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LAMPIRAN 

1. Perhitungan Pengujian Tarik 

1.1 Perhitungan Pengujian Tarik Variasi 0phr 

0phr  
max 
(kgf/cm2) 

Break 
(kgf/cm2) 

Ext @ Break 
(%) 

thickness 
(mm) width (mm) 

1 293,251 146,625 0,47 0,6 10,2 

2 342,709 342,709 1,3 0,6 10,1 

3 426,844 411,7 3,81 0,6 10,1 

4 341,016 338,794 2,59 0,6 10,2 

5 395,995 393,751 2,46 0,6 10,1 

mean 359,963 326,7158 2,126 0,6 10,14 

median 342,709 342,709 2,46 0,6 10,1 

set.dev 52,15015209 105,5348211 1,283288744 0 0,054772256 

 

0phr  
max 
(kgf/cm2) 

Break 
(kgf/cm2) 

Ext @ Break 
(%) 

thickness 
(mm) width (mm) 

mean 359,963 326,7158 2,126 0,6 10,14 

 

Luar Area (A) (mm
2
)    Tegangan (𝜎) (MPa) 

A = Lebar x Tebal   𝜎 = F/A 

= 0,6 x 10,14    𝜎  = Break (kgf/cm2) x 0,0981 

= 6,084 mm
2
     = 359,963 (kgf/cm2) x 0,0981 

       = 32,018 (MPa) 

Regangan (𝜀)      

𝜀 =  
∆L
L0

      

𝜀 = Ext @ Break (%)    

 = 2,126/100      

 = 0,02126      
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Modulus Elastisitas 

𝐸 = 
∆𝜎

∆𝜀
 

𝐸 = 
𝜎2−𝜎1

𝜀2−𝜀1
 

=   
16,432−8,216

0,0156−0,00595
 =  851,406 (MPa) 
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1.2 Perhitungan Pengujian Tarik Variasi 8phr 

8phr 
max 
(kgf/cm2) 

Break 
(kgf/cm2) 

Ext @ Break 
(&) 

thickness 
(mm) width (mm) 

1 483,26 340,549 9,02 0,65 10,15 

2 479,42 458,102 6,52 0,7 10,25 

3 449,874 371,146 8,88 0,8 10,2 

4 450,482 449,521 3,63 0,7 10,1 

5 484,168 448,271 6,42 0,75 10,1 

mean 469,4408 413,5178 6,894 0,72 10,16 

media
n 479,42 448,271 6,52 0,7 10,15 

set.dev 
17,6758373

3 53,87852406 2,206939057 
0,05700877

1 
0,06519202

4 

 

8phr 
max 
(kgf/cm2) 

Break 
(kgf/cm2) 

Ext @ Break 
(&) 

thickness 
(mm) 

width 
(mm) 

mean 469,4408 413,5178 6,894 0,72 10,16 

 

Luar Area (A) (mm
2
)    Tegangan (𝜎) (MPa) 

A = Lebar x Tebal   𝜎 = F/A 

= 0,72 x 10,16    𝜎  = Break (kgf/cm2) x 0,0981 

= 7,315 mm
2
     = 413,517 (kgf/cm2) x 0,0981 

       = 40,566 (MPa) 

Regangan (𝜀)      

𝜀 =  
∆L
L0

      

𝜀 = Ext @ Break (%)    

 = 6,894/100      

 =0,0689      
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Modulus Elastisitas 

𝐸 = 
∆𝜎

∆𝜀
 

𝐸 = 
𝜎2−𝜎1

𝜀2−𝜀1
 

=   
37,270−29,816

0,0182−0,00946
 =  849,946(MPa) 
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1.3 Perhitungan Pengujian Tarik Variasi 8phr Metal 

8phr 
metal 

max 
(kgf/cm2) 

Break 
(kgf/cm2) 

Ext @ Break 
(&) 

thickness 
(mm) width (mm) 

1 397,937 363,671 6,54 0,6 10,25 

2 349,314 349,314 2,59 0,85 10,2 

3 370,313 185,365 1,56 0,8 10,2 

4 353,564 352,377 3,34 0,85 10,1 

5 353,605 176,987 2,34 0,9 10,2 

mean 364,9466 285,5428 3,274 0,8 10,19 

median 353,605 349,314 2,59 0,85 10,2 

set.dev 20,12298684 95,46929506 1,933204593 0,117260394 0,054772256 

 

8phr 
metal 

max 
(kgf/cm2) 

Break 
(kgf/cm2) 

Ext @ Break 
(&) 

thickness 
(mm) width (mm) 

mean 364,9466 285,5428 3,274 0,8 10,19 

 

Luar Area (A) (mm
2
)    Tegangan (𝜎) (MPa) 

A = Lebar x Tebal   𝜎 = F/A 

= 0,8 x 10,19    𝜎  = Break (kgf/cm2) x 0,0981 

= 8,152 mm
2
     =285,5428(kgf/cm2) x 0,0981 

       = 28,011 (MPa) 

Regangan (𝜀)      

𝜀 =  
∆L
L0

      

𝜀 = Ext @ Break (%)    

 = 3,274/100      

 = 0,0327      
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Modulus Elastisitas 

𝐸 = 
∆𝜎

∆𝜀
 

𝐸 = 
𝜎2−𝜎1

𝜀2−𝜀1
 

=   
31,867−25,862

0,0156−0,00595
 =  622,269 (MPa) 
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1.4 Perhitungan Pengujian Tarik Variasi 10phr 

10phr 
max 
(kgf/cm2) 

Break 
(kgf/cm2) 

Ext @ Break 
(&) 

thickness 
(mm) width (mm) 

1 395,889 198,167 1,8 0,75 10,2 

2 471,636 413,944 6,34 0,7 10,1 

3 416,55 411,79 4,1 0,7 10,2 

4 407,121 355,453 5,23 0,7 10,15 

5 367,453 183,948 1,46 0,75 10,2 

mean 411,7298 312,6604 3,786 0,72 10,17 

median 407,121 355,453 4,1 0,7 10,2 

set.dev 38,22497262 113,5692216 2,124918822 0,027386128 0,04472136 

 

10phr 
max 
(kgf/cm2) 

Break 
(kgf/cm2) 

Ext @ Break 
(&) 

thickness 
(mm) width (mm) 

mean 411,7298 312,6604 3,786 0,72 10,17 

 

Luar Area (A) (mm
2
)    Tegangan (𝜎) (MPa) 

A = Lebar x Tebal   𝜎 = F/A 

= 0,72 x 10,17    𝜎  = Break (kgf/cm2) x 0,0981 

= 7,322 mm
2
     = 312,660 (kgf/cm2) x 0,0981 

       = 30,671 (MPa) 

Regangan (𝜀)      

𝜀 =  
∆L
L0

      

𝜀 = Ext @ Break (%)    

 = 3,786/100      

 = 0,0378      
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Modulus Elastisitas 

𝐸 = 
∆𝜎

∆𝜀
 

𝐸 = 
𝜎2−𝜎1

𝜀2−𝜀1
 

=   
16,716−10,946
0,0162−0,0081

 =  712,145 (MPa) 
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1.5 Perhitungan Pengujian Tarik Variasi 10phr Metal 

10phr 
metal 

max 
(kgf/cm2) 

Break 
(kgf/cm2) 

Ext @ Break 
(&) 

thickness 
(mm) width (mm) 

1 359,899 358,9 2,93 1 10,2 

2 438,173 391,305 4,5 0,75 10,25 

3 360,797 300,222 6,4 0,75 10,25 

4 344,548 172,439 2,46 1 10,25 

5 424,467 396,767 6,29 0,85 10,25 

mean 385,5768 323,9266 4,516 0,87 10,24 

median 360,797 358,9 4,5 0,85 10,25 

set.dev 42,53104231 92,97729882 1,832983906 0,125499004 0,02236068 

 

10phr 
metal 

max 
(kgf/cm2) 

Break 
(kgf/cm2) 

Ext @ Break 
(&) 

thickness 
(mm) width (mm) 

mean 385,5768 323,9266 4,516 0,87 10,24 

 

Luar Area (A) (mm
2
)    Tegangan (𝜎) (MPa) 

A = Lebar x Tebal   𝜎 = F/A 

= 0,87 x 10,24    𝜎  = Break (kgf/cm2) x 0,0981 

= 8,908 mm
2
     = 323,926 (kgf/cm2) x 0,0981 

       = 31,777 (MPa) 

Regangan (𝜀)      

𝜀 =  
∆L
L0

     

𝜀 = Ext @ Break (%)    

 = 4,516/100       

 = 0,0451      
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Modulus Elastisitas 

𝐸 = 
∆𝜎

∆𝜀
 

𝐸 = 
𝜎2−𝜎1

𝜀2−𝜀1
 

=   
33,762−28,135

0,0288−0,01704
 =  478,487(MPa) 
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1.6 Perhitungan Pengujian Tarik Variasi 20phr 

20phr 
max 

(kgf/cm2) 
Break 

(kgf/cm2) 
Ext @ Break 

(&) 
thickness 

(mm) width (mm) 

1 219,344 216,177 1,3 0,85 10,1 

2 170,952 170,952 0,45 1 10,2 

3 355,236 330,183 4,26 0,9 10,1 

4 370,156 185,266 3,02 0,9 10,05 

5 333,174 330,145 3,96 1 10,1 

mean 289,7724 246,5446 2,598 0,93 10,11 

median 333,174 216,177 3,02 0,9 10,1 

set.dev 89,03531875 78,06392886 1,665388843 0,067082039 0,054772256 

 

20phr 
max 

(kgf/cm2) 
Break 

(kgf/cm2) 
Ext @ Break 

(&) 
thickness 

(mm) width (mm) 

mean 289,7724 246,5446 2,598 0,93 10,11 

 

Luar Area (A) (mm
2
)    Tegangan (𝜎) (MPa) 

A = Lebar x Tebal   𝜎 = F/A 

= 0,93 x 10,11    𝜎  = Break (kgf/cm2) x 0,0981 

= 9,402 mm
2
     = 246,544 (kgf/cm2) x 0,0981 

       = 24,186(MPa) 

Regangan (𝜀)      

𝜀 =  
∆L
L0

      

𝜀 = Ext @ Break (%)    

 = 2,598/100      

 = 0,0259      
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Modulus Elastisitas 

𝐸 = 
∆𝜎

∆𝜀
 

𝐸 = 
𝜎2−𝜎1

𝜀2−𝜀1
 

=   
24,576−20,603

0,02902−0,02284
 =  642,983 (MPa) 
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1.7 Perhitungan Pengujian Tarik Variasi 30phr 

30phr 
max 
(kgf/cm2) 

Break 
(kgf/cm2) 

Ext @ Break 
(&) 

thickness 
(mm) width (mm) 

1 267,786 263,057 3,56 1,15 10 

2 346,57 342,127 2,68 0,9 10,2 

3 331,99 166,203 1,76 0,8 10,2 

4 350,735 348,236 1,94 0,8 10,2 

5 278,937 274,997 1,53 0,85 10,15 

mean 315,2036 278,924 2,294 0,9 10,15 

median 331,99 274,997 1,94 0,85 10,2 

set.dev 39,02502314 73,7766552 0,828540886 0,145773797 0,08660254 

 

30phr 
max 
(kgf/cm2) 

Break 
(kgf/cm2) 

Ext @ Break 
(&) 

thickness 
(mm) width (mm) 

mean 315,2036 278,924 2,294 0,9 10,15 

 

Luar Area (A) (mm
2
)    Tegangan (𝜎) (MPa) 

A = Lebar x Tebal   𝜎 = F/A 

= 0,9 x 10,15    𝜎  = Break (kgf/cm2) x 0,0981 

= 9,135 mm
2
     = 278,924 (kgf/cm2) x 0,0981 

       = 27,362(MPa) 

Regangan (𝜀)      

𝜀 =  
∆L
L0

      

𝜀 = Ext @ Break (%)    

 = 2,294/100      

 = 0,0229     
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Modulus Elastisitas 

𝐸 = 
∆𝜎

∆𝜀
 

𝐸 = 
𝜎2−𝜎1

𝜀2−𝜀1
 

=   
26,269−21,392

0,02796−0,0197
 =  590,500 (MPa) 
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2. Perhitungan Pengujian Impak 

2.1 Perhitungan Pengujian Impak 0phr 

No 
Width 

(mm) 

Depth 

below the 

notch 

(mm) 

W(J) Ak(J/m) 
Type of 

failure 

1 3,95 10,75 0,12576 31,69 C 

2 4 10,85 0,1175 28,97 C 

3 3,95 10,6 0,12025 31,16 C 

4 3,95 10,9 0,1093 26,91 C 

5 4 10,85 0,12025 29,37 C 

st.dev 0,027386 0,119373 0,006009 1,902998   

rata-rata 3,97 10,79 0,118612 29,62   

 

No 
Width 

(mm) 

Depth 

below the 

notch 

(mm) 

Impact 

Energy 

(J) 

Ak(N) A (cm2) 

impact 

strength 

(KJ/m2) 

0phr 3,97 10,79 0,118612 29,62 0,428363 2,76896 

 

Luar Area (A) (mm
2
)   Impact Strength (KJ/m2) 

A = Lebar x Tebal   𝜎 = Impact energy/ A  

= (10,79/10) x (3,97/10)  𝜎  = 0,118 /0,428 

= 0,428 cm
2
    = 0,2768 (J/cm

2
) 

       = 2,768(KJ/m
2
) 
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2.2 Perhitungan Pengujian Impak 8phr 

No 
Width 

(mm) 

Depth 

below the 

notch 

(mm) 

W(J) Ak(J/m) 
Type of 

failure 

1 3 10,8 0,123 41,19 C 

2 4 10,8 0,13407 33,52 C 

3 4 10,9 0,12852 32,13 C 

4 4 10,8 0,13685 34,05 C 

5 4,05 10,95 0,123 30,61 C 

st.dev 0,453321 0,070711 0,006315 4,076395   

rata-rata 3,81 10,85 0,129088 34,3   

 

No 
Width 

(mm) 

Depth 

below the 

notch 

(mm) 

Impact 

Energy 

(J) 

Ak(N) A (cm2) 

impact 

strength 

(KJ/m2) 

8phr 3,81 10,85 0,129088 34,3 0,413385 3,122706 

 

Luar Area (A) (mm
2
)   Impact Strength (KJ/m2) 

A  = Lebar x Tebal  𝜎 = Impact energy / A 

  = (10,85/10) x (3,81/10) 𝜎  = 0,129 /0,413 

= 0,413 cm
2
    = 0,31227 (J/cm

2
) 

       = 3,1227(KJ/m
2
) 
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2.3 Perhitungan Pengujian Impak 8phr metal 

No 
Width 

(mm) 

Depth 

below the 

notch 

(mm) 

W(J) Ak(J/m) 
Type of 

failure 

1 4,15 10,75 0,14243 34,96 C 

2 4,1 10,7 0,14243 35,39 C 

3 4,2 10,75 0,13963 33,25 C 

4 4,2 10,9 0,15647 36,57 C 

5 4,15 10,75 0,14803 36,17 C 

st.dev 0,041833 0,075829 0,006701 1,293337   

rata-rata 4,16 10,77 0,145798 35,268   

 

No 
Width 

(mm) 

Depth 

below the 

notch 

(mm) 

Impact 

Energy 

(J) 

Ak(N) A (cm2) 

impact 

strength 

(KJ/m2) 

8phr M 4,16 10,77 0,145798 35,268 0,448032 3,254187 

 

Luar Area (A) (mm
2
)   Impact Strength (KJ/m2) 

A  = Lebar x Tebal  𝜎 = Impact energy / A 

  = (10,77/10) x (4,16/10) 𝜎  = 0,145 /0,448 

= 0,448 cm
2
    = 0,3254 (J/cm

2
) 

       = 3,254(KJ/m
2
) 
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2.4 Perhitungan Pengujian Impak 10phr 

No 
Width 

(mm) 

Depth 

below the 

notch 

(mm) 

W(J) Ak(J/m) 
Type of 

failure 

1 4,05 11,1 0,23477 57,97 C 

2 4,05 11,2 0,25573 62,58 C 

3 4 10,9 0,22883 58,26 C 

4 4 10,9 0,22587 56,47 C 

5 4 10,85 0,24073 60,46 C 

st.dev 0,027386 0,151658 0,011834 2,389973   

rata-rata 4,02 10,99 0,237186 59,148   

 

No 
Width 

(mm) 

Depth 

below the 

notch 

(mm) 

Impact 

Energy 

(J) 

Ak(N) A (cm2) 

impact 

strength 

(KJ/m2) 

10phr 4,02 10,99 0,237186 59,148 0,441798 5,368653 

 

Luar Area (A) (mm
2
)   Impact Strength (KJ/m2) 

A  = Lebar x Tebal  𝜎 = Impact energy / A 

  = (10,99/10) x (4,02/10) 𝜎  = 0,237 /0,441 

= 0,441 cm
2
    = 0,5368 (J/cm

2
) 

       = 5,368(KJ/m
2
) 
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2.5 Perhitungan Pengujian Impak 10phr metal 

No 
Width 

(mm) 

Depth 

below the 

notch 

(mm) 

W(J) Ak(J/m) 
Type of 

failure 

1 4 10,8 0,13129 32,52 C 

2 4 10,8 0,123 31,03 C 

3 3,95 10,8 0,12576 31,84 C 

4 3,95 10,85 0,13407 33,78 C 

5 3,95 10,85 0,12576 31,84 C 

st.dev 0,027386 0,027386 0,004547 1,027969   

rata-rata 3,97 10,82 0,127976 32,202   

 

No 
Width 

(mm) 

Depth 

below the 

notch 

(mm) 

Impact 

Energy 

(J) 

Ak(N) A (cm2) 

impact 

strength 

(KJ/m2) 

10phr M 3,97 10,82 0,127976 32,202 0,429554 2,979276 

 

Luar Area (A) (mm
2
)   Impact Strength (KJ/m2) 

A  = Lebar x Tebal  𝜎 = Impact energy / A 

  = (10,82/10) x (3,97/10) 𝜎  = 0,127 /0,429 

= 0,429 cm
2
    = 0,2979 (J/cm

2
) 

       = 2,979(KJ/m
2
) 
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2.6 Perhitungan Pengujian Impak 20phr 

No 
Width 

(mm) 

Depth 

below the 

notch 

(mm) 

W(J) Ak(J/m) 
Type of 

failure 

1 3,95 10,9 0,12576 31,98 C 

2 3,95 10,85 0,123 31,43 C 

3 3,95 11 0,12576 31,55 C 

4 4 10,9 0,13129 32,82 C 

5 3,95 11 0,12025 30,44 C 

st.dev 0,022361 0,067082 0,004094 0,866043   

rata-rata 3,96 10,93 0,125212 31,644   

 

No 
Width 

(mm) 

Depth 

below the 

notch 

(mm) 

Impact 

Energy 

(J) 

Ak(N) A (cm2) 

impact 

strength 

(KJ/m2) 

20phr 3,96 10,93 0,125212 31,644 0,432828 2,892881 

 

Luar Area (A) (mm
2
)   Impact Strength (KJ/m2) 

A  = Lebar x Tebal  𝜎 = Impact energy / A 

  = (10,93/10) x (3,96/10) 𝜎  = 0,125 /0,432 

= 0,432 cm
2
    = 0,2892 (J/cm

2
) 

       = 2,892(KJ/m
2
) 
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2.7 Perhitungan Pengujian Impak 30phr 

No 
Width 

(mm) 

Depth 

below the 

notch 

(mm) 

W(J) Ak(J/m) 
Type of 

failure 

1 4,1 10,9 0,13407 33,67 C 

2 4,1 11,2 0,14803 36,18 C 

3 4,05 10,9 0,13407 32,7 C 

4 4,1 10,9 0,14243 35,69 C 

5 4 11,05 0,14522 36,34 C 

st.dev 0,044721 0,134164 0,006424 1,634604   

rata-rata 4,07 10,99 0,140764 34,916   

 

No 
Width 

(mm) 

Depth 

below the 

notch 

(mm) 

Impact 

Energy 

(J) 

Ak(N) A (cm2) 

impact 

strength 

(KJ/m2) 

30phr 4,07 10,99 0,140764 34,916 0,447293 3,14702 

 

Luar Area (A) (mm
2
)   Impact Strength (KJ/m2) 

A  = Lebar x Tebal  𝜎 = Impact energy / A 

  = (10,99/10) x (4,07/10) 𝜎  = 0,140 /0,447 

= 0,447 cm
2
    = 0,3147 (J/cm

2
) 

       = 3,147(KJ/m
2
) 
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