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Abstract 

Physics learning contains mathematical processes with various equations to interpret concepts 

or phenomena in the quantitative concept. Each material with different values owns material 

mechanical properties such as elasticity. Spreadsheets can help mathematical processes 

become more effective and efficient. The output of spreadsheets can be interpreted as graphs 

or diagrams that make it easier to understand concepts and compare the elasticity of each 

material. The material studied in this study is an aluminum alloy in terms of its elemental 

content. Spreadsheet analysis presents the values of the elasticity properties of each material 

in graphical form. The elasticity properties studied are the modulus of elasticity (Young 

modulus), yield strength (Yield strength), and maximum strength (Ultimate strength). 
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I. Introduction 

The materials on Earth can be learned through physics in high school and college. Various reviews of the 

material have been developed by scientists to date. One of them is the material's elasticity, which is included 

in the mechanical properties of the material [1]. A material's elasticity is the material's ability to return to its 

original shape when the external force exerted on the object is removed [2], [3]. It is not elastic if a material 

does not return to its original shape when the external force is released. Modulus of elasticity (Modulus 

Young), yield strength (Yield Strength), and maximum strength (Ultimate Strength) are part of elasticity [4]. 

The ratio of tensile stress and strain applied by a material is called Modulus Young or modulus of elasticity in 

units of pascal (Pa) and is symbolized by E. Universally, the size or resistance of a material experiencing 

elasticity in terms of one axis when given a force on the object can express in Young's Modulus or modulus of 

elasticity in units of pascal (Pa). At the same time, the lowest stress of a material begins to change the shape 

of the material permanently if the external load exerted is called the graduated strength or Yield Strength in 

units of pascal (Pa). The voltage at this point is also called the elasticity limit. A material will experience a 

constant extension of about 0.2% of its original length when the load pulling it is released. Then, the maximum 

stress that can be achieved by a material when given a load or force is called the maximum strength or Ultimate 

Strength. At this point, a material cannot increase stress again and causes fracture in the material [5], [6]. 
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We can use a spreadsheet to compare the elastic properties of several materials. Spreadsheets that are 

operated through Microsoft Excel can help in the process of calculation, projection, analysis, and presentation 

of data in the learning process. Spreadsheet facilities can also implement numerical analysis in graphical form 

[7], [8]. Using spreadsheets can strengthen concepts mathematically, enhance students' visual representations 

through mathematical equations, and explore combinations of simple formulas [9]. Numerical analysis results 

are more easily understood by students when presented with visual representations, so they strengthen 

mathematical abilities and enhance understanding of physics concepts [10], [11]. 

One of the materials that is often used is Aluminum. Pure Aluminum (Al) is one of the non-ferrous metals. 

The aluminum crystal structure cube centering side (FCC) has an atom radius of 0.1431 nm. Aluminum is 

easily formed and is abundantly available in the Earth's crust beyond iron reserves (Fe). Aluminum is often 

used because it has several beneficial properties, such as corrosion resistance, good conductance of heat, and 

light density of around 2.7 gr/cm3, and is easily fabricated. However, Aluminum has low strength and 

mechanical properties, so it needs to be alloyed with other materials so that its mechanical properties can be 

improved. Like several studies that have been done, various elements can be added to aluminum alloys to 

produce better materials. Some of these elements are copper (Cu), silicon (Si), zinc (Zn), manganese (Mn), 

magnesium (Mg), and so on [12]–[17]. 

Aluminum alloys have great benefits in the industrial field. Aluminum alloy is a metal structural material 

that is most widely used after iron and steel. Its need in the industry is also increasing every day. Aluminum 

alloys have advantages such as high corrosion resistance, low weight due to low density, low cost due to easy 

processing, and excellent electrical and thermal conductivity [18], [19]. Pure Aluminum has an elastic modulus 

of around ± 70 GPa, yield strength of ± 95 mPa, and maximum strength of ± 110 mPa [20].  

When Aluminum is mixed with other materials, there will be changes in mechanical properties. The study 

of the elastic properties of aluminum alloys has been widely used. Li et al. [21] compare the dynamic properties 

of two single-layer spherical shells made from different aluminum alloys, exhibiting varying degrees of 

elasticity and viscoelasticity. Zhu et al. [22] investigate the elastic properties of bulk Al2O3 oxide in 

conjunction with the A97075 Al alloy utilized in aircraft structural components. Cerbu and Teodorescu-

Draghicescu [23] discuss the simulation of aluminum alloy behavior in tensile tests by modeling the nonlinear 

behavior of elastic-plastic materials within the plastic range. Utilizing hardness and monotonic tensile 

properties, Li et al. [24] develop effective approximations for calculating strain-controlled fatigue parameters 

and cyclic deformation of wrought aluminum alloys. 

Based on previous research studies, there is limited information reporting on the analysis of the elastic 

properties of aluminum alloys using spreadsheets. Therefore, this study aims to analyze changes and 

differences in the elastic properties of aluminum alloys using spreadsheets. 

II. Methods 

The material used in this study is several types of aluminum alloys which will be compared with pure 

Aluminum. The content of aluminum alloys is presented in Table 1. Each material has different elasticity 

properties. Adding other ingredients to pure Aluminum will change the material's mechanical properties. In 

this study, the elasticity properties to be studied are modulus of elasticity, yield strength, and maximum 

strength presented in Table 2. 

The elasticity properties related to stress and strain can be assessed through the Ramberg Osgood equation 

written in equation (1) [25]–[27]. This equation expresses the total strain relationship on the stress-strain curve, 
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εus expresses plastic strain at the end of a regular extension (maximum strain load Ftu), Fty is the yield 

strength (ultimate strength) of a material, and Ftu is the maximum strength (yield strength) of a material. The 

amount of value εus derived from 100 
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Table 1. The Content of Aluminum Alloy types 

Name of materials Contains 

Aluminum 6061-T6 [28], [29] Si (0.6); Mg (0.98); Fe (0.19); Cu (0.18); Cr (0.05); Zn (0.10); Ti 

(0.08); other elements (0.15) and Al (balance)  
Aluminum 6061-T4 [30] Al (95.8-98.6); Cr (0.04-0.35); Cu (0.15-0.4); Fe (≤0.7); Mg (0.8-

1.2); Mn (≤0.15); Si (0.3-0.8); Ti (≤0.15); Zn (≤0.25); other 

elements (≤0.15 each ≤0.05 )  
Al Si 12-6C [31] Al (86.0); Si (12.8); Fe (0.1); Mg (0.1); other elements (1.0)  

Aluminum 2017-T4 [30] Al (91.5-95.5); Cr (≤0.1); Cu (3.5-4.5); Fe (≤0.7); Mg (0.4-0.8); Mn 

(0.4-1); Si (0.2-0.8); Ti (≤0.15); Zn (≤0.25); other element (≤0.15 

each ≤0.05 )  
Aluminum 2219-T31 [30], [32]  Al (91.5-93.8); Cu (5.8-6.8); Fe (≤0.3); Mg (≤0.02); Mn (0.2-0.4); 

Ti (0.02-0.1); Si (≤0.2); V (0.05-0.15); Xn (≤0.1); Zr (0.1-0.25); 

other element (≤0.15 each ≤0.05 )  
 

Table 2. Elasticity Properties of Aluminum Alloy 

Materials 

Elasticity Modulus 

(Modulus Young) 

(GPa) 

Yield Strength (Yield 

Strength) (MPa) 

Ultimate Strange 

(Ultimate Strength) 

(MPa) 

Pure Aluminum 70.0 95 110 

Aluminum 6061-T6 68.9 276 310 

Aluminum 6061-T4 68.9 145  241  

Al Si 12-6C 25.6 110 190 

Aluminum 2017-T4 72.4  276  427  

Aluminum 2219-T31 73.1  248  359  

 

III. Results and discussion 

Equations (2) and (3), as well as referring to Table 2, produce n values for each aluminum alloy presented 

in Figure 1. Then, from the value of n obtained, it was substituted into equation (1), and the tensile strength 

values of each alloy are obtained Aluminum is presented in Figure 2. The results of the data obtained are 

interpreted visually into graphical form so that it is easier to read the results of the data and to distinguish the 

tensile strength of each aluminum alloy. Graph interpretation is presented in Figure 3. 

The analysis shows that each aluminum alloy has different elasticity properties. Aluminum 2017-T4 has 

the highest stress strength compared to Aluminum and other aluminum alloys but has the same yield strength 

value as Aluminum 6061-T6. Whereas Aluminum 2219-T31 has the highest modulus of elasticity among the 

six aluminum alloys, which is 73.1 GPa, while Aluminum 2017-T4 has the second highest modulus of elasticity 

value of 72.4 GPa. Pure Aluminum has the lowest stress strength, and this is consistent with the previous 

statement that pure Aluminum has low strength and mechanical properties, so alloys from other materials are 

needed so that their mechanical properties can be improved [12], [19].  

Various aluminum alloys which have different contents produce different elasticity properties. Students 

can analyze and compare the elasticity properties of various other materials through spreadsheets. Examine 

the effect of the elements possessed by aluminum alloys on their elasticity properties. 
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Figure 1. The result of the calculation of the n value on each aluminum alloy 

 

 

  

Figure 2. The value of aluminum alloy tensile strength 

 

 

 

Figure 3. Tensile strength of some aluminum alloys 
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IV. Conclusions 

Spreadsheets can be applied as an alternative to the physics learning process on material elasticity so that 

it is more effective and efficient. Examine the influence of the alloy material's elements on the material's 

mechanical properties, especially elasticity. Aluminum alloys can also be applied to materials or other alloy 

materials. 
 

References 

[1] B. S. Mitchell, An Introduction to Materials Engineering and Science. John Wiley & Sons, 2003. doi: 

doi.org/10.1002/0471473359. 

[2] S. El Shawish and T. Mede, “Grain Boundary Stresses in Elastic Materials,” Eur. J. Mech. - A/Solids, vol. 99, p. 

104940, May 2023, doi: 10.1016/j.euromechsol.2023.104940. 

[3] M. A. Pamungkas, L. Qomariyah, and M. Ghufron, “The effect of aluminum (Al) doping on the mechanical 

properties of silicene with density functional perturbation theory,” in The 2nd International Conference on Design, 

Energy, Materials and Manufacture 2021 (ICDEMM 2021), 2023, p. 040013, doi: 10.1063/5.0115126. 

[4] H. D. Young and R. A. Freedman, University Physics With Modern Physics. Pearson, 2020. 

[5] D. R. Santoso, Pengukuran Stress Mekanik Berbasis Sensor Piezoelektrik (Prinsip Desain Dan Implementasi). 

Malang: Universitas Brawijaya Press, 2017. 

[6] Romli, “Pengaruh Proses Pengelasan TIG Terhadap Sifat Mekanis Bahan Paduan Aluminium,” J. Austenit, vol. 4, 

no. 1, pp. 9–10, 2012, doi: 10.5281/zenodo.4544287. 

[7] T. Firdaus and Muchlas, “Pengembangan media pembelajaran arus dan tegangan listrik bolak-balik untuk SMA/MA 

kelas XII menggunakan program spreadsheet. Jurnal Inovasi Dan Pembelajaran Fisika,” J. Inov. dan Pembelajaran 

Fis., vol. 2, no. 2, pp. 197–203, 2015, doi: 10.36706/jipf.v2i2.2624. 

[8] I. D. Handayani and A. Margiantono, “Penerapan Fasilitas Grafik Program Spreadsheet untuk Memperoleh 

Karakteristik Propagasi Gelombang Elektromagnetik dalam Bahan Dielektrik,” in Prosiding SNPBS (Seminar 

Nasional Pendidikan Biologi dan Saintek), 2017, pp. 430–435. 

[9] Shabrina and H. Kuswanto, “Spreadsheet for Quantum Physics: Quantization of Particle Energy In One-

Dimensional Box,” Int. J. Curr. Res., vol. 10, no. 3, pp. 66393–66399, 2018. 

[10] H. E. Kurniawan, “Pengembangan Bahan Ajar Fisika SMA Kelas X Pada Materi Gelombang Elektromagnetik 

dengan Aplikasi Spreadsheet Excel,” J. Pena Sains, vol. 1, no. 2, pp. 27–35, 2014, doi: 10.21107/jps.v1i2.1336. 

[11] M. Tawil and D. Rusdiana, “Efektivitas Pembelajaran Berbasis Simulasi Komputer pada Topik Superposisi 

Gelombang untuk Meningkatkan Pemahaman Konsep Mahasiswa,” J. Sains dan Pendidik. Fis., vol. 7, no. 2, pp. 

108–119, 2011, doi: 10.35580/jspf.v7i2.950. 

[12] J. Zhao, M. Shi, Z. Wang, and L. Xu, “Effect of a New Grain Refiner (Al–Ti–Mg–Ce) on Hardness, Tensile, and 

Impact Properties of Al–7Si Alloy,” Metals (Basel)., vol. 9, no. 2, p. 228, Feb. 2019, doi: 10.3390/met9020228. 

[13] H. Setiawan, “Pengujian Kekerasan dan Komposisi Kimia Produk Cor Propeler Alumunium,” in Prosiding SNST 

Fakultas Teknik, 2014, pp. 31–36, doi: 10.36499/psnst.v1i1.995. 

[14] A. Syakuura, B. T. Sofyan, and S. P. Ringer, “Sifat Mekanis dan Pengerasan Presipitasi Paduan Al-Zn-Mg dengan 

Variasi Kandungan Cu Selama Ageing pada Temperatur 120 °C [Mechanical Properties and Precipitation Hardening 

of Al-Zn-Mg Alloys With Variation In Cu Content],” Metalurgi, vol. 27, no. 2, p. 85, Jun. 2016, doi: 

10.14203/metalurgi.v27i2.143. 

[15] B. T. S. T. Sofyan, S. Susanti, and R. R. Yusfranto, “The Role of 1 and 9 wt.% Zn in Precipitation Hardening of 

AA319 Aluminium,” MAKARA Technol. Ser., vol. 12, no. 1, pp. 48–54, Oct. 2010, doi: 10.7454/mst.v12i1.523. 

[16] A. Zulfia, R. Juwita, A. Uliana, I. N. Jujur, and J. Raharjo, “Proses Penuaan (Aging) pada Paduan Aluminium AA 

333 Hasil Proses Sand Casting,” J. Tek. Mesin, vol. 12, no. 1, pp. 13–20, Dec. 2010, doi: 10.9744/jtm.12.1.13-20. 

[17] F. Nini, “Pengaruh Penambahan Mangan (Mu) Terhadap Sifat Mekanik Paduan Aluminium A7075,” Universitas 

Andalas, 2010. 

[18] J. Zhang, B. Song, Q. Wei, D. Bourell, and Y. Shi, “A Review of Selective Laser Melting of Aluminum Alloys: 

Processing, Microstructure, Property and Developing Trends,” J. Mater. Sci. Technol., vol. 35, no. 2, pp. 270–284, 

Feb. 2019, doi: 10.1016/j.jmst.2018.09.004. 

[19] H. S. Akkera, N. N. K. Reddy, M. Poloju, M. C. Sekhar, C. Yuvaraj, and G. S. Prasad, “Fabrication of Cast 

Aluminium-Silicon (Al-Si) and Aluminium-Magnesium (Al-Mg) Alloys and Their Properties,” Acta Metall. 

Slovaca, vol. 22, no. 4, pp. 212–221, Dec. 2016, doi: 10.12776/ams.v22i4.760. 

https://doi.org/10.1002/0471473359
https://doi.org/10.1016/j.euromechsol.2023.104940
https://doi.org/10.1063/5.0115126
https://doi.org/10.3390/met9020228
https://doi.org/10.14203/metalurgi.v27i2.143
https://doi.org/10.7454/mst.v12i1.523
https://doi.org/10.9744/jtm.12.1.13-20
https://doi.org/10.1016/j.jmst.2018.09.004
https://doi.org/10.12776/ams.v22i4.760


Sudirman, et al.   

Jurnal Riset dan Kajian Pendidikan Fisika, 2023, 10(1) 21 

[20] R. Rochman, P. Hariyati, and Purbo, “Karaktetrisasi Sifat Mekanik dan Pembentukan Fasa Presipitat pada 

Aluminium Alloy 2024–T81 Akibat Perlakuan Penuaan,” Mekanika, vol. 8, no. 2, pp. 165–171, 2010. 

[21] Y. P. Li, D. Ouyang, and J. C. Xu, “Dynamic Characteristics of Single-Layer Spherical Aluminum Alloy Reticulated 

Shell,” Appl. Mech. Mater., vol. 204–208, pp. 1154–1158, Oct. 2012, doi: 10.4028/www.scientific.net/AMM.204-

208.1154. 

[22] L. Zhu, Y. Yan, J. Li, L. Qiao, Z. Li, and A. A. Volinsky, “Stress corrosion cracking at low loads: Surface slip and 

crystallographic analysis,” Corros. Sci., vol. 100, pp. 619–626, Nov. 2015, doi: 10.1016/j.corsci.2015.08.040. 

[23] C. Cerbu and H. Teodorescu-Draghicescu, “Aspects onmodeling the mechanical behavior of aluminum alloys with 

differentheat treatments,” J. Comput. Appl. Mech., vol. 12, no. 2, pp. 85–98, 2017, doi: 10.32973/jcam.2017.006. 

[24] J. Li, Z. P. Zhang, and C. W. Li, “Some useful approximations for wrought aluminum alloys based on monotonic 

tensile properties and hardness,” Materwiss. Werksttech., vol. 49, no. 1, pp. 89–100, Jan. 2018, doi: 

10.1002/mawe.201700016. 

[25] A. Suprihanto, D. B. Wibowo, and D. Satrijo, “Pengujian Lelah Siklus Rendah Besi Cor Kelabu,” Rotasi, vol. 12, 

no. 1, pp. 1–4, 2012, doi: 10.14710/rotasi.12.1.1-4. 

[26] H. A. Suhartono, “Karakterisasi Sifat Lelah Siklus Rendah Uniaksial Pada Paduan Aluminium Ekstrusi,” Jusami 

Indones. J. Mater. Sci., vol. 12, no. 3, pp. 229–233, 2018, doi: 10.17146/jsmi.2011.12.3.4620. 

[27] R. C. Rice, J. L. Jackson, J. Bakuckas, and S. Thompson, “Metallic Materials Properties Development and 

Standardization (MMPDS),” Washington, 2003. 

[28] M. Dewi, “Studi mikrostruktur dan sifat mekanik Aluminium 6061 melalui proses canai dingin dan aging,” Furnace, 

vol. 2, no. 1, pp. 1–7, 2016. 

[29] A. K. Hellier, P. P. Chaphalkar, and B. G. Prusty, “Fracture Toughness Measurement for Aluminium 6061-T6 using 

Notched Round Bars,” in Conference: 9th Australasian Congress on Applied Mechanics (ACAM9), 2017, pp. 1–8. 

[30] Aerospace Specification Metals, “Aluminum 6061-T4; 6061-T451,” 2019. . 

[31] A. Szlancsik, B. Katona, Z. Dombóvári, and I. N. Orbulov, “On the effective Young’s modulus of metal matrix 

syntactic foams,” Mater. Sci. Technol., vol. 33, no. 18, pp. 2283–2289, Dec. 2017, doi: 

10.1080/02670836.2017.1374497. 

[32] Aircraft Materials, “Aluminium Alloy 2219,” 2016 . 

 

 

https://doi.org/10.4028/www.scientific.net/AMM.204-208.1154
https://doi.org/10.4028/www.scientific.net/AMM.204-208.1154
https://doi.org/10.1016/j.corsci.2015.08.040
https://doi.org/10.32973/jcam.2017.006
https://doi.org/10.1002/mawe.201700016
https://doi.org/10.1080/02670836.2017.1374497

