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CHAPTER FOUR
| STRESSES IN SOIL ]

. 4.1 Introduction ]

“ The soils are multiphase systems. In a given volume of soil, the solid particles ‘\
I are distributed randomly with void spaces between. The void spaces are ]
I continuous and are occupied by water and/or air. To analyze problems (such i
” as compressibility of soils, bearing capacity of foundations, the stability of ”
| embankments, and lateral pressure on earth-retaining structures), It needs to J
I know the nature of the distribution of stress in a given cross section of the soil I
profile.
I In an original soil, it obviously is impossible to keep track of forces at each J
I contact point. Also, it is necessary to use the concept of stress. Stresses within Il
I the soil are: i

. 1- Geostatic stress: Sub Surface Stresses caused by mass of soil ]

I A. Vertical stress ]
B. Horizontal Stress Nl

2- Stresses due to surface loading: J

A. infinitely loaded area (filling) |
B. Point load (concentrated load) |
C. Circular loaded area. -

D. Rectangular loaded area. -

4.2 Geostatic Stresses ]

When the ground surface is horizontal, and when the nature of the soil varies
but little in the horizontal direction. In such a situation, the stresses are called ]

Geostatic Stresses i
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I : : ]
P 4.2.1 Vertical Geostatic Stresses ‘
I _ _ ]
i The vertical geostatic stresses at any o
. depth can be computed by considering the ]
H weight of soil above the depth. If the unit z ]
| : - : , J
I weight of the soil is constant with depth: Xe Il
| ]
[ =y ]
. where z is the depth of the point a4
. . . . : : [ Z4 Soil L,y |
L considered and v is the soil unit weight ! )
‘ d
. For layered soil: | 22 soil 2. 1
l A J
I Oy = V121 + V225 + V323 v23 X sails, 7 ]
| |
C oy = Y% i
| If the unit weight is varied with depth J
LL, . ]
| ]
o= e i
| ° ]
H |
| J
I Example (4.1) I
Qz For the soil profile, calculate the vertical - . 4‘
L ]
H stresses at points (A), (B), and (C). ém  Dry sand Y Yoy =16.5kNm3 |
u _ |
H Solution ‘E EETE——
i; For point (A), z=0, thus oy =0 Cei et oL
H . C Ygyet7ekemd
H For point (B) S e
h 0,=vz =16.5%*6=299 kN/m? R R
L For point (C) N |
I o, = Y. ¥;z; =16.5%6 +17.8*13 = 330.4 kN/m? S N o ]
| ]
;; 4.2.2 Effective Vertical Stresses Il
u ]
I In saturated soils, the normal stress (cv) at any point within the soil mass is j
u j
H shared by the soil grains and the water held within the pores. The component ]
I I
}; of the normal stress acting on the soil grains, is called effective stress or .
h Civil Eng. Dept. — College of Eng. Soil Mechanics Assistant Prof. Dr. Ahmed Al-Obaidi }
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I intergranular stress, and is generally denoted by ¢'. The remainder, the normal i

stress acting on the pore water, is known as pore water pressure or neutral

l stress and is denoted by (u). Thus, the total stress at any point within the soill ]
© mass can be written as: ]
. ©=c'+u ]
l This applies to normal stresses in all directions at any point within the soil d
H mass. In dry soil, there is no pore water pressure and the total stress is the H
I same as effective stress. i

In geostatic stresses there is no shear stress in soil, also water cannot carry

l any shear stress. 1
' Example (4.2)
i For the soil profile calculate the vertical T i

i : ém  Dry sand =16.5kN/m? ¢
“ total, effective stresses and pore water Y : Tary [

.=

| pressure at points (A), (B), and (C).
[ Solution
. AtPoint A:

L Total stress: cva = 0

Pore water pressure ua =0

Effective stresses = 6'va=0
At Point B |
o, =vz =16.5%6 =99 kN/m? i

I
u

u

u

u

u

H UB = 0 ‘
- o've=99-0=99 kN/m? !
. AtPointC )
" Gy = X7:2 =16.5%6 +19.25*13 = 349.25 kN/m? ]
Uc = 13 * 9.81 = 127.53 kN/m? |
G've = 349.25 — 127.53 = 221.72 kN/m?
u

u

u

u

|
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i Example (4.3)

| 2 ]
. Plot the variation of total and ' :
| Gravely sand Am
. effective vertical stresses, and fou = 18.5 KN/m* vy = 17.8 kN/im™ - _BW ]
. pore water pressure with depth 2m
I : : |
I for the soll profile shown below: Sand . am
- Yeat = 19.5 KN/m’ m .
. Solution ]
. Within a soil layer, the unit Sandy gravel ]
| . . Jear = 19.0 KN/m* Sm |
© weight is constant, and & i
. therefore the stresses vary :

L linearly. Therefore, it is adequate if we compute the values at the layer ]
I interfaces and water table location, and join them by straight lines. At the I

I ground level, i
. Atdepth=0 1
. ov=0;d,=0;and u=0 ]
+ At4 m depth, ;
© ov=(4)(17.8)=71.2kPa;u=0 i
I ~d, =71.2 kPa ]
l At 6 m depth, Ov= (4)(17.8) + (2)(18.5) = 108.2 kPa ]
L u=(2)(9.81) = 19.6 kPa :
© ad,=108.2-19.6=88.6kPa .
_ At 10 m depth, ]
av= (4)(17.8) + (2)(18.5) + (4)(19.5) = 186.2 kPa
u=(6)(9.81)=58.9 kPa :
~d, =186.2-58.9=127.3kPa :
At 15 m depth, |
ov= (4)(17.8) + (2)(18.5) + (4)(19.5) + (5)(19.0) = 281.2 kPa ]
u=(11)(9.81) = 107.9 kPa :

~dy=281.2-107.9 = 173.3 kPa ]

Depth (M) | oy (kPa) |U KP) | oy (kPa)|
4 ab 0 0 0 0
computed above are [, 415 0 4175 ]
summarized in Table 6 108.2 19.6 88.6 I
10 186.2 58.9 127.3 il

15 281.2 107.9 173.3 1

Il
i

Il

i

Il

i

Il

i

Il

i

Il

i

Il

i

Il

i

Il

i

Il

i

Il

u

. The values of &, U, and ¢’
i

Il

i

Il

i

Il

i

I

i

I

i

I

i

Il

u
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H Stress or Pressure (kPa) ‘]
0 50 100 150 200 250 300
) 0% ' ]
I —e— Total stress ]
L 48 —a— Pore water pressure bl
I = o Effective stress I
| = [
| g O ]
| o J
) e ]
| 12 [
l ]
L )
I 16 . A |
i Variation of g,,, uand &, with depth I
| 1
. d
. Example (4.4) ]
H Refer to Example 4.2. How high should the water table rise so that the effective H
I )|
| stress at C is 190 kN/m?? Assume Ysa to be the same for both layers (i.e., )
| )|
| 19.25 kN/m?). )|
| . . J
I Solution: Letthe groundwater table rise be (h) above the present groundwater Il
H table i
| |
| J
| Oc = (6 o k)?dr_',r + h?'snt + 13}’3:“ }
H u=(h+13)y, !
H So e
H JE’ = G-c — = (6 - h)?’dr}' + Ji!I'}"rsat + 13?‘531 - h‘}’w - 13?&: :
| 2
11 = (6 = h)yay T A(Ye = 7.) T 13(Ys — Yu)
[l :L
H 190 = (6 — B)16.5 + k(1925 — 9.81) + 13(19.25 — 0.81) ;
I h=449m I
I )
H ]
H ]
H j
| )
| I
I ]
H Civil Eng. Dept. — College of Eng. Soil Mechanics Assistant Prof. Dr. Ahmed Al-Obaidi :
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i 4.2 .3 Effective Horizontal Stresses i

i The horizontal geostatic stress can be computed as following: i
o'y =kyo',
| Ko is the coefficient of lateral stress ]
I In sand soil and normally consolidated clay ko < 1.0 = 1 — sin¢, where ¢ is the i
I angle of internal friction of soil i
. In over consolidated clayk > 1.0 |
H The stress to which soil has been subjected during its formation to the present H
I time referred as stress history. During deposition, effective stress increased i
as more solil particle are placed, and during effective erosion, stress decreased
l as the soil particles are removed. Due to this, there are two types of soils: 1

I Normally consolidated clay and sand: ]

i This soil has undergone deposition only if the water table is assumed at the i
I ground level, the vertical and horizontal effective stresses are increased, and ]

. the void ratio of the soil reduced the plot of void ratio versus effective stress ]

I Vi . Stress Il
. == ;
I I

= 7= p

= = o l
© i

i

R UV NoNoyNoy
Stage (1) Stage (2) Stage (3) i

on the semi-log scale is a usually a straight line. During deposition the mineral |
grains of the soil elements will be rearranged and became closer, the effective T

stress at the stage will be maximum (p'o). .

Civil Eng. Dept. — College of Eng. Soil Mechanics Assistant Prof. Dr. Ahmed Al-Obaidi 5
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void ratio deposition
| e Stage (1) ]
I ]
. €2 Stage (2) )
! ]
Uoo € Stage (3) ]
i at present o
H |
H |
| J
l S, o, Oq Stresses ]
. semi log ]
l J
\ : \
°°° Overconsolidated Clay: ¥
I | | " ]
H In this case, the soil has been deposition ]
| subjected to effective stress in its )
| : : ]
I past stress history. (p'c) is larger . Il
- than the effective stress at -%. -
. present effective stress (p'o) - 1
L O |at present end of J
L _ deposition |
H erosion |
H unloading I
u ]
u ]
I %
;} (p) (p')
H 0.CC | N.C.C Stress |
i . . . |
: When the soil is reloaded from semilc -
I p
\ (p'o), it reached (p'c). j
i |
h‘:’ At this stage the soil is over-consolidated. I
i ¥
}} The over-consolidated ratio (O.C.R) = p'c/ p'o o
I o
ji e Normally consolidated clay (O.C.R) = 1.0 !
Il :L
I e Lightly over-consolidated clay (O.C.R)=1.5-3 ]
i |
i; e over-consolidated clay (O.C.R) =>4 i
I °T
h Civil Eng. Dept. — College of Eng. Soil Mechanics Assistant Prof. Dr. Ahmed Al-Obaidi }
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| ]
i Example (4.5) WT ]
| Compute the vertical and horizontal total and m - )
I . [
U: effective stresses and pore water pressure at GL ]J
i ~ = ]
| Solution ~L Ty k=07 ]

H In this example, the water above soil is an u

i additional load on the soil thus: i
D; Total vertical stress at A, oy = 9.81* 2 + 20*2 = 59.62 kKN/m? I‘
- Pore water pressure at A u = 9.81* 4 = 39.24 kN/m? :
+  Effective vertical stress at A ¢'v = 59.62 - 39.24 = 20.38 kN/m?
*  Effective horizontal stress at A, o', = Ko', = 0.7 * 20.8 = 14.266 kN/m? i

Total horizontal stress at A, 6h = c'n + U = 14.266 + 39.24 =53.51 KN/m* ¢
- Example (4.6) d

| Compute the vertical and horizontal )

: | and effecti d a - °°U
. total and effective stresses and pore 3, ¥, = 19 KN/t
i water pressure at element (1), (2),and 11— @1 ko=0.45 ) i
¥ 2m Year= 21 kN/m’ i
) o’ =

4m Year= 21 KN/m’ 1

i 3 (= 0.4 |

Solution P ko= -

Point (1) e
Total vertical stress at point (1), ov = 19* 3 = 57 kN/m? |
Pore water pressure at (1), u = 9.81* 0 = 0 kN/m? ]
Effective vertical stress at (1), 6'v = 57 - 0 = 57 kN/m? i
Effective horizontal stress at (1), o'}, = k,0', = 0.45 * 57 = 25.65 kN/m? -
Total horizontal stress at (1), oh = 6'h + U = 25.65 + 0 = 25.65 kN/m? -
Point (2) ]
Total vertical stress at point (2), oy = 19* (3+2) = 95 kN/m? i

Pore water pressure at (2), u = 9.81* 0 = 0 kN/m? -

Civil Eng. Dept. — College of Eng. Soil Mechanics Assistant Prof. Dr. Ahmed Al-Obaidi 5
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Effective vertical stress at (2), 6'v = 95 - 0 = 95 kN/m?
. Effective horizontal stress at (2), o', = k,0', = 0.45 * 95 = 42.72 kN/m? ]
. Total horizontal stress at (2), on = o'n + U = 42.72 + 0 = 42.72 kN/m? ]
. Point (3) ]
i Total vertical stress at point (3), oy = 95 +21*4 = 179 kN/m? i
. Pore water pressure at (3), u = 9.81* 4 = 39.24 kN/m? d
| Effective vertical stress at (3), o'y = 179 — 39.24 = 139.76 kN/m? ]
° Effective horizontal stress at (3), o', = k,0", = 0.40 * 139.76 = 55.9 kN/m? I
I Total horizontal stress at (3), oh = 6'n + U= 55.9 + 39.24 = 95.14 kN/m? i
4.3 Capillary Rise in Soils

! The continuous void spaces in soil can behave as bundles of capillary tubes ]
| of variable cross section. Because of surface tension force, water may rise ]
i above the phreatic surface. Figure shows the fundamental concept of the Il
height of rise in a capillary tube. The height of rise of water in the capillary tube

. can be given by summing the forces in the vertical direction, or J

l T T I
* Zd h.y, = wdl cos a ax lcay i
°% ODT
.

B = 4T cos o — i

S — o )

( d‘]}u. ' I+ h;_-'}",u e IMOSpREric pressure J

|

Capillary tube —| | A, i

Where l Free water surface :

. v l B Pressure . P

T=surface tension (force / length) = ‘T“— )

|

.

a = angle of contact f ]

| i

|

Yw = unit weight of water () ®) ]

For pure water and clean glass, o = 0. Thus, above Eq. becomes :

, AT
. |
(M So
dy, )

I

|
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;; d = diameter of the capillary tube A I Py 4
I
I
i
I
i
I
i
I
i
I
i
I
i
I
i
I
i
I
i
I
H



1
| For water, T = 72 m.N/m. the height of capillary rise is: /1. 7

| Thus, the smaller the capillary tube diameter, the larger the capillary rise. The

I concept of the capillary rise can be applied to soils; one must realize that the

. capillary tubes formed in soils because of the continuity of voids have variable

L cross-sections. After the lapse of a given amount of time, the variation of the

I degree of saturation with the height of the soil column caused by capillary rise.

. s

| C
¥ h (mm) =

| (mm) =—h-

I where

. Do = effective size (mm)

| e = void ratio

I C = a constant that varies from 10 to 50 mm?

The table below shows the approximate range of capillary rise that
| encountered in various types of soils.

i Approximate Range of Capillary Rise in Soils

Range of capillary rise

Soil type m
Coarse sand 0.1-0.2
Fine sand 0.3-1.2
Silt 0.75-1.5
Clay 7.5-23

Effective Stress in the Zone of Capillary Rise

pressure was givenas c=c"+ U

The degree of saturation is about 100%. The maximum height of capillary rise

IS

The general relationship between total stress, effective stress and pore water

The pore water pressure (u) at a point in a layer of soil fully saturated by a

capillary rise is equal to -ywh (h = height of the point under consideration

(82)
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¥sand =

Vsat(clay) —

e e e R B R e e e R R T R e e R N

measured from the groundwater table) with the atmospheric pressure taken

as a datum.
Example (4.7)

A soil profile is shown in. Given: H; = 1.83 m, H> = 0.91 m, Hz = 1.83 m. Plot

the variation of o, ¢', and u with depth.
Solution
Determination of Unit Weight

Dry sand:

(2.65)(9.81)
1+05

G

siw

1 +e

¥ d(sand)

= 17.33 kN/m’

Moist sand:

(Gs + Se)yw

[2.65 + (0.5)(0.5)79.81

T Go=2.65
Loe= D 5

o5 4 "'ze:'ﬁé"af}:‘éfﬁ[lﬁ;‘? ns:e 508
G =265 e ur5

‘F

5
.r'|-."-"'-'-|h-v-' — +---.-.-—.-'

el o .
- ||"I'“‘ - |"I""1.'|- “1""‘..?”-"‘ 1." |“" Pl
-

E ey e ..J"' L.J"-'

4, Ll
. -J L.{ -
1---'1"'1- -'vl'l"qh -l"'\'- -l"'t.'h -‘l"\'-

- e ® a . .—-—-—*—-—

LN " - |"

0 G:zﬂr

..,,n "

J" o

J".._ <

R e

l1+e 1+035

= 18.97 kN/m?®
Saturated clay:

Gw (271)(042)

e=——= = 1.1382

S 1.0

(271 + 1.1382)9.81
1+ 1.1382

(Gs + €)Y
1+e -

Calculation of Stress

At the ground surface (i.e., pointA): o =

q::
Il

|
L P L .-t e “1-""_.."- ”-""‘1.- “1-"".. -

0D i s N

,‘ ‘

= 17.66 kKN/m"
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I At depth H, (i.e., point B):

i O = Yasanay(1.83) = (17.33)(1.83) = 31.71 kN/m’

I u = 0 (immediately above)

- u = —(Sy.,H;) =—(0.5)(9.81)(0.91) = — 4.46 kN/m* (immediately below)
H o’ = 31.71 — 0 = 31.71 kN/m? (immediately above)

: o’ =31.71 —(—93.6) = 36.17 kN/m* (immediately below )

At depth H, + H, (i.e., at point C):

o = (17.33)(1.83) + (18.97)(0.91) = 48.97 kN/m’

I u=20

o' =48.97 — 0 = 48.97 kN/m’

H At depth H, + H, + H; (i.e., at point D):

I

I o =48.97 + (17.66)(1.83) = 81.29 kN/m?

i = 1.83y, = (1.83)(9.81) = 17.95 kN/m?

I o' = 81.29 — 17.95 = 63.34 kN/m?

!

I

[ o (kN/m?2) u (kN/m?2) o (kIN/m?)
H 0.0 = 0.0 > 0.0 >
. 3171

. 1.83 3171 : 1.83 | --o—a 36.17
.

I

I

H 274 48.97 2.74 43.97
|

I

I

i 4.57 : 457

. 81.29 17.95 63.34
|

H ¥ ¥ ¥

- Depth (m) Depth (m) Depth (m)

|

I

I

I

I

|

|
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i Example (4.8)

For the soil profile shown draw o, ¢', and u with T 2 clay ]
© depth 3m 1, =18 kN/m? : ]
*  Solution Jv_;f""i"-:':f AT BT L é’°
. First find the unit of the soils T Silt ]
| o ]
© Claylayeryi = (1+0) Yo 18 s
= (1+0.12)*18 = 20.16 kN/m? 225_ S!tp |§;§"§§m
© sitlayery, = 222y, A AN b owy "'zé'?a"'f ]
I 2.71+0.7%0.6 .‘3-‘- R = 0TS |
U Ye = 1106 *0.81 = 19.2 KN/m?3 H
. Atcapillary zone
| ]
Vsat = %Vw = % * 9.81 =20.3 kN/m®
Sand layer
. n 0.33 |
c TN T 1033 0493 :
I €y — Cfi 0.75 — ey, ]
mpmfmste g DB 0t :;
H !
Vsat = %yw N 2.63_:-;;(;:65 * 9,.81=20.34 KN/m?
" Calculation of stresses ;
At point A
Total vertical stress, oy = 20.16 * 3 = 60.48 kN/m?
| Pore water pressure, u = 9.81* 0 = 0 kN/m? L
Effective vertical stress, o'v = 60.48 - 0 = 60.48 kN/m?
H At point B ;
Total vertical stress, oy = 20.16 * 3 + 19.2 * 3 = 118.08 kN/m?
H Pore water pressure, u = - 9.81* 2 = - 19.62 kN/m? f
H Effective vertical stress, c'v = 118.08 + 19.62 = 137.7 kN/m?
Civil Eng. Dept. — College of Eng. Soil Me((;]gr)lics Assistant Prof. Dr. Ahmed Al-Obaidi
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At point C

Total vertical stress, oy =20.16 * 3 +19.2 * 3 +20.3 * 2 = 158.68 kN/m?
Pore water pressure, u = 9.81* 0 = 0 kN/m?

Effective vertical stress, c'v = 158.68 - 0 = 158.68 kN/m?

At point D

Total vertical stress, oy =158.68 + 20.35 * 4 = 240.08 kN/m?

Pore water pressure, u = 9.81* 4 = 39.24 kN/m?

Effective vertical stress, c'v = 240.08 - 39.24 = 200.84 kN/m?

Stresses
-50 0 50 100 150 200 250 300
0
2
[
4
=3 —e—Total Stress
S —e—Pore water pressure
Q.
STE —e—Effective stress
10
12
14

Important Note

The effective stress principle is probably the most important concept in
geotechnical engineering. The compressibility and shearing resistance of a
soil depend largely on the effective stress. Thus, the concept of effective
stress is significant in solving geotechnical engineering problems, such as the
lateral earth pressure on retaining structures, the load-bearing capacity and

settlement of foundations, and the stability of earth slopes.

Civil Eng. Dept. — College of Eng. Soil Mechanics Assistant Prof. Dr. Ahmed Al-Obaidi
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4.4 Normal and Shear Stresses on a Plane

“ This section is a brief review of the basic concepts of normal and shear ”
| stresses on a plane that can be found in any course on the mechanics of )
© materials. i
The Figure shows a two-dimensional soil element that is being subjected to

| normal and shear ]

stresses (oy > ox). To Tﬁ%
determine the normal D
s stress and the shear ]
. stress on a plane EF f’
. that makes an angle 0 o Ko

I with the plane AB, the A flf

. free body diagram of

L (a) (b) ]
. EFB shown. Let n and 1

. Tn be the normal stress and the shear stress respectively, on the plane EF. i

i From geometry. EB = EFcos@® and FB = EFsin6 i
Summing the components of forces that act on the element in the direction of |
NandT, ]

o,(EF) = o (EF) sin’0 + o,(EF) cos*8 + 27,,(EF) sin 0 cos 6 ]

or o,=0,sin"f + o, cos’d + 27, sin cos O |

(87) ¥

|
i
L
i
L
i
|
i
|
i
i
‘o‘o
| ]
! ’ |
o ]
I -
b — o
i oy,to, o, 0, _ 5
. Oy = + cos 26 + 7, sin 20 -
l 2 2 j
. |
. |
i . |
. Again, ;
- = =TT ErTe Ty o -
| T EF) = —o(EF)sin@cos 6 + o,(EF) sin 8 cos 8 —7,,(EF) cos’ 6 + Tl EF) sin” @ J
i |
L -
I . . 2 P |
. or T, = 0ysinfcos@ — o, sinfcos § — 7,,( cos”@ — sin“0) E
L -
i |
I — . . . — |
W Civil Eng. Dept. — College of Eng. Soil Mechanics Assistant Prof. Dr. Ahmed Al-Obaidi °
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H o, — O ”

H T, = sin 26 — T, cos 26 |

H ) |

H |

U% 2T H
. Iy

. IfTtnequaltozero: | pog——— 2 ]

I For given values of Ty, oy and ox will give two values of 6 that are 90° apart. I

I This means, that there are two planes that are at right angles to each other i

on which the shear stress is zero. Such planes are called Principal Planes.

| The normal stresses that act on the principal planes are referred to as ]

I Principal Stresses. I

i Principal stresses: the normal stresses acting on principal planes, the largest i

. principal stress is called Major Principal Stress (c1), and the smallest ]

. principal stresses is called Minor Principal Stress (cs3). The third is called the J

I intermediate principal stress (c2) 1
© Inisotropic soils o3 = o2 Il
© In anisotropic soil 63 # &2 Il

Isotropic_soil:_soils that have similar properties at a given location at al ¥

planes of all directions j

Principal Planes: three planes which is normally stresses act on it and No ]

Shear Stress q

In Geostatic Condition:

k < 1.0, ov = 61, 6h = 03 ]

k <1.0, ov=0h=01=03 :
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I

. k> 1.0, ov =063, oh =01 !
L

|

|

|

u

u

u

u
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The normal stress and shear stress that act on any plane can also be |
determined by plotting a Mohr’s circle, as shown in Figure. The following sign ]

conventions are used in Mohr’s circles: ]

Compressive normal stresses are taken as positive. i
Shear stresses are considered positive if they act on opposite faces of the ]

element in such a way that they tend to produce a counterclockwise rotation. I

The angle 6 is positive when measured counterclockwise from major principal Il

plane. :‘o‘

-
/fl-' Tle

™,
AN
S
Shear stress, T

For plane AD of the soil element shown in Figure, normal stress equals +6x )
and shear stress equals +tx. For plane AB, normal stress equals +cy and -

shear stress equals -Tyy. -

The points R and M in Figure represent the stress conditions on planes AD i
and AB, respectively. O is the point of intersection of the normal stress axis |
with the line RM. The circle MNQRS drawn with 0 as the center and OR as ¥

the radius is the Mohr’s circle for the stress conditions considered. The radius -

- ) d
F Ty :

of the Mohr’s circle is equal to: {(J — o) |
i X
-

Soil Mechanics Assistant Prof. Dr. Ahmed Al-Obaidi :
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The stress on plane EF can be determined by moving an angle 26 (which is

L twice the angle that the plane EF makes in a counterclockwise direction with ;
H plane AB in a counterclockwise direction from point M along the circumference H
of the Mohr’s circle to reach point Q. The abscissa and ordinate of point Q,
respectively, give the normal stress an and the shear stress +t, on plane EF.
P The abscissa of point N is equal to 1, and the abscissa for point S is ©3. °°°

As a special case, if the planes AB and AD were major and minor principal

L planes, the normal stress and the shear stress on plane EF could be found by :
. substituting txy = O. ]
U |
. Ifoy=o01and ox = o3 Thus, ]
l ]
U% o A H
| J
l l d
\ |
e D ¢ e Q (d;:l Ta } it
D“Z o / .*’llr :"D
Uao ; E | r fﬁ’f 26 o H
I Ty ———3 «— O3 i3 3 L X ! i 3 Normal stress 1
i E 'S 0 N | i
[ i !
B; ALEZN B : I
I T ‘
b J
*75 T ]
L i
L 1 i
i (a) (b) I
) i
i ¥
L“:, °°L
Il |
L |
Il |
U% :L
Il |
LL:, 34’
Il |
LL:, 34’
Il |
L |
Il |
LL:, <§’L
Il |
LL:, <§’L
Il |
U% :L
Il |
3 |
Il |
s .
Il |
8 .
Il |
L, :
I i
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“ Example (4.9) ]
I The magnitudes of stresses are 61 =120 kN/m?, 1y =40 kN/m?, oy =300 i
| :
i kN/m?, and 6 = 20°. Determine A

a. Magnitudes of the principal stresses.

| b. Normal and shear stresses on plane AB. )
. Solution ]
| a, « O, o, — T |
D; 0‘3} _ OO [_] f 2 ;U
U o 2 2 - ]
I J
I 300 + 120 300 — 120 |? I
l ]
oy = 308.5 kN/m?
I oy = 111.5 kN/m? i
I I
. () ]
] D DT 520+ 7 sin26 !
H Op = 5 > cos T §in H
U“ 300 + 120 300 — 120 °U
[ + — _ y
I = a + > cos (2 X 20) + (—40)sin (2 X 20) i
] ]
I = 253.23 kN/m?
g‘; U-Jl _ G-x 3%:
i TRZT sin 268 — 7 cos 28 !
L ]
H ;
i 300 — 120 y
- = —— sin (2 X 20) — (—40) cos (2 X 20) e
L A
} = 88.40 KN/m? ejo
Ui ;z
I ]
L ]
l ]
L ]
L ]
L ]
L ]
l ]
L ]
l ]
H Civil Eng. Dept. — College of Eng. Soil Mechanics Assistant Prof. Dr. Ahmed Al-Obaidi ;
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i The Pole Method of Finding Stresses along a Plane L

Another important technique of finding stresses along a plane from a Mohr’s

l circle is the pole method, or the method of origin of planes. This is ]

© demonstrated in Figure. !

I Ty A |
| }% u
D c
U% b H
H F g H

=
H oy = OU
u g u
I " ? ]
“ E_~NO d
u A B ]
u 4 ]
| J
l (a) (b) J

I In this method draw a line from a known point on the Mohr’s circle parallel to ]
[ the plane on which the state of stress acts. The point of intersection of this ¥
I line with the Mohr’s circle is called the pole. This is a unique point for the state -
of stress under consideration. |
For example, the point M on the Mohr's circle in Figure represents the T
stresses on the plane AB. The line MP is drawn parallel to AB. Therefore, :
point P is the pole (origin of planes) in this case. To find the stresses on a ;

plane EF, draw a line from the pole parallel to EF. The point of intersection of ]

the plane EF. (Note: From geometry, angle QOM is twice the angle QPM.) -
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u
u
u
u
u
u
u
u
u
u
H this line with the Mohr's circle is Q. The coordinates of Q give the stresses on i
|
u
u
u
u
u
u
u
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l Example (4.10)

| For a given in figure find the stresses at plane B-B 20kN/m? B

l _ :
. Case one: Given o1 and o3, required oo and to ¢

\L
© Solution _;/<__
| 40W 40 kN/m?

I 1. locate points with co-ordinates (40,0) and (20,0)

2. Draw circle, using these points to defined B 201kN/m2

| diameter, diameter location = (40+20)/ 2 = 30 kN/m?, thus center location
I is (30, 0).

” 3. Draw line A" A' through point (20, 0) and parallel to plane on which stress
| (20, 0) acts.

i 4. Intersection of line A" A" with Mohr's circle at point (40,0) is origin of planes
i 5. Draw line B'B' through point Op parallel to BB

I 6. Read coordinates of point X where B'B' intersect Mohr circle

I oo = 25 kN/m?, o = - 8.7 kN/m?

10 — T

I
»T AN

' \Elgwmz
H , / \ B \ N\ 2
R 4 ’{ 2 A 87 S \M

- o, e
=10 - -~ |C )
10 20°B 30 oy 40

Alternate Solution, Step 1 and Step 2 same as above

3. Draw line C'C' through (40, 0) parallel to plane on which stress (40, 0) acts.
C'C'is vertical

4. C'C' intersects Mohr circle only at (40,0), so this is Op, Step 5 and 6 same

as above

Civil Eng. Dept. — College of Eng. Soil Mechanics Assistant Prof. Dr. Ahmed Al-Obaidi
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4 By using equations -
H 01+ 03 01 — O3 H
| oy = + cos 26 ]
T2 : ]
L gy = ‘“”22” 20729 cos(2 % 120) = 30 + (—5) = 25 l
| o — 0 ]
H TZ( L 3) sin 26 |
I 2 ]
U% (40— 20) : ;J
I 7= > sin(2 * 120) = —8.66 kN /m ]
l ]
l ]
| Example (4.11) |
| : . : J
I For a given in figure find the stresses at I
2 plane D-D -
- 20 kNlm i

u 1. locate points with co-ordinates (40,0) and p D H
| J\
L oo \/ ]
| i | - / 20kNm2 - -

2. Draw Mohr circle, using these points to

I defined diameter, diameter location = ]
| o |
I (40+20)/ 2 = 30 kN/m?, thus center location is (30, 0). i
iofz 3.Draw line A" A" through point (20, : r i
L“:, /A °°L
ji 0) and parallel to plane on which 10 o /,FIE: “35\ o i
e ] ]
I stress (20, 0) acts. e 7 Y ]
i |
* 4.Intersection of line A" A" with 0 /\ / :
hoo Mohr's circle gives origin of planes ) A \\-._ _,,/ T
H 5. Draw line D'D’ through point o Op ;
i |
h‘* parallel to DD -0 10 20 , 30 40 50 i
Qz 6. Intersection X give stresses i
h )
. Ox=35kN/m? Tx = 8.7 kN/m?
I 35 }
i e
ﬁ% 8.7 - é’%
i w
i E
i
H Civil Eng. Dept. — College of Eng. Soil Mechanics Assistant Prof. Dr. Ahmed Al-Obaidi }
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. Example (4.12) :e
H For a given in figure find the direction and B ' 9 H
I . - 40kN/m /cA ]
I magnitude of principal stresses /\ 30. ]
| : : ]
© Case two: Given oo and 1, required o1 /\ X0 kN/m? ]
I ]
. and o3 / 10 kN/m? i
I . N\ 20kN/m2
I Solution \ i
| 1. locate points (40,-10) and (20,10) B ]
[ P ’ ’ ]
I 2. Erect diameter and draw Mohr circle, using these points to defined ]
| : : : o ]
i diameter, diameter location = (40+20)/ 2 = 30 kN/m?, thus center location is I
: (30, 0). :
. 3.Draw line B' B’ through point (40, -10) and parallel BB. J
. 4.Read o1 and 63 from graph ]
l d
. 5.Line though Op and o1 give plane on which c1 acts. ]
[ B - !
I = |
0% P oo
U"o 10 1‘ \\ o"U
L R 7 s [
H /)\\ \\ ™. { |

\ 1

0 10 20 30 40 50 “

’ \/ ’ QOL
/ >= 15.9 KN/m? i

Civil Eng. Dept. — College of Eng. Soil Mechanics Assistant Prof. Dr. Ahmed Al-Obaidi 5
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% Solution by equations -
H 1. First make use of tact that sum of normal stresses is a constant: H
l ;J
I g+ o, Zagz 40 420 ]
I = = — l
I 2 2 2 ]
. 2.Use relation é,o
| —) =0 —\—— : ]
(%) =l - (23] +
I S . ]
.~ with either pair of given stresses ‘ I
| ' | | ]
l g, — 4 - - — 2 |
i ~—5—") =20 = 308 + (10} =+/200 = 14.14 kN/m JJ
l | . ]
| ‘ : J
% g + g gy — O &
: 3. o, = [2=—) +|(2=—) = 44.14KkN/m? .
| 2 2 )|
. d
| o, + °;a 0y — 04 ]
% ) 2 So
| : Oy = ( ) »-( ) = 15.86 kN/m |
l ]
i 4, Use stress pair in which oy is largest; i.e. (40, —10) -
ll 2y — :

sin 20 = = = —0.707 j

s

i

5

i

5

i

-

i

L

I

I

l . . . e . . _ _ ]
I 5. Angle from horizontal to major principal stress direction = 30° — 0 = 52%°. v
\0\% :T
5 J
i |
5 J
i |
5 4
i |
5 J
i |
5 J
i |
5 J
i ‘
5 J
i |
5 A
i ‘
5 J
i |
5 J
i |
5 J
i |
L ]
I i
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* 4.5 Stress Increment Soil ]

I Construction of a foundation causes changes in the stress. The net stress i
” increase in the soil depends on the load per unit area to which the foundation ”
| Is subjected, the depth below the foundation at which the stress estimation is :,U
© desired, and other factors. It is necessary to estimate the net increase of i
vertical stress in soil that occurs due to construction so that settlement can be
“ calculated. The estimation of vertical stress is based on the theory of elasticity. ”
_ The loads may include: ]
I Point load Uniformly loaded rectangular area i
Line load
U Uniformly distributed vertical strip load Uniformly loaded circular area H
u Linearly increasing vertical loading on Embankment type of loading H
[ a strip i
“ Although natural soil deposits, in most cases, are not fully elastic, isotropic, or ”
| homogeneous materials, calculations for estimating increases in vertical )

i stress yield fairly good results for practical work. I

- 4 5.1 Stresses Caused by a Point Load A

Civil Eng. Dept. — College of Eng. Soil Mechanics Assistant Prof. Dr. Ahmed Al-Obaidi 5
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I

H Boussinesq (1883) solved the P A

/] gL

ji problem of stresses produced at any y i} . i

I S h'_h"“'-r=--.__h_ ,ff/ g

H point in a homogeneous, elastic, and ‘/4__::\_\ _____ |

I y ~ }

H Isotropic medium as the result of a :
L~ ; b

. point load applied on the surface of Av: x|

}} \\\ i

| an infinitely large half-space. \TL" ]

Uo" e A—;\U—T x|

Il ¢ QT

i r=VE Y L=VP+7 ' ._\f,_\_/'| !

) i

i e

B T I L LS

I 2w Id 2w {:rz 4 Zz)sz 2 22w [(”rz)l 4 1]512 241 i

Il

I

Il

I

Il

I

Il

I

Il

I

I



I Table .1 Variation of [ for Various Values of r/z for point load 1

H r/z I, r/z I, 1z I H

i 0 04775 036 03521 1.80  0.0129 i
I 002 04770 038 03408 200  0.0085 ]
I 004 04765 040 03294 220  0.0058 ]
| 0.06 0.4723 045  0.3011 2.40 0.0040 ]
L 008 04699 050 02733 260  0.0029 ;
i 0.10 04657 055 02466 280  0.0021 i
i 0.12 04607 060 02214 300  0.0015 ]
I 0.14 04548 065 0.1978 320  0.0011 ]
I 0.16 04482 070 0.1762 340  0.00085 J
U% 0.18 04409 075 0.1565 3.60  0.00066 d
. 020 04329 080 0138 380  0.00051 ;
i 022 04242 085 01226 400  0.00040 i
I 024 04151 090 0.1083 420  0.00032 i
I 026 04050 095 00956 440  0.00026 1
| 0.28 0.3954 1.00 00844  4.60 0.00021 ]
| 030 03849 120 00513 480  0.00017 ]
i 032 03742 140 00317 500  0.00014
i 034 03632  1.60 0.0200 1

. Example (4.13) I
Consider a point load P =5 kN, calculate the vertical stress increase Ac; at z -

=0,2m,4m,6m, 10 m, and 20 m. Given x =3 m and y =4 m. )

Solution i

r=\/m=\/m=5m 1

the following table can be prepare y

Ao, = (2):, !

r z I z .
i

o\

5 0 00 0 0 b

2 25 00034 0.0043 ]
4 125 00424  0.0133 ]
6 083 0.1295 0.0180 ]
10 05 02733  0.0137 J
20 025 04103  0.0051 ]

Civil Eng. Dept. — College of Eng. Soil Mechanics Assistant Prof. Dr. Ahmed Al-Obaidi 5
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4 5.2 Vertical Stress Caused by a Vertical Line Load

, The stresses increment due to line load can be

| calculated using the following equation:

I Ao, 2

C (¢) wl(wz)

+ 17

. Table .2

Variation of Ao _/(g/z) with x/z for line lo

U xfz Ao, /q/z2) x/z Ao, /(q/2)
, 0 0.637 1.3 0.088
0.1 0624 14 0.073
i 0.2  0.589 1.5 0.060
I 03 0536 1.6 0.050
| 0.4 0.473 1.7 0.042
0.5 0407 1.8 0.035
i 0.6 0344 1.9 0.030
i 0.7 0287 2.0 0.025
I 0.8 0237 2.2 0.019
l 0.9 0.194 24 0.014
1.0 0159 26 0.011
; 1.1 0.130 2.8 0.008
I 1.2 0.107 3.0 0.006

Example (4.14)

Figure shows two line loads on the ground surface. Determine the increase of

stress at point A.

Solution

The total stress at A is

g, = 15kN/m g, =7.5kN/m

1.5 kN/m
5 m |
* —}—‘-l
L 4 y Y x
e i T I P L I W T w a * » REE
- " - " .- = L] L] PPN
"n.‘. s ‘:':L"._" .a:.:,:‘ "..‘. o 1"._" .a:.:,;. '.:' i 4 _m,:n - .'-f.'.'._‘-h > :r‘- e :1‘-: w0,
o X A”z(l)f 2
A A
|t
Sm
Y
z

g/unit length

v
4
hl
e L
AT "
r".'.u"!l.: “‘ll:
4 o =" L
- ;: ::b."
s W
¥
L

15 kN/m

; :'u h\."‘ "I‘ht-", .'t“l.", [P

A“zmtA__

I
10m g

* .
ELRF L Fal
P S A = S, Ny S N ) P

i
I
i
I
i
I
i
I
i
I
i
I
i
I
i
I
i
I
i
I
i
I
b
I8 Sm
i
I
i
I
i
I
i
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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I 2 2)(7.5)(4) I
o = 9z - = { J(Z )(2’; — 0.182 KN/m? ]
. w(x + ) (5% + 4%) |
i 2¢,7 (2)(15)(4)° o
Loy = = T 0,045 KN/ ]
i (5 + 7)) w(10° + 4%) ]

© Ao, = 0.182 + 0.045 = 0.227 kN/m? :

z

H 4,53 Vertical and horizontal Stresses Caused by a Vertical Uniform H

I Distributed Load on Circular Area ]

H F: factor, can be find from the following figure H
I R: is the radius of the circular area i
“ X: is the distance from the center of the circle to the point H
. Z:is the depth of the point. ]
° Example (4.15) i
* For the soil with y = 16.5 kN/m? and ko = 0.5 loaded by Ags = 240 kN/m? over i

| circular area of 6m indiameter. Find vertical and horizontal stresses at depth d

H of 3m under the center of the loaded area. ]
Solution ]
Intial stresses: oy = 16.5* 3 = 49.3 KN/m?, onh =49.3* 0.5 = 24.75 kN/m? ¥
. Stress increment: J
H X=0,R=3,z=3 ;
© XIR=0,zR=1 i
Let Aoy = Ac1 and Ach = Acs s
| F = 0.64 for vertiacal and 0.64 -0.54 = 0.1 |
H Aoy = 0.64 * 240 = 153.6 KN/m?, Ach = 0.1 * 240 = 24 kN/m? ]
ovi = 153.6 + 49.3 = 202.9 KN/m?, ont = 24 + 24.75 = 48.75 kN/m? I
u
u
u
u
u
H
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. 45.4 Vertical and Horizontal Stressed Caused by a Vertical Uniform i
& Distributed Load on Strip i
. Use the following figure il
E[ ]
I = °°U
I 4 9 a 4 H
| J
I ]
I ]
I : ]
I ]
I ]
I ]
U% , \ )
l ]
L : ]
: J
% 2 I

i a 0.01 -
I ]
H ]

\

Principal stresses under strip load. -
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l ji
U% gH
\ , : : . \
“ 4.5.5 Vertical and Horizontal Stressed Caused by a triangular Load on Strip -
. Use the following figure ]
| ]
. . . |
a a
u o . |
4 4 2 Ay 2 “ 4
& 0.7 - N
i 05 _P%j gf 09 \N\\\ [
I 0.3 0.7
. 02 /X\ ) \ \ AN \\
I 01— Nl 4 } \
i 49 005 )\ = \ AN |
U; — \ |\ |
| B [N |
l 03 | |
L 2 |
U% / / \ M
I z A 1] |
[ @ < 0.2 I
ﬂ“o l _/ / T‘
! J I
| L0.15 / J
I 4 P J
\L — / ]
I ]
| |
LL, / |
| | |
U /4_‘.’_1 =0.10 1
}T / AqS T
a: — T
W 6 ‘ }
H Principal stresses under triangular strip load. ;
I I
3 :
Il |
3 a
Il |
3 :
Il |
3 a
Il |
3 a
Il |
5 a
Il |
k -
Il |
L a
Il |
L a
Il |
L a
Il |
L a
Il |
5 a
Il |
L a
Il |
S gl,
Il |
S i
Il |
L )
I i
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4 5.6 Vertical Stress Caused by a Uniform distributed Load on Rectangular

- Surface :
L Use the following shape (Newmark chart) to find stress increment under the B
H corner of rectangular area. H
| ]
I Example (4.16) Il
Find the vertical stress increment at . 15m sm
. depth of 10m below point A due to | | A; _ o
L, _ Sm bl
I loading area of Ags = 240 kN/m?2. -+ |
[ : I
i Solution :
. Devided the sahpe into: 10m
H — |
H |
H |
U% 20m H
I s A 20m A 5m o A 5Sm o A |
L II Tf'ﬂl IV [5m I
l )|
| | 15m III (15m )

l

i

i

H . Stress increment, e
l Loading m n Coeff | Ags | Factor ;L
L Ao KN/m?
| ]
) I 15/10=1.5 | 20/10=2.0 | 0.223 | 240 +1 + 22.3 ]
) [ 5/10=0.5 | 20/10=2.0 | 0.135 | 240 | -1 -135 i
i 1 15/10=1.5 | 5/10=0.5 | 0.131 [240| -1 -13.1
. IV 5/10=0.5 | 5/10=0.5 | 0.085 | 240 | +1 185
L ]
ji Total stress increment 4.2 i
L ]
L ]
l ]
l ]
| ]
H Civil Eng. Dept. — College of Eng. Soil Mechanics Assistant Prof. Dr. Ahmed Al-Obaidi ;
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Example (4.17)
H For the loaded area a uniform pressure of 100 kN/m?. Compute the vertical H
stress at depth of 12m below point A.
H [
i A | A9 =100 kN i
| R =10m e=0.35 ]
! T G2 t2m
[ + ]
: i 27m I 6m Td = 16 KN/m? A :
H - |
© Solution i
| [
L n= TS Tom - ek ?;?
. ov@ 12m=9*19.62 + 16 * 3 = 224.58 kKN/m? I
| Devided the area into )
A A |
] | ]

27m ]

Il
H For circular area ]
H XIR=1,zIR=1.2 ]
F = 0.3 for vertiacal stress = Aoy = 0.3 * 0.5 * 100 = 15 kN/m? v
For rectangular area !
n=1.66 m=2.25, coeff=0.23 ..Acy,=0.23* 100 = 23 KN/m?, .
ovi = 15 + 23 + 224.58 = 262.58 kN/m? I
Il
I
I
I
I
I
I
I
I
I
H
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Example (4.18)

For the

pressure on the ground surface with

Ags=100 kN/m2 as shown in figures.

Compute

loaded area with uniform

the

increment

stresses at 5m below point A.

Solution

Devided the area into

e e e R B R e e e R R T R e e R N

in vertical

26m

27m

A Al oI |6m A 27m
27m ?‘
B=10m| * +
1 20m
1
_ Stress increment,
Loading X/IR Z/IR Coeff. | Ags | Factor
Ao kN/m?
I 1/10=0.1 | 5/10=0.5| 0.9 |100| 0.5 45
Stress increment,
Loading m n Coeff. | Ags | Factor
Ac KN/m2
[l 27/5=5.4 | 6/5=1.2 | 0.215 | 100 0.5 10.75
11 27/5=5.4 | 20/5=4 | 0.248 | 100 1 24.8
Total stress increment 80.55
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* 4.6 Vertical Stress Due to Embankment Loading ]

i The figure shows the cross section of I« B, >

L an embankment of height H. For this
| two dimensional loading condition the

i vertical stress increase may be

expressed as

|
B, + B, B
- Ao, = %K;)(ﬂ'] + o) — B_I (ﬂfz)]

T B2

. Where, qo = yH ]
© v =unit weight of the embankment soil Il

H = height of the embankment

“ B, +B B ”
" : - 1 2 - | :
| a, (radians) = tan l(—) — tan '(—) )
| z [
. B, ]
l a, = tan”'| — |
[ z ]
. d
. Aoz=0olz ]
I -
ﬁ’o Where, I> = a function of B1/z and Ba2/z. ;
. The variation of Iz with By/z and B2/z is shown in Figure !
5 p
Il |
A i
Il |
A i
Il |
5 p
Il |
A i
Il |
l ;L
Il |
5 pl
Il |
5 «
Il |
5 pl
Il |
I A
Il |
5 «
Il |
I A
Il |
b il
Il |
l J
Il |
. i
Il |
Iy .
I i
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: ;
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2 025 |

o o°
L:, go‘
Li, 5’0‘
. 0.20 :
Li, 5’0‘
L:, go‘
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l 0.15 d
L’o go‘
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i |
|

So
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|

|

So
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|
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|
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|
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|

N B |

0.00 ‘

: T T T T TTT1 T T T TTT T T T 1711 -

|
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Bz -

Osterberg’s chart for determination of vertical stress due to embankment -
loading .
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l Example (4.19)

| An  embankment is

14 m >« 5m->|< 14m

ry

© shown in  Figure.

ﬂ% Determine the stress
, H=Tm

|

| increase  under the

| embankment at points

i A R S T S U R S R |
W’ Al and A2. }-:—Sm—:-:-:—ll_j m—><«———165m————>| :‘o‘
. Solution E‘m jf 1

I Stress Increase at A1 Ay Ay

I yH =17 * 5 = 122.5 kN/m?

I The left side of the figure below indicates that B1 = 2.5 m and B> = 14 m. So,

i B 2.5 B 14
. A ===052=—=28
l Z 5 Z 5
I
Uﬂo | |2.5 m IZ.E m |
I € 14m >« + e 4 m—>
I
| _ o=
% q = (4]
I 1225 122.5
L kN/mZ2 kN/m?
H ¥ _ ¥
A
I Sm I
¥
ﬁﬁz{[} -] —l— o ﬁﬂzg}
Al Ay

According to Osterberg’s chart, in this case, I> = 0.445 Because the two sides

in this figure are symmetrical, the value of I> for the right side will also be 0.445.
So Ao, = 5‘5"3{1} + fif-"z(z} = %UZ{LE{L] + IZ{RighL]]
= 122.5[0.445 + 0.445] = 109.03 kN/m?

Stress Increase at A»

Refer to Figure below. For the left side, B =5 m and By = 0.

Civil Eng. Dept. — College of Eng. Soil Mechanics Assistant Prof. Dr. Ahmed Al-Obaidi
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H | 14m >l 14m—> |
H gy =(Tm) s u
I (175 e I
i |« 5m > g,=(2.5m) KNm¥)=| |- Il
I x (17.5 122.5 kN/m? |-~ i
[ thnj} = ¥ r Y L L J L 4 y L J L 4 ]‘
I T 143.75 kN/m? ! i
” (I } ]
I -+ e Agyy, ® Az g,=(45m) ]
I A, A, B x (17.5 |
@: KN/m) = ]
I 78.75 kN/m l‘i 9 m—> ]
i Ao, 3 A
»T A i
I ]
. S B _5_ B _0_ ]
| =5=L,=5=0 1
ﬂ% 7 5 z 3 T‘
H According to Osterberg’s chart, for these values of B2/z and B1/z, I> = 0.24. So, H
| |
© Aoy = 43.75(0.24) = 10.5 KN/m?
= For the middle section, ]
. B, 14 B, 14 ]
L 2 =— =28~ ="—"=28 i
i Z 3 z 5 }
°% é’r
Thus, |2 = 0.495. So, ﬂiﬂ'z[g} = 0.495(122.5) = 60.64 kN/m? ;

For the right side, i

B, 9 B 0

=2 =-=18—"=2-=0

z 5 z 5 :

and I2= 0.335 S0,  Acys, = (78.75)(0.335) = 26.38 kKN/m’
Total stress increase at point Az is 1
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" Ag, = Aoy + Agy — Aoy = 105 + 60.64 — 2638 = 4476 kN/m®
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i 4.7 Method 2:1 i

o~ T
H - — u
.-'"-' .-f"j ]
U% e ql unlt area _,—-f- —~ H
Uo - - / - ,*7' DH

. ‘¢¢¢¢¢¢$¢¢¢¢¢¢ i |

| TSI 3 TS |
B >

!T

§ g RnRaRs anRn TR RN AR TR RY FRFRRD AR ;

s | P
[ [ (B +2) »| H
0% 5o
L:, go‘
L:) ‘
L:) ‘
I } |
% oo
Lo go‘
& 5’0‘
I y {
% oo
L’o ‘
I ¥ {
& -~ &
L:, go‘
I \
L+ |

\

|

o0

\

|

o0

// 1

A &

\

|

9 Rectangular area ;
(B+Z)(L+2Z) " -

0 - |

=—= Square area .
(B+2Z)" -

Q - . )

- Circular area .
E {D + Z:}z 4

Ag. =

Ao
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Homework Chapter 4

4.1 For the soil profile shown calculate the = d

_ _ 3m| G=27e=0.73 Silt
total, effective vertical stresses and ®=021% )

pore water pressure. . OH
am G=2.75e=0.65 Silty clay ¢

5=0.80% :
VAR

_— DH

G=28e=05 Clay d

4.2 Draw the stresses o, u, and ¢' with = ]

depth for the profile shown. 6 Silt Il
M Y=153 kN I

N Il

Silty clay i

dm
Yat=16.3 k’.Nf’m3 ‘T‘

3m , Clay d
Yoqt = 17.84 KN/m J

4.3 A soil profile consisting of three layers _T_ f. i
is shown in the figure. Calculate the 5, = = ey -
| m Gl o

E -...I .. .-I i . .-I .._;-_l'._ . .-I .._:-_. . i . .-I .._:-_ .' n . .- er

values of G, u, and ¢' at points A, B, C,

and D and plot the variations of o, u, 1
and ¢ with depth. Characteristics of ]

layers 1, 2, and three are given below: iy ¢
SRV -

Layer no. Thickness Soll parameters RO s e

I Hy=21m  y,=1T23kNm* [
2 H,=366m 7= 18.96 kKN/m’ )
3

Hy=183m oy, = 185 kKN/m’ Bl oyt Bl snd B Coy BRack |
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4.4 Redo problem 4.3 for the same profile but with following soil

characteristics.

Layer no. Thickness Soll parameters
H,=53m e=0.7,06= 269
H:=8m e=0556 =27

H.=3m w=38%;¢e=12

it [l —

45 Redo problem 4.3 for the same profile but with following soil

characteristics.

Layer no. Thicknesz Soll parameters

H,=3m v, = 16 kN/m?*
Hy=6m vy, =18 kN/m®

H,=25m vy =17kN/m

lad =3 —

4.6 Consider the soil profile in Problem 4.2. What is the change in effective
stress at point C if:
a. The water table drops by 2 m
b. The water table rises to the surface up to point A

c. Water level rises 3 m above point A due to flooding

[ JuS

4.7 Consider the soil profile shown in

_...4 "._:'_L .‘.;.'-._ _"'.:’S+ -_‘_'_L".:’;‘ .,‘:_"":'.' "i.f-"
. PR R N TN P
Figure: FFEEl _-",::E:-:s'_:*-z:-:"??*:- SR
9 e e e O L AL R
. Q) Rt N | G T S ety
e e i & ] =as .
a. Calculate the variations of o, U, =5 a5 7 i iRem i 005 .
R IR A - -_.,I"- '-‘ld'-._‘l- - d T, LY Sy D T
e _R.J e O e e R e O N
' . P Pt e Fe e T e i ST et T
and ¢' at points A, B, and C. $255 Y denig = Sonn3r ARt 1SS J ot in e i d
,_;.J l._n..J*l._L.J.l T =t .i._..'.(*a - g
TR S = PR N N S i
H Al R i I il el . R el - el .
b. HOW hlgh ShOUld the L-‘* r‘. "t':.\,r" -‘t:.‘r‘. l'-:* r‘». l'-':* rc “t:.‘r‘. i‘-:*\
- -2 - - e -2 0
u: - u:,u‘v.g '.u:,hiﬂ_u:,h"‘u:
groundwater table rise so that oefelsesd i olpapes sl olosd s
M2y Mo ie s "":';_ﬁ _ia'?:ﬁh‘,. Soires $oNris ol
. . bk g |50 Teb o o0 g = (O SO IO SO St &
the effective stress at C is 111  Vism e, vasGers, vasmel ianm, o iumm, e et e
ravmb gl ettt st St b et
2 {&'_v:.?.’g.-dﬁ's#‘" .-dﬁ':.";u"‘" Mﬁ'_%aﬁ.ﬁﬁ:\m‘” s .-d'ﬁ'_\.".*
KN/m GEpiEelerime i gpalieriEnlen i liee e n ey
e R R e e
R R N R N R R B N SR N B
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. 48F i !
% : r the str il element shown -
Uo 8 For the stressed soil element sho &, = 50 KN/ JJ
I in Figure, determine <_l_ £oy= 50 kN/m2 ]
I a) Major principal stress D c I
H . . . I|I _ 3 H
i b) Minor principal stress ". Ty=50 kN/m i
I c) Normal and shear stresses on the :I: I". I G = 150 KN/mi -
I plane DE 10 I
L , i
(Ans.) a) Major principal stress = 170.7 kN/m?2, b) I',I
W’ Minor principal stress = 29.3 kN/m2, c) Normal stress A ! B ‘T‘
H = 164 kKN/m?, Shear stress = - 29.9 kN/m? E _F> H
. 4.9 Asoil elements are shown in Figures. i
H Determine the following (by drawing and equations): H
| : . . ]
i 1. Maximum and minimum principal stresses I
o% 2. Normal and shear stresses on plane AB -
| 128 kN/m2 121 KN/m? ]
ﬂa" —> 32kN/m? 30 kN/m?2 H
ﬂ% L J A H

Fa10 o
i Bl 32 kNm2 ~¢33 i
- %» 4 162 kN/m?2 %, ™~ 4 79 kN/m2 E
ﬂ"o 555 B OT‘
. b 39 kN/m?2 .
ﬁ; A 'y ;
I T <—T— i
ﬂe a b T
I 26 kN/m2 2.4 KN/m? J
Il |
i 8 kN/m? <1— 3 KN/m? 7= i
! ¥ B A ¥ :

A

eoe
L N Bl
I K . ‘I
L %, % 17 KN/m? _|A_ \ % 9.6 kN/m? !
LL:, N 3’L
. 450 § kN/m? Np | !
T A, :
| — |
hg, + C d T
) |
I (Ans.) a. 1. ¢, = 181.23 KN/m?; o3 = 108.76 kN/m> |
I 2. o, = 169.25 kN/m* 1, = —26.92 kN/m* ]
I c. 1. o, = 30.68 kN/m%; o, = 12.32 kN/m? i
] 2. o, = 13.53 kN/m’; 7, = 4.55 kN/m? i
i ¥
ﬁ% Civil Eng. Dept. — College of Eng. Soil Mechanics Assistant Prof. Dr. Ahmed Al-Obaidi ;
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4.10 Point loads of magnitude 100, B 6 4 d
200, and 400 kN act at B, C, and * * 1

D, respectively. Determine the Il

increase in vertical stress at a 07‘

depth of 6 m below the point A. .

Use Boussinesq’s equation. H
Ans. 1,127 kN/m? J

& &
C 3m D H

4.11 Determine the vertical Line load = g, Line load = ¢, ]
stress increase, Aoy, at point -« ——>» ]
A with the following values: B IR S
g1 = 90 kN/m:; g2 = 325 kN/m:; [l s S N o S e "sz I

X1=4m;x2=25m;z=3m. Ao

4.12 For the loaded area with uniform pressure on the ground surface with ]
Ags=100 kN/m2 as shown in figures. Compute the increment in vertical il
stresses at 5m below point A. -

4m N 3m N

sm I
3m )
A |

10m Sm J

A 2m -
A ;i
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I Sm

| A
H 3m

U‘:, 2m 2m
I

I 2m

Sm

. Ans. A=36KkN/m2 B =16.5KkN/m2 C =80.55KkN/m2 D = 1.8 KN/m? E = 26 KN/m? E = 10.6 kN/m?

4.13 An earth
embankment IS
shown in Figure.
Determine the
stress increase at

point A due to the

1m

Im

0.1

4m

1m

Al
[Lm|

4m

Sm

|
|
|
|
|
|
|

[

A

Unit weight v = 17.6 kN/m3

6.8 m

104 m >

O e =,

Il
i

Il

i

Il

i

Il

i

Il

i

Il

i

Il

i

Il

i

Il

i

Il

i

Il

u

i embankment load.
r‘%

Il

i

Il

i

Il

i

I

i

Il

i

Il

i

Il

u
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. 4.14 For the embankment
| loading shown in
I Figure,  determine
i the vertical stress
l increases at points
| A, B, and C.

I distributed load, q = 105 kN/m?. If the circular area has a radius, R = 3.6 Il

m, determine the vertical stress increase, at points 0, 1.2, 2.4, 4.8 and 9.6

| 4.15 A circular area on the ground surface is subjected to a uniformly ]

I m below the ground surface along the centerline of the circular area. ]

I 4.16 A circular area of radius, R = 5 m subjected to a uniformly distributed ]

i load, g = 380 kN/m?2. Determine the vertical stress increases 3 m below i

I the loaded area at radial distances, r =0, 1, 3, 5, and 7 m. J

| 417 Refer to Figure. A |

% i

I rectangular area is uniformly
loaded by q = 225 kN/m?.
Using Newmark’s chart,

determine the increase in

vertical stress, at points A, B
and C at depth of 3m.

< o |
¥ 6 m | L OU
J

]

I

l-l:—lffi m—>3 ;

5

1.2m ]

I

* g9————— - s’%

g = 225 kN/m? z‘fl 'CI: :

< 18m— -
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