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ABSTRAK

Penelitian ini bertujuan mengembangkan material komposit berbahan dasar
serat limbah sabut kelapa dengan metode hot press sebagai alternatif blok rem
kereta api yang ramah lingkungan dan berkelanjutan. Variasi fraksi volume serat
(60%, 65%, dan 70%) serta suhu proses (160°C, 170°C, dan 180°C) diuji untuk
mengetahui pengaruh terhadap sifat mekanik material, meliputi uji tarik (ASTM
D3039), uji kekerasan (Shore D), dan uji koefisien gesek. Hasil uji menunjukkan
bahwa spesimen dengan komposisi 60% serat dan suhu 180°C menghasilkan
performa terbaik, dengan nilai kekuatan tarik sebesar 27,85 MPa, kekerasan 88,4
HRR, dan koefisien gesek sebesar 0,22. Nilai-nilai ini mendekati dan sebagian
memenuhi standar SNI 8832:2019 untuk blok rem kereta api, khususnya pada
parameter kekerasan dan koefisien gesek. Struktur mikro pada spesimen terbaik
menunjukkan ikatan serat-matriks yang baik serta distribusi serat yang homogen.
Analisis regresi dan ANOVA menunjukkan bahwa variasi suhu dan fraksi serat
memberikan pengaruh signifikan terhadap sifat mekanik komposit. Penelitian ini
menyimpulkan bahwa serat sabut kelapa berpotensi tinggi sebagai bahan alternatif
dalam pembuatan blok rem, dengan keunggulan ramah lingkungan, ekonomis, dan

tahan aus.

Kata Kunci : Material Maju, Kereta api, Blok Rem, Sabut kelapa, Komposit

Alami.
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ABSTRACT

This research aims to develop a composite material based on coconut husk
fiber waste using the hot press method as an environmentally friendly and
sustainable alternative for railway brake blocks. Variations in fiber volume fraction
(60%, 65%, and 70%) and processing temperatures (160°C, 170°C, and 180°C)
were tested to examine their effects on mechanical properties, including tensile
strength (ASTM D3039), hardness (Shore D), and coefficient of friction. The results
showed that the specimen with 60% fiber composition and 180°C processing
temperature delivered the best performance, achieving a tensile strength of 27.85
MPa, hardness of 88.4 HRR, and a coefficient of friction of 0.22. These values meet
or closely approach the requirements of the Indonesian National Standard (SNI
8832:2019) for railway brake blocks, particularly in terms of hardness and friction
coefficient. Microstructural analysis of the optimal specimen revealed strong fiber—
matrix bonding and homogeneous fiber distribution. Regression and ANOVA
analyses confirmed that both temperature and fiber fraction significantly influenced
the mechanical properties. This study concludes that coconut husk fiber has high
potential as an alternative brake block material, offering environmental benefits,

cost efficiency, and excellent wear resistance.

Keywords: Advanced Materials, Railway, Brake Block, Coconut Husk, Natural

Composite.

vii
https://lib.mercubuana.ac.id



DAFTAR ISI

HALAMAN PENGESAHAN .......ooiii e [
LEMBAR PERNYATAAN ..ot I
SURAT KETERANGAN HASIL SIMILARITY ..o ii
KATA PENGANTAR ..o \Y%
ABSTRAK ... Vi
ABSTRACT .o vii
DAFTAR IS viii
DAFTAR GAMBAR ...t Xi
DAFTAR TABEL ... Xiv
BAB | PENDAHULUAN ..o 1
1.1 LATARBELAKANG.......ccootiiitt ittt 1
1.2 RUMUSAN MASALAH. ...ttt 4
1.3 TUJIUAN Lo s 5
14 MANFAAT Lo s 6
1.5  BATASAN MASALAH ..o 6
1.6 NOVELTY ottt 7
1.7 SISTEMATIKA PENULISAN ..o 8
BAB TH_TINJAUAN PUSTAKA ..o 10
2.1 KOMPOSIT ..o 10
viii

https://lib.mercubuana.ac.id



2.2 SABUT KELAPA ...t 15
2.3 HOT PRESS METHOD .....cooiiiiiiie ittt 20
24 BLOK REM KERETA AP ..o 21
2.5 SIFAT MEKANIS. ... 28
2.6 PENGAMATAN STRUKTUR MIKRO .......cccoiiiiinieiene e 33
2.7  TEKNIK ANALISIS REGRESI LINEAR DAN ANOVA........ccooiiiiieene 34
2.8 REVIEW PENELITIAN TERDAHULU........ccooiiiiie 34
BAB IHILMETODE PENELITIAN ...t 43
3.1 DIAGRAM ALIR PENELITIAN ..ottt 43
3.2 METODE PENELITIAN ..ottt 48
3.3 TEMPAT PENELITIAN ..o 49
3.4 BAHAN PENELITIAN ..ot 49
3.5 ALAT PENELITIAN ..ot e 51
3.6 VARIABEL PENELITIAN. ...t 60
3.7 ANALISIS DATA e bbb 60
3.8 PENGAMBILAN KEPUTUSAN. ..ot 61
3.9 PEMBUATAN SPESIMEN UJI TARIK, UJI KEKERASAN DAN
KOEFISIEN GESEK ..o .62

3.10 PENGUJIAN TARIK SPESIMEN KOMPOSIT ......ccccoiiiiiiiiieeeee, 68

IX

https://lib.mercubuana.ac.id



BAB IV_HASIL DAN PEMBAHASAN ......ooiiiiiiiiie e 71

41 HASIL PENGUJIAN UJI TARIK ...ooooiiooosescoeesseoeeessssoees oo 71
42 HASIL PENGUJIAN UJI KEKERASAN ........oooooiioosssioeessssoeessssoeese 84
43 HASIL PENGUJIAN UJI KOEFISIEN GESEK........oovsccooeosseeoerssoe 100
44 HASIL PENGUJIAN MIKRO STRUKTUR ....ooovoiocoossceeesseoes oo 108

BAB V_KESIMPULAN DAN SARAN ...........ccoommmmmmmrrrreoisssssssesssseeessssssnnees 117
51 KESIMPULAN .....ooooioiooeeseeesse oo esoeessseees st 117
5.2 SARAN ...ooociooooeceeeeseeoeesssseessssees oo 118

DAFTAR PUSTAKA ......oiimmvoroeeiosssseeeesseosesssssssssssssooesssssassssesssssesssssssseeees 119

LAMPIRAN .........ooovvvveeeeesssseeeeseeeeeesssseeessssosessessssssssssssssss s ssesssssessssssseeees 125

X

https://lib.mercubuana.ac.id



DAFTAR GAMBAR

Gambar 2. 1 Mikrostruktur fibrous COMPOSITE ..........ccovrvririeiieieie e 13
Gambar 2. 2 Mikrostruktur Laminate COMPOSITE ..........ccoeveieiiereieienenesesieeias 14
Gambar 2. 3 Mikrostruktur particulate COMPOSITE..........cccvvveiireieiesereseeee 14
Gambar 2. 4 Keset Sabut Kelapa ...........ccooeiiiiiiiiiiice e 17
Gambar 2. 5 Serat Sabut Kelapa ..........ccccooveiiiiiiiiiiieee e 18
Gambar 2. 6 COCOSNEEt ROII ........coiiiiiiiieiee e 19
Gambar 2. 7 Coconut Fiber-Cement BOard ...........ccocooovveiiniinieieieene s 20
Gambar 2. 8 MeSIN HOE PreSS ........coiiiiiiiiiiieie e 21
Gambar 2. 9 Letak Blok Rem Pada Kereta Api........ccooovvvinieiiieii s 22
Gambar 2. 10 Blok Ream MetaliK ...........ccooiiiiiiiiiiiiiiieeece e 23
Gambar 2.11 Prototype Blok Rem Komposit Kereta Api .......cccoceeeveiiiininnnnns 25
Gambar 2. 12 Skema peralatan yang digunakan dalam uji tarik..............cc.cc.coe.. 29
Gambar 2. 13 Contoh kurva hasil uji tarik...........cccoceiiiiiiiicces 30
Gambar 2. 14 Teknik Pengujian KeKerasan...........ccccooviviiiiniininenene s 31
Gambar 2. 15 Alat Uji Kekerasan Shore D..........cccooiiiiiiiiiiiiiene s 31
Gambar 3. 1 Diagram Alir Penelitian ... 43
Gambar 3. 2 Resin Epoxy dan Hardner ... 50
Gambar 3. 3 Limbah Sabut Kelapa...........cccoeiiiiiiiiiiieieeeee e 50
Gambar 3. 4 Serat Sabut Kelapa ..........ccccviiiiiiiiiieeee e 50
Gambar 3. 5 Anti Lengket Pada Cetakan............cocoviiiiiiinieiieiee e 51
Gambar 3. 6. Alat Uji Tarik .......ccccoiiiiiiiiiie e 53
Gambar 3. 7. Spesimen Uji Tarik standard ASTM D3039........cccceecvviveriveriernene. 53
Xi

https://lib.mercubuana.ac.id


file:///D:/Kuliah/Kuliah_S2_MTM/Tesis/Tesis%20Blok%20Rem%20Kereta%20Api/Thesis%20Azizi_Blok%20Rem%20Komposit%20KA%20(8).docx%23_Toc199550375
file:///D:/Kuliah/Kuliah_S2_MTM/Tesis/Tesis%20Blok%20Rem%20Kereta%20Api/Thesis%20Azizi_Blok%20Rem%20Komposit%20KA%20(8).docx%23_Toc199550376

Gambar 3.

Gambar 3.

Gambar 3.

Gambar 3.

Gambar 3.

Gambar 3.

Gambar 3.

Gambar 3.

Gambar 3.

Gambar 3.

Gambar 3.

Gambar 3.

Gambar 3.

Gambar 3.

Gambar 3.

Gambar 3.

Gambar 3.

Gambar 3.

Gambar 3.

Gambar 3.

Gambar 3.

Gambar 3.

Gambar 3.

8 Alat Uji Kekerasan Shore D..........cccooeiiiiiiniiiiiccccc e 54
9 Alat Uji KOefisien GESEK ........ccuevveiiiiiiiiiiiiiicieeceee s 54
10 Skala pembacaan Koefisien Gesek ........cccccevvviniiiiiiinnincieee, 55
11 IMESIN PIESS ..ottt 55
12 Microscope Metallurgical ... 56
13 Cetakan Spesimen Uji TariK ........ccccooviiiiiiiniieiec e 57
14 Desain Tutup Cetakan Spesimen Uji TariK..........ccocoooiiiininnnnnne 57
15 Desain Bagian Bawah Cetakan Spesimen Uji TariK............cc.cc..... 58
16 Cetakan Uji Kekerasan dan Koefisien Gesek ..........ccccccevcveriviennne. 58
17 Lokasi Pembuatan SPesimen...........ccocvvvirininienene e 62
18 Komposisi Spesimen Uji Kekerasan dan Uji Koefisien Gesek ..... 63
19 Komposisi Spesimen Uji Tarik ........c.ccoovoiiniiiiiinincnce 63
20 (a) Persiapan Wadah Serat (b) Penimbangan Serat....................... 64
21 Pengolesan wax anti 1engket ... 64
22 Peletakan Cetakan Pada Mesin HOt Press..........cccocovevviencncninnnn. 65
23 Proses Press Cetakan ..o 65
24 Set timer selama 20 MENIT .......covveiiiiriee s 66
25 Pemantauan temperature NOt Press ........coovvvveeeeienene e 66
26 Spesimen Jadi Uji TariK ..o 67
27 Spesimen Jadi Uji Kekerasan dan Koefisien Gesek..........c............ 67
28 Pengujian Tarik di Laboratorium Material.............cccccoevvvverirennnne. 68
29 1dentifikasi SPESIMEN........cccviiiiiiee s 68
30 Spesimen dijepit untuk persiapan uji tarik ..........cccceeereninenennnn 69

Xii

https://lib.mercubuana.ac.id


file:///D:/Kuliah/Kuliah_S2_MTM/Tesis/Tesis%20Blok%20Rem%20Kereta%20Api/Thesis%20Azizi_Blok%20Rem%20Komposit%20KA%20(8).docx%23_Toc199550383
file:///D:/Kuliah/Kuliah_S2_MTM/Tesis/Tesis%20Blok%20Rem%20Kereta%20Api/Thesis%20Azizi_Blok%20Rem%20Komposit%20KA%20(8).docx%23_Toc199550384
file:///D:/Kuliah/Kuliah_S2_MTM/Tesis/Tesis%20Blok%20Rem%20Kereta%20Api/Thesis%20Azizi_Blok%20Rem%20Komposit%20KA%20(8).docx%23_Toc199550385
file:///D:/Kuliah/Kuliah_S2_MTM/Tesis/Tesis%20Blok%20Rem%20Kereta%20Api/Thesis%20Azizi_Blok%20Rem%20Komposit%20KA%20(8).docx%23_Toc199550387
file:///D:/Kuliah/Kuliah_S2_MTM/Tesis/Tesis%20Blok%20Rem%20Kereta%20Api/Thesis%20Azizi_Blok%20Rem%20Komposit%20KA%20(8).docx%23_Toc199550389
file:///D:/Kuliah/Kuliah_S2_MTM/Tesis/Tesis%20Blok%20Rem%20Kereta%20Api/Thesis%20Azizi_Blok%20Rem%20Komposit%20KA%20(8).docx%23_Toc199550391
file:///D:/Kuliah/Kuliah_S2_MTM/Tesis/Tesis%20Blok%20Rem%20Kereta%20Api/Thesis%20Azizi_Blok%20Rem%20Komposit%20KA%20(8).docx%23_Toc199550392
file:///D:/Kuliah/Kuliah_S2_MTM/Tesis/Tesis%20Blok%20Rem%20Kereta%20Api/Thesis%20Azizi_Blok%20Rem%20Komposit%20KA%20(8).docx%23_Toc199550393
file:///D:/Kuliah/Kuliah_S2_MTM/Tesis/Tesis%20Blok%20Rem%20Kereta%20Api/Thesis%20Azizi_Blok%20Rem%20Komposit%20KA%20(8).docx%23_Toc199550394
file:///D:/Kuliah/Kuliah_S2_MTM/Tesis/Tesis%20Blok%20Rem%20Kereta%20Api/Thesis%20Azizi_Blok%20Rem%20Komposit%20KA%20(8).docx%23_Toc199550395
file:///D:/Kuliah/Kuliah_S2_MTM/Tesis/Tesis%20Blok%20Rem%20Kereta%20Api/Thesis%20Azizi_Blok%20Rem%20Komposit%20KA%20(8).docx%23_Toc199550396
file:///D:/Kuliah/Kuliah_S2_MTM/Tesis/Tesis%20Blok%20Rem%20Kereta%20Api/Thesis%20Azizi_Blok%20Rem%20Komposit%20KA%20(8).docx%23_Toc199550397
file:///D:/Kuliah/Kuliah_S2_MTM/Tesis/Tesis%20Blok%20Rem%20Kereta%20Api/Thesis%20Azizi_Blok%20Rem%20Komposit%20KA%20(8).docx%23_Toc199550398
file:///D:/Kuliah/Kuliah_S2_MTM/Tesis/Tesis%20Blok%20Rem%20Kereta%20Api/Thesis%20Azizi_Blok%20Rem%20Komposit%20KA%20(8).docx%23_Toc199550399
file:///D:/Kuliah/Kuliah_S2_MTM/Tesis/Tesis%20Blok%20Rem%20Kereta%20Api/Thesis%20Azizi_Blok%20Rem%20Komposit%20KA%20(8).docx%23_Toc199550400
file:///D:/Kuliah/Kuliah_S2_MTM/Tesis/Tesis%20Blok%20Rem%20Kereta%20Api/Thesis%20Azizi_Blok%20Rem%20Komposit%20KA%20(8).docx%23_Toc199550401
file:///D:/Kuliah/Kuliah_S2_MTM/Tesis/Tesis%20Blok%20Rem%20Kereta%20Api/Thesis%20Azizi_Blok%20Rem%20Komposit%20KA%20(8).docx%23_Toc199550402
file:///D:/Kuliah/Kuliah_S2_MTM/Tesis/Tesis%20Blok%20Rem%20Kereta%20Api/Thesis%20Azizi_Blok%20Rem%20Komposit%20KA%20(8).docx%23_Toc199550403
file:///D:/Kuliah/Kuliah_S2_MTM/Tesis/Tesis%20Blok%20Rem%20Kereta%20Api/Thesis%20Azizi_Blok%20Rem%20Komposit%20KA%20(8).docx%23_Toc199550404
file:///D:/Kuliah/Kuliah_S2_MTM/Tesis/Tesis%20Blok%20Rem%20Kereta%20Api/Thesis%20Azizi_Blok%20Rem%20Komposit%20KA%20(8).docx%23_Toc199550405

Gambar 3.

Gambar 3.

Gambar 3.

Gambar 4.

Gambar 4.

Gambar 4.

Gambar 4.

Gambar 4.

Gambar 4.

Gambar 4.

Gambar 4.

Gambar 4.

Gambar 4.

Gambar 4.

Gambar 4.

Gambar 4.

Gambar 4.

Gambar 4.

Gambar 4.

Gambar 4.

Gambar 4.

Gambar 4.

31 Pengaturan Parameter Uji Tarik ... 69
32 RUNNING PENQUJIAN ...ttt 70
33 TuNQQU SPESIMEN tEPULUS ...t 70
1 Lokasi Putusnya SPesimen...........ccoovviieiiiiiiiiiiieieeeeene 78
2 Regresi Pengaruh TEMPErature........cccooevvriieninieeeee s 82
3 Regresi Pengaruh Serat ...........cocooveiereieneiiniseeieee e 83
4 Spesimen Uji KeKerasan ..........cccuoveeienenene i 84
6 Grafik Nilai Kekerasan Shore D Semua Spesimen...........cc.ccoovevenne. 89
7 Grafik Uji Kekerasan Komposisi 60-40............cccovvvrenenenenenenn 90
8 Grafik Uji Kekerasan Komposisi 63-35..........ccccoovviienenencnenenn 90
9 Grafik Uji Kekerasan Komposisi 70-30.........cccccevvvirnenenencnenienn 91
10 Grafik Uji Kekerasan Temperature Based............ccocooevirininnnnnns 91
11 Residual plot uji Kekerasan ...........ccccocvirinininieiene s 93
12 Residual Plots Komposisi 60-40...........cccoviriieiinenene e 94
13 Residual Plots Komposisi 70-30........ccccuviiiriiieieieiesc s 95
14 Residual Plots Komposisi 65-35.........ccccoviiriieiincienc s 95
15 Grafik Main Effects Uji Kekerasan ..........cccccoovvviineneninnininnnns 97
16 Konversi Shore D ke HRR ......cooooiiiiiiiiee e 98
17 Uji Koefisien gesek SPeSimMeN .........ccocovvriiinicienene e 100
18 Residual plot uji koefisien gesek.........c.ccoovvirieieneiencice 105
19 Grafik Main Effects Uji Koefisien GesekK .........cccocvvieiiiinnninne 106
20 Grafik KOEfiSIEN GESEK .........ccueiiiiiriiiiierisieeee e 107

Xiii

https://lib.mercubuana.ac.id


file:///D:/Kuliah/Kuliah_S2_MTM/Tesis/Tesis%20Blok%20Rem%20Kereta%20Api/Thesis%20Azizi_Blok%20Rem%20Komposit%20KA%20(8).docx%23_Toc199550406
file:///D:/Kuliah/Kuliah_S2_MTM/Tesis/Tesis%20Blok%20Rem%20Kereta%20Api/Thesis%20Azizi_Blok%20Rem%20Komposit%20KA%20(8).docx%23_Toc199550407
file:///D:/Kuliah/Kuliah_S2_MTM/Tesis/Tesis%20Blok%20Rem%20Kereta%20Api/Thesis%20Azizi_Blok%20Rem%20Komposit%20KA%20(8).docx%23_Toc199550408
file:///D:/Kuliah/Kuliah_S2_MTM/Tesis/Tesis%20Blok%20Rem%20Kereta%20Api/Thesis%20Azizi_Blok%20Rem%20Komposit%20KA%20(8).docx%23_Toc199550409
file:///D:/Kuliah/Kuliah_S2_MTM/Tesis/Tesis%20Blok%20Rem%20Kereta%20Api/Thesis%20Azizi_Blok%20Rem%20Komposit%20KA%20(8).docx%23_Toc199550412
file:///D:/Kuliah/Kuliah_S2_MTM/Tesis/Tesis%20Blok%20Rem%20Kereta%20Api/Thesis%20Azizi_Blok%20Rem%20Komposit%20KA%20(8).docx%23_Toc199550414
file:///D:/Kuliah/Kuliah_S2_MTM/Tesis/Tesis%20Blok%20Rem%20Kereta%20Api/Thesis%20Azizi_Blok%20Rem%20Komposit%20KA%20(8).docx%23_Toc199550415
file:///D:/Kuliah/Kuliah_S2_MTM/Tesis/Tesis%20Blok%20Rem%20Kereta%20Api/Thesis%20Azizi_Blok%20Rem%20Komposit%20KA%20(8).docx%23_Toc199550416
file:///D:/Kuliah/Kuliah_S2_MTM/Tesis/Tesis%20Blok%20Rem%20Kereta%20Api/Thesis%20Azizi_Blok%20Rem%20Komposit%20KA%20(8).docx%23_Toc199550417
file:///D:/Kuliah/Kuliah_S2_MTM/Tesis/Tesis%20Blok%20Rem%20Kereta%20Api/Thesis%20Azizi_Blok%20Rem%20Komposit%20KA%20(8).docx%23_Toc199550419
file:///D:/Kuliah/Kuliah_S2_MTM/Tesis/Tesis%20Blok%20Rem%20Kereta%20Api/Thesis%20Azizi_Blok%20Rem%20Komposit%20KA%20(8).docx%23_Toc199550420
file:///D:/Kuliah/Kuliah_S2_MTM/Tesis/Tesis%20Blok%20Rem%20Kereta%20Api/Thesis%20Azizi_Blok%20Rem%20Komposit%20KA%20(8).docx%23_Toc199550421
file:///D:/Kuliah/Kuliah_S2_MTM/Tesis/Tesis%20Blok%20Rem%20Kereta%20Api/Thesis%20Azizi_Blok%20Rem%20Komposit%20KA%20(8).docx%23_Toc199550423
file:///D:/Kuliah/Kuliah_S2_MTM/Tesis/Tesis%20Blok%20Rem%20Kereta%20Api/Thesis%20Azizi_Blok%20Rem%20Komposit%20KA%20(8).docx%23_Toc199550424
file:///D:/Kuliah/Kuliah_S2_MTM/Tesis/Tesis%20Blok%20Rem%20Kereta%20Api/Thesis%20Azizi_Blok%20Rem%20Komposit%20KA%20(8).docx%23_Toc199550425
file:///D:/Kuliah/Kuliah_S2_MTM/Tesis/Tesis%20Blok%20Rem%20Kereta%20Api/Thesis%20Azizi_Blok%20Rem%20Komposit%20KA%20(8).docx%23_Toc199550426
file:///D:/Kuliah/Kuliah_S2_MTM/Tesis/Tesis%20Blok%20Rem%20Kereta%20Api/Thesis%20Azizi_Blok%20Rem%20Komposit%20KA%20(8).docx%23_Toc199550427

Tabel 2.

Tabel 2.

Tabel 2.

Tabel 2.

Tabel 2.

Tabel 2.

Tabel 3.

Tabel 3.

Tabel 3.

Tabel 4.

Tabel 4.

Tabel 4.

Tabel 4.

Tabel 4.

Tabel 4.

Tabel 4.

Tabel 4.

Tabel 4.

Tabel 4.

Tabel 4.

Tabel 4.

Tabel 4.

DAFTAR TABEL

1. Spesifikasi Resin Epoxy dan Sifat Mekanik Resin Epoxy ................ 12
2 Syarat SNI Dalam Kualitas Blok Rem Komposit...........cccccooeninininnne. 25
3 Hasil Ujicoba Pengereman Blok Rem Konvensional ..............cccccoeu... 26
4 Hasil Ujicoba Pengereman Blok Rem Komposit...........cccccoevininnninns 27
5 Konversi Shore D ke HRR ... 32
6 Tabel Penelitian Terdahulu ..o 35
1 Bahan Penelitian..... ..., 49
2 ALt PENEIITIAN ... s 51
3 Komposisi fraksi volume bahan penguat komposit.............c.ccoccveeee 59
1 Hasil Spesimen Uji Tarik...........cooiiiiiiiiiiiiiieee, 71

2 Dampak terhadap validitas data.............ccooeveriiiniiieice e 79
3 Hasil Pengujian Uji Tarik .......ccoooeiiiiiiiieesiseeee e 79
4 Variabel Olah Data Uji Tarik.........ccooeveiininininisieeeeesesesesieieas 80
5 Arti Kode Variabel Uji tarik ... 81
6 Analisis Varian Uji Tarik.......ccccooeiiiiiiiiiece s 81
7 Daftar Spesimen Jadi Uji Kekerasan ...........ccccoovvviiinnencicnencnenn 84
8 HasSil Uji KEKEIaSaN .........cooiiiiiiiiiiieiee s 87
9 Detail Data Uji KEKErasan ..........ccccoevereiinenininieeese e 88
10 Variabel Olah Data Uji Kekerasan...........c.ccocovviiiininnnncnencnesen 92
11 Arti kode variabel uji kekerasan ... 92
12 ANALISIS VaITAN......eiiiiiiieieie e s 92
13 Daftar Spesimen Uji Koefisien Gesek ...........cccvvvviinencienicnnninns 100

Xiv

https://lib.mercubuana.ac.id


file:///D:/Kuliah/Kuliah_S2_MTM/Tesis/Tesis%20Blok%20Rem%20Kereta%20Api/Thesis%20Azizi_Blok%20Rem%20Komposit%20KA%20(8).docx%23_Toc199550529
file:///D:/Kuliah/Kuliah_S2_MTM/Tesis/Tesis%20Blok%20Rem%20Kereta%20Api/Thesis%20Azizi_Blok%20Rem%20Komposit%20KA%20(8).docx%23_Toc199550548

Tabel 4. 14 Hasil Uji KOefiSien GESEK..........cccueiiiiriieiiiie e 103

Tabel 4. 15 Variabel Olah Data Uji Koefisien GeSeK............ccoovvvrenicnininnninns 103

Tabel 4. 16 Arti kode variabel............c.coooiiii 104

Tabel 4. 17 ANALSIS VarTan.........ccccoiiiiiiiieieieiee e 104

Tabel 4. 18 Mikro Struktur Spesimen Uji TariK .........c.ccoovvviniiiininiciens 109

Tabel 4. 19 Mikro Struktur Uji Kekerasan dan Uji Koefisien Gesek ................. 113
XV

https://lib.mercubuana.ac.id





