed to the lower
elastic modulus, E, of aluminium alloy in comparison to steel.
Mp,ra values within the same aluminium alloy series remain
consistent regardless of f,. With consistent beam length, Mp,rd
is primarily influenced by the dimensions and section
properties of the beam. Larger dimensions result in higher
Mpra due to increased section properties and reduced
slenderness parameters (see Figure 7(a)). However, for beams
with the same cross-section, My rs decreases as the beam’s
length increases (see Figure 7(b)). The percentage decrease of
Mp,ra for aluminium alloy beams compared to steel beams
increases with beam length but becomes relatively constant
when close to 70% (see Figure 6(d)).

The maximum deflection of beams is influenced by the /).,
and E of the materials. For aluminium alloy beams with the
same cross-sections, the maximum deflection remains constant
across different series but decreases with increasing section
size (see Figure 8(a)). As beam length increases, the maximum
deflection also increases (see Figure 8(b)). Due to the lower
elastic modulus of aluminium alloy compared to steel,
aluminium alloy beams exhibit three times greater deflection
than steel beams with identical cross-sections.

Furthermore, a detailed comparison of the interaction
between shear force and bending moment was conducted.
Based on Figure 9, higher f, values and bigger dimensions of
cross-sections result in larger areas under the graph, indicating
improved resistance to shear and bending moment failures.
When comparing different cross-sections within the same
series, increasing dimensions have a greater impact on strength
than increasing fo. Similar to the findings of Yuan et al. (2021)
[19], this study also shows that aluminium alloy beams with

larger dimensions exhibit improved shear resistance and
moment resistance, suggesting the importance of section
properties in optimizing aluminium structural members.

Table 4 Classification of cross-sections and characteristics yielding
strength according to steel and aluminium alloy series

Characteristics

Material Cross-section yielding strength Class
(N/mm?)

S275 406 x 140 x 39 kg/m 275 1
457 x 152 x 60 kg/m 275 1
610 x 229 x 101 kg/m 275 1
762 x 267 x 147 kg/m 275 1

EN AW 6005 A 406 x 140 x 39 kg/m 215 4
457 x 152 x 60 kg/m 200 3
610 x 229 x 101 kg/m 200 3
762 x 267 x 147 kg/m 200 3

EN AW 6063 406 x 140 x 39 kg/m 200 3
457 x 152 x 60 kg/m 180 3
610 x 229 x 101 kg/m 180 3
762 x 267 x 147 kg/m 180 3

EN AW 6082 406 x 140 x 39 kg/m 260 4
457 x 152 x 60 kg/m 260 3
610 x 229 x 101 kg/m 260 4
762 x 267 x 147 kg/m - -

EN AW 7020 406 x 140 x 39 kg/m 290 4
457 x 152 x 60 kg/m 290 3
610 x 229 x 101 kg/m 290 4
762 x 267 x 147 kg/m 275 4

Table 5 Partial safety factors for steel and aluminium alloy [12; 22]

Partial safety factors for ultimate limit Steel Aluminium

states

Resistance of cross-sections whatever ) =1.00 ywmr =1.10

the class

Resistance of members to instability  yu; =1.00 ymr =1.10

assessed by member checks

Resistance of cross-sections in tension ym2 =1.25 ymz2 =1.25

to fracture

Table 6 Slenderness limits for the internal part of steel and aluminium
under pure bending [12; 22]

Steel Aluminium

Internal flange

Class . Class A (without Class B (without
part subject to
) welds) welds)
bending
1 /<72 p<slle p<13¢
2 cr/t;<83 e p<l6e f<16.5¢
3 /<124 ¢ p<22¢ p<18¢
Out.stand web Class A (without Class B (without
subject to
. welds) welds)
compression
1 cw/ty<9¢ p<3¢ p<35¢
2 cw/ty<10¢ p<d5¢ p<45e
3 cw/tw<14¢ p<6e p<5¢

Table 7 Classification of cross-sections with respective section moduli
used to calculate bending moment resistance

Classification of Section modulus that used to computed
cross-section bending moment resistance

Class 1 and Class 2 Wy
Class 3 We
Class 4 Wey
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Figure 5 (a) Shear yielding resistance, (b) Shear buckling resistance as per Cl 6.5.5, (c) Shear buckling resistance as per Cl 6.7.4 of aluminium alloy beams
with varying series and cross-sections.
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Buckling moment resistance of steel and aluminum alloy beams, with
same length but varying series and cross-sections
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Figure 7 Buckling moment resistance of steel and aluminium alloy beams (a) with same length but varying series and cross-sections, (b) with varying

lengths but same series and cross-sections.
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Figure 8 Maximum deflection of steel and aluminium alloy beams (a) with same length but varying series and cross-sections, (b) with varying lengths but

same series and cross-sections
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Figure 9 Interaction of shear force and bending moment for (a) the same cross-section but different series of aluminium alloy (b) the same series of

aluminium alloy but different cross-sections.

3.2.2 Case Study B: Proposal For Optimal Sizing Of Aluminium
Alloy Beams

Due to the low modulus of elasticity, E, of the aluminium alloy,
there is a substantial decrease of 70% in buckling moment
resistance, and the deflection is three times higher than that of
steel. Consequently, flexural failure of an aluminium alloy beam
may occur if it is directly replaced for a steel beam using the
same sizing (see Table 8). European Aluminium [1] has
suggested that to achieve comparable stiffness (E/) to steel
either the height or the flange area of an aluminium alloy beam
should be increased by a factor of 3. However, through a trial-
and-error approach in this case, it was found that increasing

the width of the flange by a factor of 1.6 was sufficient to meet
all design specifications, as detailed in Table 8. This adjustment
is in line with the recommendations of European Aluminium
[1], who suggested such modifications to compensate for the
low modulus of elasticity in aluminium and to align its
performance with steel in terms of deflection and buckling
resistance. This method is applicable to all types of aluminium
alloy I-shaped beams, regardless of f,. A notable advantage of
aluminium alloy is its lightweight nature, which allows a
comparable load-bearing capacity with less weight compared
to steel (see Table 9).
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Table 8 The unity check of aluminium alloy beam with dimensions
identical to the steel and increased dimensions.

Unity check =+
Samle sizing  as Increased flanges’ width
steel with factor of 1.6

Shear yielding resistance 0.15 0.15

Shear buckling resistance CI  0.18 0.18

6.5.5

Shear buckling resistance CI  0.17 0.17

6.7.4

Bending moment resistance 0.47 0.34

Interaction 0.62 0.56

Buckling moment resistance 2.67 0.89

Deflection 0.61 0.41

Table 9 Mass per meter comparison of steel and aluminium alloy
beams supporting equivalent loads.

difference in A, is minimal (see Figure 10(b)). As all sides of the
section have identical dimensions, predicting Mp,ra for SHS is
unnecessary. Lastly, CS SHS has a 30% smaller maximum
deflection than SHS due to its higher value of I,.,.

The results indicate that the CS RHS and CS SHS aluminium
alloy beams generally exhibit better flexural performance, with
higher Mrq and smaller maximum deflection compared to their
RHS and SHS counterparts, primarily due to their larger section
modulus and higher values of I,.,. The selection between CS
RHS, CS SHS, RHS, and SHS aluminium alloy beams for structural
applications is determined by specific project requirements. CS
sections excel in bending strength and reduced deflection,
whereas standard RHS and SHS offer superior shear and
torsional resistance, guiding material selection towards
achieving optimal structural performance and cost-
effectiveness.

Table 10 Comparison of section properties of CS RHS 80 x 40 x 2.8 mm
between AutoCAD and SCIA Engineer

208.0 . aze.0

Cross-section that i — L
required to sustain the |
same condition of

loadings
|
Steel S275 ' EN AW ';DZU-TS .
Density, p 7850 kg/m?3 2770 kg/m3
Total area, 4 251 cm? 332 cm?
Mass per meter pA =7850 (251)/10000 pA =2770(332)/10000
=197 kg/m =92 kg/m

Section properties of CS  Symbols AutoCAD SCIA Units Ratio
RHS 80 x 40 x 2.8 Engineer
Area A 1274.03 1274.70 mm? 1.00
Shear Area Ay 346.76 338.97 mm? 1.02
Second Moment of Area L, 83.52 83.57 cm* 1.00
L 20.81 20.82 cm? 1.00
Radius of Gyration iy 2.56 2.60 cm 0.98
1.28 1.30 cm 0.98
Elastic Modulus Weiy 20.88 20.89 cm? 1.00
We,: 10.41 10.41 cm? 1.00
Plastic Modulus Wiy 29.43 29.44 cm? 1.00
Wi 14.40 14.38 cm? 1.00
Torsional Constant I - 12.07 cm? N/A

3.2.3 Case Study C: Feasibility Assessment Of Conventional
Aluminium Alloy Shapes As Structural Members

The comparison of section properties between CS RHS 80 x 40
x 2.8 and RHS 80 x 40 x 2.8, as well as between CS SHS 100 x
100 x 6.3 and SHS 100 x 100 x 6.3 was conducted (see Table 12
and Table 13). The reliability of the section properties,
excluding I;, obtained from SCIA Engineer, was verified using
the “MASSPROP” function in AutoCAD (see Table 10 and Table
11). It is noteworthy that SCIA Engineer assigns imported cross-
sections a Class 3 classification with an a value of 1.0. The
flexural performance of CS RHS and RHS 80 x 40 x 2.8
aluminium alloy beams was compared, as illustrated in Figure
11(a). CS RHS demonstrates a 30% higher Mra due to its larger
section modulus. The superior flexural performance of CS RHS
aluminium alloy beams over RHS beams, as observed in this
study, is consistent with the findings of Castaldo et al. [15], who
highlighted that the cross-sectional shape and section modulus
play a crucial role in determining the bending strength and
deflection of aluminium beams. In addition, although CS RHS
having approximately twice the total area of RHS, the fully
connected web between the flanges in RHS leads to a larger 4.,
as illustrated in Figure 10(a), resulting in a higher V,ra.
Moreover, RHS exhibits a greater Mprs due to its significantly
higher I; in comparison to CS RHS. CS RHS also has a smaller
maximum deflection owing to its larger /..

Furthermore, the flexural performance of CS SHS and SHS
100x100x%6.3 aluminium alloy beams was compared (see Figure
11(b)). CS SHS demonstrates a higher Mrs due to its larger
section modulus. The V¢rs of CS SHS is similar to SHS, as the

Table 11 Comparison of section properties of CS SHS 100 x 100 x 6.3
between AutoCAD and SCIA Engineer

Section properties of CS Symbols AutoCAD SCIA Units Ratio
SHS 100 x 100 x 6.3 mm Engineer
Area A 4217.09 4219.50 mm? 1.00
Shear Area Ay 1129.20 1134.20 mm? 1.00
Second Moment of Area Ly 493.39 493.55 cm? 1.00
L. 493.39 493.55 cm* 1.00
Radius of Gyration Ty 3.42 3.40 cm 1.01
Iz 3.42 3.40 cm 1.01
Elastic Modulus Wey 98.68 98.71 cm? 1.00
Wei- 98.68 98.71 cm? 1.00
Plastic Modulus Wiy 133.26 133.24 cm? 1.00
Wi 133.26 133.24 cm?® 1.00
Torsional Constant 1 - 360.32 cm* N/A

Table 12 Comparison of section properties between CS RHS 80 x 40 x
2.8and RHS80x40x 2.8

Section properties Symbols CS RHS RHS Units
80 x40 x 2.8 80x40x2.8
Area A 1274.70 632.07 mm?
Shear Area Ay 338.97 421.38 mm?
Second Moment of Area 1y 83.57 51.17 cm*
I 20.82 17.06 cm?
Radius of Gyration iy 2.60 2.80 cm
Iz 1.30 1.60 cm
Elastic Modulus Wery 20.89 12.79 cm?
Wei- 10.41 8.53 cm?
Plastic Modulus Wiy 29.44 16.04 cm?®
Wiz 14.38 9.81 cm?
Torsional Constant I 12.07 40.54 cm*
Class 3 2
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Table 12 Comparison of section properties between CS SHS 100 x 100 x
6.3 and SHS 100 x 100 x 6.3

Section properties Symbols CS SHS SHS Units
100 x 100 x 6.3 100 x 100 x 6.3
Area A 4219.50 2320.00 mm?
Shear Area Ay 1134.20 1146.00 mm?
Second Moment of Area 1. 493.55 336.00 cm?
I 493.55 336.00 cm?
Radius of Gyration by 3.40 3.80 cm
[ 3.40 3.80 cm
Elastic Modulus Weiy 98.71 67.10 cm?
We- 98.71 67.10 cm?®
Plastic Modulus Woiy 133.24 79.73 cm?®
Wi 133.24 79.73 cm?
Torsional Constant 1 360.32 534.00 cm*
Class 3 2
Percentage difference of flexural performance between CS RHS 80 x 40 x 2.8
when compared to RHS 80 x 40 x 2.8
40 30
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0
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Figure 10 (a) Comparison of shear area for (a) RHS and CS RHS 80 x 40 x
2.8; (b) SHS and CS SHS 100 x 100 x 6.3.

Percentage difference of flexural performance between CS SHS
100%100x6.3 when compared to SHS 100x100x6.3
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Figure 11 Percentage difference of flexural performance between (a) CS RHS 80 x 40 x 2.8 compared to RHS 80 x 40 x 2.8, (b) CS SHS 100 x 100 x 6.3
compared to SHS 100 x 100 x 6.3

4.0 CONCLUSION

This paper presents a comprehensive investigation into the
design of aluminium alloy beams. The study compared
aluminium design outcomes derived from manual calculations
with those obtained through numerical modelling using SCIA
Engineer. The study highlighted that the main cause of disparity
in design resistance predictions results from differences in the
methodology used to calculate the elastic critical moment and

variations in

shear resistance areas. These disparities

consequently led to discrepancies in predictions regarding

shear vyielding and buckling

resistance between manual

methods and SCIA Engineer software.

Moreover, the study identified limitations inherent in SCIA
Engineer. Specifically, the software failed to consider shape
factors in Class 1 as specified by Eurocode 9. This oversight
resulted in a lack of accounting for bending moment resistance
in net cross-sections, as well as neglecting variations in yield
strength between the web and flange. Consequently, the
software tended to underestimate shear buckling resistance.

The parametric study conducted revealed that steel S275

outperforms

aluminium alloy beams concerning design

resistance towards bending, deflection, shear, and buckling.
While lower class cross-sections demonstrate higher bending
resistance for beams with similar shapes and vyield strengths,
the significance of material strength becomes more crucial
when there are substantial variations in yield strengths.

The study further extended its analysis through a parametric
investigation into various series of aluminium alloy beams,
compared with S275 steel as a reference point for comparison.
It showed that steel S275 demonstrates superior resistance in
bending, deflection, shear, and buckling scenarios. When
assessing beams with similar geometries, those with lower class
cross-sections exhibit higher bending resistance. However, in
case where there exists a significant variance in yield strengths,
material strength takes over from section class in determining
bending resistance. Furthermore, aluminium beams with larger
shear areas or higher yield strengths exhibit enhanced shear
and buckling resistance, although vyield strength does not
impact buckling moment resistance. While maximum deflection
remains consistent across aluminium alloy beams with identical
cross-sections, it decreases with larger sections and increases
with elongated beam lengths, which can be observed both steel
and aluminium alloys. Additionally, the study also showed that
the failure modes of aluminium beams can be predicted using
an interaction graph plotted with shear force and bending
moment. To enhance load capacity, increasing section
dimensions proves more effective than simply increasing the
yield strength. Synthesizing these findings, it was found that
multiplying the flanges of aluminium alloy beams by a factor of
1.6 can yield equivalent resistance to steel beams while
maintaining a lighter weight per meter compared to smaller
steel beams. Overall, the study highlighted the potential of
optimising aluminium beam designs in construction to achieve
enhanced load capacity and performance, particularly by
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emphasizing size and shear area as well as adjusting
dimensions to align with the strengths of steel.

Lastly, a comparative analysis of conventional aluminium
alloy shapes, namely CS RHS and SHS, against their RHS and SHS
counterparts, showed several key observations. CS RHS and CS
SHS exhibit larger surface areas, thereby vyielding a greater
section modulus and higher bending moment resistance in
contrast to RHS and SHS. Additionally, CS RHS and CS SHS
exhibit less deflection compared to RHS and SHS. However, the
smaller shear area in CS RHS and CS SHS leads to a lower shear
yielding capacity. Conversely, RHS and SHS demonstrate higher
torsional constants, correlating with greater buckling moment
resistance. This analysis indicated that while CS RHS and CS SHS
offer certain advantages, particularly in bending performance
and deflection, issues pertaining to shear yielding and buckling
moment resistance remain critical, especially concerning CS
RHS potentially replacing RHS. However, CS SHS demonstrates
a better overall flexural performance compared to SHS.

While this study provides a detailed analysis of aluminium
alloy beams and their comparison to steel beams, further
research is needed to address some of the identified limitations
and expand on the findings. Future research should explore the
potential of using aluminium alloys as replacements for cold-
formed steel beams in structural applications. Given the lighter
weight and comparable load-bearing capacity demonstrated in
this study, aluminium could offer a viable alternative to steel,
particularly in designs where weight reduction is critical.
Additionally, further studies should validate the flange width
adjustment (1.6 times) for aluminium alloy beams and
investigate its application in real-world conditions.
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