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Important Seepage Analysis Formulas

1.1) Angle of Inclination given Saturated Unit Weight Formula (af

Formula

. Wprism
1 = acos
Y-z-b

[ Examplo vith Units I

1.2) Angle of Inclination given Shear Strength and Submerged Unit Weight Formula (af

0.62kN
52.8223° = acos| —M8 —
18kN/m* + 3m - 0.019m

Evaluate Formula [

Formula

Example with Units

i = atan

T

soil

y-tan((0))

Ysat* (l_

)

5.01 . 46°
80.0709° = atan M

20pa
32.24N/m* - (W>

1.3) Angle of Inclination given Vertical Stress and Saturated Unit Weight Formula (g

Evaluate Formula @

Formula

R = :oolo vith Units I

1.2pa
89.9987° = acos| ————
18kN/m® + 3m

1.4) Depth of Prism given Effective Normal Stress Formula (af

Evaluate Formula @

o
7=

i
( Ysaturated ~ Vwater) : (COS (

180

)

11.8651m =

24.67 kN/m?

[ Example with Units [

( 11.89kN/m® - 9.81kN/m® ) . (cos(w

180

))

Evaluate Formula [

1.5) Depth of Prism given Normal Stress and Saturated Unit Weight Formula @
[Eampic it Unis
0,

n
7=

18

(i
Ysaturated * | €05\ T5o

¥

Formula

77.36kN/m?*

o . 2
11.89kN/m?® - (cos ( w) )
180

6.5088m =

1.6) Depth of Prism given Saturated Unit Weight Formula @

Evaluate Formula @

w

prism

i
ysat-b-cos<m)

7=

1012.3381m =

0.62kN

32.24N/m° - 0.019m - cos ( %)

1.7) Depth of Prism given Shear Stress and Saturated Unit Weight Formula (af

Ssoil
7=

iom . i-m
Ysaturated * €08 { 55 ) *SIn{ 55

. © formuladen.com

3.0637m =

0.71kN/m?

 Example with Units

11.89kN/m* - cOS o4 31416 -sin o
180 180

© +3.1416

)

Evaluate Formula @

Evaluate Formula (@
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1.8) Depth of Prism given Submerged Unit Weight and Effective Normal Stress Formula @

[Earoc v Unic I
! 24.67 kN/m?
y=—— O | |49359m = N/m
i) |2 64+ -3.1416 2
YS'(COS(E>) S.OOkN/m"‘(CDS(T))
1.9) Depth of Prism given Upward Force Formula @
[Ecro. i Uni I
L - o, - Fy 48959 = 77.36kN/m? - 52.89kN/m? ;
ir\ )2 64 -3.1416
Vs (cos(m)) 5.00kN/m?* - cos(T))
1.10) Depth of Prism given Upward Force due to Seepage Water Formula (af
(e Ui T
Fu 52.89kN/m?
2= — 5.3935m = 3
i-m s . 64° -3.1416
Yuater * (cos( 180)) 9.81kN/m (COS(—wo ))
1.11) Depth of Prism given Vertical Stress and Saturated Unit Weight Formula (af
e vio Ui T
Ozkp _ 53kpa
7= —————— | | 44584m = - T
Ysaturated * €OS ( 5 ) 11.89kN/m? - COS(T )
1.12) Saturated Unit Weight given Effective Normal Stress Formula (a1
 Examplo wi Unis |
o 24.67 kN/m*
Ysaturated = Ywater T| ——————% 18.0365kN/m* = 9.81kN/m* + — 2
z-(coq(—")) 3m-(cns(—' ))
180 180
1.13) Saturated Unit Weight given Factor of Safety Formula B
[Ecroo it uni-
@, 82.87- -3.1416
v+ tan< 180") 5.00kN/m?* ~tan(T>
2.3124N/m* =
Ysaturated = 7,, 28 »tan( 64+ »3.1416)
Fg tan( ) . 180
180
1.14) Saturated Unit Weight given Normal Stress Component Formula (af
[eroc oo T
[ 77.36kN/m?
PO o
Ysaturated = ———————— 25.7965kN/m* = e ?
Z- (cos(180)> 3m<(cos(—180 ))
1.15) Saturated Unit Weight given Shear Strength Formula U
[ Example it Urits I
(m ) 5.00 071 ¢ (82.87—~3.1416)
.tan 5.00kN/m* » 0.71kN/m? - tan| ————
¥s * Ssoil * 180 0.9344 /> = 180
Ysaturated = — 7 o\ 4 9ZkN/m‘ . tan( 64° -3.1416 )
Tf - tan( ) N 180
180
1.16) Saturated Unit Weight given Shear Stress Component Formula (af
[ Examplo vith Urits IR
Gsoil 0.71kN/m?

Ysaturated = — 772N 7 in\ - Tom
Z- LOS( 130) »sm(m)

. © formuladen.com

12.1426xN/m* =

3 64° -3.1416 . 64° -3.1416
m - COS 180 sin 180
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1.17) Saturated Unit Weight given Vertical Stress on Prism Formula (af

Ozkp 53kPa

- 17.67kN/m? = ————

Ysaturated T 3m - cOS ( 64- 31416 )
zZ -cos(m) m 180

1.18) Saturated Unit Weight given Weight of Soil Prism Formula (g

Evaluate Formula @

Evaluate Formula @

W, 0.62kN
Ysaturated = — 108793 ky/m* = 64° -3.1416
h z~b«cos(%) 3m - 0.019m 'cos< T )

2) Steady State Seepage Analysis Along The Slopes Formulas [

2.1) Cohesion of Soil for Steady Seepage along Slope Formula B

Evaluate Formula

2
i-m i-m 0]
C= hc‘((ysaturated Atan<m> . <cos(m>) >. <Y5 Atan<

180

Example with Units

0.1633kpa = 1.01m ((1

2
189 . 64° -3.1416 64° -3.1416 5.00 - 46°
.89kN/m* - tan 180 cos 180 .00kN/m® - tan

2
-3.1416 64 -3.1416
180 €08 180

2.2) Cohesion of Soil given Saturated Unit Weight Formula (af

Formula

2
i (i Q- i
C = Fs* Ysaturated * Z * €OS 180 -sin 180 <[ ys-z-tan Ts0 ) cos 180

Example with Units

Evaluate Formula (@

1.7365kpa = (2.8 - 11.89kN/m* - 3m -cos(

2
64 -3.1416 [ 64° -3.1416 5.00 ‘.3 46° -3.1416 64° -3.1416
180 -sin 180 - 5.00kN/m* - 3m -tan 180 - | cos 180

2.3) Critical Depth given Saturated Unit Weight Formula (af

Formula

c

h. =

(s (5)- (:(5)) ) (s n(32)- (e(2)) )

Example with Units

Evaluate Formula @

1.27kpa

7.8539m =

<11.891<N/m‘ <tan( o
180

3.1416 64 -3.1416 \ \ 2 46° -3.1416 64° -3.1416 ) \
) . (cos( )) - | 5.00kN/m* -tan( ) . (cos( ) )
180 180 180

2.4) Effective Normal Stress given Factor of Safety Formula B

Evaluate Formula @

. © formulade

Example with Units
2.8

82.87- 31416
T80

Formula

78.7358kN/m* =

tan

0.71a/m?

n.com

Important Seepage Analysis Formulas PDF... 3/9


https://www.formuladen.com/en/saturated-unit-weight-given-vertical-stress-on-prism-formula/Formula-26123
https://www.formuladen.com/en/saturated-unit-weight-given-vertical-stress-on-prism-formula/Formula-26123
https://www.formuladen.com/en/saturated-unit-weight-given-weight-of-soil-prism-formula/Formula-26118
https://www.formuladen.com/en/saturated-unit-weight-given-weight-of-soil-prism-formula/Formula-26118
https://www.formuladen.com/en/cohesion-of-soil-for-steady-seepage-along-slope-formula/Formula-26772
https://www.formuladen.com/en/cohesion-of-soil-for-steady-seepage-along-slope-formula/Formula-26772
https://www.formuladen.com/en/cohesion-of-soil-given-saturated-unit-weight-formula/Formula-26770
https://www.formuladen.com/en/cohesion-of-soil-given-saturated-unit-weight-formula/Formula-26770
https://www.formuladen.com/en/critical-depth-given-saturated-unit-weight-formula/Formula-26771
https://www.formuladen.com/en/critical-depth-given-saturated-unit-weight-formula/Formula-26771
https://www.formuladen.com/en/effective-normal-stress-given-factor-of-safety-formula/Formula-26142
https://www.formuladen.com/en/effective-normal-stress-given-factor-of-safety-formula/Formula-26142
https://www.formuladen.com/en/saturated-unit-weight-given-vertical-stress-on-prism-formula/Formula-26123
https://www.formuladen.com/en/saturated-unit-weight-given-vertical-stress-on-prism-formula/Formula-26123
https://www.formuladen.com/en/saturated-unit-weight-given-weight-of-soil-prism-formula/Formula-26118
https://www.formuladen.com/en/saturated-unit-weight-given-weight-of-soil-prism-formula/Formula-26118
https://www.formuladen.com/en/steady-state-seepage-analysis-along-the-slopes-formulas/FormulaList-10640
https://www.formuladen.com/en/steady-state-seepage-analysis-along-the-slopes-formulas/FormulaList-10640
https://www.formuladen.com/en/cohesion-of-soil-for-steady-seepage-along-slope-formula/Formula-26772
https://www.formuladen.com/en/cohesion-of-soil-for-steady-seepage-along-slope-formula/Formula-26772
https://www.formuladen.com/en/cohesion-of-soil-given-saturated-unit-weight-formula/Formula-26770
https://www.formuladen.com/en/cohesion-of-soil-given-saturated-unit-weight-formula/Formula-26770
https://www.formuladen.com/en/critical-depth-given-saturated-unit-weight-formula/Formula-26771
https://www.formuladen.com/en/critical-depth-given-saturated-unit-weight-formula/Formula-26771
https://www.formuladen.com/en/effective-normal-stress-given-factor-of-safety-formula/Formula-26142
https://www.formuladen.com/en/effective-normal-stress-given-factor-of-safety-formula/Formula-26142
https://www.formuladen.com/en/
https://www.formuladen.com/en/
https://www.formuladen.com/en/

2.5) Effective Normal Stress given Saturated Unit Weight Formula B

R 2
i 17
o= <(ysaturated - Ywater) Tz <COS<F>) >
64- -3.1416 |\’
6.2376kn/m* = | (11.89kN/m® - 9.81kN/m* ) - 3m - | cos| ———r
180
2.6) Effective Normal Stress given Submerged Unit Weight Formula (af
[Example with Unis |
2 2
. i-m 64° -3.1416
o =|ys-z-|cos 180 14.9943kN/m> = | 5.00kN/m* - 3m - | cos —Tg0
2.7) Effective Normal Stress given Upward Force due to Seepage Water Formula (af
[Evample with Unis |
2447 w/m? = 77.36kN/m* - 52.89kN/m*
2.8) Factor of Safety for Cohesive Soil given Saturated Unit Weight Formula @
¢+ (y'-z-tan( (@) (cos((i)) )2) 4pa + (S.Olw/m‘ -3m -tan( (46°)) - (cos((64°)) )Z)
Fg = 0.1834 =
s ysat<z-cos((i))<sin((i)) 32.24N/n\3‘3m'COS((64°))'Sil’1((64°))
2.9) Factor of Safety given Effective Normal Stress Formula (nf
e winuvis S
" @ N 46° -3.1416
o -tan(m) 24.67 kN/m -tan(T>
Fg=————">| | 04869 =
Csoil 0.7 1kN/m?
2.10) Factor of Safety given Submerged Unit Weight Formula (af
@ L. 8287 -3.1416
Vs tan(T) ooate = 5.00kN/m* - tan ( — )
Fo= T 11.89 k/m? »tan(w)
Ysaturated * tan 180 180
2.11) Inclined Length of Prism given Saturated Unit Weight Formula @
b= Wprism 0.0174m = 0.62kN
Ysaturated * % * COS (E) 11.89kv/m? - 3m COS( 180 )
2.12) Normal Stress Component given Effective Normal Stress Formula (af
77.56kN/m* = 24.67kN/m* + 52.89kN/m*
2.13) Normal Stress Component given Saturated Unit Weight Formula (af
[Example with Units |

2
i-m
On = | Ysaturated " 2" | €05\ 1gp

64° -3.1416
35.6564kN/m* = [ 11.89kn/ 3 cos —180

. © formuladen.com
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2.14) Normal Stress Component given Submerged Unit Weight and Depth of Prism Formula (af

Formula

-3.1416

2 2
i-m 64-°
180 67.8843kN/m?* = 52.89kN/m?> + | 5.00kN/m* - 3m - | cos —g0

2.15) Saturated Unit Weight given Critical Depth Formula (af

Evaluate Formula @

Formula

Ysaturated =

Example with Units

3.1416
80

3.1416
80

0.32kpa
1.01m

) (cos(2me) ))

)

) - (S.OOkN/m‘ -tan( 46“;

) ( (64° -3.1416

- cos| ———
180

12.6621kN/m*

64° -3.1416
tan|{ ——
180

2.16) Saturated Unit Weight given Factor of Safety for Cohesive Soil Formula (af

Evaluate Formula

Formula

Ceff+(YS Z- tan(

b

180

) (es(

Ysaturated = i .

- Z-Cos ﬁ) sm(1 )

Example with Units

032 £.00 ‘.3 82.87¢ -3.1416 [ 64 31416 2
.32kpa + [ 5.00kN/m*® - 3m -tan 5 - | cos T80
4.267kN/m* = 64° -3.1416 64 -3.1416
2.8'3m'COS( - )'sin( - )
180 180

2.17) Shear Strength given Submerged Unit Weight Formula (af

Evaluate Formula (@

Evaluate Formula (@

e ampie win U
46° -3.1416
Tsoil Vs * tan( ) 0.71kN/m? - 5.00kN/m* »tan( )
180 0.2146100m = 180
. kN/m® = 64- -3.1416

=

Ysaturated * tan( 180 )

80

11.89kN/m® - tan ( T

)

2.18) Shear Stress Component given Saturated Unit Weight Formula B

i-m (T
Soil = | Ysaturated * % €0s| 750 | -sin{ 755
: 64°-3.1416 \ [ 64° -3.1416
0.6952kN/m* = | 11.89kN/m*® - 3m - cos 180 -sin 180
2.19) Shear Stress given Submerged Unit Weight Formula (a1

Formula

L Example vith Units I

Tr
Ssoil =

vs-tan((¢))
Vsaturated *tan ( (1))

< 4.92kN/m?
s e—
23.1651y/m 5.00ym tan ( (467 ))
TL89 ' -tan ( (647 ) )

2.20) Stability Number for Failure on Slope with Seepage of Water Formula (af

Formula

Example with Units

Evaluate Formula @

Sp = (cos(5))”

tan(§) -

yb-tan(tbi)

Ysaturated

. © formuladen.com

61/m
0.0412 = (cos(87°))2~(tan(87° ) ( ]N/

¢ -tan (82.87¢ )
11.89kn/m*

)
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2.21) Stability Number for Failure on Slope without Seepage Water Formula (af

2 2
Sy =(cos(8))" (tan(8) -tan(@;)) | 0.0304 = (cos(87-)) " (tan(87¢ ) -tan(82.87° ) )
2.22) Submerged Unit Weight for Steady Seepage along Slope Formula (af
n
( F * Ysaturated " % * L05( 130) 5m( ﬁ) ) -C
¥s = oo
z-tan('—) (cos( )
180 80
(z.s 1189/ - 3m -cos( o ;;}”“) -sin( o ;Z;“”) ) <1270
8.9363kN/m* = 5
82.87- -3.1416 64 -3.1416
3m-tan( )-(cos( ))
180 180
2.23) Submerged Unit Weight given Critical Depth and Cohesion Formula (nf
w(33) (w(2))")-(£
Ysaturated * 180 180 e
ys - (DI T i-m 2
-tan '(COS(—))
180 180
o o 2 Pa
(11.89kN/uﬁ 'tan( 64 341416) 3 (COS( 64 3.1416) ) > ~ ( 1.27 kpa >
180 180 1.01m
40.6381kN/m* = 5
82.87- -3.1416 64° -3.1416
-tan( )+ (cos( )
180 180
2.24) Submerged Unit Weight given Effective Normal Stress Formula (nf
[Eamc it unis T
' 24.67 N/m?
yo = o 8.2265km = —orMm
s i) )2 64¢ 31416 \ 2
(505 m)) 3m '(COS(T))
2.25) Submerged Unit Weight given Factor of Safety Formula (af
Fg L 2.8
Vs = ———Fs 0 25.709kN/m* = (8287 -3.1416
m(,w) an ()
-\ J o G4 31416
2.26) Submerged Unit Weight given Shear Strength Formula (g
[Eampc it Uois TR
T 4.9210y/m*
B Tl 21131210 /m° = 0.71 kv/m?
Ys = tan((m, ) " tan ( (8287 ))
T () 11.89k/m® -tan ( (64 ))
2.27) Submerged Unit Weight given Upward Force Formula (af
[Eamc i Unis T
ys = on - Fy 8.1598k/m® = 77.36kN/m* - 52.891N/m?

64c 31416 | °
3m - | cos| ———
180

- © formuladen.com

Important Seepage Analysis Formulas PDF... 6/9


https://www.formuladen.com/en/stability-number-for-failure-on-slope-without-seepage-water-formula/Formula-6467
https://www.formuladen.com/en/stability-number-for-failure-on-slope-without-seepage-water-formula/Formula-6467
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2.28) Unit Weight of Water given Effective Normal Stress Formula B

[E ample with Unis ]
o 24.67 kN/m?*
Ywater = Ysaturated ~ — 5 3.6635kN/m* = 11.89kN/m’® - o e
z (cos(:>) 3m'(cos(—'))
180 180
2.29) Unit Weight of Water given Upward Force due to Seepage Water Formula B
Fy 52.89kN/m?
Y. - 17.6367kN/m* = —48 — MMM
water T2 64+ 31416 \
z-(cos(m)) 3""(605(1—50))
2.30) Upward Force due to Seepage Water Formula B
Example with Units
2 2
i-m 64° -3.1416
Fy = Ywater - % | cos 180 29.4188kn/m* = | 9.81kN/m* - 3m - | cos T
2.31) Upward Force due to Seepage Water given Effective Normal Stress Formula (af
52.69kN/m* = 77.36kN/m? - 24.67 kN/m*
2.32) Upward Force due to Seepage Water given Submerged Unit Weight Formula @
2 2
i-m 64 -3.1416
Fy,=o0,-( ys-z-| cos 180 62.3657kN/m? = 77.36kN/m? - | 5.00kN/m* - 3m - | cos —Ts0
2.33) Vertical Stress on Prism given Saturated Unit Weight Formula (nf
[Emple wih Unts |
i-m 64° -3.1416
Ozkp = | Vsaturated * % €OS 180 35.6632kpa = | 11.89kN/m* - 3m - cos —Tg0
2.34) Weight of Soil Prism given Saturated Unit Weight Formula (af
[Emple with Units |

i-m
Wprlsm = (Vsaluraled z-b -COS(W)>

64° -3.1416
0.6776n = | 11.89kN/m® : 3m - 0.019m - cos g0

- © formuladen.com
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Variables used in list of Seepage Analysis
Formulas above

Constants, Functions, Measurements used in list
of Seepage Analysis Formulas above

b Inclined Length of Prism (Meter)

c' Effective Cohesion (Pascal)

C Cohesion in Soil as Kilopascal (Kilopascal)

C o Effective Cohesion in Geotech as Kilopascal (Kilopascal)
F Factor of Safety in Soil Mechanics

Fu Upward Force in Seepage Analysis (Kilonewton per Square
Meter)

h, Critical Depth (Meter)

i Angle of Inclination to Horizontal in Soil (Degree)

S, Stability Number

Ts Shear Strength of Soil (Pascal)

Wprism Weight of Prism in Soil Mechanics (Kilonewton)

Ys Submerged Unit Weight in KN per Cubic Meter (Kilonewton per
Cubic Meter)

Z Depth of Prism (Meter)

Y Unit Weight of Soil (Kilonewton per Cubic Meter)

Y} Buoyant Unit Weight (Kilonewton per Cubic Meter)

Ysat Saturated Unit Weight in Newton per Cubic Meter (Newton per
Cubic Meter)

Ysaturated Saturated Unit Weight of Soil (Kilonewton per Cubic
Meter)

Ywater Unit Weight of Water (Kilonewton per Cubic Meter)

Y' Submerged Unit Weight (Newton per Cubic Meter)

O Slope of Ground (Degree)

{soil Shear Stress in Soil Mechanics (Kilonewton per Square Meter)
O, Normal Stress in Soil Mechanics (Kilonewton per Square Meter)
0, Vertical Stress at Point (Pascal)

Ozkp Vertical Stress at a Point in Kilopascal (Kilopascal)

0" Effective Normal Stress in Soil Mechanics (Kilonewton per Square
Meter)

T¢ Shear Strength in KN per Cubic Meter (Kilonewton per Square
Meter)

@ Angle of Internal Friction (Degree)

G)i Angle of Internal Friction of Soil (Degree)

. © formuladen.com

constant(s): pi, 3.14159265358979323846264338327950288

Archimedes' constant

« Functions: acos, acos(Number)
The inverse cosine function, is the inverse function of the cosine
function. It is the function that takes a ratio as an input and returns the
angle whose cosine is equal to that ratio.

« Functions: atan, atan(Number)
Inverse tan is used to calculate the angle by applying the tangent ratio
of the angle, which is the opposite side divided by the adjacent side of
the right triangle.

« Functions: cos, cos(Angle)
Cosine of an angle is the ratio of the side adjacent to the angle to the
hypotenuse of the triangle.

« Functions: sin, sin(Angle)
Sine is a trigonometric function that describes the ratio of the length of
the opposite side of a right triangle to the length of the hypotenuse.

« Functions: tan, tan(Angle)
The tangent of an angle is a trigonometric ratio of the length of the
side opposite an angle to the length of the side adjacent to an angle
in a right triangle.

« Measurement: Length in Meter (m)
Length Unit Conversion @

« Measurement: Pressure in Pascal (Pa), Kilonewton per Square Meter
(kN/m?), Kilopascal (kPa)
Pressure Unit Conversion @

« Measurement: Force in Kilonewton (kN)
Force Unit Conversion B

« Measurement: Angle in Degree (°)
Angle Unit Conversion B

« Measurement: Specific Weight in Kilonewton per Cubic Meter
(kN/m?), Newton per Cubic Meter (N/m?)
Specific Weight Unit Conversion B

« Measurement: Stress in Kilonewton per Square Meter (kN/m?)

Stress Unit Conversion B
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