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Lampiran 1 (Data Tanah) 
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Lampiran 2 (Perhitungan Manual)  

Perhitungan manual (contoh untuk tiang vertikal) ini dilakukan untuk 

memverifikasi ketepatan hasil permodelan pada program SAP2000. 

 

Studi perilaku pondasi..., Irma N. Indah L., FT UI, 2008



 114

 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

7 

6 

 

Data: 

• H (Tr2) = 100 ton → H (Tr2) untuk 

setiap tiang = 6,25 ton 

• Panjang tiang = 63,5 m 

• Kedalaman tiang dalam tanah = 50 m 

• Jarak antar pegas = 10 m 

• Diameter tiang = 600 mm 

• Tebal tiang = 100 mm 

• Jumlah elemen = 6 

• E beton = 25 GPa 

• Luas penampang = 

( )2 2 20,6 0,4 0,1571
4

mπ
− =  

• ( )( )440,6 0,6 0,2 0,0051
64

I π
= × − − =  

• Panjang elemen: 

o Elemen 1 = 13,5 m 

o Elemen 2 – 6 = 10 m 
6

3 3

6

3 3

(2,5 10 ) 0,0051 5.187
13,5

(2,5 10 ) 0,0051 12.763
10

EI
L
EI
L

× ×
= =

× ×
= =

 

 

Perhitungan Kekakuan Pegas 
Elevasi N-SPT no spring kh (N/cm3) kh (ton/m3) L elemen (m) A (m2) ks (ton/m)
2 - 13 1 1 4 400 5 3 1200

2 4 400 6 3.6 3360
13 - 30 4 2 8 800 4 2.4

3 8 800 10 6 4800
4 8 800 3 1.8 21960

30 - 36 24 4 47 4700 6 3.6
36 - 42 35 4 60 6000 1 0.6

5 60 6000 5 3 45000
42 - 51 48 5 90 9000 5 3

6 90 9000 4 2.4 27600
51 - 57 58 6 100 10000 1 0.6  
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Matriks Elemen 
[K 1-2] = 62.24768 420.1719 -62.2477 420.1719

420.1719 3781.547 -420.172 1890.773
-62.2477 -420.172 62.24768 -420.172
420.1719 1890.773 -420.172 3781.547

[K 2-3] = 153.1526 765.7632 -153.153 765.7632
765.7632 5105.088 -765.763 2552.544
-153.153 -765.763 153.1526 -765.763
765.7632 2552.544 -765.763 5105.088

[K 3-4] = 153.1526 765.7632 -153.153 765.7632
765.7632 5105.088 -765.763 2552.544
-153.153 -765.763 153.1526 -765.763
765.7632 2552.544 -765.763 5105.088

[K 4-5] = 153.1526 765.7632 -153.153 765.7632
765.7632 5105.088 -765.763 2552.544
-153.153 -765.763 153.1526 -765.763
765.7632 2552.544 -765.763 5105.088

[K 5-6] = 153.1526 765.7632 -153.153 765.7632
765.7632 5105.088 -765.763 2552.544
-153.153 -765.763 153.1526 -765.763
765.7632 2552.544 -765.763 5105.088

[K 6-7] = 153.1526 765.7632 -153.153 765.7632
765.7632 5105.088 -765.763 2552.544
-153.153 -765.763 153.1526 -765.763
765.7632 2552.544 -765.763 5105.088  

Matriks sistem tiang 
[KT] = 62.24768 420.1719 -62.2477 420.1719 0 0 0 0 0 0 0 0 0 0

420.1719 3781.547 -420.172 1890.773 0 0 0 0 0 0 0 0 0 0
-62.2477 -420.172 215.4003 345.5914 -153.153 765.7632 0 0 0 0 0 0 0 0
420.1719 1890.773 345.5914 8886.635 -765.763 2552.544 0 0 0 0 0 0 0 0

0 0 -153.153 -765.763 306.3053 0 -153.153 765.7632 0 0 0 0 0 0
0 0 765.7632 2552.544 0 10210.18 -765.763 2552.544 0 0 0 0 0 0
0 0 0 0 -153.153 -765.763 306.3053 0 -153.153 765.7632 0 0 0 0
0 0 0 0 765.7632 2552.544 0 10210.18 -765.763 2552.544 0 0 0 0
0 0 0 0 0 0 -153.153 -765.763 306.3053 0 -153.153 765.7632 0 0
0 0 0 0 0 0 765.7632 2552.544 0 10210.18 -765.763 2552.544 0 0
0 0 0 0 0 0 0 0 -153.153 -765.763 306.3053 0 -153.153 765.7632
0 0 0 0 0 0 0 0 765.7632 2552.544 0 10210.18 -765.763 2552.544
0 0 0 0 0 0 0 0 0 0 -153.153 -765.763 153.1526 -765.763
0 0 0 0 0 0 0 0 0 0 765.7632 2552.544 -765.763 5105.088

 
Matriks sistem tanah 
[KS] = 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 1200 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 3360 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 4800 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 21960 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 45000 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 27600 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0  
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Matriks sistem tiang dan tanah 

Kondisi batas: θ1 = 0, v7 = 0 
[K] = 62.2 420.2 -62.2 420.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

420.2 3781.5 -420.2 1890.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
-62.2 -420.2 1415.4 345.6 -153.2 765.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
420.2 1890.8 345.6 8886.6 -765.8 2552.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 -153.2 -765.8 3666.3 0.0 -153.2 765.8 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 765.8 2552.5 0.0 10210.2 -765.8 2552.5 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 -153.2 -765.8 5106.3 0.0 -153.2 765.8 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 765.8 2552.5 0.0 10210.2 -765.8 2552.5 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 -153.2 -765.8 22266.3 0.0 -153.2 765.8 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 765.8 2552.5 0.0 10210.2 -765.8 2552.5 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -153.2 -765.8 45306.3 0.0 -153.2 765.8
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 765.8 2552.5 0.0 10210.2 -765.8 2552.5
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -153.2 -765.8 27753.2 -765.8
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 765.8 2552.5 -765.8 5105.1  

[K] = 62.2 -62.2 420.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
-62.2 1415.4 345.6 -153.2 765.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0
420.2 345.6 8886.6 -765.8 2552.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 -153.2 -765.8 3666.3 0.0 -153.2 765.8 0.0 0.0 0.0 0.0 0.0
0.0 765.8 2552.5 0.0 10210.2 -765.8 2552.5 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 -153.2 -765.8 5106.3 0.0 -153.2 765.8 0.0 0.0 0.0
0.0 0.0 0.0 765.8 2552.5 0.0 10210.2 -765.8 2552.5 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 -153.2 -765.8 22266.3 0.0 -153.2 765.8 0.0
0.0 0.0 0.0 0.0 0.0 765.8 2552.5 0.0 10210.2 -765.8 2552.5 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 -153.2 -765.8 45306.3 0.0 765.8
0.0 0.0 0.0 0.0 0.0 0.0 0.0 765.8 2552.5 0.0 10210.2 2552.5
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 765.8 2552.5 5105.1  

[K-1] = 2.71E-02 1.37E-03 -1.43E-03 -2.29E-04 2.71E-04 3.20E-05 -5.37E-05 -1.51E-06 1.18E-05 1.68E-07 -3.25E-06 1.60E-06
1.37E-03 8.12E-04 -8.27E-05 1.42E-05 -4.32E-05 -5.70E-06 1.03E-05 2.94E-07 -2.32E-06 -3.29E-08 6.36E-07 -3.13E-07
-1.43E-03 -8.27E-05 2.00E-04 3.61E-05 -4.66E-05 -5.58E-06 9.48E-06 2.68E-07 -2.10E-06 -2.98E-08 5.75E-07 -2.83E-07
-2.29E-04 1.42E-05 3.61E-05 2.86E-04 -4.11E-06 7.14E-06 -2.18E-05 -6.49E-07 5.27E-06 7.49E-08 -1.45E-06 7.13E-07
2.71E-04 -4.32E-05 -4.66E-05 -4.11E-06 1.22E-04 1.71E-05 -3.21E-05 -9.18E-07 7.25E-06 1.03E-07 -1.99E-06 9.79E-07
3.20E-05 -5.70E-06 -5.58E-06 7.14E-06 1.71E-05 2.01E-04 -7.06E-07 1.20E-06 -1.60E-05 -2.30E-07 4.47E-06 -2.20E-06
-5.37E-05 1.03E-05 9.48E-06 -2.18E-05 -3.21E-05 -7.06E-07 1.16E-04 3.68E-06 -3.10E-05 -4.41E-07 8.53E-06 -4.20E-06
-1.51E-06 2.94E-07 2.68E-07 -6.49E-07 -9.18E-07 1.20E-06 3.68E-06 4.52E-05 -3.59E-08 1.20E-07 -3.86E-06 1.91E-06
1.18E-05 -2.32E-06 -2.10E-06 5.27E-06 7.25E-06 -1.60E-05 -3.10E-05 -3.59E-08 1.15E-04 1.67E-06 -3.29E-05 1.62E-05
1.68E-07 -3.29E-08 -2.98E-08 7.49E-08 1.03E-07 -2.30E-07 -4.41E-07 1.20E-07 1.67E-06 2.22E-05 4.61E-07 -3.55E-06
-3.25E-06 6.36E-07 5.75E-07 -1.45E-06 -1.99E-06 4.47E-06 8.53E-06 -3.86E-06 -3.29E-05 4.61E-07 1.22E-04 -6.09E-05
1.60E-06 -3.13E-07 -2.83E-07 7.13E-07 9.79E-07 -2.20E-06 -4.20E-06 1.91E-06 1.62E-05 -3.55E-06 -6.09E-05 2.27E-04  

Gaya sistem 

{F} = 6.25
0
0
0
0
0
0
0
0
0
0
0  
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Peralihan sistem 

{U} = 1.69E-01
8.56E-03
-8.95E-03
-1.43E-03
1.69E-03
2.00E-04
-3.35E-04
-9.45E-06
7.40E-05
1.05E-06
-2.03E-05
9.99E-06  

 

Gaya dalam elemen 
elemen 1

[K 1-2] = 62.25 420.17 -62.25 420.17
420.17 3781.55 -420.17 1890.77
-62.25 -420.17 62.25 -420.17
420.17 1890.77 -420.17 3781.55

[UBNE 1-2] = 0.17
0.00
0.01
-0.01

[FBNE 1-2] = 6.25
50.65
-6.25
33.72

[FGDE 1-2] = 0.00
0.00
0.00
0.00

[F 1-2] = 6.25
50.65
-6.25
33.72  

elemen 2
[K 2-3] = 153.15 765.76 -153.15 765.76

765.76 5105.09 -765.76 2552.54
-153.15 -765.76 153.15 -765.76
765.76 2552.54 -765.76 5105.09

[UBNE 2-3] = 0.01
-0.01
0.00
0.00

[FBNE 2-3] = -4.03
-33.72
4.03
-6.54

[FGDE 2-3] = 0.00
0.00
0.00
0.00

[F 2-3] = -4.03
-33.72
4.03
-6.54  
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elemen 3
[K 3-4] = 153.15 765.76 -153.15 765.76

765.76 5105.09 -765.76 2552.54
-153.15 -765.76 153.15 -765.76
765.76 2552.54 -765.76 5105.09

[UBNE 3-4] = 0.00
0.00
0.00
0.00

[FBNE 3-4] = 0.79
6.54
-0.79
1.36

[FGDE 3-4] = 0.00
0.00
0.00
0.00

[F 3-4] = 0.79
6.54
-0.79
1.36  

elemen 4
[K 4-5] = 153.15 765.76 -153.15 765.76

765.76 5105.09 -765.76 2552.54
-153.15 -765.76 153.15 -765.76
765.76 2552.54 -765.76 5105.09

[UBNE 4-5] = 0.00
0.00
0.00
0.00

[FBNE 4-5] = -0.17
-1.36
0.17
-0.32

[FGDE 4-5] = 0.00
0.00
0.00
0.00

[F 4-5] = -0.17
-1.36
0.17
-0.32  

elemen 5
[K 5-6] = 153.15 765.76 -153.15 765.76

765.76 5105.09 -765.76 2552.54
-153.15 -765.76 153.15 -765.76
765.76 2552.54 -765.76 5105.09

[UBNE 5-6] = 0.00
0.00
0.00
0.00

[FBNE 5-6] = 0.06
0.37
-0.06
0.19

[FGDE 5-6] = 0.00
0.00
0.00
0.00

[F 5-6] = 0.06
0.37
-0.06
0.19  

elemen 6
[K 6-7] = 153.15 765.76 -153.15 765.76

765.76 5105.09 -765.76 2552.54
-153.15 -765.76 153.15 -765.76
765.76 2552.54 -765.76 5105.09

[UBNE 6-7] = 0.00
0.00
0.00
0.00

[FBNE 6-7] = -0.01
-0.08
0.01
0.00

[FGDE 6-7] = 0.00
0.00
0.00
0.00

[F 6-7] = -0.01
-0.08
0.01
0.00  
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Perbandingan Hasil Hitungan Manual dengan SAP 

M V U M V U
0 50.6515 6.25 0.1694 50.7 6.25 0.171

-13.5 -33.724 -4.03 0.00856 -33.68 -4.01 0.0085
-23.5 6.54488 0.79 -0.0014 6.419 0.77 -0.0014
-33.5 -1.3629 -0.17 0.0002 -1.31 -0.161 0.0002
-43.5 0.37327 0.06 -9E-06 0.299 0.037 0
-53.5 -0.0773 -0.01 1.1E-06 -0.072 -0.01 0
-63.5 6.9E-18 -0.08 0 1.39E-17 -0.01 0

manual
Kedalaman

SAP2000 (spring 6)

 
 

M V U
0.0 52.134 6.25 0.19647

-13.5 -32.241 -3.366 0.02404
-16.8 -21.021 -4.574 0.00151
-20.2 -5.7739 -1.969 -0.0033
-23.5 0.79015 -0.213 -0.0018
-26.8 1.49871 0.315 -0.0003
-30.2 0.44744 0.141 0.00011
-33.5 -0.0241 0.0125 8.1E-05
-36.8 -0.0656 -0.136 1.6E-05
-40.1 -0.0204 -0.0078 -3E-06
-43.5 0.00521 0.0013 -1E-06
-46.8 0.00078 0.0003 1E-07
-50.1 -0.0002 0 3.1E-08
-53.5 -1E-05 0 -4E-09
-56.8 7.7E-06 0 -5E-10
-60.1 -4E-07 0 1.4E-10
-63.5 0 0 0

SAP2000 (spring 16)
Kedalaman

 
 ket: M = momen, V = geser, U = defleksi 
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Hasil hitungan manual: 

Diagram Momen

-70

-60

-50

-40

-30

-20

-10

0
-40 -20 0 20 40 60

Momen (ton.m)

ke
da

la
m

an
 (m

)

 

Diagram Geser

-70

-60

-50

-40

-30

-20

-10

0
-5.00 0.00 5.00 10.00

Geser (ton)

K
ed

al
am

an
 (m

)
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Defleksi

-70

-60

-50

-40

-30

-20

-10

0
-0.05 0 0.05 0.1 0.15 0.2

Defleksi (m)

K
ed

al
am

an
 (m

)

 
 

Hasil SAP2000 dengan 6 spring dan 16 spring: 

Diagram momen

-70

-60

-50

-40

-30

-20

-10

0
-50 0 50 100

Momen (ton.m)

K
ed

al
am

an
 (m

)

SAP2000 (6
spring)
SAP2000 (16
spring)
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Defleksi

-70

-60

-50

-40

-30

-20

-10

0
-0.1 0 0.1 0.2 0.3

Defleksi (m)

K
ed

al
am

an
 (m

)

SAP2000 (6
spring)
SAP2000 (16
spring)

 

Diagram Geser

-70

-60

-50

-40

-30

-20

-10

0
-10 -5 0 5 10

Geser (ton)

K
ed

al
am

an
 (m

)

SAP2000 (6
spring)
SAP2000 (16
spring)
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Dari hasil yang diperoleh, dapat disimpulkan bahwa: 

• Hasil perhitungan manual dengan program SAP2000 hampir sama, hanya 

berbeda 0,01. 

• Jika dibandingkan hasil antara tiang yang menggunakan 6 spring dengan yang 

16 spring, output dari tiang dengan 16 spring akan lebih detail dibandingkan 

dengan yang hanya menggunakan 6 spring. 
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