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EVALUASI PENURUNAN BEDA (DIFFERENTIAL SETTLEMENT) PADA 

PILAR P3-P6 FLY OVER KRIAN 

 

ABSTRAK 

 

Pondasi merupakan elemen penting dalam menyalurkan beban struktur fly over ke 

lapisan tanah pendukung secara aman. Penelitian ini melakukan evaluasi terhadap 

kinerja pondasi tiang pancang pada Pilar P3–P6 Fly Over Krian, Sidoarjo, dengan 

fokus utama pada analisis daya dukung serta potensi penurunan beda (differential 

settlement). Keterbatasan data teknis eksisting menyebabkan analisis dilakukan 

menggunakan data sekunder berupa bore log (N-SPT) dengan pendekatan 

pemodelan beban standar jembatan kelas A sesuai SNI 1725:2016. Kapasitas daya 

dukung pondasi dihitung menggunakan Metode Luciano Decourt, sementara 

penurunan total dianalisis berdasarkan komponen penurunan elastis dan konsolidasi 

primer. Hasil analisis menunjukkan bahwa konfigurasi 8 tiang pancang diameter 60 

cm pada setiap pilar memiliki daya dukung izin (Qg) yang aman terhadap beban 

desain 621,29 Ton, dengan nilai kapasitas berkisar antara 1.363,11 Ton hingga 

1.614,65 Ton. Penurunan total maksimum terjadi pada Pilar P3 sebesar 10,01 mm, 

yang masih berada di bawah batas izin 25,00 mm. Analisis penurunan beda 

(differential settlement) antara pilar P3 dan P4 menghasilkan distorsi sudut sebesar 

1:12.562, yang terbukti aman terhadap kriteria retak struktural (1:500) maupun 

standar AASHTO LRFD (1:250). 

 

Kata Kunci: Daya Dukung Pondasi, Differential Settlement, Fly Over Krian, 

Metode Luciano Decourt, Penurunan Konsolidasi.  
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EVALUATION OF DIFFERENTIAL SETTLEMENT IN PILLARS P3–P6 OF 

THE KRIAN FLYOVER 

 

ABSTRACT 

 

The foundation is a critical element in safely transferring flyover structural loads to 

the supporting soil layer. This study evaluates the performance of pile foundations 

on Pillars P3–P6 of the Krian Flyover, Sidoarjo, with a primary focus on bearing 

capacity analysis and potential differential settlement. Given the limitations of 

existing technical data, the analysis utilizes secondary data from bore logs, applying 

standard Class A bridge loading models in accordance with SNI 1725:2016. The 

foundation's bearing capacity is calculated using the Luciano Decourt method, 

while total settlement is analyzed based on elastic and primary consolidation 

components. The results indicate that the configuration of eight 60 cm diameter 

piles per pillar provides an allowable bearing capacity (Qg) ranging from 1,363.11 

tons to 1,614.65 tons, which meets the safety requirements for the 621.29-ton 

design load. The maximum total settlement occurs at Pillar P3 at 10.01 mm, which 

remains below the 25.00 mm allowable limit. Analysis of differential settlement 

between Pillars P3 and P4 results in an angular distortion of 1:12,562, which proves 

safe against structural cracking criteria (1:500) and the AASHTO LRFD standard 

(1:250).  

 

Keywords: Consolidation Settlement, Differential Settlement, Foundation Bearing 

Capacity, Krian Flyover, Luciano Decourt Method.   
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    N  p


    S  e 1 =   634 , 26 ⋅ 30  9 . 395 . 251 , 8 = 0 , 00203  m = 2 , 03  mm


    S  e 1 =   634 , 26 ⋅ 30  9 . 395 . 251 , 8 = 0 , 00203  m = 2 , 03  mm


    f  s


    f  s =  (       N -  s 3 + 1 )


    S  e 2


    f  s


    S  e 2 =   491 , 91 ⋅ 0 , 03  0 , 60 ⋅ 16 . 400


      N -  s


    S  e 2 =   14 , 757  9 . 840 = 0 , 00150  m = 1 , 50  mm


    S  e 2 =   14 , 757  9 . 840 = 0 , 00150  m = 1 , 50  mm


    Q  u l t


    S  e 3


    C  s =  ( 0 , 93 + 0 , 04   30  0 , 60 ) ⋅ 0 , 03


    Q  u l t =  (   q  p ⋅   A  p ) +  (   f  s ⋅   A  s )


    C  s =  ( 0 , 93 + 0 , 04 ⋅ 7 , 071 ) ⋅ 0 , 03 = 0 , 0364


    C  s =  ( 0 , 93 + 0 , 04 ⋅ 7 , 071 ) ⋅ 0 , 03 = 0 , 0364


    Q  g , u l t


    S  e 3 =   284 , 70 ⋅ 0 , 0364  30 ⋅ 16 . 400


    Q  g , u l t =   E  g ⋅ n ⋅   Q  s , u l t


    S  e 3 =   284 , 70 ⋅ 0 , 0364  30 ⋅ 16 . 400


    S  e 3 =   10 , 363  492 . 000 = 0 , 00002  m = 0 , 02  mm


    Q  g , u l t


    S  e 3 =   10 , 363  492 . 000 = 0 , 00002  m = 0 , 02  mm


    E  g


  n


    S  e


    Q  s , u l t


    S  e = 2 , 03  mm + 1 , 50  mm + 0 , 02  mm = 3 , 55  mm


    E  g


    E  g = 1 − 𝜃  [    ( n − 1 ) m +  ( m − 1 ) n  90 ⋅ m ⋅ n ]


    S  e  ( g )


  𝜃 =  arctan ⁡   (   D  s )


    S  e  ( g ) = 3 , 55  mm ⋅ 2 , 0 = 7 , 10  mm


  D


  s


    Q  w p


  m


    Q  w s


  n


    N  p


    q  p


    S  e


    S  e =   S  e 1 +   S  e 2 +   S  e 3


    S  e 1


    S  e 1 =    ( 472 , 94 +  ( 0 , 5 ⋅ 303 , 67 ) ) ⋅ 38  0 , 2827 ⋅ 33 . 234 . 000


    S  c


    S  e 1 =   624 , 775 ⋅ 38  9 . 395 . 251 , 8 = 0 , 00253   m = 2 , 53  mm


    S  c =     C  c   H  c  1 +   e  o  log ⁡   (     𝜎  o ′ + Δ 𝜎 ′    𝜎  o ′ )


    S  e 1 =   624 , 775 ⋅ 38  9 . 395 . 251 , 8 = 0 , 00253   m = 2 , 53  mm


    C  c


    H  c


    S  e 2


    e  o


    S  e 2 =   472 , 94 ⋅ 0 , 03  0 , 60 ⋅ 14 . 800


    S  e 2 =   14 , 188  8 . 880 = 0 , 00160  m = 1 , 60  mm


    𝜎  o ′


    S  e 2 =   14 , 188  8 . 880 = 0 , 00160  m = 1 , 60  mm


  Δ 𝜎 ′


    S  e 3


    C  s =  ( 0 , 93 + 0 , 04   38  0 , 60 ) ⋅ 0 , 03


    C  s =  ( 0 , 93 + 0 , 04 ⋅ 7 , 958 ) ⋅ 0 , 03 = 0 , 0374


    C  s =  ( 0 , 93 + 0 , 04 ⋅ 7 , 958 ) ⋅ 0 , 03 = 0 , 0374


    S  e 3 =   303 , 67 ⋅ 0 , 0374  38 ⋅ 14 . 800


    S  e 3 =   303 , 67 ⋅ 0 , 0374  38 ⋅ 14 . 800


    S  e 3 =   11 , 357  562 . 400 = 0 , 00002  m = 0 , 02  mm


    S  e 3 =   11 , 357  562 . 400 = 0 , 00002  m = 0 , 02  mm


    S  e


    S  e = 2 , 53  mm + 1 , 60  mm + 0 , 02  mm = 4 , 15  mm


    S  e  ( g )


    S  e  ( g ) = 4 , 15  mm ⋅ 2 , 0 = 8 , 30  mm


    Q  w p


    Q  w s


    N  p


    q  p


    S  e 1


    S  e 1 =    ( 491 , 40 +  ( 0 , 5 ⋅ 285 , 21 ) ) ⋅ 38  0 , 2827 ⋅ 33 . 234 . 000


    S  e 1 =   634 , 005 ⋅ 38  9 . 395 . 251 , 8 = 0 , 00256  m = 2 , 56  mm


    S  e 1 =   634 , 005 ⋅ 38  9 . 395 . 251 , 8 = 0 , 00256  m = 2 , 56  mm


    S  e 2


    S  e 2 =   491 , 40 ⋅ 0 , 03  0 , 60 ⋅ 16 . 400


    S  e 2 =   14 , 832  9 . 840 = 0 , 00151  m = 1 , 51  mm


    S  e 2 =   14 , 832  9 . 840 = 0 , 00151  m = 1 , 51  mm


    S  e 3


    C  s =  ( 0 , 93 + 0 , 04   38  0 , 60 ) ⋅ 0 , 03


    C  s =  ( 0 , 93 + 0 , 04 ⋅ 7 , 958 ) ⋅ 0 , 03 = 0 , 0374


    C  s =  ( 0 , 93 + 0 , 04 ⋅ 7 , 958 ) ⋅ 0 , 03 = 0 , 0374


    S  e 3 =   285 , 21 ⋅ 0 , 0374  38 ⋅ 16 . 400


    S  e 3 =   285 , 21 ⋅ 0 , 0374  38 ⋅ 16 . 400


    S  e 3 =   10 , 667  623 . 200 = 0 , 00002  m = 0 , 02  mm


    S  e 3 =   10 , 667  623 . 200 = 0 , 00002  m = 0 , 02  mm


    S  e


    S  e = 2 , 56  mm + 1 , 51  mm + 0 , 02  mm = 4 , 09  mm


    S  e  ( g )


    S  e  ( g ) = 4 , 09  mm ⋅ 2 , 0 = 8 , 16  mm


    Q  w p


    Q  w s


    N  p


    q  p


    S  e 1


    S  e 1 =    ( 431 , 63 +  ( 0 , 5 ⋅ 344 , 98 ) ) ⋅ 38  0 , 2827 ⋅ 33 . 234 . 000


    S  e 1 =   604 , 120 ⋅ 38  9 . 395 . 251 , 8 = 0 , 00244  m = 2 , 44   mm


    S  e 1 =   604 , 120 ⋅ 38  9 . 395 . 251 , 8 = 0 , 00244  m = 2 , 44   mm


    S  e 2


    S  e 2 =   431 , 63 ⋅ 0 , 03  0 , 60 ⋅ 16 . 000


    S  e 2 =   12 , 949  9 . 600 = 0 , 00135  m = 1 , 35  mm


    S  e 2 =   12 , 949  9 . 600 = 0 , 00135  m = 1 , 35  mm


    S  e 3


    C  s =  ( 0 , 93 + 0 , 04   38  0 , 60 ) ⋅ 0 , 03


    C  s =  ( 0 , 93 + 0 , 04 ⋅ 7 , 958 ) ⋅ 0 , 03 = 0 , 0374


    C  s =  ( 0 , 93 + 0 , 04 ⋅ 7 , 958 ) ⋅ 0 , 03 = 0 , 0374


    S  e 3 =   344 , 98 ⋅ 0 , 0374  38 ⋅ 16 . 000


    S  e 3 =   344 , 98 ⋅ 0 , 0374  38 ⋅ 16 . 000


    S  e 3 =   12 , 902  608 . 000 = 0 , 00002  m = 0 , 02  mm


    S  e 3 =   12 , 902  608 . 000 = 0 , 00002  m = 0 , 02  mm


    S  e


    S  e = 2 , 44  mm + 1 , 35   mm + 0 , 02  mm = 3 , 81  mm


    S  e  ( g )


    S  e  ( g ) = 3 , 81  mm ⋅ 2 , 0 = 7 , 62  mm


    S  e  ( g )


    S  e 1


    S  e 2


    S  e 3


    S  e


    S  e 1 +   S  e 2 +   S  e 3


    S  e  ( g )


    S  e


    S  e  ( g )


    S  e 1


    𝑺  𝒄


    𝜎 ′  o ( i )


    𝜎 ′  c ( i )


  ∆   s  c ( i ) =     C  c ( i )   H  ( i )  1 +   e  o ( i )  log ⁡      𝜎  o ( i ) ′ + ∆   𝜎  i ′    𝜎  o ( i ) ′


    𝜎  o ( i ) ′ + ∆   𝜎  i ′ <   𝜎  c ( i ) ′


  ∆   s  c ( i ) =     C  s ( i )   H  ( i )  1 +   e  o ( i )  log ⁡      𝜎  o ( i ) ′ + ∆   𝜎  i ′    𝜎  o ( i ) ′


      𝜎  o ( i ) ′ <   𝜎  c ( i ) ′ < 𝜎  o ( i ) ′ + ∆   𝜎  i ′


  ∆   s  c ( i ) =     C  s ( i )   H  ( i )  1 +   e  o ( i )  log ⁡      𝜎  c ( i ) ′    𝜎  o ( i ) ′ +     C  c ( i )   H  ( i )  1 +   e  o ( i )  log ⁡      𝜎  o ( i ) ′ + ∆   𝜎  i ′    𝜎  o ( i ) ′


  𝛾


  ∆   s  c ( i ) = penurunan konsolidasi pada lapisan  i


    𝜎  o ( i ) ′ = tegangan overburde efektif rata-rata pada kedalaman   i


  c


    𝜎  o ( i ) ′ = tegangan overburde efektif rata-rata pada kedalaman   i


    𝜎  c ( i ) ′ = tegangan prakonsolidasi pada kedalaman   i


  𝜙


    𝜎  c ( i ) ′ = tegangan prakonsolidasi pada kedalaman   i


    e  o ( i ) = angka pori awal pada kedalaman   i


    E  s


    e  o ( i ) = angka pori awal pada kedalaman   i


    C  c ( i ) = indeks kompresi pada kedalaman   i


  e


    C  c ( i ) = indeks kompresi pada kedalaman   i


    C  s ( i ) = indeks pengembangan pada kedalaman   i


    C  c


    C  s ( i ) = indeks pengembangan pada kedalaman   i


    H  ( i ) = ketebalan lapisan   i . 


    C  v


    H  ( i ) = ketebalan lapisan   i . 


    Q  u =   Q  p +   Q  s


    Q  u =  (   q  p ⋅   A  p ) +  (   f  s ⋅   A  s )


    Q  u =  (   q  p ⋅   A  p ) +  (   f  s ⋅   A  s )


    Q  u


    q  p


    A  p


    f  s


    A  s


  L


    S  c


  L


    S  c


  L


    S  c


    S  c


  Δ


    𝜎 0


    S  c


    S  c


    𝑺  𝒕 =   𝑺  𝒆 +   𝑺  𝒄


    S  t


    S  e


    S  c


    S  t =   S  e +   S  c


    S  t


    S  e


    S  c


    S  t = 6 , 88  mm + 3 , 13  mm = 10 , 01  mm


    S  t = 8 , 02  mm + 0 , 00  mm = 8 , 02  mm


    S  t = 7 , 08  mm + 0 , 00  mm = 7 , 08  mm


    S  t = 7 , 10  mm + 0 , 00  mm = 7 , 10  mm


    S  t


    S  e


    S  c


    S  t


    S  e +   S  c


    S  t


  Δ S =  |   S  t  ( A ) −   S  t  ( B ) |


  𝜔 =   Δ S  L


  𝜔 =   Δ S  L


  Δ S


    S  t  ( A )


    S  t  ( B )


  L


  𝜔


  L


  Δ S =  | 10 , 01  mm − 8 , 02  mm | = 1 , 99  mm


  𝜔 =   1 , 99  25 . 000 = 0 , 0000796 → rasio  1 : 12 . 562


  𝜔 =   1 , 99  25 . 000 = 0 , 0000796 → rasio  1 : 12 . 562


  L


  Δ S =  | 8 , 02  mm − 7 , 08  mm | = 0 , 94  mm


  𝜔 =   0 , 94  25 . 000 = 0 , 0000376 → rasio  1 : 26 . 595


  𝜔 =   0 , 94  25 . 000 = 0 , 0000376 → rasio  1 : 26 . 595


  L


  Δ S =  | 7 , 08  mm − 7 , 10  mm | = 0 , 02  mm


  𝜔 =   0 , 02  25 . 000 = 0 , 0000008 → rasio  1 : 1 . 250 . 000


  𝜔 =   0 , 02  25 . 000 = 0 , 0000008 → rasio  1 : 1 . 250 . 000


    S  t


    S  t


    S  c ≈ 0

