Evaluasi Kualitas Massa Batuan Gua Kidang, Desa Tinapan, Kecamatan Todanan, Kabupaten Blora,
Jawa

Tengah dengan Metode Geological Strength Index

MUHAMMAD SYLVANDRA R, Agus Hendratno, S.T., M.T. ; Dr. Eng. Ir. Wawan Budianta, S.T., M.Sc., IPM.

Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

DAFTAR ISI

KATA PENGANTAR ..ottt e e sraene e iii
DNl Y o G 1 OSSR v
DAFTAR GAMBAR ...ttt vii
DAFTAR TABEL ..ottt iX
DAFTAR LAMPIRAN ..ottt te e sne e X
SARI e e anes Xi
FAN = ¥ 3 PSSR Xii
BAB | PENDAHULUAN ..ottt 13
[.1. Latar BElaKang ........ccoveiiiiiiiie e 13
1.2. RUMUSAN MaSalah ..........ccooviiieiiic e 15
1.3. Maksud dan TUJUAN........ccueiieieeie et 15
1.4. Manfaat Penelitian ...........cccooivi i 15
1.5. Lokasi Daerah Penelitian ...........ccccoeiveiiiieieese e 16
1.6. Batasan Penelitian ...........cccceiieieiie i 17
1.7. Peneliti TerdahulU ...........cooviiii e 17
1.8. Keaslian Penelitian............cccoooveiiiie i 18
BAB 1l TINJAUAN PUSTAKA ...ttt 19
I1.1. Fisiografi REGIONAl .........cccooiiiiiiiiiiice e 19
I1.2. Stratigrafi RegiONal............ccovveiiiiiiieee e 21
11.3. Geologi Struktur Regional .............ccccveviiieiieiicie e 29
BAB [l LANDASAN TEORI .....oiiiiieceeeeee e 30
] LS T A T - BRSPS 30
1.1 EKSOKAIST.......oiiiiiicee sttt 33
O = 4 To (0] L] APPSO PRT 36
H1.2. PEMETAAN GUA.....eiiiiiieeiiiie ettt 38
[1.2.1. FUNQST Peta GUA......veeiiiiiiieciie et 39
[11.2.2. MELOUE SUMVEI.....veiiiieeciie ittt 40
I11.3. Risiko Geologi Daerah Karst..........ccccooiiiiiiiiieiie e 43
I11.4. Evaluasi Kualitas Massa Batuan .............cccceviieiieiie i 44
[11.4.1. Petrologi dan Sifat Keteknikan Batugamping ..........cccccceveeverenennnn 44
111.4.2. Geologi TeKNIK GUA.........ccociiiiiiciiic e 48
[11.4.3. Pengertian Massa Batuan............cccccevvvveiieiieeiic e 48
[11.4.4. Klasifikasi Massa Batuan.............ccccoeveiieiieeiie e 49



UNIVERSITAS
GADJAH MADA

Evaluasi Kualitas Massa Batuan Gua Kidang, Desa Tinapan, Kecamatan Todanan, Kabupaten Blora,
Jawa

Tengah dengan Metode Geological Strength Index

MUHAMMAD SYLVANDRA R, Agus Hendratno, S.T., M.T. ; Dr. Eng. Ir. Wawan Budianta, S.T., M.Sc., IPM.

Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/

BAB IV HIPOTESIS & METODE PENELITIAN .....cccoviiiiieeee e 65
IV L HIPOTESIS ...ttt 65
IV.2. Alat dan Bahan Penelitian.........c.ccooviviiiiene i 65
IV.3. Tahapan Penelitian ...........cccooiiiiiiiiieiee e 66

[V.3.1. Tahap Pra-Lapangan..........ccoceeereienenisisesee e 66
IV.3.2. Tahap Pekerjaan Lapangan..........ccccceeveiveiieenieenesiieseesesee e 66
I\V.3.3. Tahap Pengolahan dan Analisis Data ............cccceeeieiencienincneen 67

BAB V HASIL DAN PEMBAHASAN. ..ottt 72

V.1. Pemetaan Geologi Daerah Sekitar Gua Kidang ............cccoevevviveiveiincnnenn, 72
V.1.1. Geomorfologi Sekitar Lokasi Penelitian.............cccocevviviiniininnnnnns 72
V.1.2. Litologi Sekitar Lokasi Penelitian .............ccocviiiiiniiieiincicscicns 78
V.1.3. Struktur Sekitar Lokasi Penelitian .............ccocooovvininininnnneie s 86

V.2, Pemetaan Gua Kidang .........ccooeiiiiiiieiiie e 87
V.2.1. Metode PemEtaan GUA .........ccoueieerieeienieeie e sie e 87
V.2.2. Grade Peta Gua Kidang .........cccccveviiiiiieie e 88
V.2.3. HaSIil SNOOLING .....c.ciiiiiiiieicse e 88
V.2.4. Pengolahan Data SNOOLING .........cccviiiieiiieicicseceeee e 89
V.2.5. Peta Geologi Gua Kidang ..........cccccvevveieeiiiie i 92

V.3. Kualitas Massa BatUan ..........ccccceeeiieiieienienesie e 99
V.3.1. Geological Strength Index (GSI) ......cooeiiiiiiiiiiiieieeee s 99
V.3.2. Rock Mass Rating (RMR’)........cccccveiiiiiiieie e 104

V.4. Evaluasi Klasifikasi Massa Batuan ...........ccccoeeveienieenieniesienese s 110

V.5. Pengaruh Diagenesis Terhadap Kualitas Massa Batuan ......................... 113

BAB VI KESIMPULAN DAN SARAN .....ooiiiiieieiese e 115
VL KESIMPUIAN ..o 115
AV T T o PRSP 116

DAFTAR PUSTAKA ..ottt sttt 117

LAMPIRAN ...ttt bttt ettt sttt reens 121

Vi



Evaluasi Kualitas Massa Batuan Gua Kidang, Desa Tinapan, Kecamatan Todanan, Kabupaten Blora,
Jawa

Tengah dengan Metode Geological Strength Index

MUHAMMAD SYLVANDRA R, Agus Hendratno, S.T., M.T. ; Dr. Eng. Ir. Wawan Budianta, S.T., M.Sc., IPM.

Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

DAFTAR GAMBAR
Gambar 1.1 Peta lokasi penelitian ..........ccccveveiieviiie i 16
Gambar 2.1 Fisiografi Zona Rembang (digambar ulang dari Nachrowi &
Koesoemo, 2003)........ooomiiieieeeee e, 19
Gambar 2.2 Peta Geologi Regional Lembar Rembang bagian Barat Daya
(Kadar dan Sudijono, 1993).......ccccccviiieiieiicieieere e 23

Gambar 2.3 Kolom Stratigrafi Zona Rembang (modifikasi dari Kadar dan
Sudijono, 1993 dalam Ramdaniya, dkk. 2018). Formasi pada

lokasi penelitian ditunjukkan pada kotak merah..............c.ccceevnee 24
Gambar 3.1 Carbondioxide cascade di lingkungan karst (B.C. Ministry of

Forests, 1997 dalam Stokes, et. al., 2010)...........ccccoooeeeiiiiiinnnnnn. 31
Gambar 3.2 Hubungan antara epikarst dan endokarst (Griffiths, P. dalam

Stokes, et. al., 2010).....ccciiieieieiiere s 32
Gambar 3.3 Solutional doline (A), alluvial doline (B), subsidence doline (C),

collapse doline (D) (Boglii, 1980 dalam ASC, 2015) ..........cccccv..... 34
Gambar 3.4 Karst windows (A), cenote (B), karst gulf (C) (Boglii, 1980

dalam ASC, 2015)......cciiiiiiiiieieiee s 35
Gambar 3.5 Forward Method (ASC, 2015) .....ccccceeiiiieieeecie e 40
Gambar 3.6 Leapfrog Method (ASC, 2015).......ccceveiieiieie e 41
Gambar 3.7 Pengukuran chamber metode radial (ASC, 2015) .........cccccveverunenee. 42
Gambar 3.8 Pengukuran chamber metode poligon tertutup (ASC, 2015)........... 42
Gambar 3.9 Pengukuran chamber metode offset (ASC, 2015) .......cccccccveverunnnee. 43

Gambar 3.10 Karakteristik morfologi semen pada berbagai lingkungan: (a)
marin; (b) meteorik; (c) meteorik freatik; (d) burial (James dan

Choquette, 1983 dalam Scholle dan Ulmer-Scholle, 2003) .......... 45
Gambar 3.11 Diagram jenis porositas kemas selektif (Choquette dan Pray,
1970 dalam Scholle dan Ulmer-Scholle, 2003)............ccccovevveneee. 46

Gambar 3.12 Diagram jenis porositas kemas non-selektif dan kemas selektif
atau tidak (Choquette dan Pray, 1970 dalam Scholle dan Ulmer-

SCholle, 2003) ... 46
Gambar 3.13 Klasifikasi batuan karbonat (Dunham, 1962) dengan modifikasi
oleh Embry & Klovan (1971).....cccccoviiiniiiiiineceee s 47
Gambar 3.14 Estimasi GSI berdasarkan deskripsi geologi (Hoek dan Brown,
L ST 52
Gambar 3.15 Grafik Klasifikasi GSI (Sonmez & Ulusay, 1999)...........cc.cvveene 57
Gambar 3.16 Stand-up time versus lebar bukaan pada berbagai nilai massa
batuan RMR (Bieniawski, 1989)..........ccccocviniiiiiiic i 64
Gambar 4.1 Diagram alir tahap penelitian......................ccooooiiiiiiii 70
Gambar 5.1 Peta Geomorfologi sekitar daerah penelitian................................. 73
Gambar 5.2 Kenampakan satuan-satuan geomorfologi (gambar diambil dari
arah selatan dengan kamera menghadap utara) ..........c.cccccevevieinnnne 75
Gambar 5.3 Foto gerbang masuk menuju Gua Kidang yang telah menjadi
TOKAST WISALA. ....c.eeeviiiieiiieec e 76
Gambar 5.4 Mulut Gua Kidang bagian barat ...........c.ccccceeiiiviiiiiciicic e 77

vii


file:///C:/Users/Asus/OneDrive/Desktop/Semester%207/Pasca%20Sempro/Skripsi_Muhammad%20Sylvandra%20R%20R.docx%23_Toc117582892
file:///C:/Users/Asus/OneDrive/Desktop/Semester%207/Pasca%20Sempro/Skripsi_Muhammad%20Sylvandra%20R%20R.docx%23_Toc117582897
file:///C:/Users/Asus/OneDrive/Desktop/Semester%207/Pasca%20Sempro/Skripsi_Muhammad%20Sylvandra%20R%20R.docx%23_Toc117582897
file:///C:/Users/Asus/OneDrive/Desktop/Semester%207/Pasca%20Sempro/Skripsi_Muhammad%20Sylvandra%20R%20R.docx%23_Toc117582914
file:///C:/Users/Asus/OneDrive/Desktop/Semester%207/Pasca%20Sempro/Skripsi_Muhammad%20Sylvandra%20R%20R.docx%23_Toc117582914
file:///C:/Users/Asus/OneDrive/Desktop/Semester%207/Pasca%20Sempro/Skripsi_Muhammad%20Sylvandra%20R%20R.docx%23_Toc117582914
file:///C:/Users/Asus/OneDrive/Desktop/Semester%207/Pasca%20Sempro/Skripsi_Muhammad%20Sylvandra%20R%20R.docx%23_Toc117582915
file:///C:/Users/Asus/OneDrive/Desktop/Semester%207/Pasca%20Sempro/Skripsi_Muhammad%20Sylvandra%20R%20R.docx%23_Toc117582915
file:///C:/Users/Asus/OneDrive/Desktop/Semester%207/Pasca%20Sempro/Skripsi_Muhammad%20Sylvandra%20R%20R.docx%23_Toc117582916
file:///C:/Users/Asus/OneDrive/Desktop/Semester%207/Pasca%20Sempro/Skripsi_Muhammad%20Sylvandra%20R%20R.docx%23_Toc117582916
file:///C:/Users/Asus/OneDrive/Desktop/Semester%207/Pasca%20Sempro/Skripsi_Muhammad%20Sylvandra%20R%20R.docx%23_Toc117582916
file:///C:/Users/Asus/OneDrive/Desktop/Semester%207/Pasca%20Sempro/Skripsi_Muhammad%20Sylvandra%20R%20R.docx%23_Toc117582918
file:///C:/Users/Asus/OneDrive/Desktop/Semester%207/Pasca%20Sempro/Skripsi_Muhammad%20Sylvandra%20R%20R.docx%23_Toc117582918
file:///C:/Users/Asus/OneDrive/Desktop/Semester%207/Pasca%20Sempro/Skripsi_Muhammad%20Sylvandra%20R%20R.docx%23_Toc117582921
file:///C:/Users/Asus/OneDrive/Desktop/Semester%207/Pasca%20Sempro/Skripsi_Muhammad%20Sylvandra%20R%20R.docx%23_Toc117583281
file:///C:/Users/Asus/OneDrive/Desktop/Semester%207/Pasca%20Sempro/Skripsi_Muhammad%20Sylvandra%20R%20R.docx%23_Toc117583281
file:///C:/Users/Asus/OneDrive/Desktop/Semester%207/Pasca%20Sempro/Skripsi_Muhammad%20Sylvandra%20R%20R.docx%23_Toc117583282

Evaluasi Kualitas Massa Batuan Gua Kidang, Desa Tinapan, Kecamatan Todanan, Kabupaten Blora,
Jawa

Tengah dengan Metode Geological Strength Index

MUHAMMAD SYLVANDRA R, Agus Hendratno, S.T., M.T. ; Dr. Eng. Ir. Wawan Budianta, S.T., M.Sc., IPM.

Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Gambar 5.5 Peta lintasan sekitar daerah penelitian ............ccccceoeiiiiniiinnnns 80
Gambar 5.6 Peta geologi sekitar daerah penelitian ..........cccooevinieiieiieiniee, 81
Gambar 5.7 Sayatan geologi daerah penelitian ...........c.ccoovoveieieieinniniiees 82
Gambar 5.8 Sayap selatan antiklin pada litologi batugamping ...........ccccccevveenee. 84
Gambar 5.9 Sayap utara antiklin pada litologi batugamping ............c.ccocevvninene 84
Gambar 5.10 Singkapan batupasir gampingan ...........ccoceeeeererenenenenesesenieas 85
Gambar 5.11 Singkapan batulempung gampingan...........ccoceoerenerenenesienennnns 86
Gambar 5.12 Diagram rose Kekar eKSteNSI ...........cooereririeieieicie s 87
Gambar 5.13 Gambar Gua Kidang dengan software Aven (tampak atas) .......... 91
Gambar 5.14 Gambar Gua Kidang dengan software Aven (tampak samping)... 91
Gambar 5.15 Sayatan petrografi rudstone (sampel MSR-18-G)..........cccccvevueenee. 93
Gambar 5.16 Sayatan petrografi wackestone (sampel MSR-5-G) ...........cccc....... 94
Gambar 5.17 Sayatan petrografi floatstone (sampel MSR-9-G)..........cccccevueenee. 95
Gambar 5.18 Sayatan petrografi wackestone (sampel MSR-8-G) ...........c.......... 96
Gambar 5.19 Mulut Gua Kidang bagian Barat............c.cccccecvvvveviviveiiecececee, 97
Gambar 5.20 Pilar (A) dan flowstone (B) ........cccccveveiieiecii e 97
Gambar 5.21 Peta Geologi Gua Kidang ..........cccoeveveiieieiie i 98
Gambar 5.22 Singkapan dengan kualitas massa batuan sangat baik................. 101
Gambar 5.23 Singkapan dengan kualitas massa batuan sedang............c..c......... 102
Gambar 5.24 Singkapan dengan kualitas massa batuan baik ..............c.ccccceeuie 102
Gambar 5.25 Peta zonasi kualitas massa batuan berdasarkan Geological

Strength Index (Sonmez & Ulusay, 1999)........ccccceevviiiniiennne 103
Gambar 5.26 Peta zonasi kualitas massa batuan berdasarkan RMR”................ 108
Gambar 5.27 Hasil ploting kurva stand-up time ...........ccoceoeieienienincne 109

viii


file:///C:/Users/Asus/OneDrive/Desktop/Semester%207/Pasca%20Sempro/Skripsi_Muhammad%20Sylvandra%20R%20R.docx%23_Toc117583286
file:///C:/Users/Asus/OneDrive/Desktop/Semester%207/Pasca%20Sempro/Skripsi_Muhammad%20Sylvandra%20R%20R.docx%23_Toc117583287
file:///C:/Users/Asus/OneDrive/Desktop/Semester%207/Pasca%20Sempro/Skripsi_Muhammad%20Sylvandra%20R%20R.docx%23_Toc117583288
file:///C:/Users/Asus/OneDrive/Desktop/Semester%207/Pasca%20Sempro/Skripsi_Muhammad%20Sylvandra%20R%20R.docx%23_Toc117583289
file:///C:/Users/Asus/OneDrive/Desktop/Semester%207/Pasca%20Sempro/Skripsi_Muhammad%20Sylvandra%20R%20R.docx%23_Toc117583290
file:///C:/Users/Asus/OneDrive/Desktop/Semester%207/Pasca%20Sempro/Skripsi_Muhammad%20Sylvandra%20R%20R.docx%23_Toc117583293
file:///C:/Users/Asus/OneDrive/Desktop/Semester%207/Pasca%20Sempro/Skripsi_Muhammad%20Sylvandra%20R%20R.docx%23_Toc117583294
file:///C:/Users/Asus/OneDrive/Desktop/Semester%207/Pasca%20Sempro/Skripsi_Muhammad%20Sylvandra%20R%20R.docx%23_Toc117583295
file:///C:/Users/Asus/OneDrive/Desktop/Semester%207/Pasca%20Sempro/Skripsi_Muhammad%20Sylvandra%20R%20R.docx%23_Toc117583296
file:///C:/Users/Asus/OneDrive/Desktop/Semester%207/Pasca%20Sempro/Skripsi_Muhammad%20Sylvandra%20R%20R.docx%23_Toc117583297
file:///C:/Users/Asus/OneDrive/Desktop/Semester%207/Pasca%20Sempro/Skripsi_Muhammad%20Sylvandra%20R%20R.docx%23_Toc117583298
file:///C:/Users/Asus/OneDrive/Desktop/Semester%207/Pasca%20Sempro/Skripsi_Muhammad%20Sylvandra%20R%20R.docx%23_Toc117583300
file:///C:/Users/Asus/OneDrive/Desktop/Semester%207/Pasca%20Sempro/Skripsi_Muhammad%20Sylvandra%20R%20R.docx%23_Toc117583301
file:///C:/Users/Asus/OneDrive/Desktop/Semester%207/Pasca%20Sempro/Skripsi_Muhammad%20Sylvandra%20R%20R.docx%23_Toc117583302
file:///C:/Users/Asus/OneDrive/Desktop/Semester%207/Pasca%20Sempro/Skripsi_Muhammad%20Sylvandra%20R%20R.docx%23_Toc117583303
file:///C:/Users/Asus/OneDrive/Desktop/Semester%207/Pasca%20Sempro/Skripsi_Muhammad%20Sylvandra%20R%20R.docx%23_Toc117583303
file:///C:/Users/Asus/OneDrive/Desktop/Semester%207/Pasca%20Sempro/Skripsi_Muhammad%20Sylvandra%20R%20R.docx%23_Toc117583304
file:///C:/Users/Asus/OneDrive/Desktop/Semester%207/Pasca%20Sempro/Skripsi_Muhammad%20Sylvandra%20R%20R.docx%23_Toc117583305

Evaluasi Kualitas Massa Batuan Gua Kidang, Desa Tinapan, Kecamatan Todanan, Kabupaten Blora,
Jawa

Tengah dengan Metode Geological Strength Index

MUHAMMAD SYLVANDRA R, Agus Hendratno, S.T., M.T. ; Dr. Eng. Ir. Wawan Budianta, S.T., M.Sc., IPM.

Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

DAFTAR TABEL

Tabel 1.1 Penelitian terdahulu yang berkaitan dengan penelitian........................ 17
Tabel 3.2 Kekuatan material batuan utuh (Bieniawski, 1979) ........cc.ccccovvevvennnne. 58
Tabel 3.3 Hubungan nilai RQD dengan kualitas batuan (Deere dan Deere,

1989) ..t bbb 59
Tabel 3.4 Penilaian nilai RQD (Bieniawski, 1979 dalam Singh dan Goel,

2001) et 60
Tabel 3.5 Penilaian jarak antar diskontinuitas (Bieniawski, 1979 dalam Singh

dan GOEl, 2011) .ooveeieiie e s 60
Tabel 3.6 Penilaian kondisi diskontinuitas dari pengamatan visual (Bieniawski,

1979 dalam Singh dan Goel, 2011) .......cccevveveiiieieeie e 61
Tabel 3.7 Petunjuk Klasifikasi kondisi diskontinuitas (Bieniawski, 1993 dalam

Singh dan Goel, 2011) .....ocviiiiiieeeee e 61
Tabel 3.8 Penilaian kondisi air tanah (Bieniawski, 1979 dalam Singh dan

GOBI, 2011 i e 62
Tabel 3.9 Penilaian untuk orientasi diskontinuitas (Bieniawski 1979, 1984

dalam Singh dan Goel, 2011) ......ccoeieiiiiiiiereeeee e 62
Tabel 3.10 Desain parameter dan sifat keteknikan dari massa batuan

(Bieniawski, 1993 dalam Singh dan Goel, 2011) ......c.cccovvverirennnne. 63

Tabel 4.1 Alat dan bahan untuk penelitian.............ccocooiiiniiieicne e 65
Tabel 4.2 Waktu Penelitian..........cocooiiiiiiiiiiee s 71
Tabel 5.1 Tabel sayatan geomorfologi ...........ccceveriiiniiiiiieee 74
Tabel 5.2 Tabel konversi nilai GSITke RMR .......cccccoceeviiiiiiiiiece e 106
Tabel 5.3 Stand up-time Gua Kidang ...........cccoeeiiieiieiiccceee e 107
Tabel 5.4 Perbandingan porositas masing-masing sampel..........c..ccccoceevveieennne 114


file:///C:/Users/Asus/OneDrive/Desktop/Semester%207/Pasca%20Sempro/Skripsi_Muhammad%20Sylvandra%20R%20R%20Backup.docx%23_Toc118707604

Evaluasi Kualitas Massa Batuan Gua Kidang, Desa Tinapan, Kecamatan Todanan, Kabupaten Blora,
Jawa

Tengah dengan Metode Geological Strength Index

MUHAMMAD SYLVANDRA R, Agus Hendratno, S.T., M.T. ; Dr. Eng. Ir. Wawan Budianta, S.T., M.Sc., IPM.

Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

DAFTAR LAMPIRAN

Lampiran 1. Data Petrografi...........cccooeiieeiiiiieiiese e 122
Lampiran Il. Data Structure Rating dan Surface Condition Rating ................. 137
Lampiran I11. Data GSI dan RMR’........ccccciiiiiiiiiicece e 143
Lampiran 1V. Data SNOOtING ........c.coviiiiiccsie e 145
Lampiran V. Data Point COUNLING ........ccoveiiiiieiiee e 151


file:///C:/Users/Asus/OneDrive/Desktop/Semester%207/Pasca%20Sempro/Skripsi_Muhammad%20Sylvandra%20R%20R.docx%23_Toc117592748
file:///C:/Users/Asus/OneDrive/Desktop/Semester%207/Pasca%20Sempro/Skripsi_Muhammad%20Sylvandra%20R%20R.docx%23_Toc117592749
file:///C:/Users/Asus/OneDrive/Desktop/Semester%207/Pasca%20Sempro/Skripsi_Muhammad%20Sylvandra%20R%20R.docx%23_Toc117592750
file:///C:/Users/Asus/OneDrive/Desktop/Semester%207/Pasca%20Sempro/Skripsi_Muhammad%20Sylvandra%20R%20R.docx%23_Toc117592751
file:///C:/Users/Asus/OneDrive/Desktop/Semester%207/Pasca%20Sempro/Skripsi_Muhammad%20Sylvandra%20R%20R.docx%23_Toc117592752

