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ABSTRAK

Pembangunan Jalan Tol Akses Pelabuhan Patimban Paket 2 dilaksanakan
di atas tanah lunak bekas sawah yang berpotensi mengalami penurunan besar dalam
waktu lama, sehingga diperlukan metode perbaikan tanah yang tepat. Penelitian ini
bertujuan menganalisis dan membandingkan besar penurunan konsolidasi serta
waktu yang dibutuhkan untuk mencapai derajat konsolidasi 90% antara metode
kombinasi preloading-soil replacement dan metode kombinasi preloading-
prefabricated vertical drain (PVD) pada STA 25+650, menggunakan pendekatan
teori konsolidasi satu dimensi Terzaghi. Hasil analisis menunjukkan bahwa
penurunan konsolidasi pada metode preloading-soil replacement sebesar 0,60 m,
sedangkan pada metode preloading-prefabricated vertical drain (PVD) sebesar
0,69 m. Waktu yang dibutuhkan untuk mencapai derajat konsolidasi 90% pada
metode preloading dan soil replacement adalah 400 hari, sementara pada metode

preloading dan PVD hanya 15 hari dengan pola pemasangan segitiga jarak 1,0 m.

Kata kunci: konsolidasi, tanah lunak, preloading, soil replacement, prefabricated

vertical drain (PVD)




  O C R


    U 0


  𝛥 p


  𝛥 u = 𝛥 p


    u 0 + 𝛥 p


  𝛥 p


     O C R =     P  c ′    P 0 #  ( 1 )


    P  c ′


    P 0


    S  p


       S  p =     C  c × H  1 +   e 0  log ⁡   (     P 0 + 𝛥 P    P 0 ) #  ( 2 )


    S  p


    C  c


  H


    e 0


    P 0


  𝛥 P


    P 0 + 𝛥 P ≤   P  c ′


       S  p =     C  r × H  1 +   e 0  log ⁡   (     P 0 + 𝛥 P    P 0 ) #  ( 3 )


    P 0 + 𝛥 P ≥   P  c ′


       S  p =     C  r × H  1 +   e 0  log ⁡   (     P  c ′    P 0 ′ ) +     C  c × H  1 +   e 0  log ⁡   (     P 0 + 𝛥 P    P  c ′ ) #  ( 4 )


    S  p


    C  r


  H


    e 0


    P  c ′


    P 0


  𝛥 P


    P 0


    P 0


       P 0 =   𝛾 ′ × H #  ( 5 )


    P 0


  𝛾 ′


  H


  𝛾 ′


   γ  s a t


       𝛾 ′ =  γ  s a t −  γ  w #  ( 6 )


  𝛾 ′


    𝛾  s a t


    𝛾  w    


      γ  s a t =     G  s + e  1 + e  γ  w #  ( 7 )


    𝛾  s a t


    G  s        


  e      


    𝛾  w  


    P  c ′


    P  c ′


    P  c ′


    P  c ′


    P  c ′


    C  c )


       C  c = 0 . 009 ×  ( L L − 10 ) #  ( 8 )


    C  c


  L L


    C  r


    C  r


       C  s =  (  1 5 ∼  1 10 )   C  c #  ( 9 )


    C  s


    C  c


    q 0 )


       q 0 = 𝛾 × H #  ( 10 )


    q 0


  𝛾


  𝛥 P )


  𝛥 P )


     𝛥 P =   q 0 × 2 I #  ( 11 )


  𝛥 P


    q 0


  I


  I )


  I


  I


  I


  I


     𝛥 P =     q 0  𝜋  ( 𝛼 +  sin ⁡  𝛼  cos ⁡ 2 𝛽 ) #  ( 12 )


  𝛥 P


    q 0


  𝛼


  𝛽


  𝛼


     α   =   2   ×  arctan ⁡   (   0 , 5 B  z ) #  ( 13 )


  𝛼


  B


  z


    C  v )


    C  v


    C  v


    C  v


    C  v   g a b


     C   v  g a b =      (   ∑  i = 1  n    H  i ) 2     (   ∑  i = 1  n      H  i   C   v  i ) 2 #  ( 14 )


  C   v  g a b


    H  i


  C   v  i


    T  v


       T  v =   t ×   C  v    H  d   r 2 #  ( 15 )


    T  v


  t


    C  v


    H  d r


    H  d r  


    U  v


       U  v =    4 ×   T  v  𝜋 #  ( 16 )


    U  v


    T  v


    U  v


     S   =   (   U  v )   ×   Sp   total   #  ( 17 )


  S


    U  v


     d w =   2  ( p + l ) π #  ( 18 )


     De =   1 , 13   S   ( untuk   pola   bujur   sangkar ) #  ( 19 )      De =   1 , 13   S    ( untuk   pola   bujur   sangkar ) # ( 19 )


       De =   1 , 05   S   ( untuk   pola   segitiga ) # ( 20 )


       De =   1 , 05   S   ( untuk   pola   segitiga ) # ( 20 )


    C h )


       C h =    (   1 s d 2 ) × C #  ( 21 )


    C h


  C v


    T h )


    T h


       T h     =     C h × t    D  e    2 #  ( 22 )


    T h


    C h


  t


    D  e  


  F  ( n )


     f  ( n ) =  ln ⁡   (   D e    d  w ) −  3 4 #  ( 23 )


    d  w


    U h )


       U h         = 1 −   e x p    − 8   T h  F  ( n ) #  ( 24 )


    U h


    T h


  F  ( n )


     U = 1 −  ( 1 −   U  v )  ( 1 −   U h ) #  ( 25 )


  U


    U  v


    U h


    q 0 )  


    q 0 = 𝛾 × H


  ( 𝛾 )


    P 0 = 𝛾 ′ × H


  𝛾 ′ )


    ( γ  s a t )


  ( 𝛾 ′ )


  𝛥 P )


  𝛥 P =   q 0 × 2 I


  𝛥 P =     q 0  𝜋  ( 𝛼 +  sin ⁡  𝛼  cos ⁡ 2 𝛽 )


  ( 𝛼


  ( 𝛽 )


  O C R =     P  c ′    P 0


    ( P  c ′ )


    S  p =     C  c × H  1 +   e 0  log ⁡   (     P 0 + 𝛥 P    P 0 )


    S  p =     C  r × H  1 +   e 0  log ⁡   (     P 0 + 𝛥 P    P 0 )


    S  p =     C  r × H  1 +   e 0  log ⁡   (     P  c ′    P 0 ′ ) +     C  c × H  1 +   e 0  log ⁡   (     P 0 + 𝛥 P    P  c ′ )


  C   v  g a b


  C   v  g a b =      (   ∑  i = 1  n    H  i ) 2     (   ∑  i = 1  n      H  i   C   v  i ) 2


    T  v =   t ×   C  v    H  d   r 2


    ( H  d r


    U  v =    4 ×   T  v  𝜋


    U  v


    U  v


    q 0 = 𝛾 × H


  Nilai   ( 𝛾 )


    P 0 = 𝛾 ′ × H


  𝛾 ′ )


    ( γ  s a t )


  ( 𝛾 ′ )


  𝛥 P )


  𝛥 P =   q 0 × 2 I


  O C R =     P  c ′    P 0


    ( P  c ′ )


    S  p =     C  c × H  1 +   e 0  log ⁡   (     P 0 + 𝛥 P    P 0 )


    S  p =     C  r × H  1 +   e 0  log ⁡   (     P 0 + 𝛥 P    P 0 )


    S  p =     C  r × H  1 +   e 0  log ⁡   (     P  c ′    P 0 ′ ) +     C  c × H  1 +   e 0  log ⁡   (     P 0 + 𝛥 P    P  c ′ )


    2  ( p + l ) π


  p


  l )


  f  ( n ) =  ln ⁡   (   D e    d  w ) −  3 4


  C   v  g a b =      (   ∑  i = 1  n    H  i ) 2     (   ∑  i = 1  n      H  i   C   v  i ) 2


    C h


  C v


    T  v =   t ×   C  v    H  d   r 2


    ( H  d r


    T h     =     C h × t    D  e    2


    U  v =    4 ×   T  v  𝜋


    U h         = 1 −   e x p    − 8   T h  F  ( n )


  U


  U = 1 −  ( 1 −   U  v )  ( 1 −   U h )


  U


  U


  𝛾


  𝛾


  𝛾


  𝛾


    q 0 )


  𝛾


  𝛾


  𝛾 d × H


  𝛾 d × H


  𝛾 d × H


  𝛾 d × H


  ( 𝛾


  𝛾


      G  s + e  1 + e  γ  w


  𝛾


    2 , 587 + 1 , 360  1 + 1 , 360  


  𝛾


  𝛾 ′


   γ  s a t −  γ  w


  𝛾 ′


  𝛾 ′


  𝛾 ′


  𝛾


      G  s + e  1 + e  γ  w


  𝛾


    2 , 564 + 1 , 380  1 + 1 , 380  


  𝛾


  𝛾 ′


   γ  s a t −  γ  w


  𝛾 ′


  𝛾 ′


  𝛾 ′


  𝛾


      G  s + e  1 + e  γ  w


  𝛾


    2 , 604 + 1 , 402  1 + 1 , 402  


  𝛾


  𝛾 ′


   γ  s a t −  γ  w


  𝛾 ′


  𝛾 ′


  𝛾 ′


    q 0 × 2 I


    q 0 × 2 I


    B × 0 , 5  z


    21 , 55  1 , 75


      q 0  𝜋  ( 𝛼 +  sin ⁡  𝛼  cos ⁡ 2 𝛽 )


    13 , 88  𝜋  ( 0 , 052 +  sin ⁡  0 , 052  cos ⁡ 2 0 )


    B × 0 , 5  Z


    29 , 64  1 , 25


      q 0  𝜋  ( 𝛼 +  sin ⁡  𝛼  cos ⁡ 2 𝛽 )


    7 , 75  𝜋  ( 0 , 053 +  sin ⁡  0 , 053  cos ⁡ 2 × 0 )


    q 0 × 2 I


    q 0 × 2 I


    B × 0 , 5  Z


    21 , 55  4 , 75


      q 0  𝜋  ( 𝛼 +  sin ⁡  𝛼  cos ⁡ 2 𝛽 )


    13 , 88  𝜋  ( 0 , 047 +  sin ⁡  0 , 047  cos ⁡  2 × 0 )


    B × 0 , 5  Z


    29 , 64  8 , 25


      q 0  𝜋  ( 𝛼 +  sin ⁡  𝛼  cos ⁡ 2 𝛽 )


    7 , 75  𝜋  ( 0 , 050 +  sin ⁡  0 , 050  cos ⁡ 2 × 0 )


    q 0 × 2 I


    q 0 × 2 I


    B × 0 , 5  Z


    21 , 55  4 , 75


      q 0  𝜋  ( 𝛼 +  sin ⁡  𝛼  cos ⁡ 2 𝛽 )


    13 , 88  𝜋  ( 0 , 042 +  sin ⁡  0 , 042  cos ⁡  2 × 0 )


    B × 0 , 5  Z


    29 , 64  8 , 25


      q 0  𝜋  ( 𝛼 +  sin ⁡  𝛼  cos ⁡ 2 𝛽 )


    7 , 75  𝜋  ( 0 , 046 +  sin ⁡  0 , 046  cos ⁡ 2 × 0 )


    O C R =     P  c ′    P 0


    O C R =


      58 , 86   k N / m 2  17 , 08   k N / m 2


  O C R


    O C R =     P  c ′    P 0


    58 , 86   kN / m 2  40 , 81   kN / m 2


    O C R =     P  c ′    P 0


    58 , 86   kN / m 2  60 , 85   kN / m 2


      C  r × H  1 +   e 0  log ⁡   (     P  c ′    P 0 ′ ) +     C  c × H  1 +   e 0  log ⁡   (     P 0 + 𝛥 P    P  c ′ )


    0 , 03   ×   2 , 50  1 + 1 , 36  log ⁡   (   58 , 86  17 , 08 ) +   0 , 49   ×   2 , 50  1 + 1 , 36  log ⁡   (   17 , 08 + 77 , 99  58 , 86 )


      C  r × H  1 +   e 0  log ⁡   (     P  c ′    P 0 ′ ) +     C  c × H  1 +   e 0  log ⁡   (     P 0 + 𝛥 P    P  c ′ )


    0 , 09   ×   3 , 50  1 +   1 , 38  log ⁡   (   58 , 86  40 , 81 ) +   0 , 51   ×   3 , 5  1 + 1 , 38  log ⁡   (   40 , 81 + 74 , 28  58 , 86 )


      C  c × H  1 +   e 0  log ⁡   (     P 0 + 𝛥 P    P 0 )


    0 , 46   ×   4 , 00  1 + 1 , 40  log ⁡   (   60 , 85 + 69 , 91  60 , 85 )


  C   v  g a b =      (   ∑  i = 1  n    H  i ) 2     (   ∑  i = 1  n      H  i   C   v  i ) 2


  C   v  g a b


      ( 250   +   350   +   400 ) 2    (  250   0 , 00473   +    350   0 , 00499     +    400   0 , 00443 ) 2


  C   v  g a b


  C   v  g a b


    T  v


        T  v =   t ×   C  v    H  d   r 2


      T  v


    1   ×   0 , 04054  (   10   × 0 , 5 )   2


    T  v


    U  v


      U  v     =    4 ×   T  v  𝜋


    U  v


     4   ×   0 , 00162  𝜋


    U  v


    U  v


  𝛾


  𝛾


  𝛾 d × H


  𝛾 d × H


  ( 𝛾


  ( 𝛾


  ( 𝛾


  𝛾


  𝛾 ′


  𝛾 ′


  𝛾


      G  s + e  1 + e  γ  w


  𝛾


    2 , 645 + 1 , 380  1 + 1 , 380  


  𝛾


  𝛾 ′


   γ  s a t −  γ  w


  𝛾 ′


  𝛾 ′


  𝛾 ′


  𝛾


      G  s + e  1 + e  γ  w


  𝛾


    2 , 564 + 1 , 380  1 + 1 , 380  


  𝛾


  𝛾 ′


   γ  s a t −  γ  w


  𝛾 ′


  𝛾 ′


  𝛾 ′


  𝛾


      G  s + e  1 + e  γ  w


  𝛾


    2 , 604 + 1 , 402  1 + 1 , 402  


  𝛾


  𝛾 ′


   γ  s a t −  γ  w


  𝛾 ′


  𝛾 ′


  𝛾 ′


    q 0 × 2 I


    q 0 × 2 I


    q 0 × 2 I


    q 0 × 2 I


    q 0 × 2 I


    q 0 × 2 I


  O C R


  O C R


    P  c ′


  O C R         =     P  c ′    P 0


  O C R


    58 , 86   k N / m 2  12 , 36   kN / m 2


  O C R


    P  c ′


  O C R       =     P  c ′    P 0


  O C R


    58 , 86   k N / m 2  34 , 57   kN / m 2


  O C R


    P  c ′


  O C R       =     P  c ′    P 0


  O C R


    58 , 86   kN / m 2  58 , 29   kN / m 2


  O C R


    P  c ′


  O C R       =     P  c ′    P 0


  O C R


    58 , 86   kN / m 2  81 , 75   kN / m 2


  O C R


  O C R


  O C R


  O C R


      C  r × H  1 +   e 0  log ⁡   (     P  c ′    P 0 ′ ) +     C  c × H  1 +   e 0  log ⁡   (     P 0 + 𝛥 P    P  c ′ )


      0 , 03   ×   0 , 75  1 + 1 , 360  log ⁡   (   58 , 86  13 , 67 ) +   0 , 489   ×   0 , 75  1 + 1 , 360  log ⁡   (   13 , 67 + 77 , 99  13 , 67 )


      C  r × H  1 +   e 0  log ⁡   (     P  c ′    P 0 ′ ) +     C  c × H  1 +   e 0  log ⁡   (     P 0 + 𝛥 P    P  c ′ )


      0 , 03   ×   3 , 25  1 + 1 , 360  log ⁡   (   58 , 86  34 , 57 ) +   0 , 489   ×   3 , 25  1 + 1 , 360  log ⁡   (   34 , 57 + 77 , 99  34 , 57 )


      C  r × H  1 +   e 0  log ⁡   (     P  c ′    P 0 ′ ) +     C  c × H  1 +   e 0  log ⁡   (     P 0 + 𝛥 P    P  c ′ )


    0 , 09   × 3 , 50  1 +   1 , 381  log ⁡   (   58 , 86  58 , 29 ) +   0 , 510   ×   3 , 50  1 + 1 , 381  log ⁡   (   58 , 29 + 74 , 28  58 , 29 )


      C  c × H  1 +   e 0  log ⁡   (     P 0 + 𝛥 P    P 0 )


    0 , 46   × 4 , 00  1 +   1 , 40  log ⁡   (   85 , 10   +   69 , 31  85 , 10 )


    2  ( p + l ) π


    2  ( 0 , 100   m + 0 , 003   m ) π


  f  ( n ) =  ln ⁡   (   D e    d  w ) −  3 4


  f  ( n ) =  ln ⁡   (   1 , 13  0 , 0656 ) −  3 4


  f  ( n ) =  ln ⁡   (   1 , 13  0 , 0656 ) −  3 4


  f  ( n ) = 2 , 097


  f  ( n ) = 2 , 097


  C   v  g a b =      (   ∑  i = 1  n    H  i ) 2     (   ∑  i = 1  n      H  i   C   v  i ) 2


  C   v  g a b


      ( 400   +   350   +   400 ) 2    (  400   0 , 00473   +    350   0 , 00499     +    400   0 , 00443 ) 2


  C   v  g a b


  C   v  g a b


    C h


  C v


    C h


    C h


        T  v =   t ×   C  v    H  d   r 2


        T  v =   t ×   0 , 04058    ( 11 , 5   m   ×   0 , 5 ) 2


        T  v =   t ×   0 , 04058    ( 11 , 5   m   ×   0 , 5 ) 2


        T  v = 0 , 00134


        T  v = 0 , 00134


    T h


    T h     =     C h × t    D  e    2


    T h     =   0 , 04058 × 1    1 , 13     2


    T h     =   0 , 031779


    U  v


    U  v =    4 ×   T  v  𝜋


    U  v =    4 ×   0 , 00134  𝜋


    U  v =    4 ×   0 , 00134  𝜋


    U  v =   0 , 04133


    U  v =   0 , 04133


    U h


    U h         = 1 −   e x p    − 8   T h  F  ( n )


    U h         = 1 −   e x p    − 8   ×   0 , 031779  2 , 079


    U h         =   0 , 11418


  U


  U = 1 −  ( 1 −   U  v )  ( 1 −   U h )


  U = 1 −  ( 1 −   0 , 04133 )  ( 1 −   1 , 11418 )


  U = 1 −  ( 1 −   0 , 04133 )  ( 1 −   1 , 11418 )


  U =   0 , 15079


  U


  0 , 15079


  U


  U


  U


  U

