STRESSES BENEATH LOADED
AREAS
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Stress Transformation
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Principal Stresses

+ Principal planes — planes for which the normal
stresses take extreme values, and shear stresses are
zero. Stresses in principal planes are principal
stresses.

* Major and minor principal stresses
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Mohr’s Circle (from bas, 2002)
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Mohr’s Circle for Known Principle

Stresses
Shear
O stress
o £ )Gy Tp)
/
E / 28
T 3} ey <+ T3 - i~ /\
5 (o) 'V Normal
stress
I 0
A B
0
Rutgers University Soil Mechanics Stresses Beneath Loaded Areas 5

Maximum Shear Stress

» Corresponds to the radius of the Mohr’s circle
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Stresses Due to a Point Load -
Boussinesq Solution (1885)
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Stresses Due to a Point Load -
Boussinesq Solution (1885)
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Stresses Due to a Point Load -
Boussinesq Solution (1885)

» Alternative formulation
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Stresses Due to a Point Load —
Weestergard’s Solution

* Assumes presence of layers of thin, infinitely rigid
horizontal reinforcement between layers.

* Increase in pressure
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// Boussinesq more conservative!
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» Influence Coefficients
o (from Murthy, 2003)
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Stresses by Boussinesq and
Weestergard — Example (vurthy 6.2)

A concentrated load of 45000 Ib acts at foundation level at a depth of 6.56 ft below ground surface
Find the vertical stress along the axis of the load at a depth of 32.8 ft and at a radial distance of
16.4 ft at the same depth by (a) Boussinesq, and (b) Westergaard formulae for u = 0. Neglect the
depth of the foundation

Solution

(a) Boussinesq Eq. (6.1a)
Q 3 P
2r 1+ (rlz)?
Substituting the known values, and simplifying
I,=02733 for r/z=0.5

45000
g. =

= | x0.2733 = 1143 I/f®
(328)°
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Stresses by Boussinesq and
Weestergard — Example (murthy 6.2)

(b) Westergaard (Eq. 6.3)

a2
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Substituting the known values and simplifying, we have,
1,=0.1733 for r/z=0.5
therefore,

45000

& =— 733 = 7.25 1b/fi?
(32.8)-

x 0.
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Vertical Stress Due to a Line Load
(from Murthy, 2002)
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B

¢ = Load per unit arca

Vertical Stress
Under a Flexible
Strip Loading
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(from Das, 2002)
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Vertical Stress Under a Flexible Strip
Loading

» From the solution for a line loading, the vertical stress
at P for a line load qdx

3

do, = z—q%
T [(x—X)" +z7]
* The total stress increase at point P is
2q ¢ z’
R T
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Vertical Stress Under a Flexible Strip
Loading

» Solving the integral

2q 4z oz 2bz(x* —b* —z%)
o, =—/|tan tan -
7 x—b x+b (x> =b>+z%)+4b*z?

or
o, = i[ﬂ+ sin fcos(f+ 25)]
Vg

* Principal stresses at P are

o, =%[ﬁ+sin,8] 0-3:%[ﬁ— sin |

Vertical Stress Under a Flexible Strip
Loading (from Murthy, 2002)
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(o./q) x 10
Q1 2 f 4 5 6 71 8 9 l‘n Pressure
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| .
[ : | Stresses Beneath a
Corner of a

ectangular Loading
(from Murthy, 2003)

W T l dQ = q dbdl
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Stresses Beneath a Corner of a
Rectangular Loading

» Stress increase at P due to dQ
do 3z°
z = 271. (ZZ +}"2)5/2

 Integrating in x and y directions from 0 to b, and 0 to
I, respectively, or

do

a=a1=p
o, = do

z z

a=0 =0
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Stresses Beneath a Corner of a
Rectangular Loading

* The stress increase at P is

1| 2mn(m® + n*> +1)"* [mz +n’ 4 2) 4 2mn(m® + n’® + l)m}

O:=4y

m*+nt+mPn? 1\ m?+n?+ 1 m* +n® - m*n*+1

P

The obtained result is in radians !!!!
where m=b/z and n=l/z, or o, =ql
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i Influence
Coefficient for
Rectangular
Loading

(after Fadum, 1934)
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Computation of Stresses Below a
Rectangular Loading (from Murthy, 2003)
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Rectangular Loading — Example
(Murthy 6.5)

ABCD is a raft foundation of a multi-story building [Fig. 6. 9(b)] }\'hurcin AB = 65.6 ft, and
BC = 39,6 ft. The uniformly distributed load q over the raft is 7310 Ib/ft?. Determine o.ata depth of
19.7 ft below point O [Fig. 6.9(b)] wherein AA, = 13.12 ftand A, 0 = 19.68 ft. Use Fig. 6.8
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Example

0. l«": 6 _| (Murthy 65)
E_'()Iﬁ‘ ﬁ*“

0.10]

0.08

T |

| | 1 )
i [T T
0.04 N [ all I {——]TMW
| ][] LL.»? ”“]i\ 1l
002}—05 ‘H‘, 74 / J/i" | i .I“ |
= ] SRR H‘L\_ \ ﬁ
Bor 2 4 6801 2 4 6 810 4 6 810

Rutgers University

Values of n = Iz

Soil Mechanics

Stresses Beneath Loaded Areas 28

Stresses Beneath

Circular Loads
(from Murthy, 2003)

dQ = qdA = qrd 6dr

3
do, L LT
2 (r°+2z%)
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Stresses Beneath a Circular Loading

 Integrating over the circular area

0=271r=Ry 3 0=271r=Ry

J- J-d 3gz rd 6dr
0. = 0. = _f I 2, _2\52
0=0 r=0 27[ 0=0 r=0 (V tz )
the stress at P under the center is
3/2
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z
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Circular Loading
(from Das, 2002)
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Influence Value Chart for Circular Loading
(after Foster and Ahlvin, 1954)
Influence value 1, (x100)
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Stresses Beneath Complex Areas -

Example (pas 9.6)
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Stresses Beneath R=

A
Complex Areas - Areal zg 1.5m
Example (pas 9.6)

1.5m Area2
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8m I
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Influence (Newmark) Chart for General
Loading

The solution for a circular loading

0.4
can be rearranged to

R o -2/3
-2 [1- j -1
z q

N S
- (Rg +ZZ)3/2

Influence (Newmark) Chart for General
Loading

* Ry/z and o, /q are dimensionless ratios

=> If geometry is presented in a dimensionless form,
for a constant Ry/z, ¢, /q is a constant too.

* Newmark (1942) presented an influence chart for
general uniform loading.
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zIR A, Stress Increase
0 1 for Unit Loading q
0.02 0.9999 .

0.05 0.9998 as a Function of
0.10 0.9990 H
o et z/R, Ratio
e e (from Das, 2002)
0.4 0.9488

0.5 0.9106

0.8 0.7562

1.0 0.6465

1.5 0.4240

2.0 0.2845

2.5 0.1996

3.0 0.1436

4.0 0.0869

5.0 0.0571
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Influence (Newmark) Chart for General
Loading

Construction of charts:
1. A set of concentric circles are constructed for
c,/q=0,0.1,0.2, ...., 1 (for 5,/q =0, Ry/z=0; for
o,/q =1, Ry/z=infinity).
2. The circles are divided by several equally
spaced radial lines.

3. The number of created elements in the chart is
N, or the influence value of each element
becomes 1/N.
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R,/z Ratio as a Function of Stress
Increase Ratio (from Murthy, 2003)

o,lq Rlz a,lq Rz
0.00 0.000 0.80 1.387
0.10 0.270 0.90 1.908
0.20 0.401 0.92 2.094
0.30 0.518 0.94 2.351
0.40 0.637 0.96 2.748
0.50 0.766 0.98 3.546
0.60 0.917 1.00 oo

0.70 1.110 - -
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Influence (Newmark) Chart for General
Loading

Explanation:

Loading
between
rings 0.3
and 0.4
causes
6,/q=0.1.

Rutgers University Soil Mechanics Stresses Beneath Loaded Areas 42

Influence (Newmark) Chart for General
Loading

Loading on the
shaded area
between rings
0.3and 0.4
(20 radial
lines) causes
6,/9=0.1/20
=0.005.

Rutgers University Soil Mechanics Stresses Beneath Loaded Areas 43

10



Evaluation of Vertical Pressure by
Newmark Chart

1. Determine the depth (z) of the point of interest
relative to the foundation.

2. Plot the plan of the loaded area in a scale where z
equals to the unit length of the chart (line AB).

3. Place the plan of the foundation so that the point is
located at the center of the chart.

4. Count the number of the elements (N) of the chart
covered by the loaded area. The increase in

pressure is
6z=CiNq
where G, is the influence value.
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R
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Newmark Chart

- Example
(from Murthy, 2003)

Newmark Chart - Example

A new building is going to be constructed next to an existing one.
The bottom of the slab of the new building is 3 m above the bottom
of the closest spread footing of the existing building. Find the
maximum increase of the vertical pressure beneath the spread
footing for the assumption that the new building slab will have a
uniformly distributed loading of 150 kPa.

New Building

Spread Footing
of Old Building
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Newmark
Chart -
Example
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A3m
I
Influence

value =0.005

5,=20"0.005"150=15 kPa
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Triangular Loading (from Murthy, 2003)
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Triangular Loading (from Murthy, 2003)

Fo e Embankment
el s SRt Loading
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H\\ (from Murthy, 2003)
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ANNAN =
-05a
1
I
Atz=1.0a
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Embankment Loading (from Murthy, 2003)
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Pressure Isobars
(from Murthy, 2003)

Q

Lines of
equal vertical
pressure or
isobars
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for Square and
Strip Loadings

(from Murthy, 2003)
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Influence Chart

q
: % for Circular
0.1 .
' 5 Loading
\m (from Murthy, 2003)
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Pressure Isobars — Example (vurthy 6.12)

A single concentrated load of 1000 kN acts at the ground surface. Construct an isobar for
=40 kN/m? by making use of the Boussinesq equation.

Solution
From Eq. (6.1a) we have

]

= 2m? |1+ (rf2)?

We may now write by rearranging an equation for the radial distance r as
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Q= 1000 kN

g, =40 kN/m*

Isobar

Pressure Isobars

— Example
(Murthy 6.12)

3.455
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