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Stresses 1n a Soil Mass

Topics
e Normal and Shear Stresses on a Plane

e Stress distribution in soils

e Stress Caused by a Point Load

e Vertical Stress Caused by a Line Load

e Vertical Stress Caused by a Strip Load

e Vertical Stress below the Center of a uniformly Loaded Circular Area
e Vertical Stress at any Point below a uniformly Loaded Circular Area
e Vertical Stress Caused by a Rectangular Loaded Area

e Approximate method
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: Added Stress

Ap,
_ H *  External Applied Load
Geostatic Stress G,
oy and oy, v M Apy, +Gy,
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e Normal and Shear Stresses on a Plane
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From geometry for the free body diagram EBF
EB = EF cosé@
FB = EFsin@
Summing forces in N and T direction, we have
o,(EF)=o0,(EF)sin’6+ao (EF)cos’ 0 + 2z, (EF)sin@cosf
c,+o, o0,—-0, _
c, = + cos20 + 7, sin26
2 2 T (1)
Again
7,(EF)=-0,(EF)sinfcosd + o (EF)sindcosd — 7, (EF)cos’ 8 + 7, (EF)sin® @
%y "% sin20 20
T = Sin — 7., COS
: 2 O, (2)
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If 7,= 0 then
tan 26 = .

This eq. gives 2 values of 0 that are 90° apart, this means that there are 2
planes that are right angles to each other on which shear stress = 0, such
planes are called principle planes and the normal stress that act on the
principle planes are to as principle stresses.
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To find the principle stress substitute eq.3 into eqg.1, we get
= 12
o,+0, c,—0, , : ..
c,=0,= > + > + 7%y major principle stress
= 12
c,+0, c,—0, ) _ .
C,=0,= > > + Ty minor principle stress

These stresses on any plane can be found using Mohr s circle

Asst. Prof. Khalid R. Mahmood (PhD.) 228
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¢ Mohr's circle

Mohr’s Circle Sign Conventions: o+
eCompressive normal stresses are positive
-h *
O O~
eShear stresses are positive. if when they fﬁ 4
act on two opposing faces. they tend to
produce a counterclockwise rotation. T -
T + T+
'I _
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Refer to the element shown in Fig. above
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¢ Pole Method
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Added
GROUND SURFACE

Geostatic

Stress Distribution in Soils

Geostatic stresses Added Stresses (Point, line, strip, triangular, circular, rectangular)

! .

Total Stress ,
Effective Stress Westergaard’s Method

Pore Water Pressure

Bossinisque Equations

v *Point Load Approximate Method
Total Stress= Effective Stress+ Pore Water ®Line Load Ox
= ®Strip Load Gy

®Triangular Load

®Circular Load

®Rectangular Load

A
_ Influence Charts
Z J
yYN e
A iy
; Ao, =1T,*q
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Geostatic stresses
The vertical geostatic stress at point X will be computed as following

GL ‘ GL
]-ll Soil 1. Y1
h $
hy Soil 2, v,
Y
Xel I hs
o X Soil 3. Y3

oy =¥ N homogenous soils

Ov = leyihi stratified soils

h
o= J(: y 4z density varies continuously with depth
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The horizontal geostatic stress can be computed as following
o, = Ko,
where K is the coefficient of lateral stress or lateral stress ratio
o
K=-"
o, 1< K<1

¢ Geostatic stress are principle stresses (o1, o, and o3 major,
Intermediate and minor principle stresses) and hence the horizontal
and vertical planes through any point are principle planes.

K=1 G, =0,=0,=0,=0, Isotropic
K>1 o, =0, c, =0, o, =0, =0,
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The largest shear stress will found on plane lying at 45° to the horizontal
o)
K<1 Tmax=7v(1_K)

K =1 ... =0

O,
K>1 Tmax=7(K_1)

Asst. Prof. Khalid R. Mahmood (PhD.) 235



University of Anbar

College of Engineering

Civil Engineering Department
Irag-Ramadi

e Stress Caused by a Point Load

Boussinesq’s Equation

Ao, = (3P/2r) (Z°/L°)

Using Influence Factor Tab

Ao, = (P/Z%) |,

Principal

Asst. Prof. Khalid R. Mahmood (PhD.)
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Variation of Ip

rlz I rlz I,

0 04775 (1.9 (0.1083
(0.1 0.4637 1.0 (.0844
0.2 0.4329 1.5 (0.0231]
0.3 ().3849 1.73 (0.0144
0.4 ().3205 2.0 (0.0085
(.3 0.2733 2.5 (0.0034
0.6 0.2214 3.0 0.0015
0.7 0.1762 4.0 (L0004
0.8 (.1386 3.0 0.00014
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e Vertical Stress Caused by a Line Load

Ao, ={2 qZ°/n (* + Z* )"}
Using Influence Factor Table below

Ac, = (a/2) I,

,0_1

Principal

03 4
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Variation of I

Aer Aer
x/z qlz xlz qlz
() 0.637 0.7 0.287
(.1 0.624 (0.8 0.237
(0.2 (0.589 (0.9 (0.194
(0.3 (0.536 1.0 (0.159
(.4 0.473 1.5 (.00
(0.5 0.407 2.0 0.025
(.6 0.344 3.0 (0.006
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e Vertical Stress Caused by a Strip Load

L

g (Load/Unit AJrea)

Strip footing ="

Using Influence Factor Tablebelow

Principal

Asst. Prof. Khalid R. Mahmood (PhD.)
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Vanation of Aa/g with 2z/B and 2x/B

2x/B
2z/B 0 0.5 1.0 15 2.0

() 1.000 1.000 ().500 — —

0.5 0.959 0.903 0.497 (.09 (0.019
1.0 0.818 0.735 0.480) 0.249 0.078
1.5 (0.668 0.607 0.448 0.270 (.146
2.0 0.550) 0.510 0.400 0.288 (.185
2.5 0.462 0.437 0.370 0.285 0.205
3.0 0.396 (.379 0.334 0.273 0.211
3. 0.345 0.334 0.302 0.258 0.216
4.0 (0.306 0.208 0.275 0.242 0.205
4.5 0.274 0.268 0.251 0.226 0.197
5.0 0.248 0.244 0.231 0.212 (.188
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e Vertical Stress below the Center of a uniformly Loaded Circular Area

"X

Zv
Ac,=q{1- 1/[(R/IZ)* + 11¥*}

Z
Using Influence Factorfrom table. ~77\ .|

Ao, =qlc Principle ~~ ©

0'2
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Variation of I,

zIR Aolg zZIR Aolg
0 | 1.0 (0.6465
0.02 (0.9999 1.5 (0.4240
0.05 (.9008 2.0 (0.2845
0.10 (0.9990 2.5 0.1996
0.2 (0.9925 3.0 (0.1436
0.4 (.9488 4.0 0.0869
0.5 0.9106 5.0 0.0571
0.8 0.7562
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e \ertical Stress at any Point below a uniformly Loaded Circular Area

>X

Ac,=( (A/+B/)
Where (A'&B') are functions of z/R and r/R

from tables
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Table 10.7 Variation of A’ with Z/R and r/R*

IR
Z/R 0 0.2 0.4 0.6 0.8 1 1.2 1.5 2
0 1.0 1.0 1.0 1.0 1.0 0.3 0 0 0
0.1 0. 90050 (0.80748 0.886T9 086126 0.78797 043015 0.09645 0.02787 0.00856
0.2 0.B0388 0.79824 0. 77884 0.73483 0.63014 (.38269 (0.15433 0.05251 0.01680
0.3 0.71265 0.70518 0.68316 062600 052081 (0.34375 0.17964 0.07199 0.02440
04 062861 0.62015 0.50241 0.53767 044329 031048 0. 18709 0.08593 0.03118
0.5 0.55279 0.54403 0.51622 046448 (.38390 028156 0. 18556 0.09499 0.03701
0.6 048550 0.476091 0.45078 0.40427 0.33676 (.25588 017952 010010
0.7 0.42654 041874 0.3049] 0.35428 (.29833 0.21727 0.17124 0.10228 0.04558
0.8 0.37531 0.36832 0.34729 0.31243 0.26581 0.21297 0. 16206 0.10236
0.9 0.33104 0.32492 0.30669 027707 (0.23832 019488 0.15253 0. 10094
1 0.29289 0.28763 0.27005 0.24697 0.21468 0.17868 0.14329 0.09849 0.05185
1.2 0.23178 0.22795 0.21662 0. 19890 0.17626 0.15101 0.12570 009192 0.05260
1.5 0.16795 0.16552 0.15877 0.14804 0.13436 0.11892 0.10296 008048 0.05116
2 0. 10557 0.10453 0.10140 0.09647 0.09011 008269 0.07471 0.06275 0.04494
2.5 007152 0.07098 0.06947 0.06608 0.06373 0.05974 0.05555 0.04 880 0.03787
3 0.05132 0.05101 0.05022 004886 0.04707 0.04487 0.04241 0.03839 0.03150
4 002984 0.02976 0.02907 0.02802 0.02832 0.02749 0.02651 0.02490 0.02193
5 0.01942 0.01938 001835 0.01573
6 0.01361 0.01307 001168
T 001005 0.00976 0.00894
8 0.00772 000755 0.00703
9 0.00612 000600 0.00566
10 0.00477 000465

Asst. Prof. Khalid R. Mahmood (PhD.)

245



University of Anbar

College of Engineering

Civil Engineering Department
Irag-Ramadi

Table 10.7 (continued)

3 4 5 ] 7 a8 10 12 14
0 0 0 0 0 0 0 0 0
0.00211 0.00084 0.00042
0.00419 0.00167 0.00083 0.00048 0.00030 0.00020
0.00622 0.00250
0.01013 0.00407 0.00209 0.00118 0.00071 0.00053 0.00025 0.00014 0.00009
0.01742 0.00761 0.00393 0.00226 0.00143 0.00097 0.00050 0.00029 0.00018
0.01935 0.00871 0.00459 0.00269 0.00171 0.00115
0.02142 0.01013 0.00548 0.00325 0.00210 0.00141 0.00073 0.00043 0.00027
0.02221 0.01160 0.00659 0.00399 0.00264 0.00180 0.00094 0.00056 0.00036
0.02143 0.0122] 0.00732 0.00463 0.00308 0.00214 0.00115 0.00068 0.00043
0.01980 0.01220 0.00770 0.00505 0.00346 0.00242 0.00132 0.00079 0.00051
0.01592 0.01109 0.00768 0.00336 0.00384 0.00282 0.00160 0.00099 0.00065
0.01249 0.00949 0.00708 0.00527 0.00394 0.00295 0.00179 0.00113 0.00075
0.00983 0.00795 0.00628 0.00492 0.00384 0.00299 0.00188 0.00124 000084
0.00784 0.00661 0.00548 0.00445 0.00360 0.00291 0.00193 0.00130 0.00091
0.00635 0.00554 0.00472 0.00398 0.00332 0.0027a 0.001389 0.00134 0.00094
0.00520 0.00466 0.00409 0.00353 0.00301 0.00256 0.001384 0.00133 0.00096
0.00438 0.00397 0.00352 0.00326 0.00273 0.00241

Asst. Prof. Khalid R. Mahmood (PhD.)
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Table 10.8 Variation of B' with Z/R and r/R*

IR
Z/R 0 2 0.4 0.6 0.8 1 1.2 1.5 2
0 0 0 0 0 0 0 0 0 0
0.1 009852 0. 10140 0.11138 0.13424 018796 005388 —0.07899 —0.02672 —0.00845
0.2 0. 18857 0.19306 0.20772 0.23524 (0.25983 008513 —-0.07759 004448 —0.01593
0.3 0.26362 0.26787 0.28018 0.20483 0.27257 010757 —-0.M316 —-0.04999 002166
0.4 0.32016 0.32259 0.32748 0.32273 026925 012404 000766 —0.04535 —0.02522
0.5 035777 0.35752 0.35323 0.33106 0.26236 0.13591 0.02165 —0.03455 —0.02651
0.6 0.37831 0.37531 0.36308 0.32822 0.25411 0.14440 0.04457 —0.02101
0.7 038487 0.37962 0.36072 0.31929 024638 014984 006200 —0.00702 —0.02329
0.8 0.38001 0.37408 0.35133 030699 0.23779 (0.15292 0.07530 0.00614
0.9 0.36062 0.36275 0.33734 020299 0.22891 015404 0.08507 0.01795
1 0.35355 0.34553 0.32075 0.27819 021978 (.15355 0.09210 002814 —0.01005
1.2 0.31485 0.30730 0.28481 0.24836 0.20113 0.14915 0. 10002 0.04378 0.00023
1.5 0.25602 0.25025 0.23338 0.20694 017368 0.13732 010193 0.05745 0.01385
2 0. 17889 0.18144 0.16644 0.15198 0.13375 0.11331 0.09254 0.06371 0.02836
2.5 0. 12807 0.12633 0.12126 011327 010298 0.09130 0.07860 0.06022 0.03429
3 000487 0.09394 0.09099 0.08635 008033 0.07325 0.06551 0.05354 0.03511
4 005707 0.05666 0.05562 0.05383 0.05145 0.04773 0.04532 0.03995 0.03066
5 003772 0.03760 0.03384 0.02474
[ 0.02666 002468 0.01968
T 001980 001868 0.01577
B 0.01526 0.01459 0.01279
o 0.01212 0.01170 0.01054
10 0.00924 0.00879
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Table 10.8 (continued)

3 4 5 [i] 7 a 10 12 14

0 0 0 0 0 0 0 0 0

000210 —0.00084  —0.00042

—0.00412  —0.00166 —0.00083 —000024 —0.00015 —0.00010

—0.00599  —0.00245

—0.00991 000388 —0.00199 —000116 —000073 —0.00049 —000025 000014 —0.00009

—000115 000608  —000344 000210  —0.00135 —000092  —000048 —000028 —0.00018

—0.00995 000632 000378 000236 000156 000107

—0.00669 —0.00600 —000401 —000265 —0.00181 —-000126 000068 —00040 —0.00026
0.00028 —0.00410 000371 —-0.00278 —0.00202 —000148 —0.00084 —0.00050 —0.00033
000661 000130 —0.00271 —0.00250 —0.00201 —0.00156 —0.00094 —0.0005%9  —0.00039
0.01112 0.00157 —-0.00134  —0.00192  —000179  —000151  —000099 000065 —0.00046
0.01515 0.00595 0.00155  —0.00029 —00009%4 —000109 000094 —0.00068  —0.00050
0.01522 000310 0.00371 0.00132 000013 —0.00043 —0.00070 —0.00061 —0.00049
(0.01380 0.00867 0.00496 0.00254 0.00110 000028 —0.00037  —0.00047  —0.00045
0.01204 0.00842 0.00547 0.00332 0.00185 0.00093 —0.00002 —0.00029 —0.00037
0.01034 0.00779 0.00554 0.00372 0.00236 0.00141 0.00035 —0.00008  —0.00025
(0.00855 0.00705 0.00533 0.00386 0.00265 0.001758 0.00066 0.00012 —0.00012
0.00764 0.00631 0.00501 0.00382 0.00281 0.00199
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Circular Load: (Major Principal Stress)/(Surface Stress)
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Circular Load: (Vertical Stress)/(Surface
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e Vertical Stress Caused by a Rectanqularly Loaded Area

I = Uz {[ 2. mn (M? + n?+ DY)/ (m* + n® + m% n? + 1) ] [(m* + n? + 2)/(m* +
n+ 1] +tan® 2.m.n(M?*+n*+ )¥/(m*+n*-m?.n’ + l)é

lg = f(m,n)
© Loaded Area
q = Load /Area Foundation

_ Level

m & n from Charts or
fables

from tables or one can use the charts below
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(00)
0.25 I E——
/ff// munl
—
0.20 )/ 1.0
1, 0.8
/;/;//? L[]
Note m & n are ,/,7 _— s
0.15 interchangeable //;,/j ] 0.6
IR -
f//
/ O N
0.10 i 1
// //"
0.05 g 0.2 i
0.00p___—oxcn—ro= m=B/z=0.0
0.01 0. 10
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¢ Calculation of Stress below an interior point of the loaded area

Ao, =q[l,+1,+1,+1,+1,]

B .

-t
i B
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¢ Calculation of Stress below a point outside of the loaded area

B . :

—————
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e Approximate Methods

2:1 Method
Rectangular area

o, = Q
(B+Z)(L+2Z)

Square area

o, = Q
(B+2Z)?

Circular area

AGZ:n Q
~“(D+ 2)?
~(D+2)

Q =g x Area of foundation—
. ~ qe'u:jt area ) /,,/‘:‘;/:;

- ¥ - //_,// L

IPIITITI vy a

TENNE

7

TSR

| 1
A B T
/! 1 \\

/
! |

s |
/ |

N
/ I | N\
/ﬂz | i 2@\
S N
|

/
/

J/’fHJ,H.HLHHH&HJ,HHIHJ,HH\D

[« ®+2) .

1 by
1 N,
o, ™,

Fig. 10.21 Two is to one method
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Examples (1-3) L

G‘N.r‘l: ) L___.—-"". e 115, 0 13 W2
7 (uFal .EE Hcrioontal
Siresses on an element as shown in Fig - Sow
Plod the Mohr circle to some convensent sci T
a, + & 52 % 12 20|
gﬂﬂ:‘.:lh:in‘.'lur'—:-:'-—-l!t]": T
i o 54 — 13 |
radius of curcle = % -— 20 kP °l ST
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EII"I'H'I'II p, = 5T ki

The samie element and stresses &s 0 Fig, Fx. 1| except that the
is rotated 20° from the horzontal, 45 shown in Fig

Raquired;

As in Example 10.1, find the nortmal stress o, and Lhe Sheaf SIess
plane iclined a1 o = 33° from the base of the element,

1
B0 o kPal

Asst. Prof. Khalid R. Mahmood (PhD.) 258
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o, =0 KMPm
Grsan: '
The siress shown on the element in Fig. |
r u"‘l | s -t
-5 _E_ J 2 WiPfs

Aequired- T
n. Fvalaate &, aned L when o = 0%, 6 MPa

k. Evaluate o, and o, when a = 30°

T {MPal
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University of Anbar =
y u"-\.\\I

College of Engineering
Civil Engineering Department Iql L
Irag-Ramadi e LA w“
Example 4

The plan of a uniformly loaded rectangular area is shown in Figure 6.23a. Deter-
mine the vertical stress increase, Ao, below point A’ at a depth z = 4 m.

Solution
The stress increase. Ao can be written as
Ao =Ar — Aoy

where Aoy = stress increase due to the loaded area shown in Figure 6.23b
Aer, = stress increase due to the loaded area shown in Figure 6.23¢

For the loaded area shown in Figure 6.23b:

=

m =—=—=105

<
, L
n=—
4
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From Figure 6.21 form' = 0.5and n’ = 1, the value of Is = (1.1225. So Aoy = gl5 =

(150)(0.1225) = 18.38 kN/m’

Similarly, for the loaded area shown in Figure 6.23c:
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Thus, Is = 0.0473., Hence

Ay = (150)(0.0473) = 7.1 kN/m?

So

Ao = Aoy — Ao, = 1838 — 7.1 = 11.28 kN/m?
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