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* What to be learned :
(1) Seepage force
@ Quick condition
(3 Frost heave

1. Seepage Force

2 Def, @ The force corresponding to the energv transfer taking place from
water to solid particles (due to wiscous friction ) during the water flow

thru the pores of =soil,

Water { total ) head

Flower ﬂl\ D dissipation

frictional drag on the soil particles

(= seepage force )

< Resultant body force (= gravitational force + seepage force )
1

governs the effective normal force
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2. Forces Under Seepage Conditions
a
c =] d
[
{a) (b (c)
overall net pressure force polygon
o AD & BC : Equipotential line
AB & DO Flow line
o AR = BfY = #HAbD = = b
= the head drop between AD & BC = A &
© pore water pressures at pt. A, B, C & D = w, wg 4 4
|between pts, A&B|
1 ]
Thus, Mh AN R
g = Uy i ‘g’wfbsiﬂﬁ'— Sh) &AL betwesn pts B&C

™ .

e = Uy + v, lbsing — AR+ boosf)

up = 4 + v, (beos)

&.ﬁ,e between pts ASD
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and,
g — gy = téc— up = 7, (hsin — ahk)
Up — Uy = Ug— g = v,beosh

In terms of boundarv water force

on BC : vl Bsme — AR} b
=y, b isnol— A ky, b

on CD : Vb COSG - b

If there is no seepage, { Ah=0 )

on BC : Tub'sing
The resultant

@ ( &hyb ) ois the only difference between the static & ssepage

cases, and is called the seepage force(J), acting in the direction of
( flows )
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Let the average hvdraulic gradient across the elsement be E':(—]

then,
(Tr oy p= S v pr=iv o =it V

the seepage pressure (j)(=seepage force per unit volume),
(7F e

+ note that the seepage pressure depends only on

{ the value of hvdraulic gradient, ¢ )

< (Refer to Fig, (c) @ force polygon)

i) Total wt, of element @ vgp- B = gb

ii) Boundary water force on CD ( Seepage £ Static case ) !

v, " Bicose= bd
iii) Boundary water force on BC

- Seepage case

v ising —aky b= de

- Static case

v, isine= d

iv) RBesultant boundary water force

i
- Seepage case . be
——

- Static case @ b
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v) Seepage force !

Al b= ce

vi) Resultant body force

— -— — s —
- Seepage case | Q& = Qb + b = @0 + (e
—

- Static case | a¢ = T bhe

3. Quick condition { quick sand, boiling, piping )

ST

Lu

By - total upward water force at @@

= (h+ Dy ,A @

T - wt of saturated soil above a2

G+e
:‘s’:LA: 1 fe ‘s’wLA (@

- quick condition occurs f D= @, ie.,

( (h+ L)y A= f::q.rum )

A1)z 22

+ In terms of seepage pressure |

i , Wi b—1 )
( SR VE RV — i ’i‘w(_ 1+e]
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4 Frost Heave

2 Def © the rise of the ground surface dus to frost action

2 Freezing of water

- 954 of volume increase for water

- 2h~ 584 for seil

2 much greater volume increases possible

- =oils having a high percentage of silt-size particles

have a network of small pores & permeability not too low

- well-graded soil w/ more than 3% of fines (<002 mm)
- Poorly-graded soil w/ more than 10%%

2 mechanism

6/7

Iee lenses created in large pores — suction of water by capillary —

Excessive water in the upper soil which is frozen,
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2 Remedies

i) Replacement of frost susceptible soils

ii) Lowering the freezing pt. of pore water

- the addition of salt regularly

iii) Restricting the water supply
- install a cut-off blanket in the subseoil

iv) Use of chemical additives
- make the subsoils more/or less permeable

{melt or restricted in size)

v) Adding a surcharge load
- make the water table be located more than
G below the G5,

- counteracts the heaving pressure

vi) UUse of thermal blanket

- &.g8, foam plastic

E



