STRESSES IN A SOIL MASS

A stress on the soil depends on the load

per unit area. Construction of a foundation
mainly increases the stresses on the soil.

It is necessary to estimate the net increase of vertical stresses ac

a result of construction of a foundation so that we ca
strategy.

ting upon the soil as
n calculate the settlement

As the stress increases in the soil, the soil can be deformed by the stress.
There are two stresses can acts on a plane: normal stress (o) and shear stress(t) .
Stresses acting on a soil plane:

Consider a two dimensional soil element where all th

€ stresses are acting on the side
of the soil element.

The normal stress is always perpendicular to the shear stress. Here we are
going to determine the normal stress and the shear stress acting on a plane
which makes some angle 6 to the side of that block.

Fig.1 ABCD is a soil block which has been subjected into the stresses of normal and shear
stress.
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To determine stresses on the plane EF, we should draw a free body diagram of the
triangle EFC

Fig.2 Free body diagram of EFC as shown in (Fig.1)

Since these are equal and opposite forces are acting on the block they are cancelling
to each other, so this block is in a steady state.

Let o, and 1, are the normal stress and shear stress respectively, on the plane EF.
From geometry, we know that

EC = EF cos#

FC = EF sin8

Total normal force acting on EF plane is F1

F1 = o, EF, where EFisthe areaand o, is the stress .

EFo, = FCa,sinf +FC Tyxy c0s6 + 0,EC cosf + T,y FC sin6

EFo, = EF g,sin”8 + 1, EF sin 0 cos 8 + EF ay cos® 8 + EF 1, sin6 cos @
On = 0xsin’0+2 7,,s5inBcosO + 0yc05%0

o+ 0, 0,— 0
In=""7> 2

~€05 28 + T, sin 20

Normal stress acting on plane EF.
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Again, 7,EF = g, EF sin6 cos@ + o, EF sin 6 cos 9 — TxyEF cos?0 + 7,,EF sin? g

. . _ 2 .2
So, Tn = 0Oy SinBcosd + o, sinfcosh — Txy (COS“8 — sin“ 6
Oy — 0, |
Ty = —— —sin 26 — 1,,c05260

Shear stress acting on the plane EF

From this equation we can choose the value of ¢ in such a way that 7, will be equal
to zero.

Letsput 1, =0,
2= 5in 26 — 1,,,c0826 = 0

T
tan26 = ”’/g,,_gx
2

T
28 = tan™ xy/ay—- Iy
2

S ow——"
g = Etan /o-x+g—
2

The plane that makes this angle with the block, which only has normal stress, called
as principal plane.

There are two principal stresses can formed by making an angle 90° to each other
where shear stress is zero.

2
i inci oxta 0y—0.
Major principal stress = Op= 01 = xz Y & \/( y :r) 2

Minor principal stress = @,
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Normal stress and shear stress acting on any plane can be determined by the

plotting Mohr’s circle also, where each and every point on the circumference of
circle is a stress component.

To plot the stresses on the Mohr's circle, we should use the sign convection of the
normal and shear stress. Normal stresses are taken as positive in all cases and shear

stress to be positive if the stress produces the motion of an element in a counter
clockwise direction.

TO PLOT STRESSES ON THE SOIL ELEMENT IN A MOHR'S CIRCLE,

Co-ordinates :

Plane AD,

Normal stress is +o, and shear stress is +1,,,

Plane CD,

Normal stress is +o, and shear stress is —1,,, (it produces clockwise rotation)

Ty + Oy
P

Centre of the Mohr's circle :

Where g, = g, (maximum stress), a, = g;(minimum stress)

Radius of the circle : R? = (x —a)? + y*

2
0’x+0'y 2
= (0 —22) 4 22

ay—0- ; E Op—0Oyx . 2
(”2 "c0529+rxy51n28) +( )'2 xsm26—rxyc0526)
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Here P and Q represent the <

tress conditions on the plane AD and CD of the soil
element.

O is the point of intersection of normal stress axis with [ine PQ.




STRESS DISTRIAUTION
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Isobar: An isobar is a curve joining the points of equal stress intensity. An isobar is a spatial
curved surface of shape of an electric bulb. The curved surface is symmetrical about the
vertical axis passing through the point. Isobar of intensity 0.1 Q/ unit area
o=Ks (Q/2%)
0.1Q=Kg(Q/Z%

Kg=0.12Z"
Similarly isobars of value K = 0.25 Z* Different intensity of loading such as 0.2Q, 0.3Q etc.
[sobars are useful for determining the effect of load on the vertical stresses at various points.
The zone within which the stresses have a significant effect on the settlement of stress id
known as pressure bulb. It is generally assumed as isobar of 0.1Q form pressure bulb. The

area outside the pressure bulb is assumed to have negligible.

Q

N
A2 XN o _\“\ /X\
4 025 N

—1— 03 \.
/ =015

1.0

—— 125

\ —t—1.5 . : 0.1Q
5 7

\\ =—=LiT

Sty |00

Z-2.185

Kp =0.25 72
A number numerical values of Z is selected and thus values of Kp are calculated.
Corresponding to this value of Kg, 1/Z are formed and hence corresponding values of ‘r’

are computed. When r= 0, Kg = 0.4775

|7 1



Z units KB r/Z r

0.2 0.0100 1.92 0.38
0.4 0.0400 1.30 0.52
0.6 0.0900 0.97 0.58
0.8 0.1600 0.74 0.59
1.0 0.2500 0.54 0.54
1.2 0.3600 0.34 0.41
1.38 0.4775 0.00 0.00

Vertical stress distribution on a horizontal plane:
The vertical stress at various points on a horizontal plane at a particular depth Z can be

obtained using 6= K (Q / 7 )
Let us consider Z =2 m, then o= Kg (Q/ Z* )= Q/Z* = Q/4
The values of o7 are computed for different values of r/Z after obtaining Iy value.

Kp=3/2nx 1/ [1+(1t/2)*]*?

1/z Kg G

0.0 0.4775 0.1194Q
0.25 0.4103 0.1026Q
0.5 0.2733 0.0683Q
0.75 0.1565 0.0390Q
0.1 0.0844 0.0211Q

e
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Vertical stress distribution on a horizontal plane:
In this case radial distance r is constant as depth changes. The value of 1/Z obtained for
different values of o,= K (Q / 22

Let us consider r = Im,

r/Z Kg Oy

40 0.004 0.0064Q

2.0 0.0085 0.0340Q

1.0 0.0844 0.0844Q

0.667 0.1094 0.0845Q
05 0273 0.0687Q
I L 0.0527Q

0.2 0.4329 0.017Q
\__I\,——._._.______J

It is noted that vertical stress first increases and then decreases. The maximum vertical
stress occur at r/Z = 0.817. This corresponds to the point of intersection of the vertical

plane with the line drawn at 39°15' {0 the vertical axis of the load.
Q

r=1m

1.22m
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GEOTECHNICAL ENGINEERING PCI31103

Newmark’s influence chart:

A more accurate method of determining the vertical stress at any point under a uniformly
loaded area of any shape is with the help of influence chart or influence diagram original
suggested by Newmark (1942). A chart, consisting of number of circles and radiating lines, is
S0 prepared that the influence of each area unit (formed in the shape of a sector between two
concentric circles and two adjacent, radial lines) is the same at the centre of the circles, i.e.,
each area unit causes the equal vertical stress at the centre of the diagram.

Let a uniformly loaded circular area of radius r, cm be divided into 20 sectors (area units ) as
shown in fig. . If q is the intensity of loading, and o, is the vertical pressure at a depth Z
below the centre of the area, each unit such as OA, B, exerts a pressure equal to z0 at the
centre.

Vertical Pressure under a uniformly loaded circular Area
I— 372

% =4 I

where ir= influence value
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/.

20 :

+(3)

It 1r be made equal to an arbitrarily fixed value say 0.003,

We have

N

i‘[?) J

Selecting the value of Z = 5 cm (say), the value of r] solved from equation 13.30 comes out

L

be 1.35 cm. Hence if a circle is drawn with radius r, = 1.35 ¢m and divided into 20 equal area
units, each area unit wil| exert a pressure equal to 0.005 q intensity at a depth of 5cm,

Let the radious of second concentric circle be equal to I, ¢m. By extending the twenty radial
lines, the space between the two concentric circles is again divided into 20 equal area units:
Ai A; B, B, is one such area unit. The vertical pressure at the centre, due to each of these

area nits is to be intensity 0.005 q. Therefore, the total pressure due to area units OA, Bl and
AA.B:B, atdepth z=5 c¢m below the centre is 2 x 0.005 q. Hence from equation

Vertical pressure due to OA, B,

Substituting z = 5 cm, we get r.= 2.00 cm from the above relation. Similarly, the radii of
3x, 4, 56 64 7+ 80 9o circles can be calculated as tabulated in table . The radius of 10y,
circle is given b the following governing equation:

2

A4 1 =10%0.005g =L

Z -

From the above r,,= infinity.
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Fig shows the influence chart drawn on the basis of table

To use the chart for determining the vertical stress at any point under the loaded area, the plan
of the loaded area is first drawn on a tracing paper to such a scale that the length ABH ( =5
cm) drawn on the chart represents the depth to the point at which pressure is required. For
example, if the pressure is to be found at a depth of 5m, the scale of plah will be 5¢cm = 5m |
or lem = Im. The plane of the loaded area is then 30 placed over the chart that the point
below which pressure is required coincides with the centre of ‘the chart. The point below
which pressure is required may lie within or outside the loaded area. The total number of area
units (including the fractions covered by the plan of the loaded area is counted. The vertical

pressure is then calculated from the relation)

o, =0005gx N,

where, N, = number of area units under the loaded area.

X >
IR

‘!'4? "“"Q‘

i ey
RIS
SECL,

_ |
e Y =\ |

AR kY

Figure: Newmark’s chart

-

=

&

s

Application of Newmark’s Influence chart
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Application of Newmark® s Tnfluence chart in solving problems is quite casy and simple. The
plan of the loaded area is first drawn on a tracing sheet to the same scale as the scale of the
line segment AB on the chart representing the depth ‘z’ . The location of the point where the
vertical stress is required is marked on the plan, say as ‘P’ . Now, the tracing sheet is placed
over the chart, such that the point ‘P’ comes exactly over the center of the chart from where
the rays are emanating. Now the number of mesh covered by the plan is counted.

In case of partly covered mesh an intelligent judgement of the fraction of mesh covered is
required. Let the total number of mesh be equal to ‘n’ . Then the vertical stress at the desired
depth is given by:

sz=Ixnxq

Where I = Influence value = 1/(cx s)

n = Number of meshes under the loaded area

q = uniformly distributed load

¢ = No. of concentric areas

§ = No. of radial lines

Approximate method

The method discussed in the preceding sections are relatively more accurate, but are time
consuming. Sometimes, the engineer is interested to estimate the vertical stresses
approximately. For preliminary designs, thus saving time and labour without sacrificing
accuracy to any significant degree,

They are also used to determine the stress distribution in soil under the influence of complex
loading and/ or shapes of loaded areas.

Two commonly used approximate methods are:

Equivalent point- load method:-

+ The vertical stress at a point under a loaded area of any of any shape can be determined by
dividing the loaded area into small area and replacing the distributed load on each on small
area by an equivalent point load acting at the centroid of the small arca. The principle of
superposition is then applied and the required stress at a specified point is obtained by
summing up the contributions of the individual. Point loads from each of the units by

applying the approximate point load formula, such as that of Boussinesq’ s or Westergaard’ s.

Department of Civil Engg. GCEK Kalahandi, Bhawanipatna Asst. Prof. S. Sahoo
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Figure: Equivalent point- load method

As shown in the above Figure, if a square area of size B is acted on by a uniform load g, the
same area can be divided into four small area. And the load on each area can be converted
into an equivalent point load assumed to act at its centroid. Then the vertical stress at any
point below or outside the loaded area is equal to the sum of the vertical stresses due to these

equivalent point loads. Then

_ 1Q:1(p)1+ Qa(lp)2+ Qa(l)3t ... + Qu(lp)nl

Z Z‘Z = ]
1
Wg= 0% iz1 Qi(Ip); - 2

Note : Eq. 2 gives fairly accurate results if the side a of the small unit is equal to or less than
one third of the depth Z at which the vertical stresses is required.

Two is to one (2:1) load distribution method:

The actual distribution of load with the depth is complex. However, it can be assumed to
spread approximately at a slope of two (vertical) to one (horizontal). Thus the vertical
pressure at any depth Z below the soil surface can be determined approximately by
constructing a frustum of pyramid (or cone) of depth Z and side Slope(2:1), the pressure

distribution is assumed to the uniform on a horizontal plane at that depth.

Department of Civil Engg. GCEK, Kalahandi, Bhawanipatna Asst. Prof. S. Sahoo
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g/unit area

(T3
A SN
B
z 3 2
1 1
g,
Y VUV T 0V VT
le e > |

Fig. Two is to one (2:1) load distribution method

The average vertical stress o ,depends upon the shape of the loaded area, as given
below:

2

1) Square area (BxB): o, = LB—,.
~ (B+z)

¢(BxL)

2) Reclangulararea (BxL ) 6. = ————
(B+z)(L+x)

; : : Bxl
3) Strip area (width B x unit length) 6. = L-l

(B+z)1

qDE

4) Circular arca (diameter D) o, = 2
- (D+z)

Contact pressure:

The upward pressure due to soil on the underside of the footing or foundation is termed
contact pressure. In the derivations of vertical stress below the loaded areas using
Boussinesq’ s theory or Westergaard’ s theory, it hus been assumed that the footing is flexible
and the contact pressure distribution is uniform and equal to ‘q’ . Actual footings are not
flexible as assumed. The actual distribution of the contact pressure depends on a number of
factors.

Factors affecting contact pressure distribution

The factors are:

1. Flexural rigidity of base of footing

2. Type of soil

Department of Civil Engg. GCEK.Kalahandi, Bhawanipatna Asst. Prof. 8. Sahoo
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3. Confinement

Flexural rigidity of base of footing

Uniform loading on a flexible base induces uniform contact pressure on any type of soil,
while a rigid base induces non-uniform pressure. Foundation bases are usually thick massive
concrete structures, which cannot be treated as ideally flexible.

Type of soil

The contact pressure distribution also depends on the elastic properties of the soil. The elastic

properties of soil depends on the type of soil.

Y

a. Sandy soil

Figure a & b shows the qualitative contact pressure distribution under flexible and rigid
footing resting on a sandy soil and subjected to a uniformly distributed load q. when the
footing is flexible, the edges undergo a large settlement than at centre. The soil at centre is
confined and therefore has a high modulus of elasticity and deflects less for the same contact
pressure. The contact pressure is uniform.

When the footing is rigid the settlement is uniform. The contact pressure is parabolic with
zero intensity at the edge sand maximum at the centre.

b. Clayey soils

vV ¥ vV TEETE

-

Fig. Contact pressure diagram on saturated clay

Fig. shows the qualitative contact pressure distribution under flexible and rigid footings

resting on saturated clay and subjected to a uniformly distributed load q.
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When the footing is flexible, it deforms into the shape of a bowel, with the maximum
deflection at the centre. The contact pressure distribution is uniform. If the footing is rigid,
the settlement is uniform. The contact pressure distribution is minimum at the centre and the
maximum at the edges(infinite theoretically). The stresses at the edges in real soil cannot be
infinite as theoretically determined for an elastic mass. In real soils, beyond a certain

limiting values of stress, the plastic flow occurs and the pressure becomes infinite as shown
in Fig.

c. C-0 soil

For a ¢ — @ soil, the contact pressure for a flexible footing will be uniform as shown in Fig.
(a). For a rigid footing, the pressure distribution will be as shown in the Fig. (b), it is more at

the edge and less at the centre.

TRETE

11T

p—

a) Flexible footing

Fig. Contact pressure diagram on ¢ — @ soil
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