Effective Stress in the ground

Wh“.“ a load i1s-applied to soil, it is carried by the water in the pores as well as the solid grains.
The increase in pressure within the porewater causes drainage { flow out of the soil), and the

load is transferred to the solid griins.
The rate of drainage depends on the permeability of the soil,

The strength and compressibility of the soil depend on the stresses within the solid granular
fabric. These are called effective stresses,

Use the menu on the left to navigate throught the notes and simple exercises on stress in the
ground,

Stress in the ground

Total stress
Pore pressure

Effective stress

Calculating vertical stress in the ground

When a load is applied to soil, it is carried by the water in the pores as well as the solid grains, The

Increase in pressure within the porewater causes dralnage (flow out of the soll), and the load is
transferred to the solid grains. The rate of drainage depends on the permeabilityof the soil. The strength

and compressibility of the soil depend on the stresses within the solid granular fabric. These are called

effective stresses.
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The total vertical stress acting at 2 point below the ground surface
is due to the weight of everythinglying above: soll, water, and
surface loading. Total stresses are calculated from the unit weight

of the soil.
O

Unit weight ranges are:

dry soil ya 14 - 20 kN/m® (average 17kN/m’)




saturated soil v, 18 - 23 kn/m? (average 20kN/m"}
water Yo LELKN/m? o 10 kN/m?)

See Description and _classification

Any ¢chan
Y ge in vertical total stress (ary) may also result in a change in the horizontal total stress

(o) at the same
point. The relationships between vertical and horizontal stress are complex.
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Total stress in homogeneous soil
Total stress increases with depth and with unit weight: Vertical total stress at depth z,

oy =Y.2
Simple total stress calculator
T I L+ 13
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The symbaol for total stress may also be written o,

i.e, related to depth z.
The unit welght, ¥, will vary with the water content of the soll,

YaEY =T

Total stress below a river or lake total stress

The total stress is the sum of the weight of the soll up to the surface and the weight of water above this:




oy =78 ""_r’* 1 Dy

where

1= unit weight of the saturated sail,

i.e. the total weight of soil grains and water

Yw = unlt welght of water

The vertical total stress wil| change with changes in water level and with excavation, Note that free
water {I.e. water outside the soil) applies a total stress to a soil surface.

Simple total stress calculator
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fotal stress

ground surface

Total stress in multi-layered soil
The total stress at depth zis the sum of the weights of soll in each 5

layer thickness above. ) layert
Vertical total stress at depth z, t ’ F v VL
o = s + 'f:di * 'ﬂ{?. - dy~d;)

where d; layer 2
74 75 ¥s etc. = unit weights of soll foyers 1, 2, 3, etc, respectively | % e
If a new layer is placed on the surface the total stresses atall B z-dy-ds yer
points below will increase., & . 2
Layer 1 2 3

Thickness | 15 | 2 | = o,

Unit weight | 1 | 1 |

stress @l ®  Im =I ®  kpa

Enter & value In any box (except the last) then click outside the box to see the effect

Total stress in unsaturated soil total stress




Just above the water soi] wi
table the soil will remain saturated due to capillarity, but at some distance

above the wate . i
g n'l;“‘-rdfﬁbi.n_ the soi |. will become unsaturated, with unsaturated sol:
x q reduction in unit 1.l.'|_~'|g|--|| (unsaturated unit ] - unit waight =7,
weight = v.)
ywr

saturated soil:
oy unit welght =¥

O =Yoo B+ Ygl2 - 24)
O Oh

The height above the water table up to which the soil will
remain saturated depends on the grain size.
See Mepative pore pressure (suction).

o,

Total stress with a surface surcharge load totalstress
The addition of a surface surcharge load will Increase the total surface surcharge,
stresses below it. If the surcharge loading is extensively wide, the
increase in vertical total stress below it may be considered & l l l l l ‘
constant with depth and equal to the magnitude of the surcharge.
Vertical total stress at depth z, 2 O, =Y2+
Ooy=Y.2+Q
For narrow surcharges, e.g. under strip and pad foundations, the o o
induced vertical total stresses will decrease both with depth and
horizontal distance from the load. In such cases, itis necessary to

[ #

use a suitable stress distribution theory - an example Is
Boussinesqg's theory.
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Pore pressure
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The water in the pores of a soil s called porewater. The pressure within this porewater Is called pore
pressure (u). The magnitude of pore pressure depends on:

o the depth below the water table
« the conditions of seepage flow

Groundwater and hydrostatic pressure

Pore pressure



Under hydrostatic canditions
: onditions (no water flow) the pore pressure at & given point is given by the

hydrostatic pressure:
aurmace
U= Y Py
where
e :onue*n: depth below water table or overlying water surface n
ent to think of pore pressure represented by the
column of water in an Imaginary standpipe; the pressure Just
outside being equal to that Inside. & o
Water table, phreatic surface Pl
The natural static level of water in the ground Is called the water
table or the phreatic surface (or sometimes the groundwater
level). Under conditions of no seepage flow, the water table will
be horizontal, as in the surface of a lake, The magnitude of the
pore pressure at the water table is 2ero. Below the water table, -2 peater table h
pore pressures are positive, h
U=Ye P
In conditions of steady-state or variable seepage fiow, the A s
calculation of pore pressures becomes more complex,
See Groundwater

Negative pore pressure (suction)
Below the water table, pore pressures are positive. In dry soll, the pore pressure s zero. Above the

water table, when the soll is saturated, pore pressure will be negative.
u=-yw.he

The height above the water table to which the soil is saturated is called the capillary rise, and
this depends on the grain size and type (and thus the size of pores):

- in coarse soils capillary rise is very small

 in silts it may be up to 2m

- in clays it can be over 20m




o ==l
Pore water and pore air pressur

Pore pressure

Unsaturated
(negative u)

will of .
water:enndbg p?_hrtuall-,l Saturated, l.e, the pores contain a mixture of

alr. The pore pressure In a partiall :
Vet partially saturated soil consists of
" Porewater pressure = u,,

Saturated

* Pore-air pressure = Us

Note that water |5 Incompressible, but air Is compressible. The ; F!ruegnﬁw =

tombined effect i« 3 complex relationship involving partial pressures | Saturat "

and the degree of saturation of the soll, In Europe and other temperate 3."'- ““‘r‘t';ﬁ] ,

climate countries most design states are assoc|ated with saturated :
P e T

conditions, and the study of partially saturated solls is considered to be
@ specialist subject.

Pare pressure

Pore pressure in steady state seepage conditions
In conditions of seepage in the ground there Is a change in {|
pore pressure. Consider seepage occurring between two

points Pand Q.

The hydralic gradient, i, between two points is the head
drop per unit length between these points. It can be
thougth of as the "potential” driving the water flow.

oh du 1

Hydralic gradient P-Q.i= - 55 s .Tw
Thus Bu=i.yw. s

But in steady-state seepage, 1 = constant
Therefore the change in pore pressure due to seepage alone, dus =i.yw .8
For seepage flow vertically downward, i is negative

For seepage flow vertically upward, i is positive.

Top




Ground Movemen

t5.and instabiliye

-
ffc;undatrnns ar unlnading due to EI:;::I::;HI;S e;d:v L e o b
St s but t :
Pes can fail after ralnfall Increases the pore prtsﬁsrncs?n 2= R i
In fact, it i
v It is the co ] ect of

e Sy ::m:tdgeﬂﬂl uj 1lj.1l.ﬂl stress and pore pressure that contrals soil behaviour such

W ression and distortion, The difference betwe

: _ f een the total 5 5 £

PoOTre pressure jg called the effective slress, i
effective stress = total stress - pore pressure

DTU'ﬁl:r-u

Note that the prime (dash mark * ) indicates effective stress,

Effective stress

Terzaghi's principle and equation
total stress

Karl Terzaghi was bornin Vienna and subsequently became
a professor of soil mechanics in the USA. He was the first ‘I,':'F 5 lﬂ lu
Person to propose the relationship for effective stress (in

193R):

All measurable effects of a change of stress, such as g ok
compression, distortion and a change of shearing b

resistance are due exclusively to changes in effective
stress. The effective stress ¢~ is related to total stress

and pore pressure by " =g - u.
The adjective ‘'effective’ is particularly apt, because it is effective stress that is effective in causing

important changes: changes in strength, changes in volume, changes in shape. It does not
represent the exact contact stress between particles but the distribution of load carried by the soil

o a o o
effective stress, o'=o-u

over the area considered.

Mohr circles for total and effective stress
n‘l‘r Effective siresses Total stresses




Mohr cireles ¢
can be drawn f :
total and effective strﬁwrl::rlr?m total and effective stress. The points E and T represent the
sStress avis b}r the uml."ll_.l';':t. . W Same Diﬂﬂﬂ. The twa circles are lj'iﬁ.pLic;:d ﬂ"”“l‘:- the normal
total and effectiy S POre pressure (ow = o, + ), and their diameters are the same. The
e Shear stresses are equal (1’ = 1) 3

The Importance of effective stress Effective stress

The principle
Bt a;ntiunp‘g ;I?f Ef‘FIEtTi'ue stress is FLEF'IIJEI'I'IE'F‘H.BH\I' Important In soll mechanics, It must be treated 2% the
»Since soll behaviour s governed by It. Total and effectlve stresses must be distinguishable in

all caleulations: algebraically the prime should indicate effective stress, o.g. o

Cha i : : -
km’;‘fﬁh in water level below ground (water table changes) result in changes in effective stresses

the water table. Changes in water level abave ground (e.g. in lakes, rivers, etc.) do not
cause changes in effective stresses in the ground below,

Effective stress

Changes in effective stress

* Changes in strength

* Changes in volume

In some analyses it is better to work in changes of quantity, rather than in absolute qu antities; the
effective stress expression then becomes:
Ao = Ao-Au

If both total stress and pore pressure change by the same amount, the effective stress remains
constant. A change in effective stress will cause: a change in strength and a change in volume.

Changes in strength
he critical shear strength of soil is proportional to the effective normal stress; thus, a change in
ffective stress brings about a change in strength.

‘herefore, if the pore pressure in a soil slope
] : ' reduced by At - sometimes leading to failure.

increases, effective stresses will be reduced by Ad’



A seaside sandc; :

; ; astle will remain ; -
fﬂ'r:c:;. this pore Pressure Slll:'tni-.nnr:“' .”';"ll-'l '-'r'l'ulls.' damp, because the pore pressure is negative; ag it
intace even when nearly P 15 lost and collapses. Note: Sometimes g sandcastle will remain
the grains together ause salt deposited as seaw ater evaporates slightly and cements

Chﬂnges in volume

I T Edl‘ﬂtely i 1

after t nstr f 4! t
: : i E € Const uction o a foundatio on a fine soll, € pore pressure incr e L
mmed date ¥ bEE”lEtU‘dlﬂﬂ ﬂEd ainage oCours; |

Changes in effective stress

Th y
th: raie ﬂfm&nge of effective stress under a loaded foundation, once it is constructed. will be
o N¢ as the rate of change of pore pressure, and this is controlled by the permeability of the

Sel'tilerncm VEPIES As '_J“'- volume (and therefore thickness) of the soil layers change. Thus,
settiement occurs rapidly in coarse soils with high permeabilities and slowly in fine soils with

low permeabilities.
Calculating vertical stress in the ground ==
; St

* Simple total and effective stresses ~

»  Effect of changing water table —

s St under founda

s Short-term and long-term stresses V'/

= Steady-state seepage conditions /
The worked examples here are designed to illustrate the principles and methods dealt with in Pore
pressure, effective stress and stresses in the ground, The examples chosen are typical and simple.

lculatl ical stress

Simple total and effective stresses

The figure shows soll layers on a site.
Unit welghts are:
dry sand: ys= 16 kN/m?
saturated sand: y; = 20 kN/m*

(a) At the top of saturated sand (z= 2.0 m)

Vertical total stress  ,=16.0x2.0 =32.0kPa
Pumptmuu u=0

Vertical effective stress o', = g, - u =32.0kPa
(b) At the top of the clay (z = 5.0 m)




Vertical tota) Stregs
Pare pres SUre

Vertical effective Stress

o= 32.31—21}_013.0 =92.0 kPﬂ
U=981x3p = 29.4 kPg

OV 0. -u=92,0.29.4 = 62.6 kPa
E o
fft‘tt ﬂf Ehﬂﬂglng “"ﬂtEI‘ tahle Calculation of vertical stress

The figure sh
ows ;
below the Water t:ilr' IE:EH On a site. The unit weight of the silty sand is 19.0 kM/m? both above and
rise. The followi 1@ water level is presently at the surface of the silty sand, it may drop or it may
WINg calculations show the effects of this:

Water tahle WT
) ==
0m o0
R A

G, =18.0x3=57.0 kPa
O=570-204=276kPa

Calculation of vertical stress

Stresses under foundations

From an initial state, the stresses under a foundation are first changed by excavation, i.e. vertical
stresses are reduced. After construction the foundation loading increases stresses. Other changes

could result if the water table level changed.

The figure shows the elevation of a foundation to be constructed in a homogeneous soil. The
change in thickness of the clay layer is to be calculated and so the initial and final effective

stresses are required at the mid-depth of the clay,
Unit weights: sand above WT = 16 kN/m?, sand below WT = 20 KN/m?, clay = 18 kN/m?,




Calculation of vertical stress




Initial Slresy
: 5585 at mj
Vertical t mig
Otal Slress €pth of
55 Sand (z = 5.0 m)

131':2:]_1};‘;:"]__
Pore pressure 100.0 kpy

u I{' X .5-[" uu kl]a
5‘ .

Uﬁr:ﬂ“'“"ﬂl.ﬂkf‘a

Short-term and long-term StrEsses

Im i
l'llﬁ‘t after construction

N

The construction of the embankment applies a surface surcharge:
q=18x4=T720kPa.

The sand is drained (either horizontally or into the rock below) and so there is no increase in pore
pressure. The clay is undrained and the pore pressure increases by 72.0 kPa.

Initial stresses at mid-depth of clay (z =2.0m)
Vertical total stress

g, =20,0x2.0+ 72.0 = 112.0kPa

Pore pressure

u=10x2.0+720=920kPa

Vertical effective stress

Gy=0y=-U% 20.0kPa

(i.e. no change immediately)

Initial stresses at mid-depth of sand (2= 5.0m)

Vertical total stress
5, =20.0 x 5.0+ 72.0 = 172.0kPa

u=10x50=500KkPa
Vertical effective stress

=t
ov=




Short-term and |ong-term §iresses

the clay will have dissipated, The pore pressures

Initiaj g
. -'resses at mj
Vertical totaj sm;;ﬂld-deplh of clay (z= 2.0 m)

Ov=200x20+ =i
e prcssureﬂ 72.0=112.0 kPa
u=10x2.0=200 kPa
VEHiCﬂ' cfﬁﬂi\-‘e siress
'ﬂ-'iw =0y-Uu=92.0kPa
(i.e. a long-term Increase)

Initial stresses at mid-depth of sand (z = 5.0 m)
Vertical total stress
oy=20.0x50+72.0=172.0 kPa

Pore pressure

u=10x5.0=50.0kPa

Vertical effective stress

g'v=oy-u=122.0 kPa

(i.. no further change)

Steady-state seepage conditions Calculation of vertical stress

The figure shows seepage occurring around embedded sheet piling.
In steady state, the hydraulic gradient,
= An/Ac=4/(7+3)=04
Then the effective stresses arc: _
ﬂﬁ'i 3-2% 10+ 0.4 x 10=44 kPa

2w
1 *.-: g‘g?,-2xlﬂ_-ﬁ.4_xlﬂ=36k?a




