
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LAMPIRAN 

 

 

 

  



 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LAMPIRAN A 

PENGUJIAN AGREGAT KASAR 
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Lampiran A.3 

PENGUJIAN BERAT ISI AGREGAT KASAR 

SNI 03-4804-1998 

 

Tanggal Pengujian : 26 Oktober 2022 

 

 Hasil Pengujian Agregat Kasar (Split) 

Jenis Pengujian dan Simbol 
I II 

Lepas Padat Lepas Padat 

A. Volume Bejana (V) 1,067 1,067 1,067 1,067 

B. Berat Bejana (W1) 2,957 2,957 2,957 2,957 

C. Berat bejana + Benda uji (W2) 4,327 4,563 4,394 4,571 

D. Berat benja uji (W2 – W1) 1,370 1,606 1,437 1,614 

E. Berat Volume ((W2 – W1)/V) 1,284 1,506 1,347 1,513 

Berat isi Lepas (kg/l) 1,316    

Berat isi Padat (kg/l) 1,509    
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LAMPIRAN B 

PENGUJIAN AGREGAT HALUS 

 

 

 

  







 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LAMPIRAN C 

PENGUJIAN ANALISIS SARINGAN AGREGAT 
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LAMPIRAN D 

PENGUJIAN FLUE GAS DESULFURIZATION GYPSUM 

 

  







 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LAMPIRAN E 

PENGUJIAN FILLER 

 

  





 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LAMPIRAN F 

PENGUJIAN ASPAL 
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Lampiran F.3  

PENGUJIAN TITIK LEMBEK ASPAL 

SNI 2434:2011 

 

Tanggal Pengujian : 05 Desember 2022 

 

Contoh dipanaskan 

 

 

Contoh dituangkan 

Direndam pada suhu ruang 

 

 

Direndam pada suhu ruang 5ºC 

 

 

Pemeriksaan Titik Lembek 

Mulai                 Pukul:- 

Selesai               Pukul:- 

 

Mulai                 Pukul:- 

Selesai               Pukul:- 

 

 

Mulai                 Pukul:- 

Selesai               Pukul:- 

 

Mulai                 Pukul:- 

Selesai               Pukul:- 

 

Suhu Oven                   ºC 

 

 

Suhu Oven                   ºC 

 

 

 

Suhu lemari                   ºC 

es 

No Suhu yang diamati 

(ºC) 

Waktu (menit) Titik Lembek 

I II I II 

1 5 -    

2 10 02.31    

3 15 10.38    

4 20 14.25    

5 25 18.03    

6 30 22.18    

7 35 25.16    

8 40 29.01    

9 45 32.52    

10 50 36.56    

http://www.sipil.ubb.ac.id/




 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LAMPIRAN G 

GRADASI AGREGAT DAN KEBUTUHAN AGREGAT 
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Lampiran G.1 

DATA GRADASI AGREGAT DAN KEBUTUHAN AGREGAT 

 

Total Sampel

0,95 0,05 0,9 0,1 0,85 0,15

1" 100

4,223 50,681 3040,883 50,7 - 50,7 - 50,7 - 50,7 -

3/4" 90 100 95,777

15,646 187,747 11264,790 187,7 - 187,7 - 187,7 - 187,7 -

1/2" 75 90 80,131

7,913 94,959 5697,533 95,0 - 95,0 - 95,0 - 95,0 -

3/8" 66 82 72,218

13,706 164,467 9868,029 164,5 - 164,5 - 164,5 - 164,5 -

4 46 64 58,512

16,115 193,381 11602,849 193,4 - 183,7 9,7 174,0 19,3 164,4 29,0

8 30 49 42,397

10,023 120,272 7216,326 120,3 - 114,3 6,0 108,2 12,0 102,2 18,0

16 18 38 32,374

5,302 63,627 3817,595 63,6 - 60,4 3,2 57,3 6,4 54,1 9,5

30 12 28 27,072

7,954 95,454 5727,217 95,5 - 90,7 4,8 85,9 9,5 81,1 14,3

50 7 20 19,118

10,914 130,964 7857,814 131,0 - 124,4 6,5 117,9 13,1 111,3 19,6

100 5 13 8,204

4,118 49,417 2965,026 49,4 - 46,9 2,5 44,5 4,9 42,0 7,4

200 4 8 4,086

4,086 49,032 2941,939 49,0 - 49,0 - 49,0 - 49,0 -

Filler 0

72000 1200 1200 1200 1200

100

0

Total 100 1200

Ukuran Spesifikasi
Gradasi 

% Lolos

Gradasi % 

Berat 

Tertahan

Berat 

Tertahan 

(gr/benda uji)

Agregat 

Halus 

100%

FGD-

Gypsum 

0%

Agregat 

Halus 95 %

FGD-Gypsum 

5%

Agregat 

Halus 90 %

FGD-Gypsum 

10%

Agregat 

Halus 85 %

FGD-Gypsum 

15%
60
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Perhitungan Penentuan Perkiraan Kadar Aspal (Pb): 

Pb = 0,035 (%CA) + 0,045 (%FA) + 0,18 (%FF) + 1 

 = 0,035 (41,488) + 0,045 (54,426) + 0,18 (4,086) + 1 

 = 5,5 % 

Variasi Kadar Aspal Pb – 1% Pb – 0,5% Pb Pb + 0,5% Pb + 1% 

Kadar Aspal 4,5% 5% 5,5% 6% 6,5% 

 

  

http://www.sipil.ubb.ac.id/


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LAMPIRAN H 

KEBUTUHAN ASPAL 

 

  



 

 

 

  

 

Lampiran H.1 

TABEL KEBUTUHAN ASPAL 

 

RUMUS BERAT ASPAL :

1 1197,6 56,4

2 1200,2 56,6

3 1200,6 56,6

1 1190,1 56,1

2 1198,2 56,5

3 1194,2 56,3

1 1189,7 56,1

2 1192,7 56,2

3 1191,4 56,1

1 1188,4 56,0

2 1177,8 55,5

3 1183,7 55,8

Berat Agregat 

setelah 

Dipanaskan (gr)

Kadar 

Aspal 

(%) 

Kadar 

Agregat 

(%)

Kadar FGD-

Gypsum (%)
No.

Jenis 

Sampel

4,5 95,5

0

5

10

15

1

Berat 

Aspal 

(gr)



 

 
 

  

 

 

 

 

 

RUMUS BERAT ASPAL :

1 1197,5 63,0

2 1199,3 63,1

3 1198,6 63,1

1 1194,3 62,9

2 1191,9 62,7

3 1193,5 62,8

1 1193,2 62,8

2 1190,7 62,7

3 1194,6 62,9

1 1184,7 62,4

2 1184,8 62,4

3 1186,9 62,5

Jenis 

Sampel

Berat Agregat 

setelah 

Dipanaskan (gr)

Berat 

Aspal 

(gr)

2 5 95

0

5

10

15

No.

Kadar 

Aspal 

(%) 

Kadar 

Agregat 

(%)

Kadar FGD-

Gypsum (%)



 

 
 

  

 

 

 

 

 

RUMUS BERAT ASPAL :

1 1198,0 69,7

2 1199,1 69,8

3 1197,9 69,7

1 1194,1 69,5

2 1194,8 69,5

3 1195,1 69,6

1 1185,5 69,0

2 1191,0 69,3

3 1191,2 69,3

1 1185,9 69,0

2 1184,3 68,9

3 1183,8 68,9

No.

Kadar 

Aspal 

(%) 

Kadar 

Agregat 

(%)

Kadar FGD-

Gypsum (%)

Jenis 

Sampel

Berat Agregat 

setelah 

Dipanaskan (gr)

Berat 

Aspal 

(gr)

3 5,5 94,5

0

5

10

15



 

 
 

  

 

 

 

 

RUMUS BERAT ASPAL :

1 1196,9 76,4

2 1197,2 76,4

3 1198,1 76,5

1 1191,5 76,1

2 1195,7 76,3

3 1192,6 76,1

1 1192,1 76,1

2 1188,5 75,9

3 1190,4 76,0

1 1183,8 75,6

2 1183,0 75,5

3 1182,9 75,5

Berat Agregat 

setelah 

Dipanaskan (gr)

No.

Kadar 

Aspal 

(%) 

Kadar 

Agregat 

(%)

Kadar FGD-

Gypsum (%)

Jenis 

Sampel

4 6 94

0

5

10

15

Berat 

Aspal 

(gr)



 

 
 

  

 

 

 

 

  

RUMUS BERAT ASPAL :

1 1198,1 83,3

2 1198,5 83,3

3 1198,3 83,3

1 1191,2 82,8

2 1195,9 83,1

3 1194,7 83,1

1 1188,0 82,6

2 1193,0 82,9

3 1192,8 82,9

1 1188,9 82,7

2 1178,7 81,9

3 1185,6 82,4

Berat 

Aspal 

(gr)

5 6,5 93,5

0

5

10

15

No.

Kadar 

Aspal 

(%) 

Kadar 

Agregat 

(%)

Kadar FGD-

Gypsum (%)

Jenis 

Sampel

Berat Agregat 

setelah 

Dipanaskan (gr)



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LAMPIRAN I 

ANGKA KOREKSI 

 

  



 

 

 

 

 

Lampiran I.1 

TABEL RASIO ANGKA BEBAN (STABILITAS) 

Isi Benda Uji 

(cm3) 

Tebal Benda Uji 

(mm) 
Angka Korelasi 

200-213 

214-225 

226-237 

238-250 

251-264 

265-276 

277-289 

290-301 

302-316 

317-328 

329-340 

341-353 

354-367 

368-379 

380-392 

393-405 

406-420 

421-431 

432-443 

444-456 

457-470 

471-482 

483-495 

496-508 

509-522 

523-535 

536-546 

547-559 

560-573 

574-585 

586-598 

599-610 

611-625 

25,4 

27,0 

28,6 

30,2 

31,8 

33,3 

34,9 

35,5 

38,1 

39,7 

41,3 

42,9 

44,4 

46,0 

47,6 

49,2 

50,8 

52,4 

54,0 

55,6 

57,2 

58,7 

60,3 

61,9 

63,5 

65,1 

66,7 

68,3 

69,9 

71,4 

73,0 

74,6 

76,22 

5,56 

5,00 

4,55 

4,17 

3,85 

3,57 

3,33 

3,03 

2,78 

2,50 

2,27 

2,08 

1,92 

1,79 

1,67 

1,56 

1,47 

1,39 

1,32 

1,25 

1,19 

1,14 

1,09 

1,04 

1,00 

0,96 

0,93 

0,89 

0,86 

0,83 

0,81 

0,78 

0,76 

 



 

 
 

  

 

Lampiran I.2  

DATA ANGKA KOREKSI 

 Campuran AC-BC menggunakan 0% Flue Gas Desulfurization Gypsum (FGD-Gypsum) 

Kadar 

Aspal 
Sampel 

Tebal (mm) 
Rata-

Rata 

Batas Atas Batas Bawah 
Angka 

Koreksi 1 2 3 4 Tebal 
Angka 

Koreksi 
Tebal 

Angka 

Koreksi 

4,5% 

1 70 70 71 70 70,25 71,40 0,83 69,90 0,86 0,853 

2 69 69 70 70 69,50 69,90 0,86 68,30 0,89 0,868 

3 71 70 71 70 70,50 71,40 0,83 69,90 0,86 0,848 

5% 

1 70 70 71 71 70,50 71,40 0,83 69,90 0,86 0,848 

2 72 72 71 70 71,25 71,40 0,83 69,90 0,86 0,833 

3 70 70 70 70 70,00 71,40 0,83 69,90 0,86 0,858 

5,5% 

1 69 69 70 69 69,25 69,90 0,86 68,30 0,89 0,880 

2 71 71 70 71 70,75 71,40 0,83 69,90 0,86 0,843 

3 69 70 69 70 69,50 69,90 0,86 68,30 0,89 0,868 

6% 

1 70 69 69 70 69,50 69,90 0,86 68,30 0,89 0,868 

2 69 70 69 69 69,25 69,90 0,86 68,30 0,89 0,872 

3 70 70 79 70 69,75 69,90 0,86 68,30 0,89 0,863 

6,5% 

1 70 71 71 72 71,00 71,40 0,83 69,90 0,86 0,838 

2 71 70 72 70 70,75 71,40 0,83 69,90 0,86 0,843 

3 70 70 71 70 70,25 71,40 0,83 69,90 0,86 0,853 



 

 
 

  

 

 Campuran AC-BC menggunakan 5% Flue Gas Desulfurization Gypsum (FGD-Gypsum) 

Kadar 

Aspal 
Sampel 

Tebal (mm) 
Rata-

Rata 

Batas Atas Batas Bawah 
Angka 

Koreksi 1 2 3 4 Tebal 
Angka 

Koreksi 
Tebal 

Angka 

Koreksi 

4,5% 

1 71 71 71 71 71,00 71,40 0,83 69,90 0,86 0,838 

2 71 70 71 71 70,75 71,40 0,83 69,90 0,86 0,843 

3 70 71 71 70 70,50 71,40 0,83 69,90 0,86 0,848 

5% 

1 70 70 70 70 70,00 71,40 0,83 69,90 0,86 0,858 

2 70 71 70 71 70,50 71,40 0,83 69,90 0,86 0,848 

3 70 70 71 70 70,25 71,40 0,83 69,90 0,86 0,853 

5,5% 

1 70 70 70 70 70,00 71,40 0,83 69,90 0,86 0,858 

2 71 70 70 71 70,50 71,40 0,83 69,90 0,86 0,848 

3 69 70 71 70 70,00 71,40 0,83 69,90 0,86 0,858 

6% 

1 69 70 70 70 69,75 69,90 0,86 68,30 0,89 0,863 

2 70 70 70 70 70,00 71,40 0,83 69,90 0,86 0,858 

3 70 69 69 70 69,50 69,90 0,86 68,30 0,89 0,868 

6,5% 

1 69 69 70 70 69,50 69,90 0,86 68,30 0,89 0,868 

2 69 70 70 70 69,75 69,90 0,86 68,30 0,89 0,863 

3 70 70 69 70 69,75 69,90 0,86 68,30 0,89 0,863 

 

 

 



 

 
 

  

 

 Campuran AC-BC menggunakan 10% Flue Gas Desulfurization Gypsum (FGD-Gypsum) 

Kadar 

Aspal 
Sampel 

Tebal (mm) 
Rata-

Rata 

Batas Atas Batas Bawah 
Angka 

Koreksi 1 2 3 4 Tebal 
Angka 

Koreksi 
Tebal 

Angka 

Koreksi 

4,5% 

1 69 70 70 70 69,75 69,90 0,86 68,30 0,89 0,863 

2 70 70 70 70 70,00 71,40 0,83 69,90 0,86 0,858 

3 70 69 70 70 69,75 69,90 0,86 68,30 0,89 0,863 

5% 

1 70 70 69 70 69,75 69,90 0,86 68,30 0,89 0,863 

2 70 70 69 69 69,50 69,90 0,86 68,30 0,89 0,868 

3 70 69 70 70 69,75 69,90 0,86 68,30 0,89 0,863 

5,5% 

1 70 70 70 70 70,00 71,40 0,83 69,90 0,86 0,858 

2 71 72 71 71 71,25 71,40 0,83 69,90 0,86 0,833 

3 71 70 70 70 70,25 71,40 0,83 69,90 0,86 0,853 

6% 

1 69 69 69 69 69,00 69,90 0,86 68,30 0,89 0,877 

2 69 69 69 69 69,00 69,90 0,86 68,30 0,89 0,877 

3 70 69 69 69 69,25 69,90 0,86 68,30 0,89 0,872 

6,5% 

1 71 72 71 71 71,25 71,40 0,83 69,90 0,86 0,833 

2 71 70 70 70 70,25 71,40 0,83 69,90 0,86 0,853 

3 70 71 70 71 70,50 71,40 0,83 69,90 0,86 0,848 

 

 

 



 

 
 

  

 

 Campuran AC-BC menggunakan 15% Flue Gas Desulfurization Gypsum (FGD-Gypsum) 

Kadar 

Aspal 
Sampel 

Tebal (mm) 
Rata-

Rata 

Batas Atas Batas Bawah 
Angka 

Koreksi 1 2 3 4 Tebal 
Angka 

Koreksi 
Tebal 

Angka 

Koreksi 

4,5% 

1 71 72 71 71 71,25 71,40 0,83 69,90 0,86 0,833 

2 71 70 70 70 70,25 71,40 0,83 69,90 0,86 0,853 

3 70 71 71 71 70,50 71,40 0,83 69,90 0,86 0,848 

5% 

1 69 69 69 69 69,00 69,90 0,86 68,30 0,89 0,877 

2 70 69 69 69 69,25 69,90 0,86 68,30 0,89 0,872 

3 70 69 69 70 69,50 69,90 0,86 68,30 0,89 0,868 

5,5% 

1 71 72 72 71 71,50 73,00 0,81 71,40 0,83 0,829 

2 71 72 72 72 71,75 73,00 0,81 71,40 0,83 0,826 

3 71 71 72 71 71,25 71,40 0,83 69,90 0,86 0,833 

6% 

1 70 70 70 71 70,25 71,40 0,83 69,90 0,86 0,853 

2 70 70 70 70 70,00 71,40 0,83 69,90 0,86 0,858 

3 70 71 70 70 70,25 71,40 0,83 69,90 0,86 0,853 

6,5% 

1 71 71 71 71 71,00 71,40 0,83 69,90 0,86 0,838 

2 70 70 70 70 70,00 71,40 0,83 69,90 0,86 0,858 

3 70 70 70 71 70,25 71,40 0,83 69,90 0,86 0,853 

 

  



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LAMPIRAN J 

PENGUJIAN MARSHALL 

 

  



 

 
 

 

 

Lampiran J.1 

HASIL PENGUJIAN MARSHALL 0% FLUE GAS DESULFURIZATION GYPSUM (FGD-GYPSUM) 

Berat Jenis Bulk Agregat (s) = 2,641 

Berat Jenis Efektif (t)  = 2,670 

Berat Jenis Aspal(u)  = 1,027 

Thd Berat 

Campuran
Kering Dalam Air SSD

Padat 

(Bulk)

Maksimum 

Teoritis

Bacaan 

Pada Alat

Angka 

Korelasi

Setelah 

Dikoreksi

(mm) (%) (%) (gr) (gr) (gr) (cc) (t/m3) (mm) (kg/mm)

a b c
d=100/

(100+c)*c
e f g h=e/(g-f)

i=100/

{((100-d)/t)

+(d/u)}

j=g-f k=e/j
l=100*

(i-h)/i

m=100-

{h*(100-

d)/s}

n=100*

(m-l)/m
o p q=o*ka*p r w=q/r

1 70,250 4,306 1251,600 699,490 1258,220 2,240 2,498 558,730 2,240 10,312 18,844 45,277 94 0,853 1881,070 3,800 495,018

2 69,500 4,306 1243,700 695,840 1249,230 2,247 2,498 553,390 2,247 10,018 18,579 46,076 89 0,868 1811,288 2,700 670,847

3 70,500 4,306 1240,200 696,130 1246,650 2,253 2,498 550,520 2,253 9,804 18,384 46,673 83 0,848 1651,209 3,300 500,366

rata-rata 70,083 4,306 1245,167 697,153 1251,367 2,247 2,498 554,213 2,247 10,045 18,602 46,009 88,667 0,856 1781,189 3,267 555,411

1 70,500 4,762 1247,100 701,060 1253,700 2,257 2,481 552,640 2,257 9,034 18,634 51,521 99 0,848 1969,514 2,400 820,631

2 71,250 4,762 1253,500 698,530 1259,420 2,235 2,481 560,890 2,235 9,912 19,420 48,960 86 0,833 1680,627 3,900 430,930

3 70,000 4,762 1244,300 697,210 1250,460 2,249 2,481 553,250 2,249 9,338 18,907 50,609 87 0,858 1751,195 3,400 515,057

rata-rata 70,583 4,762 1248,300 698,933 1254,527 2,247 2,481 555,593 2,247 9,428 18,987 50,364 90,667 0,846 1800,446 3,233 588,873

1 69,250 5,213 1245,100 704,970 1249,700 2,286 2,464 544,730 2,286 7,243 17,976 59,709 66 0,880 1363,041 4,000 340,760

2 70,750 5,213 1254,200 705,710 1261,610 2,256 2,464 555,900 2,256 8,442 19,037 55,653 79 0,843 1562,366 3,600 433,990

3 69,500 5,213 1247,400 705,080 1252,740 2,278 2,464 547,660 2,278 7,569 18,264 58,560 72 0,868 1465,312 4,100 357,393

rata-rata 69,833 5,213 1248,900 705,253 1254,683 2,273 2,464 549,430 2,273 7,751 18,426 57,974 72,333 0,864 1463,573 3,900 377,381

1 69,50 5,660 1263,1 724,64 1264,54 2,340 2,448 539,900 2,340 4,433 16,442 73,037 110 0,868 2238,671 4,500 497,482

2 69,25 5,660 1263,7 724,33 1265,84 2,334 2,448 541,510 2,334 4,672 16,651 71,940 103 0,872 2107,536 2,400 878,140

3 69,75 5,660 1264,8 727,03 1270,26 2,328 2,448 543,230 2,328 4,891 16,842 70,959 96 0,863 1943,192 3,200 607,247

rata-rata 69,500 5,660 1263,867 725,333 1266,880 2,334 2,448 541,547 2,334 4,666 16,645 71,979 103,000 0,868 2096,466 3,367 660,957

1 71,00 6,103 1270,3 729,46 1274,51 2,331 2,432 545,050 2,331 4,178 17,150 75,638 104 0,838 2044,586 3,600 567,941

2 70,75 6,103 1269,2 728,84 1274,32 2,327 2,432 545,480 2,327 4,337 17,287 74,915 98 0,843 1938,124 3,800 510,033

3 70,25 6,103 1267,6 726,15 1272,94 2,318 2,432 546,790 2,318 4,686 17,589 73,359 96 0,853 1921,092 4,200 457,403

rata-rata 70,667 6,103 1269,033 728,150 1273,923 2,325 2,432 545,773 2,325 4,400 17,342 74,637 99,333 0,845 1967,934 3,867 511,792

4,5

Marshall 

Quotient

5

5,5

6

6,5
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Kadar 
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Berat Benda uji Berat Jenis Campuran
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Berat Isi VIM VMA VFB
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Contoh perhitungan uji marshall campuran AC-BC 0% FGD-Gypsum pada kadar 

aspal 4,5% sebagai berikut: 

1. Perhitungan Kepadatan (density) 

∎ Kepadatan 1 (density) 4,5%  = 
Wd

Wssd - Wsub

 

                                                   = 
1251,60

1258,22 - 699,49
 

                                                   = 2,240 gr/cm3  

∎ Kepadatan 2 (density) 4,5%  = 
Wd

Wssd - Wsub

 

                                                   =
1243,70

1249,23 - 695,84
 

                                                   = 2,247 gr/cm3  

∎ Kepadatan 3 (density) 4,5%  = 
Wd

Wssd  - Wsub

 

                                                   =
1240,20

1246,65 - 696,13
 

                                                   = 2,253 gr/cm3  

∎ Rata-rata Kepadatan 4,5% 

     =
2,240 gr cm3⁄ + 2,247 gr cm3⁄ + 2,253 gr cm3⁄

3
 

     =2,247 gr/cm3 

2. Perhitungan VMA (Voids in Mineral Aggregate) 

∎ VMA 1 4,5% = 100 -
Gmb×Ps

Gsb

 

                           = 100 - 
2,240×(100 - 4,306%)

2,641
 

                           = 18,844% 

∎ VMA 2 4,5% = 100 -
Gmb×Ps

Gsb

 

                           = 100 - 
2,247×(100 - 4,306%)

2,641
 

                           = 18,579% 

∎ VMA 3 4,5% = 100 -
Gmb×Ps

Gsb

 



 

 
 

                           = 100 - 
2,253×(100 - 4,306%)

2,641
 

                           = 18,384% 

∎ Rata-rata VMA 4,5% 

     =
18,844% + 18,579% + 18,384%

3
 

     = 18,602% 

3. Perhitungan VIM (Voids in Mix) 

∎ VIM 1 4,5% = 100 ×
Gmm  - Gmb

Gmm

 

                       = 100 × 
2,498 - 2,240

2,498
 

                       = 10,312% 

∎ VIM 2 4,5% = 100 ×
Gmm  - Gmb

Gmm

 

                       = 100 × 
2,498 - 2,247

2,498
 

                       = 10,018% 

∎ VIM 3 4,5% = 100 ×
Gmm  - Gmb

Gmm

 

                      = 100 × 
2,498 - 2,253

2,498
 

                      = 9,804% 

∎ Rata-rata VIM 4,5% 

     =
10,312% + 10,018% + 9,804%

3
 

     = 10,045% 

4. Perhitungan VFB (Voids Filled Bitumen) 

∎ VFB 1 4,5% =
100 ×(VMA - VIM)

VMA
 

                         =
100 ×(18,844 - 10,312)

18,844
 

                        = 45,277% 

∎ VFB 2 4,5% =
100 ×(VMA - VIM)

VMA
 



 

 
 

                         =
100 ×(18,579 - 10,018)

18,578
 

                         = 46,076% 

∎ VFB 3 4,5% =
100 ×(VMA - VIM)

VMA
 

                          =
100 ×(18,384 - 9,804)

18,844
 

                          = 46,673% 

∎ Rata-rata VFB 4,5% 

     =
45,277% + 46,076% + 46,673%

3
 

     = 46,009% 

5. Perhitungan Stabilitas 

∎ Stabilitas 1 4,5% = (O × konversi) × koreksi benda uji 

    = (94 × 23,460) × 0,853 

    = 1881,070 kg 

∎ Stabilitas 2 4,5% = (O × konversi) × koreksi benda uji 

    = (89 × 23,460) × 0,868 

    = 1811,288 kg 

∎ Stabilitas 3 4,5% = (O × konversi) × koreksi benda uji 

    = (83 × 23,460) × 0,848 

    = 1651,209 kg 

∎ Rata-rata Stabilitas 4,5% 

     =
1881,072 kg + 1811,288 kg + 1651,209 kg

3
 

     = 1781,189 kg 

6. Perhitungan Flow (Kelelehan) 

∎ Flow (kelelehan) 1 4,5% = 3,8 mm 

∎ Flow (kelelehan) 2 4,5% = 2,7 mm 

∎ Flow (kelelehan) 3 4,5% = 3,3 mm 

∎ Rata-rata Flow (kelelehan) 4,5% 

     =
3,8 mm + 2,7 mm + 3,3 mm

3
 

     = 3,267 mm 



 

 
 

7. Perhitungan MQ (Marshall Quotient) 

∎ MQ 1 4,5% =
Stabilitas

Flow
 

                     =
1881,070

3,8
 

                     = 495,018 kg/mm 

∎ MQ 2 4,5% =
Stabilitas

Flow
 

                      =
1811,288

2,7
 

                      = 670,847 kg/mm 

∎ MQ 3 4,5% =
Stabilitas

Flow
 

                     =
1651,209

3,3
 

                     = 500,366 kg/mm 

∎ Rata-rata MQ (Marshall Quotient) 4,5% 

     =
495,018 kg/mm  + 670,847 kg/mm + 500,366 kg/mm

3
 

     = 555,411 kg/mm 

 

  



 

 

 

 

 

Lampiran J.2 

HASIL PENGUJIAN MARSHALL 5% FLUE GAS DESULFURIZATION GYPSUM (FGD-GYPSUM) 

Berat Jenis Bulk Agregat (s) = 2,641 

Berat Jenis Efektif (t)  = 2,670 

Berat Jenis Aspal (u)  = 1,027 

 

Thd Berat 

Campuran
Kering Dalam Air SSD

Padat 

(Bulk)

Maksimum 

Teoritis

Bacaan 

Pada Alat

Angka 

Korelasi

Setelah 

Dikoreksi

(mm) (%) (%) (gr) (gr) (gr) (cc) (t/m3) (mm) (kg/mm)

a b c
d=100/

(100+c)*c
e f g h=e/(g-f)

i=100/

{((100-d)/t)

+(d/u)}

j=g-f k=e/j
l=100*

(i-h)/i

m=100-

{h*(100-

d)/s}

n=100*

(m-l)/m
o p q=o*ka*p r w=q/r

1 71,000 4,306 1246,200 698,970 1253,000 2,249 2,498 554,030 2,249 9,942 18,509 46,288 99 0,838 1946,289 3,850 505,529

2 70,750 4,306 1253,500 699,900 1256,750 2,251 2,498 556,850 2,251 9,873 18,447 46,479 78 0,843 1542,589 3,400 453,703

3 70,500 4,306 1252,900 699,470 1258,150 2,243 2,498 558,680 2,243 10,211 18,753 45,549 87 0,848 1730,785 3,600 480,774

rata-rata 70,750 4,306 1250,867 699,447 1255,967 2,248 2,498 556,520 2,248 10,009 18,570 46,106 88,000 0,843 1739,887 3,617 480,002

1 70,000 4,762 1251,100 704,870 1255,750 2,271 2,481 550,880 2,271 8,450 18,113 53,345 90 0,858 1811,581 4,050 447,304

2 70,500 4,762 1254,400 703,560 1258,280 2,261 2,481 554,720 2,261 8,844 18,465 52,102 97 0,848 1929,726 3,800 507,823

3 70,250 4,762 1252,700 703,040 1256,630 2,263 2,481 553,590 2,263 8,782 18,409 52,295 96 0,853 1921,092 4,100 468,559

rata-rata 70,250 4,762 1252,733 703,823 1256,887 2,265 2,481 553,063 2,265 8,692 18,329 52,581 94,333 0,853 1887,466 3,983 474,562

1 70,000 5,213 1259,600 710,490 1263,660 2,277 2,464 553,170 2,277 7,594 18,287 58,471 94 0,858 1892,096 3,750 504,559

2 70,500 5,213 1260,100 711,940 1264,780 2,279 2,464 552,840 2,279 7,502 18,206 58,791 96 0,848 1909,832 3,900 489,700

3 70,000 5,213 1259,500 710,730 1263,930 2,277 2,464 553,200 2,277 7,607 18,298 58,429 95 0,858 1912,225 3,800 503,217

rata-rata 70,167 5,213 1259,733 711,053 1264,123 2,278 2,464 553,070 2,278 7,568 18,263 58,564 95,000 0,855 1904,717 3,817 499,159

1 69,75 5,660 1258,2 724,36 1263,49 2,334 2,448 539,130 2,334 4,668 16,647 71,959 104,5 0,863 2115,245 4,150 509,698

2 70,00 5,660 1259,5 729,61 1271,13 2,326 2,448 541,520 2,326 4,991 16,929 70,520 123 0,858 2475,828 3,650 678,309

3 69,50 5,660 1258,1 724,28 1262,91 2,336 2,448 538,630 2,336 4,587 16,576 72,327 115 0,868 2340,428 3,700 632,548

rata-rata 69,750 5,660 1258,600 726,083 1265,843 2,332 2,448 539,760 2,332 4,749 16,717 71,602 114,167 0,863 2310,500 3,833 606,852

1 69,50 6,103 1263,2 721,35 1265,04 2,323 2,432 543,690 2,323 4,475 17,407 74,291 110 0,868 2238,671 4,100 546,017

2 69,75 6,103 1272,7 733,79 1273,01 2,360 2,432 539,220 2,360 2,959 16,096 81,616 117 0,863 2368,265 3,950 599,561

3 69,75 6,103 1272,6 735,87 1277,18 2,351 2,432 541,310 2,351 3,341 16,427 79,659 112 0,863 2267,057 3,900 581,297

rata-rata 69,667 6,103 1269,500 730,337 1271,743 2,345 2,432 541,407 2,345 3,592 16,643 78,522 113,000 0,864 2291,331 3,983 575,625

5,5

6

6,5

No. 

Benda 

Uji

Tinggi 
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Uji

Kadar 

Aspal

Berat Benda uji Berat Jenis Campuran
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Uji
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5



 

 

 

Contoh perhitungan uji marshall campuran AC-BC 5% FGD-Gypsum pada kadar 

aspal 5% sebagai berikut: 

1. Perhitungan Kepadatan (density) 

∎ Kepadatan 1 (density) 5%  = 
Wd

Wssd - Wsub

 

                                                =
1251,10

1255,75 - 704,87
 

                                                =2,271 gr/cm3  

∎ Kepadatan 2 (density) 5%  = 
Wd

Wssd - Wsub

 

                                                =
1254,40

1258,28 - 703,56
 

                                                =2,261 gr/cm3  

∎ Kepadatan 3 (density) 5%  = 
Wd

Wssd - Wsub

 

                                                =
1252,70

1256,63 - 703,04
 

                                                =2,263 gr/cm3  

∎ Rata-rata Kepadatan 5% 

     =
2,271 gr cm3⁄ +2,261 gr cm3⁄ +2,263 gr cm3⁄

3
 

     =2,265 gr/cm3 

2. Perhitungan VMA (Voids in Mineral Aggregate) 

∎ VMA 1 5% = 100 -
Gmb×Ps

Gsb

 

                       = 100 - 
2,271×(100 - 4,762%)

2,641
 

                       = 18,113% 

∎ VMA 2 5% = 100 -
Gmb×Ps

Gsb

 

                        = 100 - 
2,261×(100 - 4,762%)

2,641
 

                        = 18,465% 

∎ VMA 3 5% = 100 -
Gmb×Ps

Gsb

 



 

 

 

                        = 100 - 
2,263×(100 - 4,762%)

2,641
 

                        = 18,409% 

∎ Rata-rata VMA 5% 

     =
18,113% + 18,465% + 18,409%

3
 

     = 18,329% 

3. Perhitungan VIM (Voids in Mix) 

∎ VIM 1 5% = 100 ×
Gmm - Gmb

Gmm

 

                   = 100 × 
2,481 - 2,271

2,481
 

                     = 8,450% 

∎ VIM 2 5% = 100 ×
Gmm - Gmb

Gmm

 

                    = 100 × 
2,481 - 2,261

2,481
 

                    = 8,844% 

∎ VIM 3 5% = 100 ×
Gmm - Gmb

Gmm

 

                   = 100 × 
2,481 - 2,263

2,481
 

                   = 8,782% 

∎ Rata-rata VIM 5% 

     =
8,450% + 8,844% + 8,782%

3
 

     = 8,692% 

4. Perhitungan VFB (Voids Filled Bitumen) 

∎ VFB 1 5% =
100 ×(VMA - VIM)

VMA
 

                      =
100 ×(18,113 - 8,450)

18,113
 

                      = 53,345% 

∎ VFB 2 5% =
100 ×(VMA - VIM)

VMA
 



 

 

 

                      =
100 ×(18,465 - 8,844)

18,465
 

                      = 52,102% 

∎ VFB 3 5% =
100 ×(VMA - VIM)

VMA
 

                      =
100 ×(18,409 - 8,782)

18,409
 

                      = 52,295% 

∎ Rata-rata VFB 5% 

     =
53,345% + 52,102% + 52,295%

3
 

     = 52,581% 

5. Perhitungan Stabilitas 

∎ Stabilitas 1 5% = (O × konversi) × koreksi benda uji 

    = (90 × 23,460) × 0,858 

    = 1811,581 kg 

∎ Stabilitas 2 5% = (O × konversi) × koreksi benda uji 

    = (97 × 23,460) × 0,848 

    = 1929,726 kg 

∎ Stabilitas 3 5% = (O × konversi) × koreksi benda uji 

    = (96 × 23,460) × 0,853 

    = 1921,092 kg 

∎ Rata-rata Stabilitas 5% 

     =
1811,581 kg + 1929,726 kg + 1921,092 kg

3
 

     = 1887,466 kg 

6. Perhitungan Flow (Kelelehan) 

∎ Flow (kelelehan) 1 5% = 4,05 mm 

∎ Flow (kelelehan) 2 5% = 3,80 mm 

∎ Flow (kelelehan) 3 5% = 4,10 mm 

∎ Rata-rata Flow (kelelehan) 5% 

     =
4,05 mm + 3,80 mm + 4,10 mm

3
 

     = 3,983 mm 



 

 

 

7. Perhitungan MQ (Marshall Quotient) 

∎ MQ 1 5% =
Stabilitas

Flow
 

                  =
1811,581

4,05
 

                  = 447,304 kg/mm 

∎ MQ 2 5% =
Stabilitas

Flow
 

                  =
1929,726

3,80
 

                     = 507,823 kg/mm 

∎ MQ 3 5%  =
Stabilitas

Flow
 

                   =
1921,092

4,10
 

                   = 468,559 kg/mm 

∎ Rata-rata MQ (Marshall Quotient) 5% 

     =
447,304 kg/mm + 507,823 kg/mm + 468,559 kg/mm

3
 

     = 474,562 kg/mm 

 

  



 

 

 

 

 

Lampiran J.3 

HASIL PENGUJIAN MARSHALL 10% FLUE GAS DESULFURIZATION GYPSUM (FGD-GYPSUM) 

Berat Jenis Bulk Agregat (s) = 2,641 

Berat Jenis Efektif (t)  = 2,670 

Berat Jenis Aspal (u)  = 1,027 

 

Thd Berat 

Campuran
Kering Dalam Air SSD

Padat 

(Bulk)

Maksimum 

Teoritis

Bacaan 

Pada Alat

Angka 

Korelasi

Setelah 

Dikoreksi

(mm) (%) (%) (gr) (gr) (gr) (cc) (t/m3) (mm) (kg/mm)

a b c
d=100/

(100+c)*c
e f g h=e/(g-f)

i=100/

{((100-d)/t)

+(d/u)}

j=g-f k=e/j
l=100*

(i-h)/i

m=100-

{h*(100-

d)/s}

n=100*

(m-l)/m
o p q=o*ka*p r w=q/r

1 69,750 4,306 1247,600 698,210 1251,280 2,256 2,498 553,070 2,256 9,684 18,276 47,012 106 0,863 2146,074 3,900 550,275

2 70,000 4,306 1247,900 680,480 1250,220 2,190 2,498 569,740 2,190 12,305 20,648 40,404 119 0,858 2395,313 4,100 584,223

3 69,750 4,306 1247,100 688,090 1250,890 2,216 2,498 562,800 2,216 11,281 19,721 42,797 102 0,863 2064,641 3,850 536,270

rata-rata 69,833 4,306 1247,533 688,927 1250,797 2,221 2,498 561,870 2,221 11,090 19,548 43,404 109,000 0,861 2202,009 3,950 556,923

1 69,500 4,762 1250,600 705,910 1255,620 2,275 2,481 549,710 2,275 8,292 17,971 53,858 111 0,863 2246,816 3,150 713,275

2 69,750 4,762 1254,400 706,680 1257,180 2,279 2,481 550,500 2,279 8,146 17,840 54,341 107 0,868 2177,616 4,250 512,380

3 69,750 4,762 1252,700 706,420 1256,070 2,279 2,481 549,650 2,279 8,128 17,824 54,398 108 0,863 2186,091 3,600 607,247

rata-rata 69,667 4,762 1252,567 706,337 1256,290 2,278 2,481 549,953 2,278 8,189 17,879 54,199 108,667 0,864 2203,507 3,667 610,967

1 70,000 5,213 1256,800 712,820 1262,960 2,285 2,464 550,140 2,285 7,292 18,019 59,533 143 0,858 2878,401 3,650 788,603

2 71,250 5,213 1257,300 713,270 1261,640 2,293 2,464 548,370 2,293 6,956 17,722 60,752 139 0,833 2716,363 4,000 679,091

3 70,250 5,213 1257,100 713,040 1260,840 2,295 2,464 547,800 2,295 6,874 17,650 61,055 140 0,853 2801,593 3,700 757,187

rata-rata 70,500 5,213 1257,067 713,043 1261,813 2,291 2,464 548,770 2,291 7,040 17,797 60,447 140,667 0,848 2798,786 3,783 741,627

1 69,00 5,660 1256,600 720,460 1259,600 2,331 2,448 539,140 2,331 4,791 16,755 71,405 118 0,877 2427,436 3,100 783,044

2 69,00 5,660 1261,700 723,820 1265,420 2,330 2,448 541,600 2,330 4,839 16,796 71,192 151 0,877 3106,295 4,100 757,633

3 69,25 5,660 1262,500 724,980 1264,830 2,339 2,448 539,850 2,339 4,470 16,474 72,867 147 0,872 3007,843 3,850 781,258

rata-rata 69,083 5,660 1260,267 723,087 1263,283 2,333 2,448 540,197 2,333 4,700 16,675 71,821 138,667 0,875 2847,191 3,683 773,978

1 69,25 6,103 1264,400 723,410 1267,110 2,326 2,432 543,700 2,326 4,386 17,330 74,690 137 0,873 2805,839 4,150 676,106

2 71,00 6,103 1268,700 726,820 1272,000 2,327 2,432 545,180 2,327 4,322 17,274 74,983 116 0,838 2280,500 4,000 570,125

3 69,75 6,103 1266,300 724,940 1269,900 2,324 2,432 544,960 2,324 4,464 17,397 74,341 127 0,863 2570,681 4,100 626,995

rata-rata 70,000 6,103 1266,467 725,057 1269,670 2,325 2,432 544,613 2,325 4,391 17,334 74,671 126,667 0,858 2552,340 4,083 624,409

4,5

5

5,5

6

6,5

No. 

Benda 

Uji

Tinggi 
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Uji

Kadar 

Aspal

Berat Benda uji Berat Jenis Campuran
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Contoh perhitungan uji marshall campuran AC-BC 10% FGD-Gypsum pada kadar 

aspal 5,5% sebagai berikut: 

1. Perhitungan Kepadatan (density) 

∎ Kepadatan 1 (density) 5,5%  = 
Wd

Wssd - Wsub

 

                                                             =
1256,80

1262,96 - 712,82
 

                                                             =2,285 gr/cm3  

∎ Kepadatan 2 (density) 5,5%  = 
Wd

Wssd  - Wsub

 

                                                             =
1257,30

1261,64 - 713,27
 

                                                             =2,293 gr/cm3  

∎ Kepadatan 3 (density) 5,5%  = 
Wd

Wssd  - Wsub

 

                                                             =
1257,10

1260,84 - 714,04
 

                                                             =2,295 gr/cm3  

∎ Rata-rata Kepadatan 5,5% 

     =
2,285 gr cm3⁄ +2,293 gr cm3⁄ +2,295 gr cm3⁄

3
 

     =2,291 gr/cm3 

2. Perhitungan VMA (Voids in Mineral Aggregate) 

∎ VMA 1 5,5% = 100 -
Gmb×Ps

Gsb

 

                             = 100 - 
2,285×(100 - 5,213%)

2,641
 

                             = 18,019% 

∎ VMA 2 5,5% = 100 -
Gmb×Ps

Gsb

 

                             = 100 - 
2,293×(100 - 5,213%)

2,641
 

                             = 17,722% 

∎ VMA 3 5,5% = 100 -
Gmb×Ps

Gsb

 



 

 

 

                          = 100 - 
2,295×(100 - 5,213%)

2,641
 

                          = 17,650% 

∎ Rata-rata VMA 5,5% 

     =
18,019% + 17,722% + 17,650%

3
 

     = 17,650% 

3. Perhitungan VIM (Voids in Mix) 

∎ VIM 1 5,5% = 100 ×
Gmm  - Gmb

Gmm

 

                         = 100 × 
2,464 - 2,285

2,464
 

                         = 7,292% 

∎ VIM 2 5,5% = 100 ×
Gmm  - Gmb

Gmm

 

                         = 100 × 
2,464 - 2,293

2,464
 

                         = 6,956% 

∎ VIM 3 5,5% = 100 ×
Gmm  - Gmb

Gmm

 

                         = 100 × 
2,464 - 2,295

2,464
 

                         = 6,874% 

∎ Rata-rata VIM 5,5% 

     =
7,292% + 6,956% + 6,874%

3
 

     = 7,040% 

4. Perhitungan VFB (Voids Filled Bitumen) 

∎ VFB 1 5,5% =
100 ×(VMA - VIM)

VMA
 

                            =
100 ×(18,019 - 7,292)

18,019
 

                            = 59,533% 

∎ VFB 2 5,5% =
100 ×(VMA - VIM)

VMA
 



 

 

 

                            =
100 ×(17,722 - 6,956)

17,722
 

                            = 60,752% 

∎ VFB 3 5,5% =
100 ×(VMA - VIM)

VMA
 

                            =
100 ×(17,650 - 6,874)

17,650
 

                            = 61,055% 

∎ Rata-rata VFB 5,5% 

     =
59,533% + 60,752% + 61,055%

3
 

     = 60,447% 

5. Perhitungan Stabilitas 

∎ Stabilitas 1 5,5% = (O × konversi) × koreksi benda uji 

    = (143 × 23,460) × 0,858 

    = 2203,401 kg 

∎ Stabilitas 2 5,5% = (O × konversi) × koreksi benda uji 

    = (139 × 23,460) × 0,833 

    = 2716,363 kg 

∎ Stabilitas 3 5,5% = (O × konversi) × koreksi benda uji 

    = (140 × 23,460) × 0,853 

    = 2801,593 kg 

∎ Rata-rata Stabilitas 5,5% 

     =
2203,401 kg + 2716,363 kg + 2801,593 kg

3
 

     = 1887,466 kg 

6. Perhitungan Flow (Kelelehan) 

∎ Flow (kelelehan) 1 5,5% = 3,65 mm 

∎ Flow (kelelehan) 2 5,5% = 4,00 mm 

∎ Flow (kelelehan) 3 5,5% = 3,70 mm 

∎ Rata-rata Flow (kelelehan) 5,5% 

     =
3,65 mm + 4,00 mm + 3,70 mm

3
 

     = 3,783 mm 



 

 

 

7. Perhitungan MQ (Marshall Quotient) 

∎ MQ 1 5,5% =
Stabilitas

Flow
 

                        =
2878,401

3,65
 

                        = 788,603 kg/mm 

∎ MQ 2 5,5% =
Stabilitas

Flow
 

                        =
2716,363

4,00
 

                        = 679,091 kg/mm 

∎ MQ 3 5,5%  =
Stabilitas

Flow
 

                         =
2801,593

3,70
 

                         = 757,187 kg/mm 

∎ Rata-rata MQ (Marshall Quotient) 5,5% 

     =
788,603 kg/mm + 679,091 kg/mm + 757,187 kg/mm

3
 

     = 741,627 kg/mm 

 

  



 

 

 

 

 

Lampiran J.4 

HASIL PENGUJIAN MARSHALL 15% FLUE GAS DESULFURIZATION GYPSUM (FGD-GYPSUM) 

Berat Jenis Bulk Agregat (s) = 2,641 

Berat Jenis Efektif (t)  = 2,670 

Berat Jenis Aspal (u)  = 1,027 

 

Thd Berat 

Campuran
Kering Dalam Air SSD

Padat 

(Bulk)

Maksimum 

Teoritis

Bacaan 

Pada Alat

Angka 

Korelasi

Setelah 

Dikoreksi

(mm) (%) (%) (gr) (gr) (gr) (cc) (t/m3) (mm) (kg/mm)

a b c
d=100/

(100+c)*c
e f g h=e/(g-f)

i=100/

{((100-d)/t)

+(d/u)}

j=g-f k=e/j
l=100*

(i-h)/i

m=100-

{h*(100-

d)/s}

n=100*

(m-l)/m
o p q=o*ka*p r w=q/r

1 71,250 4,306 1236,000 679,290 1241,480 2,199 2,498 562,190 2,199 11,975 20,349 41,151 88 0,833 1719,712 4,100 419,442

2 70,250 4,306 1234,600 678,800 1238,380 2,206 2,498 559,580 2,206 11,665 20,068 41,874 120 0,853 2401,366 3,300 727,687

3 70,500 4,306 1231,300 678,030 1235,330 2,209 2,498 557,300 2,209 11,541 19,956 42,170 117 0,848 2327,607 3,800 612,528

rata-rata 70,667 4,306 1233,967 678,707 1238,397 2,205 2,498 559,690 2,205 11,727 20,125 41,732 108,333 0,845 2149,562 3,733 586,552

1 69,000 4,762 1243,100 695,500 1246,140 2,258 2,481 550,640 2,258 8,996 18,601 51,635 126 0,877 2592,007 4,100 632,197

2 69,250 4,762 1246,700 692,560 1250,790 2,233 2,481 558,230 2,233 9,974 19,475 48,788 107 0,872 2189,383 3,200 684,182

3 69,500 4,762 1245,200 694,530 1250,070 2,241 2,481 555,540 2,241 9,647 19,183 49,712 110 0,868 2238,671 3,600 621,853

rata-rata 69,250 4,762 1245,000 694,197 1249,000 2,244 2,481 554,803 2,244 9,539 19,086 50,045 114,333 0,872 2340,020 3,633 646,077

1 71,500 5,213 1245,700 699,930 1250,450 2,263 2,464 550,520 2,263 8,174 18,799 56,520 101 0,829 1963,690 4,050 484,862

2 71,750 5,213 1248,500 700,470 1251,220 2,267 2,464 550,750 2,267 8,006 18,651 57,074 151 0,826 2924,744 3,800 769,669

3 71,250 5,213 1244,100 697,690 1249,810 2,253 2,464 552,120 2,253 8,558 19,139 55,286 134 0,833 2618,652 3,900 671,449

rata-rata 71,500 5,213 1246,100 699,363 1250,493 2,261 2,464 551,130 2,261 8,246 18,863 56,293 128,667 0,829 2502,362 3,917 641,993

1 70,25 5,660 1251,900 720,570 1256,710 2,335 2,448 536,140 2,335 4,616 16,602 72,194 117 0,853 2341,331 3,850 608,138

2 70,00 5,660 1256,900 722,540 1261,180 2,333 2,448 538,640 2,333 4,680 16,657 71,905 120 0,858 2415,442 3,700 652,822

3 70,25 5,660 1250,800 722,740 1259,090 2,332 2,448 536,350 2,332 4,737 16,708 71,645 126 0,853 2521,434 3,900 646,522

rata-rata 70,167 5,660 1253,200 721,950 1258,993 2,334 2,448 537,043 2,334 4,678 16,656 71,915 121,000 0,855 2426,069 3,817 635,827

1 71,00 6,103 1256,900 720,800 1260,180 2,330 2,432 539,380 2,330 4,192 17,162 75,573 108 0,838 2123,224 4,750 446,994

2 70,00 6,103 1259,400 721,280 1262,630 2,326 2,432 541,350 2,326 4,351 17,300 74,849 109 0,858 2194,026 4,600 476,962

3 70,25 6,103 1260,300 720,930 1263,920 2,321 2,432 542,990 2,321 4,572 17,491 73,862 105 0,853 2101,195 4,500 466,932

rata-rata 70,417 6,103 1258,867 721,003 1262,243 2,326 2,432 541,240 2,326 4,372 17,318 74,761 107,333 0,850 2139,482 4,617 463,630

6,5

No. 

Benda 

Uji

Tinggi 

Benda 

Uji

Kadar 

Aspal

Berat Benda uji Berat Jenis Campuran
Isi Benda 

Uji
Berat Isi VIM VMA VFB

Stabilitas

Flow
Marshall 

Quotient

4,5

5

5,5

6



 

 

 

Contoh perhitungan uji marshall campuran AC-BC 10% FGD-Gypsum pada kadar 

aspal 6,5% sebagai berikut: 

1. Perhitungan Kepadatan (density) 

∎ Kepadatan 1 (density) 6,5%  = 
Wd

Wssd - Wsub

 

                                                             =
1256,90

1260,18 - 720,80
 

                                                             =2,330 gr/cm3  

∎ Kepadatan 2 (density) 6,5%  = 
Wd

Wssd  - Wsub

 

                                                             =
1259,40

1262,63 - 721,28
 

                                                             =2,326 gr/cm3  

∎ Kepadatan 3 (density) 6,5%  = 
Wd

Wssd  - Wsub

 

                                                             =
1260,30

1263,92 - 720,93
 

                                                             =2,321 gr/cm3  

∎ Rata-rata Kepadatan 6,5% 

     =
2,330 gr cm3⁄ +2,326 gr cm3⁄ +2,321 gr cm3⁄

3
 

     =2,326 gr/cm3 

2. Perhitungan VMA (Voids in Mineral Aggregate) 

∎ VMA 1 6,5% = 100 -
Gmb×Ps

Gsb

 

                             = 100 - 
2,330×(100 - 6,103%)

2,641
 

                             = 17,162% 

∎ VMA 2 6,5% = 100 -
Gmb×Ps

Gsb

 

                             = 100 - 
2,326×(100 - 6,103%)

2,641
 

                             = 17,300% 

∎ VMA 3 6,5% = 100 -
Gmb×Ps

Gsb

 



 

 

 

                          = 100 - 
2,321×(100 - 6,103%)

2,641
 

                          = 17,610% 

∎ Rata-rata VMA 6,5% 

     =
17,162% + 17,300% + 17,620%

3
 

     = 17,318% 

3. Perhitungan VIM (Voids in Mix) 

∎ VIM 1 6,5% = 100 ×
Gmm  - Gmb

Gmm

 

                         = 100 × 
2,432 - 2,330

2,432
 

                         = 4,192% 

∎ VIM 2 6,5% = 100 ×
Gmm  - Gmb

Gmm

 

                         = 100 × 
2,432 - 2,326

2,432
 

                         = 4,351% 

∎ VIM 3 6,5% = 100 ×
Gmm  - Gmb

Gmm

 

                         = 100 × 
2,432 - 2,321

2,432
 

                         = 4,572% 

∎ Rata-rata VIM 6,5% 

     =
4,192% + 4,351% + 4,572%

3
 

     = 4,372% 

4. Perhitungan VFB (Voids Filled Bitumen) 

∎ VFB 1 6,5% =
100 ×(VMA - VIM)

VMA
 

                            =
100 ×(17,162 - 4,192)

17,162
 

                            = 75,573% 

∎ VFB 2 6,5% =
100 ×(VMA - VIM)

VMA
 



 

 

 

                            =
100 ×(17,300 - 4,351)

17,300
 

                            = 74,849% 

∎ VFB 3 5,5% =
100 ×(VMA - VIM)

VMA
 

                            =
100 ×(17,491 - 4,572)

17,491
 

                            = 73,862% 

∎ Rata-rata VFB 6,5% 

     =
75,573% + 74,849% + 73,862%

3
 

     = 74,761% 

5. Perhitungan Stabilitas 

∎ Stabilitas 1 6,5% = (O × konversi) × koreksi benda uji 

    = (108 × 23,460) × 0,838 

    = 2123,224 kg 

∎ Stabilitas 2 6,5% = (O × konversi) × koreksi benda uji 

    = (109 × 23,460) × 0,858 

    = 2194,026 kg 

∎ Stabilitas 3 6,5% = (O × konversi) × koreksi benda uji 

    = (105 × 23,460) × 0,853 

    = 2101,195 kg 

∎ Rata-rata Stabilitas 5,5% 

     =
2123,224 kg + 2194,026 kg + 2101,195 kg

3
 

     = 2139,482 kg 

6. Perhitungan Flow (Kelelehan) 

∎ Flow (kelelehan) 1 6,5% = 4,75 mm 

∎ Flow (kelelehan) 2 6,5% = 4,60 mm 

∎ Flow (kelelehan) 3 6,5% = 4,50 mm 

∎ Rata-rata Flow (kelelehan) 6,5% 

     =
4,75 mm + 4,60 mm + 4,50 mm

3
 

     = 4,617 mm 



 

 

 

7. Perhitungan MQ (Marshall Quotient) 

∎ MQ 1 6,5% =
Stabilitas

Flow
 

                        =
2123,224

4,75
 

                        = 446,994 kg/mm 

∎ MQ 2 6,5% =
Stabilitas

Flow
 

                        =
2194,026

4,60
 

                        = 476,962 kg/mm 

∎ MQ 3 6,5%  =
Stabilitas

Flow
 

                         =
2101,195

4,50
 

                         = 466,932 kg/mm 

∎ Rata-rata MQ (Marshall Quotient) 5,5% 

     =
446,994 kg/mm + 476,962 kg/mm + 466,932 kg/mm

3
 

     = 463,630 kg/mm 
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Lampiran K.1 

DOKUMENTASI 

 
Gambar K.1 Pengambilan Agregat 

 

 
Gambar K.2 Pengambilan Filler (Abu 

Batu) 

 
Gambar K.3 FGD-Gypsum di Dump 

Pile Unit Metalurgi Muntok  

  
Gambar K.4 FGD-Gypsum Fresh dari 

Mesin Kompres 

 

 
Gambar K.5 Bongkahan FGD-Gypsum 

 

 

 
Gambar K.6 FGD-Gypsum yang sudah 

dihaluskan 

 



 

 
 

 
Gambar K.7 Pengujian Los Angeles 

Agregat Kasar 

 
Gambar K.8 Agregat Kasar setelah 

Pengujian Los Angeles 

 
Gambar K.9 Pengujian Analisis 

Saringan menggunakan Sieve Shaker 

 
Gambar K.10 Pengujian Berat Jenis 

Agregat Halus 

 
Gambar K.11 Pengujian Berat Jenis 

Agregat Kasar 

 
Gambar K.12 Pengujian Berat Isi 

Agregat 

 



 

 
 

 

 
Gambar K.13 Pengujian Pengujian 

Penetrasi Aspal 

 
Gambar K.14 Pengujian Berat Jenis 

Aspal 

 
Gambar K.15 Pengujian Titik Leleh 

Aspal 

 
Gambar K.16 Pengujian Titik Bakar 

Aspal 

 

 

 



 

 
 

 

 
Gambar K.17 Proses Pencampuran 

Aspal dan Agregat 

 
Gambar K.18 Pengecekan suhu 

campuran aspal sebelum dicetak 

 
Gambar K.19 Proses Pencetakan Benda 

Uji 

 
Gambar K.20 Proses Pelepasan Benda 

Uji dari Cetakan (Mol) 

 
Gambar K.21 Benda Uji 

 

 
Gambar K.22 Proses Perendaman 

Benda Uji di Water Bath 

 

 



 

 
 

 

 
Gambar K.23 Pengujian Marshall pada 

Benda Uji 
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Pembimbing 
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- Cek kembali katar belakang. 

- Perbaiki rumusan masalah dan tujuan penelitian. 

Lihat feedback yang diberikan. 

- Perbaiki konten “Keaslian Penelitian” 

- Perbaiki “Sistematika Penulisan”. 

- Setiap kutipan wajib menuliskan sumber 

referensinya. 

- Semua sumber kutipan wajib dituliskan di Daftar 

Pustaka. Cek dengan teliti. 

- Buat Daftar Pustaka. 

- Buat Bab 2 Tinjauan Pustaka 

 

 

- Perbaiki Latar Belakang. 

- Di Daftar Pustaka, semua nama penulis harus 

dituliskan semua. 

- Perbaiki cara penulisan nama penulis di Daftar 

Pustaka. 

- Sumber kutipan tidak sama dengan yang tertulis 

di Daftar Pustaka. 

- Semua sumber kutipan yang digunakan, wajib 

dituliskan di Daftar Pustaka. 

- Buat Bab 3 Metodologi Penelitian. 
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No Hari/Tanggal Topik Bimbingan 
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- Pada Diagram 3.2 tambahkan pengujian Analisa 

Saringan baik untuk agregat kasar maupun halus 

termasuk juga pengujian penyerapan. 

- Perbaiki penjelasan bahan di subbab 3.3.1 Bahan 

- Pada subbab 3.3.2 Alat, tuliskan peralatan yang 

digunakan sesuai dengan pengujian yang akan 

dilakukan baik untuk aspal maupun agregat (kasar, 

halus dan abu batu) 

- Pada subbab 3.4.1, buatkan dalam bentuk diagram 

alir dari setiap tahapan persiapan gypsum ini. 

- Pada subbab 3.4.3 dan subbab 3.4.4, kaitkan 

dengan rumus dari setiappengujian yang tertulis di 

Bab 2. 

- Pada subbab 3.4.5, penjelasan pengujiannya tidak 

sesuai dengan yang tertulis di diagram alir 

penelitian. Cek kembali dan revisi. 

- Pada subbab 3.4.6, kaitkan dengan rumus dari 

setiap pengujian yang tertulis di Bab 2. 
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