Euskal Herriko
Unibertsitatea

Te
88

&
mv

2
Z's
S50
3
S



https://pixabay.com/es/service/license/
https://pixabay.com/es/photos/construcci%C3%B3n-de-carreteras-3992/

S\

J

4. STRESSES.

LESSON OVERVIEW

In this lesson, an introduction to stresses in geotechnical engineering is presented. First, geostatic stresses and
effective stresses due to the presence of water are defined and explained. Then, induced stresses by external loads
are presented following the theory of elasticity. Finally, basic concepts about permeability are introduced; these
concepts are necessary to understand, at the end of the lesson, the distribution of stresses in soils having low
permeability, and the consolidation process.

LEARNING OUTCOMES

On completion this lesson, the student will be able to:

v Apply the Terzaghi's law and the coefficient of lateral earth pressure to obtain relationships between
horizontal and vertical stresses and pore water pressure at the in-situ state.

v' Determine vertical and horizontal stresses and pore water pressure at any point in the ground, plot their
variation and plot Mohr's circles at the in-situ state.

v Determine induced stresses at any point in the soil due to external loads (basic cases).
v Know and understand why the flow of water in soils occurs.

v Know and understand how the distribution of stresses between the different phases of a saturated soil
occurs, the consolidation process and its implications in relation to the distribution of stresses in soils
along the lifespan of a structure. LAt
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4. STRESSES.
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. Effects on soils due to applied surface loads.

Vertical stress due to the self weight of soil. Geostatic stress.

The principle of effective stress.

Horizontal stress. Mohr circle.

Stress distribution due to applied surface loads.

Flow of water in soil. Permeability.

Stress distribution between the phases of a soil.
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EFFECTS ON SOILS DUE TO APPLIED SURFACE LOADS (il)
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4. STRESSES. @

VERTICAL STRESS DUE TO THE SELF WEIGHT OF SOIL - GEOSTATIC STRESS (1)

When the ground surface is horizontal, for example in sedimentary soils, an analogy between
geostatic stress and water pressure can be established.

“Water pressure at point A (at depth z,) is equal to the weight
“ per unit area of the column of water above that depth"
A (s-
—'—""@ uA=YW(§ZA)=YW-ZA (kN/mz)

“The total vertical stress at a point A (at depth z,) is equal to the weight
per unit area of all material above that depth"

(o)

W Y(SSZA) =Y'Za (kN / mz) Grows linearly as depth increases.
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VERTICAL STRESS DUE TO THE SELF WEIGHT OF SOIL - GEOSTATIC STRESS (ll)

o, : O_V='Y‘(SS°ZA)='Y.ZA (kN/mz)
Grows linearly as depih increases.
(o)

e 'Yi'(S'hl)+'Yz ‘(S'hz')

A ) . S
=v,-h; +7,-h, =Z'Yi -h;

uskal Herriko
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THE PRINCIPLE OF EFFECTIVE STRESS

4. STRESSES.

u: pore water pressure

V@ effective stress

Terzaghi’s law

G, Total vertical

Y.hl +'Ysat 'hz

0—; Effective
stress

u Pore water
pressure Y-hy

rYw'hz 'Y‘h1+7"h2
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HORIZONTAL STRESS. MOHR CIRCLE.
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4. STRESSES.

Horizontal stress and
vertical stress are related

i

K, , coefficient of earth pressure at rest

Mobhr’s circles

vV

K, = OH
Ul 0.(/ Soil type Ko
Granular, loose ]0.5-0.6
S Granular, dense |0.3—-0.5
Cohesive, soft 09-1.1
Caohesive, hard 0.8-0.9
G, =0y +U
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4. STRESSES.

STRESS DISTRIBUTION DUE TO APPLIED SURFACE LOADS (1)

=» Solutions based on Theory of Elasticity. Assumptions:

¢ Soil is a semi-infinite, homogeneous and isotropic material.

¢ Also, it is elastic and linear.
=> NOT TRUE = Approximate solutions.

=» Stresses and strains are proportional to applied loads.

3.Q

= < .coS"y
2:1-2

G,

2

Q

g =
2.2

r

Point load

3.0

2

5 -[3-cos3w-sen2\y—(1—2-v)-(1

2
O, =—(1—2-V)-2-nQ.22-|:0053\|I—COSW

(L+cosy)

.cos’y-seny

|

cos’y
+COS )

xxxxxxxxx
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4. STRESSES.

STRESS DISTRIBUTION DUE TO APPLIED SURFACE LOADS (il).

Rock Type _[Poisson's Ratio Type of soil , Poisson's ratio
Igneous 0.10-0.40 i
Granite 017 Normally consolidated soft clay 0.40
Diorite 0.10-0.20 Medium clay 0.30
Gabbro LAZNUCE Overconsolidated hard clay 0.15
Rhyolite - 0.20-0.40 . ; .
Andesite 0.20 Sand and granular soils 0.30
Basalt 0.10:9.20 Table D.24. Indicative values of the Poisson’s ratio.
Sedimentary 0.10-0.30
congomente ol Sb . Technical Building Code.
L srne ' Foundations.
Shale 0.10
Mudstone Al
Dolomite 0.15
Limestone _ 0.30 : _ _ Pressure bulb for a point load.
Metamorphic 0.15 - 0.30 Connects all points below the
Gneiss 0.24 ground surface at which the
Schist 0.15 - 0.25 vertical pressure is the same.
Phyllite 0.26
Slate : 0.20-0.30 : : : : e
Marble 0.15-0.30 LAt
Quartzite 0.17 dolPals Vasso  Unipertiien.
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STRESS DISTRIBUTION DUE TO APPLIED SURFACE LOADS (lll).

What is that greek letter t?

=>» It is called “shear stress”.

=>» Itis a kind of “friction” which arises between soil particles when deformation (distortion) occurs.
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4. STRESSES.

STRESS DISTRIBUTION DUE TO APPLIED SURFACE LOADS (IV).

Distributed loads

=» Point load is not real.
=» Foundations transfer the load to the soil.
=> Also, fills and embankments are actually loads.

=» Real loads can be modelled as distributed loads.

=>» Subsutface stresses are calculated integrating the point load solution.

vV
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STRESS DISTRIBUTION DUE TO APPLIED SURFACE LOADS (V).
Uniform load on a rectangular area (I)

q el lacshezef BN ' ; —
c,= -qarctg 3 B ¥
2.m PR R R R . ) \

q a-b a-b-z
o, = arctg -— A7 i

2-m ZiRs TRZR, )

. W ay

c, = 9 {arctg Al — azb Z} ‘ db

2-m z-R, RZ-R, : | ;
LS { b z’-b R,=+a’+2° =
“ 2w R, R:.R, jjij Stress at a depth z beneath

q [a z2a L Re=A 2t el the corner of the rectangle!!!
TVZzZ-n{F\’l_R;.Rs} R,=-/a’+b’+2°

y

q V4 1 1 b
T = . 1+ =7 | [ LTS L et
YT 2m { R, (Rl RJ} i
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4. STRESSES.
STRESS DISTRIBUTION DUE TO APPLIED SURFACE LOADS (VI).
0,250 — . =5%’%:g
Uniform load on a rectangular area (II) Z "
/i n—1:2
0,200 / / n=1,0
// / g n=09
) n=08
L n-07
GZ = q ° I _ / — n=0,6
' é - // — n=05
L, Influence —
coefficient & T
- ’/ n=0,2
0,050 :/
- I n=01
| "

m=a/z
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4. STRESSES.
\ v/
STRESS DISTRIBUTION DUE TO APPLIED SURFACE LOADS (VII).
Uniform load on a rectangular area (II)
m=alz
n=b/z] 01 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0 1,2 1,5 2,0 2,5 3,0 4,0 5,0 6,0 10,0 O. = q $ I
0,1] 0,005 | 0,009 [ 0,013 [ 0,017 | 0,020 | 0,022 | 0,024 | 0,026 | 0,027 | 0,028 | 0,029 | 0,030 | 0,031 | 0,031 | 0,031 | 0,032 | 0,032 | 0,032 | 0,032 z 1
0,2] 0,009 | 0,018 | 0,026 | 0,033 | 0,039 | 0,043 | 0,047 | 0,050 | 0,053 | 0,055 | 0,057 | 0,059 | 0,061 | 0,062 | 0,062 | 0,062 | 0,062 | 0,062 | 0,062
0,3] 0,013 | 0,026 | 0,037 | 0,047 | 0,056 | 0,063 | 0,069 | 0,073 | 0,077 | 0,079 | 0,083 | 0,086 | 0,089 | 0,089 | 0,090 | 0,090 | 0,090 | 0,090 | 0,090
0,4] 0,017 | 0,033 [ 0,047 [ 0,060 | 0,071 | 0,080 | 0,087 | 0,093 | 0,098 | 0,101 | 0,106 | 0,110 ] 0,113 | 0,114 | 0,115 | 0,415 | 0,415 | 0,415 | 0,115
0,5 0,020 | 0,039 | 0,056 | 0,071 | 0,084 | 0,095 | 0,103 | 0,110 | 0,116 | 0,120 | 0,126 | 0,131 | 0,435 | 0,436 | 0,437 | 0,137 | 0,137 | 0,437 | 0,437
0,6] 0,022 | 0,043 | 0,063 | 0,080 | 0,095 | 0,107 | 0,117 | 0,125 | 0,131 ]| 0,136 | 0,143 | 0,149 | 0,153 | 0,155 | 0,455 | 0,456 | 0,156 | 0,156 | 0,156
0,7] 0,024 | 0,047 | 0,069 | 0,087 | 0,103 | 0,117 | 0,128 | 0,437 | 0,144 | 0,149 | 0,157 | 0,164 | 0,169 | 0,470 | 0,471 | 0,472 | 0,172 | 0,472 | 0,172 Inﬂue‘nce
0,8] 0,026 | 0,050 | 0,073 | 0,093 | 0,110 | 01125 | 0,37 | 0,146 | 0,154 | 0,160 | 0,168 | 0,176 | 0,481 | 0,483 | 0,184 | 0,185 | 0,185 | 0,185 | 0,185 coemc’.ent

0,9] 0,027 | 0,053 [ 0,077 [ 0,098 | 0,416 | 0,431 | 0,144 | 0,154 | 0,162 | 0,168 | 0,178 | 0,186 | 0,192 | 0,194 | 0,195 | 0,195 | 0,196 | 0,196 | 0,196

1,0] 0,028 | 0,055 | 0,079 | 0,101 | 0,120 | 0,436 | 0,149 | 0,160 | 0,168 | 0,475 | 0,485 | 0,194 ] 0,200 | 0,202 | 0,203 | 0,204 | 0,204 | 0,204 | 0,205

1,2| 0,029 | 0,057 | 0,083 | 0,106 | 0,126 | 0,143 | 0,457 | 0,168 | 0,478 | 0,185 | 0,496 | 0,205 | 0,212 | 0,215 | 0,216 | 0,217 | 0,217 | 0,218 | 0,218

1,5 0,030 | 0,059 | 0,086 | 0,110 | 0,431 | 0,149 | 0,164 | 0,176 | 0,186 | 0,194 | 0,205 | 0,216 | 0,224 | 0,227 | 0,228 | 0,229 | 0,230 | 0,230 | 0,230

2,0 0,031 | 0,061 | 0,089 | 0,113 | 0,135 | 0,153 | 0,169 | 0,481 | 0,192 | 0,200 | 0,212 | 0,224 | 0,232 | 0,236 | 0,238 | 0,239 | 0,240 | 0,240 | 0,240

2,5 0,031 | 0,062 [ 0,089 | 0,114 | 0,136 | 0,455 | 0,470 | 0,183 | 0,194 | 0,202 | 0,215 | 0,227 | 0,236 | 0,240 | 0,242 | 0,243 | 0,244 | 0,244 | 0,244

3,0 0,031 | 0,062 [ 0,09 [ 0,15 | 0,437 | 0,455 | 0,471 | 0,184 | 0,195 | 0,203 | 0,216 | 0,228 | 0,238 | 0,242 | 0,244 | 0,246 | 0,246 | 0,246 | 0,247

4,0 0,032 | 0,062 [ 0,090 | 0,415 | 0,437 | 0,456 | 0,472 | 0,485 | 0,495 | 0,204 | 0,217 | 0,229 | 0,239 | 0,243 | 0,246 | 0,247 | 0,248 | 0,248 | 0,248

5,01 0,032 | 0,062 | 0,090 | 0,115 | 0,137 | 0,156 | 0,472 | 0,485 | 0,196 | 0,204 | 0,217 | 0,230 | 0,240 | 0,244 | 0,246 | 0,248 | 0,249 | 0,249 | 0,249

6,0] 0,032 | 0,062 0,090 | 0,415 | 0,437 | 0,156 | 0,472 | 0,485 | 0,196 | 0,204 | 0,218 | 0,230 | 0,240 | 0,244 | 0,246 | 0,248 | 0,249 | 0,249 | 0,249

10,0f 0,032 | 0,062 | 0,090 | 0115 | 0,137 | 0,156 | 0,472 | 0,485 | 0,196 | 0,205 | 0,218 | 0,230 | 0,240 | 0,244 | 0,247 | 0,248 | 0,249 [ 0,249 [ 0,250

Universidad  Euskal Herriko
del Pais Vasco  Unibertsitatea
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STRESS DISTRIBUTION DUE TO APPLIED SURFACE LOADS (VIll).

A

D C
Case I
A B
Fr-—-----===---- +E
D C
Case IV
Load on ABCD =

2 X Load on ABEF

=17 -

Uniform load on a rectangular area (III)
B B A

A E E B
| |
I |
—————— === F I!
|G Hi--=----- +---F
1 i
D C D G C
Case II Case III
Load on ABCD = Load on ABCD = Load on
4 X Load on EBFG EBFI + IFCG + IGDH + AEIH
A E B A B E
: -
1 1
1 i
1 1
1 1
] ]
. D Lo F
D F C | I :
Case V : : l
Load on ABCD = I H G
2 X Load on EBCF Case VI

Load on ABCD = Load on
AEGI - BEGH ~- DFGI + CFGH

For stresses beneath points other than the
corner of the loaded area, the principle of
superposition should be used.

’

Universidad  Euskal Herriko
del Pais Vasco  Unibertsitatea



4. STRESSES. =
FLOW OF WATER IN SOIL. PERMEABILITY (1).
Bernoulli’s equation (I)
e WA L e _ _c, Position head or elevation head is the
I ' _an difference in elevation between the datum and

the point (z, and zg). _
Pressure head is the difference in elevation

h
- between the point and the water table, and it is
g due to the pore water pressure (AA’ and BB’).
1 iti ‘ Arbitrary elevation selected | Total head is the sum of pressure
a — u‘_ as reference datum head and position head.
u,=AA"y, = AA'= *|u;=BB'y, = BB'=" u
L ' S R
\—— Pressure head —+ =2 Y

> A fluid particle flows through void spaces existing between the solid
grains of a soil from point A to point B, along a distance L.

-18 -
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4. STRESSES.

FLOW OF WATER IN SOIL. PERMEABILITY (ll).
Bernoulli’s equation (II)

» Flow of water between point A and point B is due to the law of conservation of energy. Applying
this law, but dividing energy terms by m-g, leads to:

2 =2
u
Zp+—2+—2=7,+—2 +—2 +]oss energy

/ ZAKV I 2:9 7w
k Strain “energy”
Can be ignored because the
Kinetic “energy” ———

: velocity of flow of water
Potential “energy” through soil is quite small.

\ h, = hg + <4—— Head loss . . "_ﬂ’

Qoo

1
EI
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4. STRESSES.

FLOW OF WATER IN SOIL. PERMEABILITY (1ll).

Bernoulli’s equation (III)

-20 -

=» Hydraulic gradient:

Flow of water in soil between two point occurs as a result of a total head difference
between two points, with the direction of flow being from the higher to the lower head.

g
s
B2
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4. STRESSES.

FLOW OF WATER IN SOIL. PERMEABILITY (1V).

Darcy’s law (1856). Coefficient of permeability.

(_Constant

ovel » In 1856 H. Darcy petformed experiments to study the flow of water. The

figure illustrates Darcy’s experiment in which water moves through a soil sample

contained in a cylindrical conduit.
» Darcy measured the total head at points A and B.

» Darcy observed that the flow rate varied directly with both the head difference
and the cross-sectional area and inversely proportional to the length of the soil.

A
Yy . h,-h Ah
}: Q:k.S.IAB=k.S.M=k.S.7
2 Q Al Al
4Cross-sectionalarea (S) Type of soil k (cm/s)
> “k” is the coefficient of permeability (ot hydraulic Poorly graded gravel (GP) 21
e 5 = < ; : Uniform gravel (GP) 02-1
conductivity). Units of “k” are length per unit of time. In Well-graded gravel (GW) 0.05-0.3
fact, “k” is directly proportional to the velocity of flow - v -,  Uniformsand (SP) 5:10°-0.2
. . 3 - -3 -
as shown in the expression below, and so the larger “k” is, Well-graded sand (SW) 107-01
the quicker the water will flow through soil, and vice versa Silty sand (SM) 1075107
q g > : Clayey sand (SC) 10*-10° v
- & i . 5 - 4 Universidad uskal Herriko
L) s Q =V- S — k o] S = Ni= k o Silt (ML) 5-10°-10 del Pals e Dot

Lean clay (CL) 10%-10°



4. STRESSES.

STRESS DISTRIBUTION BETWEEN THE PHASES OF A SOIL (1)

-22 -

T q
» Due to structural loads, q, stresses in soil appeat.

i S Unsaturated soil

Terzaghi’s law is still valid.

Ac,(q)=Aoy (q)+Au(g)

:533:'._._-+ Rock mass

» Also, as soil is under compression, a change in total volume occuts.

» In dry soils, this change in volume is due to a rearrangement of solid particles into a tighter

SEVS011S, g g p g
packing. The volume of solid particles itself remains virtually unchanged and only a decrease in
the volume of voids occurs. Therefore, all the stress increment is taken by solid particles.

» Also, the behaviour of unsaturated soils where the degree of saturation is low can be considered
similar to that of the dry soils.
» In unsaturated soils where the degree of saturation is high, the analysis of stress distribution is

very complex and beyond the scope of this coutrse. v
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STRESS DISTRIBUTION BETWEEN THE PHASES OF A SOIL (ll). Consolidation.

» In saturated soils, following Terzaghi’s law, the stress increment due to external loads is taken by
both the solid particles and the water in voids.

» This increase in pore water pressure (Au) produces a
hydraulic gradient in the soil, causing some of the pore
water to flow away. As water is discharged, the solid

particles consolidate and begin to carry part of the 7 :
external load. Thus, the stress increment is gradually _, 2 _._
transferred from the pore water to the soil solids.

» Eventually, all the external load is carried by the solids,
pore water pressure returns to its initial (hydrostatic) value
(Au = 0) and the flow of pore water ceases.

» This process is quite fast (some minutes) in gravel and sand, and very slow (years)
in clay, organic soils and silt (at a lesser extent), depending on their coefficients of
permeability (high/low respectively).

2932
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STRESS DISTRIBUTION BETWEEN THE PHASES OF A SOIL (lll). Consolidation.

-24 -

»

v

Consolidation of
saturated soils (low
permeability)
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