STUDI SIFAT MEKANIKA KOMPOSIT HIBRID UNSATURATED POLYESTER/CLAY/SERAT GELAS
Husaini, Prof. Dr. Ir. Kusmono., S.T., M.T., IPM., ASEAN Eng

Universitas Gadjah Mada, 2011 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

DAFTAR PUSTAKA

Alexandre, M. dan Dubois, P., 2000, “ Polymer-layered Silicate Nanocomposites :
Preparation, Properties and Uses of a New Class of Material”, Elsevier
Science, Material Science and Engineering, Vol. 28, pp. 1-63.

Bozkurt, E., Kaya, E. dan Tanoglu, M., 2007, “Mechanical and Thermal Behavior
of Non-crimp Glass Fiber Reinforced Layered Clay/Epoxy
Nanocomposites”, Composites Science and Technology, Vol. 67, pp. 3394-
3403.

Brundle, C. R., Evan, Jr.,C. A dan Wilson, S., 1992, “Encyclopedia of Materials
Characterization”, Butterworth-Heinemann, USA.

Callister, Jr., W. D., 2007, “Material Science and Engineering”, 7" Ed., pp. 563,
John Wiley & Son, New York, USA.

Cheng, J., 2000, “The Influence of Fiber Hybridisation on Dynamic Mechanical
Behavior of Natural Based Composites”, A thesis submitted to Victoria
University of Technology for degree of Master Of Engineering by Research
in Mechanical Engineering.

Datoo, M. H., 1991, “Mechanics of Fibrous Composites”, Elsevier Science
Publishers LTD, England, pp. 2.

Fu, X. dan Qurtubuddin, S., 2004, “Synthesis of Unsaturated Polyester-Clay
Nanocomposites Using Reactive Organoclays”, Polymer Engineering and
Science, Vol. 44, No.2.

Gay, D., Hoa, S. V. dan Tsai, S. W., 2003, “Composite Materials Design and
Applications”, CRC Press, New York, Washington D.C.

Gibson, R. F., 1994, “Handout Principles of Composite Material Mechanis”,
Depertemen of Mechanical Engineering Wayne State University, Mcgraw-
Hill, Detroit, Michigan.

Harris, B., 2003, “Fatigue in Composites”, Woodhead Publishing Limited & CRC
Press LLC, England.

Hussain, F., Hojjati, M., Okamoto, M dan Gorga, R. E., 2006, “Review article :
Polymer-Matrix ~ Nanocomposites, Processing, Manufacturing, and
Application : An Overview”, Journal of Composite Materials, Vol. 40, No.
17.

Inceoglu, A. B. dan Yilmazer, U., 2003, “Synthesis and Mechanical Properties of
Unsaturated Polyester Based Nanocomposites”, Polymer Engineering and
Science, Vol. 43, No.3.

Jawahar, P., dan Balasubramanian, M., 2006, Preparation and Properties of
Polyester-Based Nanocomposite Gel Coat System”, Hindawi Publishing
Corporation, Nanometerials Journal, VVol. 2006, pp. 1-7.

Jones, R. M., 1991, “Mechanics of Composite Materials), 2" Ed., Taylor &
Francis, USA.

Kim, J. dan Mai, Y. W., 1998, “Engineered Interfaces in Fiber Reinforced
Composites”, 1% Ed., Elsevier Science, UK.

Kornmann, X., Berglund, L. A., Sterte, J dan Giannelis, E.P., 1998,
“Nanocomposites Based on Montmorillonite and Unsaturated Polyester”,
Polymer Engineering and Science, Vol. 38, No.8.

57



STUDI SIFAT MEKANIKA KOMPOSIT HIBRID UNSATURATED POLYESTER/CLAY/SERAT GELAS
Husaini, Prof. Dr. Ir. Kusmono., S.T., M.T., IPM., ASEAN Eng

Universitas Gadjah Mada, 2011 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Kornmann, X., Rees, M.,Thomann, Y., Necola, A., Barbezat, M. dan Thomann,
R., 2005, “Epoxy-layered Silicate Nanocomposites as Matrix in Glass Fibre-
reinforced Composites”, Composite Science and Technology, Vol. 65, pp.
2259-2268.

Lin, L., Lee, J., Hong, C., Yoo, G dan Advani, S. G., 2006, “Preparation and
Characterization of Layered Silicate/Glass  Fibre/Epoxy  Hybrid
Nanocomposites Via Vacuum-assisted Resin Tranfer Molding (VARTM)”,
Composites Science and Technology, Vol. 66, pp. 2116-2125.

Liu, T.,Tjiu, W. C., Tong, Y., He, C., Goh, S. S. dan Chung, T., 2004,
“Morphology and Fracture Behavior of Intercalated Epoxy/Clay
Nanocomposites”, Polymer Science, Vol. 94, pp.1236-1244.

Mallick, P.K., 2007, “ Fiber-reinforced Composites”, 3 "™ Ed., CRC Press, USA.

Manfredi, L.B., Santis, H. D. dan Vazquez, A., 2008, *“ Influence of the Addition
of Montmorillonite to the Matrix of Unidirectional Glass Fiber/Epoxy
Composites on Their Mechanical and Water Absorption Properties”,
Elsevier, Composites : Part A vol. 39, pp. 1726-1731.

Matthews, F.L., dan Rawlings, R.D., 1994, “Composite Materials” Engineering
and Science, 1% Ed., Chapman and Hall Publisher, 2-6 Boundary Raw,
London.

Mauritz, A. P. dan Gibson, A. G., 2006, “Fire Properties of Polymer Composite
Materials”, Springer, Netherland.

Norkhairunnisa, M., Azhar, A. B. dan Shyang, C. W., 2007, “Effects of Organo-
montmorillonite on the Mechanical and Morphological Properties of
Epoxy/Glass Fiber Composites”, Polymer Inter Science, Vol. 56, pp. 512-
517.

Paul, D. R. dan Robeson, L. M., 2008, “Polymer nanotechnology
Nanocomposites”, Elsevier, pp.3187-3204

Sen, S., 2010, “Effect of Both Silane-Graffted and lon-Exchanged Organophilic
Clay in Structural, Thermal, and Mechanical Properties of Unsaturated
Polyester Nanocomposites”, Polymer Composites, 31:482-490.

Torre, L., Chieruzzi, M. dan Kenny, J. M., 2009, “Compatibilization and
Development of Layered Silicate Nanocomposites Based of Unsaturated
Polyester Resin and Customized Intercalation Agent”, Polimer Science, Vol.
115, pp. 3659-3666.

Vasiliev, V. V., dan Morozov, E. V., 2001, * Mechanics and Analysis of
Composite Materials”, Elsevier Science, UK.

Xu, Y., dan Hoa, S. V., 2008, “Mechanical Properties of Carbon Fiber Reinforced
Epoxy/Clay Nanocomposites”, Composites Science and Technology, Vol.
68, pp. 854-861.

58



STUDI SIFAT MEKANIKA KOMPOSIT HIBRID UNSATURATED POLYESTER/CLAY/SERAT GELAS
Husaini, Prof. Dr. Ir. Kusmono., S.T., M.T., IPM., ASEAN Eng

Universitas Gadjah Mada, 2011 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

LAMPIRAN



STUDI SIFAT MEKANIKA KOMPOSIT HIBRID UNSATURATED POLYESTER/CLAY/SERAT GELAS
Husaini, Prof. Dr. Ir. Kusmono., S.T., M.T., IPM., ASEAN Eng

Universitas Gadjah Mada, 2011 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA LAMPIRAN A
Data Hasil Pengujian Tarik
Beban .
No. Kode Sampel Tebal | Lebar | Luas | Beban Maksimum Kekuatan Tarik
Sampel (mm) | (mm) | (mm?) | (%) (kg) (N) (kg/mm?) | (MPa)

1 T/UP/FG/H/CO 3,47 | 13,00 | 45,11 | 19,50 | 390,00 | 3822,00 8,65 84,73

2 T/UP/FG/H/CO 3,56 | 13,00 | 46,28 | 16,40 | 328,00 | 3214,40 7,09 69,46

3 T/UP/FG/H/CO 3,84 | 13,00 | 49,92 | 18,00 | 360,00 | 3528,00 7,21 70,67

4 T/UP/FG/H/CO 3,83 | 13,00 | 49,79 | 20,70 | 414,00 | 4057,20 8,31 81,49

5 T/UP/FG/H/CO 3,96 | 13,00 | 51,48 | 17,90 | 358,00 | 3508,40 6,95 68,15

Rata-rata 3,73 | 13,00 | 48,52 | 18,50 | 370,00 | 3626,00 7,64 74,90
Standar deviasi 0,21 | 0,00 2,69 1,65 32,95 | 322,95 0,78 7,63
6 T/UP/FG/H/C2 3,85 | 13,00 | 50,05 | 20,30 | 406,00 | 3978,80 8,11 79,50

7 T/UP/EG/H/C2 3,49 | 13,00 | 45,37 | 20,70 | 414,00 | 4057,20 9,12 89,42

8 T/UP/FG/H/C2 3,44 | 13,00 | 44,72 | 19,70 | 394,00 | 3861,20 8,81 86,34

9 T/UP/FG/H/C2 3,62 | 13,00 | 47,06 | 21,20 | 424,00 | 4155,20 9,01 88,30

10 T/UP/FG/H/C2 3,57 | 13,00 | 46,41 | 18,70 | 374,00 | 3665,20 8,06 78,97
Rata-rata 3,59 | 13,00 | 46,72 | 20,12 | 402,40 | 3943,52 8,62 84,51
Standar deviasi 0,16 | 0,00 2,07 0,97 19,31 | 189,22 0,50 4,94
11 T/UP/FG/H/C4 3,39 | 13,00 | 44,07 | 14,80 | 296,00 | 2900,80 6,72 65,82
12 T/UP/FG/H/C4 3,30 | 13,00 | 42,90 | 14,40 | 288,00 | 2822,40 6,71 65,79
13 T/UP/FG/H/C4 3,30 | 13,00 | 42,90 | 17,30 | 346,00 | 3390,80 8,07 79,04
14 T/UP/FG/H/C4 3,27 | 13,00 | 42,51 | 15,80 | 316,00 | 3096,80 7,43 72,85
15 T/UP/FG/H/C4 3,44 | 13,00 | 44,72 | 17,70 | 354,00 | 3469,20 7,92 77,58
Rata-rata 3,34 | 13,00 | 43,42 | 16,00 | 320,00 | 3136,00 7,37 72,22
Standar deviasi 0,07 | 0,00 0,93 1,47 29,36 | 287,73 0,64 6,28
16 T/UP/FG/H/C6 3,75 | 13,00 | 48,75 | 17,70 | 354,00 | 3469,20 7,26 71,16
17 T/UP/FG/H/C6 3,51 | 13,00 | 45,63 | 16,70 | 334,00 | 3273,20 7,32 71,73
18 T/UP/FG/H/C6 3,64 | 13,00 | 47,32 | 17,70 | 354,00 | 3469,20 7,48 73,31
19 T/UP/FG/H/C6 3,59 | 13,00 | 46,67 | 17,50 | 350,00 | 3430,00 7,50 73,49
20 T/UP/FG/H/C6 3,82 | 13,00 | 49,66 | 17,30 | 346,00 | 3390,80 6,97 68,28
Rata-rata 3,66 | 13,00 | 47,61 | 17,38 | 347,60 | 3406,48 7,31 71,60
Standar deviasi 0,12 | 0,00 1,61 0,41 8,29 81,29 0,21 2,11
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LAMPIRAN B
Data Hasil Pengujian Bending

Data hasil pengujian sampel uji bending (Bag.1)

Nomor sampel/kode sampel/beban (kg)
No. Defleksi 1 2 3 4 5
(mm) B/UP/FG/H/CO B/UP/FG/H/CO B/UP/FG/H/CO B/UP/FG/H/CO B/UP/FG/H/CO
Beban Beban Beban Beban Beban
1. 0,25 5,10 5,00 4,80 4,90 2,70
2. 0,50 10,90 9,30 9,50 10,10 6,50
3. 0,75 16,00 14,70 14,40 14,30 10,80
4. 1,00 21,30 19,60 19,50 12,00 15,00
5. 1,25 25,50 24,40 24,10 24,10 19,10
6. 1,50 29,90 28,90 28,70 27,80 24,10
7. 1,75 34,50 32,00 31,80 32,00 28,10
8. 2,00 38,90 36,70 36,10 37,00 31,00
9. 2,25 41,10 41,50 40,50 39,20 35,00
10. 2,50 43,12 42,11 41,20 42,10 39,00
11. 2,75
12. 3,00
13. 3,25
Dilanjutkan pada bag. 2
Data hasil pengujian sampel uji bending  (lanjutan bag. 2)
Nomor sampel/kode sampel/beban (kg)
No. Defleksi 6 7 8 9 10
(mm) B/UP/FG/H/C2 B/UP/FG/H/C2 B/UP/FG/H/C2 B/UP/FG/H/C2 B/UP/FG/H/C2
Beban Beban Beban Beban Beban
1. 0,25 3,80 3,20 4,10 3,30 3,80
2. 0,50 7,80 6,70 8,10 6,70 7,50
3. 0,75 11,10 10,20 12,10 10,10 11,50
4. 1,00 15,10 13,90 16,10 13,90 15,50
5. 1,25 18,60 17,60 19,90 17,30 19,20
6. 1,50 22,10 20,80 23,60 20,90 23,10
7. 1,75 25,50 24,20 27,10 24,20 26,80
8. 2,00 27,90 27,50 29,10 27,50 28,90
9. 2,25 31,10 29,30 32,70 29,30 32,50
10. 2,50 34,10 32,10 36,00 32,60 36,00
11. 2,75 36,10 35,70 38,70 35,70 39,10
12. 3,00 38,70 39,10 38,60 40,60
13. 3,25 41,10 41,10

Dilanjutkan pada bag.3
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UNIVERSITAS
CADIAT MADA Data hasil pengujian sampel uji bending (Bag.3)
Nomor sampel/kode sampel/beban (kg)
Defleksi 11 12 13 14 15
No. (mm) B/UP/FG/H/C4 B/UP/FG/H/C4 B/UP/FG/H/C4 B/UP/FG/H/C4 B/UP/FG/H/C4
Beban Beban Beban Beban Beban
1. 0,25 3,40 3,70 3,60 3,60 3,90
2. 0,50 7,00 7,40 7,00 7,40 7,40
3. 0,75 10,60 11,00 10,40 11,10 11,20
4. 1,00 14,00 14,20 13,50 14,80 14,50
5. 1,25 17,40 17,70 16,50 18,10 18,20
6. 1,50 20,70 20,10 19,60 21,50 21,50
7. 1,75 23,90 23,90 22,50 24,60 24,70
8. 2,00 26,60 26,80 25,10 27,40 27,90
9. 2,25 27,70 27,90 27,60 29,20 29,10
10. 2,50 30,90 30,70 28,70 31,90 31,40
11. 2,75 34,60 33,70 32,50 34,70 33,90
12. 3,00
13. 3,25
Dilanjutkan pada bag. 4
Data hasil pengujian sampel uji bending (Bag.4)
Nomor sampel/kode sampel/beban (kg)
No. Defleksi 16 17 18 19 20
(mm) B/UP/FG/H/C6 | B/UP/FG/H/C6 | B/UP/FG/H/C6 | B/UP/FG/H/C6 | B/UP/FG/H/C6
Beban Beban Beban Beban Beban
1. 0,25 3,60 3,40 4,10 3,10 3,90
2. 0,50 7,30 7,80 8,10 6,70 8,10
3. 0,75 10,70 11,90 12,10 9,30 11,80
4. 1,00 14,50 16,00 16,00 13,70 16,10
5. 1,25 18,10 19,80 19,30 17,00 19,10
6. 1,50 21,60 23,70 23,60 20,40 23,30
7. 1,75 25,00 27,50 27,30 23,30 27,00
8. 2,00 28,10 29,30 28,90 26,40 28,80
9. 2,25 29,90 32,10 32,00 27,30 32,10
10. 2,50 30,00 35,00 35,00 29,90 32,10
11. 2,75
12. 3,00
13. 3,25
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UNIVERSITAS
GADJAH MADA . . . . .
) Hasil pengukuran rata-rata dimensi sampel uji bending

No. Tebal Lebar No. Tebal Lebar
Sampel (mm) (mm) Sampel (mm) (mm)
4,46 13,62 3,78 13,41

1 4,27 13,57 11 3,92 13,38

4,09 13,47 3,86 13,42

Rata-rata 4,27 13,55 Rata-rata 3,85 13,40
4,50 13,46 3,74 13,46

2 4,19 13,40 12 3,87 13,48

3,95 13,25 3,80 13,45

Rata-rata 4,21 13,37 Rata-rata 3,80 13,46
4,19 13,48 3,74 12,95

3 4,25 13,43 13 3,70 12,76

3,88 13,32 3,70 12,95

Rata-rata 4,11 13,41 Rata-rata 3,71 12,89
4,41 13,20 3,86 13,46

4 4,32 13,44 14 3,88 13,47

4,32 13,45 3,97 13,48

Rata-rata 4,35 13,36 Rata-rata 3,90 13,47
4,35 13,45 3,92 13,38

5 4,03 13,56 15 3,89 13,37

3,90 13,61 3,90 13,36

Rata-rata 4,09 13,54 Rata-rata 391 13,37
3,83 13,20 3,91 13,14

6 3,79 13,25 16 3,86 13,22

3,66 13,24 3,90 13,31

Rata-rata 3,76 13,23 Rata-rata 3,89 13,22
3,82 13,23 3,95 13,17

7 3,67 13,32 17 3,98 13,18

3,62 13,31 3,96 13,09

Rata-rata 3,70 13,29 Rata-rata 3,96 13,15
3,69 13,44 3,89 13,34

8 3,94 13,32 18 3,92 13,39

3,79 13,23 3,94 13,35

Rata-rata 3,81 13,33 Rata-rata 3,92 13,36
3,78 13,38 3,90 13,09

9 3,64 13,34 19 3,70 13,19

3,58 13,26 3,87 13,24

Rata-rata 3,67 13,33 Rata-rata 3,82 13,17
3,88 13,28 3,97 13,46

10 3,89 13,28 20 3,98 13,52

3,75 13,27 3,99 13,56

Rata-rata 3,84 13,28 Rata-rata 3,98 13,51
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UNIVERSITAS
GADJAH MADA . . .
) Hasil Perhitungan kekuatan bending

No. Tebal | Lebar | Length Support Beban Kekuatan bending

Sampel (mm) | (mm) (mm) (kg) (N) (kg/mmz) (MPa)

1 4,27 | 13,55 51,20 43,12 | 423,01 13,40 131,50

2 4,21 | 13,37 51,20 42,11 | 413,10 13,65 133,88

3 411 | 13,41 51,20 41,20 | 404,17 13,97 137,03

4 4,35 | 13,36 51,20 42,10 | 413,00 12,79 125,47

5 4,09 | 13,54 51,20 39,00 | 382,59 13,22 129,73

Rata-rata 421 | 13,45 51,20 41,51 | 407,17 13,41 131,52
Standar deviasi 0,11 0,09 0,00 1,56 15,27 0,44 4,35

6 3,76 | 13,23 51,20 36,10 | 354,14 14,82 145,41

7 3,70 | 13,29 51,20 41,10 | 403,19 17,35 170,19

8 3,81 | 13,33 51,20 39,10 | 383,57 15,52 152,24

9 3,67 | 13,33 51,20 41,10 | 403,19 17,58 172,47

10 3,84 | 13,28 51,20 40,60 | 398,29 15,92 156,21

Rata-rata 3,76 | 13,29 51,20 39,60 | 388,48 16,24 159,30
Standar deviasi 0,07 0,04 0,00 2,12 20,81 1,19 11,67

11 3,85 | 13,40 51,20 34,60 | 339,43 13,38 131,24

12 3,80 | 13,46 51,20 33,70 | 330,60 13,32 130,63

13 3,71 | 12,89 51,20 32,50 | 318,83 14,07 138,01

14 3,90 | 13,47 51,20 34,70 | 340,41 13,01 127,60

15 3,91 | 13,37 51,20 33,90 | 332,56 12,74 124,95

Rata-rata 3,83 | 13,32 51,20 33,88 | 332,36 13,30 130,49
Standar deviasi 0,08 | 0,24 0,00 0,88 8,68 0,50 4,90

16 3,89 | 13,22 51,20 30,00 | 294,30 11,52 112,99

17 3,96 | 13,15 51,20 35,00 | 343,35 13,04 127,87

18 3,92 | 13,36 51,20 35,00 | 343,35 13,09 128,45

19 3,82 | 13,17 51,20 29,90 | 293,32 11,95 117,22

20 3,98 | 13,51 51,20 32,10 | 314,90 11,52 113,01

Rata-rata 3,91 | 13,28 51,20 32,40 | 317,84 12,22 119,91
Standar deviasi 0,06 0,15 0,00 2,53 24,83 0,79 7,73
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UNIVERSITAS
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) Hasil Perhitungan modulus elastisitas bending

No. Tebal | Lebar SL::;f;?t Beban Defleksi | Modulus Elastisitas Bending
Sampel (mm) (mm) (mm) (kg) (N) (mm) (kg/mmz) (MPa) | (GPa)

1 4,27 | 13,55 51,20 43,12 423,01 2,50 548,61 | 5381,89 | 5,38

2 4,21 13,37 51,20 42,11 413,10 2,50 566,52 | 5557,59 | 5,56

3 4,11 13,41 51,20 41,20 404,17 2,50 593,95 | 5826,69 | 5,83

4 4,35 | 13,36 51,20 42,10 413,00 2,50 513,83 | 5040,65 | 5,04

5 4,09 | 13,54 51,20 39,00 382,59 2,50 565,05 | 5543,13 | 5,54
Rata-rata 421 | 13,45 51,20 41,51 407,17 2,50 557,59 | 5469,99 | 5,47
Standar deviasi | 0,11 0,09 0,00 1,56 15,27 0,00 29,38 288,25 | 0,29
6 3,76 | 13,23 51,20 36,10 354,14 2,75 626,33 | 6144,27 | 6,14

7 3,70 | 13,29 51,20 41,10 403,19 3,25 630,34 | 6183,68 | 6,18

8 3,81 | 13,33 51,20 39,10 383,57 3,00 593,20 | 5819,28 | 5,82

9 3,67 | 13,33 51,20 41,10 403,19 3,25 643,99 | 6317,55 | 6,32

10 3,84 | 13,28 51,20 40,60 398,29 3,00 603,90 | 5924,23 | 5,92
Rata-rata 3,76 | 13,29 | 51,20 39,60 388,48 3,05 619,55 | 6077,80 | 6,08
Standar deviasi 0,07 0,04 0,00 2,12 20,81 0,21 20,61 202,19 | 0,20
11 3,85 | 13,40 51,20 34,60 339,43 2,75 552,09 | 5415,96 | 5,42

12 3,80 | 13,46 51,20 33,70 330,60 2,75 556,74 | 5461,60 | 5,46

13 3,71 | 12,89 51,20 32,50 318,83 2,75 602,46 | 5910,10 | 5,91

14 3,90 | 13,47 51,20 34,70 340,41 2,75 529,89 | 5198,22 | 5,20

15 3,91 | 13,37 51,20 33,90 332,56 2,75 517,55 | 5077,20 | 5,08
Rata-rata 3,83 | 13,32 | 51,20 33,88 332,36 2,75 551,74 | 5412,62 | 5,41
Standar deviasi 0,08 0,24 0,00 0,88 8,68 0,00 32,57 319,52 | 0,32
16 3,89 | 13,22 51,20 30,00 294,30 2,50 517,43 | 5075,98 | 5,08

17 3,96 | 13,15 51,20 35,00 343,35 2,50 575,26 | 5643,33 | 5,64

18 3,92 | 13,36 51,20 35,00 343,35 2,50 583,73 | 5726,41 | 5,73

19 3,82 | 13,17 51,20 29,90 293,32 2,50 546,64 | 5362,59 | 5,36

20 3,98 | 13,51 51,20 32,10 314,90 2,50 505,84 | 4962,26 | 4,96
Rata-rata 3,91 | 13,28 51,20 32,40 317,84 2,50 545,78 | 5354,11 | 5,35
Standar deviasi | 0,06 0,15 0,00 2,53 24,83 0,00 34,31 336,61 | 0,34
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UNIVERSITAS
GADJAH MADA LAMPIRAN C
Data Hasil Pengujian Impak
Data hasil pengujian sampel uji impak (Bag.1)

No. Kode Tebal | Lebar | « B R G m

sampel sampel (mm) | (mm) | ()| ) | (m) | (M/5) | (kg)
4,30 10,00

1 B/UP/FG/H/CO 4,20 10,00 | 156 | 140 | 0,83 9,81 1
4,20 10,00
Rata-rata 4,23 10,00
4,20 10,00

2 B/UP/FG/H/CO 4,20 10,00 | 156 | 140 | 0,83 9,81 1
4,20 10,00
Rata-rata 4,20 10,00
4,40 10,00

3 B/UP/FG/H/CO 4,30 10,00 156 | 140 | 0,83 9,81 1
4,30 10,00
Rata-rata 4,33 10,00
4,25 10,00

4 B/UP/FG/H/CO 4,25 10,00 | 156 | 140 | 0,83 9,81 1
4,25 10,00
Rata-rata 4,25 10,00
4,30 10,00

5 B/UP/FG/H/CO 4,30 10,00 156 | 141 | 0,83 9,81 1
4,50 10,00
Rata-rata 4,37 10,00
4,00 10,00

6 B/UP/FG/H/C2 4,00 10,00 156 | 140 | 0,83 9,81 1
4,00 10,00
Rata-rata 4,00 10,00
4,00 10,00

7 B/UP/FG/H/C2 4,00 10,00 | 156 | 140 | 0,83 9,81 1
4,00 10,00
Rata-rata 4,00 10,00
4,00 10,00

8 B/UP/FG/H/C2 4,10 9,90 156 | 141 | 0,83 9,81 1
4,20 10,00
Rata-rata 4,10 9,97
4,20 10,00

9 B/UP/FG/H/C2 410 | 10,00 | 156 | 141 | 0,83 | 9,81 1
4,00 10,00
Rata-rata 4,10 10,00
4,10 9,90

10 B/UP/FG/H/C2 4,10 10,00 156 | 141 | 0,83 9,81 1
4,10 10,00
Rata-rata 4,10 9,97

Dilanjutkan pada bag.2
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GADJAH MADA Data hasil pengujian sampel uji impak (Bag.2)

No. Kode Tebal | Lebar | « B R G m
Sampel sampel (mm) | (mm) | ) | €) | (mm) | (0/5) | (i)
4,40 10,00

11 B/UP/FG/H/C4 4,30 10,00 | 156 | 138 | 0,83 9,81 1
4,20 10,00
Rata-rata 4,30 10,00
4,30 10,00

12 B/UP/FG/H/C4 4,30 10,00 | 156 | 137 | 0,83 9,81 1
4,30 10,00
Rata-rata 4,30 10,00
4,10 10,00

13 B/UP/FG/H/C4 4,30 10,00 | 156 | 136 | 0,83 9,81 1
4,30 10,00
Rata-rata 4,23 10,00
4,20 9,90

14 B/UP/FG/H/C4 4,20 10,00 156 | 137 0,83 9,81 1
4,20 10,00
Rata-rata 4,20 9,97
4,30 10,00

15 B/UP/FG/H/C4 4,20 10,00 | 156 | 137 | 0,83 9,81 1
4,20 10,00
Rata-rata 4,23 10,00
4,10 10,00

16 B/UP/FG/H/C6 4,20 10,00 | 156 | 141 | 0,83 9,81 1
4,30 9,90
Rata-rata 4,20 9,97
4,10 10,00

17 B/UP/FG/H/C6 4,10 10,00 156 | 142 0,83 9,81 1
4,20 10,00
Rata-rata 4,13 10,00
4,10 10,00

18 B/UP/FG/H/C6 4,20 10,00 | 156 | 142 0,83 9,81 1
4,20 10,00
Rata-rata 4,17 10,00
4,10 10,00

19 B/UP/FG/H/C6 4,20 10,00 156 | 142 0,83 9,81 1
4,30 10,00
Rata-rata 4,20 10,00
4,10 10,00

20 B/UP/FG/H/C6 4,10 10,00 156 | 141 0,83 9,81 1
4,20 10,00
Rata-rata 4,13 10,00
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GUNlVERS[TAS
ADJAH MADA . . .
) Hasil perhitungan kekuatan impak

No. Tebal | Lebar Luas a B R G m w Kekuatan Impak
sameel | (mm) | (mm) | (mm?) | ) | () | (m) | (m/s?) | (ke) | ) | @/mmd) | (Ki/m?)

1 4,23 | 10,00 | 42,30 | 156 140 0,83 9,81 1,00 1,201 0,0284 28,39

2 4,20 | 10,00 | 42,00 | 156 140 0,83 9,81 1,00 1,201 0,0286 28,60

3 4,33 | 10,00 | 43,30 | 156 140 0,83 9,81 1,00 1,201 0,0277 27,74

4 4,25 | 10,00 | 42,50 | 156 140 0,83 9,81 1,00 1,201 0,0283 28,26

5 4,37 | 10,00 | 43,70 | 156 141 0,83 9,81 1,00 1,111 0,0254 25,41
Rata-rata 4,28 | 10,00 | 42,76 | 156 | 140,2 | 0,83 9,81 1,00 1,183 | 0,0277 27,68
Standar deviasi 0,0013 1,31
6 4,00 | 10,00 | 40,00 | 156 | 140 0,83 9,81 1,00 1,201 | 0,0300 30,02

7 4,00 | 10,00 | 40,00 | 156 | 140 0,83 9,81 1,00 1,201 | 0,0300 30,02

8 4,10 | 9,97 | 40,88 | 156 | 141 0,83 9,81 1,00 1,111 | 0,0272 27,17

9 4,10 | 10,00 | 41,00 | 156 | 141 0,83 9,81 1,00 1,111 | 0,0271 27,09

10 4,10 9,97 40,88 | 156 141 0,83 9,81 1,00 1,111 0,0272 27,17
Rata-rata 4,06 9,99 40,55 | 156 | 140,6 0,83 9,81 1,00 1,147 0,0283 28,30
Standar deviasi 0,0016 1,58
11 4,30 | 10,00 | 43,00 | 156 138 0,83 9,81 1,00 | 1,387 0,0323 32,27

12 4,30 | 10,00 | 43,00 | 156 137 0,83 9,81 1,00 | 1,483 0,0345 34,50

13 4,23 | 10,00 | 42,30 | 156 136 0,83 9,81 1,00 | 1,581 0,0374 37,38

14 4,20 | 9,97 | 41,87 | 156 137 0,83 9,81 1,00 | 1,483 | 0,0354 35,43

15 4,23 | 10,00 | 42,30 | 156 137 0,83 9,81 1,00 | 1,483 | 0,0351 35,07
Rata-rata 4,25 | 9,99 | 42,49 | 156 137 0,83 9,81 1,00 | 1,484 | 0,0349 34,93
Standar deviasi 0,0018 1,84
16 4,20 | 9,97 | 41,87 | 156 141 0,83 9,81 1,00 | 1,111 | 0,0265 26,52

17 4,13 | 10,00 | 41,30 | 156 142 0,83 9,81 1,00 | 1,022 | 0,0247 24,75

18 4,17 | 10,00 | 41,70 | 156 142 0,83 9,81 1,00 | 1,022 0,0245 24,51

19 4,20 | 10,00 | 42,00 | 156 142 0,83 9,81 1,00 | 1,022 0,0243 24,34

20 4,13 | 10,00 | 41,30 | 156 141 0,83 9,81 1,00 | 1,111 0,0269 26,89
Rata-rata 4,17 9,99 41,63 | 156 141,6 0,83 9,81 1,00 | 1,058 0,0254 25,40
Standar deviasi 0,0012 1,21
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Data Hasil Pengujian Ketangguhan Retak
Data hasil pengujian sampel ketangguhan retak
No. Kode Sampel Lebar | Tebal Length Support Panjang Retak Beban Patah
Sampel (mm) (mm) (mm) (mm) (kg)
12,40 6,90
1 K/UP/FG/H/CO | 12,55 6,70 50,8 0,004110 44,30
12,25 6,50
Rata-Rata 12,40 6,70
12,60 7,40
2 K/UP/FG/H/CO | 12,65 7,30 50,8 0,004023 45,30
12,55 6,80
Rata-Rata 12,60 7,17
12,30 6,95
3 K/UP/FG/H/CO | 12,55 6,85 50,8 0,004233 29,60
12,25 6,55
Rata-Rata 12,37 6,78
12,60 7,10
4 K/UP/FG/H/CO | 12,70 6,90 50,8 0,004497 35,70
12,45 6,50
Rata-Rata 12,58 6,83
12,70 6,70
5 K/UP/FG/H/CO | 12,90 6,80 50,8 0,004560 35,30
12,75 6,80
Rata-Rata 12,78 6,77
12,50 6,35
6 K/UP/FG/H/C2 | 12,55 6,35 50,8 0,003963 41,10
12,65 6,55
Rata-Rata 12,57 6,42
12,55 6,50
7 K/UP/FG/H/C2 | 12,70 6,45 50,8 0,003743 45,20
12,70 6,35
Rata-Rata 12,65 6,43
12,70 6,45
8 K/UP/FG/H/C2 | 12,70 6,55 50,8 0,003757 45,20
11,60 6,44
Rata-Rata 12,33 6,48
12,45 6,50
9 K/UP/FG/H/C2 | 12,65 6,45 50,8 0,004617 39,30
12,50 6,45
Rata-Rata 12,53 6,47
12,65 6,35
10 K/UP/FG/H/C2 | 12,85 6,35 50,8 0,003943 36,40
12,65 6,35
Rata-Rata 12,72 6,35

Dilanjutkan pada bag.2
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GADJAH MADA . -
J Data hasil pengujian sampel ketangguhan retak (Bag.2)
No. Lebar | Tebal | Length Support Panjang Retak Beban Patah
Kode Sampel
Sampel (mm) | (mm) (mm) (mm) (kg)
12,55 | 5,95
11 K/UP/FG/H/C4 | 12,65 | 6,00 50,8 0,003747 41,00
12,75 | 5,95
Rata-Rata 12,65 | 5,97
12,60 | 6,15
12 K/UP/FG/H/C4 | 1265 | 6,20 50,8 0,003887 39,80
12,55 | 6,30
Rata-Rata 12,60 | 6,22
12,65 | 5,90
13 K/UP/FG/H/C4 | 12,85 | 595 50,8 0,003690 51,70
12,60 | 5,65
Rata-Rata 12,70 | 5,83
12,65 | 6,15
14 K/UP/FG/H/C4 | 12,70 | 6,25 50,8 0,003867 41,50
12,65 | 6,35
Rata-Rata 12,67 | 6,25
12,55 | 5,85
15 K/UP/FG/H/C4 | 12,70 | 5,95 50,8 0,003797 41,00
12,65 | 5,95
Rata-Rata 12,63 | 5,92
12,35 | 6,95
16 K/UP/FG/H/C6 | 12,45 | 7,00 50,8 0,003483 51,20
12,50 | 6,90
Rata-Rata 12,43 | 6,95
12,50 | 6,55
17 K/UP/FG/H/C6 | 12,60 | 6,65 50,8 0,003790 40,10
12,55 | 6,55
Rata-Rata 12,55 | 6,58
12,60 | 6,65
18 K/UP/FG/H/C6 | 12,70 | 6,55 50,8 0,004013 42,70
12,50 | 6,60
Rata-Rata 12,60 | 6,60
12,45 | 6,68
19 K/UP/FG/H/C6 | 12,50 | 6,70 50,8 0,004300 36,90
12,55 | 6,65
Rata-Rata 12,50 | 6,68
12,75 | 6,55
20 K/UP/FG/H/C6 | 12,60 | 6,55 50,8 0,003783 40,90
12,50 | 6,55
Rata-Rata 12,62 | 6,55
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UNIVERSITAS

GADJAH MADA Hasil pengukuran initial retak

No Terbaca | Pembagi Initial Retak No Terbaca | Pembagi Initial Retak
Sampel (mm) Sampel (mm)
10 15 0,667 9 15 0,600
10 15 0,667 8 15 0,533
1 8 15 0,533 11 8 15 0,533
7 15 0,467 8 15 0,533
7 15 0,467 8 15 0,533
Rata-rata 0,560 Rata-rata 0,547
9 15 0,600 9 15 0,600
9 15 0,600 9 15 0,600
2 9 15 0,600 12 9 15 0,600
8 15 0,533 9 15 0,600
8 15 0,533 8 15 0,533
Rata-rata 0,573 Rata-rata 0,587
5 15 0,333 8,5 15 0,567
5 15 0,333 8 15 0,533
3 5 15 0,333 13 8 15 0,533
5 15 0,333 8 15 0,533
5 15 0,333 8 15 0,533
Rata-rata 0,333 Rata-rata 0,540
6 15 0,400 10 15 0,667
5 15 0,333 10 15 0,667
4 5 15 0,333 14 10 15 0,667
5 15 0,333 10 15 0,667
5 15 0,333 10 15 0,667
Rata-rata 0,347 Rata-rata 0,667
6 15 0,400 8 15 0,533
6 15 0,400 8 15 0,533
5 5 15 0,333 15 8 15 0,533
5 15 0,333 8 15 0,533
5 15 0,333 9 15 0,600
Rata-rata 0,360 Rata-rata 0,547
10 15 0,667 8 15 0,533
10 15 0,667 8 15 0,533
6 10 15 0,667 16 8 15 0,533
8 15 0,533 8 15 0,533
8 15 0,533 8 15 0,533
Rata-rata 0,613 Rata-rata 0,533
9,5 15 0,633 7,5 15 0,500
9 15 0,600 8 15 0,533
7 9 15 0,600 17 8 15 0,533
9 15 0,600 8 15 0,533
8 15 0,533 9 15 0,600
Rata-rata 0,593 Rata-rata 0,540
9,5 15 0,633 9 15 0,600
9 15 0,600 9 15 0,600
8 9 15 0,600 18 9 15 0,600
9 15 0,600 9 15 0,600
9 15 0,600 10 15 0,667
Rata-rata 0,607 Rata-rata 0,613
6 15 0,400 9 15 0,600
7 15 0,467 9 15 0,600
9 9 15 0,600 19 9 15 0,600
10 15 0,667 9 15 0,600
10,5 15 0,700 9 15 0,600
Rata-rata 0,567 Rata-rata 0,600
9 15 0,600 5 15 0,333
9 15 0,600 5 15 0,333
10 9 15 0,600 20 5 15 0,333
9 15 0,600 5 15 0,333
8,5 15 0,567 5 15 0,333
Rata-rata 0,593 Rata-rata 0,333
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) Hasil perhitungan panjang retak

No. Lebar Initial Retak
(w) (C) | Dalam Notch U (D) (E) Panjang Retak (a)
Sampel (mm) (mm) (mm) (mm) (m)
1. 12,55 9,00 3,55 0,560 4,110000 | 0,004110
2. 12,65 9,20 3,45 0,573 4,023333 | 0,004023
3. 12,55 8,65 3,90 0,333 4,233333 | 0,004233
4. 12,70 8,55 4,15 0,347 4,496667 | 0,004497
5. 12,90 8,70 4,20 0,360 4,560000 | 0,004560
6. 12,55 9,20 3,35 0,613 3,963333 | 0,003963
7. 12,70 9,55 3,15 0,593 3,743333 | 0,003743
8. 12,70 9,55 3,15 0,607 3,756667 | 0,003757
9. 12,65 8,60 4,05 0,567 4,616667 | 0,004617
10. 12,85 9,50 3,35 0,593 3,943333 | 0,003943
11. 12,65 9,45 3,20 0,547 3,746667 | 0,003747
12. 12,65 9,35 3,30 0,587 3,886667 | 0,003887
13. 12,85 9,70 3,15 0,540 3,690000 | 0,003690
14. 12,70 9,50 3,20 0,667 3,866667 | 0,003867
15. 12,70 9,45 3,25 0,547 3,796667 | 0,003797
16. 12,45 9,50 2,95 0,533 3,483333 | 0,003483
17. 12,60 9,35 3,25 0,540 3,790000 | 0,003790
18. 12,70 9,30 3,40 0,613 4,013333 | 0,004013
19 12,50 8,80 3,70 0,600 4,300000 | 0,004300
20 12,60 9,15 3,45 0,333 3,783333 | 0,003783
a
v AR S >
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Hasil perhitungan ketangguhan retak
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No. Lebar Tebal SL::fct:t Panjang Retak Beban Patah Ketangguhan Retak
sampel | (mm) | (mm) | (mm) (mm) (m) (kg) (N) m‘m"iz (MPa m*?)

1 12,40 6,70 50,8 4,110000 0,004110 44,30 | 434,583 12,660 3,927

2 12,60 7,17 50,8 4,023333 0,004023 45,30 | 444,393 11,452 3,553

3 12,37 6,78 50,8 4,233333 0,004233 29,60 | 290,376 8,628 2,677

4 12,58 6,83 50,8 4,496667 0,004497 35,70 | 350,217 10,467 3,247

5 12,78 6,77 50,8 4,560000 0,004560 35,30 | 346,293 10,190 3,161
Rata-rata 10,680 3,313
Standar deviasi 1,501 0,466
6 12,57 6,42 50,8 3,963333 0,003963 41,10 | 403,191 11,534 3,578

7 12,65 6,43 50,8 3,743333 0,003743 45,20 | 443,412 11,917 3,697

8 12,33 6,48 50,8 3,756667 0,003757 45,20 | 443,412 12,566 3,898

9 12,53 6,47 50,8 4,616667 0,004617 39,30 | 385,533 12,609 3,912

10 12,72 6,35 50,8 3,943333 0,003943 36,40 | 357,084 10,003 3,103
Rata-rata 11,726 3,638
Standar deviasi 1,064 0,330
11 12,65 5,97 50,8 3,746667 0,003747 41,00 | 402,210 11,657 3,616

12 12,60 6,22 50,8 3,886667 0,003887 39,80 | 390,438 11,275 3,498

13 12,70 5,83 50,8 3,690000 0,003690 51,70 | 507,177 14,749 4,575

14 12,67 6,25 50,8 3,866667 | 0,003867 | 41,50 | 407,115 | 11,506 3,569

15 12,63 5,92 50,8 3,796667 | 0,003797 | 41,00 402,21 11,917 3,697
Rata-rata 12,221 3,791
Standar deviasi 1,432 0,444
16 12,43 6,95 50,8 3,483333 0,003483 51,20 | 502,272 12,323 3,823

17 12,55 6,58 50,8 3,790000 0,003790 40,10 | 393,381 10,625 3,296

18 12,60 | 6,60 50,8 4,013333 | 0,004013 | 42,70 | 418,887 | 11,698 3,629

19 12,50 | 6,68 50,8 4,300000 | 0,004300 | 36,90 | 361,989 | 10,795 3,349

20 12,62 6,55 50,8 3,783333 | 0,003783 | 40,90 | 401,229 | 10,735 3,330
Rata-rata 11,235 3,485
Standar deviasi 0,744 0,231
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GADJAH MADA

LAMPIRANE
Data Paratrcgﬂgtler Uji XRD
File: sampel : 0% clay fraksi berat 3-Nov-2011 13:37
Philips analytical PC-APD, Diffracvion software

sample identification: Sampel 1 0%-Clay
Data measured at: Z-Nov-2011l 12:55:00

piffractometer type: Pwl710 8asgo
Tube anode: Cu
Generator tension kv% §2

TR

Generator current [ma
wavelength Alphal H 1.54060
wavelength Alpha2 1.54439

Intensity ratio (alphaz/alphal): D.S500

pivergence slit: 2o
Receiving stit: 0.2
Monachromator used: NO

start angle 32{-:%: 3.000
gend angle {mle]: 9.995
Step size {92é]: 0.005

Maximum intensity: 1568.160

Time per step [s): 1.000
. Type of scan: CONTINUOUS

Minfmum peak tip width: 0.00
Maximum peak tip width: 1.00
reak base width: 2.00
minimum significance: C.75
Number of peaks: 2

Angk d-value d-value peak width peak int sBack. int Rel. int Ssignif,
[e26] a1 [] az i [a2é] [counts} {counts} %3

3.360 26.2746 26.3392 0.280 1568 502 100.0 4.86
8.280 10.669% 10.6 ¢.800 15 671 1.2 1.11
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UGM-2

File: sampel : 2% clay fraksi berat 3-Nov-2011 13:38

pC-aAPD, Diffraction software

philips Analytical

sample identification:

Sampel 2 2%-Cla
Data measured at:

2-Nov-2011 13:¥Q:OG
PWL71( BASED

piffractometer type:
Tube anode:
Generator tension {kv]:

cu
40

Generator current imal: 25

wavelength Alphal [1:
wavelength Alphaz []:

Intensity ratio (alphal/aiphal):
Divergence s]lit:

rReceiving siit:

Monochromator used:

1.54060
1.54439

0,500
2e
0.2
;¢

start angle [B2é]: 3,000
End angle [w2é}:  9.995
Step size [e2é]: 0.005

Maximum intensity: 1474.560
Time per step [s]: 1.060

Type of scan: CONTINUOUS

Mimimum peak tip width: 0.00
Maximum peak tip width: 1.00G
reak base width: 2.00
Mipimum significance: G.75
Number of peaks: 5

Angie d-value d-value peak width peak int Back. int Rel. dnt signif.
fa2é] a1 a2z I3 [e2é] {counts} {counts? %}

3.390 26.0421 26.1062 6.120 1475 529 100.0 1.08
4.525 19.5122 19.5602 0.640 132 529 9.0 7.62
5.695 15.505% 15.5441 0.070 G 529 0.0 G.79
6.840 12,7268 12,7581 0.480 96 529 6.5 1.09
9.3135 9.6731 9.6969 0.320 262 529 17.8 0.85
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HGM-3
File: Sampel : 6% clay fraksi berat 3-Nov-2011 13:39

Phitips analytical PC-APD, Diffraction software

sample identification: Ssampel 3 6%-Clay
Data measured at: 2-Nov-2011 13:56:00

piffracrometer type: PWi1710 BASED
Tube anode: Cu
Generator tension Ekv T 40
Geperater current imai: 25
wavelength Alphal [}: 1.54060
wavelength Alpha2 []: 1.54439
Intensity ratio (alpha2/aiphal): 0.500
pivergence slit: Z»
Receiving siit: 9.2
MonoChromator used: NQO

start angle {e2él: 2,000
End angle [p2é}: 9.995
Step size [e2él: 0.005

Maximum intensity: 1806.250

Time per step [si: 1.000

Type of scan: CONTINUOUS

Minimum peak tip width: 0.00
mMaximym peak tip width: 1.00
peak base width: 2.00
minimum significance: 0.75
Number of peaks: 4

?ngI% d-value d-vaiue peak width eeak int Back. int Rel. int signif.
wlé

al [1 &z [3] [@2é] [counts] [counts] %]
3.330 26.51312 26.5764 0.280 1806 581 100.9 4.08
4.520 15.5338 19.5819 0.120 372 581 20.6 .94
6,890 12.8190 12.8306 (.280 207 581 11.5 2.%%
1.

9.180 9.6257 9.6494 0.400 317 581 17.5
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