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Pendahuluan
 Tanah dapat divisualisasikan sebagai kerangka partikel padat yang

menutupi rongga kontinu yang mengandung air dan / atau udara. Untuk
rentang tegangan yang biasanya ditemui dalam praktek, partikel padat
dan air dapat dianggap tidak dapat dimampatkan; udara, di sisi lain,
sangat mudah dimampatkan.

 Volume tanah secara keseluruhan dapat berubah karena penataan
ulang partikel tanah ke posisi baru, terutama dengan akibat proses
pemadatan tanah atau proses konsolidasi.

 Kompresibilitas sebenarnya dari kerangka tanah akan bergantung pada
susunan struktural dari partikel padat. Pada tanah yang sepenuhnya
jenuh, karena dianggap air tidak dapat dimampatkan, pengurangan
volume hanya mungkin jika sebagian air dapat keluar dari rongga.

 Dalam tanah kering atau tanah jenuh sebagian, pengurangan volume
selalu dimungkinkan karena kompresi udara di lubang-lubang, asalkan
ada ruang untuk penataan ulang partikel.



Pendahuluan



Prinsip Tegangan Effective

Tahun 1923 ketika Terzaghi mempresentasikan prinsip tegangan efektif,
hubungan intuitif berdasarkan data eksperimen. Prinsipnya hanya
berlaku ke tanah yang sepenuhnya jenuh dan menghubungkan tiga
tegangan berikut

1. Tegangan normal total (t) pada bidang dalam massa tanah, 
menjadi gaya per satuan luas yang ditransmisikan ke arah normal 
melintasi bidang tersebut, membayangkan tanah menjadi material 
padat (fase tunggal); 

2. Tekanan air pori (u), menjadi tekanan air yang mengisi ruang hampa
antara partikel padat;

3. Tegangan normal efektif (’) di bidang, yang mewakili tegangan 
yang ditransmisikan hanya melalui kerangka tanah. 



Aplikasi Tegangan Effective

TEGANGAN EFFECTIVE SECARA UMUM DIGUNAKAN DALAM ANALISIS
GEOTEKNIK DALAM , seperti

1. Bearing Capacity of Soil, Pile Capacity

2. Slope stability

3. Consolidation Settlement

4. Etc…etc etc



Aplikasi Tegangan Effective



Non Seepage (static)

σ’   = σtot - u

dimana :

σ’   = Tetangan Effektif
σtot =  Tegangan Total
u    =  Tegangan air pori



Tegangan Total Tanpa Seepage (static)

 Tegangan Total (σtot ), Tegangan yang diakibatkan oleh semua
unsur di dalam tanah (butiran dan air)

 Pada Kedalaman tertentu (misalkan sedalam h)

 Pada Tanah tidak jenuh, maka Total (σtot ) = γ x h ( t/m3 x m ) = 
t/m2

 Pada Tanah Jenuh, maka properties tanah yang diperlukan
adalah γsat

 Jika tidak diketahui γsatnya dari hasil laporan Soil Investigation, 
maka harus di cari dengan parameter tanah lainnya, spt Gs 
(specific Gravity), wn (kadar air),  (berat isi tanah); e (angka
pori) dsb.



Hubungan sat dengan index properties

Un Saturated Saturated



Hubungan sat dengan index properties

Hubungan antara parameter :

e.Sr = w. Gs

Bila Saturated, Sr= 1, (100%)
Maka :

e = w. Gs
(Gs + w.Gs). w        Gs (1 +w). w

Shg sat = -------------------- =   ---------------------
( 1 + w.Gs)                 (1 + w. Gs )

Parameter Properties Tanah yang Utama dan diperoleh langsung dari Laboratorium
adalah :  , w and Gs, (w)

Parameter lainnya seperti : d ; sat; e; n; Sr; diperoleh/didapat dari Hubungan
antara parameter  yang lainnya dengan parameter utama diatas



Tegangan air pori (static)

 Tegangan air pori (u) pada kondisi static, yaitu tegangan
yang hanya dihitung akibat genangan air pada tanah di 
titik yang di tentukan.

 Air memiliki berat isi air sebesar γw = 1 ton/m3, atau 9.8 ~ 10 
kN/m3, atau 1 kg/1 dm3, atau 1 grm/cm3

 Tekanan air pori (static) pada tanah adalah sebesar
tekanan hidrostatiknya di tempat yang akan di hitung

 Contoh , pada tanah jenuh sedalam 8.00 meter, maka
tekanan air porinya U = γw x 8 m = 1.00 t/m3 x 8 m = 8.00 t/m2



Tegangan Effektif

 Adalah suatu tegangan total akibat berat sendiri tanah
dikurangi tekanan air porinya.

Tegangan efektif (σ’) = σtot – u

(σ’)A= σtot A– uA



Contoh 1:

γ sat = 1.80 t/m3

8 m

σ'

σtot = γ sat x h
= 1.8 x 8 = 14.4 t/m2

Tegangan air pori (u) =
γ w x h = 1.00 x 8 = 8 t/m2

Tegangan efektif (σ’) = σtot – u

(σ’) = (14.4 – 8) t/m2 = 6.4 t/m2

///\\\\// ///\\\\//



Contoh 2:

γ sat = 1.80 t/m3

JENUH

h1= 3 m

σ'

σtot = γ x h1 + γsat x h2
= 1.65 x 3 + 1.80 x 5 = 13.95 t/m2

Tegangan air pori (u) =
γ w x h = 1.00 x 5 = 5 t/m2

Tegangan efektif (σ’) = σtot – u

(σ’) = (13.95 – 5) t/m2 = 8.95 t/m2

γ = 1.65 t/m3

Tidak Jenuh

h2= 5 m



Contoh 3:

γ sat = 1.80 t/m3

h =8 mσ'

σtot = γ sat x h + w x(3)
= (1.8 x 8)+ 1x3 = 17.4 t/m2

Tegangan air pori (u) =
γ w x (h+3) = 1.00 x 11= 11 t/m2

Tegangan efektif (σ’) = σtot – u

(σ’) = (17.4 – 11) t/m2 = 6.4 t/m2

///\\\\// 3 m

///\\\\// ///\\\\//



Contoh -1                                 Contoh -3
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Imprevious Layer

h

Imprevious Layer

h

STATIC  PORE WATER PRESSURE 
(HYDROSTATIC PRESSURE)

SEEPAGE  PORE WATER PRESSURE 
(SEEPAGE PRESSURE)



 tot u  eff



 tot u  eff





Flow Net



Flow Net H =4, Nd= 12, h=4/12
h = 0.33

Nf = 4.3 ;  Nd = 12
Nf/Nd = 4.3/12 = 0.36h

4



PENGARUH SEEPAGE TERHADAP EFFECTIVE TRESS



The flow net for seepage 
under a sheet pile wall is 
shown in Figure 3.8(a), the 
saturated unit weight of the 
soil being 20 kN/m3.(sat)
Determine the values of 
effective vertical stress at A
and B.

CONTOH -1



Effective Verical Stress at A.
H = 8 .00 m

h = H/Nd = 8.00/12 = 0,67 m

Total Stress at A 

4 (w) + 11(sat) = 4(9.8)+(220) 

= 259.2 kN/m2

Pore Pressure (seepage) at A

(DOWN STREAM)

u A = u A (hs) – 3,8 (h)

{(15) – 3,8 (0,67)}x 9.8=

(15 -2.546)x9,8 = 122.05 kN/m2

(UP STREAM)

u A = u A (hs) + 8.2 (h)

{(7) + 8.2 (0,67)}x 9.8=

(7 +5.49)x9,8 = 122.4 kN/m2

 Eff A =  tot A – u A

= 259.2 – 122.05 = 137.15 kN/m2

CONTOH -1

1

9                8           7         6        5        4          3              2

10

11

12

0



Effective Verical Stress at B.
H = 8 .00 m

h = H/Nd = 8.00/12 = 0,67 m

Total Stress at B

1(w) + 6(sat) = 9.8+120 

= 129.8 kN/m2

Pore Pressure (seepage) at A

(DOWN STREAM)

u B = u B (hs) – 9.6 (h)

{(15) – 9.6 (0,67)}x 9.8=

(15 -6.432)x9,8 = 83.97 kN/m2

(UP STREAM)

u B = u B (hs) + 2.4 (h)

{(7) + 2.4 (0,67)}x 9.8=

(7 +1.58)x9,8 = 84.12 kN/m2

 Eff B =  tot B – u B

= 129.8 – 84= 45.8 kN/m2

CONTOH -1
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The section through a dam is shown in Figure 
beside. Determine the quantity of seepage
under the dam and plot the distribution of 
uplift pressure on the base of the dam. The
coefficient of permeability of the foundation 
soil is k = 2.5 10-5 m/s.
The flow net is shown in the figure. The 
downstream water level is selected as datum.
Between the upstream and downstream 
equipotentials the total head loss is 4.00 m. In 
the flow net there are 4.7 flow channels and 
15 equipotential drops. The seepage is given 
by

8      9     10   11      12         13    

14

15

CONTOH -2

UPLIFT PRESSURE DIBAWAH BENDUNG ? 



The pore water pressure is calculated at the points of intersection of the
equipotentials with the base of the dam.

The total head at each point is obtained from the flownet and the elevation
head from the section.

The calculations are shown in Table below :

CONTOH -2



CONTOH -2

h = H / Nq  = 4/15 = 0.26666 ~ 2.67



CONTOH -2

20.3



Thesaturated unit 
weight of the soil 
being 20 kN/m3

(sat) .Determine the 
values of effective 
vertical stress at A
and B.

AB

CONTOH -3
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Effective Verical Stress at A.
H = 5m

h = H/Nd = 5/10 = 0,50 m

Total Stress at A 

3.0 (w) + 6(sat) = 3.0(9.8)+(120) = 149.4 kN/m2

Pore Pressure (seepage) at A

(DOWN STREAM)

u A = u A (hs) – 1.6 (h) = {(9) – 1.6 (0,5)}x 9.8=

(9 -0.8)x9,8 = 80.36 kN/m2

(UP STREAM)

u A = u A (hs) + 8.4 (h)

{(4) + 8.4 (0,5)}x 9.8 = (4 +4.2)x9,8 = 80.36kN/m2

 Eff A =  tot A – u A

= 149.4 – 80.36 = 69.04 kN/m2

CONTOH -3



Effective Verical Stress at B.
H = 5m

h = H/Nd = 5/10 = 0,50 m

Total Stress at B 

4(sat) = 80 kN/m2

Pore Pressure (seepage) at B

(DOWN STREAM)

u B = u B (hs) – 5.4 (h) = {(9) – 5. 4(0,5)}x 9.8=

(9 -2.7)x9,8 = 61.74 kN/m2

(UP STREAM)

u B = u B(hs) + 4.6 (h)

{(4) + 4.6 (0,5)}x 9.8 = (4 +2.3)x9,8 = 61.74 kN/m2

 Eff B =  tot B – u B

= 80 – 61.74 = 18.26 kN/m2

CONTOH -3
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STRESSES FROM ELASTIC THEORY

The stresses within a semi-infinite, homogeneous, isotropic mass, with a 
linear stress– strain relationship, due to a point load on the surface, 
were determined by Boussinesq in 1885. The vertical, radial, 
circumferential and shear stresses at a depth z and a horizontal 
distance r from the point of application of the load were given. The 
stresses due to surface loads distributed over a particular area can be 
obtained by integration from the point load solutions. The stresses at a 
point due to more than one surface load are obtained by 
superposition. In practice, loads are not usually applied directly on the 
surface but the results for surface loading can be applied 
conservatively in problems concerning loads at a shallow depth.



APLICATION

Normally consolidation … Using Cc

Over Consolidation, where ’o + ’< ’c, Using Cs

Over Consolidation, where ’o + ’ > ’c, Using Cs & Cc



LOADED TYPES

1. Point load
2. Line load
3. Strip area carrying uniform pressure
4. Strip area carrying linearly increasing pressure
5. Circular area carrying uniform pressure
6. Rectangular area carrying uniform pressure
7. Trapesium Load



POINT LOAD



POINT LOAD



POINT LOAD with Westergaard Methods



POINT LOAD with Westergaard Methods



SEMI FINITE LINE LOAD

The vertical stress increase, inside the 
soil mass can be determined by using 
the principles of the theory of 
elasticity, or



SEMI FINITE LINE LOAD

The value of does not include the overburden pressure of the soil above the point A.



INFINITE LINE LOAD



INFINITE LINE LOAD

I3 for Wetergaad Methods



Strip area carrying uniform pressure



Strip area carrying uniform pressure



Strip area carrying uniform pressure



Strip area carrying linearly increasing 
pressure



Circular area carrying uniform pressure



Circular area carrying uniform pressure



RECTANGULAR LOAD

m = L/Z

n = B/Z



RECTANGULAR LOAD

m = L/Z

n = B/Z



RECTANGULAR LOAD



RECTANGULAR LOAD



RECTANGULAR LOAD The plan of a uniformly loaded rectangular area 
is shown in this figure. Determine the vertical 
stress increase,  below point A at a depth z 4 m.

From Figure 6.21 for m 0.5 and n 1, the 
value of I5 = 0.1225. So 1 = qI5 =
(150)(0.1225) =18.38 kN/m2

( b )



RECTANGULAR LOAD

( c )

Thus, I5 0.0473.
Hence   2 = (150)(0.0473) = 7.1 kN/m 2

So
 = (18.38 -7.1) = 11.28 kN/ m2



TRAPESIUM LOAD



TRAPESIUM LOAD

 = q ( I 2 )
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