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Soil Mechanics Lecture Notes
Prof. Dr Nesreen Al-Obaidy

Example 1 20242025

A soll layer of 9 m thickness having the initial void e, = 1.04, after
constructing a building, the final void ration ef Is estimated to be

0.98. Calculate final settlement may be expected:

Solution
H=9m e, = 1.04,e; = 0.98
Ae = e,- e = 1.04 — 0.98 = 0.06

Ae

Sc =
g 1+ e,

H

sc =290 9y — 0.26 m=260 mm
1+1.04
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Example 2 20242025

A recently completed fill was 32.8 ft thick and its Initial average
void ratio was 1.0. The fill was loaded on the surface by
constructing an embankment covering a large area of the fill. Some
months after the embankment was constructed, measurements of the

fill indicated an average void ratio of 0.8. Estimate the compression
of the fill.

Solution
=32.81t e, = 1.0,er = 0.8
Ae = e,-ef =1.0—-0.8=10.2

2% g ose =% 308 _3981¢
1+e, CT1x104% 77 f

Sc
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Example 3 20242025

A sand layer of 2 m thickness is compacted at y=19 kN/m?3 over a
clay layer of 3 m depth. Calculate final settlement may be expected
If coefficient of volume change is 0.007 m?/ton

Solution

m2 m2
my = 0'00715011 = 0.007 1000kg 1 kilogram =9.81N =~ 10 N
i 1000 kilogram ~ 10000N
= 0007 oy =0 00071772/](]\/ 1000 kilogram ~ 10kN

Si— vaO"H H:Hclay = 3m
AG = hgpng #Yoqng =2+19=38 kN/m?

Sc = 0.0007 % + 38 %'2*3m= 0.0798 m=79.8 mm=7.98 cm
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Example 4 Prof. Dr I\IQ%SQrieQBQASI—Oboidy
For the soil Profile shown find the final consolidation settlement ?
Solution eo = 1.8%ey =14  ,Ae =ey-er =1.83 —1.4 = 0.43
Ae : L 44y g S v m 22
Sc = H=—2 (11. —7/2) =0.653m - PR PRI LRI LI ILILH
1+e 18 B2 T e T
Sc = myAa M, A0 = heyy #ypu =4 %22=99 kN/m?
El. -7.3
Sc =1.5348*1073 %99 x (11. —7.3) o =By =163t
Sc =0.653 m my = 15348 1070 e =14 C. = 1.0955
o, (at middle of clay layer) = 6, — u a6 _

Sand

o, =0.9%18.22+(7.3-2.9)18.22- (7.3-2. 9)9.81+E!“'62‘ 73 4 16. 34] - [11'62‘ 73 9.81]

0o = 67.46 kN/m2

ccH o, + Ao _ 1.0955 B 67.46+99
T log —=— ,Sc¢ = 103 (11. 7.3)log 27 46
o O-o

Sc = =0.653 m
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Example 5 O ea0zs
The vertical soil profile shown below is loaded with a uniform surcharged
pressure of 60 kPa on the ground surface. If the water table is at the ground
surface, calculate the total consolidation settlement for clay layer-1? Note: Clay

properties from laboratory consolidation on clay sample taken from these clay
CC

layers are: - 6,.=80 kPa, = 0.01 ’
Solution 1- Clay layer i (con5|derm|d depth) ,Ac =60 o
kPa
0,=2.5*20- 2.5%9.81+0.5*20- 0.5*9.81=30.6 kPa Clay layer —1ysu=20 kN/m?
OCR = ;’= 380 7= OCR>1 thesoilis 0CC |
6, + Ao =30.6+ 60= 90.6 kPa > 80 kPa 2 Send
c.H O'C c.H o, + Ao Vi = 20 kKN/me
Sc = log— + log \ y
1+ €o Op 1+ €o Oc 5 Clay layer -2 ¥sq:=20 kN/m?
80 30.6 + 60 '
Sc =0.01(1)log=——+ 0.1(1)log = 9.4 mm *; Sang Y= 20KN/mS
30.6 80 An
Clay layer -2 (homework)

Rock
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Example 6 Prof. Dr NQ%SereQrow QASI—Oboidy
The following are the results of a laboratory consolidation test,

a. Draw an e-log a'graph and determine the preconsolidation pressure, o, .
b. Calculate the compression index and the ratio of Cs /Cc.

c. On the basis of the average e-log o plot, calculate the void ratio at o = 1000 kN/m2

Solution Pressure o | Void Ratio Remarks
' . (kN/m?2) e

Part a/The e versus log o plot is shown. 25 0.93 Loading
Casagrande’s graphic procedure is used to 50 0.92
determine the preconsolidation pressure: 100 0.88
o, = 120 KN/m? 20 oo
, 400 0.69
Part b/ From the average e-logo plot, for the loading 800 0.6]
and unloading branches, the following values can be 1600 0.52

determined: 800 0.535 Unloading
400 0.555

200 0.57
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From the loading branch: 2024-2025

31 — 82 08 O 7 e
C. = = = (0.33 09 -
0} lO 400 = e b
log=% °9\200 N .
0'1 ) i
From the unloading branch: gmq )
S ) 0.544 — 0.532 0.6 i i
CS = ’ — 400 — 0.04‘ | !
g 0.5 - I |
log log (200) & — m —0.12 | |
01 C. 0.33 . -
m 0.8 - Fresmrea {kﬂflt:;} mm Iﬂﬂﬂ
e e = - 8'3 i 2 = 0.33 Pressure o Void
0] l _1000 (kN /m2) Ratio e
log=% *°9\200
J o" Loading
1

1000
= 0.8 — 0.33] ~ 0.57 400 0.532 Unloadin
43 °Y < 200 ) 200 0.544 9
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A soil profile 1s shown. If a uniformly distributed load, Ao, 1s applied at the

ground surface, what is the settlement of the clay layer caused by primary
consolidation 1f:

a. The clay is normally consolidated
b. The preconsolidation pressure g,=200kN/m?

¢. 0,=150kN/m?2- Usecsz%cc Ly ¢acr=mfmmz¢
Solution :

: : : : : | . Yary = 14 kN/m?
—T——%—.—%f—%f—%—_—%—.—f—.—?—.——'.—_——'.—.——'.—.——'.—.——'_—.—— Groundwater table

Part a/ The average effective stress at the e
middle of the clay layer is B R

N 2 +4 + l_ \-.h."‘ll:"n*"l. '-Jlu."‘II:'.n*"l.".h."‘ll:'.n*"l.':h."‘ll:"n*"lu'-
— — e e e e e e e I el L |
e Ydry sand Vsat sand — Ywater T S e e e et St et ferer iy Yo = 19 kN/m?
'L"""L"""L*""'L"‘"'L""‘lh*""'L""‘\-""'IL i :
] 75 — 3'5 Im ""}‘\.}'\l' ‘I-]"“‘\.I‘I ‘i-.' ‘,‘h’; -I-j“".‘\-"‘l -i-."' ‘.“h’; -I-]"‘.‘\. "I ‘i-.""._‘\.."\l' ‘I-“““h "‘I ‘i-.' " .I\Irold ratlo‘ e = G‘E
b Sat Clay Water 1hll:‘rI"ll--".‘lu“'*"ll'--" "I‘.-"‘ﬁt"h‘h" ‘rl"-"‘-‘l*“h"\ill"h‘:"h‘h" 4
T o, P e, e e, e T TP e, e e e e T e e e LL — 4{}
] -:_'-"". ‘i.t.:_ . _:J- -:_-\-*_. ‘id .:_ . "J ‘:-"‘r ‘_i.t .:_-*" :J -:_'-*'. ‘.J .:_
b LY t-"f LY .‘I'l.l-""' LY :-|~t-'|h_5 .‘I'OIT"'.' L .I..l“tl-"h M .‘I'il-."'" LY ...l*tl-'\' L .‘I'il-'."" LY

o, = 2(14)+4(18 — 9.81) + 1.75(19 — 9.81)
= 76.08 kN/m?

I:l Sand E Clay



ccH o, + Ac

The clay NCC. S¢ =
+ e, g,

C.= 0.009(LL — 19) ,C.=0.009(40 — 10) = 0.27
0.27(3.5) 76.08 + 100

= [ =0.191 m=191
“TT1+08 Y97 7608 o mm
Part b/
oc _ 200 -
OCR = o = 7608 OCR > 1 thesoilis OCC
o, + Ac = 76.08 + 100=176.08 kPa <200 kPa
c.H o, + Ac 1 1
Sc = l \ c. ~ =c,==(0.27) = 0.054
W 1T e, e g, A
0.054(3.5) 76.08 + 100
C = log = 0.038 m =38 mm

1+0.8 76.08

log \ Ac =100 Kn/m?
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2024-2025

,€,=0.8
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Part c/

o._ 150

OCR == 7208,

OCR > 1 thesoilis OCC

o, + Ao = 76.08 + 100= 176.08 kPa > 150 kPa

c.H o. c.H o, + Ao
Sc = log— + log \
1+e, g, 1+e, o,

_ 0.0543.5) lo 150  0.273.5) log 76.08 + 100

_|_

5¢ 1+0.8 £76.08 1+0.8 150

=0.0675 m= 67.5 mm




H

" A soil profile is shown. If a uniformly distributed load, Ag, is applied at the
ground surface, what is the settlement of the clay layer caused by primary
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2024-2025

1

consolidation. We are given that ¢,=125 kN/m? and ¢, = g Ce

ANns. Sc =101 mm

Ao =50 kN/m?

I | |

25m Sand Yary = 16.5 kN/m3

* i Groundwater table

45
m Sand
Year = 18.81 kN/m3

=T & _ e & e & e ke &, e &
- =* e - = e 'r'...l.'r'_
Lt IJ:._.I,fCIE}’ L W

I .-_'__..-_ __.:_ .~ ad L

o m T i m T ® L m T P m T T L m T T om . - . e W w L m,ow .

e T T T A L R R L A 1924kN}.{ 3."""_.'-." i

R Y E L S L L I P S I W S Yeat = . m L I
.* - .* - - i - v

|-" .;.-_:-E lsn ‘-l_"\l'l_"\l“"l:"l_"ll:‘:_-_l_‘:VG]d. I'El'[iﬂ., EU‘: Dg' 'I.;.":l.“_:'.- .

AN i PR PR i e PR
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Example 8 2024-2025
A soil profile 1s shown. Laboratory consolidation tests were conducted on a

specimen collected from the middle of the clay layer. The field consolidation
curve interpolated from the laboratory test results as shown. Calculate the
settlement in the field caused by primary consolidation for a surcharge of 60
kN/m? applied at the ground surface.

L
60 KN/ S
l l 'L l l l I e
_I|_ "y ". = rl,"'l_ " ¥ L é " ". L-rl," i 'y ". 9 Gmmmfm T"-.__ L
P R e L A i L A e L L E |
':'::'r'- 'lr:.- i.-.._':' - ""'T:. I-- ':'-:'II-.._T i.-.._':' :'II-..- |
. Pl ] # a Pl ] - L] S 1
:-"'_ ':,.'l"'-. -'_-__1-1." ek g 'l"-:-'j__l‘.’-'-:-"'_h,.'l":-'_'__l.'.‘-'-_'-l"_h‘,.ﬁ" |08 1 —
J: 'l.‘l. L] "|:"1IJ Ilil.l'r.:. |“|:'1IJ: I....l'r.:. "‘I:'1IJ:'L.‘I . 7 1 ]'l:l'lE'
oo VF F ool Y I I ) L S —————|———————————‘-|.h
Ll Ny -'I."I "'!..:'- 'l-l.'_".:-l.‘- h_"-lu‘b "|.::|.‘-I lr'l..:'-l."r LY u I I LE
:_",:l - -||l-|:_ i 5l m -:_-',_:-r-_;l-';_l-il -:_-', - - |
A Y A N A A A A s Y = | |
Pl el = I o P = ] |
et .:" WLl - :'-'-II‘I. "-l..'l.:" Ll - I'l:EI_ | | LY
Y Y RO S Y O e E . AN
B fan honrat honrah bt et haran deerat honrande L0 T * I 1.045 | *,
b SR ot + P Tt L T e e T - 3 - v
R N R R N vy — 18K Nm - SIS SR 2
J-'r.. - lr"'..""' “-'r.. - ir"'.."' “-'r.. = ir"',.""' IJI.-rI' - .04 | I |
. . L] L'! - . . L] ‘1 . . L] L'! L . u I b
I.‘_f‘f‘-.‘_; L JJ-..‘J' r_‘l.‘__f‘: ..‘J'r Y o Y | | y
Rl e b ol e B i"".-\..': Ll 3 B WL Y | I | ,
R A e g S e B - ' 1
mal g r|l|.-li"'| ‘l"l.-'l'II & r|l|.-li"'| ‘l"l.ﬂ"' |||,.-b\ ‘l"l.ﬂ"' L | | I 7 T ! |
% o P m L ey L A AL ll:l'_l | q_..'Eil
e L L T e LT B L L el St e - | | | 1 -
.".l. =g ._.‘,".a "’-n.". o g Pk - | I I | )
“'1"'1.'-" -"1'1.'-.._?’-‘ -.._" L '-T'l- Wy W - I 1 fas
'..-.hl..,. [ -r.'l..' aly g r.'Iq. u r‘LF I | | I [
L _l"'tl,.'|-. 0L S T Tt T R R T St e 'il..'|" | | | I 1
_1_ M L L T Ll T Ll L T bl T Lol AL T il I,l:.::l | | L
[ R | o) 2 = o =y - . I | I E_I'
s T el e A g = A3 R A AT 1176 10 100 >
AL FE =
L |
Pressure o, (log scale) (KN/m®) m

Bl clay [ Rock b}
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Solution 2024-2025

0, =4(Vsqr — Vi) =4(18.0-9.81)=32.76 kN/m?

Ao =60 Kn/m? o, +Ac = 32.76+ 60 = 92.76 KN/m?
e,=1.1
er corresponding to stress of 92.76 KN/m? is 1.045.
H=8m ¢, = 1.1, e = 1.045.

Ae = e,-ef = 1.1 —1.045 = 0.055

Ae
S = H
1+e,
0.055
Sc = *x8=021m=210mm

1+ 1.1



Soil Mechanics Lecture Notes
Prof. Dr Nesreen Al-Obaidy
2024-2025

Example 9
The laboratory consolidation data for an undisturbed clay sample are as follows:
e, =11, o;=95kN/m?

e,= 0.9, 0, =475 kN/m?
What will be the void ratio for a pressure of 600 kN/m2? (Note:, 0. =95 kN/m?)

Solution
e —e, 1.1-09
C, = Z 7o = 0.286
lO,gO-—Z, log (ﬁ) »
01 e, —e 1.1—e E
(== - =0286 @ %
o lo 600 -
log—2 9\ 795
01

95 475 600

600
€3 = 1.1 — 0.285[0,9 E =087 Pressilre_c?’tlnﬂ scale) (kN/m*)
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Exam p I e 10 Prof. Dr Nesreen Al-Obaidy

Two points on a curve for normally consolidated clay have the following***"*

Coordinates: Point 1: e; = 0.7, o, = 2089 Ib/ft2, Point 2: e, = 0.6, 0, = 6266 1b/ft2
If the average overburden pressure on a 20 ft thick clay layer is 3133 Ib/ft>, how much
settlement will the clay layer experience due to an induced stress of 3340 Ib/ft> at its mid
depth?

Solution ‘ ‘
e.—e, 07—0.6 g =t log 22 Ly
Ao S T 1+e 2
9, log (—)
log —=% 2089
o, 0.21(20) = 3133 43340
We need the initial void ratio e.at an overburden Sc = 14+ 0.663 0g 3133
pressure of 3133 Ib/ft2. '
€y — €5 eg — 0.6
C. = — = = 0.21 .
T ilag (6266) =0.796 ft=9.55 inch
log—% 3133

Og e,=0.663
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