Solved Problems in Soil Mechanics

Based on “Principles of Geotechnical Engineering, 8" Edition”
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Being rich is not about how
much you have, but Is about how
much you can give

Never let your sense of morals
prevent you from doing what Is
right

The more | read, the more |
acquire, the more certain | am
that I know nothing
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Solved Problems in Soil Mechanics perties & Soil Compaction
Important Indroduction:

el il 5 (soil solids) Lesds 4 il s 4 5 Al Gl e EBE e 0 S5 4 5 e (g
s (water) sl i (@ir)s)sel) e ¢ssind cle )l sda o Jiai Cua 2yl Sl (32 53 gal)

LegS
i i |
. Air Va
Vv Vods | | | —— 1
Water Vi

Vs Soil Solids Soil Solids | |Vs

Y

Y |

:(;Lo—l— c«\_}é) eyl e;éjwa__l)ﬂ‘ Q@neudiq@)ﬂ\hydglﬁ\ e;aj\ Qi.hamgﬂ_ﬁtgj

Viotal = Vsolid T YWoids = Viotal = Vsolid + Vair + Vwater
A ALYl Al Gla 55 e Ayl Aied S (35l G <50 e Cuaadl die ) Gl
L i o i) (S L5 Vi G (35S sl (335 051 (ol ol 3m) el ()3

_ Air W,=0.0
Wy Vods | = —+
Water Wy
Wi
W Soil Solids Soil Solids W
Wiotal = Wsolid + Wwater (Wair = 0)
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Solved Problems in Soil Mechanics h- Properties & Soil Compaction

There are three states for any soil sample:

Casef1
Natural (wet or moist) Soll

]

Va Air W,=0.0
+ —1
Vu Water Wi
Vo W,

Vs| | Soll Solids Ws

J

elo 43 Lgia ¢ 3o el il O (A 5 erahall G353 5 5a A 5 (Y orahall gl oa Al 038 ygind
(oLl (e e R s (o ) Ay o ) 38 8 2 a1l el 50 Yl
ik WS sS4l sl aaad) Gl Allad) o2 & Sl
Viotal = Vwet = Vsolid T Vair T Vwater
Wiotal = Wivet = Wsolia T Wivater (Wair = 0)
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Solved Problems in Soil Mechanics I Properties & Soil Compaction

Case2
Dry (no water) Soil

Vv=Va Air Wy=W,

Vs| | Soil Solids | |Ws

| !

055 el IS ol L g ele At (sl L am g0 Y L Telas bl 2 50 (5S35 Al 020 b
et WS Al g g aaa oSG A ol 8 Gl cdadd o) gelly Ailas

Viotal = Vdry = Vsolid + Vair (Vwater = 0.0)

Wiotal = Wdry = Wsotid + Wair (Wair = 0) — Wdry = Wsolid

LS han daga 83 02 5 Lgnadi A yill il (05 Loy (5 sbow Alall 45 510 ()55 o st s (e
Y i

Case3

Saturated (no air) Soill

vi=vw | \Water W=\

Vs| | Soil Solids W
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Solved Problems in Soil Mechanics es & Soil Compaction

iy Allall oda 8 o) sl daus ol 0 sSIY 5 elally LIS dapiia Aal) 020 8 4 il 8 e ) ) () oSS
slall ana g cle) il ana )5S Ml 5 lally Aradiie cile ] @l JS G (o o lall paiil) Al Allall 520

toh WS Al oda A4 il g Hgg aaa oS Julb
Viotal = Vsat = Vsolid T Vwater (Vair = 0.0)

Wiotal = Wsat = Wsolia + Wwater

Density and Unit Weight Calculations

What is the difference between density and unity weight?
Mass 3

(kg/m>)
Weight
Volume
Sl 5 0 8 (e Lale ek Las (UNit Weight) dae sl Z8USH Gl 58l 5 clilaall & daind o gus
.(density) 28Ul e e (galaiy

Density = p = Volume

Unit Weight =y = pg = (N/m3)but usually taken in (kN/m?)

Unit Weight for water:
It is known that the density of water is 1000 kg/m?3, so the unit weight for water
can be calculated as follows:
Ywater = Pwater X & = 1000 X 9.81 = 9810 N/m3
Ywater = 9810 x 1073 = 9.81 kN/m?

(KN DL S35V ) 01V Glai i) Jilsal) man 8 Aaill o3a aldic ) alips Cua
Unit Weight for dry (moist) soil (moist unit weight):

weight of soil in natural state (casel) Winoist = (Wsolid + Wivater)
Ymosit = /ol ime of soil in natural state (casel)  Viorar = (Vsolid + Vwater + Vair)
B Wsolid + Wwater
~ Ymosit =

Vtotal = (Vsolid + Vwater + Vair)
Unit Weight for dry soil (dry unit weight):
A ()5S0 Aal) 238 ) ) LS G Adla 8 54 il Ao il AAUKH e el s Aage Aad A
LS Lo (a5 e\l ST 55 Lgtlann 0 B Al Al ) 5S5 iy 5 A6 i) b el
e
weight of soil in dry state (case2) Wary = (Wsolia)

Ydry = Yolume of soil in dry state (case2)  Vioral = (Vsolid + Vair)

Wdry or Wsolid

= Ydry =
Vtotal
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Solved Problems in Soil Mechanics les & Soil Compaction

Unit Weight for saturated soil (saturated unit weight):

weight of soil in saturated state (case3)  Wsat = (Wyoiia + Wivater)
Ysat = =
V

olume of soil in saturated state (case3)  Vioral = (Vsorid + Vivater)
Wsolid + Wwater

Viotal = (Vsolid + Vwater)

Unit Weight for solid particles:

PP P V| FU NS PP Y WPAPIVEL U QLRI T LS PE, (U EPNS DY DY Y
e N

= Ysat =

Wsolia = (Wdry)
Vsolid
Specific Gravity for soil solids:
dage Apald dagll ol yuiad UL 5 celall asusjsqugmuswm\ Jiad el p3a (8 ale S
Aol odn luny algd (ai U o lall A8US (e 3alal) Z8US 2my 5l 08 a0 e und LY ale 5V s
Eun Al e g 5 (6 1an Aage Apald it Al 038 o Cus (501l SOidS) Lensi 4l bl
leinca ol LeSulais il 5 8 e oo

Ysolid =

Ysolid
Gy =——

YWater
O i LY as 5 e Gl (A5 (b s 3 (1) 2.2 e A il ) il Ciliad dadll 38 - gl i Balall b
B gl (s Lagd (e
Void Ratio:

el 8l ana G dl) Jiai LY Lgdraa (sae sl 4 i) Glulai o5 68 (s2e pand 8 lan dage Al 020

Aagil) o2 CilS LS G lguuadi Ay il Cilupas aaa ) Asilly Agall 3 0 g sl (sl + 6l 2) ISU
OS5 B8 dagal) il 13N (ST ey B 5 Al 4 il 5SS ALE 4, ) & e all (S8 pra

Alulaie ye g ddimaia 4y il 0 5S35 UL 5 Lead 45 ) byl daailly 3 S Lgas e |l
Vioids _VT_VS
Vsolid Vs )

Al (S8 (UL 5 Leads 4y 3l Cilis aas (e J8 e ] Al aas 5555 T (e JBT Al 028 CilS 1)
0550 T o ST Al sda il 13 Ky 6] e Anaal) ol il LIS el da 5o 10 35 g A<ulata g 4y o8
) 3 LS 5 ASSda g Adpraza Alladl o2a (8 2 5l () 5S5 g Lgadi Ay il s aas (e ST cle )l aas

Jo s il Alla cnla 3 LS ] e dagdll o2a

Cye i) LS ST 6B puka cilS gl g cle ) 8 A (65 Waila Y ¢ aall Jeai o oSy Y Al o3a

OSar e Jmdl g aa 4 8 4 5l 0S5 uall
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Solved Problems in Soil Mechanics erties & Soil Compaction

There are very important relationship for calculating ygyy:
Gs X Yy

1+e
This is very important relationship and you should recognize it.
This equation is derived from the following relationships:

Ydry =

- Wary or Wsolig o= Wsotia = (Wary) G = _Ysolid
dry — » Ysolid — ’ s —

Y Vtotal Vsolid Ywater

_ Wdry _
Ydry = vV - Wdry = Ydry X Viotal = Eq. (1)
total
Wsolid=(Wary)
Also, Yso1ig = Voo - Wdry = Ysolid X Vsolia = Eq.(2)

By equating Eq.(1) and Eq.(2):
_ Ysolid X Vsolid

Ydry X Viotal = Ysolid X Vsolid = Ydry = v - Eq.(3)
total
And we know that, Gg = % = Ysolid = Gs X Ywater (Substitute in Eq. (3))
water
G X XV
= Ydry = . JW > > Eq.(4)
T
VT - Vs Vs . .
e= , but we want the value of — and we can write the equation as:
Vs VT
—>e=ﬁ—1—>—T=e+1—>—S= (Substitute in Eq. (4)
V V Vi e+1
Gs X vy
= Ydry = ﬁ (proofed)

Another frequently used relationship which is very important:
S.e = Gg. W
S = Degree of saturation
Sl g e )l e slall Lelias il Ayl (of ccle ) ) 553 s sall lall dpusi (o Al 028 yya
e Ll aaa g ;Ld\e»wi,m&\ daall oda (Jiad

Vwater

S =

Vvoids
Gle) il aas AL 5 lall daniia 585 LS cile ) Jall ld e lally Anndia 4 ) () ¢S5 Larie Jlly
Lebat o) Sy dad il (o8 g ] (g gbed alill Ax ja S8 UL g elall s (5 sl
At Saturation, = Vyigs = Vvater = S =1
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Solved Problems in Soil Mechanics roperties & Soil Compaction

w = water content in the soil specimen —»—
Weight of water W,  Wyee — Wary
wW = = =
Weight of solid W Wary

X 100%

How you can proof this relationship (S.e = Gg. w)???

Viv
S=— 5 Eq.(1
v - Eq. (1)

\%

Wiy
Vwater = —— = Eq.(2)
Yw
Wiy
W:——)WW=WXWS —)Eq(3)
W
W, =277
Wi Ys
Yo =5 W, =y x V;, but we know that G, = v = Vs = Gg X yy
s w

- W, = Gy Xy, XV (substitute in Eq. (3)) »—
W,, = W X Gg X Yy X Vg (substitute in Eq. (2)) »—
WX Gy Xy X Vs

V, = » = w X Gg X V; (substitute in Eq. (1)) »—
w
w X Gg X Vg Vi Vi
S=———->5SX—=wXGg (butwe know that — =¢) —
Vy Vs Vs

Sxe=wXGg (proofed)© © ©

Calculation of moist and saturated unit weight:
Ymoist = Ydry X (1+ %w)

Gs X Yw
But we know that, y4,, = ~T+e -
Gs X YwXx (1 +w)

= Ymoist =

1+e

Ysat = Ydry X (1 + weae)
_)y =GS>< YWX(1+Wsat)
sat 1+e
But we know that, at saturation S = 1:

S.e = Gg.w — at saturation — Sg,i. e = Gg. Wyt
Ssat.e

> Weyt = (butSg,t = 1) » wey = Gis (substitute in equation ofy,;)

S
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Solved Problems in Soil Mechanics ties & Soil Compaction

e
Gg X X(1++
X v (1+5)
1+e
Calculation of maximum dry unit weight:

= Ysat =

We know that the value of dry unit weight can be calculated from the following
equation:
Gs X Yw

1+e
For any type soil, the value of G is constant, and also the value of y,, is always
constant (at natural state), so the only variable in the above equation is the void
ratio e, and as the value of e decreased the value of vy, increased (as shown in the
equation), so if we obtain to the minimum value of e, we get the maximum value
of Ydry-
How to calculate the minimum value of e?:

Ydry =

Gg. W
Se=G.w—oe= ST — To get the minimum value for e, the value of S

should maximum value, and we know the maximum value of S is 1, so:
Gs X w . . .
€min = S=1 =Gg XW (Substltute inyqry equatlon):
Gs X Yw G X vy
1+ enpin 1+GgXw

- Ydry,max - - Ydry,max -

This value is also called Zero Air VVoids (ZAV) dry unit weight.

OSay Al g o) 5 A (ol ()5S Y 5 elally LIS daniie il ) ) S (665 Allal) o2 3 asY el
Ll as¥) 130 Lgtianss

Ydrymax = YZAV =

Another important properties of soil:

Porosity (n):
aaall ) e ) dll ana e Al Jis Wil ol AISH Aigall 353 s gall il ) Jal) Apus Jid o
A sl elaall (A UaaY) elye (s sl 50 OV b s gaad las dage dpald a5 el K
i Vioids _ V1 — V. Vr— Vs e

S
= = (and we know thate = )= n=
Vtotal VT Vs 1+e

Page (10) Ahmed S. Al-Agha
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Solved Problems in Soil Mechanics ties & Soil Compaction

Air Content (A):

L_Aﬁ\e;;j\‘;c;‘;@J\a&%m‘dﬂd&mbje%ﬂ\@@aﬁpﬂ\ ;\}«J\:\_\uu:\.qgﬂ\a&dlqﬁ
A il IS ] Gl 53 Il g 1 3 el sl el 58 A anl Aage A a5 el

Vair

Air content (A) =

Vtotall

Relative Density (Dy):
LeS L a5 LeDlai) 5 LgSSE (s sl 4y jill die A8US 5 olulad (520 (o jand o8 5 laa Fage da 2

(_A.'.‘
1 1
e — € .
Dr — max OR Dr — ‘Yldmln yld

€max — €min

Ydmin - Ydmax
emax = Max. value for void ratio and can be determined from lab for any soil.
e€min = min. value for void ratio and can be determined from the properties
of soil = ep,;, = Gs X w (as clarified above).
e = the current value for the soil.
=) A A void ratio J) ded oS Lavie a5 siea () 5S5 38 dpalal) 2l dad i o Jaadls
: ) sa ) Tgusl 8 A0ad) o208 20 5 () 5S35 ¢ jhm Alalaal) 8 Janad) (0 o5 L 5 Ll () S0y Aol
void ratio J) dad ¢S exie iy 5 ] 5S5 dualdll o3¢d dad sl 5 <(LoOSESt Condition)
il (5555 Al 038 (5 aliall (6 s Jamsll (8 L 5 i) gl (f Sy o BT oo 20
1 A b
Relative Compaction(R. C):

i iy il Aigal laall B 5o e L Fpmatigl) s JLall JS 3 s Fag ad Liasf 8
Al e el Uy piia lale ) pumall (S A4S ol ) 8 gl (5 il Al 2GS (0 Al
el 38 s sall A il Lt o Can et o Sl O 6 bl it Aagill o2a L 5
OSar Eun 100% J) ket O (Sans 95% A sabe A jill 0 5S5 s Aipma A A il (3883 O g
Lol a0 s ekl 534 2355 G ) Tan B 58 a8 gall 8 Riaal) BB () ims 138 5 ¢ 105% ) Josi

p23a3 Lo o by ST 859 (biiall s () A pial) Aall (S5 Llia 5 ¢(adsall A
ok LS Aagdll o2 s Sy g o g pdiall Ciliial 5
Ydry,max,field % 100%

Relative Compaction(R.C) =

Ydry,max,proctor

Page (11) Ahmed S. Al-Agha
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Solved Problems in Soil Mechanics Soil Properties & Soil Compaction

Important values and conversions:
Ywater = 9.81KN/m® = 62.4Ib/ft> , 1ton = 2000Ib , 1yd® =27f

v 1m =0.3048 ft
v 1ft =12 inch
v" linch=2.54 cm
v 1lb=4.45N
3m3

Y Y = 9810 x — x LBV = 62 4 1b/ft?
v g=9815x — = 322ft/s?

0.3048m

v Volume of cone (Vegpe) = ng X h (4 shauy) ana Culi)
v 1m? =10° cm3.
v 1m3 = 10° mm?3.

Important Note:

Vso1iq Must be constant if we want to use the borrow pit soil in a construction site

or on earth dam or anywhere else.

Page (12) ” Ahmed S. Al-Agha
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Solved Problems in Soil Mechanics erties & Soil Compaction

1. (Mid 2015):

A construction site requires 100m? of soil compacted at the maximum dry density
estimated from laboratory standard compaction tests. Laboratory tests indicate the
optimum moisture content is 12% and the degree of saturation at optimum is 85%.
If the specific gravity is 2.7.

a) Calculate the weight of dry soil required at the construction site.
b) Calculate the total weight of soil that needs to be transported to the site if it is
extracted from a borrow pit with a moisture content of 5%.
Solution
Givens:
Vp=100m3® , %w=12% , S=85% , Gg=27

) Wery = Weolig =777
Calculate the void ratio as following:
S.e=Gs.w—>085%xe=27x0.12 > e=0.381

Calculate the value of dry unit weight:
Gs Xyw 2.7x9.81

= = = 19.18 KN/m?3
Yary =11 e T 1+0381 /m
Wdry Wdry
= 19.18 = = Wy = 1918 kN V.
Ydry Vtotal 100 - dry

b) Wrota from bprrow pit =??if %w = 5%
L s iy Y Abiall ciluall OF ¢ it Y 5 A3 () 585 WAaid lal 5 Laila 4 i e (Y ;4ala ddiadla
el A g e | Al ana g iy Al (S5 dlgana iy Y
Wyer — Wy W,yer — 1918
w=—2__ O 005 =2 — 2013.9KkN/ .
Wary 1918
o) 56l 0o O Cun (slall (s + Abiall ciluall ()5 5) Aall JSU 3550 Sy o) daall )39
Jan pa 45V alleal a3

Page (13) Ahmed S. Al-Agha
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Solved Problems in Soil Mechanics rties & Soil Compaction

2. (Mid 2014):

a) Show the saturated moisture content is: Wy, = Y [y— -
d s

Hint: y; = solid unit weight
Solution

e
S.e = Gg.w , atsaturation - S =1 - wg, = IR -- Eq. (1)
N

Gg X Gg X
Y4 =— yw_)@: > yw—l, substitute in Eq. (1) »—
1+e Yd
Gs X Yw _ 4 1 1
Weor = ——— butGg=—>o>—=—-->
sat Gq Ya Gg S w Gs Vs
_Yw _Yw [1 1y
sat = Ty W Ty
Yd Vs Ya Vs

b) A geotechnical laboratory reported these results of five samples taken from a
single boring. Determine which are not correctly reported, if any, show your work.
Hint: take y,, = 9.81kN/m?

Sample #1:w = 30%,y4q = 14.9 kN/m3,y, = 27 kN/m?3 , clay
Sample #2:w = 20%,yq = 18 kN/m3,y, = 27 kN/m3, silt
Sample #3:w = 10%,y4q = 16 kN/m3,y, = 26 kN/m? , sand
Sample #4:w = 22%,y4 = 17.3 kN/m3,y, = 28 kN/m3, silt
Sample #5:w = 22%,y4 = 18 kN/m3,y, = 27 kN/m3, silt

Solution
For any type of soil, the mositure content (w) must not exceeds the saturated
moisture content, so for each soil we calculate the saturated moisture content from
the derived equation in part (a) and compare it with the given water content.
Sample #1: (Given water content= 30%)

1 1
Weat = 9.81 [m 57| = 29.5% < 30% — not correctly reported v .

Sample #2: (Given water content= 20%)

Page (14) Ahmed S. Al-Agha
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Solved Problems in Soil Mechanics Soil Properties & Soil Compaction

Wsat == 9.81

Sample #3:

Wsat == 981

Sample #4:

Wsat == 981

Sample #5:

Wsat == 981

Page (15) |
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- 1 1 -

8 77| = 18.16% < 20% — not correctly reported v’ .
(Given water content= 10%)

— 1 1 -

16 26l = 23.58% > 10% — correctly reportedv' .
(Given water content= 22%)

1

173 28] = 21.67% < 22% — not correctly reported v .
(Given water content= 22%)

1

8 27| = 18.16% < 22% — not correctly reported v’ .
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3. (Mid 2013):
If a soil sample has a dry unit weight of 19.5 KN/m?®, moisture content of 8%
and a specific gravity of solids particles is 2.67. Calculate the following:
a) The void ratio.
b) Moisture and saturated unit weight.
¢) The mass of water to be added to cubic meter of soil to reach 80% saturation.
d) The volume of solids particles when the mass of water is 25 grams for saturation.

Solution
Givens:
Yary = 19.5KN/m® | %w=8% , G4=2.67
a)
Gg X Yy 2.67 X 9.81
Ydry = 1T e —>19.5=—1_|_e —»e=0343 /
b)

* Ymoist = Yary(1 + %w) = 19.5 X (1 + 0.08) = 21.06 KN/m® v

*Ysat = Ydry(1 + %Wsat) — %wg, means %w @ S = 100%

5.8 = GeW— %oWeae = = = === X 100% = 12.85%

SO, Vsar = 19.5(1 + 0.1285) = 22 KN/m? v

C)
Ymoist = 21.06 KN/m3 —  alall 853 s sall Apla¥) dagdll 4
Now we want to find ypmoist @ 80% Saturation so, firstly we calculate %w @80%

saturation:
S.e B 0.8 x 0.343

Gy 2.67
Ymoistgo = 19.5(1 + 0.1027) = 21.5 KN/m?

Weight of water to be added = 21.5-21.06 = 0.44 KN/m3 v

1000

Mass of water to be added = 0.44x Py

44.85 Kg/m3 v/

Page (16) Ahmed S. Al-Agha
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Solved Problems in Soil Mechanics Soil Properties & Soil Compaction

Another solution:
Vi = 1m3 = Gsthall (ai 853 5 sall 5 Led) elall ddla) Cany A4S a0

The water content before adding water (%w;) = 8%
The water content after adding water (%w,) = 10.27% @80%saturation
_ Weight of water W,

w = : — =
Weight of solid W
e Y 5 AL 0 55 W A ol 5 Lala 4 55 die 6V Aals Al

W,
Yary = v_: > W, =19.5x 1 = 19.5KN

WW:WSXW_)WW,I :WS XWl,and WW,Z =WSXW2
Then, Wy, ; = 19.5 X 0.08 = 1.56 KN

Wiy, = 19.5 X 0.1027 = 2 KN

Weight of water to be added = 2-1.56= 0.44 KN v/

Mass of water to be added = 0.44x % = 44.85 Kg v

d)

M,, = 25grams for saturation - S = 100% — %wg,; = 12.85%

W, = (25 x 1073)Kg x 98l 4525 x 10-5KN
w = 577000 ™

W W,, 24.525x107° 190.85 x 10-5 KN

= = = . X

ST w 0.1285

Now, G = YVJ > Vsolig = 2.67 X 9.81 = 26.2KN/m?3
water

-5
Ws _ 1908510 7 _ 7984 % 10~5 m3 =72.84 cm® v/
Ysolid 26.2

Wy
Ysolid = v > Vg =
S

Page (17) Ahmed S. Al-Agha
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Solved Problems in Soil Mechanics s & Soil Compaction

4. (Mid 2013):

An earth dam require one hundred cubic meter of soil compacted with
unit weight of 20.5 KN/m?® and moisture content of 8%, choose two from the three
borrow pits given in the table below, knowing that the first must be one of the
two borrow pits, the specific gravity of solid particles is 2.7. Choose the most
economical choice.

Available volume

Borrow pit No. Void ratio Cost($/m°)

(m?)
1 0.6 1 80
2 1 15 100
3 0.75 17 100

Some Explanations about the problem:
v Borrow pits:
Ll i qun L (B AT ML 5 dlma gl 03 Led g Adma liaSy Baa gha (185 4 Al (e e (A
v" Available Volume:
sl A5 e sall Cliell e diie IS e sl aaall o
v
Al Gal g Led s A 45 55 (e o3l allalhy S yie 100 paso (e s 2 5 1l snd) 7
9 LS 3a0ne ey gia g (pme sas Ama al 53 Al g 53 IS A5 e gl gl O Lal a3
2l &y 5 3 L g il )5l NN 03 (e (18 98 g e LA sa slhaal) Jsaad) 8 2o e
Clinall aras 8 aull 4 5V dad e Bliall caay s ol D pall o s 55 LS il g e
L CSan an Bl gat ) A8l e sl cpda aal Jo¥) g sl 06 o Ja s Ll 5 558 gl
Solution
The first step is to find the value of V; for earth dam that must be maintained in
borrow pits.
Ymoist  Gs X Y 20.5 2.7 X 9.81
Yady ST %w 1+e 14008  1+e
1% 0395 = % >V, =71.68 m3

S S
The value of V; = 71.68 m3 must be maintained on each borrow pit.

- e = 0.395

e =

Page (18) Ahmed S. Al-Agha
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Now we calculate the total volume of each type that required for the dam:
For borrow pit #1:

e = VT;S Vs 06 = VT'17I_£'68 - Vg, = 114.68m3
For borrow pit #2:

e = VT;S Vs iqo VT'27I_67;'68 > Vg, = 143.36m?
For borrow pit #3:

e= VT;S % 0.75 = VT'37I_Z;'68 > Vpg = 125.44m®

LelS Lot g giall 32T qan I cptiaall gan] (1591 Alaall (685 0 oy 431 ) ) Clabana (0 Y
AV (e il aaf (e Al 2y el
Total required volume from borrow pit#1 =114.68m?>
The available volume from borrow pit #1= 80m3
The rest required volume from borrow pit #1= 114.68 — 80 = 34.68m?>
Lol Gaiad oy 0¥y Ol saa) (e s JsY) g i) O a5 JsY) ol L Ul a3 ()Y
Sl sl oy Ml g A 4415 Bl 5 5 AN L) (30 A slladl L) sla) 5a 5 U
Glma Slo Bliall iy Jull 5 I 5¥) &l (0 34.68m3 S (2 5 (il (il (e G slladl)
D Osial iial) (A I 6Y) Ll e Rl s0lid)
For the rest required from borrow pit #1.:

Vo —V, 34.68 — V.
L ,06= SISt L, V, pest = 21.675m3
V ]
S s,rest

Now, we calculate the required volume from borrow pits 2&3 and calculate the
cost of each volume and take the lowest cost soil.
For borrow pit #2:
= VTVS Ys 1= VT'221.2715675 - Vr, = 43.35m3
Required cost =43.35 X 1.5 = 65.025$
For borrow pit #3:

Vi—Vs 075 — Vi3 —21.675

vV, 21.675

Required cost =37.93 x 1.7 = 64.48% —— Choose the borrow pit #3(lowest cost)
So, the two required soils are: 80 m3 from borrow pit #1 and 37.93 m3from

borrow pit #3 v'.

e =

e= - Vp3 = 37.93m?
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5. (Mid 2012):
A soil sample has avoid ratio of 0.72, moisture content = 12% and G5 = 2.72
determine the following:
a) Dry unit weight, moist unit weight (KN/m?).
b) Weight of water in KN/m®to be added for 80% degree of saturation.
c) Is it possible to reach a water content of 30% without change the present void

ratio.
d) Is it possible to compact the soil sample to a dry unit weight of 23.5 KN/m®.
Solution
Givens:
e=0.72 , %w=12% , Gg=2.72
a)

Go XYy 272981 . o
*k = = = . .
Yary = 77 ¢ 1+072 /m

* Ymoist = Yary(1 + %w) = 15.51 X (1 + 0.12) = 17.374 KN/m? /.

b)

The original value of y,0is¢ =17.374 KN/m?3

The value of y,0ist @80% degree of saturation can be calculated as following:

0.8X.0.72 — 02117
2.72

= Ymoistgo% = Yary(1 + %w) = 15.51 X (1 +0.2117) = 18.8 KN/m® .
So, the of water added= 18.8 — 17.374 = 1.428 KN/m3 v/ .

c)

e=0.72 , %w=30% , Gg=2.72 , S3qo, =77

We know that the max.value of S=1 so, if the value of S340, > 1 — it’s not
possible, but if Szg¢, < 1 — it’s possible.

272402  100% = 1.133 > 1 - Not possible /.

Se = GSW_) %Wgo% =

Se = GSW_) S30% =
d)
Ydrynew = 23.5 KN /m3 — Can we reach to this value after compaction???, to
Know this, we find the maximum possible value of y4,y= vz av (Z€ro Air Voids)
Gs X Y Gge.w  2.72x0.12
= — in = = = 0.3264
YzAV 1+ €min ~ €min Smax 1
G X Vyw 2.72X%9.81

e d = =

YZAY = 1 e T 1+ 0.3264
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6. (Mid 2011):

An undisturbed sample of clayey soil is found to have a wet weight
of 285 N, a dry weight of 250 N, and a total volume of 14x10° cm? if the specific
gravity of soil solids is 2.70, determine the water content, void ratio ,and the
degree of saturation.

Solution
Givens:
Wyetr = 285N , Wgy = 250N , Vp =14x10°cm’ |, Gg = 2.7
x Upw = —wetWary o 49005 = 285250 . 10004 = 14% /.
Wdry 250

GSXYW War 250%x10~3
* Yary = Ty DUL Yary =777 yayy =~y = o = 17.86KN/m?
51786 = 222281 e — 0483 /.

2.7X0.14

= 0.7812 = 78.12% v .

* S.e=GgW— S =

7.(Mid 2011):

A proposed earth dam requiers 7500 m® of compacted soil with relative
density of 94% , maximim void ratio of 0.73, minimum void ratio of 0.4 and
specific gravity (Gg)=2.67. Two borrow pits are available as described in the
following table.Choose the best borrow pit with minimum cost.

0.483

: Degree of Moisture content 3
Borrow Pit saturation % Cost ($/m°)

B 100 24.34 3)
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Solution

Givens:

D, =94% , emax = 0.73 , epin =04 , Gg = 2.67

(Usaah A Bsm s il 2l s Jlimn) 2 5 4 i die (g e 2l Vg A e Jaliall cang sl Jall 5 58
So, firstly we calculate the value of Vg that required for earth dam as following:

=D I pute=?77-5D, = —maxC 094 =282 6 =042
Vg Vg €max—€min 0.73-0.4
- 042 =22 , y_ = 5281.7m? that must be maintained.

S

V, = 5281.7 dad (33ay o2l s die JS SN anall pas oy diie IS jas 20 i (V)
For sample « A <« :
S=82% , %w =18.43%

Vr — Vg Gs Xw 2.67 x0.1843
e = V. ,bute=??7->e = S = 082 =
Vr — 5281.7 3
- 0.6 = t2a17 Vr = 8450.72 m”.

So, the total cost for sample « A “ =8450.72 m3 x 10% = 84,507%.

For sample “ B « :
S=100% , %w =24.34%

Vi — V, Ge Xxw  2.67 x 0.2434
e= ,bute =??77->e = = = 0.65
v, S 1
065 = ST 22817 o ooi4gm?
- 0.65 = - Vr = : :
5281.7 T m

So, the total cost for sample “ B “ =8714.8 m3 x 5% = 43,574% .

So, we choose the sample “ B “ beacause it has the lowest cost v'.
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8. (Mid 2010):

Earth is required to be excavated from borrow pits for building an embankment as
shown in the figure below. The moisture unit weight of the borrow pits is18 kN/m®
and its water content is 8%. Estimate the quantity of earth required to be excavated
per meter length of embankment. The dry unit weight required for the embankment
is 15 kN/m?® with a moisture content of 10%. Assume the specific gravity of solids
as 2.67. Also determine the degree of saturation of the embankment soil and the
volume of water in the embankment.(hint: Volume of emankment per meter length)

~2m

|

4m
1 l 1
Solution
Lo 2 eLad) 3l L B3ass Cliial gay (DOITOW pit) Aine & i Leud dimae Ashaie 2 g3 o) ead) 77 i
Ay ket aud) 138 (S o3le f JSAN 8 e se ) JSE (o Cua dahiall 22 8 (embankment)

i e Jaleal) Gy 45 B gt L 5 <400 KU g cultdas sac aa g lld e el Aua Cilial gay
2l A 55 83 s gl A ) (g (S V Aad

Embankment

Givens:

-For borrow pit

Ymoist = 18 KN/m® | %w=8% , Gg = 2.67

-For Soil of embankment

Yary = 15 kN/m®> | %w=10% , Gs=2.67 , V= (From the given figure)

- 2m ]
1 jm 1 According to the
1 1 given slopes and
j dimensions
2m 4m

4m
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Required:
a)

Now, for emabankment — V; = area of the embankment(trapezoidal) /meter length
VT=%><(2+10)><4><1=24m3/m.

Yary = “o 15 = 2208 1, & = 0.746

Vr—Vg 24—V 3 . .
e=—"—- 0.746 = -V, = 13.74 m°/m (that must be maintained) .
Now, for borrow pit = Ymeist = 18 KN/m*, %w = 8% , Gy = 2.67 , Vp =27

mois 18

Yary = YHWt = ——=16.67 kKN/m’.
Yary = Gsx\:,‘, 16,67 = 267%981 . _ 457
e=1"s_, 057 ="1"B" ,y —216m¥m /.

Vg 13.74
b)
%W =10% , Gg=2.67 , e=0.746

S.e=Gow—o S =222% = 0358 =35.80% /.
0.746
c)
S=1",butV, =777
n= &,also n=—= 0746 _ 0.427
Vr 1+e  1+0.746

-V, =nxVy = 0427 X 24 = 10.25 m/m

V, =S XV, =0.358 % 10.25 = 3.67 m/m V.
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9. (Mid 2010):
The results of a standard compaction test for a soil having a value of
(Gg = 2.5) are shown in the table below.

Water Content (%0) 6.2 | 81| 9.8 |11.5]|12.3|13.2
Unit Weight (KN/m®) | 16.9 | 18.7 | 19.5 | 20.5 | 20.4 | 20.1

Find:

e The optimum water content.

e The maximum dry unit weight.

e The void ratio (e).

e Degree of saturation (S).

e Moisture unit weight.

e Find the weight of water need to be added to 1m® to reach 100%

degree of saturation.
Solution

Firstly, we caluculate the value of dry unit weight in the following table:
Water Content (%) 62 | 81 | ¥ (115) 123 | 132
Water Content (value) 0.062 | 0.081 | 0.098 | 0.115 | 0.123 | 0.132 100
Unit Weight (KN/m?®) 169 | 18.7 | 19.5 | 205 | 20.4 | 201
Dry unit Weight (KN/m?®) | 15.91 | 17.3 | 17.76 |(18.4) 18.17 | 17.76

_ Ymoist
Yary = 1T4+w

From the above table we note that the optimum water content = 11.5% v
And the maximum dry density = 18.4 kN/m®v and the following graph will ensure
these results:
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Now, we have the following:
Yary = 184 kN/m® | %w =11.5% , Gg = 2.5
Gy X 2.5 x9.81
Yary = iJlW ~>184=—"——-e=0334/.
S.e=Gowo S =222 086 =86% v.

Moisture unit weigh(;.ze;ist in the given table and equal 20.5(this part just for confusion
s0, trust by yourself ©) v .

The last requiered :

=2 = 0.134 = 13.4%

ymoist’loo%(sat) = 184(1 + 0134) = 20.86 KN/ITI3

S::I.OO% - WlOO% =

Weight of water to be added = 20.86—20.5 = 0.36 KN/m3 /.
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10. (Mid 2009):

A sample of saturated clay was placed in a container and weighed. The
weight was 6N. The clay in its container was placed in an oven dray for 24 hours
@ 105°C. The weight reduced to a constant weight of 5N. The weight of the
container is 1N. If Gg = 2.7, determine:

(@). Water content.

(b). Void ratio.

(c). Moist unit weight.

(d). Dry unit weight.

(e). Effective unit weight (Submerged unit weight).

Solution
Givens:
Wywet + Weontainer = 6N Wdry + Weontainer = 5N, Weontainer = IN , Gg = 2.7
@)

Wwet = Wwet + WContainer - WContainer =6—1=05N.
Wdl‘y = Wdry + WContainer - WContainer =5—1=4N.

Wiyer — W -
Yow = —2t YV 100% = x 100% = 25% v/ .
dry 4
(b).
Saturated clay—S=1
S.e=Gowo e =222 = 9675/
(c).
GsXVuwX(14+Waseq)  2.7X9.81X(1+0.25)

Ymoist 100%(sat) = ey 20 = 1976 KN/mP /.
(d).

— Ymoist __ 1976 3
Yary = o = Trozs = 108 KN/m® /.
(). ‘ ;

Effective unit weight : 4sS (sl 0505 Qlel i (g) (s Lt 4 il Glpad dladl) A4S o

YEff = Ysat — Ywater = 19.76 —9.81 = 9.95 KN/m?3 v.
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11. (Mid 2009):

An earth dam requires one million cubic meter of soil compacted to a
void ratio of 0.8. In the vicinity(<_gl) of the proposed dam, three borrow pits
were identified as having suitable materials. The cost of purchasing the soil and
the cost of excavation are the same for each borrow pit. The only difference of
the cost for each borrow pit is the cost of transportation.

Which borrow pit would be the most economical?

: Void Transportation cost
Borrow pit No. i /md)
1 1.8 0.6
2 0.9 1
3 1.5 0.75
Solution

el 8 A Ll 5 AS gadall il (e nSa e (gl | allaly Camy s £ L) ol jr ) gead) 7 0
8353 50 Al e g )5l 3 an g Cumy L Lele Jalia) Cany Vg J e A 2a 8 il | 0.8 (s
Lolial) Jo 5 4885 aa g 531 028 (g g g3 Gt alag) sl il | sl oL lSa e il

Al 4 el Vo dad e

Firstly, we calculate the value of V; that required for earth dam as following:

= % = _VTV_VS - 08 = %OO_VS — V, = 555,555.5m3 that must be maintained.
For borrow pit #1 :
e=1.8
Vp — Vg L8 Vp — 555,555.5 v 1555 555 4 m
= - Lo= - =45 )] . .
) Vs 555,555.5 T m

So, the total cost for borrow pit #1 =1,555,555.4 m® X 0.6% = 933,333%.
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For borrow pit #2 :
e=0.9
Vr — Vg Vr — 555,555.5

9= =1 4 m3.
V. - 09 555 555.5 - Vg ,055,555.4 m

e =
So, the total cost for borrow pit #2 =1,055,555.4 m® x 1-= = 1,055,555.45 .

For borrow pit #3 :
e=1.5
Vr — Vg Vr — 555,555.5

15 = Vp = 1,388,888.8 m®.
v, 5555555 ‘T m

e =

So, the total cost for borrow pit #2 =1,388,888.8 m® x 0.75% = 1,041,666.6% .

Choose the borrow pit #1 which has the lowest cost v'.
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12. (Mid 2007):

A dry sand is placed in a container having a volume of 0.3 ft*. The dry
weight of the sample is 31 Ib. Water is carefully added to the container so as not to
disturb the condition of the sand. When the container is filled, the combined
weight of soil plus water is 38.2 1b. From these data, compute the void ratio of soil
in the container, and the specific gravity of the soil particles.

[Hint: water density = 62.4 1b/ft°]
Solution
e al ele sl of Aandle ma, . e pan 4l ele g Jaly Al 4 i) e A gl 1 led) 704
Cady o olall Galiataly dgladl 1o ele ) 8 A4 5 o G ele Sl ) olall dilia) o5 @ll any
A by &l oa Julls, ele ol e 5 Jalsll &l g o) ) b s (abaie¥) &l
 100% OS5 pill s jo gl JAll g addl)

Givens:
Vp =03t , Wyy =311, S=1, Wy, =382 1b

opw = —satWdry 49004 = 2231 X 100% = 23.2%
dry

_ War __ 31 3
Yary = V_Ty === 103.33 Ib/ft

AlSO, Ygry = 20w {10333 = 2% > Eqn.l

1+e 1+e

Se=Gsw-[1xe=0232GL [ gqn2

Substituting from 2 to 1- 103.33 = —oos _
1+0.232Gg

e = 0.232G5 = 0.232 X 2.69 = 0.624 /.

- Gg = 2.69V.
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13. (Mid 2007):

The moist densiteis and degree of saturation of a soil sample are given in the
following table:

Soil Density (Kg/m®) | Degree of Saturation (%)
1690 45
1808 75
Determine the weight of water in Kg, that will be in 7 m® of the soil when it
saturated.
Solution
Firstly, we must find the values of G , e
GgXpwXx(1+w) S.
we know that  pyist = #, and w = G—Se
S.e
GgXpwX|1+—
So, the eqn. will be in this form : [proist = — v1+¢(a Gs) > Ean*
Case#1:
Pmoist = 1690 Kg/m® | S =45% , substitute in Eqn.*
0.45e

G X 1000 X (1 + ) N g

1690 =
1+e
Case#2:
Pmoist = 1808 Kg/m® | S =75% , substitute in Eqn.*
0.75e
Gg X 1000 x (1 +

1+e

Now, by solving the two equations (solve by your self) the results are :

G; =249 , e=0.648

Now, the required is the weight of water in Kg will be added in V3 = 7 m® when
S=100%(saturated)
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Sxe 1x0.648

% — = = 0.26 = 26%.
Wio0% =76 2.49 %
W= l\:awalt-zr , > W=V , Myar(required) , but Mgyq =?77?

Now, Gg = % - Psolid = 1000 X 2.49 = 2490 Kg/m®

Msolid
Psolid =~y = Msolia = 2490V,
S

e 0648
N e 1+0648

= 0.393.

n=:roV,=0393x7=2751m’

T
Vi=Vpr—V,=7—2751 =425m".
S0, Mgopiq = 2490 x 4.25 = 10582.5 Kg.

Finally, My, ater = W X Mgqiq = 0.26 X 10582.5 = 2751.45Kg V.
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14. (Mid 2006):
A borrow material has a volume of 191,000 m® and void ratio of 1.2. After
compaction its new void ratio is 0.7, find the corresponding volume?
Solution

Givens:

Vr; =191,000m° , e, =12 , Vg, =77, e, =0.7
The main idea of this problem that the value of Vg is constant.
Befor compaction:

e, = vT\l/_—v 1.2 =200 v = g6818.18 m°
After compaction:
e, = 2Vs 07 = T2 Ly~ 147,5909m° /.

s 86818.18
15. (Mid 2006):
The total volume of a soil specimen is 80,000 mm® and it weighs 150

grams. The dry weight of the specimen is 130 grams and the density of the soil
solids is 2680 Kg/m®. Find the following:

a) The water content.

b) Void Ratio.

c) Porosity.

d) Degree of saturation.

e) Saturated unit weight.

f) Dry unit weight.

Solution
Givens:
Vp = 80,000 mm® , My = 150 gm , Mg,y = 130 gm , ps = 2680 Kg/m®
a)
150-130

X 100% = 15.38% v .

Mmoist—Mq
%w = ———2 x 100% =
Mdry
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b)

Vo = 80,000 mm®= 80,000 x 10™° = 80 x 107° m®

Pary = “ffry = 1830051100__: = 1625 Kg/m®

Gg X Py 2.68 x 1000
Pary = —o” = 1625 = T —— > e = 0,649/
C)
ne—t 200 293,

1+e 1+0649

d)
S.e=Gy.w - § = =2 = 250 — 0,635 = 63.5% /.
€)
S=1> Wypg = 12‘_’;“9 = 0.242 = 24.2
Vmoist100%(sar) = —reces=t)  2OPOEXCIED — 19.8 KN/m' /.

f)

Pary = 1625 Kg/m°- yqpy = 1625 x 9.81 X 1073 = 15.94 KN/m* /.
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16. (Mid 2005):
A sample of moist soil was found to have the following characteristics:
Volume  0.01456 m® (as sampled)
Mass 25.74 Kg (as sampled)
22.10 Kg (after oven drying)
Specific gravity of solids: 2.69
e Find the density, dry unit weight, void ratio, porosity, degree of saturation for

the soil.
e What would be the moist unit weight when the degree of saturation is 80%?
Solution
Givens:
Vr =0.01456 m* , Mpise = 25.74 Kg , Mgy = 22.1Kg , Gg = 2.69

(The first required is density that means moist and dry densities)

_ Mmoist _ 25.74 _ 3
pmoist - Vo - 0.01456 - 176756 Kg/m \/

_ Mgry 221 3
Pary = = = Torase = 1517.86 Kg/m’ /.

Pary = 1517.86 Kg/m®— yg4py = 1517.86 x 9.81 X 1073 = 14.89 KN/m* /.

Gs X Yw _ 2.69 x 9.81

Yary = 1+4+e - 1489 1+e

S.e=Gg.w - w =27
Pmoist = Pary(1 +w) = 1767.56 = 1517.86(1 + w) » w = 0.1645 = 16.45%
o _ GeW _ 269 X 01645

-»e=0.772 V.

=0.573 =573% V.

c 0.772
[ ]
_Se_08x0772_ o o0
WG, T 269 L eeTTesTh
GsXYw(1+w)  2.69%9.81X(1+0.229)
Ymoist = —— oo = ———————— = 18 3KN/m’V/.
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17. (Final 2009):

Dry soil with Gg = 2.7 is mixed with water to produce 20% water content
and compacted to produce a cylindrical sample of 40 mm diameter and 80mm long
with 5% air content. Calculate the following:

A- Mass of the mixed soil that will be required.

B- Void ratio of the sample.

C- Dry, moisture and saturated unit weight.

D- Amount of water to be added for full saturation.

Solution

Givens:
Vr = volime of the cylindrical sample = E X (0.04)% x 0.08 = 1.005 x 10~* m®
%w=20% , aircontent=5% , Gg = 2.7

. Vai Vai
Important Note: Air content = % - 0.05 = ‘;‘” V,ir = 0.05V
T T
A-
(Mpixed soil = Msolia) because the mixed soil is a dry soil and Mg, = Mgqiiq
— M t — M t — M t _
W= M‘:;: - 1v[solid - Vx = = 3,; = - Msolid =5 Mwater—> Eqn-l

G = Psolid _, 5 4= 1000 X 2.7 = 2700 Kg/m®

Pwater

Psolid = —solid _, Msolig = 2700 Vs = Eqn.2

Vsolid
— — Mwater _ Mwater _
VV - Vair + VWater ' and pWater - - VWater - ) and VV - VT - VS
Vwater Pwater
M
- Vp— Vg = 0.05Vy + —2%L but, Vp = 1.005 x 10~* and pyarer = 1000 Kg/m®
Pwater
M
So, Vg = 0.95Vy — —2%L — Vo = 9.5 X 107> — 0.001 My, a¢er
Pwater

Now, substitute in Eqn.2: = Mg,jiq = 0.2565 — 2.7 M,.ter — Substitute in Eq. 1
— 0.2565 — 2.7 Myater = 5 Myater @ Mwater =0.0333Kg.

Mgoliq = 5 % 0.0333 = 0.1665 Kg V.
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B-
e= % - Vg =9.5X107° - 0.001 Myater = Vs = 9.5 X 107> — 0.001 X 0.0333

Vs =617 x107°m®
Vy = Vp— Vg =1.005x 10~ - 6.17 x 107° = 3.88 x 107> m°

Then, e = %_0628 v.

C-
GsXYw  2.7X9.81

Yary = g = Troopg = 1627 KN/m® v

GsXyw(14W) _ 2.7x9.81(1+0.2)

Ymoist = 10— —— 22 = 19.52 KN/m® /.
Gsxyw(1+3) _1xe

Ysat = T (Saturated - S=1-w =
27x9.81(1+57%) 2

Ysat = ——o 22— = 20.05 KN/m’ /.

D-

Amount (KN/M®) = Yqat— Ymoist = Amount (KN) = (Ysat—Ymoist) X Vr

Amount (KN) = (20.05_19.52) X 1.00510* = 5.32651075KN v .

Amount (Kg) = 5.3265 x 1075 x %’0 = 5.4296 x 1073 Kg v .
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18.

A saturated soil sample has an initial total volume of 100 cm® and a moisture
content of 63%. The soil is then compressed so that the volume is reduced by 10
cm® and the moisture content reduces to 53%. If the soil remains fully saturated,
calculate the Specific Gravity Gs.

Solution
Givens:
Vry =100 cm3® , w%,; = 63%, Vy, = 100 —10 = 90 cm® , w%, = 53%
S; =S, =100%, s =777

Calculate the void ration in each case (using given volumes):
_ Vpp;—Vs  100-Vs 100

= —1-Eq.(1
€1 v, v, v, - Eq. (1)
Vi, =V, 90 -Vs 90
e, = T’ZV = = v S=7—1—>Eq.(2)
S S S

Calculate the void ration in each case (using given volumes):
Sl.el == GS'Wl i 1 X el = 063GS - el = 063 GS - Eq (3)
Sz.ez == GS'WZ i 1 X ez = 053GS - ez = 053 GS - Eq (4)

By equating Eq.(1) and Eq.(3):

100 158.73

—1=0.63G5 = Gg = — 1.587 — Eq.(5)
Vs Vs
By equating Eq.(1) and Eq.(3):
90 169.81
——1=0.53G5 - Gg = — 1.887 = Eq. (6)
Vs Vs
Now, by equating Eq.(5) and Eq.(6):
158.73 169.81

— 7 = — 1.887 = (multiply each side by V;) —-—

1.58
Vs Vs
158.73 — 1.587V, = 169.81 — 1.887 V, - V, = 36.93 cm?®
Now to calculate G Substitute in Eq.(5) or Eq.(6):

158.73 158.73
Gy = T — 1587 = Gy = - o~ 1.587 =271 /.
169.81 169.81
OR G, = T 1.887 = Gy = ———— 1.887 = 271/
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19.

Moist clayey soil has initial void ratio of 1.5, dry mass of 80gm, and specific
gravity of solid particles of 2.5.The sample is exposed to atmosphere so that the
sample volume decrease to one half of its initial volume . Calculate the following:
a) The new void ratio.

b) Mass of water if degree of saturation became 25 %.

Solution
Givens:
e; =15 , Mgry = Mgqjig = 80gm , Gg =2.5,Vp, = 0.5V,
a)
Firstly, we must calculate the value of V; that must be the same in each case.
Vr1—V Vr1=V
el - —T,\lls £ i 15 == _T’\lls = ) VT’]_ :???
_ Mgry  Ggxpy, _ 0.08  2.5x1000 _ 5.3
pdry o VT,l o ;+e1 _) VT,l o 1+1.5 _) VT'l o 8 X 10 m '
—5_
S0,15 === 5V, =32x1075 m’

S

Now, Vr, = 05X 8Xx 1075 = 4 x 1075 m*.
_Vpp—Vy 4x107°—-32x107°

e2 = VS 32 < 10_5 = 025 /
b)

e =025, S=25% , G =2.5

S = Ge.w > W = "2 = 0025 = 2.5%.

W = water _, \ = 0.025 X 0.08 = 2 x 1073Kg = 2gm V.

Msolid
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20.

Soil has been compacted in an embankment at a bulk unit weight of 2.15 t/m*
And water content of 12% , the solid particles of soil having specific gravity of 2.65.
a) Calculate the dry unit weight, degree of saturation, and air content.
b) Would it possible to compact the above soil at a water content of 13.5% to a dry
unit weight of 2 t/m°.

Solution
Givens:
Ybulk = Ymoist = 2.15 /m* = 2.15 x 9.81 = 21.0915 KN/m® (assume
9=9.81m/s?)
%w=12% , G = 2.65
a)

__ Ymoist __ 21.0915

= 18.83 KN/m3/.

Yary = pw T Troaz

Gs X Y 2.65 x9.81
Ydry = 1—+e — 18.83 = 1—+e — e = 0.38.
Se=Go.w—oS=222%2_ (837 =83.7% .

0.38

. V.,;
Air content = 2% =?7?
Vr

Vi = Vair + Vivater [ Eqn.x

VV = VT - VS
Wwa er
W = _t = Wyater = 0.12 Wgjiq
Wsolld
Ysolid Ws Ws
S Yeater Ysolid VS — Ug VS X Ywater - S S S X Ywater
Substitute in Eqn.1 = W, ater = 0.12 X 2.65 X 9.81 X Vg = W, 5ter = 3.12 Vg
3.12 Vg
Viyater = —2 5 Vyater = ——— = 0.318 Vg
water ater water 981
— — Ws _ Gs XVsXYwater _
Ydry = 18.83 = Ve Vo — Vg =0.7243 Vp

- Vyater = 0.318 X 0.7243 Vi = 0.23 Vy
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Substitute in Eqn.*

Vi — Vs = Vair + Vivater

- Vp — 0.7243 Vg = Vi + 0.23 V¢ (Dividing by Vy)
Vair Vair

+ 0.23 -
T T

- 1-0.7243 =

b)
%W =13.5% , ygry = 2 t/m° = 2 X 9.81 = 19.62 KN/m*(need to check)

= 0.0457 = 4.57% (Air content) V.

If yzav > 19.62 - Ok, else —» Not Ok.

Gs X Yw Gs.w  2.65 X 0.135 0.3577
= L= = = 0.
YZAV 1 + emln emln Smax 1
2.65%X9.81

Yzav = T oo = 19.147 KN/m’ <19.62 — Not possible'.

Because the value of y; 5 v is the maximum value of dry unit weight can be reach.

Another solution:

It’s supposed that the value of (e) must be greater than the value of (ep;,)
_ Gg.w  2.65x0.135

emin = Smax 1 - 0.3577
Gs X Yw 2.65 % 9.81 _
Yay = o 7 19.62 = 13 _°°< 0.325 < epin = Not possiblev'.
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21.

A specimen of soil was immersed in mercury. The mercury which came out
was collected and it’s weight was 290gm. The sample was oven dreid and it’s
weight became 30.2gm. if the specific gravity was 2.7 and weight of soil in natural
state was 34.6gm. Determine :

a) Tge void ratio,and porosity.
b) Water content of the original sample.
c) Degree of saturation of the original sample.
[Hint: the dnsity of mercury is 13.6 gm/cm®]
Solution
Givens:
Mmer.(came outy = 290gm , Mg,y = 30.2gm , My = 34.6gm , Gg = 2.7
Archimedes Law: The volume of specimen equal the voulme of liquid came out.
Vi = smer — 290 _ 99 37 cm®= 21.32 x 1076 m®.

Pmer 13.6
a)
My 30.2x1073 3
Pdry = V;‘y = Jrsaxto — 141651 Kg/m

Gs X Pu 2.7 x 1000
Pary =75 — 141651 =—————e= 0.906V .

__e _ 0906 _ ..
N T e 0906+1 '

b)
M. o —M 34.6 — 30.2
Opw = —2oIst 7Y 1000 = 2" % 100% = 14.57% .
My 30.2
c)
2.7%X0.1457

Se=Gaw— S =200 04342 = 43.42% V.
0.906
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22. (Important)

The in-situ(field) moisture content of a soil is 18% and it’s moisture unit
weight is 105 pcf (1b/ft%). The specific gravity of soil solids is 2.75. This soil is to
be excavated and transported to a construction site ,and then compacted to a
minimum dry weight of 103.5 pcf at a moisture content of 20 %.

a) How many cubic yards of excavated soil are needed to produce 10,000 yd*of
compacted fill?
b) How many truckloads are needed to transprt the excavated soil if each truck can
carry 20 tons?
[ Hint: 1ton = 20001b , 1yd*=27ft* | y,, = 62.4pcf] (I advise you to remember these units)
Solution

Givens:

e For excavated soil (in-situ soil)
Y%W=18% , Ymoist = 105 pcf , Gg = 2.75
e For soil in the constrction site
%w=20% , v4ry = 103.5 pcf , Gg = 2.75
0 o o125 3yl i, i il s (i 5o (3 A e Ul 2m 52 el 200
sl Ll gem g die 5 il je A Ll 4y il oda Jia oy g UL, lelLEY) Jae Y (e @dga B
Viad o) la US3 LS Tl 5 L (81, | Lpaailiad (ymmy st o gan UL 5 LeSad oy o gms o LESY)
o Lpana iy Y Adeall i) 08 345 L35 W Fed Lyl 255 i
a)
VT,excavated soil =27, VT,constrction site soil = 10,000 yd3
For constrction site soil :

Gs X Yw 2.75 X 62.4
Ydry = 1+e - 103.5 = 1—+e — e = 0.658
e =125 0,658 = == - V; = 6031.36 yd® (That must be maintained)

Now, for excavated soil :
Gs X Yw(1 +w) 2.75 X 62.4x (14 0.18)
- 105 =
1+e 1+e

Ymoist =

— e = (0.9284

o= Vr=Vs | §gogg — Yr=603136

_ 3
- 5 Vp = 11,6314 yd /
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b)
To find the number of trucks to transport the excavated soil we need two things:
- The total volume of excavated soil (in part a we calculate it =11,631.4 yd®)
- The total volume of each truck.
Each truck can carry 20 tons of excavated soil ....we want to convert this weight to
volume as following:
For each truck:

Winoi Winoi K (20tonx2000)Ib
Y L= moist >V = moist,truc — — 38095 ft3.
moist vV T,truc ] . 105
T Ymoist,excavated soil
380.95
V1 truck = 380.95 ft° = =14.1yd®
_ 11,6314

So, # of trucks =Y .excavated soil = 824.9 truck V.

VT,truck 14.1

Don’t say 825 because you have only 90 % (0.9) of the truck.
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23. (Important)

An embankment for a highway 30 m wide and 1.5 m thick is to be
constructed from sandy soil, trucked in from a borrow pit . The water content of the
sandy soil in the borrow pit is 15% and its void ratio is 0.69. Specifications require
the embankment to compact to a dry weight of 18 KN/m?®. Determine- for 1 km
length of embankment-the following:

a) The dry unit weight of sandy soil from the borrow pit to construct the
embankment, assuming that Gg = 2.7.

b) The number of 10 m* truckloads of sandy soil required to construct the
embankment.

c) The weight of water per truck load of sandy soil.

d) The degree of saturation of the in-situ sandy soil.

Solution

Givens:
e For borrow pit (in-situ soil)
%w=15% , e =0.69 , Gy, = 2.7
e [For embankment soil
Vp =30 X 1.5 X 1000 = 45,000 m® , yg,y = 18 KN/m?® , Gg = 2.7
W Jlian] oty & il o3 of Cus diane (al 53 Ld A 5 5] )y ooy s Lial s e ) gmsd) 7
Gk o 1) S ) el i Cua A al 52 Ld S5 (DOrrow pit) Ll daada (Sl (a
s Ol 4 il elas 3 Laga 43y by cpallal) DS a Lt (65 Vg A () g pmall (a5, lials
oy Y Alall clyal)

a)

_ GgXYw _ 2.7X9.81 3
Ydry = 0 = 1roes = 15.67 KN/m".
b)

_ 3 —
VT,truck =10 m" but VT,borrow pitsoil =77

For embankment soil:

Gs X Yw | o _ 27 %981 oaris
= ﬁ T — ﬁ —_ . .
Vary 1+4+e 14e ©

VT _Vs

45,000—V

- 04715 =

S S

e= — V, = 30,581 m® (That must be maintained)
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Now, for borrow pit soil:

_ VT—V _ VT—30,581 _ 3
- Vg == 0.69 = 30,581 - VT,borrowpitsoil - 51r682 m-.
\Y it soi 51,682
So, # of trucks =—orrow pitsoll _ = 5168.2 truck v'.

T,truck

c)
For each truck = Vr iy = 10 m®
Yary = 15.67 KN/m® for borrow pit soil

Now, Yary = V\:,d;y
- Wary,eruck = 10 X 15.67 = 156.7 KN.

%wz"l’NWTa::r — Wyater truck = 156.7 X 0.15 = 23.5 KNV
d)

S.e=Gg.w—- S =

- for each truck - Wdry,truck = Ydry X VT,truck

2.7X.15
0.69

= 0.587 = 58.7% Vv .
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24. (Very Important)

Your company has won a contract to provide and compact the fill material
for an earth levee (“llbaxl il ey 2w )with the dimensions shown below. The
levee fill is a silty clay soil to be compacted to at least 95% of maximum standard
proctor of yq, = 106pcf at an OMC of 18%. Your borrow pit has a silty clay with
an in-situ moist density of 112.1pcf at 18% moisture content, and G; = 2.68. When
the soil is excavated and loaded on to your trucks, the void ratio of material is
e=1.47. Your trucks can haul 15 yd®of materials per trip.

a) Determine the volume of fill required for levee.
b) Determine the volume required from the borrow pit.
c) Determine the required number of trucks.

Earth Levee

Solution
Givens:
e For borrow pit (in-situ soil)
Yinoist = 112.1pcf , %w=18% , G, = 2.68
e For earth levee fill
Vr(Dimensions) , R.C = 95% (Relative Compaction) , Ydry,maxproctor = 106pcf
%w = OMC =18% (Optimum Moisture Content) Gg = 2.68
e For excavated soil (that will be loaded): e = 1.47 ,Gg = 2.68 , Ve = 15yd’
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A5 0 sS Lanie (A 2 5l e 3 Ll as gy 40l Adlsal) 3 8 a3l 1) geud) 7 i
OF n Ll 5a o paad A i) () T (AN Al L Gl sa Ll 0 5S5 Cum (ia JY) (3 45 e
ol s 050 3l yall audl @ g 8l Al ;RSN Aladl, clialall b Jal s juaa
Clialall ) LeilSa o 4 5l J JOA Y s () ilaial) (e 40U A Gl Liag) Jaa DU L
O .. €=1.47 ISl el YA (e peaial 5 138 5 Lgnal g2 aii g LT o gas 43 il i 8
e D Laaa ] ang Ly 5 Apadl g SISV LT i)l 5udl (8 a5 a1 Al o2a

a)

Volume of Levee= (Area of trapezoidal) X (Length of Levee)
VI Levee = [G x (20 + (20 + 40 + 60))) x 20| x [450] = 630,000 ft*v .
b)

For the earth levee:

R.C = _Ydryfield Ydry field = 0.95 x 106 = 100.7pcf.(That’s the true value in site)

Ydry,proctor
Ge X Yoy 2.68 X 62.4
Ydry = 1+e —>100.7=1—+e—>e=0-66
o — % - 0.66 = 229207,y = 379,518 f® (That must be maintained)

S S

Now, for borrow pit soil:

G XV (14+W) 2.68X62.4%(1+0.18)

Ymoist — T - 112.1 = Tte — e =0.76

V-V Vr—379,518
e = TV—S - 0.76 = '1;;79? - VT,borrOWpitsoil = 66719517 ft3 v.
c)
# of trucks = VT'E“"’V;tEd(I"adEd) soll g =1.47 for excavated soil

T,truck

V-V Vr—379,518
e =T o 147 = TP o Vi excavated soil = 9374095 ft
Vi truck = 15 yd®= 15 x 27=405 ft*
# of trucks —2374095 _ 2314.6 truck v'.
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How to classify soil according Unified Soil Classification System

Useful Parameters

(USCS)

v R,00 = Cumulative % retain on sieve # 200 (0.075 mm sieve opening).
v R,= Cumulative % retain on sieve # 4 (4.75 mm sieve opening).

R ) . )
v/ — = Coarse fraction retained on #4 seive.

200

v F500= Cumulative % passing from sieve # 200 (% Fines)
v' PI = Plasticity Index = Liquid Limit (LL) — Plastic Limit (PL)

Letters in Symbols

v' S = Sand
v C = Clay
v' M = Silt
v' G = Gravel

v'W = Well Graded
v' P = Poorly Graded

Standard Sieves

N\

The most Important in Soil Classification

Sieve NO Sieve Opening (mm)

11/2" 37.5

1" 25
3/4" 19
1/2" 12.5
3/8" 9.5

#4 4.75

#8 3.36
#16 1.18
#30 0.6
#50 0.3
#100 0.15
#200 0.075
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Classification Procedures

1. Finding Group Symbol from (Table 5.2 P.131) According the
following procedures:
a. Determine whether the soil is Coarse-grained or Fine-grained:
- IfRyp9 > 50% — Coarse — grained soil.
- IfRyp9 < 50% — Fine — grained soil
Where:R,, = Cumulative % retain on sieve # 200 (0.075 mm sieve opening).
b. If the soil is Coarse-grained soil— Follow the following:

- If 2+ 5 500 - The soil is Gravel.

200
Re < 509% — The soil is Sand.

- If
200
Where: R,= Cumulative % retain on sieve # 4 (4.75 mm sieve opening).

R ) . )
2 = Coarse fraction retained on #4 seive.

200
- If the soil is gravel — Follow the following:

v If F,00 < 5% —Choose Group Symbol according to values of (C, & C,)

v If F,00 > 12% —Choose Group Symbol according to values of (P1) and
you may use the footnote (d) below table (5.2) if4 < PI < 7.

v 1f5% < F,40 < 12% —Choose Group Symbol according to footnote (a)
below table (5.2).

- If the soil is sand — Follow the following:

v If F,00 < 5% —Choose Group Symbol according to values of (C, & C,)

v If F,00 > 12% —Choose Group Symbol according to values of (P1) and
you may use the footnote (d) below table (5.2) if4 < PI < 7.

v 1f5% < F,40 < 12% —Choose Group Symbol according to footnote (b)

below table (5.2).
Where: F,90= Cumulative % passing from sieve # 200 (% Fines)

Important Notes:
e [f you have to go to footnote (d) below the table you must choose
GC-GM=- if the soil is gravel , and choose SC-SM— if the soil is sand

e “A” line equation— Pl _jjpe = 0.73(LL — 20)
If PI = Pl_jine(on), If PI > Pl _jine(above), If PI < Pl4_in0(below)
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e |f you have to go to footnote (a) or (b) below the table — you have
more than one choice. How to find the correct symbol:
Assume that you have a gravel soil (for example) and 5% < F,o0 < 12%
You have to go to footnote (a) and you have the following choices:
(GW-GM, GW-GC, GP-GM, GP-GC) only one of them is true.
You will take each symbol and check it whether achieve the conditions or not
Firstly, you take GW-GM and check it ...you must check each part of this
dual symbol as following:
GW: check it from table 5.2 according to values of (C, & C,)
GM: check it from table 5.2 according to value of (PI)
If one of them doesn’t achieve the condition you will reject the symbol
(GW-GM) and apply the same procedures on other symbols till one of the
symbols achieve the conditions (each part (from the 2 parts)) achieve the
conditions ...only one symbol will achieve the conditions.
If you check GW (for example) in GW-GM, you don’t need to check it
another time in GW-GC ..Because it is the same check.
The same procedures above will apply if you have to go to footnote (b).
c. If the soil is Fine-grained soil— Follow the following:
- According to value of liquid limit (LL) either LL< 50 or LL> 50.
- Always we deal with inorganic soil and don’t deal with organic soil.
- IfLL< 50, Choose Group Symbol according to values of (PI) and you may
use the footnote (e) below table (5.2) if4 < PI< 7.
- If LL= 50, Choose Group Symbol according to comparison between P1 of
soil and PI from “A” line.
2. Finding group name:
a. From (figure 5.4 P.133) for Coarse (gravel & sand) and from (figure 5.5
P.143) for Fines (silt & clay).
b. To find group name easily you should know the following:
B 06 Sand = R,00 — Ry , % Gravel = R,
®  The value of (PI) >>>( in what range).
®  Comparison between PI & Pl4_j;ne to know (on, above or below A-line).
® 0% Plus #200 sieve = % cumulative retained on #200 sieve = R, -
Important Note: All values of R4, R,g0and F,y, must depend on sieve analysis>>
must be cumulative (“R” increase with opening decrease and “F” decrease with
opening decrease).
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25. (Mid 2013):

Classify the following soils using the unified soil classification system.
give group symbol & group name.

a. A 55% of soil sample retained on sieve No.4 and 89% retained on sieve
N0.200. The soil has a liquid limit (LL) =28% and plastic limit (PL) =18% ,
Cu,=4.2, C.=1.4, (A-line: P1=0.73(LL-20)).

Solution

Givens:

R, =55% , R,y = 89% (R increase>> so,Comulative) ,

Fo00 = 100% — Rypo = 11% , LL=28% , PL=18% , Pl=LL-PL=28-18=10%

C=4.2 , C=14

1. Finding Group Symbol from Table (5.2):

a) Determine whether the soil is Coarse-grained or Fine-grained:
Ry00 = 89% > 50% — Coarse — grained soil.
b) Determine whether the soil is gravel or sand:

Re 100% = % x 100% = 61.8% > 50% — The soil is Gravel.

200
Fo00 = 11% — 5% < F,40 < 12% —Choose Group Symbol according the

footnote (a) below table (5.2).
- The group symbol must be one of the following :
GW-GM, GW-GC, GP-GM, GP-GC>> Now we check each symbol
GW- according the values of C, & C¢:
C,=42>4 AND C=14(1<Cc<3)-GWisOk.
GM-— according the values of Pl or A-line equation:
PI=10% >4— Not ok OR PI plots below “A”-line—
Pla_jine = 0.73(28 — 20) = 5.84 < 10 — above (not below) —» GM is Not Ok
So, each symbol having GM must be canceled(GW-GM & GP-GM)
Now we want to check only one of (GC and GP) to know the correct symbol
because one of them is true and the other is false
Try GP— according the values of C, & C,:
C,=4.2>4notok AND/OR Cs=1.4(1 <Cc<3)notok — GPis
Not Ok— GP-GC Not Ok — so, the group Symbol is GW-GC V.
Note: (1> C>3) means C.>3 OR C<1
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2. Finding Group Name from Figure (5.4):
% Sand = Ryp9 — R4 = 89% — 55% = 34% > 15% —— The group name is:
Well-graded gravel with clay and sand (or silty clay and sand) v'.

b. 200 grams of a soil sample has a grain size distribution as shown in the table
below with a liquid limit of 32% and plastic limit of 15%.

Particle Size (mm) | 4.75]2.36| 1.3 | 0.6 | 0.2 |0.075
Retained (grams) 12 | 15 | 13 | 28 | 20 2

Solution

Givens:
LL=32% , PL=15% , Pl=LL-PL=32-15=17% , M,; = 200 gram,
From the given table we note the following:
v" The given is the mass retained (not percent).
v" The given mass is not comulative.
v’ So, we must calculate the % comulative Retained as shown in the following

table : #4 #200
Particle Size (mm) 4751236 | 1.3 | 06 | 0.2 | 0.075
Retained (grams) 12 15 13 28 20 2
Cumulative Retained (grams) 12 27 40 68 88 90
% Com. Retained (%) 6 | 135 | 20 34 44 45
% Com. Passing (%) 94 | 86.5| 80 66 56 55

Calculation in the above table was done according the following:
Cumulative Retained (grams) —»12—-12+15=27—-27+13= 40—»40+28=68 and so on.

% Com. Retained (%) _ Cumulative Retained (grams) % 100%
Mg0i1=200 gram
% Com. Passing (%) = 100% — % Com. Retained (%)
Now, from the above table— R, = 6% , Ry = 45% , Fy90 =55%

1. Finding Group Symbol from Table (5.2):
a) Determine whether the soil is Coarse-grained or Fine-grained:

Ry00 = 45% < 50% — Fine — grained soil.
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b) Finding group symbol from the lower part of table (5.2):
LL= 32 < 50 & Inorganic soil —» Classify according Pl and “A”-line
->Pl=17% > 7
— Pla_jine = 0.73(32 — 20) = 8.76 < 17 — above
So, PI > 7 AND Plots above “A”-line —» Group Symbol is CL v".
2. Finding Group Name from Figure (5.5):
The following parameters will be used:
LL=32 , PI=17and Plots above “A”-line , %plus N0.200 = R,,, = 45%
% Sand = R,50 — R, =45—-6 =39% , %Gravel =R, = 6%
Now, we find group name as following:
LL= 32 < 50 — Inorganic — PI > 7and Plots above “A”-line
— CL - Ryp0 = 45% > 30% — %Sand = 39% > %Gravel = 6%
- %Gravel = 6% < 15% —— Group Name is Sandy Lean Clay v'.
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26. (Mid 2012):
Using the unified soil classification system to classify the following soils.
(Group Symbol & Group Name).
a. A 65% of the soil sample retained on No.4 Sieve, 30% retained on N0.200
Sieve, C,=3 and C.=0.9.Also the LL = 28% and PL = 24.5% ,
(“A”-line: P1 = 0.73(LL-20)).

Solution

Givens:
Ry, =65% , Ryp9=65% + 30% = 95% — Fyp0 = 5% (Why) — Because the
values must be cumulative and we know that %Retain must increase ..but in this
case %Retain decrease thus, it must be cumulative by adding 65% to 30% .
LL=28% , PL=24.5% , Pl=LL-PL=28-24.5=3.5%

Pla_jine = 0.73(28 — 20) = 5.84 > 3.5 — below.
1. Finding Group Symbol from Table (5.2):

a) Determine whether the soil is Coarse-grained or Fine-grained:

Ry00 = 95% > 50% — Coarse — grained soil.
b) Determine whether the soil is gravel or sand:

Re % 100% = g—j x 100% = 68.4% > 50% — The soil is Gravel.

200
- Fy00 = 5% — 5% < F,p9 < 12% —Choose Group Symbol according the
footnote (a) below table (5.2).
- The group symbol must be one of the following :
GW-GM, GW-GC, GP-GM, GP-GC>> Now we check each symbol
GW— according the values of C, & C¢:
Cy,=3<4(notok) AND C=0.9notin (1< Cc< 3)- GW is Not Ok.
So, each symbol having GW must be canceled(GW-GM & GW-GC)
GM-— according the values of Pl or A-line equation:
PI=3.5 <4- (Ok) OR PI plots below “A”-line(0k)— GM is Ok
Now we want to check only one of (GC and GP) to know the correct symbol
because one of them is true and the other is false
Try GP— according the values of C, & C,:
C,=3<4 (Ok) AND/OR C=0.9<1(0Ok) — GP is OK
— So, the group Symbol is GP-GM v'.

Page (56) Ahmed S. Al-Agha

STUDENTS-HUB.com



https://students-hub.com

Solved Problems in Soil Mechanics

ication of Soil
2. Finding Group Name from Figure (5.4):

% Sand = Ry99 — Ry = 95% — 65% = 30% > 15% —— The group name is:
Poorly graded gravel with silt and sand v'.

Now, as you see the classification is so easy, just you need some focusing, so |
will finish solving problems completely in this chapter , but | will explain some
ideas, and | give you the answer to solve the problems by yourself and check
your solution.

27. (Mid 2015):

The particle size distribution, plastic and liquid limits are given below;

Particle Size % finer than
(mm)
2.36 100 ——— ——
1.3 84 Liquid limit Plastic Limit
(Dgo) 0.6 60 08 18
(Dg) 0.2 30
(D1g) 0.075 10
0.02 5
Solution

S o (ol s oS sl (e 4 L5 oLa 236 Jaiall (pe s ye Al IS 5 Uit Sm o1 5 530
aia Jlally a5 sb ke 4,75 Jiie e sl duwss (ol ML 5 ol 4,75 Jaial (e digal
%100

F, =100% — Ry = 0% , Fyp0 = 10% , Ry = 90%

PI=28—-18 =10%

From table, D;; = 0.075 mm , D3y = 0.2 mm and D¢y = 0.6 mm
Dgy 0.6 (D30)? 0.22

= =8, C.= - = 0.888
D,, 0.075 ¢ Dgo X Dyp 0.6 X 0.075

- Cy =

The group symbol is: SP-SC .

The group name is: Poorly graded sand with clay (or silty clay) v'.
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28. (Mid 2011):

a. 86% of a soil sample passed Sieve No.4 and retained on Sieve N0.200. Also
given that: Coefficient of gradation=1 , Uniformity Coefficient = 3

Solution
Al e % 14 e s s 4 &8 J2id) e e Ll (e %686 Of Jaad ) gl 7 s
D %14 o Julls,, 200 68 Jaid) e cui LIS 4 68 ) Jaiall e e Sl % 86J) Ol s
#) sl e el sy Ml 5 200 ) JRial e Linif (5 g 4 ) Ja e iy
Joha sed aie Jlall Ll (e8I 5 0685 O g 4l OY) %100= 14+86 5 sn 200
F,=86% — R, =14% , Fy0 = 0.0 , Rypo = 100%
Coefficient of gradation = C;=1 , Uniformity Coefficient=C,=3

The group symbol is: SP /.
The group name is: Poorly graded sand v'.

b. A sieve analysis of a soil show that 97% of the soil passed sieve No.4 and 73%

passed sieve N0.200. If the liquid limit of the soil is 62 and its plastic limit =34.
Solution

F, =97% >Ry =3% , Fu00=73% , Rypo =27%

LL=62% , PL=34% , Pl=LL-PL=62—-34=28 %

No idea in this question but you should be attention for the large value of LL

because it will be used when you finding group symbol.

The group symbol is: MH V.

The group name is: Elastic silt with sand v'.
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29. (Mid 2009):

Use Unified Soil Classification System to classify the given soil knowing that
the liquid limit is 30% and plastic limit is 27%.(give group Symbol and group name)

Particle Size % Finer Solution
()] than LL=30% , PL=27% , PI=LL-PL=30-27=3%
6

100 The idea is how to calculate C. and C,
4.75 90 From the given table we note the following :
5 21'33? gg - % Finer than = % Passing
(Do) - % Passing is cumulative (if not you must make it
( D30)0.6 30 )
(D1)0.2 10 cumulative)
0.075 8 - After insuring the values are cumulative we can

take the values of Dgg , D3g , D1g from the table as
following : Dgp=1.3 , D3,=0.6 , D1=0.2 thus, we can calculate C. and C, :
D 1.3 D3,)? 0.62
L =2=""=65, C.= (Ds0)”  _
Dy, 0.2 Deo X Dyp 1.3 % 0.2

R, = 100 — 90 = 10% , R, = 100 —8 = 92% , F,u0 = 8%

= 1.38

The group symbol is: SW-SM v'.

The group name is: Will graded sand with siltv'.

See AASHTO Classification System (Page 126 in your textbook)
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Bernoulli’s Equation (for Soil):

Total Head = Pressure Head + Velocity Head + Elevation Head
2
hiotal Z%-I'Z_g-l'z
u: pore water pressure
v: velocity of water through the soil
Z: vertical distance of a given point above or below a datum plane.
Notes:
v" Pressure head is also called “piezometric head”.
vou= hpressure X Yw-
v" The velocity of water through soil is very small (about 0.01—0.001)m/sec and
when the velocity is squared the value will be very small so, the velocity head
in Bernoulli’s equation should be canceled and the final form of bernoulli’s

equation will be : higeq = —+7Z
Yw

v" The head loss that result from the movement of water through the soil (AH)
can be expressed in a nondimensional form as:
. _AH
1=—
L
1 = Hydraulic gradient (The head loss per unit length)
Al A el aS ai (Jsh saa g 61 o) yie JSI head J) 8 Qs lase e sl 4
L = Total length of soil or soils that the water passes through it

Darcy’s Low:
Darcy found that, there are proportional relationship between velocity (v) and
hydraulic gradient (i), this relationship still valid if the flow still laminar , and in
soil the velocity is small so, the flow is always laminar.

vxXi-v=Kki

K: Hydraulic conductivity of soil = Permeability of soil (m/sec)

Now, we know that: Q =V X A and v = k.i (Darcy’s low) »——

A: Cross sectional area that perpendicular to flow direction.

. Where:
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Directional Variation of Permeability:
1. Horizontal Permeability (Flow parallel to layers):

From the above graph we note the following:

v" All values of H and h are perpendicular to the flow .

v Hotat =H =hy + h; + h3 + hy

v Qtotal = Qeq. =d1t Q2+ gz +....... +dn

V' Atotal =Aeq. =HX1,A; =h; x1,A,=h,;x1,A;=hy;x1,andA, =h,x1

v" AH(ytq = Ah; = Ah, = Ah; = Ah,(because all layers have the same length) »—

v ltotal :ieq. =h = =i3="=1,
Now,
Qotal = Keq. X leq. X Aeq. » q1 = Ky X113 X Aq and so on
Keq X leq X Agq. = K1 X i3 X Ay +Kyp X iy X Ay + K3 Xiz X Az+.. +K, X i, X Ay
leq. = i1 = iy = i3 = i, So we cancel it
Keq. X Aeq. = K1 XAy +Kyp XAy + K3z XAz + -+ K, XAy
Keg X HX1=K; Xhy X1+K; Xh; X1+K;Xhy x1+--+K,;Xh,X1
Rearrange the last equation:
_ KixXhy x1+K; Xhy; Xx1+K3zxhzX14--+K,xh,x1

K
eq. H
The final equation:

__ X(Kpxhy)

Keq. - H
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2. Vertical Permeability (Flow perpendicular to layers):

Q

o

i . Wit i

From the above graph we note the following:

v Hiota1 = H=h; +h, + h; + h,

v Qtotal = Qeq. =(q1=q2=(q3 =........ = (n

V' Aotal =Aeq. =LX1= A=A, = Az == A,

v AHiota) = Ah; + Ah, + Ah; + Ah(because flow pass through each layer) —»—
v ltotal = ieq. +i; +ip+ig+ -+ iy

Now,
Ah qnxh
=K, x—x A, » Ah, = —>—=
qn n hn n n KnXAn
Qeq.xH xh xh xh xh
ea”” — N 4 A2PR g AFEs et and A are the same— cancel them)
KeqXAeq  KixA;  KpxAp & KsxAj KnX An
H h, h, h h . .
=24+-24+-=+4...4 -2 > The final equation:
Keq Ki Kz Kj Kn
H
Keq = A Pz 5, n
K1 K2 K3 Kn

Note: All values of H and h are parallel to the flow
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Permeability Test in the Field by Pumping from Wells:

1. Un Confined Aquifer:
The equation of un confined aquifer:

2.303qxlog10(l‘:—;)

mx(h%—h2)

K =

2. Confined Aquifer:
The equation of confined aquifer:

qugm(%)
"~ 2.727xHx(h;=h,)

Important Notes about the above two cases:

v" Impervious layer = Impermeable layer.

Clay layer considered impermeable layer.

Always take the max.value of r as r; — the value of h, must be larger than h,
r is the distance from the center of the well to the center of observation well.

h is the elevation of water in the observation well.

The following graph explain “h” :

In all Questions usually the value of d is given to make confusion.

DN NI N N

d: Draw-down(Level of water below the ground surface) Ground Surface
() 8 ailaadle o A ) lasa)
S0,h = Hygpa — d

v H in equation of confined aquifer is the thickness of soil
layer that confined between two impermeable layers.

Htotal

:'4}4—0.5

Observation Well
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30. (Mid 2013):
1. Find The total head and Pressure head at points(A-B-C-D) with respect to
given datum, Assume 3K; = K, = 1.5K; = 2K,.
2. Find the flow rate (K; = 3.5 X 1072(cm/sec)
Note: All dimensions are in cm

h_a
.-
a0 A
N
N
| <
X |1

Solution

The first step is to making the soil 2 and soil 3 as one soil by calculating the
equivalent value of K for these two layers (beacuase all layers perpendicular to
flow except these two layers)...we want to make them as one layer perpendicular
to flow.

K, =3K; , Kz =2K;, K, =1.5K,

Y.(K, X hy) K, X h, + K3 X h;
- S5 K,,=

Keq. = K2,3 =

H 23 h, + h,
3K, X 2 + 2K, X 2
i K2’3 = > n > = 25K1
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The new soil layer is shown in the figure below:

10

Now we can calculate K¢q for whole system (all layers perbendicular to the flow).

H 6+10+8
Keq':£+&+£+...+h_n:£+£+ﬁ K, 3 = 2.5K; ,K, = 1.5K,
Ki Kz Kj Kn Ki Kzz Ky
6+ 10+ 8
- Keq = 3 10 g~ Keq. = 1.565K;
K, T 25K, T 15K,

AHira = 28 — (12 + 4) = 12cm.
_ AHotal _ 12

leq. H  6+10+8

= 0.5

Qeq. =01 =023 =0a,and A,q =4 x 1= A; = A3 = A, (Solution Key)

Point “A”:
hiotara = 28(no losses because no soil) (Total head) v'.
hpressure,A = hiotal,a — Delevationa = 28 — 4 = 24cm /. (Pressure = piezometric head)

helevationa = o 4 st Lia 5 Al 1 iy die 3salall aasall (o 4 sllaall Adaiil) ey 5

Point “B”: (the soil pass through soil “1” then reach point B) So,

Qeq = q1 2 Keq. X leq X Aeq = Ky X1y X Aq but, Agg = Ay =4 -5--
Keq X ieq = Kq Xi; » 1.565K; X 0.5 = Ky X iy = i; = 0.7825

hiotalB = Ntotara — 11 X hy = hyora g = 28 — 0.7825 x 6 = 23.305cm V.
hpressure,B = htotal,B - 1'lelevation,B = 23.305 -4 =19.305cm V.
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Point «“C”: (the soil pass through soil “2,3” then reach point C) So,

Qeq. = dz2,3 = Keq. X leq X Aeq. = Kp3 Xip3 X Agsbut, Agq = A3 =4 ->--
Keq. X igq = Ky 3 X ip3 = 1.565K; X 0.5 = 2.5K; X i3 »iy3 = 0.313

hiotalc = DtotalB — i2,3 X hz 3 = higrarc = 23.305 — 0.313 X 10 = 20.175cm .
hpressure,C = htotal,C - helevation,C =20.175-4=16.175cm/V .

Point “D”: (the soil pass through soil “4” then reach point D) So,

Qeq. = A4 = Keq. Xleq X Aeq. = Ky X1y X Ay but, Aeq = Ap =4 -

Keq. X ieq. = K4 X iy » 1.565K; X 0.5 = 1.5K; X i, — iy = 0.5216

hiotap = Ntotar,c — 4 X hy = heorap = 20.175 — 0.5216 X 8 = 16cm v/ .
hiotal,p = 16 must be checked (heorap = 12 + 4 = 16)0K , if not equal>> you
must revise your solution because some error exist.

hpressure,D = htotal,D - helevation,D =16—4=12cm/.

The second required (Don’t forget it)

Qeq. =41 =02 = Q3 K; = 3.5 x 107%(cm/sec)

Qeq. = Keq. X 1eq. X Aeq.

Qeq. = 1.565K; X 0.5 X 4 X 1 = 1.565 X 3.5 X 1072 X 0.5 X 4 = 10.955cm3/sec
To check it:

q: =Ky Xi; XA; i; =0.7825

=3.5x107% x 0.7825 x 4 = 10.955cm?/secv .

Note:

If the pore water pressure (u) is required at each point >>> do the following:
At each point: u = pressure head X Yy ater
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31. (Mid 2013):
Find the Total head at points (1 to 8), if the cross section of the system is 10 cm?.
Knowing that: K; = 0.5K, = 3K3

10cm

8cm

10cm

16cm

i
1

Solution

Its noted that all layers are perbendicular to flow(Vertical Permeability)
Now we can calculate K. for whole system

K. = H _ BHI6+4 o aaan
eq._£+ﬁ+&+...+h_n_£+£+i’ 2 = 484, K3 =U. 1
K; Ky  Kj Kn Ki K3 K,
8+ 16 +4
= Keq. = ) e 7} = Keq. = 0.9996K; — K¢q = K4

K, T 2K; 1 0333K;

Page (68) ||| Ahmed S. Al-Agha

STUDENTS-HUB.com


https://students-hub.com

Solved Problems in Soil Mechanics rmeability

AH,ya = (10 + 8 4+ 10) — (6 + 4 + 5) = 13cm.

_ AH¢ota) _ 13

i = = 0.4643
e T T T8+ 16+4

Qeq = q1 =d2 = g3, and Ay = 10cm? = A; = A, = A3 (Solution Key)

Point ¢«1”:
hiota,1 = 28(no losses because no soil) (Total head) v'.

Point «“2”: ( the soil pass through the mid of soil “1” then reach point 2) So,
Qeq. = q1 = Keg. X leq. X Aeq. = Ky X iy X Ag but, Agq = A =10 5——
Keq, X leq = Ky X i; & Ky X 0.4643 = K; X i; - i; = 0.4643

hiotal2 = htotalt — 11 X 4 = higral2 = 28 — 0.4643 X 4 = 26.1428cm v/ .

Point “3”: (the soil pass through all of soil “1” then reach point 3) So,

Qeq. = q1 = Keg. X leq. X Aeq. = Ky X iy X Ag but, Agq = Aq =10 5——
Keq. X leq = Ky X i; & Ky X 0.4643 = K; X i; - i; = 0.4643

hiotal3 = htotalz — i1 X 4 = hyota3 = 26.1428 — 0.4643 X 4 = 24.2856cm
Or, hiotarz = hiotarr — 11 X 8 = hyora 3 = 28 — 0.4643 X 8 = 24.2856cm v .

Point «“4”:
hiotals = Ntota3 = 24.2856 cm (no losses because no soil) v'.

Point “5”: (the soil pass through 6cm of soil “2” then reach point 5) So,

Qeq = A2 = Keq, Xieq X Agq. = K X iy X Ay but, Agg = Ay =10 5——
Keq X eq = Ky X i & Ky X 0.4643 = 2K, X i, - i, = 0.23215

hiotals = hotala — 12 X 6 = hgrars = 24.2856 — 0.23215 X 6 = 22.8927cm

Point “6”: (the soil pass through all of soil “2” then reach point 6) So,

Qeq. = d2 2 Keq. Xieq X Aeq. = Ky Xip X Ay but, Agg = A =10 5——

Keq X ieq = Kz Xi; = Ky X 0.4643 = 2K, X iy — i, = 0.23215

hiotats = hotals — 12 X (16 — 6) = higrare = 22.8927 — 0.23215 x 10 = 20.5712cm
Or,

hiotats = Nrotals — 12 X 16 = higrae = 24.2856 — 0.23215 x 16 = 20.5712cm v/,
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Point «“7”:
hiotal,7 = heotare = 20.5712 cm (no losses because no soil) v'.

Point «“8”: ( the soil pass through all of soil “3” then reach point 8) So,

Qeq. = 3 = Keq. Xeq X Aeq. = K3 X i3 X A3 but, Aeq. = A3 =10 »——
Keq X leq. = K3 X i3 > K; X 0.4643 = 0.333K; X i3 - i3 = 1.3929

hiotars = hotal7 — 13 X hg = hegrarg = 20.5712 — 1.3929 X 4 = 15cm /.

hiotalg = 15 must be checked (heora1 g = 6 + 4 + 5 = 15)0K, if not equal>>
you must revise your solution because some error exist.

32. (Mid 2009):

An inclined premeameter tube is filled with layers of soil of different permeability
as shown below.

Find the total head, elevation head and pore water pressure at points (A-B-C-D)
with respect to the given datum, Assume: 3K; = K, = 2K3 = 1.5K,

o

[ Datum
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Solution

The only different between this problem and problem”26” is to finding elevation
head.

The first step is to making the soil 1 and soil 2 as one soil by calculating the
equivalent value of K for these two layers (beacuase all layers perpendicular to
flow except these two layers)...we want to make them as one layer perpendicular
to flow.

KZ = 3K1 f K3 = 15K1 y K4 = 2K1

Y(K, X hp) K _ Ky xh; +K; xh,

Keq. = K12 =T_’ 1,2 = h, + h,
K; X2+ 3K; X2
~ Kz = 2+ 2 = 2K

The new soil layer is shown in the figure below :

>
3

6 o

Now we can calculate K¢, for whole system (all layers perpendicular to the flow).

. H _ 6+8+12
TR b By By 6 8 12
K TGTGT TR, K, KK,
6+8+12
= Keq. = 3 3 17 - Keq. = 1.814K;
7K, T 15K, T 2K,

Page (71) i Ahmed S. Al-Agha

STUDENTS-HUB.com

oil Permeability


https://students-hub.com

Solved Problems in Soil Mechanics rmeability

Firstly, we calculate the total head at each point.

_ AH¢ota) _ 13

i - = 0.5
leq H 6+8+12

Qeq. =q12=0q3=04,and A, =4 X 1= A;, = A3 = A, (Solution Key)

Point “A”:
h¢otara = 30cm(no losses because no soil) (Total head) .

Point “B”: (the soil pass through soil ““1,2” then reach point B) So,

Qeq. =d1,2 2 Keq. X ieq. X Aeq. = Ky X115 X A1,2 but, Aeq. = A1,2 =4 -5--
Keq X leq. = Ky 2 X135 = 1.814K; x 0.5 = 2Ky X iy, =iy, = 0.4535

hiotalB = Ntotara — 112 X h1 2 = heorap = 30 — 0.4535 X 6 = 27.279cm v .

Point “C”: (the soil pass through soil “3” then reach point C) So,

Qeq. = 43 = Keq. Xleq. X Aeq. = Kz X i3 X Az but, Aeq = Az =4 »-—

Keq. X ieq = K3 X i3 = 1.814K; X 0.5 = 1.5K; X iz — i3 = 0.6046

hiotal,c = htotar B — 13 X h3 = hygrarc = 27.279 — 0.6064 X 8 = 22.4278cm v .

Point “D”: (the soil pass through soil “4” then reach point D) So,

Qeq. = da 2 Keq. Xleq. X Aeq. = Ky X iy X Ay bUt, A = Ay =4 »——

Keq X leq. = Ky X iy > 1.814K; X 0.5 = 2K, X iy - i, = 0.4535

hiotal,p = htotar,c — 1a X hg = hiorap = 22.4278 — 0.4535 X 12 = 17cm V.
htotap = 17 must be checked (htotal,D =10+7= 17)OK , If not equal>> you
must revise your solution because some error exist.

Secondly, we calculate the elevation head at each point with respect to the given
datum.

By interpolation we calculate the elevation of each point from the datum as shown
in the following graph :
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ZD=10 cm

Datum

From this graph we can calculate elevation head(Z) at each point:

Zg 10 7w = 2.307 cm v/

—_—=— = 2. )

6 6+8+12 B ¢m

Le 10 Zc = 5.384 cmv
= e d = . .

6+8 6+8+12 © ¢m

Zp =10 cm/v .

Finally, we calculate the pore water pressure at each point:
u = pressure head X Yyater
Point “A”:
hpressure,A = htotal,A - helevation,A =30—-0=30cm
30

up = 100 X 9.81 = 2.943 KN/m? V.
Point “B”:
hyressureB = NtotalB — Nelevations = 27.279 — 2.307 = 24.972cm
24972

100
Point “C”:
hpressure,c = Ntotal,c — Nelevationc = 22.4278 — 5.384 = 17.0438cm
_ 17.0438
¢~ 100
Point “D”:
hyressure,d = Ntotap — Nelevationp = 17 — 10 = 7cm

ug = X 9.81 = 2.449 KN/m? V.

X 9.81 = 1.672 KN/m? /.

7
=—x9.81=0. e
Up = 55X 9.81 = 0.6867KN/m?/
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33. (Mid 2005):

A pumping well test was made in sands extending to a depth of 15 m where
an impermeable stratum was encountered. The initial ground-water level was at the
ground surface. Observation wells were sited at distances of 3 and 7.5 m from the
pumping well. A steady state was established at about 20 hours when the discharge
was 3.8 L/s. The drawdowns at the two observation well werel.5 m and 0.35 m.
Calculate the coefficient of permeability.

B qxloge(i—;) B qxlogloc—;)
nix(h2-h3) 2.727xHx(h;—h,)

Solution

It’s clear that the problem about (un confined aquifer) you should know this
because there exist impermeable layer below sands and no any impermeable layer
above sand.
r; = 7.5m(large value) , r, = 3m(small value), Hiyy = 15m
d; = 0.35m , d, = 1.5m (drawdowns)

L] 00 Al (685 O oy dy e ., sl 8 8Unmal) A1) Al o 53 0SU oo 1y A O oD
h; = Hiptag — dq = 15 — 0.35 = 14.65(large value)
h, = Hiyta) —d, = 15 — 1.5 = 13.5(small value)

L 3600sec m3

— _ 3
Q=38 oc X - X T000L 13.68m" /hr

Now, you are given two equations you must choose the coorect equation for un
confined aquifer (you must know the form of the equation of the two types)

gxloge 11:_1 Ln ;—1 ) -
= —nx(hg_(hgz note: loge (;—:) = %(:)) = Ln (:—:) so the equation will be :
ry 7.5
g x Ln (rz) 1368 x1n(53) o123

T mx (h—h2) mx (14.652 — 13.52)
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34.

A layer of sand 6 m thick lies beneath a clay stratum 5 m thick and above abed
thick shale( Ls><ll = ¢ 5) . Inorder to determine the permeability of sand, a well
was driven to the top of the shale and water pumped out at a rate of 0.01m*/sec.
Two observation wells driven through the clay at 15m and 30 m from the pumping
well and water was found to rise to levels of 3m and 2.4 m below the ground water
surface. Calculate the permeability of soil.

Solution

It’s clear that the problem about (confined aquifer) because the clay layer
considered impermeable layer an shale is a type of rock , and the sand layer exist
between these two layers.

r; = 30m(large value) , r, = 15m(small value), Hiyy =5+6 =11m
d; = 24m , d, =3m [drawdowns, (below the ground water surface)]

h; = Hiota) —dq = 11 — 2.4 = 8.6(large value)

h, = Hioa) —d, = 11 — 3 = 8(small value)

Hsang = 6m

Q = 0.01m3/sec =36m*/hr

r
q x logyg (é) 36 x logy, (%)
- 2727 xHx (hy —h,)  2.727 x 6 X (8.6 — 8)

= 1.1m/hrv.
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Flow Net:

Impermeable Rock

From the above graph the flow net consist of:
1. Flow Lines (Solid-black lines):
) i pall o guiall (e 4 il 8 LS ad die elall il ja LSl Al @l jlaal) & sl pd) aglad
A el Sy Y o ) olaY ;) g0 Ly Ja sl o28 et g (iaiiall o gasiall
2. Equipotential Lines (dashed-blue lines):
Lasee S5 a5 total head J) st Ll A dalail) ( Juai Ahas Ja glad o4 sagad) g gl Jo ghad
LA e el Gla UL 5 (b peadl Do shad ae 4 50 90 A s)
3. Flow Channel (N¢):
Cgmaiall (o LIDA e elall & jati B8 aa g oy puiill o ghad (e (dad IS (g zolsal) G e BLE
Oy pmal) Ol 938 (230 (e (oS Gl ) A28 8 G 5 (addiall G gudall Juall s 2d all
Clua 8 a5k ) 138 o Cas | il 98 5 58 2 sa sall gyl G 538 230 (g oMe ] a8 eal 1)
c ) Jad et il olall a8
4. Potential Drop(Ng):
(el lagal) 138 g samy (A Jaddl ) agall (o sbasi bl (e & jaill vie headd) (A2 oladdll laia o
O odled au il 812y headd) B SU sl (5 s aill 038 & gana (5 dlgdl) I Alad)
(S agie Basd 5 JS A dla) (S5 9 ladae

AH . . - . . - -
Nd,value = ———=1i(m) deall b ghd e phad IS o gl < Olasall Hlasa =y

Nd,number
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Calculating the amount of flow (Rate of seepage):

Ag=kXixA

Aq = k x i (m*.sec/m) 4aq / y

Aq =k X L (for one flow channel) ~. L./

d,number / b 7

Qrotal = Ady + Ay + Ags + -+ Aqy, Aq, 7 /

But, Aq; = Ag, = Agqz = - = Aqy, — P L“II

So,qtotal=Aquf:kxNLfo m

d,number |

Finally, quota = k X % X N¢ x n (m®.sec/m) ! \
b(perpindicular téanllIr(;\jv) \ \\

n= L(parallel to flow)

JSI ) ol (5 ) sall adll () Gl sl ol e (53 sanl) 2ad) (Al & dad

Al A jeaie JS A AL ()5 O ong Anail) 03 5y peiil) 405 pualie (1 (element) suaic
il 13) 5, Alaal) A slana 0S5 Y Uy T ogosbod Al 8 dpill o2 5 el 4081 0 S5 ia
Ol L (0 5S slasa

ot LS Al 8 Ldass Ca g Uil 5 Allsal) 8 e clidany o 1 A ) A

dx e palial) ) (5 1 g st peaie IS (8 il () 55 G o) CilSed e A A0EN A

O Gun eV 352 gn pall A0S & Npg o5 i L8 AT 83353 sall jualiall slifinly
Yl 53 g sall el A g i dad HAT (Y @lld g canl) Bl (o gl Y Adadl o2 b Al
slial Al o2a 230 2y A5V AN 3 LS g 1 OB g Ui datl) Janual Loy aSaill Sy

Ol g asala IS Aalaall 8 Aegil) Jas L 5 4S8N an o Lgaant s 3 i) oy ol

s 8L AN e ) (Sar Y Cuay Ny Aad e Chaay pandll (8 ML g et 38 AY fp A lilany
LUl A 820 Jie Lalai 12a 5, ALlS 3L

A sbuie ol maea G bl e 1 e ias Alad sda (8 UL 0 el clidaay ¥ Jilaall e iz
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Head calculations and the uplift force under the dam:

mpermeable Rock

Calculate total, pressure and driving head at point A
Total Head:
headd! (8 )aadll 4ia La 5 slas (are g e Ao ol JSI G puial) 58
hotaa = L+ Hy — lossesy
lossesy = Ng value X Ng a
o 2 23my g olaal) o L JaaSlig A Al Y slsall cilas o A head ) o8 sl laia s
Glia s Ja olpall 4ia8 Al Cgaiall Ul N 4 =2 08 b A dlaill ) clas s Ng JI
. Al dli i xie 1358 5 2potential drop lie sa A daiill

Pressure(piezometric) Head:

hpressure,A = htotal,A - helevation,A
hpressurea = (L + H; —losses,) — (L —h,) Rearrange the equation—>—
hpressure,A = H, +hA - 10SsesA
b (o Adadil) aay Jadd o 5l Lai) g, | Aad o 30 Y 3dal) (g) aie hpressure 23 0 B2l 131 43 s
L e elany ¥ Jlasadll Cille b 45y ()Y
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Driving Head:
I (e Aiiall sl a0 JAT ey 5l oLl (Gl pue s AS ja Canny (2115 At (5 ie o gugl) laie sa
Hy Sl il ) obsall Joat i elall ()l pas a5 Adai (g1 vie (AH) S headd)
Nprivinga = AH — lossesy

Uplift force under the dam:
058 J28 2y @)l Jiud 3 g sall elall Taxiza (e Aailll g and) Jif e eV 3 fsall 358l laia &
saa IS5 8 S e oS0 aud) Jiud pore water pressure J) dad oo i g8 AUl (aud)
idads J5f 2ie Jaxazall aas daliina 5 4y siese (Al ae ) ol mdass)aud) 3acld il 1) Sl Jsh
Lalaiia g 4 giuse 3ac ) S5 A1 131 Ll Jasazall 138 (e 45 oSal) dalisall 2 a3 (e g dall Jiud ddais AT
Aabuall aad oF e g saclall JSG Ayt S e plall daria aai Wil

u = pressure head X Vyater
U alag) a3 (e g ddadill &lli xie |y Slagl Y sl an Lo elall Jazaa alagl 2y 55 ddads (of 2ie

5 Sl ey il Adline HISEL Jilise oy Cogas s

pressure

Effective Stress at any point (chapter 9):
Moyl 98 calldaall aal ¢ 5% Gla¥l e 3 (S1 9 jind 3 Juaie (S8 41 5l 4y (i g & sada sall 128
b WS L el a5 diae Adad ie Jladll algaY) dad
Lgna o) (5T) Jatd 2 5l s (3 5 A Aima 3k o il sl )l Jarall 8 el alga )
(sl O
At any point we can calculate the effective stress as following:
Ototal = Oeffectiv T U = Oeffectiv = Ototal — U

u = pore water pressure at any point (we calculate it as mentioned above)
Otota] = The total(vertical) stress applied on a point and can be calculated as following:
(x5 O AT Osh sl b sl ()55 Ll s e Abime A e il S sl Jnieacall 58
For example at point A in the flow net on the last graph
Ototal,A — (HZ X YWater) + (hA X YSat)
Lgaas A4l (3 58 83 g sl ) 359y (3laia 43 &lld 5 |0SSES (5f Mty VY L Taa3U
Now, we can calculate the effective stress easily.

Oeffectiv — Ototal — U
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Flow Nets in Anisotropic soil:
0585 Of g Gand) Ly e salaie o shady dssa flow net as) ol sis 451 Ca g jrall (4
alra) o) ol a4 il Rk, = Kk, Ol s ol sl 32 sie 43 511 ) sl isotropic 4l
. flow net JI s LBA e o Al Laplace

Laplace’s Equation:

AL i isotropic soil— k. = k. — Th ion will be:
X 902 + 25 = 0 , For isotropic soil—= k, = k, —» The equation will be:
2 2

Call + % = 0 —That is the required form to draw a true flow net

0x2

(Lines perpendicular to each other).

Now, for anisotropic soil— ky # k, so, the first step is to convert the two soils for
one isotropic soil (keqx = Keq.z = Keg)-

Laplace’s equation doesn’t written as the above form and the lines are not

perpendicular to each other so, the second step that we must rewrite the equation
to be in the required form to draw true flow net.

k20 41, 20— o (Divided by k, ) » —on 4 T

Xgx2 | “Z g2 (k,/k,) Ox2 ' 972 0
Now let x = ,/k,/k, x — the equation will be:
d2h  9%h : :
P to2= 0 —That is the required form to draw a true flow net

(Lines perpendicular to each other)

Example:
For the shown soil profile under the dam. Make the soil isotropic.
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Soil will be isotropic if:

keq.x = keq.z = keq

LT xkH10xk, 7410
o 7+ 10 7,10
ki ky

Keqx = Keqz = Keq = VKxk; — (That make the soil isotropic)

After making the soil isotropic the flow net under the dam was drawn and given in
the figure below. Find all dimensions on the graph and then calculate the rate of seepage.

Impermeable Rock

oty Ldlasi] camy X o jaea (8 Laplace alxal lia flow net J) ey ol s 40l Gl Ll LS
e WS L dud I eI Wl x e it oy X a e JUlbx = [k, /K, X ol Gua x
A Lal Ayl 038 8 o LS Lgrada g oy Y1 Ayl 8 Al 1 2l of G illae i Y

o LaS Lealon o 0 Al Ay el | x a Y) LelS Loy gt oy daY)

AH
Qtotal = VKxKz X = X Nf X n
d,number
e Allie (of Jie Alsall o333 da dlal 2235 ans )l o 5aaal) sla¥) aas aua 5 e (Y]
A ALY i WS cullas L seepaged) g s s
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35. (Mid 2012):

For the shown flow net:

(@). Calculate the uplift force at the base of the weir , per foot of length
Point A and B at the corners of the concrete dam.
(b). Calculate the driving head at lines 5 and 12.

30 f

Solution

Givens:
Ng numpber(#of potential drops) = 14 , N¢=4

AH = (30 + 8) — (12 + 5) = 21ft

_ AH 21 _
i = Ngvalwe = ——— = —— = 1.5ft (value of one potential drop)

Nd,number B 14
().

& (B) ik Al g (Ayihis Jsf vie elall azaza aai Cagu Ml 5 dalatio ) 32c (f zeaal 5ll (4
. sheet piled) Ji aie slall Jaia alag) iy B Adaiil) () oLty iy (S Lagrin Aalisall 2 g il
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Point “A”:

i 33a) 5 potential drop < < e 8 A ddaiil) ) cilia s i el o Laadls
hpressurea = (30 +8) —1 X 1.5 = 36.5 ft.
Up = hpressurea X Ywater = 36.5 X 62.4 = 2277.6 Ib/ft?

Point “B”:
potential dropsd) 2xe ol UL s sheet piled) J Led slall Jazaza aa (o g B ddaiil] () Lili LS
. Bakadl sie Cauaill Ly i cliay @Y 8.5 g5k B ddatill ciliay ia elall gy e Sl
hpressure s = (30 +8) — 8.5 x 1.5 = 25.25 ft.
Or, hyressures = (5 +12) + (5.5 X 1.5) = 25.25
LS a3 LS ol 3y o gsiall 0¥ 2 Shall aal g pand) aty Cogus Lin Ul 5 6 5T dgadl (e 4dbn 3 L
s AY) dgall (e potential drops=5.5/22c ol Laadty adi yall ) (midiall (5 sisall
ug = hyressureB X Ywater = 25.25 X 62.4 = 1575.6 Ib/ft?
Now, the stress distribution under the dam as shown in figure below:

And the uplift force is calculated as following: 5 98ft B
Fuplife= 5 (2277.6 + 1575.6) X 98 A
Fuplife = 188806.8 flb/ft V.

1575.6
(b). | —
hpriving = AH — losses 2277.6 Fuplift

At line 5, there are 5 potential drops were lost
hDriVing,lineS = AH — lossesline5
hDriVing,lineS = 21 - 5 X 15 = 135ft\/

At line 12, there are 12 potential drops were lost

hDriving,linelZ = AH — 10sses1ine12
hDriving,linelZ == 21 - 12 X 15 = 3ft\/
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36. (Mid 2011):
For the flow net shown below, calculate:
a. Flow Rate per unit length.
b. Uplift force per unit length under the dam.
c. Effective stress at points A and B.
d. Pressure head at point C (from ground surfac) (additional).
e. Total head at point A (additional).
f. The exit gradiant (additional).
(k=1x10"m/s , Ygar = 19 KN/m3)

mpermeable Rock
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Solution

Givens:
N number(#0f potential drops) = 12 , Ny=4, k=1x10">m/s

AH=(10)—(2) =8m , Vey = 19 KN/m3
AH

i = Ngvalue = N 13 0.667 m (value of one potential drop)
d,number
d.
g=kx—  xNexn=1x10"5x% 0.667 x 4 x 1 = 2.668 x 10~5 m¥/s.m/ .
dnumber

M) oy Ui I g ) Jind s S e oLl Jaia syl oy e Y Ll Jaria 58 alay
a3l (s yiw LS 5 439 sheet piled) x5 i bl ) 48Uyl Adaii AT ddadi J5f aic Laruall
Legin S 3,8 3a g
Point «1”:
o 50 5 potential drop < < ye a8 1 adaaill ) cilias Jis elall o Jaadls
hpressures = 10 —1 X 0.667 = 9.333m..
W = hpressure1 X Ywater = 9-333 X 9.81 = 91.55 KN/m?

Point «2”:

5 o5 potential drop 4.5 & & e 38 2 dkaiill ) iy s slall o a3l
hpressure,z = 10 — 4.5 X 0.667 = 6.998m..
Uz = hpressurez X Ywater = 6.998 X 9.81 = 68.65 KN/m?

Point «“3”:

10 sl potential drop9.5 < <y 28 3 adasill ) cilia s s sl ol Jaa3l
hpressures = 10 — 9.5 X 0.667 = 3.663m..
Uz = Npressure3 X Ywater = 3.663 X 9.81 = 35.93KN/m?

Point «“4”:

.potential drop 11 & e 388 4 ki) ) cilia g s olall Gl Laadls
hpressure,s = 10 — 11 X 0.667 = 2.663m..
Ug = hpressures X Ywater = 2:663 X 9.81 = 26.12KN /m?
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Now, the stress distribution under the dam as shown in figure below:

20m 15m
: Y K 4
Area 2
6.12
Areal 35.93
//68'65
91.55 Funiit

The uplift force can be calculated as following:
Fuplife = Areal + Area2

Fuplite = 3 (91.55 + 68.65) X 20 + = X (35.93 + 26.12) X 15 = 2067.38 KN/m? /.

sheet pile J) 2 Lo Zilaiall 8 audl e Jaziall JB 38 sheet pile J 2sm s of edle au il (e Jaad
Lemn s (o oubal) Cangll s 134

C.

Point “A”:

Ototal = Oeffectiv T U = Oeffectiv = Ototal — U

Ototala = 10 X Yyater T 13 X Ygqe = 10 X 9.81 + 13 X 19 = 345.1 KN/m?
potential drop 1 < <y a8 A dkaill ) cila s s elall Gl Laadls

hpressurea = (10 +13) — 1 X 0.667 = 22.333m..

uy = 22.333 X 9.81 = 219.08 KN/m?

Oeffectiva = 345.1 —219.08 = 126 KN/m?/ .

Point “B”:

OtotalB = 2 X Ywater + 13 X Ysar = 2 X 9.81 + 13 X 19 = 266.62 KN/m?
potential drop 10 < < e a8 B dkaill ) cliay s elal) of Jaa3U

hpressures = (10 + 13) — 10 X 0.667 = 16.333m..

ug = 16.33 X 9.81 = 160.2 KN/m?

Oeffectivg = 266.62 — 160.2 = 106.42 KN/m?* v .
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d.
aal 05S Le gla ¥l (e S A S hpressure,c e Sl 4dlS e Clasladll ol Badu
s (5 she Jlsad) 8 aas e, (pme aa el Al Tarall 13 o) cangy Ul 5 Ul
08 A il a e aaay Y N5 Y]
(Ml h A(anall) s plass C Adaiil o Al G G i OY)
We note that, there are 3 potential drops to reach point C
hpressurec = (10 + he) —3 X 0.667 = 7.99 + h, = 7.99(above ground surface)
If the value 7.99 is negative value, that means (below the ground surface) v'.

€.
hiotara = (10 + 22) — losses, — 1 potential drop to reach A

heotara = (10 4+ 22) — 0.667 X 1 = 31333 mv/ .

We note that, also we can calculate pressure head from total head

hpressure,A = htotal,A - helevation,A

hpressure,a = 31.333 — (22 — 13) = 22.333m (the same as calculated above).

f.

O il (e ety 5 40800 3 53 5 50 potential drop AY sl z sl j ded o s cslladll

liilua e potential drop J) o3 (8 o guiall 8 lasal) Liand 13) WL 0.9 (5 sbus g8l

z oAl das e Joanid

exit losse 0.667
exit distance 0.9

= 0.741/.

lexit =
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37. (Final 2009)

For the flow net shown below, if the coefficient of permeability of the soil
below the dam is (5.3x10™ cm/sec) and yg,e = 17.7 KN/m3, find the following:
A- The rate of seepage (m®/sec/m).

B- The uplift force underneath the dam.

C- The driving head at point M.

D- The effective stress at points L and N.

E- If the weight of the dam is 120 KN/m?, calculate the effective stress at point O
(Assume the weight of the dam is constant with depth)

\V4
5
- £
S
§ X §
r :
N ;
/ M T
S B
Solution
Givens:

Ng number(#0f potential drops) = 13 , Ny=4, k=53 x 10"°m/s

AH=(10)—(1)=9m , ygu = 17.7KN/m3

AH
1= Ngvalwe = ——— = =5 = 0.6923 m (value of one potential drop)
Nd,number 13
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A-
q=kx—"" X Nexn=53x10"5x 0.6923 x 4 = 14.67 x 1075 m¥s.m.

d,number
B-

(A t0 F)_ss JS die elal) i alag) cony UL dalatia pe aul) 520 5 Lia Jaadl
Point “A”:

We note that, there are 2 potential drops to reach point A
hpressure,a = (10 + 6) — 2 X 0.6923 = 14.6154m.

Ua = hpressurea X Ywater = 14.6154 X 9.81 = 143.377 KN/m?
Point “B”:

We note that, there are 4 potential drops to reach point B
hpressures = (10 + 6) — 4 X 0.6923 = 13.2308m.

ug = hpressureB X Ywater = 13.2308 X 9.81 = 129.794 KN/m?
Point «“C”:

We note that, there are 5 potential drops to reach point C
hpressurec = (10 + 6 — 2.8) — 5 X 0.6923 = 9.7385m.

Uc = hpressure,c X Ywater = 9.7385 X 9.81 = 95.534 KN/m?
Point “D”:

We note that, there are 8 potential drops to reach point D
hpressurep = (10 + 6 — 2.8) — 8 x 0.6923 = 7.6616m.

up = hpressure,D X Ywater = 7.6616 X 9.81 = 75.16 KN/m?
Point “E”:

We note that, there are 9 potential drops to reach point E
hpressureg = (10 +6) —9 X 0.6923 = 9.7693m.

Ug = hpressurek X Ywater = 9-7693 X 9.81 = 95.836 KN/m?
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Point “F”:

We note that, there are 11 potential drops to reach point F
hpressurer = (10 +6) — 11 x 0.6923 = 8.3847m.
up = hpressurer X Ywater = 8-3847 X 9.81 = 82.254 KN/m?

The stress distribution under the dam is shown in figure below:

6m _ 2.5m 12m 35m  6m

143.37 Fuoiitt

The uplift force can be calculated as following:
Fuplife = Areal + Area2 + Area3 + Area4 + Area4

1 1
Fupiine = 5 (143.37 +129.79) X 6 + = X (129.79 + 95.53) x 2.5

1 1 1
+§ %X (95.53 + 75.16) x 12 + > %X (75.16 + 95.83) x 3.5 + > X (95.83 + 82.25) X 6
Fuplife = 2959.51KN/m v'.
C-
hpriving = AH — losses

At point M, there are 2 potential drops were lost

hDriving,pointM = AH — 10SsespointM
hDriving,pointM =9—-2x%0.6923 =7.6154 m/ .
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D-
Point “L”:

Ototal = Oeffectiv T U = Oeffectiv = Ototal — U

Ototall, = 10 X Ywater + 8 X Ysar = 10 X 9.81 + 8 X 17.7 = 239.7 KN/m?
We note that, there are 2 potential drops to reach point L

hpressure. = (10 +8) — 2 X 0.6923 = 16.6154m.

u; = 16.6154 x 9.81 = 163 KN/m?

Oeffectiv,, = 239.7 — 163 = 76.7 KN/m* v/ .

Point “N”:

Ototal = Oeffectiv T U = Oeffectiv = Ototal — U

OtotalN = 1 X Ywater + 8 X Ysat = 1 X 9.81 + 8 X 17.7 = 151.41 KN/m?
We note that, there are 12 potential drops to reach point N

hpressuren = (10 +8) — 12 X 0.6923 = 9.6924m.

uy = 9.6924 x 9.81 = 95.08 KN/m?

Oeffectiv,y = 151.41 — 95.08 = 56.32 KN/m?* V.

E- (Additional)
JS 3 oy ddadil) o328 wie KN Cilalga ) Clua die UL 5 o) Jiud 285 O ddatill () Jasdl
Adasil) o3a aie A Calalga ) ) adl (5 Adlaa) camy Il 5 i 8 3l o) 553
(5+8-6+2.8) = 9.8M (s sbow 20l g8 L Jsumsll in O Anill (358 4 il L&) () Ll Jaa U

Point “O”:

Ototal = Oeffectiv T U = Oeffectiv = Ototal — U

Ototal,0 = 9-8 X Ysar + dam weight = 9.8 X 17.7 + 120 = 293.46 KN/m?
We note that, there are 6 potential drops to reach point O

hpressure,0 = (10 + 8 + 5) — 6 X 0.6923 = 18.846m.

uo = 18.846 x 9.81 = 184.88 KN/m?
Oeffectiv.o = 293.46 — 184.88 = 108.578 KN/m? /.
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38.

For the flow net shown below:

a) Calculate the rate of seepage.

b) Calculate the total head at point C.

¢) Calculate the pressure head at point D.

d) Calculate the factor of safety against boiling at the surface AB.
(k=4x%x10""m/s , Ysar = 20 KN/m?>

fe— 55m —
A 4 h 4
Sheet * Sheet
Ipiling 25m Iniling
vy 0.9m [ ARR
2m
A # _"Datum ¥ B
* - D . 6m
< _ <4
225m

Liagl Jaa 3l 5 cpalas¥) (e (dans o)) dilaie) digne didaia ) & jai el of L Jaa3 o) ged) 77
Lot (o @lidany 38 )l 28 3 GG (Symmetry) o IS 4 Ll cplilaia cpalasyl) of
adl e YU 3V me Lo aal g Cial e W 3la) i cillual) pea UL Lalai alie AY) Caaill
o bl L Wl cpalady) e copady slal) G @lldg 2 (8 Aadll o jeim g Ny A il ie
Ale s e rnb JS50 )
Givens:
Nd number (#0f potential drops) =10 , Ny=2x3 =6, k=4x10""m/s
AH=2+25=45m , yg=20KN/m3

AH :
= = 0.45m (value of one potential drop)
Nd,number 10

1= Nd,value =
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a)

q=kx—"  xNexn=4x10"7x0.45x 6 = 1.08 x 10- m*/s.mv .
d,number

b)

hiotarc = (2.25 + 6 + 2.5) — losses¢ — 4 potential drop to reach C
hiotarc = (2.25+ 6+ 2.5) — 045X 4 =895mv .
c)

2#(hp) D Akl aa sl (o A8l G (6l g sure, p ] 8IS o slas an 55 Y 4l Jaa 3l

el AN Al 95\ el b 5 8 1'lpressure,D Sl oy UL B3 92 50

We note that, there are 8 potential drops to reach point D
hpressurep = (2.5 + 2+ hp) —8x 0.45 = 0.9 + hp = 0.9 m(above Datum) v'.
If the value 0.9 is negative value, that means (below Datum).

d) (From chapter 9)

icri ica
F. Sboiling = jitl
. Ysat — Ywater 20 —-9.81
itical = = = 1.038
Icritical Yerater 981

exit losse 0.45
= = 0.5

T = =
eXIt ™ oxit distance 0.9

1.038
F. Sboiling = W = 2076\/
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Total Stress (o)

l

Pore Water Pressure (u) —I— Effective Stress (¢')

Total Stress (o,): Is the total weight of all layers above a certain point divided
by the area of the layers, and it is independent on seepage of water.
(s\all ik 1) By 2 il i) e i (3 58 53 g2 pall Cilialall qsand IS )51
el sda dabie o L gusda
Pore Water Pressure (Hydrostatic Pressure) (u): Is the total weight of
the column of water (Pressure head) divided by the area of the layers, and it is
dependent on the seepage of water (Upward or Downward).
Effective Stress (6"): The sum of the vertical components of all intergranular
contact forces divided by unit gross cross-sectional area.
g ddati die (sla gl 0 a0 Jad A i) (g Lgmadi Ay ) s 0 350 Al 1) 1 5Y) £ gena 98
Al dgydal AISN dalisall Je Lo gusia
op=0 +u—>0 =o0,—u
The above equation is the most important equation in geotechnical engineering,
because the compressibility of soil and shearing resistance of a soil depend to a
great extent 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, settlement of foundations, and the stability of earth
slopes.
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Stresses in Saturated Soil without Seepage:

4 "‘5% |
| | - +"'|‘“~|_T"‘?ﬁfh?‘| TR T

Valve (closed)

R R L |-w

Calculate the total stress, pore water pressure, and effective stress at points A,
B, and C.

Firstly, you should note that, there are no losses in head (piezometric head) due to
the movement of water through the soil, because there is no seepage of water.
Point A:

opa = Hi X yw

up = Hy Xyw

O"A = Oora — U = Hy XYW—H1 XYy = 0.0

Point B:

O¢B = Hy X yw + Hy X ygar

ug = (Hy + Hp) X yw

o'g = (H X vy +Hy Xy, ) — (H +Hy) X vy, = Hy (v, — Vy):
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The term of (ysat — Yw) IS called effective unit weight or submerged unit weight
(vY"). So, the effective stress at point B equal: H, X Y’

Point C:

Oyc = Hi X yw + 2 X Ysat

uc = (Hy +2) Xyw

o'c = (Hy Xyw +z X ysa) — (Hy + 2) X yw = 2(Ysar — Yw) =2 XY’

Note:

All soils under the ground water table are saturated soils, and soils above the
ground water table are dry soils unless if there exist capillary rise on the layer
above the ground water table and we will discuss this case later.

Stresses in Saturated Soil with Upward Seepage:
I

=" Valve (open)

We note that, there is upward seepage from upstream (point B) to downstream
(point A), also we note that, the elevation of water on the tank is remained constant
by controlling the amount of flow in and flow out.

So, due to the upward seepage through the soil, there will be losses in piezometric
head as the water move upward, and the total losses is “h” due to the movement of

water in length” H, “ through the soil, thus, the hydraulic gradient “ i “ will be :
h
1=—

H
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Calculate the total stress, pore water pressure, and effective stress at points A,
B,and C

Firstly, you should note that, as the depth increase the piezometric (pressure) head
increase due to the upward seepage, so, pore water pressure increase with depth.
Point A:

oya = Hy X yw

up = Hy Xyw

0'A = Ototal —U = Hy Xy — Hy X yyy = 0.0

Point B:
o = H; X yw + H; X ygo (NoOt dependent on seepage of water)
Due to the upward seepage the pressure head at point B will increase by “ h”

uB=(H1+H2+1H2)XYW_)1H2=HLXH2=h_>uB=(H1+H2+h)XYW
2
o'p = (Hy X yw + Hy X ygar) — (Hy + Hy + h) X yyy = Hy Xy —h X yy

Point C:

orc = Hy X yw + Z X yga¢ (Not dependent on seepage of water)

Due to the upward seepage the pressure head at point B will increased by “ iz”
uc = (Hy +z+iz) X yw

o'c=H Xyw+zXvysa) —(Hy +z+12) Xyw =z XY —izXyw

Limiting Conditions:
Due to the upward seepage, as the depth increase the pore water pressure increase,
s0, the effective stress will decreases with depth, and this is very dangerous
because at certain depth the effective stress may equal zero (6, = u) and this is
a limiting conditions.
Now, suppose that the effective stress will equal zero at depth z:
o' =zxXy —izXyyw =0.0
The hydraulic gradient at this point is called the critical hydraulic gradient (i..)
SO, ZXY =i zZXyw = i = Y _ YsaTvw range :(0.9to 1.1)

Yw Yw

Now, if the value of “u” is larger than the value of o, this means the effective
stress is negative and if we reach to this state the soil stability will lost and this
situation generally is referred to as boiling or quick condition.

Page (99) Ahmed S. Al-Agha

STUDENTS-HUB.com



https://students-hub.com

Solved Problems in Soil Mechanics Situ Stresses

So, the value of z (the depth having ¢’ = 0) is the maximum depth can be reach to
prevent boiling or quick conditions or to prevent heave (&1 )of soil
Boiling or Quick conditions or Heave of soil:
O3S L 5 Al Lipra 4k ie: Jladl) dga ) dad raal Latie U 583 LS 4y il 8 a3 jallall o2
Al & Lasd st sl oda o) ) Akl oda e S bl e ST ddaill o3a ie olal) hazaa
) ety 4l A il ade Alls Gaaas el () Dl 0 slall ol G (oY )
Sl Ll Jgagll 2 53 Y dan b puhad s o8 55 e e 0585 Ledl Eum (Mud)das

Stresses in Saturated Soil with Downward Seepage:

Inflow

4 Valve (open)

We note that, there is downward seepage from upstream (point A) to downstream
(point B), also we note that, the elevation of water on the tank is remained constant
by controlling the amount of flow in and flow out.

So, due to the downward seepage through the soil, there will be losses in
piezometric head as the water move downward, and the total losses is “h” due to
the downward movement of water in length” H, “ through the soil, thus, the
hydraulic gradient i “ will be :
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Calculate the total stress, pore water pressure, and effective stress at points A,
B,and C

Firstly, you should note that, as the depth increase the piezometric (pressure) head
decrease due to the downward seepage, so, pore water pressure decrease with depth.

Point A:

opa = Hi X yw

upy = Hy Xyw

0'A = Ototal — U = Hy X yw —Hy X yy = 0.0

Point B:
org = H; X yw + Hy X ygo (Not dependent on seepage of water)
Due to the downward seepage the pressure head at point B will decrease by “ h”

uB=(H1+H2_1H2)XYW_)1H2=HLXH2=h_>uB=(H1+H2_h)XyW
2
o'p = (Hy X yw + Hy X ygar) — (Hy + H; —h) X yyy = Hy Xy + h X yy

Point C:

orc = Hy X yw + Z X yga¢ (Not dependent on seepage of water)

Due to the upward seepage the pressure head at point B will decreased by “ iz”
uc = (Hy +z—iz) X yw

o'c=(Hy X Yw + 2 X Ysa0) — (Hy +2—iz) X yw =z XY + iz X yw

It is clear that no limiting conditions exist in case of downward seepage because
the pore water pressure decreased by depth, thus, the effective stress will increase
with depth and never reach zero.
il imy 13g8 A sall olyall o g (5 by ¥ A il 8 Adas (ol die elall 3 gee gl ) IS 1Y) Adaa Dl
OsSE AN ()l 4 gl slaall Cgasia (g e b slal) 3 gae g lii )l OIS 13 Eus seepage s
Gsia (o Bl elall 3 sae g 18551 S 131 Ll 3 s 50 bOiliNG I &s3a ka5 upward seepage
gl Q813 oSl boiling ha as 0 Y s downward seepage oS5 Allall (ld 4 sall olual)
Jboiling sha 2 5 Y5 seepage 3w Y 4l elall 3 gac gl ) (adi A gall oluall
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Seepage Force:

Due to the seepage of water through the soil, the effective stress may increase or
decrease according the direction of seepage, so, this concept can be expressed by
seepage force by unit volume as following:

In case of no seepage:

ZYA

It is noted that, there is no seepage force because there is no seepage of water in
the soil. So, the only force exerted on the soil is the weight of soil layer:
P=7Zvy'A

In case of Upward Seepage:

(zy—izy )A

izyA = seepage force

It is noted that, there is a seepage force directed upward (in the direction of flow)
and we also note that there are two forces exerted on the soil, the weight of the soil
directed downward, and the seepage force directed upward:

P=Zy' A-izy, A

Also we note that, if the seepage force ( iz y,, A ) smaller than the weight of the
soil (Zy' A), the soil will be safe and the boiling will not occur, and the critical
case when the weight of the soil equal the seepage force, but if the seepage force is
larger than the weight of the soil, the soil stability will lost and the boiling will
occur.
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In case of Downward Seepage:

(zy=+izy )A

izyA = seepage force
It is noted that, there is a seepage force directed downward (in the direction of
flow) and we also note that there are two forces exerted on the soil, the weight of
the soil directed downward, and the seepage force directed downward:
P=ZYy A+izy, A
It is clear that, the force exerted on the soil is always downward and the soil is
always safe.
The seepage force in the two cases having the same magnitude (iz y,, A) and the
volume of the soil is (zA), so, the seepage force can be expressed by the form of:
seepage force = iy,, (per unit volume)

Heaving in Soil Due to Flow around Sheet Pile:

If there is a sheet pile separated two levels of water (downstream and upstream),
the soil on the downstream side may be heave (&£ 5) due to the uplift seepage force
on the bottom of the heave zone. Terzaghi found that the heaving generally
occurred within a distance of (g) from the sheet piles.

Such that D = the depth of embedment (¢s32)) 5<21l) of sheet piles into the

permeable layer. This can be explained on the figure shown below:

mpermeable Rock
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Now, we want to calculate the factor of safety against heaving of soil:

!

F.S=—
U

W' = Submerged weight of soil in the heave zone per unit length of sheet pile.
W' = Unit weight of soil X Volume per unit length.

, D 1.,
w =(Ysat_YW)XEXD=ED Xy

U = The uplift force caused by seepage on the same volume of soil.
1
U:EDZ XiaVXYW

iy IS the average hydraulic gradient between points A&B

1
5 D? X Yefr Y
F.S = 1 = :
7DZ XiavXYw lay X Yw
How to calculate i,
h hgrivi + hgrivi
lay = % , hay = driving > driving B (Driving head at points A&B)
Example:

In the figure shown below, calculate the factor of safety against heave
(Ysat = 19KN/m3)-

Impermeable Rock
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The first step is to draw the heave zone on the flow net (if it’s not drawn) and then
calculate the factor of safety:

Y = Ysat — Yw = 19 —9.81 = 9.19 KN/m?

The heave zone can be enlarged as shown in figure below:
You should know how to draw this heave zone

(with dimensions)

AH=10-2=8m , Ngpumper = 12 D=10m

i=N = A = i = 0.667
§ T Ndvalue = Nd,number a 12 e

There are 8 potential drops to reach point “A”
hdrivinga = 8 — 0.667 X 8 = 2.664m

There are 8.8 potential drops to reach point “B”
hdrivinga = 8 — 0.667 X 8.8 = 2.13m

_ hdriving,A + hdriving,B _ 2.664 + 2.13

h,, = z z = 2.397m
 h,, 2397
Iy = F = T = 0.2397
' 9.19
F.S = Y 3.9

T iy XYw 02397 x981
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Capillary Rise in Soil & the Effective Stress in the
Zone of Capillary Rise:

Capillary Rise in Soil:
28l o s Cun elall (0 (gn (A G (upmd sl s A ple (S5 4y 8l) Aualal) sl
Gy Jind ) elall 055 a5 L e T ) elall ad g e sl 8 el mdass e 3 g sl oo
Al IS i g LS (h) R dilise (g il i) 138 el Ggusie il
< r

Free water surface

Capillary tube — h

A gall olaall i guia (358 Al Aidall (g 5ind la) (iany B 4l Cun D il 8 as gy Lol o ggidall
Gab e Sl el oda A slall adi i Cuny 4y s il JS8 e e ) i) e 488 ) e e
Sl e (g siad s A sall oyl o sunia (358 055 ) Aaglall o385 | &yl dalill o seie
0585 O Ll (e (il 5 Byl Al ) Aassl o Leol] el JUEH gy 13 5 Bdlas )55 Y 2 e
Do Y el 8 g Ul 5 (0<S<100%) (o0 S8 Ansia ) (§=100%) JolS IS5y s
Andall L) Jas a5 4 il A4 puedll cle) @l ia g Sl 3| A A (e 43Ul GilalgaY) Glea die

Zone of capillary rize
Ground water table

Saturated Sand
Y,

sat
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To calculate total stress result from zone of capillary rise you should calculate the
unit weight of this layer [saturated or moist (partially saturated)] and then multiply
this unit weight by the height of this layer.

To calculate the pore water pressure from the zone of capillary rise:

S

4=~ (g55) v
S = Degree of saturation (%)
h = The height of the point under consideration measured from the groundwater

table.
Now, to find the pore water pressure at point B on the above graph you must
calculate it just before point (B) and just after point (B), because the degree of
saturation(S) is different before and after point (B)
So, to find effective stress at point (B) you must calculate it just before and just
after point (B).
The negative sign in the equation is due to the points always exist above the G.W.T.

elall Jazia () 6 A gl olyall o panie (pas e a5 ddads g Ll elal) Jarazal dpailly 48323
G Abaiill o2a a3 Ly slusa Led elall Jakaia () 53 A gl slsall o gusia Jiud () 585 Al (515, jiua lanic
O3S A sl slaall o gusia (358 Adalil) CulS 1315 dpe i) olall A8US A Ly g a4 gl obiall (o gusia
Gy 3yl dpalal) L Ciaa Aida 850 g ge Adaiill 228 ClS 1) V) a5 gy Led el axa

A gl obaall o guaia (368 LedY s Jasa (815 el Jasaa daill 03¢ ()5S
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39. (Final 2012):

Refer to the soil profile shown in figure below:

a. Calculate the variation of o, u, and ¢’ with depth.

b. If the water table is rises to the top of the ground surface, what is the change in
the effective stress at the bottom of the clay layer?

c. How many meters must the ground water table rise to decrease the effective
stress by 15 KN/m? at the bottom of the clay layer?

e =0.52
G,= 2.66

G.W.T

e=1
G=275

Solution

We note that the G.W.T is below the sand layer and above clay layer so the sand
layer is dry (No capillary rise) and the clay layer is saturated.

For Dry Sand Layer:
Gs X Yw _ 2.66 X 9.81

Yary = e = 1gosz — /17 KN/m?
For Saturated (S=1) Clay Layer:
S.e 1x1
S.e= Gsw—>w=G—S= ~—oo = 0363
2.75 % 9.81(1 + 0.363) .
Ysat = T+ 1 = 18.4 KN/m
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d.
Let the point A at depth “0”, point B at depth “5m”, and point C at depth 9m.
Point “A” (z = 0.0):

O-t’A=0.0\/.
Up = 0.0v.
OJA:O'O‘/'

Point “B” (z = 5m):

oyg = 5% 17.17 = 85.85 KN/m?* v .
ug = 0.0/

o'g = 85.85 — 0.0 = 85.85 KN/m? V.

Point “C” (z = 9m):

Opc =5%17.17 + 4 x 18.4 = 159.45 KN/m?* /.
uc = 4x9.81 =39.24 KN/m? /.

o'c = 159.45 — 39.24 = 120.21 KN/m? /.

b.

Y 45Y seepage 2 s 4l slina Gl 138 5 (2 )Y gl ) @i ) 48 sal) slall o guiia o) Lin Jaadl
she gy e i 8 el Y 10 Lad) g sball Cuanlia (A (38 aa 0 Vg 7 )& (3855 JANo (385 aa
o Ak (8 L5 ) 1) oLl e s i oLl Ly 55 2y i) i Al o e

AT 038 g ) el ey Sl iy L Ll Aradia st Al o3 8

GW.T
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We note that from the above graph both sand and clay layers are saturated
For Saturated (S=1) Sand Layer:

S.e 1x0.52
S.e=GSw—>w=GS= X = 0.1955
2.66 X 9.81(1 + 0.1955) 3
Ysat = 17052 = 20.52 KN/m

For Saturated (S=1) Clay Layer:

Ysat = 18.4KN/m3 (Calculated above)

The required is to calculate the change of effective stress at depth of clay layer
(point C).

From the first case: 6’ = 120.21 KN/m?

Now, for this case:

orc = 5% 2052 +4 x 184 = 176.2 KN/m?

uc =5X%X9.81+4 x9.81 = 88.29 KN/m?

o'c =176.2 —88.29 = 87.91 KN/m?

Now, the change in effective stress at point C:
Ac'c = 120.21 — 87.91 = 32.3KN/m? (Decrease)V .
(Jiy Jladl) slgay) b Ml 5 C Adaiil die ol 3y elall Jaiaa ()8 Ad gl obaall o susia gl ) ie adf a3l
C.
A sl olpall (o g a5 ) dagts C ddaiill die Jledll dlgay) 8 pnliasyl ded lare sl 24
Cila (558 g A il Ak (a5 3 0l MLy 5 ) ANl ALY A 8 o pastall e B ddlss
Al oda iz gn M sl dall Adida Jia clall aadia DAY ¢ ol 5 48 sall sball o guiia (358
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From the first case: 6’ = 120.21 KN/m? and Ao’ = 15KN/m? (Given)
Now, for this case:

orc = (5—h) X 17.17 + h X 20.52 + 4 X 18.4 = 159.45 + 3.35h

uc =hx9.81+4x9.81 =9.81h + 39.24

o'c = (159.45 + 3.35h) — (39.24 + 9.81h) = 120.21 — 6.46h

Ac'c =15 =120.21 — (120.21 — 6.46h) —» 15 = 6.46h »> h = 2.322m V.

el daa) e a5 e ST il 1Y) Lol daaa dadll o 350138 5 5 (e JiT A o Al

40.

For the figure shown below, if the area of the tank is 0.5 m® and hydraulic
conductivity of sand is 0.1 cm/sec.

a. What is the magnitude and direction of the rate of seepage?

b. If the value of h=1.2m, will boiling occur? Why?

c. What should be the value of “h” to cause boiling?

[TLIT
Valve (open)

Solution
It is clear that the direction of seepage is upward, so, boiling may be occurred.
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d.

q=KiA , K=0.1x10"2m/sec , A= 0.5m?
~ Total Losses 1.2
' Length of Soil 2
q=0.1%X10"2x%x0.6 X0.5=3x%x10"*m3/sec (Upward) V.

b.

Always we check stability at the point having maximum pressure head because it
have maximum pore water pressure and minimum effective stress.

So, we want to calculate the effective stress at point (B), if the value is negative,
the boiling will occur, otherwise, the boiling will not occur.

= 0.6

Firstly, we calculate the saturated unit weight for the soil:

S.e 1x0.55
S.e=Gw > w= Gl i = 0.2052
2.68 X 9.81(1 + 0.2052) 3
Ysat = 1+ 055 = 20.44 KN/m

oyp = 1% 9.81 + 2 % 20.44 = 50.69 KN/m?
ug = 1x9.81+2x9.81+ 1.2 x9.81 = 41.202KN/m?
o' = 50.69 — 41.202 = 9.488 KN/m? > 0 - boiling will not occurv’.

C.
The value of (h) that causes boiling must be greater than the critical value of h
(o'g = 0)

orp = 1%9.81 + 2 x20.44 = 50.69 KN/m?

ug =1%x981+2x%x981+hx981=2943+9.81h

Critical case occur when 6’ = 0 — oy = up

50.69 = 29.43+4+9.81h—>h=2.167m

So, the value of “h” that cause boiling must be larger than 2.167 m
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41. (Mid 2006):

A layer of sand 5 meters deep overlies a thick bed of clay. Draw diagrams

indicating the total and effective stresses and pore water pressure on horizontal

planes to a depth of 9 meters below the ground surface in the following cases:

a. If the water table is at the ground level.

b. If the water table is at 2 meters below ground level and the sand above remains
saturated with capillary moisture.

c. If the water table is at the top of the clay and the sand dry.

For Sand: ys,¢ = 20.9 KN/m? , Yary = 17.4 KN/m3

For Clay: yg,r = 17.8 KN/m?3

Solution
The graph of the problem is not given so you should know how to draw it.
d.

GW.T

.

Let the point A at depth “0”, point B at depth “5m”, and point C at depth 9m
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Point “A” (z = 0.0):

Gt,A == 00
Up = 0.0
OJA = 0.0

Point “B” (z = 5m):

org = 5% 20.9 = 104.5 KN/m?

ug = 5 x 9.81 = 49.05 KN/m?

o'p = 104.5 — 49.05 = 55.45 KN/m?

Point “C” (z = 9m):

oc =5%20.9+4 X 17.8 = 175.7 KN/m?
uc = (5 +4) x 9.81 = 88.29 KN/m?

o'c = 175.7 — 88.29 = 87.41 KN/m?

0 mTotal Stress, oy Pore water pressure, U Effective stress, o
5m 1045 | 4905 | 55.45
IMmeeee e - @ oo
175.7 88.29 87.41
Depth (m) Depth (m) Depth (m)
v v v
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b.

Saturated Sand with
capillary moisture

G.W.T

Saturated Sand

Saturated Clay

Let the point D at depth “2m” (at the G.W.T.)
Point “A” (z = 0.0):

Gt,A == 0.0

s = — (=) Ywh, (S = 100% — Given) (Wlf oo 25 Y 4 2y J8 320 )
100

us = —(1gg) 981 X 2 = ~19.62 KN/m?

6’5 = 0.0 — (—19.62) = 19.62 KN/m?

Point “D” (z = 2m):

orp = 2 X 20.9 = 41.8 KN/m? (Because the sand above point D is saturated)
up = 0.0 (atthe G.W.T — No head)

o'p = 41.8 — 0.0 = 41.8 KN/m?

Point “B” (z = 5m):

oy = (24 3) X 20.9 = 104.5 KN/m?
ug = 3 X 9.81 = 29.43 KN/m?

o'y = 104.5 — 29.43 = 75.07 KN/m?
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In Situ Stresses

Point “C” (z = 9m):

orc = (24 3)%x209+4x17.8 = 175.7 KN/m?
uc = (3+4) x9.81 = 68.67 KN/m?

o'c =175.7 — 68.67 = 107.03 KN/m?

u
om Ot 19.62

2m

5m

9m
175.7 68.67

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

v v

C

19.62

75.07

75.07

107.03

Point “A” (z = 0.0):
ora = 0.0

up = 0.0

o'p=0.0

Point “B” (z = 5m):

oyg = 5% 17.4 = 87 KN/m?
ug = 0.0

o'y = 87 — 0.0 = 87 KN/m?

Point “C” (z = 9m):

orc =5%17.4 + 4 x 17.8 = 158.2 KN/m?
uc = 4 x 9.81 = 39.24 KN/m?

o'c = 158.2 — 39.24 = 118.96 KN/m?

Draw the stress diagrams by yourself ©.
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42.

For sand in the shown profile below, if e = 0.7 and Gg = 2.65. Draw diagrams of
total and effective stresses and pore water pressure with depth.

Ground Surface

Capillary Fringes

IGWT

Solution
Capillary Fringes:
Ayl sV o2a elglil e el o g Ayl 5 s sall Ay yeel) DU el Sl laall a
el Lualally Ll g i) elgml
For moist sand:
S=05, e=0.7, Gg=2.65

S.e 05x0.7
S.e=G,w > w = Gl = %es = 0.132
2.65 x9.81(1 + 0.132) 3
Ymoist = 1507 = 17.31 KN/m
For saturated sand:
S=1, e=0.7, G, =265
S.e 1x0.7
S.e=G,w > w = Gl = es = 0.264
2.65 % 9.81(1 + 0.264) .
Ymoist = T 07 =19.33 KN/m
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Point “A” (z = 0.0):

Gt,A == 00
Up = 0.0
OJA = 0.0

Point “B” (z = 2m):
oy = 2 X 17.31 = 34.62 KN/m?

50
UB just before — — (m) 9.81 x 2 =-9.81 KN/mZ

100 ,
U just aftere = — (W) 9.81 x 2 = —19.62 KN/m

0B just before = 34.62 — (=9.81) = 44.43 KN/m’

0-’B,justalfter = 34.62 — (—19.62) = 54.24 KN/m?

Point “C” (z = 4m):

Oic=2X%17.31 +2 X 19.33 = 73.28 KN/m?
uc = 0.0

o'c = 73.28 — 0.0 = 73.28 KN/m?

Point “D” (z = 6m):

oyp =2 %1731+ 2x19.33 +2 % 19.33 = 111.94 KN/m?
up = 2 X 9.81 = 19.62

o'p =111.94 — 19.62 = 92.32 KN/m?

Om °
75.07
2m 54.24
44.43
73.28
5m

111.94 19.62 92.32

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

v v v
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43.

A lay layer of 25 m thickness with a saturated unit weight of 21 KN/m?* is
underlain by a sand layer. Ground water table is at the ground surface. An artesian
pressure amounting to a water level of 6 m above the ground surface is known to
exist in the sand layer. A12 m deep, wide, open excavation, which is to be made in
the dry is planned in the clay layer. Determine whether the bottom of the
excavation will heave or not under the given conditions.
Solution
A ) olaall o pasia O Camy o I (ge ik Lelind yia 25 Slassy cplall (e Ak a0 1) gl 7 0
ks ) Jeay (Y (B sina (500500 i aa s (Oshal) A8l mhans (T oY) mhan e aa
Upward 4lls Ll as g 43 sline 138 5) 28 sal) sball o guia (358 i 6 408 olaall g lii 51 5 Ja i
Y s gl b gl iliall iy B yia 12 Gans Cphall dd 8 dSiee B is Jas 313 (Seepage
2y g 3 ial) 028 g8 b sl (e ) 5iSay i i )Y el e A sall el gasia ()5S
s (A8 sl slall o sasie g ) Al A (O IS o ) pay 9 4 i) a0 elall o siy) o) sl
gl ol o Al 8 99 V) o (358 5ie 6 5 5LV ) saia g ()Y

GW.T

......
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Consider point (A) is at the bottom of the clay layer below the excavation.
Ifup > o8 >

The bottom of excavation will hesve, other wise, the bottom will not heav
opa = (25 —12) x 21 = 273 KN/m?

uy = (25 +6) x 9.81 = 304.11 KN/m?

up > oga (0’5 = negative value) so the of excavation will heave v'.

44,

The figure below shows a concrete structure (concrete pit) of a canal. Calculate (a)
the factor of safety against uplift at the base of the concrete pit (b) the effective
stress at the base of the concrete pit.

Do the above required calculations for the following two cases:

- If the water table is at level (1).

- If the water table is at level (2).

Hint: [State weather the design is good or not for the above two cases]

0.75 3.50 075 Yeoncrete = 24 KN/m’
T
S50m
2) 2
( 3 (2) =T
3.0
d very long 285
groun y long
/7 level /7 concrete pit
X
— — 1.09 2
() < N (D 3.0m
2.0
1.0
Base of concrete pitJ
Solution

Case I: Water table at level (1)

1.
structure weight

F.S. agianst uplift =
aglanst upl uplift force
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structure weight = Vgirycture X Yconcrete
Vstructure = Vbox — Vspace = (7x5)—-(6x3.5) =14 m?>
— structure weight = 14 X 24 = 336 kN
uplift force = ugpase X base area
U@base = Yw X hw,above base = 10 X 3 =30 kN/mz
uplift force = 30 x (5 x 1) = 150 kN.

336

F.S.= 150~ 2.24 > 1.5 — The design is good in this case v'.

2.
/ 336 )
O@base = Ustructure — U@base = m —30=37.2kKN/m“ /.

Case Il: Water table at level (2)

1.

structure weight = 336 kN

uplift force = ugp,se X base area

U@base = Yw X Nwabove base = 10 X 6.85 = 68.5 kN/m?
uplift force = 68.5 X (5 X 1) = 342.5 kN.

6
S.= 3425 = 0.98 < 1.5 — The design is not good in this case v'.
2.
, 336
O@base — Ustructure — U@base = m —685=-13=0.0"/.

— this means the structure weight equals uplift force
— Soil does not carry any load and the structure will float
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Solved Problems in Soil Mechanics Stresses in a Soil Mass

Important Introduction:
Gae sl e ddati gl die Jledll slgall s el Jaria s JSH SlgaY) af Clua 448 (CH.9) (8 Lialas
ila) Juad 2pa s Ala 3 1 Aima Gl 53 e A il (g0 0585 A S (e Gme il (A ne
L e laa kils Jaa 5l 7point load”d i) e A seS 3 see Jas 1die 45l s e
“Embankment Load”de_ s Jes si “Strip Load” 4y »i s3cl8 Jas 5l “Line Load”
JSEl day ye ol Alaiine 3ac 8 Joa 5 JSAN (5 00 ol 0l 33 Jas Lagy sl JSEl 4 iy 3ac B Jas
ahie Lo o g se S 13 Jlaalll o3 (e & 53 sl . dleal) g1 e la e 5 Al A0 A8 L Lay
Gee sl e A ol xie (Effective Stress) Juall dlea¥) dad e 2y 5 Cogas 4ld &y il (g Cpama
12 & sm 50 585 (INCrease in Vertical Stresses ) mewd 82L )l s2a (la AL 5 4 5l adaia (4
. (Chapterd
o dala Al a5 e 20 Y A i) (e Adlidall Jlaal A 32l 3 038 ol A8 i g 5yl U8
gy dad 5 (ama Geao gl o 5 ddati ol wie Jladl) alea DU AN Lal) Clua 8 a3 530 3l 522 ()]
(Primary Consolidation Settlement)i: il & 1o sl af o & ool (S5 2 585 028 Jladl)
digd Sy Jlaa¥) g1 5l aal o) b o S5 oaall has (CHL11) (o8 Jamia IS0 4l it i g g2
Jlaal s & ilall slpadl il 3 Jlead s 4l 1 3 sand) Jlead o8 4 il 8 o gaed) o il il o,
& (JoSIL aall Jand Bac8) il & i) Jleald g 4k i) ac) gl 5l dny el 5 Alidaivsall 2o il
Oe g )W) eaa il 48 ) 5 LaY1 (e 2 Y L 5 (Force/unit area) sas s Jleaa¥) jlaialy
105 e s A ) Jea)
1.Loads are applied on the whole soil profile, or loads have a large
lateral extent.
Jaall of o & ) adaie JalS e 3 5m 50 Jaad) 138 ol 5 7 daiiy A i) e 3 g gl Jaall o yiind
(AUl S8l a0 WS (Large lateral Extent) &S dwils ddlaa ) Yias

Load =q Load = ¢

V.
4§ Embankment of large exle
e o

-
2
i

.
Sh

v
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Leale & 555 i Aaluaal) <l ) LS gandl )5 LS il a4 ) 1) Jlea) Jlam) 38y yha ole IS5
GOSN (e al 5 sn LS Allall a8 (S0 Gand) 505 e el 13 dad Ji5 Ul 5 JlaaY) el

& s il Aaluall ol Jaud Ul 3 LalS als il g 4y i adate JalS e g 550 Jaall o il
O Aabually (uine Y Lgr Gasine 302 g Ul 3 g sl Dy 5l adae A 010 55 Jaall 138 Leile
e Als a5 Jaal) 128 Lle & 50 I Aalisad) (la SN Jaall 128 Lle & 558 Sill g Ay ill adaa
A 0 LalS 506 80 o g Jaadl A (8 (Ul 5 3 g sl 4 i) adae dalise (a8 5 (Bandl 8255
Ols Al pdaia ) Jaall JUE5) S (1) s S JSA Aabiad) s e g 5 LY Jind
Gandl 33l ) e 70 deal) dagd (2). 405l adaie Ja1a LY Lgw aigs A Aalisall o AdlBal) daliudll

q q
‘%iilllili" I S A
777 .

s

%mi )

Depth

So, we conclude that, for this type of loading:
q = Aoy = Ao, = Ao, ——

Increase in vertical stresses at any depth “Ac,” equal the load applied on the soil
surface “q”.
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2. Loads are applied on a specific part of the soil profile:
The following figures explain this case:

mpermeable Rock Impermeable Rock

LS il 5 2 3l adaie (e Cpize s Glo 5 AL #1539 aea e daslill Jlaa¥) of L a3l
e (e e (A Claliall 038 5 Geall 313 WIS ST clalie e ¢ 555 Jlaa) sda o gl U <3
8 Al claluall) claluall GY Gead) 3345 e Ji Jleal 028 old ML 5 (YA 028 L3)4, i)
Jla¥) e g sl 138 JUsil 48 e g N SN ol 33 Jlaa¥) o2 Lale & 555 ) (olial (<4
il )
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F Y

Depth
So, we conclude that, for this type of loading:
q > Aoy > Aoy, > Aoz > Ao, —»—

Increase in vertical stresses at any depth “Ac,” is less than the load applied on the

(Y]

soil surface “q”. And we will learn how to calculate it later in this chapter.

Now, we want to calculate the increase in vertical stresses at any depth due to different
types of loading.
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Stresses Caused by a Point Load:

We calculate the vertical stress increase at any point at any depth due to the applied
point load as following:

Consider we want to calculate the vertical stress increase at point A in figure below:

P
.
~ /{ X
\\ ; i
\\\ //Y
/
N,
B B ){
|
|
Y, | Z
|
|
‘A
\J
z
3.P.Z3 _
Ao, p = = , and the same at any point.

2m(r? + 72)2

r=+X?%+Y?
X,Y and Z are measured from the point of applied load as shown in figure above.
Note(1): We can calculate the vertical stress increase due to point load

alternatively as following: (Preferable)

p
Ao, a = 72 Iy

The value of I; can be taken from (Table 10.1 P.313) according to the value of %

(Do interpolation “on table” if required).
Note(2): If there are more than one point load applied on the soil profile at
different positions , you should calculate Ao, for each load and then :

AO‘z’t = AO‘ZJ + AO‘Z’Z + Aoz,3 + -4 AGz,n
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Vertical Stress Caused by a Vertical Line Load:
Consider we want to calculate the vertical stress increase at point A in figure below:

2q.23 Q1]
AO-Z’A - T[(XZ + ZZ)Z ‘K\ta(?r? | |
S Y
And the same for any point. QQ??T : : | i"p
| y
X and Z are measured from the start point of the | ; j’
vertical line load as shown in figure. y

. -
Note(1): We can calculate the vertical stress X

increase due to vertical line load alternatively as

following: (Preferable) V4
Ao, _¢ (X)

(a/z) \z e |
So, for any point, the value of (2‘;;) can be taken

from (Table 10.2 P.315) according to the values of

; (Do interpolation “if required”)
And if ~2

(a/2)
known (because g and z are known).

Y
is known — the value of Ao, will be Z

Note(2): If there are more than one vertical line load applied on the soil profile at
different positions , you should calculate Ao, for each load and then :

Aoz’t = Acz’l + AGZ,Z + AGZ’3 + -+ Acz’n
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2q.X.Z2

AO,p = ———=
ZA T m(X2+72)2

And the same for any point.

X and Z are measured from the start point of the
horizontal line load as shown in figure.

Note(1): We can calculate the vertical stress
increase due to horizontal line load
alternatively as following: (Preferable)

(27;) = ()

So, for any point, the value of

A% can be
(a/z)

taken from (Table 10.3 P.317) according to the
values of ; (Do interpolation “if required”)

.. Aoy,
And if e

known).

Note(2): If there are more than one horizontal line load applied on the soil profile

Ses In a Soil Mass

Vertical Stress Caused by a Horizontal Line Load:
Consider we want to calculate the vertical stress increase at point A in figure below:

A4
Z

is known — the value of Ao, will be known (because g and z are

at different positions , you should calculate Ao, for each load and then :

Aoz’t = Acz’l + AGZ,Z + AGZ’3 + -+ Acz’n
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Vertical Stress Caused by a Vertical Strip Load:

(Finite Width and Infinite Length)
Strip Load:
OS5 Euny (e pgn s Jes o 5o 8l o2a Ayl 5) daday 8 5208 2 5a 5 e il S Jid
S e Jshy B aass e L
Consider we want to calculate the vertical stress increase at point A in figure below:

X and Z are measured from the
midpoint of the strip load as shown in
figure.

- < 2 B
And we calculate the vertical stress |/ qlloadiunit area)
increase at any point due to the strip P g
load as following: B/ B/2

Ao, _ f<Z_Z Z_X)

q B’'B
So, for any point, the value of AZZ
be taken from (Table 10.4 P.320) X
according to the values of % and %.

And if 2%
q

Ao, will be known (because g is known)

can

x>

N

is known — the value of

Aoy,

Note: intable 10.4 you may need to do interpolation 3 times to get the value of 7

Example: consider 2= = 0.833 and = = 1.37
From table: 1.37 is between (1.3 and 1.4), and 0.833 is between (0.8 and 0.9)
For Z?f =08- A%lz(at% = 1.37) = (0.2345 (interpolation between 1.3 and 1.4)

For Z?f =09 - A%lz(at% = 1.37) 0.2546 (interpolation between 1.3 and 1.4)

Now,For Z?f = 0.833 - % (at% = 1.37) = 0.241 (interpolation bet. 0.8 and 0.9)
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Vertical Stress Due to Embankment Loading:
Embankment Loading:

e i adaie (368 3 9 e (fill) pel e 3ok S 38 o ) e patie (358 Loy e ()5S B
Consider we want to calculate the vertical stress increase at point A in figure below:

B, i B, i
A
q=yH
H
B; — Always for rectangle i
B, — Always for triangle iz
5

We can calculate the vertical stress increase at any point due to the embankment
load as following:

Ao, = ql;
The value of I, can be taken from (Figure 10.20 P.327) according to the values of
B, B,
— and =
Z Z
Note:

A 5 i (55 8 22 g Ll ] s (555 Y 2208 0 10,20 UK n BN
.ok " B we notm : .ok
L“g)'\jﬁads.w\djﬁ.l.b,(?:O)M&&&#@\AGZQMQS@QYM\M
ggi..\ScA(ng__ﬁuﬂ,cﬂM..hﬁé‘uM X déuiAo'Zg._aLu.QSmw‘ioﬁ,(g_dM" u +<Ls£.xmw X )C’-!\)L.ILJM“ X
Ay s elly ye Alaldl clS 13) el ecalia Jand ol e (53l sie Jiul Adaiill o2a (4583 () cang Adas
ALY 8 6 i LS gyl s s da e s O ke () sie A8la) sl 4a kg Cfie 23l
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Vertical Stress below the Center of a Uniformly

Loaded Circular Area:
Consider we want to calculate the vertical stress increase at point A in figure below:

We calculate the vertical stress increase at
any point below the center of uniformly
loaded circular area as following:

Ao, Z
-3
q R

R: Radius of the circular area.

A
%z can be

So, for any point, the value of .

taken from (Table 10.6 P.331) according to

the value of E . (Do interpolation “if

required”)

And if 2%
q

be known (because g is known)

is known — the value of Ao, will
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Vertical Stress at Any Point below a Uniformly

Loaded Circular Area:
Consider we want to calculate the vertical stress increase at point A in figure below:

mETE

Lpr B
2

o
e Tt LR
L,

i i‘i";& qEHHE:Eﬂ'rLI'It area) i

k) : :
FLd ; : k N ; i : .\d o E
B 2T o

s E‘:‘

[

R

We calculate the vertical stress increase at any point below a uniformly loaded
circular area as following:

Ao, = q(A" + B")

A'and B' = f(é%) (A’ > From Table 10.7), (B’ - From Table 10.8)

R: Radius of the circular area.

r: Distance from the center of the circle to the point of consideration.

Note that, you may need to do interpolation (3 times) to get the value of A’ or the
value of B’ (as we explain above “ in strip load in table 10.4”).
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Vertical Stress Caused by a Rectangularly Loaded Area:
Consider we want to calculate the vertical stress increase at point A in figure below:

~

&3
06? g(load/unit area)

X

$ - 1

Y
z

We calculate the vertical stress increase at point below the corner of rectangular
loaded area as following:

Ao, = ql3

I; = f(m,n) (From Table 10.9 P.337 or Figure 10.26 P.338)
B L

m = z , n= 2

B: Smaller dimension , L: Larger dimension

Sl Al dalial (corner)os,) disl lasie Ag, dlag) o jall ddaiill ) 55 Gl Cany sdals A3adla
Al (e 3y Y Ui g Allaiiee dahaie (€ ) Jiud aa 5 Y Bl (e yae] Ag, slag) slhae ()5S0 38

DA e @lld e (o patin g (5 5305 pa4a jha s o ye sl Jibaiise dilia) (S Cam o 3l ) Al
RARY
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stresses in a Soil Mass

If we want to calculate Ao, below the center of rectangular area

there are two methods:

’—7L:’2 —=

®
A

!

B/2

i

1. Divide this area into 4 areas to make point “A” under the corner of each area:
We note that, point “A” is under the corner

of each rectangular area, so:

Aoy = q(Izy1 + Izy2 + I(3)3 + 1(3)4)

Because the total area is rectangular and
divided into 4 areas it is clear that the four

areas are equal SO:

Iz)1 = I3)2 = Iz)s = Izya = L3)

Aoy = q(4l3y)

I, = f(my,n;) (From Table 10.10 P.341 or Figure 10.29 P.340)

2.
AO-z,t:qLL

L 7 21
M= » MTy~=7p
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45.

For the shown figure below, if the value of Ao, at point “A” is 30 KN/m?.
Determine the value of q,.

q1=250 KN/m

|
i
|

- 3m L om e t

Solution
It is clear that the given loads are line loads.
Ao, = Ao, + Ao, , = 30KN/m?
Calculating the value of Ao, 4
It is clear that the value of q; is vertical line load.

X 2
q = 250KN/m , X=2m , Z=2m—>2=§=1
So, we can get the value of ((A;;) from “Table 10.2” according the value of% =1
Ao, 4 q 250 ,
— = 0.159 - Ac,; = 0.159 x — = 0.159 x — = 19.875KN/m
(a/2z) ’ Z 2

Calculating the value of Ao,

It is noted that, the line load g, can be divided into two components (Horiz.&Vert.)
Aoy, = A0zy + A0, oH

Calculating the value of Ao, due to the vertical component of g, (Ao, ,y):

X 5
q = q, X sin(45) = 0.707q, , X=5m, Z=2m—>z=5=2_5
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2% _from “Table 10.2” according the value of = = 2.5
(q/z) Z

So, we can get the value of
Ac,,y  0.011+0.014
(a/z2) 2

Ao, py = 0.0125 X % — 0.0125 x

= 0.0125 (average value between 2.4 and 2.6)
0.707q,

= 4.419 x 1073q,

Calculating the value of Ao, due to the horizontal component of g, (Ao, oy):
X 5
q = q, X cos(45) = 0.707q, , X="5m, Z=2m—>2:5:2_5

AGZ) from “Table 10.3” according the value of% = 2.5

So, we can get the value of
a/z

AG,ou  0.051+0.019

(a/z) 2
0.707
AG, o = 0.035 X % — 0.035 X —— 2

= 0.035 (average value between 2 and 3)

= 0.01237q,

So, the total value of Ao, , will be:

Ao, , = 4419 x 1073q, + 0.01237q, = 0.01679q,,
Ao, = Ao, , + Ao, , = 30 KN/m?

30 = 19.875 + 0.01679q, — q, = 603KN/m V.
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46.

For the shown figure below, assume all required data are given. Calculate the
increase in vertical stresses (Ao,) at points A, B, C, and D.

v

| | | |
B

| | | |

. « o ¢« L
D C B

\

Solution
Point “A”:

S
/ i1
/%
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As shown in figure above, to calculate Ao, at point A we must divide the given
area into two areas (trapezoidal) to meet the conditions (point must be under
trapezoidal or under triangle).
For area “1” (Trapezoidal- B, = v/, B, = V)

B, B,
Qo) =YX H , - = v, - =
Ao,1) = Qo) X Iy = V-

v = I3y = v (From Figure 10.20)

For area “2” (Trapezoidal- B, = v/, B, = V)

By B
qO(Z):yXHr 7:‘/7 7:
A6,2) = o) X L2y = V-

vV > Iy = v (From Figure 10.20)

So, AGZ(A) = AGZ(l) + AGZ(Z) = V.
Note: If the embankment is symmetry, and point A under the middle of the
embankment, you can calculate Ao, for one area and then multiply the value by 2.

Point “B”:

. B, B, ‘ B, |
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As shown in figure above, to calculate Ao, at point B we must divide the given
area into two areas ( triangle”1” and trapezoidal”2”) to meet the conditions (point
must be under trapezoidal or under triangle).

For area “1” (Triangle—» B; = 0.0, B, = V")

B B
Qopy =YXH , =00, — =V =l = v (From Figure 10.20)
A6,1) = oy X Iy = V-
For area “2” (Trapezoidal- B, = v/, B, = V)

B, B,
Qo) =YXH , —==v, —=
A6,2) = o) X L2y = V-

v = I3 = v (From Figure 10.20)

SO,AGZ(B) = AGZ(l) + AGZ(Z) =V.

Point “C”:
| > | & |
T |—__/
| Y
Vi
T B /
H
T F“Bﬁj
N
h1 |~
| 3\ 3
L 1 LLE
i
. e = L—— .
C C C

As shown in figure above, to calculate Ao, at point C we must divide the given
area into two areas ( triangle”1” and trapezoidal”2”) to meet the conditions (point
must be under trapezoidal or under triangle).

For area “1” (Triangle— B; = 0.0, B, = V') (h; is given)
B B
Qo) =Y Xhy 71 =00, 72 =V - Iy4qy= v (From Figure 10.20)

Ao,y = Qo) X L2y = V-
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For area “2” (Trapezoidal- B; = v/, B, = V)

We note that, area “2” it is not trapezoidal, so, to make it trapezoidal we must add

the triangle (dashed lines) to make area “2” trapezoidal.
B B
Qo) =YX H , 71 =v, 72 = v > Ipp = ¥ (From Figure 10.20)
A6,2) = Qo) X Iy = V-
For area “3” (Triangle— B; = 0.0, B, = V) (h3 is given)
The triangle that added to area “2” to be a trapezoidal area must be subtract,
because it is not from the total embankment area.
B B
Qo) =Y X hs 71 =0.0, 72 = - Iy = v (From Figure 10.20)

Ao, 3y = oy X I3y = V-
So, AGZ(C) = AGZ(l) + AGZ(Z) - AO'Z(g) =V.
Point «“D”:

For area “1” (Trapezoidal- B; = v ,B, = V)

We note that, area “1” it is not trapezoidal, so, to make it trapezoidal we must add
the triangle (dashed lines) to make area “1” trapezoidal.

B B
docy =YX H , 71 =V, 72 =V - Iy = v (From Figure 10.20)

Ao,y = Qo) X Iy = V-
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For area “2” (Triangle—» B; = 0.0,B, = V')
The triangle that added to area “1” to be a trapezoidal area must be subtract,
because it is not from the total embankment area.

B B
Qo) =YXH , —-=00, —*=V =1, = v (FromFigure 10.20)
A6,2) = o) X Iy = V-

So, AGZ(D) = Ao-z(l) — AGZ(Z) =V.

47.

For the shown figure below, assume all required data are given. Calculate the
increase in vertical stresses (Ac,) at points A, B, C, D, E, F, and G.

Solution

A C

v .

o 7

Foreachareaq= v , m=§= v, n=§= o=V

The value of I5 can be taken from (Table 10.9 or Figure 10.26)

Always the main condition that must be satisfied that the point must be at the
corner of the rectangle, thus, sometimes we need to add an area to meet conditions
and then subtract it, and there are many techniques will be known after this

problem.
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Point “A”:

Overlapping Area

A | A A

N

Overlapping Area:
jistlaall JRAI (a6 5 585 G (pen ) k) Ales (e ST (A i s Ja At (0
50 leran o sl o3 (3 UL 5 Aima (5 AT dalisa = bl Lga jlal jlaimi o L o Libals
& 0S8 O g Al G Ja ) (Biad 53 WY (e Lgmen o Uil g (A) Al 8 LS (g A
(Ol Lgman o3 Y Lga jla a5 o pall o Judaiaaall (S
Acyay = a % (Is) — Is@) + I3c3))
i) 3ail 2 a8 ) Aalisall (s Lgida 3 4sY Lgilia) &5 3 a8 ) dalial) of JaaDls
Point “B”:

e
R %

Aoymy = q X (I3 + 13 + I33))
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Point «“C”:

\

e |

sthaall JSE Caa (e oo LY Lgdia Gany Ul 5 da pil) 3ial ] dalisall 2 dalisall dila) o
Ao,y = 4 % (Izq) — @)

Point “D”:

.

i L sl Cangy Gl 0y pad Lgiblzal a5 Ul 5 2 51 Ginbisall (pana A8 jidie 3 dalusal) of Lia JaaDs
Al 93yl Adlias (<3

Ao,y = 4 % (Izy + Is2) — Izcs))
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Point “E”:

E

————— —o

=

sthaall JSE Caa (e Cannd LY Lgdda Gany Uil g da il (58a) 1 daliall 4 dalisall dil) o
Aoy = a4 % (s +Is) + Is3) — )

Point “F”:

F F
O i iy Il g Loy il ] Aalisall (A o ghaall) Jebatoaal) 4] o5 43f Lia Laads
iy o AL8) 500 Aalosall (8 L 5 o ) Gt ) (4) ALl Aaliaal) i) Cany 4dka tie
L (3)Aablie i Lgida a1 Y (4haliua)s 4a0 3 e Lgiilin) cany llAl 3 a8 ) dalisall (raa LY Ledaa

Aoy = q % (Is) + I3) — I3 + lsa))
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Point “G”:

%

0T8T %
otetetetetereTesstetels
K S o S

Aalaie dalise aa 65 Jolaisall 138 Gania €1 Loyl (Gl | a8 ) dalisall Jodaiiss 48lia) a3 45) Jaa U
lea b o 38 Aaaial) Aabosall 6 il 5 3 28 Aalusall b Alaluiall dalosal) e Jlsiasall Cads 21
3 4n ko ey Ja ) (3 (6) ) AT Jelainns ALl oy gl (ST Lgila) Cony I
Adda ag Jll 5 Lol sl L) (4)didaiose 33lal 232 a8 ) Aalusall uailly 5 A

Aoy = a4 X (I3 + 132) — s — sy + Ia(s) — Isce))

Important Note:

Ao o pim s (O oy Al IS i ULy el gaand 4846 053 Y (@) A ) pany 3

AG;(any point) = d1 X I31) +d2 X I3(p) -

t YIS Dl g 0l ol dalisall 03¢ (1) 4l ()

48.
For the shown figure below, calculate the increase in vertical stresses at points A
and B.
q1
\\\
4&
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Point “A”:

N
NN
.

Aoy a) = q1 X I31) + 42 X I302) — Q2 X I3(3)

Point “B”:

Ao,y = q1 X I3(1) =41 X I3(2) + q2 X [33)—q2 X I3(4)

STUDENTS-HUB.com
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49.

For the shown figure below, calculate the increase in vertical stresses at point A.

\

Point “A”:

______

____‘A A/ /72

Aoy = a4 % (Iz) + I3 + I3z + s — 3s)
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50.
For the shown figure below, calculate the increase in vertical stresses at points A
and B.
7
B
Point “A”:

%,

Clalise a )l ) daboadl andi ged Ml g dubaial) ol o pall Ciatiia b a&i A ddaiil) Gf aadls
Gana Cand 330 O Ll JaaDliy, (T5) A (i L] Lpman (UL 5 ol s Ll Lgmaan 4 slusia
BAI S 5e Jand aa 53 (A)ARE O G Lea sl Gang UL 4 llaall dslaal)
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For Area “1”:

For Area “2”:

yA Ao
R=/ , Z=/_)E=/_) Z(A'Z)

= /(Table 10. 6) - AGZ(A,Z) =V

S0, Ac(a) = Aoya1) — A0y (a2)

Point “B”:

For Area “1”:
Ao,y = q X 2 X I3 (Cililaia (pialins 2a 5 RN & ) &)
For Area “2”:

Z r
r=v ,R=V, Z=/—>§=/andﬁ=/—>A’andB’= v (Table 10.7 and 10.8)

= A0z = q X (A +B)

S0, Ao,y = Aoy p,1) — A0y 2)
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Introduction:

Juaa¥) a0 5 Loy 2w dan 5l e Jeas el Jas Jie A il e ddla) Jleal 2585 ()
Gl 3ac 4l b gagl) 138 (Settlement) Lol bagsa Y 35 b5 & il s L) ) a5
G o sels el 25 (3) Al e m 5 B (2) Jan ) R Al s 535 (1) 05

Al Clas 53 g sall il )l

In general, there are three basic types of settlement:
1. Elastic Settlement (Immediate Settlement):
s oL Cany 4] G B il 850 g sl e ) ) (e o) sl s A At Ciany 3 b gl
o A et gl A Gaay V5 Jaal) i eleiily ety (3Ll d4) 4 ) e JaaY)
a5 (il Slas e i o) el 7503 G ke a3Y) Al e Addliaal) lEdall il (5 sl
L dadie sl elally dndia ol bl 4y 5 lS o) gy b 5l Jay ol sm il )50 s (8 Casy
2. Primary Consolidation Settlement:
Gabail i g Ul s 4 il s (i e e lall 7558 daii A il (8 Gasy (6l Lo sagd) o
g sl 138 A 4 il dasgs o g Ml 5 SO o g elall Lie i Al e ) ) old JlaaY!
celally LIS dapiiall clidal) 3 Caray o sl g
3. Secondary Consolidation Settlement:
e g s 13 lay (primary consolidation)d! Aa e elgiil s 4 i) dada (e elall JS 7 553 2e
Ol e A ll a3 Sl b gl a9 Ao il s g i sale) e gl g o gagl)
Jlaly) il g
So, the total settlement due to the applied load can be expressed as:
St =S¢ +Sc+ S
St = Total Settlement
Se = Elastic Settlement (Immediate Settlemnt)
S. = Primary Consolidation Settlement
S = Secondary Consolidation Settlement

In this chapter, the three types of settlement will be discussed completely.
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Elastic Settlement:

As mentioned above, elastic or immediate settlement (S.) occurs directly after
the application of the load without change in the moisture content of the soil.
The magnitude of the elastic settlement will depend on the flexibility of the
foundation (flexible or rigid), and on the type of material (soil) that the
foundation will rest on it.

Elastic Settlement under a flexible foundation can be calculated from the
following equation:

L = Larger dimension of the foundation
B = Smaller dimension of the foundation

Ao = Applied Net Pressure = Load/Area
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E; = Modulus of Elsticity of the soil through the depth H.

If there are more than one soil layer through the depth H we can find the modulus
of elasticity for all layers by weighted average method:

Y Eg X AZ

===

Esiy = Modulus of elasticity of each layer.

AZ = Depth of each layer.

Z = H or 5B whichever is smaller

H = Distance from the face of the footing to the nearest rock layer (as shown in
figure above)

Eg

Now, as shown in figure above, the elastic settlement under a flexible foundation at
the center is larger than at the corner, thus, there are some different in calculating
(Se) under the center and under the corner of the footing.

This difference can be considered in the values of (B’ and «) .

For calculating S, under the center of the foundation:

B=> and a=4
—2 an o=

For calculating S, under the corner of the foundation:

B'=B and a=1

Where, a = factor depends on the location on the foundation where settlement is
being calculated.

I = shape factor.

1-2pg
I =F +
S 1 1—pg

Fy

F;(can be calculated from Table 11.1 P.358)
F,(can be calculated from Table 11.2 P.360)

To get the values of F,and (F,) from tables we need the values of m'and n’
L H

I__ I__
m = , n—B,

I = factor depens on depth of excavation, footing dimensions and soil type
The value of (I¢) can be calculated from (Table 11.3 P.362).
Note: If D =0.0 »—> ;=1
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Elastic Settlement under a rigid foundation:

From the figure above (page 138) it is noted that the elastic settlement under a rigid
foundation is constant and less than S, for flexible foundation (at center).

So, the value of S, under a rigid foundation can be estimated as following:

Se(rigid) = 0-938e(ﬂexible,center)

See (example 11.1 P.362) in your textbook.
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Consolidation Settlement

Fundamentals of Consolidation:
lee ge 3 ke Jua¥) 4y Ll LIS Gaiiall 4y i) cilads 8 dad Cany Ja gagl) (e g sl 120
5 (e Ade iy 13) 4l s A JAY Jlaa DU (zm pail) daiin 4 1) Sl G e slall 25 A
s ClS 138 ¢ alie S 210 3 Cogus ddidall 38 L elall Jaraia ()l dilia) Jlaal ) elally dapiiall
Leie slall g 5a ()l Ml 53 S olall Ledlas o Cus (saturated sandy soil) Je il (e dsall
Aatis Aba ) A 5 o3 8 da sl g Saal) L) lgiily e g e IS 055 JleaY ke oL
el =5 A ol A N 4 il b 4l J 8 oSy Ul 5 (consolidation settlement)sld) z 5
JSi Bas (elastic settlement)leie <) s¢dl z 55 5 (consolidation settlement) 48l 038 (e
zs0> Ob (saturated clay)isukall 4 5 s A Ll Jlaal) s s elefil 3 e gl g (el e
hal U< Lyl ¢ & (elastic settlement)lede 28lay) Jual) o g 5 dagis & il o3 (e ¢l s¢ll
Leie slall z 55 Ol (b dule )l 4o 5300 46 jlae s e dyidall 4 il 4000 Jalae S g s
Al sed ML 5 e JSE s ¢ b 058 (consolidation settlement)dsbay) Jlea¥) dais
[(elastic settlement) ¢! sell z 5 5 358 (o L 5ST 5 S dyia 33 5
ST (consolidation settlement)izidall 4 53l (e eladl x5 )3 dais Caany (3l da sagll b il
.(elastic settlement) e &) sl z s oA dauis sy (53 Ja gagll (0 IS
e Lall dapiiall 4lall 4y 53l (consolidation settlement) cluss sigh Wil sy Ga Las
.(saturated clay soil)

Consolidation Process:

Ll bl
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12 5 (permeable sand)J o o (s ) seana (Clay)d) A of Ao & JSEN (e sl

Coaiiia G olaall A 5a (33 5k e Akl (e 7 85 g oliall (ld (AQ) Jead) ek Ans 4l iy
48 (A0) Ahay) deall pa s 2ie Jiul Y dddall Caatie (e slpall 48 a Liagl 5 e ) 42l

(AG) e O (i 138 5 Leusd 4 i) s )5 3 i) Slans JA13 353 sl el ) Ji3 g

: S8l s (Effective Stress and Pore Water Pressure) (pesd () avdii s g

Ao = Ao’ + Au

Ao’ = increase in effective stress due to application of Ac

Au = increase in pore water pressure due to application of Ac
or Au = excess in pore water pressure

So, if there exist an additional load (Ao) , the total effective stress and the total
pore water pressure at any depth in the clay layer are:

o' =0, + Ad’

u=u, + Au

o, = present effective stress at any point due to the weight of soils above this point
(exactly as CH. 9)(also called present effective overburden pressure )

u, = pore water pressure due to the height of G.W.T above a certain point (as ch.9)

The values of (Au) and (Ac") are varies with time during the consolidation process
as following:
O JS A 3al ) ol am i Y 4l bl Jlaal (ol 2 o Yl o Linddl e Jlaal ol pan s dd (]
: il 5 Jladl) Sgay) s elall Jaria
Before applying any additional loading:
Ac = 0.0 - Au=0.0and A¢’ = 0.0 >» ¢’ =0, and u = u,

(AG) ) Jeall dad JS (8 (t = 0.0) o) 2ie sl 5yl (A0) Ay Jlea) g s any 2
e 0 Jalae diadall 230 GF () a3 138 5 Bl Al die o (gl a0 W g oLl ) 5 s
O (Ml 5 Cplall Ak (ya 2my 5 AL T ol Ll 4 8 e Jaal) ke L8 M5 laa i
1AL (A0) Ebay! Jaall S Jany (531 5a oLl

Just after (at t = 0.0) applying additional loading(Ao):
Au=Ac and A6’ =0 »—> ¢’ =0,andu =u, + Ac
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lag el (8 (0 < t < 00 ) (1) 2ie @l (A) 4! Jlea¥) Gakai e ) 55 30 20 3
a5 A Jind ey Slel (e bl ity Cun Juaa Gk’ At 4 ) Class G (e 2530
155 (Au) olal Jaim 8 5oL 31 (8 oLl 2 5 AT i ALy () A il 5 e 53000 e
Sl A i L5 80l L o (Ag”)Jndl Y1 (o 500 31 (ol Jiially 5 Loy 35 il
ML 55 A 1) Jasl QY g5 g 0l im0 000

At any time ( 0 < t < o) after applying additional loading(Ao):
Ao = Ao’ + Au »— Ac’ > 0.0 and Au < Ao
And ¢’ = 0, + Ac’ and u = u, + Au

The values of Au and Ao’ at any time at any depth in the clay will be calculated
later in (Time Rate of Consolidation) section.

236 22y 3 el (T = 00) (1) e Lai (o Aflal) Jlea) Gadsi e a8 e yse 20 4
e O 5 Calall dika (e JalSIL A 38 (S5 A il s Al 25 gal) elall (8 il (0 pS
BUCNER WLEL BN AT <t (Au) elall Jaza = 3l 1 dagd )8 L;JUJLJJ ClaiS) a8 (consolidation)d\
o 8 (s B0 i ) 1 HLaY) sl gpon ol il oal) b oo an sy Y 43

: (A0) s e RELaY) Jaa¥) dad (55L (A0”) Jladl) sleal) b 3330

After many years (t = o) of applying additional loading(Ao):
Au = 0.0 and A6’ = A6 »—> ¢’ =0, + Ao’ andu =u,

The following figure summarized the above explanations:

« Ao, R .L,! R
|
‘/AO' =A Au A ri
:
,,,,,, i
Au = Ao Ao = Au + Ao’
v Ao’ = 0.0 v
Depth Depth
att=0.0 at (0 <t< o)
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Wy jhoa el Ay jioa Ayl b elall arim 333450 (1 sl (0 < t < 00) e e Y
ol it cplal) Ak Jaud s e il (Y gulal) Ak il )5 e ) ety slall 0
il (5 el ) alall Rada Caaiia (e & il fay el of

Caaiia (e & jaian elall (b clall 33800 e 2ulaud) daudal) 5 oLall 33d1a 3y olal) dduall il 13) o<1
Sy il ) (plal) Al Coiatia (ga ey Cogu slall Lia 530 &1 ey el ) Agall
el Jarca 4 30y ) A 0o 35 g Ul g JaY) 330 e dia 3 g 5 G 5 A ki
o8 b 3l a8 Ml 5 (g piall slaily) el ) il (g 5y slall ol Ml g Jausd ) W35 Ll
JauY1 8 elall daial) Aagdall 5 eI 8 53die yuad) Adudall cailS 135 e oLl anaa LS oLl Jaia
rollall e gy U JSA 5 Lot (aSall Ciany

Ao Ao
< <
< > < >
| |
| |
Au Ao’ | Au Ao’ |
| |
| |
| |
L | e |
Ac = Au + Ao’ Ao = Au + Ao’
v v
Depth Depth
at (0 <t < o0) at (0 <t< )
Permeable Layer above Permeable Layer below
And And
Impermeable Layer below Impermeable Layer above

ﬁgc_\huad.\chagb Ao’ ?'\55 Auﬁgumm _)L\S.CYL\ Qh\eﬁg(cw\ UL;IJ.A.M c&\)&‘);\a_\j\ 0l
LaaY alativ LS (pama (3ae 5 (ara () die o gl
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Void Ratio - Pressure Plots:
3L ) e Lam )33 J8 g 4 il 028 (8 e Al 8 A A L graial 4 Sl (e Ao (i jai Ladie
dlall Clall ana () s jrall ey Jaraall 534 5 e L ) J8 Aiad) 028 a8 UL 5 Janiall
el il ana sa haiall go iy (3 anall b Ml 5 Jaaall pe puriy Y il Lails () S,
4usi g (Effective Stress) baaall (n A8all mua g inie auy o 2 Y A 4 5l 853 g gl
i Gl (8 & 3l C3lalas a3 4 aadion Cus s age sl 138 (Void Ratio) <le) )
iniall ) LA g5 A Gl ghaal) Y 4l gl LS 4 i) Ja gl

1. Calculating the value of (Hy) in the soil specimen:
Ar=A, =A;=A
W; = Dry weight of the specimen = v
Ys Ws
Gi=—and ys = — > W, = Gg X Yy X Vg
w Vs
But, Vy = A X Hg = A X Hg » W, = Gg X v,y X A X Hg
Wg Mg
GgXywX A - GgXpwX A

So, Hg =

2. Calculate the initial height of voids (H,):
H, = H — H,
H = initial height of the specimen.

3. Calculate the initial void ratio(e,) of the specimen:
V, AxH, H,

€y = — -

V, AXH; Hg
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4. The loading will start and at the first increment loading (o) will causes a
deformation (AH,), so, the void ratio will reduced to (e,), thus, the height of voids
Is reduced by (AH;) because the volume of solid is constant.
0, = (total load / unit area of specimen)
Hy(1)

Hg
At the end of consolidation the total stress (o,) is equal the effective stress (o7)

Hyqy =Hy —AH; e, =

5. For the next loading (o,) will causes additional deformation (AH,), and void
ratio will reduced to (e,).
0, = (commulative load / unit area of specimen)
Hy(2)
HS
At the end of consolidation the total stress (o) is equal the effective stress (o5)

Hyo) = Hv(1) —AH; — e, =

6. Continue the test for more increments and when consolidation is complete, the
effective stress (¢") and the void ratio (e) are plotted on semi logarithmic graph
paper as shown in figure below.

Yoid ratio, e

!

! !
0, O3

Effective pressure, g’(log scale)
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Normally Consolidated and Overconsolidated Clays:
Normally Consolidated Clay: The present effective overburden pressure (oy) is
the maximum pressure that the soil was subjected to in the past (this means, the
soil has never subjected to a vertical effective overburden pressure greater than the
present effective vertical pressure)
052 oY) o e B il 2o ) 8l aa s Ay Cpre e oL 2ie 1A i) e p il 138 e (U
A A IS daa Lgle 05S Gima Gae e 83 asall (ppdall A8ida ol il 5 4 i) e daeS (1 i
oY) o (e 3 8ka Jpenil) oy Cum A8kl 038 e 25 il o i O (Sas Jas (sl 58 5 16 58
le 53 5aS 05 da sl 8 5 Sl Jlaa ) s Ui 5 3 58ka ia )Y) o e de ) g8ll aua g oy 4l (]
L

Overconsolidated Clay: The present effective overburden pressure (oy) is less
than the maximum effective overburden pressure that the soil was subjected to in
the past.
Lo (S la Wlle Jin 050 4l g ymall (g (pma (e L) die 1Ay 3 (e sl 138 e U
Alad) (o0 038 5 4 5l o e dny Sle O Al S o A paail (8 (0,) () Jladl) Sl
G ) A Al inll (e 23 Y A o5 (i 4 s e lin IS 13 S0 eBlel 55 83l Y
s (ara (Bas e B35 gall 5 (phall Ak e 0 g sall (o) Al dladl) alga ) Gld L 5 (xa
) i a4l sl Ml 5 (Lisd) J8) omlall (8 Al Caa jad Jlad slga) (ol e (0 S8 0 5S
Ak o Jlaa¥) Qs 6f) 4 511 (e dipme 43S ia 23 38 (Overconsolidated Clay)d) 4l
o Aglanll 03 5 Jlaall Gaakai 5 i) gy &5 (UNl0ading) (sesss dalesd) s34 5 (el
Oahall 4l e Jlaal) o 55 cplall e g 5l 138 & Ll a3l (Loading or Recompression)
. (Normally Consolidated Clay) {a 8 e (8l Lo gagll o (5S35 Ml 5 e e 53 44488

g 55 JS e i A b sagl) wd sl SV (i field) @sall 2 aang Lo G o3lef graca sall 22U
8 a0 5 Akl el (s il sl 3 a8l gl Chany L Jiad e 2 Y A )
teh LS Baal g 4 a8 A il (84, 5l e o) Jia ol Cus o gagd) 0 s

ol G Jaaall 65 G Ly ekl Ll Taw g (nae Jaia Can Gulall (e Ao a1
o Jiah 13 5 Ayl 85 a5 (V0% dad b (ladill) I sagl) o (8 UL L le 55 jpa
slanall oLy dglay b Jiam )5 (A Y) Ala el 2 038 5 JiuY) 8 2 sa sl iniall e g ddlusal)
(0 v Al s e )ad sall 8

JS ) 35 (78" dadd B lalill) T gagl a8 Ul Al e Ly 535 80L 310 Jaall o 2

8 Al o G Jaud) b o el sl e 7het dluall 8 Jiad 138 5 Jlea) 830 ) ae L3 sale
A 5 ity sliiall 283 Aylay amy) a8 sall 8 Jiaiis (normally consolidated clay) ¢sSs alall s
(JeaY 4S5 g sLanall 255 e o lgmVI
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Jleal Lale Balae 40 55 0 5a 5 00 2 Y 48 uall 8 (Overconsolidated clay) i) diwdl 3

O Cun el 8 Caany o Lo 1ha (unloadlng) Leale Jlaa ¥l oda (&5 8 4l o5 (e g 5 S
Jlan 1 A 31 5 Jnsacall A1) 3) o5 g Adaiill J g o)) e 5 Ayl 8 Lele Jyanill 3 i) Al pui
lede Al 0 5 el o8 e ) alyg g adasill ) Juad S (unloading) el (e Ly s
OsS SAa Jall g (e ddaiall de\s-d‘ Lasall) Al 038 4l G o Jakiia il 52 5 S Laria

Ay ML s Ll Ll Caca i A ol (e Jakal) 4 J85 ) 2 Y “overconsolidated® & il
JSy 33l 3l o 7% af ()l Ul 5 Ly ) Lgle Jarall a8 J&5 s 43l (Unloading) dae

& IS B od” Adluall & Jiat dolaall o2 5 (Swelling) dass JSG Aial) &350 5 las Cadla
il uwéhﬂ\a\j\}gﬂgp\m‘;mdscs\}s\gui JauY)

il e (Recompression)dsesill dglae fag g ddaiill vie Jaall ad ) didae olgiil 22y 4
el sale) dilaia o gagll a0 iniall (e Jaa S S 5 Liny 5 53l 5L T Ja sl a b Ul
3l o X5 13 5 ot Adlidl) b el ai A5 e laa a8 IS8 (ST 0l 35 g f ddlal) 8
¢ua normal consolidated clay 4l (e i e La sael 28 ”0verconsolidated clay

ad ol Ly Genddl) e o a8 gall b slaiall pa s T ddlae (A gall 8 Al jall o3 Jia

38 Laiall 5 € JG) 3o 3 Ty Jaadl () G e ddaiill ) Jias i Jaall 30l 5 e AL () 55 L sl
Jiati Cus lan B s 8y LS ST U8 8al 31 8 Lo sagd) ad lagi Lia Ul 5 05l (e olei) oyl
Aglay b Adlal) oo g Adluadll () L3l | Do Adluall (e LSy jreal 2x3 ) 5 Pfge Al b
o Lagd O Cum gl Adlsal) oS an 1) 40 8 5 Laast b ysh e Ja sagl) a5 Al e Jpeatl)
& (recompression) s e e e 70f Adlaall G o yrd Cpai g Ly 55 Jaall (a9 o sagl)

o Gt L Y il i (recompression curve) 7ab® ddluall dpaus Liayl (Say Sl s sl
Cafe ABlusall Ly 535 aall (a5 da ol

Void ratio, e

Effective pressure, ¢’ (log scale)
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The value that used to determine whether the soil is normally consolidated or
overconsolidated is the value of maximum effective overburden pressure that the
soil was subjected in the past and it is called “ Preconsolidation Pressure (o).
The value of the preconsolidation pressure (o) can be determined for a clay
specimen in the lab using the laboratory (e-log ¢") plot according the following
procedures:

Void ratio, e

Effective pressure, ¢’ (log scale)

L Liale3 LS “ @-Jog 07 plOt 7 dassy ansyi .1

280 Jad Lgie a3 Al (e g 70" Lgansi g olinil dagd alil lanie il 5 sl e ddadill sass 2
L ab Apansi

Caaiy (Al 5 7ad baddl a3 &5 (e g 7 Adalil] e el Galaa ey (o315 7act DAl o i 3
. cab 4l )

138 g 4iilgs (A asiall badll e cu i 05 “e-log o plot « aiall S glu G iy xall (0 4
ans b o5 (e g e Al die g Jadl) daid Jadll 138 31kl aas ys o 58 s Pghec badll 8 Jici,
(0p) A (583 o2 aaliil) Adaii e 5 VX ) gae po @l in Vf Al (g ol Jad
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Now we can determine whether the clay is normally consolidated or
overconsolidated by the (Over Consolidation Ratio):

!

Oc
OCR == -
Oo

Where o = preconsolidation pressure of a specimen.

o, = present effective vertical pressure.
[F OCR = 1 - Normally Consolidated Clay.
[F OCR > 1 - Overconsolidated Clay.
IF OCR < 1 - Underconsolidated Clay.
The last type “Underconsolidated Clay” will be rejected because it means the
present effective pressure is larger than the preconsolidation pressure and this
means the soil is subjected to a great loads and this causes large deformation and
large amount of settlement which has a significant bad effect on buildings.

Calculation of Settlement from One-Dimensional Primary
Consolidation:
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Ar=A,=A,=A

The initial void ratio is e, and the initial volume is V, = A X H (H is initial height)
The final Volume after consolidation is Vi = (H —S.) X A
Vo—Vi=AXH—-(AXH—-—AXS.)=AXS.—>AV=AXS,

But, we know that the change in volume will occur in voids volume and volume of
solid will remain constant, so, AV = AV, = A XS, =—> 1

Vy
e=V—S—>VV=e><VS -—- AV, = Ae XV =———————> ?
V,
Vo = Vs +Vy = Vo = Vs +eoVs = Vo = Vs(1 +€0) = Vs = 7 +°e (substitute in eqn. 2)
(o]
AV, = A Yo (substitute i 1)
= Ae X supstitute 1n egn.
v 1+e, a
Vo AxH
Ae X =A XS, but,V, =AXH —-- Ae X =AXS,o-o-o>
1+e, 1+e,
Ae . . . C -
[SC =H o ]—) The basic equation for calculating consolidation settlement.
o

To calculate the value of (S..) , firstly we should calculate the value of Ae.
In general, the value of Ae can be calculated from (e-log ¢’ plot) as following:

So, Ae = Slope X log%

!
1

o, = large value

YWoid ratio, e

o; = small value

The value of the Slope is depend on
the type of the clay (Normally
Consolidated or Overconsolidated)
and now we will calculate the value
of slope for both types of clay:

! ! -
601 O

Effective pressure, {log scale)
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Calculating the value of slope for normally consolidated clay:

1a
1
€olmmmmmmmmm oo oo - -
I Virgin consolidation (compression) curve
1 R .
I Slope = C. = compression index
1
1
1
1
1
= |
% ! Laboratory consolidation curve
= :
o |
= |
1
1
1
1
1
1
1
1
0.4e,S o ___ - £
1
1

Effective pressure, ¢’ (log scale)

According the above plot, follow the following procedures:

o. = o), ol “ normally consolidated clay” ¢ s ¢y 4l o) L .1
b sy a8 (e g Wil Lalad LS 77 g7 ¢ dagd 20ad piidal) aie Jiag o2l 377 2468 ) Aaiall (a2
. 7ab Aadl) o2a (e ol
. 7ed “ 8l dad e s i o ey “ e, = Hy/Hg © dad auni 3
2 by ciniall e ai P fealaall of Cua 2 ef il i Lie au il (a5 €0.40, © A cauai 4
iy 7f e ddaill Gy i Jeal ol e 7ab&Cd “ Cphall adalsi dads a5 ge Adasill das 5
* 7 normally consolidated clay “4 il & s Jiay g2l 57 1 a8 ) Sl e Joanid aiiii
A aad A a3 (e aadies Wil Cus ” Virgin Compression Curve “ cew s sl
”C.(Compression Index)” == 5> normally consolidated clay « 4 ,ill b gell Jalas
i Mills 1 a8 iniall dae Jiay Jalaall 138 o Cus

Slope of virgin compression curve = compression index = C,

Slope = C, = i —— For normally consolidated clay ——
92

o5 and o7 are horizontal component of Virgin Curve

Page (167) Ahmed S. Al-Agha

STUDENTS-HUB.com



https://students-hub.com

Solved Problems in Soil Mechanics pressibility of Soil

Calculating the value of slope for overconsolidated clay:

Virgin consolidation (compression) curve
/ Slope = C. = compression index

L]
.g Laboratory consolidation curve
=
'S
- I
Labordtory |
rebound curve |
slope =C; = I
swell index |
e |
04eyfF=-=-=======-- e k
|
id b
4 \'%
0,  O¢

Effective pressure, ¢’ (log scale)

According the above plot, follow the following procedures:
oL > o)) ol “ overconsolidated clay” & s o Zaill of L 1
b sy a8 e Wil Lalad LS 7] “Aad 2aad piidal) aie Jiag dll g 7268 ) Saiall (e 2
.7cd “ol) dad e salhad au yis 7ah “Aadll oda e ol )
hedkds 8 7od “laddl adais g3 5 g 800 Lgie au i ol ey Ceg © daid s 3
(Unloading)lie Jeall ad ; aby &3 (Loading )iusll Jsesd aiy 45l iy jyaall (30 4o yaill Joe oL 4
738 ) Sl sy o4 @A Aagti g (Reloading or Recompression) Jweadll sale | oy o3 (e g
Reloading )daeadl sale) e s (Unloading)dmesill g ) inie (o daw sie inia ey 3
0 e bl 138 o G (3 ) Lol i Lagy ifians s s o 43 51) (or Recompression
”Rebound Curve or Swelling Curve “ e yisall & ~overconsolidated clay “4 il
il s ”overconsolidated clay 4 ill b sl Jalae dad and 8 Jiniall 138 (e 2yt Wl Cua
"Cs(Swell Index)” (s
Wil s 3 o8 (iniall Jae Jiay dalaall 128 ) Eun

Slope of rebound /swelling curve = swell index = Cg
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7oAk (B e “hall el Cus 3 6 iaiall 55088 o315 hi sl a5
2 ) il e adi kAl o Cun 7Bk T 3 Lgia pa i o 50,4, “Rad auni 6
oy Al 1) baall e Jiasid K&« oiladill G Juai T
eV S 4s 48 1S C (Compression Index) ”dw4ls ”Virgin Compression Curve
7hi“laall of s 7368 ) Jaall (5 ) pe 4 @lldy 738 5 Tadll Jue i Al 7hj“laall of a3t 8
(Unloading) & sl s axy s a8 sall 8 4351 I ”Recompression Path in field “ e Jia
s Ales Lo i (ld (Recompression or Reloading) Jwal! aua s sliiall 25 43 vie
overconsolidated ” 45 e il (8ay Uil s 7hi“ Jadl) & Jiaiy ad sall 3 JleaY) o2
rdall (i Lagl s yisall (8 73408 ) Jadl) el gl (s Jiay (53l 5 hi “laddl JMA (e “Clay

Slope of swelling curve(3) = Slopeof recompression curve(hi) = C; = C. = Swell inex

Ae
Slope = G4 = —— For overconsolidated clay ——

- T
%2

log p

1
Ae = Cq xlog—f]
01

osand o7 are horizontal coordinates of recompression(rebuond) curve

sale) nie s dpanill ad ) Finie ( daws gie JadS sapaa oy 73 “ad ) Jadll o e W) L S5 LS
pritise Jady 70 &M “ ki) (a5l oy Cus ragle J sand) A8 a5y MU JS) g Jreadl)

Average line of
Swelling/Reloading

Void ratio, ¢

Effective pressure, ¢’ (log scale)
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Now, we can calculate the consolidation settlement but, before starting calculations
you should know the following:

1. We calculate the total value of S at the end of consolidation process (at t = ),
therefore, the value of external load (Ac) will be carried by the soil solids -»—

Ac = Ac’and Au = 0.0 (at the end of consolidation process).

2. Always the initial value of effective stress in the clay layer is the present effective
pressure (07 = o), and the final value of effective stress at the end of consolidation
process (05 = o, + Ac’), and the reduction in volume of soil which indicates by (Ae)
is due to the application of loads from (07 = o) to (o), = o, + Ad’).

3. The value of preconsolidation pressure (o) is used to classify weather the clay is
normally consolidated or overconsolidated also is used to calculating the value of
total consolidation settlement(S..).

Calculation of primary consolidation settlement for normally

consolidated clay:

It is preferable to draw this simple graph when you want to calculate (S..) for
(N.C.Clay)

3

Virgin compression curve
Slope = C. = compression index

Void ratio, e

)
1
1
1
:
1
Ae |
1
1
1
1
1
1
1

Effective pressure, o’ (log scale)

For(N.C.Clay) we know that, o, = o, thus, (o7 = o, = o) and(o; = o, + Ac")
Also we know the normally consolidated clay can be represents by virgin compression
curve which have a slope of (C. = compression index).
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The basic equation for calculating primary consolidation settlement is:

Sc =

X Ae (As we derive it Previousl
TTe. (Asw ive i viously)

For (N.C.Clay) as shown in figure above, the value of(Ae) can be claculated as
following:
Ae

log (0‘0 -(I; Ao )
(o]

Sbstitute by Ae in the equation of S, :

0;, + Ao
Slope = C, = - Ae = C. X log| ———

Oo

Sec = CcxH X log (0°+A0) Primary Consolidation Settlement for (N.C.Clay)

1+eo 0;,

Calculation of primary consolidation settlement for

Overconsolidated clay:

For (O.C.Clay) we know that, o, > o thus, (07 = og) and 0, = o, + Ac’

Also we know the overconsolidated clay canbe represents by recompression curve
which have a slope of (C; = well index).

But, there are two cases, the first case is ( 0. = o, + Ac’) and the second case is
(0. < 0, + Ac") and now we will calculate the value of (S,) for each case:

Case One (o, = o, + Ac’):

It is preferable to draw this simple graph when you want to calculate (S..) for
(O.C.Clay ; 1* case):
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Recompression curve
Slope= C, = C,. = swell index

=
™

T Virgin compression curve
Slope = C, = compression index

Void ratio, e

T

q
L

T Ty

" -

o' (log scale)

q
i 8
____é._____________________

o, = g, + Ao’
01 = 0, and o, = o, + Ao’
We note from the above graph, the consolidation settlement occur in the
overconsolidated curve (recompression curve) before reaching the normally

consolidated curve (virgin curve), this is case one.
The value of (Ae) can be claculated as following:

Ae 6, + Ac’
Slope = C4 = ; — — Ae = G5 X log| ———
o, + Ao o
log <°—) ©
GO
Sbstitute by Ae in the equation of S..:
SC = CsxH X ]og (G°+,A°) Primary Consolidation Settlement for (O.C.Clay 1* case)
1+e, Oo

We note that, the value of (Ae) is very small if we compare it with (Ae) for
(N.C.Clay).
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Case Two (o, < o, + Ac’):
It is preferable to draw this simple graph when you want to calculate (S..) for
(O.C.Clay ; 2" case):

Recompression curve

Slope = C, = €, = swell index
ﬂel 1
_______ T -t -t B . B
I I Virgin compression curve
2“ : : Slope = C, = compression index
= I I
E | Iﬂ.92 ]
- 1 1 1
= 1 1 |
= 1 1 !
| 1
R el i LT T
1 1 |
1 1 !
1 1 1
1 1 1
1 1 |
1 1 |
1 1 !
1 1 1
1 1 1
1 1 |
1 1 |
"4 A" W
r 7 r
0; =04 O ! o' (log scale)
1

We note that, the consolidation in this case occur in two steps, step (1) is due the
application of (o7 = oy,) firstly and start applying the external load (Ac) until
reaching the value of (o), the reduction in void ratio in this step is (Ae;), this step is
done in the recompression curve (overconsolidated curve).

Step (2) is start from the value of (o) until the end of consolidation process and
reaching the value of (0%, = o, + Ac"),the reduction in void ratio in this step is(Ae,),
and this step is done in virgin compression curve (normally consolidated curve).

S0, Ae = Aeq + Ae,

Calculating of (Ae,): [Stresses causes(Ae,) are (o7 = o) and(o5 = o,)]:

Ael Orc
Slope = Cg = ———— —> Ae; = C5 X log| —
log D¢ ©
00
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Calculating of (Ae,): [Stresses causes(Ae,) are (o7 = o¢) and(o}, = og, + Ad")]:
Ae, 0"0 + Ao

og <G; +,Ao'> - Ae, = C. X log (—)

GC

0-C
So, the value of total reduction in void ratio (Ae) is:

O, 0:,+A0'
Ae = Cs Xlog|— |+ C. X log| ————
o

o GC

Slope = C. =

Sbstitute by Ae in the equation of S_:

CsxH 0.\ C.xH 6, + Ac
Sc = Xlog| — |+ X log| ——
1+e, o, 1+e, O,

This is the primary consolidation settlement for (O.C.Clay 2™ case).

Empirical Equations to calculate the values of C. and Cq:
C. = 0.009(LL.10)  (LL = Liquid Limit)
Cs = (0.1 - 0.2)C,
sJad) oL 1aa dala cdaada
Cinalie 3 Y1 A Y clay 7d) ik Loy B Lol o (07,) A Clasa ie Ly ]
et s diud ) Akl Caatie e o puaily T slsall 5 A3kall
i) s Lo s Lams )l 038 sy Ll Jondy B il (0 £ 53 (5Y (S) Lol B s 332 2
o2 e [(0)) and(oL)and (o), + Ao’ ) Jad s 2 b e Aad) s ) A8l
oY) a5 LS A8 il o3 (e g s )
Recompression curve
Slope = C, = C, = swell index

Virgin compression curve
Slope = C, = compression index

Void ratio, e

|
|
|
|
|
1
1
1
1
1
1
1
|
|
|
|
|
|
|
1
I
I
A4
O¢ ¢’ (log scale)
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Gl e 55 O a0 LY (ainiall G Lails 055 (07) a0 oY) 8 IS (e (55
s saiall e Laass [(04) and (o), + Ao’ ) ] & s aby5 (N.C.Clay and O.C.Clay)
YT 8 aa 58 15 LS A8l i) o
@ sl Al ja Aad ) dladie sacld (Jia ) 451 adate JulS Lo & 5t pe Jas Wl aa gy (IS 1Y) 3
Ol b sagl) ad les die (K1 (CH.10 4edie Lkail) (Geall 213 LS (il Jeall lld o (AT Jea
Aadall By (8 (A0 )2nd g Allall o3a (8 AN pplal) Aida (IS o 5S35 O i (A7) e
dag) & e (CH.10 & 4iul 50 a3 LS saclal) Cinaile Jin) 45kl d)le0 s Akl Caiatia i
ok LS il 038 Jaus 5
Using Simpson’s rule, the value of Ao}, can be estimated as following:
Ao + 4Aoy, + Aoy,
6
Ao{ = Increase in effective stress at the top of clay layer.
Aoy, = Increase in effective stress at the middle of clay layer.
Aoy, = Increase in effective stress at the bottom of clay layer.
Jaall da s 451l JalS e e j50 Jlaa¥) (S Alla 8 Ll A1uY) s sie @lld ey Cagung
(CH.10 datia kil oo LS ladal il g Gaall 0L ) e (il 5 4 i) ) Ly 585 4505 Jaiss

L —
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Time Rate of Consolidation:
lld g A A Jlea Lgnia ot Aats 4 il G Canag (3 S Lo gl dad loas A0S Lialad | B Lad
oS! (at the end of consolidation process)siwll b gell ddee JWiSI 5 elall = 5 58 olgiil 2a
i o el (e Aama 5y 2y 4 i) 8 Caaad g ) da sag) A A8 jaay (aaige (9553 Uil
AT ey Ak ) 538 (sl die Ja gagl) Aa i A0S e (et Ll s (i ey gl A 2xy JU)
ol (Consolidation Settlement) g s sall 134 dadia & Ly Lad | (at 0 < t < o) slisall
Gilama 5 il Glaas JA1 sasall slall e JS e sliy 1) e el o5 ) s Al JleaY)
33005 (Au) ey slall i 3305 N 533 (A) AN desll Gadai 8 Uil 5 Lgwsis 4 i)
oLl a8 5ol 3l (00 Al i a3l e il 38 (GHAS Cuy (AG ) iy Jladl) algaY!
Go oAl sld) faw 3 ey o Bl s ) i o Jead) 0 Galaal) oo AT Jeall sl
Jladl) Sgay) dad 853030 3o 35 s cpe 5 e iy 535 elall a5 30 Ji5 5 (cpa 511 e 40 1
. . I . . . . e » .o .
oy w3l (e B8 gl die (Ao YAads (Au) Aed o Jpanll 6K alatin Sua il e
€ 5 ( Coefficient of Consolidation) Jis dagall apliall (s o Ly

Coefficient of Compressibility (ay):
It is refer to change in volume of soil(Ae) due to the increase in stresses and it is
the slope of the (void ratio versus effective stress) plot as shown in figure below:

Voidratio, e

Effective Stress, o’

Note: a, can be considered constant for a narrow range of pressure increase.

. e,—e e, —e m? ft?
This means, a, = —— = —— ( )or (E)

! ! !
01— 0g 6,—0; \KN
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Coefficient of Volume Compressibility (m,):
It is the ratio of change in volume of a soil (Ae) to the unit initial volume due to
the increase in stresses (effective stresses) and is given by:
€, — €1 1 ay
= X r =
1+e, o0;—0p, 1+e,
Now, when we want to calculate the value of (m,) we will use this formula:

My

aV
m, =
Vo l4ey
_ eoteq _ eq1te;

I I
0, — 04

m? ft?
My = 14 (eo + e1) 14 (e1 + ez) (KN> ot (E)

2 2

Coefficient of Consolidation (c,):

Is the parameter used to describe the rate at which saturated clay undergoes
consolidation, when subjected to an increase in pressure and can be calculated as
following:

K m? ft2
cy = ——or | ————
Yw X M, \unit time unit time

K = coefficient of permeability
There is another formula to calculate the value of (c,):

Cy Xt T, X H3,
= Cy =
v 2 \%
Hj, t

T, = time factor (nondimensional number).
t = time required to reach a specific degree of consolidation.
Hg4, = Drainage path of water through the clay layer (during consolidation)

Important Note:
The value of (c,) is always constant for the same soil, this means, the value of (c)
Is the same in lab and in field (for the same soil).

The value of (Hg,) can be determined according the following graph:
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water

water

—— Clay Hqr = H

water

2-way drainage 1-way drainage

Calculating the increase in pore water pressure (Au) and the increase in
effective stress(Ac’) at distance (z) at any time (t):

Because consolidation progresses by the dissipation of excess pore water
pressure(Au), the degree of consolidation at a distance (z) at any time (t) is:
UZ _ Ao — Au(z,t) —1 _M

Ao Ao
This is (eqn. 11.57) in text book should be at this form to make sense
Ao = initial excess in pore water pressure at (t = 0.0) - Au = Ac
Au, ) = excess in pore water pressure at distance (z)at any time (t)

Aug, ..
Note that, the term (%) refer to the percent of water exist in the clay layer at

any time (t) during consolidation process and at distance (z), so, the degree of
consolidation (percent of water dissipate) at the same time and depth is the total
percent of water (100%) minus the percent of water exist in the clay layer.

Now, how we can calculate the value of (Au,)):
According the above equation, to calculate (Au,)) we want the values of (Ao)

and (U,). the value of (Ao) is always known because it is the applied load.
The value of(U,) can be taken from (Figure 11.25) according the values of (T,)

and( -

Note:
The value of (z) is the depth starting from the top of clay layer. (i.e. At the top of
clay layer(z = 0.0) and at the middle (z = H/2) an so on.)
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Now, we can get the value of(U,) from (Figure 11.25) easily and we can calculate

the value of (Au,)) such that: (UZ =1- AZ(;I)

Calculating the value of consolidation settlement at any time (t) during
consolidation process (S¢)):

Previously, we learn how to calculate the total amount of consolidation settlement
at the end of consolidation process (S¢)) and now we want to calculate the value
of consolidation settlement before completion of consolidation process (S), SO,
the value of Sy, is percent of S such that: Sew percent , this percent called

()

) - AG,(Z,t) = Ao — Au(z,t)-

[Average degree of consolidation (U)].
So, U = S

Sc(oo)
Degree of consolidation (U,) is the percent of water dissipates from the clay layer
at a certain depth (z) and at any time (t), But, the average degree of consolidation
(U) is the total amount of water dissipates from the whole clay layer at time (t).
The value of (U) is dependent on the value of (T,), thus if one of them is known,
we can calculate the other value by one of the following three ways:
1. By equations (Not preferable):

00 2
ForU=0to60%, T, = E(%)

ForU > 60%, T, =1.781—0.933LOG(100 —U%)
2. By (Figure 11.26) (Not preferable)
3. By (Table 11.7) (Preferable and recommended).
Now, if we get the value of (U), we can calculate the value of (S¢() as following:
(Sc(t)) =UX Sc(oo)
Important Notes:
tso = time required to reach U = 50% , t;( = time required to reach U = 60% ....
All the following values are different in lab from the field for the same soil:

Harqab) # Har(field) » tiab # t(tield) » and Upap # Usielq)

Ll 5 80 gl 8 53 g2 sall 5 5 il 25 e g il (pa 5 piemn e e A il o5 il b 4y
() i Alanll 4d jatodt 38 (o21) 8 1L 45 Hlaa B jual 43ie )3 58 & (consolidation)d) ddee A

But, the values of (c,, m,, and K) are the same in field and lab because they relates

to type of soil.
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Secondary Consolidation Settlement (Sy):
43l Cua (primary consolidation) dls e 43es 8 ay o saed) (e & gill 138 ()] el U S5 LS
Dy a3l e Al aay () S & g2l Casnas s A i) s i i Bale ] Aa Caaay
Jayl

Calculation of Secondary Consolidation Settlement:
Previously, we derived the basic equation of consolidation settlement in general:
S, = H-=S

1+e,
But, the value of (e,) is the void ratio at the beginning of primary consolidation
settlement so must be replaced be void ratio at the beginning of secondary
consolidation settlement (or at the end of primary consolidation settlement) and
this void ratio wil be termed as: (e, = €primary), SO, the equation will be:

A
Ss =H-—
1+ep
Now, the values of (Ae)and(ep) can be determined from the (e with log t) plot as
following:
Slope = C, = secondary compression index
L]
k=)
E
=
2 e
<
v v
5] t;

Time, t (log scale)
paiesall Bl o iy iaiall G i) Jid ey (el (e Gplas 20 Gaska (e (€)) el 3aa3
dafl A OSi5(Y) Dsae ahaly a8 had ae aly Galadld) i adali ddati die 5 (Jiud ey el e
.(ep)
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We note from the above graph, the value of (Ae) can be calculated as following:
fe Ae = Sl log (-2
log(t—z)ﬁ e ope X og( )
ty

t
Slope = C, = Secondary Compression Curve —»—
Ae = C, X log (tz) -

Ty

HXxC t
g = = X log (—2)]

1+ep 5]
t,; = time at the end of primary consolidation settlement (start secondary
consolidation settlement).

t, =any time after beginning secondary consolidation settlement.

the value of C, is depend on type of clay (N.C.Clay or O.C.Clay or Organic clay)
And there is a typical values for each type.

(See Example 11.6) in your textbook.

Slope =

]

Finally © : Why we concerned about settlement:
Ll g ddbiall cilinall e 3l 85 S dpaal e Led L A il 8 da gagd) a s g Al o gl
Al Cua JEa s e e b Jiul 5 i) Cauaiie Jiud o sagl) (& AN s 3 S IS g
2 ) aalll al 135 el e Hhall ol ) WIS (Differential Settlement) G@_dll <lld af j WS
s oo Aadlill Lo saell o aaat s i 53 e 23 Y (Ul 5 JalSIl sl lgd) ) (5o 28 48 (e
o)l aaaa dind I sagll S 13) €1 cliiall apaatll cildee i Lgile ) yal a3l 55 50 an (iall
Vs 38 STy < jled) Sugan (W (g2 Vg saS shad ollia (55 Y 4l ol gl (5 sluia il
Al s A glaa Camy Ll I Lol 5 ol ) (Sl 8 Aala ) 8 dpadans CHGRSS ) gl
S sha el W (Differential Settlement) b sl 4
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ol.

A clay layer in the field is 15 ft thick and is drained at the top only. Under a given
surcharge, the estimated consolidation settlement is 12.21 inch.

a) What is the average degree of consolidation for the clay layerwhen the
settlement is 3 inch?

b) If the average value of C, for the pressure range is 0.003 cm?/sec, how long will
it take for 50% consolidation to occur?

c) If the 15 ft clay is drained from both sides, how long will it take for 50%
consolidation to occur?

Solution
Givens:
Hfielg = 15 ft , drained at top only = Hgqr = H = 15ft , S (=) = 12ft
a) U=77?
S
U=_—0 = 0.245 = 24.5% /.

Sctteey 1221

b) If C, = 0.003 cm?/sec , andU = 50% — t =27
@ U =50% — T, = 0.197 (from Table 11.7)
Gy xt IR
" OHE
Solas gl v 55 Ganal) et () Hyy 333 5 Ja gy o585 g sall ety Cy 32s 5 oY
Hg, = 15ft (1ft = 30.48 cm) - Hy, = 15 X 30.48 = 457.2 cm.
0.197 x 457.22

- t= 0.003 = 13726424.16 sec = 158.87 day = 0.435 year V.
c)
15

The required is the same as required (b), but here Hyr = — = 7.5ft (both sides)
Hy, = 7.5ft (1ft = 30.48 cm) — Hg, = 7.5 X 30.48 = 228.6 cm.

_ 0.197 x 228.6
~ 0.003

-t

= 3431606 sec = 39.7 day = 0.108 year v .
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52.

In a hydraulic oedometer 50% of the final settlement occurs in 25 miutes for a
sample 20 mm thick able to drain from one end (top only). Calculate the excess
pore water pressure measured by a pressure transducer at the impermeable
boundary 50 minutes after the application of a vertical stress increment of 75 kPa.

Solution

Givens:

U=50% - T, = 0.197 (from Table 11.7),ts, = 25 minutes

H = 20mm (draned from one side) - Hy, = H = 20mm

If Ao = 75 kPa (kN/m?), calculate Au(,=20mm t=50minutes)

At the impermeable boundary means at the bottom of the layer ( z = 20mm)
Ao — Au,y

Ac
Now, to calculate Au, ) we need to calculate Uy from (Figure 11.25) according

Uz

the values of (HL) and T, at the required time (50 minutes)
dr

z 20 1
Hye 20
Cy Xt Cy X 50
T, = BT = Ty sominutes = o0z (we need to calculate C,)
dr
From givens,
U=50%—-T, =0.197 and t5y = 25 minutes
Cy Xt Cy X 25 .
T, = —5—— 0.197 = ——— - C;, = 3.152 mm~/minutes
Hj, 20

Now at t = 50 minutes, we can calculate T, sominutes —
Cy X 50 3.152 x50
Ty, 50minutes = 202 = 2502 = 0.394

= 1and T, = 0.394, the value of U; = 0.52

Z

Now accordinf the values of

(Figure 11.25)
_ Ao — AU(Z,t) R 52 _ 75 - AU(Z’t)
Ao 75

Hyr

Uy — Augy = 36 kN/m? /.
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53. (Final 2009 and 2012) A tower is to be constructed on the site shown
below, it was decided that the expected settlement will be too large and so the site
IS to be preloaded before the construction of the tower. A consolidation test was
prepared on a sample of normal consolidated clay in the laboratoty (height of
specimen = 0.8 inch) double drained, and the following data are given:
tso = 5 minutes.
A long Virgin compression curve:
0, = 500psf - e; = 0.6
o, = 1000psf - e, = 0.54
A- Calculate the coefficient of consolidation C,(ft%/yr).
B- Calculate the compression index C..
C- Find the permeability coefficient k(ft/yr).
D- For preloading, a fill is to be placed for one year, what is the average degree
of consolidation after one year.
E- We want this fill to result in 2 inches of settlement at the end of one year,
what is required height of fill (Hint; Ao will be due to the fill weight).
F- 1f OCR becomes 1.3, what is the consolidation settlement after one year (Cg = 0.04).
G- If a piezometer is to be placed at point A, what will be the height of water in
the piezometer in the following cases:
e Before placement of fill.
e Immediately after placement of fill.
e After one year of placement of fill.

4
T/y'=120 pcf
Criginal ground surface
= =110 pcf
oy TP wrewr
Sand
o ¥ =130 pef
Normal consolidated clay
=
ysat=125 pcf To)
i
o e=0.7
= A

Rock
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Solution

| 528 5 () samnanll (S5 S A iy LS 4 Sl (e adaila (358 0 L) ) ) s g 1)l 2 04
il 3z ) o S jhad IS8 a8 L 53 0l 2 ) Jlead dagii las 5aS sl 065 0
L e pals g ok o @) el B g 5l J Al o Jaest oy 0 i g o3 4l Cus
i s aakall (e Lgle: Sukaall Jaadl dais 4, jill Jaggs i @l g A Baal 4 i) adatia (358 40La )
OV Al 5 psea T gagll a5 )il Alla 8 4 i ()85 ¢ ) sl die Ul 2 il Alls
ol Se ha aa g Y il aekall gy daii Caas 38 SV sagl)

A- (C,(ft?/yr) =227)

Cy Xt T, X H3,
v = > -»Cp=—
H3, t
H —H(d ble drai d)—0'8—04' h = 0.4inch x = 0.0333ft
dr—z oubple araine = > = v.4Incn = v.41nc 12inch_ . .
1hr lday lyr

t = tc, = Sminutes X =9.513 x 10~ %yr.

60minutes X 24hr X 365day

tgo means U = 50% — T, = 0.197 (from Table 11.7).
0.197 x 0.03332

&= 5513 x 106

= 23 ft?/yr /.

B- (C. =777)
C. = Slope of virgin compression curve

You must know that, the virgin curve is (e-log ¢”) plot.

e1 - ez 06 - 054‘
C. = Slope = = 1000~ = 0.1993 v.

log (ﬁ—j) log (555-)

C- (k(ft/yr) =?77)

C:— k=C>< X
v _YWXmV_) v YW rnV

C, = 23 ft? /yr (As calculated in part A) , y,, = 62.4Ib/ft3
Previously, the formula of calculating (m,) was derived as following:

(6,1 — eg) (0.6— 0.54)

_\o,—o;/ \1000 =500/ _ Cce2

m, = ey = 06 pEa = 7-64x 1075t /Ib
1+ (—2 ) 1+ (—2

So, k=23 X 62.4 X 7.64 x 1075 = 0.1097 ft/yr v .
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D- (Insite, ift=1yr - U =7?77)
U is related to T, so firstly we want to calculate T, in site

Cy Xt ) o
v = H2 , t=1yer, C, = 23ft*/yr (the same in field and lab)
r
Hgy = H = 10m (Because thre is a rock layer under clay layer ).
23 x1 _
T, = 107 = 0.23 (unit less)

Now from (Table 11.7) at T, = 0.23 - U = 54% /.

E- (If S¢e=1yr) = 2inch - Hf =777)
We know that, U = —<9_

c(t=00)

Sct=1yr) = 2inch , att = lyear —» U = 54% (As claculated in part D)
0.54 = —— = S.(t=er) = 3.703inch = 0.3086 ft.

Sc(t:oo)
Now, we want to calculate the value of S¢ (-, for normally consolidated clay the

formula of calculating S¢ (=) Is:
C.xH o, + Ao’
Sc(t=c0) = 1te, X log (0—6>
C. = 0.1993 (As calculated in part B) , H=10m, e, = 0.7 (from soil profile)
Now we want to calculate the value of (o;) (always at the middle of clay layer)

10
o =110 X 2+ 130 x 3 + 125 X (7> = 1235 Ib/ft?

Uy = 62.4 X 3 + 62.4 X (?) = 499.2 Ib/ft?

o, = 978 — 499.2 = 735.8 Ib/ft?
Note that, the fill is distributed on the whole soil profile, thus, the value of (Ac) will
be constant at any depth in soil profile (See introduction of CH.10), so:
att =0 - Ao’ = Ac = y X Hf - Ao’ = 120 x Hf
0.1993 x 10 735.8 + Ac’
Xlog\——=—=——
1+0.7 735.8

Ao’ =613 =120 x Hf - 5.1 ft /.

Sc(t=c0) = 0.3086 = ) — Ao’ = 613 Ib/ft?
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F- (If OCR =1.3and C; = 0.04 - S¢—1yr) =?77)

Sc(t=
Att = Tyear - U = 54% —» ——0 — 054 - Sc(t=1yr) = 0.54 X S¢(t=o0)
c(t=o0)

Now, we want to calculate the value of S¢—o:
OCR = 1.3 > 1 - Overconsolidated clay

!

o
OCR=13= G—C - ol = 1.3 x 735.8 = 956.54.

(0]

Ac' = 613 (From part E) - Ac’ + o), = 613 + 735.8 = 1348.8 Ib/ft?
The formula of S¢(—«) at this case can be derived from the following graph:

Recompression curve
Slope=C, =C, = 0.04
Ae. — 0.04 %] (956.54—)
i e = 0% 08735 8
O
T : : Virgin compression curve
. : I Slope= C_, = 0.1993
1
g I A, 1 (1348.8)
= 1 2 -
= ! : Ae, = 0.1993 x log 956.54
= 1
g L
____________ Y-
1 1 1
] I ]
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
Yy vy
1 0'; = 956.54 1 a’ ﬂwgg gca_lc)
1
- :
! 1
0,=7358 ¢/ +Ac’ =13488
Sc(t=w) = H Tte, (Basic equation)

So, according the above graph and the value of (Ae = Ae; + Ae,) :

10 % 0.04
Set=w) = 07 % 1°g< 735.8

956.54) 10 01993 (1348.8) 017
X = 0.
1+07 °8\956.54

SO, Set=1yry = 0.54 X S(tmony = 0.54 X 0.2017 = 0.109ft /.
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G- (h, =??7?in the following cases)

In general, the piezometric height is the pressure head and (h, = %)

And the general formula to calculate (u) is: (u = u, + Au)

The value of (u,) is the present pore water pressure due to the rise of G.W.T over
any point and is calculated in (part E) (u, = 499.2 Ib/ft?).

As we mentioned previously the value of (Au) is varies with time and we will
calculate it at the different required three cases.

e Case 1 (Before placement of fill)

Before placement of fill means (Ac = 0.0 - Au = 0.0) »—>—

499.2
62.4
e Case 2 (Immediately after placement of fill)(t = 0.0):

In this case the whole value of (Ac) will be carried by water because the load
doesn't transfer to the soil yet - (Au = Ao = 613) »—

u=499.2+0.0=499.2 > h, = =8ftv.

= 17.82 ftv/'.

11
u=499.2+613 =1112.2 > h, = =

e Case 3 (after one year of placement the fill)( 0 < t < o):
After completion of placement the loads the value of (Ao) start to transfer to clay
and the water start to dissipate from the clay(Au decreas with time) - (Au < Ao)
To calculate the value of (Au(zlt))at (t = 1yr)we will use the formula:
Ao — Au,y
Uz = Ao
Ac = initial value of Au = 613 Ib/ft?
Au,py =???att = lyrand z, = 5 ft (“z" start from the top of clay layer)
To calculate (Au(sft1yr)) We must calculate the value of(Uz) —
The value of (Uy) can be calculated from (Figure 11.25) according the values of
(Hidr) and T,. (Hgr = 10, Ty(1yr) = 0.23) as calculated above

Z

5
= 0.5, Tyayr =0.23 » Uz = 0.54 »-

Hy 10
613 — AU(5ft,1 )
0.54 = 13 AREPEN Au(sf1yr) = 281.98 Ib/ft? >—>—
781.
u=499.2 + 28198 =781.18 - hp = = 12.52 ftv.

62.4

Page (188) Ahmed S. Al-Agha

STUDENTS-HUB.com



https://students-hub.com

Solved Problems in Soil Mechanics ressibility of Soil

o4,

A 1.2 m height highway embankment of large lateral extent is to be placed over a
surface clay deposit of 10 m thickness which is underlain by sand as shown in the
figure below.
A- Compute the ultimate settlement expected under the embankment.
B- If the maximum tolerable settlement of the embankment surface pavement is
3cm, when should the pavement be placed after completion of embankment
placement?
C- What is the average excess pore water pressure at the completion of
embankment placement?
D- What is the total effective stress (at mid of clay layer) at the time of paving?

fg / Embankment of large extent (y = 16.1 KN!m3%
Al WGWT
Clay
y =181 KN/m’
E P. =350 Kpa, e =1.01
o C.=0.17, C,=0.04
Al C,=13 m'lyr

Sand (y_= 18.1 KN/m’)

Solution
OSV S 8 maa gall 5l adaiie (358 o pes 3k L) )y Sl 1) 3 LS sl igedd) 7
A d3ie By day 5 4 Hill i g Jangd (a Ao il o8 (358 e d i g o (5 hall 3 £ LS| 8
Sy (Al y il g Calaas 28 0 oK g ) HELY e g 55 Lgd Camg Do Sl Gl ) 138 3 9a 5 (1
oS Aol plalaa (o dgal sa (0 gl b 4 3kl Coa
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A- (SC(t=OO) =777 )
Firstly, we want to know the type of clay (N.C.Clay or O.C.Clay):
Calculating the effective stress at the middle of clay layer:

10 )
o = 18.1 X (7) — 90.5 KN/m

U, = 9.81 x () = 49.05 KN/m?
o, = 90.5 — 49.05 = 41.45 Ib/ft?
The preconsolidation pressure (o. = 50kpa = 50KN/m?)(given in graph)

50

Because the embankment has large lateral extent, the value of (Ao) will be
constant with depth (See introduction of CH.10)

at (t = ©) » Ao = Ac’ = 1.2 X 16.1 = 19.32 KN/m?

o, + Ac’ = 41.45 + 19.32 = 60.77 KN/m?

C.=0.17, C,=0.04, e, =1.01 (Givens on above graph)

The formula of S¢ (-« at this case can be derived from the following graph:

Recompression curve
Slope=C, = C, = 0.04

50
Aey = 0.04 x log (ﬁ)

|
I
I
|
|
|
|
|
|
|
L
]
|

Virgin compression curve
Slope=C, = 0.17

! I

! I

! I
L] 1 1
= L lAe, 1 (60.??)
= | 2 = -
= ! : Ae, = 0.17 x log 50
= ! I
=] 1 1
- | I

____________ - -

I | I

I | I

I | I

I | I

I | I

I | I

I | I

I | I

I | I

I | I

y vy

I o, =50 I o' (Log scale)

1 1

I 1

1 1

0, = 4145 ol +Ac’ = 60.77
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(Basic equation)

Sc(t:oo) =H 1+e,

So, according the above graph and the value of (Ae = Ae; + Ae,):

10 x 0.04 50 10 X 0.17 60.77
) (977 -

Sy = ———— x| ( 2=
ct=2) = 71101~ °8\7145/) T T+ 101 50
Sc(tco) = 0.0878m = 8.78cm V.

B- (t =?7?if Sc(t) = 3cm):
We know that, U = Se(® = 378 X 100 = 34.17%

c(t=00) 8.
(From Table 11.7 - at U = 34.16% — T, = 0.091)
Cy Xt 5

TV=? (Cy = 13m*/yr , Hgr =H=10m) Hg, = H -»-

r
(Beacuse there is sand below the clay and fill pavement(prevent drainage) above)

13 xt
0.091 = - t=0.7yr = 255.5dayv .

102

C- (Ausg0) =777)

Average excess (means at the mid of clay layer “at z = 5m”)
At the completion of embankment placement means (t = 0.0)
S0, Augs g0y = Ao = 19.32 KN/m? /.

D- (o; =??7? at t(time of pavement “part B“) = 0.7 yr):
o = 0p + A0’ (1) (z = 5m,t = 0.7 yr)
To calculate (Ao’(Sm,0_7yr)),we must calculate(Ausm o.7yr) )

Ao — AU(sm,0.7yr) Ac = 19.32 KN/m?

z= Ao
y/ 5
f==10= 05 Turym = 0.091 = Uz = 0.23 (from Figure 11.25) >~
r
19.32 — Atgsmoryr)
- 1932m = - Au(5m,0.7yr) = 1487KN/m2 -

AG' (smo.7yr) = AG — A(sm o.7yr) = 19.32 — 14.87 = 4.45KN/m?

or = 41.45 + 4.45 = 459 KN/m? /.
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95.

In the soil profile shown below, calculate the total primary consolidation
settlement due to 150 KPa net foundation loading.(Take y,, = 10 KN/m3).

10mX10m ;
q =150 Kpa 1

E met
oo & oo wour

Y= 19 KN/m’

CLAY 1 = Yﬁf 20 KNmeS
© P.=80Kpa,e =038

C.=0.15, C,=0.05

I
|
1
|
|

Y, = 20 KN/m’
P, = 200 Kpa, e = 0.6
E [+
CLAY 2 ©w C.=01 , C, =003

JT7777T777T77T7T77T7T7777777777T777T77T7T7777T777T7777777777T7777
INCOMPRESSIBLE

Solution
As shown, there are two clay layers, so firstly we must calculate primary
consolidation settlement for each clay layer individually then summation the
values for the tow layers to get the total settlement.
For CLAY (1):
o. =80KPa, C.=0.15, C;,=0.05, e, = 0.8 (Givens on above graph)
Now, we want to calculate the value of (o) at the middle of clay layer.

6
0t=19x2+20><(§)=98KN/m2

6 2
u, = 10 x (E) = 30KN/m

o, =98 — 30 = 68 KN/m? —»—
Note that the value of (o) is always calculated from the ground surface to the
middle of clay layer.

!

o 80
OCR = G—f == 1.17 > 1 -»— (Overconsolidated Clay)
(0]
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Now, we want to calculate the value of (Ac") at the middle of clay layer:
It is clear that, the foundation does not distribute on the whole soil profile so, the
value of (Ac") will decrease with depth (See introduction of CH.10) and we will
calculate the average value of (Ac’ = Ac’,,), thus we must calculate (Ac") at the
top, middle, and bottom of clay layer to use Simpson’s rule such that:
Ao + 4Aoy, + Aoy,

6
To calculate (Ac’) at any depth under the center of foundation we will use the
formula that discussed previously in (CH.10):
Ao, =ql, (q= 150 KN/m?)

! J—

I, = f(my,n;) (From Table 10.10)
_ L _ Z _ 27

my = B ) n; = b - B

(At the top of clay one”z = 0.0”)

Because z = 0.0 — the value of (Ac) will not change.

Aoty = 150 KN/m?

| 10m |
(At the middle of clay one”z = 3 m”) | I 3
10 2X3 |
m1=ﬁ=1 ) n, = 10 =06_)I4=0892 :
|
> A0 iqqe = 0.892 X 150 = 133.8 KN/m? | _______ POR— £
| -
|
(At the bottom of clay one”z = 6 m”) |
10 2% 6 |
m1=ﬁ=1 B n, = 10 :12_>I4=0606 l B

— AGpoitom = 0-606 X 150 = 90.9 KN/m? »—

150 +4 x 133.8+90.9 ,
Acly, = - = 129.35 KN/m

o) + Acl, = 68 4+ 129.35 = 197.35 KN/m?

The formula of S¢ (-« at this case can be derived from the following graph:
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Recompression curve
Slope=C, = C, = 0.05

80
Ae; = 0.05 x log (E)

? Virgin compression curve
Slope=C_,= 0.15
197.35
68 )

Ae, = 0.15 % ]ng(

Yoid ratio, e

I Km=m ===t mmmmmmmmm— -

o)
Q.

¢’ (Log scale)

I
I
I
I
I
I

4
|
I
I
I
I

Sct=c0) = H (Basic equation) 0, = 68 o, +Ac’ = 197.35

1+e,
So, according the above graph and the value of (Ae = Ae; + Ae,):

6 X 0.05 80) 6 X 0.15 197.35)
-

Sy = 2 ] (— 22 2 (
=) = 7108 ~ °8\e8) T Tr08 <%\ g0
Sc(t=w) = 0.207 m = 20.7 cm V.

For CLAY (2):
o. =200KPa, C.=0.1, C;,=0.03, e, =0.6 (Givens on above graph)
Now, we want to calculate the value of (o) at the middle of clay layer.

6
Gt=19><2+20><6+20><<§)=218KN/m2

6
u, = 10 X 6 + 10 x (E) = 90KN/m?
o, =218 — 90 = 128 KN/m? —»—

!

o. 200 _
OCR = — =—==1.56 > 1 —»—- (Overconsolidated Clay)
o, 128
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(At the top of clay two “z = 6m”)
Is the same value at the bottom of CLAY (1)
Acty, = 90.9 KN/m?

| 10m |
(At the middle of clay two “z =9 m”) | I 1T
10 2X9 |
|
’ |
g Aomiddle = (0.388 x 150 = 582 KN/m2 77777777 ‘ ,,,,,,,, g
| b
|
(At the bottom of clay two “z = 12 m”) |
10 2 x 12 |
mq = 1_0 =1 ) n; = 10 =24 - 14 = 024‘5 l B

= AGhottom = 0-245 X 150 = 36.75 KN/m? »—
90.9 + 4 x 58.2 + 36.75 ,

Aoy = c =~ 60 KN/m

ol + Aok, = 128 + 60 = 188 KN/m?

The formula of S¢ (-« at this case can be derived from the following graph:

Recompression curve
Sct=c0) = H (Basic equation) Slope =€, = C, = 003
1 + eo __L___ ﬂe=0.03xlug(ﬁ)
So, according the above graph and the -%‘* -----------

Virgin compression curve

value of (Ae):
Slope=C,= 0.1

. 6x003 (188)
oy = ———— X —) -
ct=2) = 7106 2\128

Void ratio, e

Se(t=co) = 0.0187 m = 1.87 cm

So, the total consolidation settlement is
the summation of settlement for
CLAY(1) and CLAY(2):

e - e e e oo

o, =200 o' (Log scale)

I
I
I
I
I
1
I
I
1
I
I
1
I
I
I
I
I
I
1
I
I
\I‘
1
I
1
I
I

—-_———

Se(total) = 20.7 + 1.87 = 22.57 cmV/'.

g, = 128 o, +Ac’ =188
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56.

An oil tank, 20 m in diameter, is built over a site shown below. A specimen of clay
in this site (20 mm thickness) double drained was to be tested in an oedometer
apparatus, the time required to reach 60% degree of consolidation is 15 minutes.
Estimate the differential settlement between the center and perimeter of the tank
after 1 year after building the tank.

20m

10 m

£
_‘__][_ ______________________ _!G.W_T
Y, = 18 KN/m’
5 Sand Y, = 20 KN/
Y
! %w=20% , Gg=27
e P. = 120 Kpa
- Clay C.=02 . C.=004

Rock

Solution
Oalall Al (e Ae 34T a3 s oo e gall & i) adaie (§ 58 dadi ) 3A L) 3 o)) 7
(Coefficient of consolidation) clua (8 a3 Al O labeall st Cargy Hiidall A lgand
O Badl Cua o 5AN el (g A 2ay O AN Gl g Jans s (T sagll 38 s 58 sl
Ja5 )31 O s oo ) dasal) dad la Al A il JalS e g ge e 4l 5 JSEN g il ol A
Jiud Cphall daida e jigall baaall b Jull 5 (CH.10) (o8 4asca 53 o3 LS andl 33l ) e Ling 5
cayhall Jaud g dan sl il Galias La gagl adl ol Ly ol 530 oyl Jand 4o Calidy (5l 5801 Caatia
sl g 5 Legiar AN ani g () A G yla Jid 5 Ol AN Caatite Jiud Lo sagll e Coa s

Page (196) Ahmed S. Al-Agha

STUDENTS-HUB.com



https://students-hub.com

Solved Problems in Soil Mechanics

pressibility of Soil

The first step is to find the average stress increase at the middle of clay layer under
the center of the tank and under the edge (perimeter) of the tank (As CH.10):

Ao = weight of the oil tank = y;; X hiank

Yoil = 9.4 KN/m3 , hiype = 10m > Ac = q = 9.4 X 10 = 94 KN/m?
Calculating the value of (Ao}, ) at the middle of clay under the center of the tank:

At top of clay layer:
R=10m , Z=4m—= =04 - (Table 10.6)

Géop ) 2
—P — 0.9488 - Ad},, = 94 X 0.9488 = 89.18 KN/m

At middle of clay layer:

5.5
R=10m , Z= 5.5m—>E= 0.55 — (Table 10.6)

Ao
—middle ~ ) 8848 (interpolation)

At bottom of clay layer:

7
R=10m , Z=7m—>E=0.7—>(Table10.6)

Aoy,
—_bottom ~ 807 (interpolation)

= AOprtom = 94 X 0.807 = 75.85 KN/m?

89.18 + 4 x 83.17 + 75.85 ,
Acly, = - ~ 83 KN/m

Calculating the value of (Ao, ) at the middle of clay under
the edge of the tank:
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At top of clay layer:

10m,R=10m , Z=4 2 _ 2 oaama iy
= = = - == — = U. _ = T =
r m, m, MR~ 10 ame R~ 10

— A’ = 0.31048 and B’ = 0.12404 (Table 10.7 and Table 10.8)
Actop = q X (A’ + B") = 94 x (0.31048 + 0.12404) = 40.84 KN/m?

At middle of clay layer:

10m R=10m  Z=55m—2=2>_055and £ = 201
== == p— . _ —_— = —= . —_— —_— =
r m, m, m R 10 an R 10

— A" = 0.26872 and B’ = 0.140155 (average) (Table 10.7 and Table 10.8)
At bottom of clay layer:
10

Z 7 r
r Om, Om , 7m—>R 10 07andR 10

— A’ =0.21727 and B’ = 0.14986 (Table 10.7 and Table 10.8)
AGh tom = q X (A’ + B') = 94 x (0.21727 + 0.14986) = 34.51 KN/m?

40.84 + 4 x 38.43 4+ 34.51 5
Aoy, = e = 38 KN/m

Note that, the value of (Ac;,) under the edge of the tank is much smaller than
under the center, this is realistic because under the edge the weight of the tank is
much smaller than under the center.

This difference, will make also a different in settlement between the center and the
edge of the tank, and it is expected the settlement under the center much larger
than the settlement under the edge.

. . Sc(t=1yr
The required is (Se(=1yry) 2= U = =2 - Sc(tm1yr) = U X S¢(t=oo)

c(t=00)
Firstly, we want to calculate the value of (U) att = 1yr:
From lab results we can calculate the coefficient of consolidation (C,):

teo = 15 minutes = 2.85 X 107° yr — (tz, means) —» U = 60% — T, = 0.286

H 20
Hyr = 0 (Double drained) = -5 = 10 mm = 0.01m
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pressibility of Soil

_ T, xH§, 0.286 x0.017

~ 1m2
Tt 285X 105 — 1m/yr
Now in field:
t=1yr , C,=1m?/yr , Hgq, = H = 3m (because the rock under clay )
Gt IX 0411 > U = 38% (Table 11.7
v th« 32 . - = 0( aple . )

g SC(t=1yI‘) == 038 X SC(t=OO)

To calculate (S¢(t=o0)) firstly we want to calculate (o,,) at the mid of clay layer:

For clay layer we want to calculate (yg,; and e,):

Se =Gsw = e =¢e, = 2.7 X 0.2 = 0.54 (S = 1 because the clay is saturated)

G Xyy(14+w) 2.7%9.81x(1+0.2)
Vsat = 1+e - 1+ 054

3
or =18 X1+ 20X 3+ 20.64 X (E) = 108.96 KN/m?

3
U, = 9.81 X 3 +9.81 x (E) = 44.14 KN/m?
o, = 108.96 — 44.14 = 64.8 KN/m?

6. =120KPa, C. =02, Cs=0.04, e, =054

Calculating (S¢(t=«)) under the center of tank:

OCR = c
o, 648

o, + Acl, = 64.8 + 83 = 147.8 KN/m?

0
= ——=1.85 > 1 -— (Overconsolidated Clay)

= 20.64 KN/m3

The formula of S¢ (-« at this case can be derived from the following graph:

Recompression curve
Slope=C; =C, = 0.04

120
Aey = 0.04 x log (a)

Void ratio, e

Virgin compression curve
Slope=C. = 0.2

147.8
Aey = 0.2 % lug( 120 )

g’ (Log scale)

|
I
I
I
1
I
I
I
I
I
v
T
I
I
I
I

o, = 648 o, + Ao’ = 1478
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(Basic equation)

Sc(t:oo) =H 1+ €o

So, according the above graph and the value of (Ae = Ae; + Ae,):

3 x0.04 120) 3x0.2 147.8

= ( x 1 (—): . — 5.
Set=) = 77052 X 1°8\gas) T T3 052 <108\ 39 ) = 0056 m =56cm

Calculating (S¢(t=«)) under the edge of tank:

ac

0
OCR = — = ——=1.85 > 1 -»— (Overconsolidated Clay)

o, 64.8
oy, + Aoy, = 64.8 + 38 = 102.8 KN/m?
The formula of S¢(—«) at this case can be derived from the following graph:

Recompression curve
Slope=C, =C, = 0.04

102.8
| ﬂ.e=0.04xlug( )

————— 64.8
Ae

Virgin compression curve
Slope=C,= 0.2

Void ratio, e

e e e e e e o -

=]
P

120 o' (Log scale)

e L i

o, =648 o) +Ac =102.8

Sct=c0) = H (Basic equation)

1+e,
So, according the above graph and the value of (Ae)

3 x 0.04 102.8

oy = D00 (028
ct=) T 71054 868
SO, Asc(t:oo) = Sc(t=oo),center - Sc(t=oo),edge = 5.6 - 1.56 = 4.04 cm ——

ASC(tzlyr) = ASc(t:oo) X Ulyr =4.04 X 0.38 = 1.535cm/V .
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Introduction

The shear strength of a soil mass is the internal resistance per unit area that the
soil mass can offer to resist failure and sliding along any plane inside it.

You should know that, the safety of any geotechnical structure is dependent on the
strength of the soil, so if the soil fails, the structure founded on it may collapse.
Therefore, engineers must understand the nature of shearing resistance in order to
analyze soil stability problems such as:

e Bearing capacity.

e Slope stability.

e Lateral pressure on retaining structures.

What Is Shear Failure??
aaulas (Shear stresses) laleal s s 58 Leale Al gins 43ld (Al ) daa A (5 68 4 il (i i Ladic
A A 3G ge Gl sl deadin 4 ) e e e Jea Jglad Glaal) G
o3¢) A ol O Cun W) 128 Jia i gas daglie e Baaae 308 3y il o) il e g 5 UKD
. Shear Strength (Tf = Tmaxerfailure) < % il
(shear stresses) 4 il Jals 3 giall aill Glalgal Jual Laxie 4 3l 4 shear failure J) Sasy
b 5slas ol shear strength J) 4es )

;b WS shear strength J) < sas oSy JUll
(Y e Ay 5l )l Y 3 Gl gl L canmay s 4 i JA1s Al gy (o Slga) ol 8

s oad &igan daglia o 4y i) 8 a8 Gl
Aol s g a0 ]
Ala 4 il s dsale o So g (internal friction) 4iall Slual) o Jslal Al<iay) 2
.(sandy soil or cohesionless soil)
clayey soil or ) 4kl 4 5l A 3sale () <55 (Cohesion) dee bl luall fu eluladll 3
.(cohesive soil
Mohr — Coulomb Failure Criterion
a3 Aol 52 of G 4 55 Y shear strength J) cobuad daled) sl (lallall Glala auia g
ol LS Aalaal) O G (asise Jad Alolaa) dphas Aalas
Tf = C + of tand
Where,
Tr = shear strength of soil
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¢ = cohesion = daclll & jill Gluna (s lulal)

of = normal stress on the failure plane

= DbVl (6 s o (sa5ae s 5 A il ALS Jals al giall AlgaY)
¢ = angle of internal friction

tang = Akl 4 il Glwa o ALY Jalaa

Shear strength for different types of soil
Sandy soil:
Glaill ax 53 Y (815 gl (A1 ellial aa g il 5 An3a 55 el e dala 1) 4 il Cata
ae Ll A 501 il (o (0 5S0 BlosiY15 352 355 LY Ll O
So, for sandy soil:
c=20.0
- Tf = o tand

Normal Consolidated Clay:
For normal consolidated clay, the value of cohesion (c) can be approximated at
zero.
Go g il 38 G (1T s () g ymall (g (81 e Lo i Aae b 4 il o2a s () (g p2 ) e
388 il g o DA% g Ledahay ) elall cilaeS e a3 S JlaaY ey 4 51
On g sl g clulail) dad e ) (Say AT cAaial) Al 81 (0 5S35 Lo i Ltlana G il
Lels G sl AlSial 068 Eua Al I 4 il Legandi g Ay il
So, for normal consolidated clay:
c=10.0
- Tf = o tand

Clayey Sail:
Gl ISl ta g Y S el (s Bl 2 gr UL e A g e Al 2 i1 ot
AL3AN 4 il Gl sy AMSIAY 5 Aeeli 4 i LY Lels o

So, for clayey soil:
¢=0.0
> Tf=C

OverConsolidated Clay:

e Lt oy A Jaa) o 11 s e S35 G cac B A il e il e g il 138 iy

o Lilana (o @lia) an 0 Y 815 e L) Lilus oy clulail) iy UL a5 0 Cad & 53l 13a
Agdall 45 1 Jie Lelad Lgae Jaladl) o3y
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So, for Overconsolidated soil:
$=0.0
rd Tf = C

Mixed Soil (C — ¢ Soil):
O ks dlSia) aa g UL e gl 5 A3 534 G Le A ) e A il (ST e g sl I (B
Leilina G laill g Liadl 5 Lgtluns
So, for Mixed Soil:
Tf = ¢ + of tand
Now, we can express this equation (Mohr — Coulomb Envelope Criterion) by the
terms of total stress o and effective stress o’ such that:

In the case of total stress:
Tf = C + of tand
of=0 +u

And we can draw this relation as following:

Shear Stress, T

Y

Normal Stress, o

In the case of effective stress:
Tr = ¢ + o' tand’
¢’ = cohesion and ¢’ = friction angle, based on effective stress

And we can draw this relation as following:
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Shear Stress, T

Effective Stress, ¢’

Now, to understand the Mohr — Coulomb Failure Criterion, the following graphs
are drawn:

co

Shear Stress, T

Failure Plane \

—|

Mohr- Coulomb Failure Line

P

Effective Normal Stress, o’

e The values of shear stress and normal stress at failure plane are (t¢ and o'¢)
e The failure plane is termed by (plane EF) as shown above.
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e The Mohr — Coulomb Failure Criterion is drawn as shown, and there are three
cases.

e Case (1): If the coordinates at the failure plane are at point A (below the failure
line), in this case, shear failure will not occur along plane EF.

e Case (2): If the coordinates at the failure plane are at point B (at the failure line),
in this case, shear failure will occur along this plane EF.

e Case (3): If the coordinates at failure plane are at point C (above the failure line),
this case cannot exist, because it plots above the failure line, and shear failure in a
soil would have occurred already.

Inclination of the Plane of Failure Caused by Shear
As stated by the Mohr — Coulomb failure criterion, the shear failure will occur
when the shear stress on a plane reaches a value of shear strength (ty)

The shear failure occur when the failure plane orientated by angle (8) with
horizontal, the following figure shows the failure plane of an element of soil
exposed to vertical and horizontal stress (o; and o3) respectively:

Major Principal Stress

Major Principal Plane

Minor Principal Stress

Failure Plane ——\
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From the above figure we can note the following:

1. There are no shear stresses at the external sides of element so the existing
normal stresses are principal stresses such that:

0, = Major principal stress (normal to the major principal plane)

03 = Minor principal stress (normal to the minor principal plane)

2. The failure plane (EF) is inclined by angle (6) with the major horizontal plane.

To determine the angle ¢ and the relationship between o; and o5 we use the
following equation:

0, = 03 tan? (45 + g) + 2ctan (45 + %)

Such that 6 = 45 +§

The above equation in case of total stress, also it is the same equation in case of
effective stress:
0,' = 03’ tan? <45 + %) + 2¢’ tan (45 + %)

Such that 6 = 45 +%’

Or we can find this relationship by using Mohr Circle; the following is a Mohr
circle for sandy soil:

()
(opte) e
T
B : max
o0 B
O3 C 0y
R R

This form is the same for total stress and effective stress but, we use ¢ in the case
of total stress and ¢’ in the case of effective stress. How to find the angle ¢ and the
relationship between o, and o5 will be clarified later in examples.
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Mohr Circle (Important)

If you are given the following element of soil with the given stresses, draw the
Mohr circle, and then find the major and minor principal stresses.

o, = 100 kN/m?

T = 4Q kN/m?

2

l—— oy, = 45 kN/m?

< T = 40 kN/m?
Solution
Aaall & gadll x5 Mohr Circle aw
Y s e shear stress dadis X L sas sl normal stress 4ed 4 5 b)) slaall a5 ]
AU JSaN A ety LS slanall pl8 Y1 avn ) slaall 038 e 2 55 aaa g3 0 683 63 (1

A

iy
=

w
=}
I

o
=}
I

Shear Stress (kN/m?)

—_
=
I

| .

¥

|
10 120
Normal Stress (kN/m?)

|
10 20 30 40 50 60 70 80 90 100 1

30 -

40 —
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rob WS il ila () us Waslac) &5 G slaal) e (ailaiall) slasall L&l a5 2

Point 1: (45,40) Point 2: (100,-40)
A
4o 1 @
f 30
% 20—
% 10—

-10

-20

-30

-40

| | | | | | 1 1 1 1 1 L.

!
10 20 30 40 a0 60 70 80 a0 100 110 120 -
Normal Stress (kN/m?)

®
2

ﬁydﬁdgﬂ\w\mX))Méa%Lﬂ\\&J&gaﬁﬁimL@2jlQﬁﬁﬂ\oﬁd@j
olan Ol i LagdY 25 1 bl e JS s Sl 138y ddlial) 52 3 p0lall [l Caiaig il

;Bj\dﬂ

Shear Stress (KN/m?)

10

20 |-

I
[=]
I

w
=]
T

e
[=]
l

A

N
o
T

| | | | -

100 110 120 =
Mormmal Stress (kN!mz)

sk Canai slag) 3 53 Y1 (72.5,0) Ly C ddadill wie 300l 38 e cilgilas) o JaaDl an )l (e
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A

KkN/m?)
w B
o o
[ [

Shear Stress (|
N
=)
I
40

-
o
]

Ly

| |
100 110 120

10 |-

R = /402 + 27.52 = 48.5 kN /m?
(A& A5kl e 331 ) R Lkl caeal Ol (5 AT 455l
s 5555 558000 3S 3a Sy Logioy Adlosdl) 5S 5 0 am 25 1 (il (5 5800 oo sl 0 3
LS Ll 5 L1 25 1 il (o 3L (o LAY oalasl 5 25 1 o Jeal gl a0 35 (S5 e
s

B o @
S © ©
T T T

|

Shear Stress (kN/m?)
=N

w
=]
T

| | | | | 1 >
10 20 80 90 100 110 120

10 o Nomal Stress (kN/m?)
-0 = D
I
20 o
=
+
30 - o
=
40 bttty 2

ok LS olef (KAl e gall Caliall (e 4l Sy s 25 1 Guihaill (pa ddlsal) Jiay 3 0000 L oY)
Dy, 97

D;, = /552 + 802 =97—>R=T 7=48.51<N/m2

AL Uas G L 5S35 08 3591 Ay plal) Wl ¢ sl 0S5 cililaal) e aaiad LY (3031 44yl o2a
il 483 axe e Al

Laa 5 X DE e 4;“ :\-"’:‘§ 4;‘;‘_3 :*-‘.-.‘5 dé\ Laadic g;m u—daﬂ-d iags ‘ m} BsA c')—“mf ail) iy ,.w. 6_93-’ Q‘){\ 4
i) e Juanid S el lilaal e R bl Ciai 7 ey Legabus ¢Sy G Ll 5 5310l Gl
Al J<al A LS B ddaiil) e Joanid S el cilflaay R kil Cual gesa s A
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>

IS
o
I
—

/m?)

w
o
I

Shear Stress (kN
M
[==]
T

10—

I I I I aB >
100 110 0

Normal Stress (kN/m?)

10

20

30

Coordinates of point A:
72.5—R =725 —48.5 = 24 kN/m?
Coordinates of point B:
725+ R =725+ 48.5 = 121 kN/m?
LS L (ulae B 5 ¢A 2 ¢] Lalaill g C adasill g8 La 38 5e SNl s Mohr Circle J1 s a8 0¥ .5
e

20—

Shear Stress (kN/m?)

ormal Stress (IcNJ’mz}
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The normal stress at point A is the minor (minimum) principal stress and is
equal o3 = 24 kN/m?

However, the normal stress at point B is the major (maximum) principal stress
and is equal o, = 121 kN/m?

Note:
Principal Stresses: The normal stresses at which shear stress equal zero (i.e.
values of normal stress on X-axis with zero shear stress).

Now, if you are given the type of soil, for example sandy soil with internal angle
of friction of ¢ = 35°, and the required: is the element of the given soil is in the
state of failure or not? Why?

We note that the equation of the Mohr-Coulomb failure is:

Tr = C + of tand

Since the given is sandy soil, so the value of C equal zero

Tf = o¢tan35 - 1 = 0.7 o¢

Now we draw this line on the same graph above (Mohr Circle graph), with
different values of o7 as shown in the following table:

or | 0 [ 20|40 | 60 | 80 | 100
T | 0 |14 (28 |42 |56 | 70
The table is formed from this relation: ty = 0.7 o¢

Now, we draw this line on the same graph:
A

60 -

50 -

IS
=
I
—

3 ]
o =]
I I

Shear Stress (kN/m?)

a
=l
I

0 20730 40 50 80 70 80 90 100 110 0

10 Normal Stress (kN/m®)

20
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I3 gld WL ey Al ) il g o8 Lalasl) sda ol Jadl) e e s sl 8 halas as g adl Ly
A s u;us Laall 13g] Gulen 5 il S 1)) a5 L) s ) Jaa 8 ie)ﬂ\ (= element
Sl ey Al ) a1 Al e Jadl) Jaud LelaSl 3 slall cil€ 13) el e ulail) ddads i ligSY)
ip = 45 Ll il 13]G Jaas e

Tf = oftan45 - 1y = 1 o¢
AUl O iy 3 yilall daws )y i o Tadd) 138 an ) die

A

60 —

50 -
40 —
30 —

20 —

Shear Stress (kN/m?)

10
| | | | | | | | | »
10 20 50 60 70. 80 90 100 110 0

Normal
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© © Juaadl A glia g ) ) janal T L T A4 il Cnils WS clual)

STUDENTS-HUB.com



https://students-hub.com

Solved Problems in Soil Mechanics trength of Soil

Laboratory Tests for Determination of Shear Strength

Parameters

There are several laboratory methods available to determine the shear strength
parameters (i.e.,c, ¢, c’, ") of various soil specimens in the laboratory. The most
Important two tests are:

1. Direct Shear Test.

2. Triaxial Test.

Direct Shear Test
This test has been discussed completely in the laboratory, so we will not discuss it
here.

Triaxial Test

Triaxial shear test is one of the most reliable methods available for determining
shear strength parameters. It is used widely for research and conventional testing.
The following three standard types of triaxial tests generally are conducted:

1. Consolidated — drained test (CD test).

2. Consolidated — undrained test (CU test).

3. Unconsolidated — undrained test (UU test).

We will discuss completely the first two types (CD and CU) and the third type, you
can read it from your text book Page 461.
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Consolidated Drained Tri-axial Test (CD-Test):

1 1

f [

O3 03

(

AO’d

Losall 138 ans (0) ST man (g 5 stacia a1 Aol & Al (imy pai o ]

Sl s (Consolidated) diall (e slall = 5 A e Cusy (Chamber Confining Pressure)
el 7 5 A o i s gt () Jeadl 138 Gadad any clall Jaria Ao (4

(Drained) sl @ s 3 clasdl g (03) 2525l deadl () (Adg) (i) ol ) o Gt o 2
T rledl g jiia s sbi(Aug ) deadl A 53l 3l e Aalll elal) Jar daeS 8 UL
celall g

Al oL AR (A5 Cus (03) A Jia o 3

10l S Qi J g gl) Al e 0 5S5 5 (Aog) J Al (ol di o

Maximum Load (at failure)

(Aoy)s = = (Deviator Stress)

Area of specimen

:o G Jladl) slga ) dad (o gt ASH alga) dad (8 cladl Lzl dad gl aa 0 Y il Ly 4
_ !
O3t = O3
01t = 03¢+ (Aog)f = oy’
Ol stuie Lagd¥ Jladll dlga¥l s JSH dlea¥l e JS & jidie aal g Aaie () K5 8 g Ul
a5 a sl e (@) 5 (C) af 23335 (04) 5(03) af 2ok o= Mohr Circle ) ams a5
el Gl oo ulladll sy
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Final (2009):

A consolidated-drained tri-axial test was conducted on normally consolidated

clay. The results were as follows:

03 = 276 KN/m? , (Acy)s = 276 KN/m?

Determine:

A- The angle of friction (@)

B- The angle (a) that the failure plane makes with the major principal stress.

C- The normal stress(c") and the shear stress (t¢) on the failure plane.
Solution

O (555 agdll day yu g e 48 1y Mohr Circle J) aladinls Jilal) auea Ja ol o g
Y alall

Normally Consolidated Clay means (c = 0.0) — 1 = o tan(®)

The same with sandy soil.

It is clear that the test is (CD — Test) - o, = ¢’

o5 = 276 KN/m? and o} = o5 + (Acg)s = 276 + 276 = 552 KN/m?
Now, we draw the Mohr Circle as following:

Shear Stress, T

0 63 =276

Normal Stress,
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A- (@ =2?7)

_ _ 6, — 03 552 —276
R = Radius of Circle = > = > = 138
Sin(0) = — = 2

=0 T oc
BC =R =138 and OC = 03 + R = 276 + 138 = 414
: _ 138 _ o
- Sin(Q) = Vi ®=1947 V
B- (a=777)
Major Principal Stress
Major Principal Plaﬂ /
Failure Plane \ Minor Principal Stress

— |

6 = inclination angle of failure plane from major principal plane
a = inclination angle of failure plane from major principal stress
So,a=90—-16

19.47

From Mohr Circle above: 26 =90+ @ —» 0 = 45 + % =45 + - = 54.7°
- oa=90—5487 = 3526 v
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C-(0¢g=?7? and 1,=777)

We take the triangle (ABC) from the Mohr Circle as following:

R =138

Sin(70.53) = % — 1= 130.1 KN/m? v/ B

The equation of the line in the case of normally R
consolidated clay is 1 = of tan(@) »— /

130.1 = o¢tan(19.47) - of = 368 KN/m? v/ T

Another method to calculate (o¢):

70.53f\

AC = c0s(70.53) x 138 = 46 A \C
A

Now from the Mohr Circle:

|
90—0
of =03+ R—AC =276 + 138 — 466 = 368 KN/m?/
Note:

o If the value of (t,,45) IS required t,,,x = R (as clear in Mohr Circle)
e |f the value of maximum applied load is given and the dimensions of the
specimen are given we can calculate the devaitor stress from these informations.

For example, if the maximum applied laod (at failure) is 18 KN and the dimensions
of soil specimen are 150mm X 150mm X 150 mm.

P, 18
(Aog)f = —— =

- = 800 KN /m?
Area 150 x 150 x 10-6 /m

Then we complete the problem normally.

¢ Resolve the problem using the equation mentioned above, to insure that the
equation gives the same solution.

6, = 05 tan? (45 + %) + 2ctan (45 + %)

G Al dad cilS Jla g elly g Jall Lo gl LY Adlaall alasiol Juady pilae J)gadl (1S 13)
.03 }i (o] L_\..QSM\ .Jai uLSj slaza
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Consolidated Un-Drained Triaxial Test (CU-Test):

A()'d

|

O3 03

r |

03 —>] u, =0 |[¢&— 03 03 —>jAuy * Ole— 03

| |

O3 O3

[

ﬂO’d

Ll 138 e s (03) CalaY) g (o (5 sbaia Jaraza ) Alaul) 8 Lipal) a2 ]

4l s (Consolidated) Al (e sl z 5 50 mew) Cusy (Chamber Confining Pressure)
el 75 A G jhia g5l () deadl 13 Gaadat g elall Lok 4 4

Un-) st g sos glesdl p2e ga (03) 2525l daal ) (A0 g) (iloal (ol das G 5.2
Qe (gl Y(Aug ) deall G330 30 e Al elall Jaim 408 (8 UL 5 (Drained
slall Gty 7 5 3 lawdl axe

Al oL AR (A3 Cus (03) A dia o 3

10l Cun Jadll e gl Als e (5585 A5 (Aog) J A (oaal Jinnsi oy

Maximum Load (at failure)

A = = (Deviator Stress
(B0a)s Area of specimen (Dev )

(0 Cun Jladll dlea ) dad (5 ¥ SN dlea ) Al (ld elall arial dad a5 4l Ly 4
03" = 03¢ — (Aug)s
01t = 03¢ + (Aog)f > 01’ = 011 — (Aug)s
(Dey) Bl oda 845050 ¢S5 Cun S algal¥) (e S Calit Jnie sy oy Co g UL
(@) A oda 8 Ao 3 585 Cua Jladl) dlgadl HAT inie an g
Note:
Always —»— @' > 0,
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i) Gmiatall e ddied Cua A sen JS AR Cullladll sl s Mohr Circled) s 23 .5
cculaall alagl A ((ASI Alea¥) Siadia g Jladll algaY)

Final (2009):

For a normal consolidated clay soil, we are given (¢’ = 28" and @, = 18°).

A consolidated un-drained tri-axial test was conducted on this clay soil with a
chamber confining pressure of 15 psi. Determine the deviator stress and the
pore water pressure at failure.

Solution

Normally Consolidated Clay means (c = 0.0) — ts = o tan(®) (CU-Test)

We will divide the problem into two parts:
Part (1): The case of total stresses:

o3 =15psi, o, =15+ (A(Sd)f , Boy =18
Now, we draw Mohr Circle for this case:

l_J
7 P=18
% ______________________
=
7.0}
B~
< :
2 p i
\‘\ g :
=20
o =18 RN
03 = 15 C 61, = 15+ (Aog)s
R R
Normal Stress, o
0, —0O 15+ (Aoy)e— 15
R = Radius of Circle = — S = (A0a)r = 0.5(Aoy)r

2
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Sin(0) = = = 2
=" T oc
BC=R= O.S(A()'d)f and OC = o3 + R=15+ O.S(A(Fd)f
O.S(A(Fd)f
15 + O.S(A(Fd)f

- Sin(18) = - (Acg)f = 13.416 psi v

—-— 0, =15+ 13.416 = 28.416 psi

Part (2): The case of effective stresses:

03 = 03 — (Aud)f =15 — (Aud)f , 01 =0; — (Aud)f = 28.416 — (Aud)f
¢ =28

Now, we draw Mohr Circle for this case:

l_l

e @' =28
% ______________________
B
[ 2]

5 B
= !
2 o

w20
=0 =28 NS
— C 67 = 28.416 — (Aug)¢
o3 = 15 — (Aug)¢ R R

Normal Stress, ¢

o) — o3 _ [28.416 — (Aug) — [15 — (Aug){]

R = Radius of Circle =

2
R =6.708
Sin(0) = S = 20
=" T oc

BC =R = 6.708 and OC = 03 + R = 15 — (Auy)s + 6.708
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6.708
in(28) = Aug)s = 7.42 psi v
= Sn(28) = TS F 6708~ (AU bsl

To insure the solution resolve the problem using equations.

Resolve Example 12.6 by the method of Mohr Circle as calculated in the problem
above.

Question:

In CU test, why the value of ¢’ is larger than the value of ¢y, use sketch if
required.

Answer:

The value of ¢’ depends on the effective stress (i.e., draw the effective stress at x-
axis and shear stress at y-axis), however, the value of ¢y depends on the total
stress (i.e., draw the total stress at x-axis and shear stress at y-axis), and we know
that the total stress is larger than the effective stress, so if we draw a Mohr circle
for both total and effective stress on the same graph the value of ¢’ will be greater
than the value of ¢y and the following figure explain this:

A 7
o d
« _ _ 7
o Effective Stress failure envelope .~ ¢’
— _———
= e
A e
S— P -
% // Total Stress failure envelope
o) R — Pcy
e
w — N — -
| — ~ '\
©
o) -7 0 \
= -7 \ \ \
w // | \ \| \
\ )
0',1 01 0-,3 O3

Normal Stress (kN/m?)
0'i=0,—u—-0;<o0;
0'3=03—u-0'3<0;3
And when we draw the Mohr circle for the two cases (effective stress and total
stress) its will be clear that the angle ¢’ will be greater than ¢y.
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