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Lampiran 1. Perhitungan Hasil Pengujian

1. Pengujina Tarik
𝑆𝑝𝑒𝑠𝑖𝑚𝑒𝑛 𝑢𝑗𝑖 𝑡𝑎𝑟𝑖𝑘 𝑠𝑒𝑟𝑎𝑡 0,5% 𝑘𝑒 1
𝑃𝑚𝑎𝑥 = 1,90 𝐾𝑁
= 1,90 × 1000
= 1900𝑁
𝐿𝑒𝑏𝑎𝑟 = 14,84 𝑚𝑚
𝑃𝑎𝑛𝑗𝑎𝑛𝑔 = 5,58
A0 = Panjang × Lebar
= 5,58 × 14,84
= 82,8072 mm2
𝑃𝑚𝑎𝑥
σ =	A0
1900 𝑀𝑝𝑎
=	82,8072
= 22,94 𝑀𝑝𝑎/𝑚𝑚²
𝑆𝑝𝑒𝑠𝑖𝑚𝑒𝑛 𝑢𝑗𝑖 𝑡𝑎𝑟𝑖𝑘 𝑠𝑒𝑟𝑎𝑡 0,5% 𝑘𝑒 2
𝑃𝑚𝑎𝑥 = 2,09 𝐾𝑁
= 2,09 × 1000
= 2.090𝑁
𝐿𝑒𝑏𝑎𝑟 = 14,46 𝑚𝑚
𝑃𝑎𝑛𝑗𝑎𝑛𝑔 = 5,67
A0 = Tebal × Lebar
= 5,67 × 14,46
= 81,9882mm2
𝑃𝑚𝑎𝑥
σ =	A0
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2.090 𝑀𝑝𝑎
=	81,9882
= 25,49𝑀𝑝𝑎/𝑚𝑚²
𝑆𝑝𝑒𝑠𝑖𝑚𝑒𝑛 𝑢𝑗𝑖 𝑡𝑎𝑟𝑖𝑘 𝑠𝑒𝑟𝑎𝑡 0,5% 𝑘𝑒 3
𝑃𝑚𝑎𝑥 = 1,52 𝐾𝑁
= 1,52 × 1000
= 1.520𝑁
𝐿𝑒𝑏𝑎𝑟 = 14,75 𝑚𝑚
𝑃𝑎𝑛𝑗𝑎𝑛𝑔 = 5,08 𝑚𝑚
A0 = Panjang × Lebar
= 5,08 × 14,75
= 74,93 mm2
𝑃𝑚𝑎𝑥
σ =	A0
1.520 𝑀𝑝𝑎
=	74,93
= 20,29𝑀𝑝𝑎/𝑚𝑚²
𝑁𝑖𝑙𝑎𝑖 𝑡𝑒𝑔𝑎𝑛𝑔𝑎𝑛 𝑟𝑎𝑡𝑎 − 𝑟𝑎𝑡𝑎 𝑡𝑎𝑟𝑖𝑘 𝑣𝑎𝑘𝑠𝑖 𝑠𝑒𝑟𝑎𝑡 0,5 % 𝑑𝑎𝑟𝑖 𝑠𝑎𝑚𝑝𝑒𝑙 1 − 3
Rata-rata =	𝑗𝑢𝑚𝑙𝑎ℎ 𝑛𝑖𝑙𝑎𝑖
𝐵𝑎𝑚𝑦𝑎𝑘𝑛𝑦𝑎 𝑑𝑎𝑡𝑎
22,94 + 25,49 + 20,29
=	3
= 22,9 𝑀𝑝𝑎/𝑚𝑚²
𝑆𝑝𝑒𝑠𝑖𝑚𝑒𝑛 𝑢𝑗𝑖 𝑡𝑎𝑟𝑖𝑘 𝑠𝑒𝑟𝑎𝑡 1% 𝑘𝑒 1
𝑃𝑚𝑎𝑥 = 1𝐾𝑁
= 1 × 1000
= 1000𝑁
𝐿𝑒𝑏𝑎𝑟 = 15,04 𝑚𝑚
𝑃𝑎𝑛𝑗𝑎𝑛𝑔 = 4,2 𝑚𝑚
A0 = Tebal × Lebar
= 4,2 × 15,04
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= 63,168 mm2
𝑃𝑚𝑎𝑥
σ =	A0
1000 𝑀𝑝𝑎
=	63,168
= 15,83 𝑀𝑝𝑎/𝑚𝑚²
𝑆𝑝𝑒𝑠𝑖𝑚𝑒𝑛 𝑢𝑗𝑖 𝑡𝑎𝑟𝑖𝑘 𝑠𝑒𝑟𝑎𝑡 1% 𝑘𝑒 2
𝑃𝑚𝑎𝑥 = 0,84𝐾𝑁
= 0,84 × 1000
= 840𝑁
𝐿𝑒𝑏𝑎𝑟 = 15,76 𝑚𝑚
𝑃𝑎𝑛𝑗𝑎𝑛𝑔 = 4,25𝑚𝑚
A0 = Panjang × Lebar
= 4,25 × 15,76
= 66,98 mm2
𝑃𝑚𝑎𝑥
σ =	A0
840 𝑀𝑝𝑎
=	66,98
= 12,54 𝑀𝑝𝑎/𝑚𝑚²
𝑆𝑝𝑒𝑠𝑖𝑚𝑒𝑛 𝑢𝑗𝑖 𝑡𝑎𝑟𝑖𝑘 𝑠𝑒𝑟𝑎𝑡 1% 𝑘𝑒 3
𝑃𝑚𝑎𝑥 = 0,92𝐾𝑁
= 0,92 × 1000
= 920𝑁
𝐿𝑒𝑏𝑎𝑟 = 13,26 𝑚𝑚
𝑃𝑎𝑛𝑗𝑎𝑛𝑔 = 4,35𝑚𝑚
A0 = Tebal × Lebar
= 5,58 × 14,84
= 57,681 mm2
𝑃𝑚𝑎𝑥
σ =	A0
83




920 𝑀𝑝𝑎
=	57,681
= 15,94 𝑀𝑝𝑎/𝑚𝑚²
Nilai tegangan rata − rata tarik vaksi serat 1% dari sampel 1 − 3
Rata-rata =	𝑗𝑢𝑚𝑙𝑎ℎ 𝑛𝑖𝑙𝑎𝑖
𝐵𝑎𝑚𝑦𝑎𝑘𝑛𝑦𝑎 𝑑𝑎𝑡𝑎
15,83 + 12,54 + 15,94
=	3
= 14,8 𝑀𝑝𝑎/𝑚𝑚²
𝑆𝑝𝑒𝑠𝑖𝑚𝑒𝑛 𝑢𝑗𝑖 𝑡𝑎𝑟𝑖𝑘 𝑠𝑒𝑟𝑎𝑡 1,5% 𝑘𝑒 1
𝑃𝑚𝑎𝑥 = 0,85𝐾𝑁
= 0,85 × 1000
= 850𝑁
𝐿𝑒𝑏𝑎𝑟 = 14,14 𝑚𝑚
𝑃𝑎𝑛𝑗𝑎𝑛𝑔 = 4,47 𝑚𝑚
A0 = Panjang × Lebar
= 4,47 × 14,14
= 63,2058 mm2
𝑃𝑚𝑎𝑥
σ =	A0
850𝑀𝑝𝑎
= 63,2058
= 13,45 𝑀𝑝𝑎/𝑚𝑚²
𝑆𝑝𝑒𝑠𝑖𝑚𝑒𝑛 𝑢𝑗𝑖 𝑡𝑎𝑟𝑖𝑘 𝑠𝑒𝑟𝑎𝑡 1,5% 𝑘𝑒 2
𝑃𝑚𝑎𝑥 = 1,06𝐾𝑁
= 1,06 × 1000
= 1.060𝑁
𝐿𝑒𝑏𝑎𝑟 = 16,11𝑚𝑚
𝑃𝑎𝑛𝑗𝑎𝑛𝑔 = 5,13𝑚𝑚
A0 = Tebal × Lebar
= 5,13 × 14,84
84




= 76,1292 mm2
𝑃𝑚𝑎𝑥
σ =	A0
1.060 𝑀𝑝𝑎
=	82,8072
= 12,83𝑀𝑝𝑎/𝑚𝑚²
𝑆𝑝𝑒𝑠𝑖𝑚𝑒𝑛 𝑢𝑗𝑖 𝑡𝑎𝑟𝑖𝑘 𝑠𝑒𝑟𝑎𝑡 1,5% 𝑘𝑒 3
𝑃𝑚𝑎𝑥 = 0,69 𝐾𝑁
= 0,69 × 1000
= 690𝑁
𝐿𝑒𝑏𝑎𝑟 = 14,08 𝑚𝑚
𝑃𝑎𝑛𝑗𝑎𝑛𝑔 = 4,71𝑚𝑚
A0 = Panjang × Lebar
= 4,71 × 14,08
= 66,3168 mm2
𝑃𝑚𝑎𝑥
σ =	A0
690𝑀𝑝𝑎
= 66,3168
= 10,40 𝑀𝑝𝑎/𝑚𝑚²
𝑁𝑖𝑙𝑎𝑖 𝑡𝑒𝑔𝑎𝑛𝑔𝑎𝑛 𝑟𝑎𝑡𝑎 − 𝑟𝑎𝑡𝑎 𝑡𝑎𝑟𝑖𝑘 𝑣𝑎𝑘𝑠𝑖 𝑠𝑒𝑟𝑎𝑡 1,5 % 𝑑𝑎𝑟𝑖 𝑠𝑎𝑚𝑝𝑒𝑙 1 − 3
Rata-rata =	𝑗𝑢𝑚𝑙𝑎ℎ 𝑛𝑖𝑙𝑎𝑖
𝐵𝑎𝑚𝑦𝑎𝑘𝑛𝑦𝑎 𝑑𝑎𝑡𝑎
13,45 + 12,83 + 10,40
=	3
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2. Pengujian Bending

= 12,2 𝑀𝑝𝑎/𝑚𝑚²

𝑆𝑝𝑒𝑠𝑖𝑚𝑒𝑛 𝑢𝑗𝑖 𝑏𝑒𝑛𝑑𝑖𝑛𝑔 𝑣𝑎𝑟𝑖𝑎𝑠𝑖 𝑠𝑒𝑟𝑎𝑡 0,5% 𝑘𝑒 1
𝐷𝑖𝑘𝑒𝑡𝑎ℎ𝑢𝑖: 𝑃𝑎𝑛𝑗𝑎𝑛𝑔 (𝐿) = 90𝑚𝑚
𝐿𝑒𝑏𝑎𝑟 (𝑏) = 14,50 𝑚𝑚
𝑃𝑎𝑛𝑗𝑎𝑛𝑔 (𝑑) = 4,70 𝑚𝑚
𝑃𝑚𝑎𝑥 (𝑝) = 0,09 𝐾𝑁
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σь =

= 0,09 × 1000
= 90 𝑁
3 × Pmax × L

2 × b × d ²
3 × 90 × 90

= 2 × 14,5 × 4,702
24,300
=
640,41
= 37,93 𝑀𝑝𝑎/𝑚𝑚
𝑆𝑝𝑒𝑠𝑖𝑚𝑒𝑛 𝑢𝑗𝑖 𝑏𝑒𝑛𝑑𝑖𝑛𝑔 𝑣𝑎𝑟𝑖𝑎𝑠𝑖 𝑠𝑒𝑟𝑎𝑡 0,5% 𝑘𝑒 2
𝐷𝑖𝑘𝑒𝑡𝑎ℎ𝑢𝑖: 𝑃𝑎𝑛𝑗𝑎𝑛𝑔 (𝐿) = 90𝑚𝑚
𝐿𝑒𝑏𝑎𝑟 (𝑏) = 17,22 𝑚𝑚
𝑃𝑎𝑛𝑗𝑎𝑛𝑔 (𝑑) = 5,12 𝑚𝑚
𝑃𝑚𝑎𝑥 (𝑝) = 0,18 𝐾𝑁
= 0,18 × 1000
= 180𝑁
3 × Pmax × L

σь =



2 × b × d ²
3 × 180 × 90

= 2 × 17,22 × 5,122
48.600
=
902,8
= 53,83 𝑀𝑝𝑎/𝑚𝑚
𝑆𝑝𝑒𝑠𝑖𝑚𝑒𝑛 𝑢𝑗𝑖 𝑏𝑒𝑛𝑑𝑖𝑛𝑔 𝑣𝑎𝑟𝑖𝑎𝑠𝑖 𝑠𝑒𝑟𝑎𝑡 0,5% 𝑘𝑒 3
𝐷𝑖𝑘𝑒𝑡𝑎ℎ𝑢𝑖: 𝑃𝑎𝑛𝑗𝑎𝑛𝑔 (𝐿) = 90𝑚𝑚
𝐿𝑒𝑏𝑎𝑟 (𝑏) = 15,08𝑚𝑚
𝑃𝑎𝑛𝑗𝑎𝑛𝑔 (𝑑) = 4,38 𝑚𝑚
𝑃𝑚𝑎𝑥 (𝑝) = 0,08 𝐾𝑁
= 0,08 × 1000
= 80 𝑁
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σь =

3 × Pmax × L

2 × b × d ²
3 × 80 × 90

= 2 × 15,08 × 4,38 2
21.600
=
578,60
= 37,33𝑀𝑝𝑎/𝑚𝑚
Nilai tegangan rata − rata bending variasi serat 0,5 % dari sampel 1 − 3
𝑗𝑢𝑚𝑙𝑎ℎ 𝑛𝑖𝑙𝑎𝑖 Rata − rata = 𝐵𝑎𝑚𝑦𝑎𝑘𝑛𝑦𝑎 𝑑𝑎𝑡𝑎
37,93 + 53,83 + 37,33
=
3
= 43,03 𝑁/𝑚𝑚
𝑆𝑝𝑒𝑠𝑖𝑚𝑒𝑛 𝑢𝑗𝑖 𝑏𝑒𝑛𝑑𝑖𝑛𝑔 𝑣𝑎𝑟𝑖𝑎𝑠𝑖 𝑠𝑒𝑟𝑎𝑡 1% 𝑘𝑒 1
𝐷𝑖𝑘𝑒𝑡𝑎ℎ𝑢𝑖: 𝑃𝑎𝑛𝑗𝑎𝑛𝑔 (𝐿) = 90𝑚𝑚
𝐿𝑒𝑏𝑎𝑟 (𝑏) = 15,87 𝑚𝑚
𝑃𝑎𝑛𝑗𝑎𝑛𝑔 (𝑑) = 4,44 𝑚𝑚
𝑃𝑚𝑎𝑥 (𝑝) = 0,09 𝐾𝑁
= 0,09 × 1000
= 90 𝑁
3 × Pmax × L

σь =



2 × b × d ²
3 × 90 × 90

= 2 × 15,87 × 4,442
24,300
=
625,70
= 38,84 𝑀𝑝𝑎/𝑚𝑚
𝑆𝑝𝑒𝑠𝑖𝑚𝑒𝑛 𝑢𝑗𝑖 𝑏𝑒𝑛𝑑𝑖𝑛𝑔 𝑣𝑎𝑟𝑖𝑎𝑠𝑖 𝑠𝑒𝑟𝑎𝑡 1% 𝑘𝑒 2
𝐷𝑖𝑘𝑒𝑡𝑎ℎ𝑢𝑖: 𝑃𝑎𝑛𝑗𝑎𝑛𝑔 (𝐿) = 90𝑚𝑚
𝐿𝑒𝑏𝑎𝑟 (𝑏) = 14,08 𝑚𝑚
𝑃𝑎𝑛𝑗𝑎𝑛𝑔 (𝑑) = 4,73 𝑚𝑚


𝑃𝑚𝑎𝑥 (𝑝) = 0,10 𝐾𝑁
= 0,10 × 1000
= 100 𝑁
3 × Pmax × L
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σь =



2 × b × d ²
3 × 100 × 90

= 2 × 14,08 × 4,732
27,000
=
630,02
= 42,86 𝑀𝑝𝑎/𝑚𝑚
𝑆𝑝𝑒𝑠𝑖𝑚𝑒𝑛 𝑢𝑗𝑖 𝑏𝑒𝑛𝑑𝑖𝑛𝑔 𝑣𝑎𝑟𝑖𝑎𝑠𝑖 𝑠𝑒𝑟𝑎𝑡 1% 𝑘𝑒 3
𝐷𝑖𝑘𝑒𝑡𝑎ℎ𝑢𝑖: 𝑃𝑎𝑛𝑗𝑎𝑛𝑔 (𝐿) = 90𝑚𝑚
𝐿𝑒𝑏𝑎𝑟 (𝑏) = 14,50𝑚𝑚
𝑃𝑎𝑛𝑗𝑎𝑛𝑔(𝑑) = 3,79 𝑚𝑚
𝑃𝑚𝑎𝑥 (𝑝) = 0,03𝐾𝑁
= 0,03 × 1000
= 30 𝑁
3 × Pmax × L

σь =



2 × b × d ²
3 × 30 × 90

= 2 × 14,50 × 3,792
8.100
=
416,55
= 19,45𝑀𝑝𝑎/𝑚𝑚
Nilai tegangan rata − rata bending variasi serat 1% dari sampel 1 − 3
𝑗𝑢𝑚𝑙𝑎ℎ 𝑛𝑖𝑙𝑎𝑖 Rata − rata = 𝐵𝑎𝑚𝑦𝑎𝑘𝑛𝑦𝑎 𝑑𝑎𝑡𝑎
38,84 + 42,86 + 19,45
=	3
= 33,71 𝑁/𝑚𝑚
𝑆𝑝𝑒𝑠𝑖𝑚𝑒𝑛 𝑢𝑗𝑖 𝑏𝑒𝑛𝑑𝑖𝑛𝑔 𝑣𝑎𝑟𝑖𝑎𝑠𝑖 𝑠𝑒𝑟𝑎𝑡 1,5% 𝑘𝑒 1


𝐷𝑖𝑘𝑒𝑡𝑎ℎ𝑢𝑖: 𝑃𝑎𝑛𝑗𝑎𝑛𝑔 (𝐿) = 90𝑚𝑚
𝐿𝑒𝑏𝑎𝑟 (𝑏) = 14,14𝑚𝑚
𝑃𝑎𝑛𝑗𝑎𝑛𝑔 (𝑑) = 4,5𝑚𝑚
𝑃𝑚𝑎𝑥 (𝑝) = 0,06 𝐾𝑁
= 0,06 × 1000
= 60 𝑁
3 × Pmax × L
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σь =

=



2 × b × d ²
3 × 60 × 90

2 × 14,14 × 4,5²
16.200
=
572,67
= 28,29 𝑀𝑝𝑎/𝑚𝑚
𝑆𝑝𝑒𝑠𝑖𝑚𝑒𝑛 𝑢𝑗𝑖 𝑏𝑒𝑛𝑑𝑖𝑛𝑔 𝑣𝑎𝑟𝑖𝑎𝑠𝑖 𝑠𝑒𝑟𝑎𝑡 1,5% 𝑘𝑒 2
𝐷𝑖𝑘𝑒𝑡𝑎ℎ𝑢𝑖: 𝑃𝑎𝑛𝑗𝑎𝑛𝑔 (𝐿) = 90𝑚𝑚
𝐿𝑒𝑏𝑎𝑟 (𝑏) = 13,46𝑚𝑚
𝑃𝑎𝑛𝑗𝑎𝑛𝑔 (𝑑) = 3,70 𝑚𝑚
𝑃𝑚𝑎𝑥 (𝑝) = 0,05 𝐾𝑁
= 0,05 × 1000
= 50 𝑁
3 × Pmax × L

σь =



2 × b × d ²
3 × 50 × 90

= 2 × 13,46 × 3,702
13.500
= 368,53
= 36,63 𝑀𝑝𝑎/𝑚𝑚
𝑆𝑝𝑒𝑠𝑖𝑚𝑒𝑛 𝑢𝑗𝑖 𝑏𝑒𝑛𝑑𝑖𝑛𝑔 𝑣𝑎𝑟𝑖𝑎𝑠𝑖 𝑠𝑒𝑟𝑎𝑡 1,5% 𝑘𝑒 3
𝐷𝑖𝑘𝑒𝑡𝑎ℎ𝑢𝑖: 𝑃𝑎𝑛𝑗𝑎𝑛𝑔 (𝐿) = 90𝑚𝑚
𝐿𝑒𝑏𝑎𝑟 (𝑏) = 14,35𝑚𝑚


𝑃𝑎𝑛𝑗𝑎𝑛𝑔(𝑑) = 4,6 𝑚𝑚
𝑃𝑚𝑎𝑥 (𝑝) = 0,03𝐾𝑁
= 0,03 × 1000
= 30 𝑁
3 × Pmax × L
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σь =

=



2 × b × d ²
3 × 30 × 90

2 × 14,35 × 4,6 ²
8.100
=
607,29
= 13,34 𝑀𝑝𝑎/𝑚𝑚
Nilai tegangan rata − rata bending variasi serat 0,5 % dari sampel 1 − 3
𝑗𝑢𝑚𝑙𝑎ℎ 𝑛𝑖𝑙𝑎𝑖 Rata − rata = 𝐵𝑎𝑚𝑦𝑎𝑘𝑛𝑦𝑎 𝑑𝑎𝑡𝑎
28,29 + 36,63 + 13,34
=	3


3. Pengujian Impak

= 43,03 𝑁/𝑚𝑚

Spesimen uji impak variasi serat 0,5% ke 1
Diketahui :
Lebar bahan uji ( Ɩ )	= 11,85 mm Panjang bahan uji ( t )	= 9,42 mm
Panjang pendulum ( R ) = jarak titik putar = 80 cm
Ke titik berat pendulum = 0,8 m Berat pendulum ( G )	= 20 kg x 9,81 = 196,2 N
Cos α	= 300
Cos β	= 29,000
Rumus luas penampang
Ao = l × t
= 11,85 × 9,24
= 111,62 𝑚𝑚²
Rumus energi yang diserap benda uji / tenaga patah
G × R = 196,2N × 0,8m = 156,96 J
𝐶𝑜𝑠 α = cos 300 = −0,8660 Cos β = cos 29,000 = −0,8746
𝑊 = 𝐺 × 𝑅 (cos β − cos α)


= 156,96 × (0,8746 − 0,8660)
= 156,96 × 0,0086
= 1,4 𝑗𝑜𝑢𝑙𝑒
Rumus harga impack (HI) :
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σb =  𝑊
𝑏ˡ𝑥 ℎˡ

= 𝑊
𝐴𝑜

𝑊 = 𝐸𝑛𝑒𝑟𝑔𝑖 𝑡𝑒𝑟𝑠𝑒𝑟𝑎𝑝 𝑏𝑒𝑛𝑑𝑎 𝑢𝑗𝑖 (𝑗)
= 1,4 𝑗𝑜𝑢𝑙𝑒
𝐴𝑜 = 𝐿𝑢𝑎𝑠 𝑝𝑒𝑛𝑎𝑚𝑝𝑎𝑛𝑔 (𝑚𝑚2)
= 111,627 𝑚𝑚² σb = 𝑊
𝐴𝑜

=	1,4 𝑗𝑜𝑢𝑙𝑒
111,627 𝑚𝑚²

= 0,0 12 joule / mm²

𝑆𝑝𝑒𝑠𝑖𝑚𝑒𝑛 𝑢𝑗𝑖 𝑖𝑚𝑝𝑎𝑘 𝑣𝑎𝑟𝑖𝑎𝑠𝑖 𝑠𝑒𝑟𝑎𝑡 0,5% 𝑘𝑒 2
Diketahui :
Lebar bahan uji ( Ɩ )	= 12,28 mm Panjang bahan uji ( t )	= 9,98 mm
Panjang pendulum ( R ) = jarak titik putar = 80 cm
Ke titik berat pendulum = 0,8 m Berat pendulum  ( G )	= 20 kg x 9,81 = 196,2 N
Cos α	= 300
Cos β	= 29,000
Rumus luas penampang
Ao = l × t
= 12,28 × 9,98
= 122,55 𝑚𝑚²
Rumus energi yang diserap benda uji / tenaga patah
G × R = 196,13N × 0,8m = 15.690 J
𝐶𝑜𝑠 α = cos 300 = −0,8660
Cos β = cos 29,000 = −0,8746
𝑊 = 𝐺 × 𝑅 (cos β − cos α)
= 15.690 × (0,8746 − 0,8660)
= 15.690 − (0,0086)
= 1,4 𝑗𝑜𝑢𝑙𝑒
Rumus harga impack (HI) :
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𝐴𝑜 = 𝐿𝑢𝑎𝑠 𝑝𝑒𝑛𝑎𝑚𝑝𝑎𝑛𝑔 (𝑚𝑚2)

σb =  𝑊
𝑏ˡ𝑥 ℎˡ

= 𝑊
𝐴𝑜

𝑊 = 𝐸𝑛𝑒𝑟𝑔𝑖 𝑡𝑒𝑟𝑠𝑒𝑟𝑎𝑝 𝑏𝑒𝑛𝑑𝑎 𝑢𝑗𝑖 (𝑗)
= 1,4 𝑗𝑜𝑢𝑙𝑒
𝐴𝑜 = 𝐿𝑢𝑎𝑠 𝑝𝑒𝑛𝑎𝑚𝑝𝑎𝑛𝑔 (𝑚𝑚2)
= 122,55 𝑚𝑚² σb = 𝑊
𝐴𝑜

=	1,4 𝑗𝑜𝑢𝑙𝑒
122,55 𝑚𝑚²

= 0,0 11 joule / mm²

𝑆𝑝𝑒𝑠𝑖𝑚𝑒𝑛 𝑢𝑗𝑖 𝑖𝑚𝑝𝑎𝑘 𝑣𝑎𝑟𝑖𝑎𝑠𝑖 𝑠𝑒𝑟𝑎𝑡 0,5% 𝑘𝑒 3
Diketahui :
Lebar bahan uji ( Ɩ )	= 11,61 mm Panjang bahan uji ( t )	= 10,67 mm
Panjang pendulum ( R ) = jarak titik putar = 80 cm
Ke titik berat pendulum = 0,8 m Berat pendulum ( G )	= 20 kg x 9,81 = 196,2 N
Cos α	= 300
Cos β	= 29,000
Rumus luas penampang
Ao = l × t
= 11,61 × 10,67
= 123,87 𝑚𝑚²
Rumus energi yang diserap benda uji / tenaga patah
G × R = 196,2N × 0,8m = 156,96 J
𝐶𝑜𝑠 α = cos 300 = −0,8660 Cos β = cos 29,000 = −0,8746
𝑊 = 𝐺 × 𝑅 (cos β − cos α)
= 156,96 × (0,8746 − 0,8660)
= 156,96 × 0,0086
= 1,4 𝑗𝑜𝑢𝑙𝑒
Rumus harga impack (HI) :

σb =  𝑊
𝑏ˡ𝑥 ℎˡ

= 𝑊
𝐴𝑜

𝑊 = 𝐸𝑛𝑒𝑟𝑔𝑖 𝑡𝑒𝑟𝑠𝑒𝑟𝑎𝑝 𝑏𝑒𝑛𝑑𝑎 𝑢𝑗𝑖 (𝑗)
= 1,4 𝑗𝑜𝑢𝑙𝑒

= 123,87 𝑚𝑚² σb = 𝑊
𝐴𝑜
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= 2,0 𝑗𝑜𝑢𝑙𝑒

=	1,4 𝑗𝑜𝑢𝑙𝑒
123,87 𝑚𝑚²

= 0,011 joule / mm²

Nilai tegangan rata − rata impak variasi serat 0,5 % dari sampel 1 − 3
𝑗𝑢𝑚𝑙𝑎ℎ 𝑛𝑖𝑙𝑎𝑖 Rata − rata = 𝐵𝑎𝑚𝑦𝑎𝑘𝑛𝑦𝑎 𝑑𝑎𝑡𝑎
0,012 + 0,011 + 0,011
=	3
= 0,012 𝐽𝑜𝑢𝑒𝑙/𝑚𝑚² Spesimen uji impak variasi serat 1% ke 1
Diketahui :
Lebar bahan uji ( Ɩ )	= 12,05 mm Panjang bahan uji ( t )	= 8,81 mm
Panjang pendulum ( R ) = jarak titik putar = 80 cm
Ke titik berat pendulum = 0,8 m Berat pendulum ( G )	= 20 kg x 9,81 = 196,2 N
Cos α	= 300
Cos β	= 28,500
Rumus luas penampang
Ao = l × t
= 12,05 × 8,81
= 106,16 mm²
Rumus energi yang diserap benda uji / tenaga patah
G × R = 196,2N × 0,8m = 156,96 J
𝐶𝑜𝑠 α = cos 300 = 0,8660 Cos β = cos 28,500 = 0,8788
𝑊 = 𝐺 × 𝑅 (cos β − cos α)
= 156,96 × (0,8788 − 0,8660)
= 156,96 × 0,0128
= 2,0 𝑗𝑜𝑢𝑙𝑒
Rumus harga impack (HI) :

σb =  𝑊
𝑏ˡ𝑥 ℎˡ

= 𝑊
𝐴𝑜

𝑊 = 𝐸𝑛𝑒𝑟𝑔𝑖 𝑡𝑒𝑟𝑠𝑒𝑟𝑎𝑝 𝑏𝑒𝑛𝑑𝑎 𝑢𝑗𝑖 (𝑗)


𝐴𝑜 = 𝐿𝑢𝑎𝑠 𝑝𝑒𝑛𝑎𝑚𝑝𝑎𝑛𝑔 (𝑚𝑚2)
= 106,16 mm² σb = 𝑊
𝐴𝑜
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=	2,0 𝑗𝑜𝑢𝑙𝑒
106,16 𝑚𝑚²

= 0,018 𝑗𝑜𝑢𝑙/𝑚𝑚²

Spesimen uji impak variasi serat 1% ke 2
Diketahui :
Lebar bahan uji ( Ɩ )	= 13,08 mm Panjang bahan uji ( t )	= 11,24 mm
Panjang pendulum ( R ) = jarak titik putar = 80 cm
Ke titik berat pendulum = 0,8 m Berat pendulum ( G )	= 20 kg x 9,81 = 196,2 N
Cos α	= 300
Cos β	= 28,500
Rumus luas penampang
Ao = l × t
= 13,08 × 11,24
= 146,56 mm²
Rumus energi yang diserap benda uji / tenaga patah
G × R = 196,2N × 0,8m = 156,96 J
𝐶𝑜𝑠 α = cos 300 = 0,8660 Cos β = cos 28,500 = 0,8788
𝑊 = 𝐺 × 𝑅 (cos β − cos α)
= 156,96 × (0,8788 − 0,8660)
= 156,96 × 0,0128
= 2,0 𝑗𝑜𝑢𝑙𝑒
Rumus harga impack (HI) :

σb =  𝑊
𝑏ˡ𝑥 ℎˡ

= 𝑊
𝐴𝑜

𝑊 = 𝐸𝑛𝑒𝑟𝑔𝑖 𝑡𝑒𝑟𝑠𝑒𝑟𝑎𝑝 𝑏𝑒𝑛𝑑𝑎 𝑢𝑗𝑖 (𝑗)
= 2,0 𝑗𝑜𝑢𝑙𝑒
𝐴𝑜 = 𝐿𝑢𝑎𝑠 𝑝𝑒𝑛𝑎𝑚𝑝𝑎𝑛𝑔 (𝑚𝑚2)
= 146,56 mm² σb = 𝑊
𝐴𝑜
2,0 𝑗𝑜𝑢𝑙𝑒

=
146,56 𝑚𝑚²

= 0,013 𝑗𝑜𝑢𝑙/𝑚𝑚²


Spesimen uji impak variasi serat 1% ke 3
Diketahui :
Lebar bahan uji ( Ɩ )	= 12,07 mm Panjang bahan uji ( t )	= 8,4 mm
Panjang pendulum ( R ) = jarak titik putar = 80 cm
Ke titik berat pendulum = 0,8 m Berat pendulum ( G )	= 20 kg x 9,81 = 196,2 N
Cos α	= 300
Cos β	= 28,500
Rumus luas penampang
Ao = l × t
= 12,07 × 8,4
= 101,388 mm²
Rumus energi yang diserap benda uji / tenaga patah
G × R = 196,2N × 0,8m = 156,96 J
𝐶𝑜𝑠 α = cos 300 = 0,8660 Cos β = cos 28,500 = 0,8788
𝑊 = 𝐺 × 𝑅 (cos β − cos α)
= 156,96 × (0,8788 − 0,8660)
= 156,96 × 0,0128
= 2,0 𝑗𝑜𝑢𝑙𝑒
Rumus harga impack (HI) :
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σb =  𝑊
𝑏ˡ𝑥 ℎˡ

= 𝑊
𝐴𝑜

𝑊 = 𝐸𝑛𝑒𝑟𝑔𝑖 𝑡𝑒𝑟𝑠𝑒𝑟𝑎𝑝 𝑏𝑒𝑛𝑑𝑎 𝑢𝑗𝑖 (𝑗)
= 2,0 𝑗𝑜𝑢𝑙𝑒
𝐴𝑜 = 𝐿𝑢𝑎𝑠 𝑝𝑒𝑛𝑎𝑚𝑝𝑎𝑛𝑔 (𝑚𝑚2)
= 101,388 mm²
σb = 𝑊
𝐴𝑜

=	2,0𝑗𝑜𝑢𝑙𝑒
101,388 mm²

= 0,019 joule / mm²

Nilai tegangan rata − rata impak variasi serat 1 % dari sampel 1 − 3
𝑗𝑢𝑚𝑙𝑎ℎ 𝑛𝑖𝑙𝑎𝑖 Rata − rata = 𝐵𝑎𝑚𝑦𝑎𝑘𝑛𝑦𝑎 𝑑𝑎𝑡𝑎
0,018 + 0,013 + 0,019
=	3


= 0,018 𝐽𝑜𝑢𝑒𝑙/𝑚𝑚²


Spesimen uji impak variasi serat 1,5% ke 1
Diketahui :
Lebar bahan uji ( Ɩ )	= 12,38 mm Panjang bahan uji ( t )	= 9,73 mm
Panjang pendulum ( R ) = jarak titik putar = 80 cm
Ke titik berat pendulum = 0,8 m Berat pendulum ( G )	= 20 kg x 9,81 = 196,2 N
Cos α	= 300
Cos β	= 29,000
Rumus luas penampang
Ao = l × t
= 12,38 × 9,73
= 120,45 mm²
Rumus energi yang diserap benda uji / tenaga patah
G × R = 196,2N × 0,8m = 156,96 J
𝐶𝑜𝑠 α = cos 300 = 0,8660 Cos β = cos 28,250 = 0,8808
𝑊 = 𝐺 × 𝑅 (cos β − cos α)
= 156,96 × (0,8808 − 0,8660)
= 156,96 × 0,0148
= 2,3 𝑗𝑜𝑢𝑙𝑒
Rumus harga impack (HI) :
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σb =  𝑊
𝑏ˡ𝑥 ℎˡ

= 𝑊
𝐴𝑜

𝑊 = 𝐸𝑛𝑒𝑟𝑔𝑖 𝑡𝑒𝑟𝑠𝑒𝑟𝑎𝑝 𝑏𝑒𝑛𝑑𝑎 𝑢𝑗𝑖 (𝑗)
= 2,3 𝑗𝑜𝑢𝑙𝑒
𝐴𝑜 = 𝐿𝑢𝑎𝑠 𝑝𝑒𝑛𝑎𝑚𝑝𝑎𝑛𝑔 (𝑚𝑚2)
= 120,45 mm² σb = 𝑊
𝐴𝑜

=  2,3 𝑗𝑜𝑢𝑙𝑒
120,45 mm²

= 0,019 𝑗𝑜𝑢𝑙/𝑚𝑚²

Spesimen uji impak variasi serat 1,5% ke 2
Diketahui :
Lebar bahan uji ( Ɩ )	= 12,90 mm Panjang bahan uji ( t )	= 9,42 mm


Panjang pendulum ( R ) = jarak titik putar = 80 cm
Ke titik berat pendulum = 0,8 m Berat pendulum ( G )	= 20 kg x 9,81 = 196,2 N
Cos α	= 300
Cos β	= 28,250
Rumus luas penampang
Ao = l × t
= 12,90 × 8,88
= 114,55 mm²
Rumus energi yang diserap benda uji / tenaga patah
G × R = 196,2N × 0,8m = 156,96 J
𝐶𝑜𝑠 α = cos 300 = 0,8660 Cos β = cos 28,250 = 0,8808
𝑊 = 𝐺 × 𝑅 (cos β − cos α)
= 156,96 × (0,8808 − 0,8660)
= 156,96 × 0,0148
= 2,3𝑗𝑜𝑢𝑙𝑒
Rumus harga impack (HI) :
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σb =  𝑊
𝑏ˡ𝑥 ℎˡ

= 𝑊
𝐴𝑜

𝑊 = 𝐸𝑛𝑒𝑟𝑔𝑖 𝑡𝑒𝑟𝑠𝑒𝑟𝑎𝑝 𝑏𝑒𝑛𝑑𝑎 𝑢𝑗𝑖 (𝑗)
= 2,3 𝑗𝑜𝑢𝑙𝑒
𝐴𝑜 = 𝐿𝑢𝑎𝑠 𝑝𝑒𝑛𝑎𝑚𝑝𝑎𝑛𝑔 (𝑚𝑚2)
= 114,55 mm² σb = 𝑊
𝐴𝑜

=  2,3 𝑗𝑜𝑢𝑙𝑒
114,55 mm²

= 0,020 𝑗𝑜𝑢𝑙𝑒/𝑚𝑚²



Spesimen uji impak variasi serat 1,5% ke 3
Diketahui :
Lebar bahan uji ( Ɩ )	= 13,36 mm Panjang bahan uji ( t )	= 8,7 mm
Panjang pendulum ( R ) = jarak titik putar = 80 cm
Ke titik berat pendulum = 0,8 m Berat pendulum ( G )	= 20 kg x 9,81 = 196,2 N
Cos α	= 300
Cos β	= 28,000
Rumus luas penampang


Ao = l × t
= 13,36 × 8,70
= 116,23 mm²
Rumus energi yang diserap benda uji / tenaga patah
G × R = 196,2N × 0,8m = 156,96 J
𝐶𝑜𝑠 α = cos 300 = 0,8660 Cos β = cos 28,000 = 0,8829
𝑊 = 𝐺 × 𝑅 (cos β − cos α)
= 156,96 × (0,88,29 − 0,8660)
= 156,96 × 0,016
= 2,5 𝑗𝑜𝑢𝑙𝑒
Rumus harga impack (HI) :
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σb =  𝑊
𝑏ˡ𝑥 ℎˡ

= 𝑊
𝐴𝑜

𝑊 = 𝐸𝑛𝑒𝑟𝑔𝑖 𝑡𝑒𝑟𝑠𝑒𝑟𝑎𝑝 𝑏𝑒𝑛𝑑𝑎 𝑢𝑗𝑖 (𝑗)
= 2,5 𝑗𝑜𝑢𝑙𝑒
𝐴𝑜 = 𝐿𝑢𝑎𝑠 𝑝𝑒𝑛𝑎𝑚𝑝𝑎𝑛𝑔 (𝑚𝑚2)
= 116,23 𝑚𝑚² σb = 𝑊
𝐴𝑜

2,5 𝑗𝑜𝑢𝑙𝑒
=
116,23 𝑚𝑚²


= 0,021 𝑗𝑜𝑢𝑙𝑒/𝑚𝑚²

Nilai tegangan rata − rata impak variasi serat 1,5 % dari sampel 1 − 3
𝑗𝑢𝑚𝑙𝑎ℎ 𝑛𝑖𝑙𝑎𝑖 Rata − rata = 𝐵𝑎𝑚𝑦𝑎𝑘𝑛𝑦𝑎 𝑑𝑎𝑡𝑎
0,019 + 0,020 + 0,021
=	3
= 0,021 𝐽𝑜𝑢𝑒𝑙/𝑚𝑚²
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Lampiran 4. Hasil Pengujian Material
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