
 

 

 

 

 

 

 

 

LAMPIRAN I 

                                     Data Hasil Pengujian Laboratorium



1. Pengujian Gradasi Tanah 

 

Tabel 1.1 Data Pengujian Analaisis Saringan Tanah 

Standar Ukuran 
saringan 

Berat Jumlah Berat Jumlah Persen (%) 

Saringan (mm) Tertahan Tertahan Tertahan Lewat 

76,2 3” 0 0 0 100 

83,5 2 1/9 “ 0 0 0 100 

50,8 2 “ 0 0 0 100 

36,1 1 1/2 “ 0 0 0 100 

25,4 1” 0 0 0 100 

19,1 3/4” 0 0 0 100 

12,7 1/2” 0 0 0 100 

9,52 3/8” 63,3 63,3 4,294 95,706 

4,75 No. 4 268,3 331,6 22,495 77,505 

2,36 No. 8 381,4 713 48,368 51,632 

0,85 No. 20 232,6 945,6 64,148 35,852 

0,6 No. 30 78,6 1024,2 69,480 30,520 

0,425 No. 40 109,7 1133,9 76,922 23,078 

0,3 No. 50 49,6 1183,5 80,286 19,714 

0,25 No. 80 185,5 1369 92,870 7,130 

0,15 No. 100 33,3 1402,3 95,129 4,871 

0,075 No. 200 55,3 1457,6 98,881 1,119 

  pan 16,5 1474,1 100 0,000 

(Sumber : pengujian, 2016) 
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2. Pengujian Berat Jenis 

 

Tabel 2.1 Pemeriksaan Berat Jenis 

No. Piknometer  1 2 

Berat piknometer + contoh (W2) Gram 73,6 73,6 

Berat piknometer (W1) Gram 38,6 38,6 

Berat tanah (Wt = W2 - W1) gram 35 35 

Temperatur oC  29 28 

Berat piknometer + air + tanah 

pada temperatur 20 oC (W3) 

Gram 109,3 109,2 

Berat piknometer + air 20oC (W4) gram 87,6 87,6 

W5 = Wt + W4 Gram 122,6 122,6 

Isi tanah (W5 – W3) Cm3 13,3 13,4 

Berat jenis ( Gs) (Wt / W5 – W3)  2,63 2,62 

Rata – rata  2,63 
(Sumber : pengujian, 2016) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3. Pengujian Pemadatan 

Tabel 3.1 Pengujian Pemadatan 

Nomor cawan   8% 10% 12% 14% 16% 

Massa tanah basah + cawan (gr) 68,6 53,010 70,557 60,26 59,59 

Massa tanah kering + cawan (gr) 64,7667 49,8333 65,26667 55 54,00 

Massa air (gr) 3,83333 3,700 6,400 5,967 7,067 

Massa Cawan (gr) 21,23 21 22,9 21 20,97 

Massa tanah kering (gr) 43,5333 28,8333 42,36667 34 33,033 

Kadar air (%) 8,80551 11,0173 12,4863 15,4706 16,922 

Massa tanah basah + cetakan ( gr ) 13708 13873,563 13490,05 13532,181 13111,2 

Massa cetakan                        ( gr ) 7240 7239 6504 6913 6530 

Massa tanah basah                 ( gr ) 6044 6931 6986,05 6809 6837 

Isi cetakan                              (cm3) 3345,28 3283,6 3275,63 3275,63 3266,49 

Kepadatan Basah                    ( gr/cm3) 1,933 2,021 2,133 2,021 2,0147 

Kepadatan Kering                  ( gr/cm3)      1,777 1,82 1,89599 1,75 1,72317 

(Sumber : pengujian, 2016) 

GS 
Kadar 

air Kep.Kering zav Line 

2,63 8,806 1,777 2,135 

2,63 11,017 1,820 2,039 

2,63 12,486 1,896 1,980 

2,63 15,471 1,750 1,869 

2,63 16,922 1,723 1,820 

 
(Sumber : pengujian ,2016) 

 

Gambar 3.1 Hubungan Kepadatan Kering Maksimum dan Kadar Air Optimum

y = -0,0387x + 2,4694
R² = 0,9979
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4. Pengujian Direct Shear 

Diameter ring (D) : 6 cm 

Tinggi sample (H) : 2 cm 

Kalibrasi (K) : 0,56 kgf/Div 

Luas sample (A) : 28,274 cm² 

Berat tutup (B) : 483,3 gr 

 

Tabel Hasil Analisis Pengujian Tanah Timbunan 

 

 

 

No Kode  Berat  Beban Beban  Total  Pembacaan  Tegangan  Tegangan Tegangan  Tegangan 
Sudut 

Geser  
Kohesi 

  Sampel Sempel  Tetap Tambahan Beban Dial Normal  Geser Normal  Geser ( ɸ ) ( c ) 

   gr gr gr gr   kg/cm² kg/cm² KN/m² KN/m² derajad ( ᵒ ) KN/m² 

1 1A  118,5 483,3 5000 5483,3 19 0,19 0,38 19,4 37,63 49,62 14,82 

2 1B 119,2 483,3 10000 10483,3 27 0,37 0,53 37,1 53,48 41,86 20,25 

3 1C 121,8 483,3 15000 15483,3 40 0,55 0,79 54,8 79,22 55,52 -0,51 

  Rata-Rata                   49 12 

Gambar 4.1 Grafik Hubungan C dan ø 
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Tabel 4.2 Hasil Analisis Tanah Timbunan + Semen 7,5% 

 

 

 

 

 

  

 

 

Grafik 4.2 Hubungan c dan ø 

No Tanah 

asli+semen 

7,5% 

Berat Beban Beban Total 

Pembacaan 

Dial 

Tegangan Tegangan Tegangan Tegangan Sudut Geser Kohesi 

 Sempel Tetap Tambahan Beban Normal Geser Normal Geser 
( ɸ ) 

( c ) 

  gr gr gr gr Kg/cm2 Kg/cm2 kN/m2 kN/m2 Derajat( ᵒ) kN/m2 

1. 1A 120,4 483,3 5000 5483 16 0,19 0,32 19,4 31,69 54,46 4,54 

2. 1B 121,6 483,3 10000 10483 35 0,37 0,69 37,1 69,32 64,83 -9,58 

3. 1C 124,7 483,3 15000 15483 41 0,55 0,81 54,8 81,20 33,90 44,41 

Rata-Rata 51 13 



Tabel 4.3 Hasil Analisis Tanah Timbunan + Semen 10%   

No Kode  Berat  Beban Beban  Total  Pembacaan  Tegangan  Tegangan Tegangan  Tegangan Sudut Geser  Kohesi 

  Sampel Sempel  Tetap Tambahan Beban Dial Normal  Geser Normal  Geser ( ɸ ) ( c ) 

    gr gr gr gr   kg/cm² kg/cm² KN/m² KN/m² derajad ( ᵒ ) KN/m² 

1 1A 10% 115,2 483,3 5000 5483,3 19 0,19 0,38 19,4 37,63 61,58 1,79 

2 1B 118,3 483,3 10000 10483,3 46 0,37 0,91 37,1 91,11 71,70 -21,01 

3 1C 119 483,3 15000 15483,3 52 0,55 1,03 54,8 102,99 33,90 66,19 

  Rata-Rata                   56 16 

 

Gambar 4.3 Grafik Hubungan C dan ø 
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Tabel 4.4 Hasil Analisis Tanah Timbunan + Semen 12,5% 

 

 

 

 

 

 

 

 

 

 

 

No Kode  Berat  Beban Beban  Total  Pembacaan  Tegangan  Tegangan Tegangan  Tegangan Sudut Geser  Kohesi 

  Sampel Sempel  Tetap Tambahan Beban Dial Normal  Geser Normal  Geser ( ɸ ) ( c ) 

    gr gr gr gr   kg/cm² kg/cm² KN/m² KN/m² derajad ( ᵒ ) KN/m² 

1 1A  120,4 483,3 5000 5483,3 24 0,19 0,48 19,4 47,53 49,62 24,73 

2 1B 121,6 483,3 10000 10483,3 35 0,37 0,69 37,1 69,32 50,93 23,64 

3 1C 124,7 483,3 15000 15483,3 45 0,55 0,89 54,8 89,13 48,24 27,79 

Rata-Rata 50 25 

Gambar 4.4 Grafik Hubungan C dan ø 



 

 

 

 

 

 

 

 

LAMPIRAN II 

Tahapan Analisis dan Hasil Analisis Program Plaxis 2D-Versi 8 



1. Tahapan analisis angka keamanan tanah timbunan  

Dalam analisis angka keamanan tanah timbunan dengan plaxis tahap pertama 

dengan memodelkan geometri tanah timbunan, dapat dilihat pada Gambar 1.1 

 

 

Gambar 1.1 Bentuk Geometri Lereng 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 Tahap kedua yaitu memasukkan parameter tanah. Adapun masukkan dapat 

dilihat pada Gambar 1.2 untuk tanah asli dan Gambar 1.3 untuk tanah timbunan. 

 

 

 

Gambar 1.2 Masukan Parameter Tanah asli 

 



 

 

 

Gambar 1.3 Masukan Parameter Tanah timbunan 

 Setelah parameter tanah dimasukkan selanjutnya penyusunan jaring elemen 

dapat dilihat pada Gambar 1.4. 



Gambar 1.4 Penyusunan Jaring Elemen 

Setelah jaring elemen tersusun dilakukan penetapan muka air tanah karena 

dipermodelan ini muka air tanahnya jauh dari tanah permodelan maka muka air 

tanah terdapat dibawah tanah dasar, dapat dillihat pada Gambar 1.5. 

 

Gambar 1.5 Penggambaran Muka Air Tanah 

 Selanjutnya tahap perhitungan, untuk analisis FS pada tanah asli digunakan 

jenis perhitungan analisa plastis selanjutnya matikan perhitungan faktor keamanan 



tanah timbunan, setelah itu untuk perhitungan tanah timbunan aktifkan tanah asli 

dan tanah timbunan dan pada perhitungan faktor keamanan tanah asli dan tanah 

timbunnan dapat dipilih phi/c reduction (Gambar 1.6) pada jenis perhitungan. 

 

 

Gambar 1.6 Tahap Perhitungan Nilai Faktor Keamanan 

 

  



2. Hasil Analisis Angka Keamanan Tanah Timbunan dengan Software Plaxis 

1. Permodelan 1 ( tanah timbunan ) 

 

 Gambar 2.1 Hasil Tanah Timbunan  

 

2. Permodelan 2 (tanah timbunan + semen 7,5 %) 

 

Gambar 2.2 Hasil Tanah Timbunan + Semen 7,5% 

 



3. Permodelan 3 (tanah timbunan + semen 10%) 

 

Gambar 3.1 Hasil Tanah Timbunan + Semen 10% 

 

4. Permodelan 4 ( tanah timbunan + semen 12,5%) 

 

 
 

Gambar 4.1 Hasil Tanah Timbunan + Semen 12,5% 



 

 

 

 

 

 

 

 

 

LAMPIRAN III 

                                     Data Hasil Perhitungan Manual (Fellinius) 

 

 

 

 

 

 

 

 

 



 

lapisan c ø γn (kN/m2) A (m2) w (kN) bi tg φ θ  sin θ cos θ αi w sin  θ w cos θ c.αi Mr SF 

1 12 49 21,24 2,6 55,224 2 1,150 50 0,766 0,643 3,111 42,304 35,497 37,337 78,172

2 12 49 21,24 5,8 123,192 2 1,150 40 0,643 0,766 2,611 79,186 94,371 31,330 139,891

3 3,54 44,1 20,02 6,8 136,136 2 0,969 35 0,574 0,819 2,442 78,084 111,516 8,643 116,710

4 5,3 41,19 19,24 7,4 142,376 2 0,875 20 0,342 0,940 2,128 48,695 133,790 11,280 128,363

5 1,88 39,2 18,68 7,2 134,496 2 0,816 10 0,174 0,985 2,031 23,355 132,453 3,818 111,844

6 1,58 37,47 18,17 5,8 105,386 2 0,766 -10 -0,174 0,985 2,031 -18,300 103,785 3,209 82,759

7 1,58 37,47 18,17 4,6 83,582 2 0,766 -9 -0,156 0,988 2,025 -13,075 82,553 3,199 66,476

8 1,25 35 17,42 2,72 47,3824 9 0,700 -20 -0,342 0,940 9,578 -16,206 44,525 11,972 43,149

224,044 767,364

3,425

3.1 Perhitungan Manual 

3.1.1 Permodelan 3 irisan 

lapisan 

C 

KN/m² ø 

γd 

(kN/m2) 

A 

(m2) w (kN) bi tg φ θ  sin θ cos θ αi w sin  θ w cos θ c.αi Mr SF  

1 3,68 44,33 20,08 14,6 293,168 3 0,977 45 0,707 0,707 4,243 207,301 207,301 15,613 218,122 

2,278 
2 1,68 38,11 18,36 21,6 396,576 3 0,784 15 0,259 0,966 3,106 102,641 383,063 5,218 305,686 

3 1,68 38,11 18,36 5,8 106,488 2,1 0,784 -25 -0,423 0,906 2,317 -45,004 96,511 3,893 79,594 

    264,939     603,401 

 

3.1.2 Permodelan 5 irisan  

 

3.1.3 Permodelan 8 irisan   

 

lapisan c ø γn (kN/m2) A (m2) w (kN) bi tg φ θ  sin θ cos θ αi w sin  θ w cos θ c.αi Mr SF 

1 12 49 21,24 2,4 50,976 2 1,150 55 0,819 0,574 3,487 41,757 29,239 41,843 75,478

2 3,541 44,1 20,0205 12 240,246 4 0,969 38 0,616 0,788 5,076 147,910 189,316 17,974 201,434

3 2,056 40 18,9077 12,92 244,287 4 0,839 15 0,259 0,966 4,141 63,226 235,964 8,513 206,510

4 2,056 40 18,9077 10 189,077 4 0,839 -10 -0,174 0,985 4,062 -32,833 186,204 8,350 164,594

5 1,25 35 17,42 2,24 39,0208 3,2 0,700 -25 -0,423 0,906 3,531 -16,491 35,365 4,414 29,176

203,570 677,192

3,327



 

1. Perhitungan  permodelan 3 irisan : 
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8,3
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)25,1/2()12/8,0(
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 = 1,68 kN/m2 
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3

cHcH

H
c


  

)25,1/1()12/8,0(

8,2


 = 1,68 kN/m2 

 

 ø =
)ø/2()ø/1( HH

H


 =

)35/1()49/8,2(

8,3


 = 44,33  

ø =
)ø/2()ø/1( HH

H


 =

)35/1()49/8,0(

8,2


 = 38,11  

ø =
)ø/2()ø/1( HH

H


 =

)35/2()49/8,0(

8,2


 = 38,11  

 

 γd = 
)/2()/1( dHdH

H

 
= 

)42,17/1()24,21/8,2(

8,3


 = 08,20  kN/m2 

γd = 
)/2()/1( dHdH

H

 
=

)42,17/2()24,21/8,0(

8,2


 = 18,36 kN/m2 

γd = 
)/2()/1( dHdH

H

 
 =

)42,17/2()24,21/8,0(

8,2


 = 18,36 kN/m2 

 

 A = ( xt
bawahatas

2


)+(1/2 x a x t) + (1/2 x a x t) = ( 4

2

6,32,1
x


) + (1/2 x 

2,6 x 2) + ( ½ x 4 x 1,4) = 15 m2 

  A = (1/2 x a x t) + (P x L)= (1/2 x 6 x 2) + ( 6 x 2,6) = 21,6 m2 

  A = (1/2 x a x t) + (1/2 x a x t) = (1/2 x 2 x 0,8) + ( ½ x 5 x 2) = 5,8 m2 
 
 

 bi = 3 m 

 bi = 3 m 

 bi = 2,1 m 

 

 w = γd x A = 20,08 x 15 = 301,2 kN 

 w = γd x A = 18,36 x 21,6 = 396,576 kN 

 w = γd x A = 18,36 x 5,8 = 106,488 kN 

 

 tg ∅ = tg 44,33 = 0,977 

 tg ∅ = tg 38,11 = 0,784 

 tg ∅ = tg 38,11 = 0,784 

 

 



 

 𝜃 = 45o 

    𝜃 = 15o 

   𝜃 = -25o 

 

 sin 𝜃 = sin 45o = 0,707 

    sin 𝜃 = sin 15o = 0,259 

           sin 𝜃 = sin -25o = -0,423 

 

 Cos 𝜃 = cos 45o = 0,707 

Cos 𝜃 = cos 15o = 0,966 

Cos 𝜃 = cos -25o = 0,906 

 

 ai = bi / Cos 𝜃 = 3 / 0,707 = 4,243 m 

ai = bi / Cos 𝜃 = 3 / 0,966 = 3,106 m 

ai = bi / Cos 𝜃 = 3 / 0,906 = 2,317 m 

 

 w cos 𝜃 = 301,2 cos 45o = 212,981 kN 

w cos 𝜃 = 396,576 cos 45o = 383,063 kN 

w cos 𝜃 = 106,488 cos 45o = 96,511 kN 

 

 w sin 𝜃 = 301,2 sin 45o = 207,269 kN 

w sin 𝜃 = 396,576 sin 45o = 207,269 kN 

w sin 𝜃 = 106,488 sin 45o = 207,269 kN 

 

 c. ai = 3,68 x 4,243 = 15,613 kN/m 

c. ai = 1,68 x 3,106= 5,218  kN/m 

c. ai = 1,68 x 2,317= 3,893 kN/m 

 

 Mr = c. ai +( w cos 𝜃 x tg ∅) = 15,613+ (212,981x 0,977) = 218,1158 kN 

Mr = c. ai +( w cos 𝜃 x tg ∅) = 5,218 + (383,063x 0,784) = 218,1158 kN 

Mr = c. ai +( w cos 𝜃 x tg ∅) = 3,893 + (96,511 x 0,784) = 218,1158 kN 

 

 
θSinW

tgθ)(Wc.a
SF

i

ii






cos
 

45,004 - 102,641  207,301

0,784) x (96,511(3,8930,784)) x (383,063  (5,2180,977)) x (207,301(15,613




SF

SF = 2,250 

 

 

 

 

 

 

 



 

2. Hitungan Permodelan 5 irisan 

 C1 =  12 kN/m2 
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2
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H
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6,3


 = 3,5409 kN/m2 
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3
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H
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)25,1/8,1()12/4,1(

2,3


 = 2,0557 kN/m2 
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3
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H
c


  

)25,1/8,1()12/4,1(

2,3


 = 2,0557 kN/m2 

C5 = 1,25 kN/m2 

 

 ø = 49  

ø =
)ø/2()ø/1( HH

H


 =

)35/1()49/6,2(

6,3


 = 44,1  

ø =
)ø/2()ø/1( HH

H


 =

)35/8,1()49/4,1(

2,3


 = 40  

ø =
)ø/2()ø/1( HH

H


 =

)35/8,1()49/4,1(

2,3


 = 40  

ø = 49  

 

 γd  = 21,24 kN/m2 

γd = 
)/2()/1( dHdH

H

 
=

)42,17/1()24,21/6,2(

6,3


 = 20,0205 kN/m2 

γd = 
)/2()/1( dHdH

H

 
 =

)42,17/8,1()24,21/4,1(

2,3


 = 18,9077 kN/m2 

γd = 
)/2()/1( dHdH

H

 
 =

)42,17/8,1()24,21/4,1(

2,3


 = 18,9077 kN/m2 

γd = 17,42 kN/m2 

 

 A = 1/2 x a x t =  ½ x 2 x 2,4) = 2,4 m2 

  A = (1/2 x a x t) + ( xt
bawahatas

2


) = (1/2 x 4 x 1,4) + ( 4

2

6,31
x


) = 12 m2 

  A = (1/2 x a x t)+( xt
bawahatas

2


) = (1/2 x 3,8 x 1,2)+( 8,3

2

2,34,2
x


) 

    =   12,92 m2 

A = (1/2 x a x t) + (P x L) = (1/2 x 4 x 1,4) + (4 x 1,8) = 10 m2 

         A = 1/2 x a x t =  ½ x 3,2 x 1,4 = 2,24 m2 

 

 

 

 

 



 

 bi = 2 m 

 bi = 4 m 

  bi = 4 m 

  bi = 4 m 

    bi = 3,2 m 

 w = γd x A = 21,24 x 2,4  = 50,976            kN 

 w = γd x A = 20,0205 x 12= 240,246         kN 

  w = γd x A = 18,9077 x 12,92 = 244,2875 kN 

  w = γd x A = 18,9077 x 10 = 189,077        kN 

  w = γd x A = 17,42 x 2,24 = 39,0208         kN 

 

 tg ∅ = tg 49 = 1,1504 

 tg ∅ = tg 44,1 = 0,9691 

  tg ∅ = tg 40 = 0,839 

  tg ∅ = tg 40 = 0,839 

  tg ∅ = tg 35 = 0,700 

 

 𝜃 = 55o 

𝜃 = 38o 

𝜃 = 15o 

𝜃 = -10o 

𝜃 = -25o 
 

 sin 𝜃 = sin 55o = 0,819 

    sin 𝜃 = sin 38o = 0,616 

    sin 𝜃 = sin 15o = 0,259 

    sin 𝜃 = sin -10o = -0,174 

    sin 𝜃 = sin -25o = -0,423 

 

 Cos 𝜃 = cos 55o = 0,574 

Cos 𝜃 = cos 38o = 0,788 

Cos 𝜃 = cos 15o = 0,966 

Cos 𝜃 = cos -10o = 0,985 

Cos 𝜃 = cos -25o = 0,906 
 

 ai = bi / Cos 𝜃 = 2 / 0,574= 3,487    m 

ai = bi / Cos 𝜃 = 4 / 0,788= 5,076    m 

ai = bi / Cos 𝜃 = 4 / 0,966= 4,141    m 

ai = bi / Cos 𝜃 = 4 / 00,985= 4,062  m 

ai = bi / Cos 𝜃 = 3,2 / 0,906= 3,531 m 
 

 w cos 𝜃 = 50,976 cos 55o = 29,239       kN 

w cos 𝜃 = 240,246 cos 38o = 189,316   kN 

w cos 𝜃 = 244,2875 cos 15o = 235,964 kN 

w cos 𝜃 = 189,077 cos -10o = 186,204  kN 

w cos 𝜃 = 39,0208 cos -25o = 35,365    kN 



 

 w sin 𝜃 = 50,976 sin 55o = 41,757      kN 

w sin 𝜃 = 240,246 sin 38o = 147,910  kN 

w sin 𝜃 = 244,2875 sin 15o = 63,226  kN 

w sin 𝜃 = 189,077 sin -10o = -32,833 kN 

w sin 𝜃 = 39,0208 sin -25o = -16,491 kN 

 

 c. ai = 12 x 3,487 = 41,843      kN/m 

c. ai = 3,541 x 5,076= 17,974  kN/m 

c. ai = 2,056 x 4,141 = 8,513   kN/m 

c. ai = 2,056 x 4,062= 8,350    kN/m 

c. ai = 1,25 x 3,531 = 4,414     kN/m 

 

 Mr = c. ai +( w cos 𝜃 x tg ∅) = 41,843+ (29,239x 1,150) = 75,478      kN 

Mr = c. ai +( w cos 𝜃 x tg ∅) = 17,974 + (189,316x 0,969) = 201,434 kN 

Mr = c. ai +( w cos 𝜃 x tg ∅) = 8,513+ (235,964 x 0,839) = 206,510   kN 

Mr = c. ai +( w cos 𝜃 x tg ∅) = 8,350+ (186,204 x 0,839) = 164,594   kN 

   Mr = c. ai +( w cos 𝜃 x tg ∅) = 4,414+ (35,365x 0,700) = 29,176        kN 

 

θSinW
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63,226147,91041,757

))839,0964,235(513,8())969,0316,189(974,17())150,1239,29(843,41(
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3. Permodelan 8 irisan  

 

 C1 =  12 kN/m2 

C2 = 3,5409 kN/m2 

)2/2()1/1(
3

cHcH

H
c


  

)25,1/1()12/6,2(

6,3


 = 3,54 kN/m2 

)2/2()1/1(
4

cHcH

H
c


  

)25,1/8,1()12/2(

8,3


 = 5,30 kN/m2 

)2/2()1/1(
5

cHcH

H
c


  

)25,1/2()12/2,1(

2,3


 = 1,88 kN/m2 

)2/2()1/1(
6

cHcH

H
c


  

)25,1/2()12/6,0(

6,2


 = 1,58 kN/m2 

)2/2()1/1(
7

cHcH

H
c


  

)25,1/2()12/6,0(

6,2


 = 1,58 kN/m2 

C8 = 1,25 kN/m2 



 

 ø = 49  

ø = 49  

ø =
)ø/2()ø/1( HH

H


 =

)35/1()49/6,2(

6,3


 = 44,1  

ø =
)ø/2()ø/1( HH

H


 

)25,1/8,1()12/2(

8,3


  = 41,19  

ø =
)ø/2()ø/1( HH

H


 

)25,1/2()12/2,1(

2,3


  = 39,2 

ø =
)ø/2()ø/1( HH

H

 )25,1/2()12/6,0(

6,2


  = 37,47 

ø =
)ø/2()ø/1( HH

H


 

)25,1/2()12/6,0(

6,2


  = 37,47 

ø = 35  

 

 γd  = 21,24 kN/m2 

γd  = 21,24 kN/m2 

γd = 
)/2()/1( dHdH

H

 
=

)42,17/1()24,21/6,2(

6,3


 = 20,0205 kN/m2 

γd = 
)/2()/1( dHdH

H

 
 

)25,1/8,1()12/2(

8,3


  = 19,24 kN/m2 

γd = 
)/2()/1( dHdH

H

 
 

)25,1/2()12/2,1(

2,3


  = 18,68 kN/m2 

γd = 
)/2()/1( dHdH

H

 
 

)25,1/2()12/6,0(

6,2


  = 18,17 kN/m2 

γd = 
)/2()/1( dHdH

H

 
 

)25,1/2()12/6,0(

6,2


  = 18,17 kN/m2 

 

γd = 17,42 kN/m2 

 

 A = 1/2 x a x t =  ½ x 2 x 2,6) = 2,6 m2 

  A = (1/2 x a x t) + ( xt
bawahatas

2


) = (1/2 x 2 x 0,8) + ( 2

2

2,38,1
x


)  

    = 5,8 m2 

  A = (1/2 x a x t)+( xt
bawahatas

2


) = (1/2 x 2 x 0,6)+( 2

2

6,36,2
x


) 

    = 6,8 m2 

  A = (1/2 x a x t)+( xt
bawahatas

2


) = (1/2 x 2 x 0,6)+( 2

2

8,33
x


) 

    =   7,4 m2 

A = (1/2 x a x t) + (P x L) = (1/2 x 2 x 0,8) + (3,2 x 2) = 7,2 m2 



 

A = (1/2 x a x t) + (P x L) = (1/2 x 2 x 0,6) + (2,6 x 2) = 5,8 m2 

A = (1/2 x a x t) + (s x s) =  (½ x 2 x 0,6) + (2 x 2) = 4,6 m2 

         A = 1/2 x a x t =  ½ x 3,4 x 1,6 = 2,72 m2 

  

 bi = 2 m 

 bi = 2 m 

  bi = 2 m 

  bi = 2 m 

    bi = 2 m 

  bi = 2 m 

  bi = 2 m 

  bi = 9 m 

 

 w = γd x A = 21,24 x 2,6  = 55,224 kN 

 w = γd x A = 21,24 x 5,8 = 123,192 kN 

  w = γd x A = 20,02 x 6,8 = 136,136 kN 

  w = γd x A = 19,24 x 7,4 = 142,376 kN 

  w = γd x A = 18,68 x 7,2 = 134,396 kN 

  w = γd x A = 18,17 x 5,8 = 105,386 kN 

  w = γd x A = 18,17 x 4,6 = 83,582 kN 

  w = γd x A = 17,42 x 2,72 = 47,3824 kN 

 

 tg ∅ = tg 49 = 1,150 

 tg ∅ = tg 49 = 1,150 

  tg ∅ = tg 44,1 = 0,969 

  tg ∅ = tg 41,19 = 0,875 

  tg ∅ = tg 39,2 = 0,816 

  tg ∅ = tg 37,47 = 0,766 

  tg ∅ = tg 37,47 = 0,766 

  tg ∅ = tg 35 = 0,700 

 

 𝜃 = 50o 

𝜃 = 40o 

𝜃 = 35o 

𝜃 = 20o 

𝜃 = 10o 

𝜃 = -10o 

𝜃 = -9o 

𝜃 = -20o 

 

 sin 𝜃 = sin 50o = 0,766 

    sin 𝜃 = sin 40o = 0,643 

    sin 𝜃 = sin 35o = 0,574 

    sin 𝜃 = sin 20o = 0,342 



 

    sin 𝜃 = sin 10o = 0,174 

    sin 𝜃 = sin -10o = -0,174 

    sin 𝜃 = sin -9o = -0,156 

    sin 𝜃 = sin -20o = -0,342 

 Cos 𝜃 = cos 50o = 0,643 

Cos 𝜃 = cos 40o = 0,766 

Cos 𝜃 = cos 35o = 0,819 

Cos 𝜃 = cos 20o = 0,940 

Cos 𝜃 = cos 10o = 0,985 

Cos 𝜃 = cos -10o = 0,985 

Cos 𝜃 = cos -9o = 0,988 

Cos 𝜃 = cos -20o = 0,940 

 

 ai = bi / Cos 𝜃 = 2 / 0,643= 3,111 m 

ai = bi / Cos 𝜃 = 2 / 0,766= 2,611 m 

ai = bi / Cos 𝜃 = 2 / 0,819= 2,442 m 

ai = bi / Cos 𝜃 = 2 / 0,940= 2,128 m 

ai = bi / Cos 𝜃 = 2 / 0,985= 2,031 m 

ai = bi / Cos 𝜃 = 2 / 0,985= 2,031 m 

ai = bi / Cos 𝜃 = 2 / 0,988= 2,025 m 

ai = bi / Cos 𝜃 = 2 / 0,940= 9,578 m 
 

 w cos 𝜃 = 55,224 cos 50o = 35,497 kN 

w cos 𝜃 = 123,192 cos 40o = 94,371 kN 

w cos 𝜃 = 136,136 cos 35o = 111,516 kN 

w cos 𝜃 = 142,376 cos 20o = 133,790 kN 

w cos 𝜃 = 134,496 cos 10o = 132,453 kN 

w cos 𝜃 = 105,386 cos -10o = 103,785 kN 

w cos 𝜃 = 83,582 cos -9o = 82,553 kN 

w cos 𝜃 = 47,3824 cos -20o = 44,525 kN 
 

 w sin 𝜃 = 55,224 cos 50o = 42,304 kN 

w sin 𝜃 = 123,192 cos 40o = 79,186 kN 

w sin 𝜃 = 136,136 cos 35o = 78,084 kN 

w sin 𝜃 = 142,376 cos 20o = 48,695 kN 

w sin 𝜃 = 134,496 cos 10o = 23,355 kN 

w sin 𝜃 = 105,386 cos -10o = -18,300 kN 

w sin 𝜃 = 83,582 cos -9o = -13,075 kN 

w sin 𝜃 = 47,3824 cos -20o = -16,206 kN 
 

 c. ai = 12 x 3,111 = 37,337 kN/m 

c. ai = 12 x 2,611= 31,330 kN/m 

c. ai = 3,54 x 2,442 = 8,643 kN/m 

c. ai = 5,3 x 2,128 = 11,280 kN/m 

c. ai = 1,88 x 2,031 = 3,818 kN/m 

c. ai = 1,58 x 2,031 = 3,209 kN/m 

c. ai = 1,58 x 2,025 = 3,199 kN/m 



 

c. ai = 1,25 x 9,578 = 11,972 kN/m 

 Mr = c. ai +( w cos 𝜃 x tg ∅) = 37,337+ (29,239x 1,150) = 78,172 kN  

Mr = c. ai +( w cos 𝜃 x tg ∅) = 31,330 + (189,316x 0,969) = 139,891 kN 

Mr = c. ai +( w cos 𝜃 x tg ∅) = 8,643+ (235,964 x 0,839) = 116,710 kN 

Mr = c. ai +( w cos 𝜃 x tg ∅) = 11,280+ (186,204 x 0,839) = 128,363 kN 

   Mr = c. ai +( w cos 𝜃 x tg ∅) = 3,818+ (35,365x 0,700) = 111,844      kN 

Mr = c. ai +( w cos 𝜃 x tg ∅) = 3,209+ (35,365x 0,700) = 82,759        kN 

Mr = c. ai +( w cos 𝜃 x tg ∅) = 3,199+ (35,365x 0,700) = 66,476        kN 

Mr = c. ai +( w cos 𝜃 x tg ∅) =11,972+ (35,365x 0,700) = 43,149       kN 

 

θSinW

tgθ)(Wc.a
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i

ii
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084,78186,79304,42

))969,0516,111(643,8())15,1371,94(330,31())15,1497,35(337,37(
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LAMPIRAN IV 

Foto Dokumentasi Laboratorium



 

 

 

 

 

 

 

 

 

 

 

Bahan uji setelah di keringkan 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Penghalusan bahan uji 



 

 

 

 

 

 

 

 

 

 

 

 

Pengayakan/penyaringan benda uji 

 

Piknometer 

 

 



 

 

 

 

 

 

 

 

 

 

 

Pemanasan Piknometer 

 

Mol Pemadatan



 

 

 

 

 

 

 

 

Perendaman Tanah dengan air 

 

 

Penumbukan  

 

 

 



 

 

 

 

 

 

 

 

 

Pengambilan tanah 

 

 

 

 

  

 

 

 

 

 

 

 

Sampel tanah pemadatan 

 

 

 

 

 



 

Pengovenan bahan uji 

 

Pengmabilan sampel tanah pengujian Direct Shear 

 



 

Bahan uji Direct Shear 

 

 

 

Proses pengujian direct shear 

 



 

Proses pengujian direct shear 

 

 

 
Bahan uji setelah dilakukan pengujian direct shear



 

 

 

 

 

 

 

 

 

LAMPIRAN V 

Lembar Asistensi 
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LAMPIRAN VI 

Revisi Tugas Akhir 
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