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#1—Basic’Charéc_teristics of -So.ils :-'
Soil: Yoy SSodo S
- }gl - Gny Un-cemented accumulation of Mineral particles formed by the

2 7 i’
the voids spaces between the particles contain

weathering of rocks,
water and or air,

~ - (1
- 2.\'/ /Lﬂ—dl

-

weathering of rocks 1-Physical weathering ( Sands, Gravel )
“ .- é««'&:\p/ o
2-Chemical Weathgring (Clay)

*The contact of rocks and water produces clays.
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CO2+H20->H2CO3 ->H+ +HCO3-
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Cations -> sheet-> basic unit -> clay mineral
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Basic unit : a) 1:1semi basic unit b) 2:1 semi basic unit .
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5 2.1 semi-basic ung

‘Montmorillonite ll!it_g o M

: KaO!inite e e h NG T ] 3 A e W s T N AT S N XTI 7D
. ) WG A0S DBSSILM
=\ Nt »
—
Kanunie 1:1
" Sractitey.q e 2.1
Shape™ 7 Platyshape = ~ Film-likeshape ~ Flakyshape — @
Dacal cvmacio;e~ T A NCIMIC {Ilaamms v~ 1M AR
Mo JFQHII!B § o M e WITRIND ‘UCI—GUJC A M
of swelling
Bond H-pond Vander waals K- pond
Vander waals - force
force
swelling No Yes No
Theisomorphouswill be occurs in smectite .
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#2 Soil Texture:
Soil Texture:its appearance or “feel” and it depends on the relative sizes and

shapes.
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l ] _{:\,.np\ 4 Jeaii Loy 3 ganll e 38 A0
- | 1 Toclassify coarse soil we use

o) | -
:"3 & A () Sieve analysis |
p— f—t o Yt
< = ey & To classify fine soil we use
Q Q. e .
T Hydrometer analysis
| : ) .
‘ i i Clay-size particles : : A small

US(ﬁ?S | 4.;75 0.075 001 quartz particle may have the

similar size of clay minerals.

: )5&1.1 % LQJQ For example: Kaolinite, lllite,

etc.
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D10: diameter corresponding to 10% passing. Effective size

D30: diameter corresponding to 30% passing. TR

D60: diameter corresponding to 60% passing.

Coefficient of uniformity coefficient of curvature




2
C = D60 Cc = (D30‘) | '
"D D) ——— = -

One size >>> Cu=1 >>> Cc=1

Particle shape.

Higher friction = angular ... ... ... lower friction = round soil particle

#3 atterberg limits and consistency index

Liquid State

Liquid Limit, LL
Plastic State

Plastic Limit, PL
Semisolid State

Shrinkage Limit, SL
Solid-State |

SL : dluall 4ns Ala N £30all Al pe A JaT S @530 ALl g il
PL: Plashicalla N 43lall 405 Al g LAl JaT S o530 Ll 45 gl
LL: AbL Dl le,-l—:c Oa & Jgadi (S a3 Al (5 il A
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Determine LL:

a) Casagrande method
b) Cone Penetroriiéter Method

Particle sizes and water *Passing No.40 Sieve (0.425 mm). eUsing deionized
" water.
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Multi point :

 NMoistune content (582
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A 1 .

Flow index,I. = (choose a positiv eva/ 1e)
100(1V [ N l)

w=-I_log N +cont.
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*One-point Method

« Assume a constant slope of the N

- - “L=w}—|———
flow curve. :

* The slope is a statistical result of N = pymberof blows
767 liquid limit tests. . .
1 w, = corresponding moistire content

tan = 0.121
Limitations:
* The B is an empirical coefficient,
so it is not always 0.121.

* Good results can be obtained only

for the blow number around 20 10 .
30.

Determine plasﬁc limit:

PLis defined as the water content at which a soil thread with 3.2 mm diameter
just crumbles.

LL,PL Low Med High
SL High Med - | Low
A . Low Med high
*see the width and depth

Plasticity index

Pl For describing the range of water content over which a soil was plastic Pl = LL-PL

————=Liquidity index LI_For scaling the natural water content of a soil sample to the Limits

— w — I wr — PPr

Pr I — Pr.

Wt Fsrlrewvwarerr corrierrr

LI <O (AY). brittle fracture if sheared
O<LI<l (B). plastic solid if sheared
LI =>1 (C), wviscous liquid if sheared
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*Activity A Normal clays: 0.75<A<1.25
(Skempton, 195 3) Inactive clays: A<0.75
PI : Aclive clays: A> 1.25

A = - — High activity:
7o clay fraction(weight)

«large volume change when wetted
clay fraction:<0.002 mum *Large shrinkage when dried

*Very reactive (chemically)  ygcnar 1993

Soil Classification :

According to Unified Soil Classification System ..Four major divisions:

(1) Coarse-grained (2) Fine-grained (3) Organic soils (4) Peat

i
5 51 %5
?
{ Coarse-grained soils: @ Fine-grained soils: l i
Gravel § Sand Silt Clay
v g =
— N NO.200 Ce
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-C, «Plasticity chart
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20) :
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Soil symbols: G: Gravel S: Sand M: Silt C: Clay O: Organic Pt: Peat

Liquid limit symbols: H: High LL (LL50) L: Low LL (LL<50) Gradation symbols: W: Well-graded p.
Poorly-graded

Example: SW, Well-graded sand  SC, Clayey sand SM, Silty sand, MH, Elastic
silt

*Organic clay or silt( group symbol OL or OH):

“The soil's liquid limit (LL) aft
drying.
obtain

er oven drying is less than 75 % of its liquid limit before oven
" If the above statement is true, then the first symbol is O. The second symbol is
ed by locating the values of P and LL (not oven dried) in the plasticity chart.

Example :

if LL after oven dry = 72 & LL before oven drying = 100 clssify the soil

LL{after)/LL{before) = 72/100 =72% then the soil i organic

LL=Y-+>50 .. H.... (OH)

**classify the soil :

1- See #200 .. a-IF percent passing > 50 the soil is fine.

.. b- IF percent passing < 50 the soil is coarse .
a- *seell ..if>50H ..IF<50L.

*calculate PI (LL-PL) & PI-A Line 0.73(LL-20)
*if P1 = 4to 7 the soil is CL-ML

*if PI>PI-A  the soil is C

*if PI<PI-A the soilis M

B- *if percent retained on #4 > 50 the soil is G
“if percent retained on #4 <50 the soilis S |
* see #200 .. if fine soil <5% calculate cc & cu .. the soil may be will or poor
*if fine soil > 12 calculate PI&PI-Aline the soil contain two type of soil ex SM

* if fine = 5to 12 calculate CC,CU,PLPI-Aline ex GW-GM

J0
Ex: a- percent finer #4= 100, #100= 65 ,#200=8 ,LL=30,PL=22,D010=0.085,030=.12,D60=.135
SP-SC
b- percent finer #4= 100, #100= 78 ,#200=58 ,LL=26,PL=20,D010=0.022,D30=.045,D60=.0933
CL-ML

>
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Classily the following s

ils using the Unitied swil classilication sy
symhols and group ng

stem. Uiive group
nes.
Sieve analysis B
{percent fi .
Soil _RETCRMINNG)  Liquid  Plasticity
.h“lg; «_.-.“: 4 No. 200 ﬁm‘tt limit Comments .
\ 94 3 - NP (M\ e AN - 102
2 1) e o 25
3 o0 K& &8 28 ’
4 X} 48 4J 22
S R 48 i ]
& )] 40 T 4
7 Py 0 4y N2

Resefe : 113
N4 Foran inorganic sl the fullosng grain-size avalysis is given

U.s. Percent

Sieva No. passing
4 (k)
10 o)
20 61
4 ' %
&0 18
200 13

i . x
For s sl 0L - 2% ad P, - MITRNT

= 19, Clussily the saoj) by asing
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2. Soil Texture

=L
| cle)
2.1 Soil Texture cd, Grvel o
_ s o
0t ) T
The texture of a soil is its appeal ance or feql’_’"anycj it
depf;_nds on the w ancl s of the
particles as well as the range or dlst1 1but1on of those
sizes, |
Coarse-grained soils: Fine-grained soils:
Gravel  Sand | 8l Clay
o 0073 mm (USEJS) -0.06 mm BS T
' Trevip Mo baro
— —
Sieve analysis Hydrometer analysis

C oulse (S ." F, W & ‘/wu\f\f_ul

S' } > \\ b \
NV oy
- Q\V\%\‘{)S;S (//9”,,./”, S . \D(l
¢; ~<_\/q' _/L_/Iu’;""’g;_’DO \:5 VQ\.-\.J\‘\"'

\ c\\,\,n‘\\.‘ <
P(owmekey ( MC) MM) : PN



2 Characteristics

b oo MNarr~bAr e AF QI\«“Q
1=A\UJGI nttu NS Iwr

I a vy c e - -

(Hnlt? and Kovaes 1981)

P M) GrvdsSiads . S bl
Grain sizg: Coarse grained { Fize grained Fine grained
& S Can 'uijdi’éidqu ope Canaot sex Canpot stz
ual grains :ndividual individnal
by eye arains i
Characieristics: : ——
mg&s&c ) 4 \on plu(:c}

. . i ranular o~ LCiranular—

§' Effect of water Rtlahvcb%_@ " Important } Very important

{  Onengcering {exception: loase sat- T

i  behavior: urated granular mater-

} izls and dynamic

i loadings) .

Effect of wain size Importam Relatively Relatively
distribution on ! unimportant unimp::nﬂant
enginering be-

i N S
Cougse - %(au,\m/{ gu»\

3. Graimn Size and Grain Size
Distribution




USCs: Unified Soil Clagsj

fication
BS: British Standarg

Note:

(4 v
Clay-size particles <. v-?
For example:

A small quartz particle may have the
similar size of clay minerals.

Clay minerals
For example:

Kaolinite, Illite, etc.

———— P o




{ e Syov 1
2 Ve S mgsc Sieve size Table 45(s). METRIC SIEVES (BS) )
- Y TABLE 1S c S fl s "
” V(‘f‘*‘r , !? US Standarc Sievn Sues Apernire szt Standard
S C Full Set set
Q Construction (4) (8
' ] 475 . g .
/ 5 A Perforuled 75 mm +
{ i o steud place 63 +
{ . ;fo (sguare boic) 50
& % 31.5 +
q n 2% 28
12 L6 N
‘74 M 1400 ?2 ’
. i 118 10 "
( 1 1% o N
o 1,350 63 :
' =5 07 5
30 (i) 3.35 +
25 ) 2 +
40 425 1.18 +
0 [IEGOY 0 <
[¢] 2250 -2
70 B2 3N 4
&0 (180 212
pLi] DAt 150 +
129 012 63 +
M0 0106 Lid and receiver ¥ ¥
170 u‘u.y
‘.'n: ouis 19 sitves 13 sienes
271 A) oo o5t Moo + O 60 b0 S SR ¢ e o
' %} (Das199n) e

' —————

'S}ml W
i I'4
C)

-

7 sieven

(Head, 1992)

*Experiment
Coarse-grained soils:

Dot o

Sand ’/' " silt

o e e et

Gravel

3.2 Grain Size Distribution (Cont.)

Fine-grained soils:

Clay

Hydrometer analysis
s e ol O

s e e - e =
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3.2 Grain Size Distribution (Cont.)

. Descube the shape
Example: well graded

D,, =0.02mm (effective size)
bD,, =0.6mm

D, =9mm

P,

_Coefficient of m!?formity ( Cz«)
—<eicient ol untiormity

C,=2e._ 2 _4s0
D, O. 07
Coefficient of curvature (Cc)
-"W
(D3,,) _ (0.6)?

(D,)(Dg)  (0.02)9)

c

rW1réﬂf et

*Criteria

Well graded soil..
L< C, <&, and@) 9991
(for gravels) _
1<C <3 and\C| 26 )
(forsands)

*Question

What is the C, for a soil with
only one grain size?

\ﬁjo/l‘S/ Ctl :,1

¥ 3%

(Q.)%T 3 ) “JP 2 2\ 53
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- Answer — e

+(guestion |
What is the C, for a soil with only one grain size?

l
H Coefficient of uniformity
(]
2 C, =28 =1
Dio

D

Grain size distribution

3.2 Gfain Size Distribution (Cont.)

- ( Engineering applications

—_——

— It will help us “feel” the soil texture (what the soil is) and it will
also be used for the soil classification (next topic).

— It can be used to define the grading specification of a drainage
filter (clogging). 2 S

\ — It can be a criterion for Sele g_fill materials-of-embankments

/Dg;and_ earth dams, road sub-base imaterials, and concrete aggregates.

— It can be used to estimate-the results-of—grouting_and chemical

injection, and dynamic compaction.

— Effective Size. DY, can be correlated with the hydraulic
conductivity (describing the permeability of soils). (Hazen’s
Equation).(Note: controlled by small particles) - :

The grain size distribution is more important to coarse-grained so//s.




4. Particle Shape

I

Coarse-
grained
soils

Subangular
~.- S

» Important for granular soils

- Round soil pacticle — lower friction
« Note that clay particles are sheet-like.

Angular

p—__

(Holiz and Kovacs, 1951)

« Angular soil particle — higher friction—s $hen A‘rw./wﬁi 7 \omwwwtw ‘Ta{i..g;‘; \%
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5. Atterberg Limits
and
Consistency Indices

4.1 Atterberg Limits

The pxesgﬁce of water in fine-grained. soils can sxgmﬁcanﬂy affect

Fluid soil-water
mixture

Increasing water content

Dry Soil

assouated engineering behavior, so we need a reference index to
clanfy the effects

Liquid State

—7 iquid Limit, LL
Plastic State

7 Plastic Limit, PL
Semisolid State -

5»Shnnkage Limit, SL, s/ .
 Solid State Vweher Gutedl Wb Aol Hie

Al

Seliel

%Q:J\ )i)-"‘) ij|fb\ TR all g



1
| .
ad-ﬁ )\)9..,9

f‘w”m “L[ﬂ‘:‘f

. vy /‘Il—;",i'

‘J/\‘JC/L_ N'L’:Z(\
W V321

-

(r‘l.

\4\"‘

e\ webth centent, Iy, pesceptor ¥ Mf/ZA te cloge

o Listamee e in &lenj bottom o the greeye 28 blows

Lok, ZJ\.‘}AA
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L

,Casagrande Method (s.o» ,) Cone Penetrometer Method
(ASTM D4318-95a)

limit device. Laboratory, UK.
—» Multipoint test » Multipoint test
—+One-point test +One-point test
e . —

Particle sizes and water

*Passing No.40 Siev&(g 525 mm)

«Using delomzed water )\&{/ud e ——2 & L)’ )!w“ e

2V 55

4.2 Tiquid Limit-LL- B

3 AN
M

5»/ f

(BS.1377: Part 2: 1990:4.3)

« This method is developed by the

« Professor Casagrande standardized
Transport and Road Research

the test and developed the liquid

The type and amount of cations can sxgmficantly affect the{)_,_,.)\_/.r
measured results.

4.2.1 Casa aﬁde Method

«Device

o - 10 pag2 for checking
height sF 1 of cup

, Remokied soil wanpie
o [N=25_blows"

Closing distance = '.: G
12.7mm (0.5 in) - B i

£
b %— )
: *- b% S g
LD LR
The water comcn;, in percentage, rcguxrcd to closc a
g ( ) g m of the

(Holtz and Kovacs, 1981) istance of 0.5 in (12.7mm) along the botto
oovc after 25 blows is defined as the liquid limit

Heght of %l
. “of cup

==t ol

o Lo <
C \o‘-QcL




4.2.1 Casagrande Method (Cont.)

Reference: Budhu: Soil Mechanics and Foundation
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" | dex. I == (choose a positive value)
F. lpw index, 1 £ Tog (Nz ; NI)
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4.2.1 Casagrande Method (Cont.)

*One-point Method

» Assume a const the
flow curve.

* The slope is a statistical result of N = numbérof blows
767 liquid limit tests. w, = corresponding moisture conlent

_ .
tanB=0.121
//_"'

Limitations:

* The B is an empirical coefficient,
S0 it is not alwaysi :

* Good results can be cr‘m‘ained only
fo the blow number around 20 to

30.
—

4.3 Plastic Limit-PL

(‘Hollz and Kov:cs 1981)

The plastic limit PL is defined as the water content-at which

_/C‘J[L oY a,L«.o g &bf/@—bﬁj

asoil-thread-with-3-2-mm-diameter just crumbles,
ASTM D4318-95a, BS1377: Part 2:1990:5.3
L PL

V\\"h\d ' L/LC)
N\ (V) G}/ WC lw’_({dd “% QG 100 %




m.?) Plastic Limit-PT, (cont)

4.4 Typical Values of Atterberg Limits
Table 10.1 Atterberg Limit Yalues for the Clay Minerals.
[ D
éi‘q%d Plastic Shrinkage
Limit Limit Limit
;‘1 Mineral® (%) (%) i
C{{ ( )7 .~ Monimorillonite 100-900 30-100 8.5-15
_ Nontronite 37-72 19-27 -
o Ihite 60-120 . 35-60 i.j—lf
¢~ Kaolinite _ 30-110 25-40 25-29
Hydrated Halloysite 30-70 47-60
Dehydrated Halloysite - 35-55 T30-45
Attapulgite 160-230 100-120
Chlorite : “44-47 . 36-40
Allophane {undried) 200-250 130-140
. . £ (Mitchell, 1993)
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f
Plasticity index PI1 *Liguidity index LI )
For describing the range of  For scaling the mataral water|
— ; —— - S ‘?,_
water content.ogc,r)&!gch a conte_nt_.o_f a L&
)3011 was plastic the ar Ll
(PI=LL-PL | [ W=PL_ wsPL
. PI  LL-PL
Ligquid State  C —
. W isthe waler.conient
Ligquid Limit, Matbiwa .
@ Plastic State B LL o \¢ A —> 2_'\3_;';‘0

Plastic Limit, PL LI<0 (A), brittle fracture if sheared
. 0<LI<1 (B), plastic solid if sheared
Shrinkage Limit, S 1151 (C), viscous liquid if sheared

\ “\@ i

Semisolid State A

Solid State

4.6 Indices

® wd L\c\ev%‘g} .
. TR -1 e Normal clays: 0.75<A<1.25
Activity A, ZL~M INor ys: 0.7 .2

(Skempton, 1953) 'Iuactj_\jgclays': A<0.75

: : Active clays: A> 1.25°

_ Pl (L-FL) T%W_ﬁac ;;;%y%,
e %clayfractiqn(weight) ; *Targe volume change wetted. =D Yo ZV"LL (1 cresy;
'-_ngeshr»inkage—when. died—— \} | N

'cléy fraction :<0.002mim ) e

Very reactive (chemically) ygenen, 1903
Table 10.4—Activities of Various Clay Minerals.

*Purpose ~
P P ) ) { Mincral Activity®

-

r-o_th .thc t{f e and_amount of clay. ~ Swmectites -

in soils will affect the Atterber — Ilite 0.5-1

limits. This index is aimed to —Kaolnite 0.5

= Halloysitwe (2H:0) 0.5

separate them. Halloysite (41:0) 0.1
Attapulgite 0.5-1.2
Allophane 0.5-1.2
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4.7 Engineering Applications

* Soil classiﬁ;ation “ S A e 2oy e
(the next topic)  «[™ B R

—The Atterberg limit enable «f BESNE
clay soils to be classiﬁedé :
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Fig. 32 Casugrasda s PRI3USIy Ciian,

Ahuavg s mumsentiniey =9 fipés (Wensiped trom Gass.
. . Ylanda, 104E, pivg Mowera, 19771 . . .
The Atyerberg limits are usually correlated with some engineering
properties such as the permeability, compressibility, shear strength,
and others.

— In general, clays with high plasticity have lower permeability, and they are
difficult to be compacte

— The values of SL can be used as a cr

iterion to assess and prevent the
excessive cracking of clay liners.in the r

eservoir embankment or canal.
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'2.3 SOLUTION OF PHASE PROBLEMS. =~ ™™

. Phase problems are very important in soils engineering, and ir this
section, with the help of some numerical examples, we illustrate how -aost
phase problems can be solved. As is true for many disciplines; practice
helps; the more problems you solve, the simpler they become and the more
proficient you will become. Also, with practice you soon memorize most Of _
the important definitions and relationships, thus saving the time of looking -
up formulas later on.’ . .

Probably the single most important thing you can do.in solving phase-
problems is to draw a phase diagram. This is especially true for the
beginner. Don't spend time searching for the right formula to plug into.
Instead, always draw a phase diagram and show both the given values and
the unknowns of the problem. For some problems, simply doing this leads -
almost immediately to the solution; at least the correct approach to the
problem is usually indicated. Also, you should note that there often are
alternative approaches to the solution of the same problem as illustrated in

Example 2.2.
EXAMPLE 2.2-
Given:
i 176 ME/ i (otaldensity)
v = 0% (ilgE a0
Required:

Compute p, (dry density), e (void ratio), n (ﬁdrosity), S (degree of satura-
tion), and p,,, (saturated density).

Solution:

Draw the phase diagram (Fig. Ex. 22a). Assume that ¥, =1 or. )
From the definition of water content (Eq. 2-5) and total density (Eq.
2-6) we can solve for M, and M,. Note that in the computations water

content is expressed as a decimal.

M,

w=0.10=—
M M, +M
p = 1.76 Mg mz—-';-—-’-= L 1
. / ¥ 1.0m?

16
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Volumne {m3) Mass (Mg
y 1 1
V, A
1
4 L
v ]
w M
ol - w w al .
- -]
= roEls
1 1
: I
\/'S S M;
X. l T
Fig. Ex. 2.2a

Substituting M, = 0.10M, we get
0.10M, + M,
1.0 m*
M,=160Mg and M, = 0.16 Mg
These values are now placed on the mass side of the phase diagram (Fig.

Ex. 2.2b), and the rest of the desired properties are calculated.
From the definition of p, (Eq. 2-8) we can solve for V,.

1.76 Mg/m® =

M,
j 2 =7',
or
M ) g
V =—= 016 Mg = 0.160 m*
P» 1Mg/m’

Place this numerical value on phase diagram, Fig. Ex. 2.2b.
To calculate ¥;, we must assume a value of the density of the solids

p,. Here assume p, = 2.70 Mg/m’. From the definition of p, (Eq. 2-7) we

Volume (m?) Mass (Mg)
F ‘
& |7 A
r~ =
g >> 4
ol . 8 z w 9 E;
- il P o g
. Q > o =
L and Y z =
” has ) -
i - . el ~
<, & -
als> S —1=
o
1 A
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» * Tew

can salve for V, directly, or ,
M, 1 =

o 1OMe o303 n2
p. 2.0 Mg/m?

Since ¥, = V, + V,, + ¥, we can solve for V., since we know the other
terrms. : o :

V. =

I

V.=V —V,~V,=10— 0593 —0.160 = 0.247 o~

Once the phase diagram has been filled in, solution of the rest of the
problem involves just plugging in the respective numbers into the zp-
propriate definition equations. We recommend that when you make the
computations, you write out the equations in symbol form and then insert
the numbers in the same order as written in the equation. Also, it'is good
idea to have the units accompany the calculations. '

Solving for the remainder of the required items is easy.

From Eq. 2-9, ’

M, 1.6 Mg

== = 1.6 Mg/m’
From Eq. 2-1,
V, V.+V, 0247+0.160 _
€ = —:— = V_‘. = 0593 = 0636
From Eq. 2-2, .
vV, V,+V, 0247+0.160
—7’,—_ 7 1,00.—_ 10 .100—40.7%
From Eq. 24,
v, ¥ _ 1.160 '
=7 =77 P 5247+ 0160 X" 3535

The saturated density p,,, is the density when all the voids are filled
with water, that is, when § = 100% (Eq. 2-10). Therefore, if the volume of
air ¥, were filled with water, it would weigh 0.247 m*® X 1 Mg/ m?® or 0.247
Mg. Then '

_ M, + M, (0247Mg+0.16 Mg) + 1.6 Mg
Psat = V; 1

Another, and perhaps even easier way to solve this example problem,
is to assume ¥ is a umit volume, 1 m’. Then, by definition, M, = p_ = 2.7
(when p, is assumed to be equal to 2.70 Mg/ mr). The completed‘ phase
diagram is shown in Fig. Ex. 2.2c. -

Since w = M, /M, = 0.10, M,, = 0.27 Mg and M, = M, + M, = 2.97
Mg. Also ¥, = M, since p, = 1 Mg/m?; that is, 0.27 Mg of water occupies

= 2.01 Mg/m’

ot

Oa\
C /C"y/LJ ‘}
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.a volume of 0.27 m’. Two unknowns remain to be solved before we can
proceed: they are ¥, and ¥,. To obtain these values, we must use the given

information that p = 1.76, Mg/m’. From the definition of total density
(Eq‘ 2-6)3

‘M, 297 Mg
p—] 3 — £ —3
p =176 Mg/m’ s 7 7
Solving for ¥,; .
- y)
1= Mo 29TME 1.688 m’ ]

P 176 Mg/m® .

Therefore
V,=V,—V,— V,=1688—027 — 1.0=0418mr’

You can use Fig. Ex. 2.2¢ to verify that the remainder of the solution is
identical to the one using the data of Fig. Ex. 2.2b.

Volume (m3) - Mass (Mg)
4 m 4
‘v‘.I>‘ A
o
1 Iy
~ D~
o ~ |3 ~ | S
2| o7 W S|Z @5
- T A { o
1 J
o
o - S ~ -
—|> ~ 1=
1 Y L A
Fig. Ex. 2.2¢
EXAMPLE 2.3

Hequked:

Express the porosity n in terms of the void ratio e.(Eq. 2-3a) and the void
ratio in terms of the porosity (Eq. 2-3b).

-

Solution: -

Draw a phase diagram (Fig. Ex. 2.3a).
For this problem, assume ¥, = 1 (units arbitrary). From Eq. 2-1,
V, = e since ¥, = 1. Therefore ¥, = 1 + e. From Eq. 2-2, the definition of
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] ]
A
Q >> P : -
[+}) - ‘IN
+ 1> |
- [
- > S
Fig. Ex. 2.3a ] -
¥ : A _
c|s
- W
- |>
X
c
. 1 ‘>‘ S
Fig. Ex. 2.3b J ~ ‘
nis V,/V, or
e
n= (2-3a)
l+e

Equation 2-3b can be derived a.lgebra.ica.]ly.or from the phase dia-
gram (Fig. Ex. 2.3b). For this case, assume ¥, = 1.

From Eg. 2-2, ¥, = p since ¥, = 1. Therefore ¥, = 1 — n. From Ea.
2-1, the definition of e = ¥,/ V.. So

(2-3b)

EXAMPLE 2.4

Given:
e =062, w=15%, p, = 2.65 Me/m’,
Required:

A Py
b. p

c. wfor § =100%
d. p,,, for S = 100%

Solution:

Draw phase diagram (Fig. Ex. 2.4).
a. Since no volumes are specified, assume ¥, =1 m’. Just as in
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Example 2.3, this makes the ¥, = e = 0.62
From Egq. 2-9,

M,

Pg =

AN

and M, = p.V, (from Eq. 2-7). So

PV _ s
¥ 1+ e
265
14+ 0.62
Note: The relationship

Pg = " since V, =

= 1.636 Mg/m’

by

+ ¢

is often very useful in phase Iiroblems.

Volumei{m3)-

21

m® and ¥, =1+ e = 1.62 o’.

1 m? in Fig. Ex.24

(2-12)

Mas:z {Mg)

] i

0.62

1.62
VI

0.398

1.0
v,
w

Fig. Ex. 2.4 LS !

2.65

b. Now for p:

We know that

M, =wM, (fromEq 2-5) and M, =

__pV+wp,V
- v

ps(1 + w)
= 1+e

p

Plug in the numbers.

2.65(1 +0.15) -
1 + 0.62

p-—

oV,

since ¥, = 1 m’

ld

leh

= 1.88 Mg/m \>-

This rclahonshlp is often useful to know.

p,(l + w)

{1+ e)

(2-13)
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Check: :
Pa =T iw . ,3“ w (2-14)
) = -i—?—g- = 1.636 Mg/ m’ -

You should verify-that 15; = p/(L+ w), which is another very useful

relationship to remember.
c. Water content for § = 100%.

V. =0.62 ot. From Eq. 2-8, M,,= V,,p, =

>

Therefore w for S = 100% must be

M .
_ M, 062 aa4 0r23.4%

Ms=10% " 3f "~ 265

From Eq. 2-4, we krnow that v, =
0.62 m® (1 Mg/m’) = 0.62 Mg.

d. p,,. From Eq. 2-10, we know p,, = (M, + M,)/V,, or

2.65 + 0.62
=T 2.019 or2.02 Mg/m’

Check, by Eq. 2-13:
' (1 +w) _ 2.65(1 +0.234 .
___P( ) — ( ) =202Mg/m3

Pac ™7 ¢ 1.62
EXAMPLE 2.5
Required: -

" Derive a relationship between S, ¢, W, and p;.

Solution:

th ¥, = 1 (Fig. Ex. 2.5).
2.5, we know that ¥, = SV, = Se. Frora the
(Eq. 2-7), we can place the

Look at the phase diagram-wi
From Eq. 2-4 and Fig.
definitions of water content (Eq. 2-5) and p,

Volume Mass
T A
v,=e 1 +
= ! = =
1" V., ; Se W M., -}WMS =wp,V,
1 i
| -
V,=1 S M, =p,V,
Fig. Ex. 2.5 ; ' '
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equivalents for M, and M, on the phase diagram. Since from Eq. 2-
M, = p V., we now can write the following equation:
M, = p V. = wM,=w,

or ,
p,.Se = wp.F,

Since I/‘ = I m3-, .
sBSeEe, - . @)
Equation 2-15 is one of the most useful of all equations for phase

problems. You can also verify its validity from the fundamental definitions

of p,. S, e, w, and p,.
Note that using Eq. 2-15 we can write Eq. 2-13 another way:

Py S€ -0
P, + o8¢ |
' S p.f pW 7
= = 2-16
T T T+ I +e (19
- When S = 100%, Eq. 2-16 becomes. ..

(2-17)

FEXAMPLEZ:g; T

Given:
A silty clay 5011 with p; = 2700 kg/m g : 100%, and the water content =
46%. ’

Required:
Compute the void ratio e, the saturated density, and the buoyant or
submerged density in kg /m’. ,

Sblution:

Place given mformahon on a phase diagram (Fig. Ex. 2.6). -
Assume V, = 1 m>; therefore M, = V,p, = 2700 kg. From Eq 2-15,

we can solve for e dJrcctly TS
o {wp, _"0.46'X 2700 _ 19 )

. p"S;,. 1000x10 _ — ~

= 1242 kg since M, is

-

’
—

But 2 also equals P;‘sincc V, = 1.0; likewise M,,
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Volume (m?) Mass (kgl
L © -l
2
~ = W L Sl
n »
- > =
>
T 7
o
=1 I =
-|> 3 E:z -
k3 ‘f: i
Fig. Ex. 2.6 S =100%

numerically equal to ¥, because p, = 1000 kg/m’. Now that all the
unknowns have been found, we may readily calculate the saturated density
(Eg. 2-10).
p = M, - M,+M, (1242 + 2100) kg _ 1758 kg /m
= F l+e = (1+1.24)°

*We could also use Eaq. 2-17 directly.
_p,+pe 2700 + 1000 (1.242) .
Pac= g =T 1w iz LokE/m
When a soil is submerged. the actual unit weight is reduced by the buoyant
effect of the water. The buoyancy effect is equal to the weight of the water
displaced, Thus, in terms of densities, (Egs. 2-11 and 2-17):
o =p,. — p, = 1758 kg/m®> — 1000 kg/m® = 758 kg/m’

or

) I'-‘= p:-f— p,.e _
P =, s

_ P T Pu
st 215)
o’ =158 kg/m’
In this example, p’ is less than the density of water. Go back and look at
Table 2-1 for typical values of p’. The submerged or buoyant density- of
soil will be found to be very important later on in our discussion of
consolidation, settlement, and strength. properties of soils.

In summary, for the easy solution of phase pfob[ems, you don’t have
to memorize lots of complicated formulas. Most of them can easily be
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2.4 Soll Texture

derived from the phase diagram as was illustrated in the preceding exam-
ples. Just remember the following simple rules:

* 1.”Remiember the basic definiticns:of w; €:%py; S;-ete.

: Y Tt SRR ol 0 T L st e

. 8= dl 174 Ot -

2. Draw g'phase didgram?;
Ry -0 R DA
3. Assume either. Py=,17or .¥;.= 1,1f not given.

Ky

4. Oftenise’s e =1sup..
» e P > 1 - /JS

e P -y
5.4 SOISTEXTURE Sy ¢ TS

N
"+ 75 - o

So far we haven’t-said very much abou? what makes up the “solids’
part of the soil mass. In. Chapter 1 we gave the usual definition of soil from
an engineering point of view: the relatively loose agglomeration of mineral
and organic materials found above the bedrock. We briefly described how
weathering and other geologic processes act on-the rocks at or near the
earth’s surface to form soil. Thus the solid part of the stii mass consis's
primarily of particles of mineral and organic-matter in various sizes and
arounts. ' ,

The texture of a soil is its appearance or “feel,” and it depends on the
relative sizes and shapes of the particles as well as the range or distribution
of those sizes. Thus coarse-grained soils such as sands or gravels obviously
appear coarse textured, while a fine-fextured soil might be composed of
predominantly very tiny mineral grains which are invisible to the nmaked
eye. Silts and clay soils are good examples of fine-textured soils,

The soil texture, especially of coarse-grained soils, has some relation
to thci}‘mnﬁg‘beh&vieﬁ—&rfacq soil 1exture has been the basis for
certain soil classification schemes which are, however, more common in
agronomy -than in soils engineering. Still, textural classification terms
(gravels, sands, silts, and clays) are useful in a general sensc in geotechnical
engineering practice. For fine-grained soils, the presence of water greatly
affects their engineering response—much more so than grain size or
texture alote—Water-affectsTHE "interaction between the mineral grains,
and this may affect their plasticity and their cohesiveness.

Texturally, soils may be divided into coarse-grained versus fine-
grained soils. A convenient dividing line is the smallest grain that is visible
to the naked eye. Soils with particles larger than this size (about Q.05 mm)
are called coarse-grained, while soils finer tnan the size are (obviously)
called fine-grained. Sands and gravels are coarse gained while silts and

.cla.ys are fine grained. Another convenient way to sep. «te or classify soils
1s according to their plasticity and cohesion (physics: 'cohcsion——sticki:ng

\
{
yap
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3.6 Example

Passing No0.200 sieve 30 %
Passing No.4 sieve 70 %

LI=33

PI=12

o

{"COARSE

—

i More than :
i 50% retained:
P osieve %Noo

Passing No.200 sieve 30 %

Passing No.4 sieve 70 %

595 #4
H.LHL” wu ........................ -

PI=12- < FINE Al
PI=0.73(LL-20), Aline  maseison | |
_ ) o~ |
P1=0.73(33-20)=9.49 S m,
\

SC
(=15% gravel)
Clayey sand with Highly
gravel ORGANIC SOILS

ﬁE<.£

m.ore than 50%
coarse fraction
retained on
sicve #4

retained on

-

less than 50% : m
coarse fraction:

Less than 5% f{ines

nvmﬁmhﬁw

— GW
Not satsfying GW _ P
More than Below *A' line’ — GM
12% fines .
Above ‘A’ line GC
Less than 3% fines |Gy > 6, 1 € G L3 _ wz{
Not satisfying SW — 5p
mzo% than —ma_oé ‘A’ line RENY
F12% fines  § . feeeeeeeesees rrassssoney reeemmenis sty
...................... , n\v»UOM.‘O “AC gm\ IRYe ..m
. § ... ........... S
- ML
60
30 A line S
»
$ 40 ) OL
IY ) e —C L
= 30 MH
ER) ! OH .
e i - CL y or CH
OL or M
T-ML >
o i . OH
© 0 18 20 30 407 S0 60 70 50 90 100 ,,
,/\(\/\\\!L‘EE.._ limit )
kg ;\\
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3.8 Borderline ﬁmm@m (Dual Symbols)

31%

ﬁ
smgh or the following %Hoa conditions, a dual m%B@oH mrocE be

smwa

'
|

omam.w-mamﬁmm soils with 5% - 12% fines.

—About 7 % fines can change the hydraulic conductivity of the coarse-
mwmﬁmm media by orders of magnitude.

— The first symbol indicates whether the coarse fraction is well or poorly
graded. The second symbol ammoa@m the contained fines. For example: SP-
SM, poorly graded sand with silt.

 <9Fine- grained soils with limits within the shaded zone. (PI 3 S

between 4 and 7 and LL between about 12 and wmv SRR 3
— It is hard to distinguish between the silty and more claylike materials. Q /,_ |
— CL-ML: Silty clay, SC-SM: mmaa clayed sand. _ i<

@Soil contain similar fines 85 coarse-grained mnmoﬁobm
— possible dual symbols QZ..E

. .«

4

A1
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EXAMPLE 3.1

Given:

Sieve analysis and plasticity data for the following three soils.

Soil 1, Soil 2, So1l 3,
Sieve Size % Finer % Finer % Finer
No. 4 ’ 9% 67 © 100
No. 10 92 90 100
No. 40 86 40 160
No. 100 78 8 99
No. 200 60 5 97
LL 20 p— 124
PL ) 15 — 47
PI 5 NPp= 77’
*Nonplastic. . g

Required:

Classify the three soils according to the Unified Soil Classification Sysiem.

Solution:

Use Table 3-2 and’ Fig. 3.4.
1. Plot the grain size distribution curves for the three soils (showa in

Fig. Ex. 3.1). ) )
2. For soil 1, we see from the curve that more than 50% passes the

No. 200 sieve (60%); thus the soil is a fine-grained soil and the
Atterberg limits are required to further classify the soil. With
1L = 20 and PI =5, the soil plots in-the hatched zoae on the
plasticity chart. Therefore the soil is a CL-ML. _

3. Soil 2 is immediately seen to be 2 coarse-grained soil since only 5%
passes the No. 200 sieve. Since 97% passes the No. 4 sieve, the soil
‘s a sand rather than a gravel. Next, note the. amount of material |
passing the No. 200 sieve (5%). From Table 3-2 and Fig. 3.4, the-
soil is “borderline” and therefore has a- dual symbol such as;
SP.SM or SW-SM depending on the values of C, and C,. From
the grain size distribution curve, Fig. Ex. 3.1, we find that D =
0.71 mm, D;y= 0.34 mm, and Do = 0.18 mm. The coefficient of

62
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e Esliic2uld
Sch Classlfication

uniformity C, is’

Dy 071,
G = D, 0.18 =39<6
and the coefficient of curvature C, is
Dy) | (034
C, = (D)™ _ (o ) _ 0911

t meet the criteria

For 2 soil to be considered well graded, it mus
he soil is

shown in column 6 of Table 3-2; it does not, sO 1
considered poorly graded and its classification. is SP-SM. The soil

is SM because the fines are silty (nonplastic).
4. A quick glance at the characteristics for soil 3 indicates the soil is

fine grained (97% passes the No. 209 sieve). Since the LL is greaier
than 100 we cannot directly use the plasticity chart (Fig. 3.2). Use
instead the equation for the A-line on Fig. 3.2 to determine if the

soil is a CH or MH.
pI = 0.73(LL — 20) = 0.73(124 — 20) = 75.9

Since the PI is 78 for soil 3, it lies cbove the A-line and thus the
soil is classified as a CH.

33 THE AASHTO SOIL CLASSIFICATION
SYSTEM '

Tn the late 1920’s the U.S. Bureau of Public ‘Roads (1iow the Federal ™" °

Highway Administration) conducted extensive research on the use of soils
especially in local or secondary road construction, the so-called “farm-to-
market” roads. From that research the Public Roads Classificaticn Systermn
was developed by Hogentogler and Terzaghi (1929). The original System
was based on the stability characteristics of soils when used as a road
surface or with a thin asphalt pavement. There were several revisions since
1929, and the latest in 1945 is essentially the present AASHTO (1978)
/ system. The applicability of the system has been extended comsiderably;
AASHTO states that the system should be useful for determining the
relative quality of soils for use 1n embankments, subgrades, subbases, and
bases. But you might keep in mind iis original purpose when using the.
system in your engineering practice. (See Casagrande, 1948, for some

comments on this point.)
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Curve 2: Poorly graded gravelly sand mixwure; nonplastic. Approximately 7%
fines makes this a borderline sail, symbol SP-SM.
Curve 3: Coarse to medium sand; nanglastic. Approaching uniform gradation.
(2) U.S. Standard sieve size

3in. 3. No’4 No. 10 No.40  No. 200

74

100 L - i lllll l" . ‘ ' - l‘[[o L Ll ¥ ll[_l'rl IS |
NP 3 O PR S s '
o 504 B A 1 ~N -
3 - | 1 ' i i N o
s g0 ! { ' { ! . ]
S - | | ! | 1 1 R
= - x | - :
= . 1 ) 1 | { -
§" 60 I : I I : ; ; ‘Q{ N
>~ 50 [ { P! ‘ l NN -
A - i | i ) \ N
E.;': 40 ; i i i 1 2/\ —
foeng ) ! . l ! !‘ \\ 1
= 30 — v | T ' ) Y
D - l t 4 l ' \ 1
:\3’ 20 ! . i ! i 1 —
& ol ' - ! : :

‘(0) 'll L ; ! : L | 1

100 10 1.0 0.1 0.01 : 0.001
’ Grain size (mm)
GRAVEL SANO T ARICLAY

coeeLes Coare l Fine Co-'lm! Medgium L Fine - -+ -

Curve 1: Organic clay (tidal flats); LL=95, PI=39.
Curve 2: Alkali clay with organic matter; LL=868, PI=27. .
Curve 3: Organic silt; LL=70, P1=33 (natural water cantent); LL=53, PI=19 (oven dried].

Fig. P3-6
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absence of coarse znd fi¢diim. sand.

" Fig. P3-6

" Curve 3: Silty fine sand; LL=22, PI=5,
=

Continued.

Micaceous silt stabilized with sandy chert gravel,
silty sand; nonplastic. Poorly graded mixture; note
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Fig. P3-6 Continued. .
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Water in Soil
Sections 2. 1-2.6 in Craig

Outlines

] Introduction

[0 Darcy’s Law

[1 Volume of water flowing per unit time
1. Measuring K in laboratory

[1 Seepage Theory
C1 Flow Net



O

H

Introduction

water being free to flow

All soils are permeable materials, . ,
through the interconnected pores between the solid particles.
You must know how much water is flowing through a soil per
unit time.
This knowledge is required to
B Design earth dams.
B Determine the quantity of seepage under hydraulic structures.
B and dewater foundations before and during their construction.
The pressure of the pore water is measured relative to
atmospheric pressure and the level at which the pressure IS
atmospheric (i.e. zero) is defined as the water table (WT) or the
phreatic surface.
“Below-the water table the soil is assumed to be fully saturated,
Below the water table the pore water may be static, the
hydrostatic pressure depending on the depth below the water
table, or may be seeping through the soil under hydraulic
gradient: this chapter is concerned with the second case.
Introduction

I8 O AL 0 36T SV AL i BV I s VRO ERA S W A R D St A
[1 Bernoulli’s theorem applies to the pore water but

seepage velocities in soils are normally so small
that velocity head can be neglected

h= —Yi ™ 2 j :_70)y533‘cwf/"//\_2014

where h is the total head, u the pore water
pressure, v,, the unit weight of water (9.8 kN/m°)
and z the elevation head above a chosen datum.
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Darcy’s law
[0 Darcy (1856) proposed the following equation for
calculating the velocity of flow of water through a soil:
ra-" = i )
In this equation, L-L |
v = Darcy velocity (unit: cm/sec) R —— |
k = hydraulic conductivity of soil (unit: cm/sec) e |
_i=hydraulic-gradient ' A e 1T
The hydraulic gradient is defined as I S A
| = —

where
Ah = piezometric head diff e between the sections at AA and B B

= distance@gygg_r;t,he, sectionsatAAand BB
(Note: Sections AA and BB are perpendicular to the direction of flow.)

Volume of water flowing per unit time

g — AKi
where q is the volume of water flowing per unit time, A the cross-
sectional area of soil corresponding to the flow,

The K also varies with temperature, upon which the viscosity of the
water depends. If the value of k measured at 20 C is taken as 100%
then the values at 10 and 0 C are 77 and 56%, respectively. The
coefficient of permeability can also be represented by the equation:
k=L
h

where vy,, is the unit weight of water, the viscosity of water 1 and K .
(unitst).an.absolutex:cefﬁcientdepending_only_on_th.e-.character.lstlcs

of the soil skeleton.



The values of k for different types of soil are
typically within the ranges shown in Table

| Coafficient of parmeabilicy nv'sh {E5 2004, 19346;

P l U]

>< Tabie 2.

4 et s —9
T BTy STy = N o S [ 1 [ Rl (+2 R L |
Clean Clean sands very fing sands. UInfissured ::[_a.c;:'s and
gravels and sand—gravel siles and lay-sile ilag-silts (= 2U0%
Iierures larrinace il

Diasiceaczd and fissurad <lays

On the microscopic scale the water seeping through a soil follows a
very tortuous path between the solid particles but macroscopically

the flow path

The seepage velocity

Av: the average area of voids '

The porosity, n, can also be expressed as

A = AW
z %a

H=



Measuring K in laboratory

Measuring K in Japorat=iy ———

[ Two Main Method
B The coefficient of permeability for coarse soils can be determined
by means of the constant-head permeability test

For fine soils (clays and silt) the falling-head test should be used
l‘l ) :l. Awaa \'
G o] Laboratory permeability tests:
- i . e | (a) constant head and
oL I ! B

i‘LJI i . (b) falling head.

e:\ﬁ!“j—., l_____—l l Moal i ]
-1| ] - Curslarl 'n‘;:li;:f.f‘r
R 1 1 s

Measuring K in laboratory

PR T

= qi - ‘f/i
k At \
A 0"
(b) falling head. (= ol éc_
At [Pnl .
. & a
- 2:3 £
At lng b

For Clean Uniform sands, Hazen showed that the approximate
value of k is given b -
= Y — k= 107205 (m/s)

where Dy, is the effective size in mm.



Seepage Theory -

[0 The general case of seepage in two dimensions will now be
considered

[0 Assumption
B soil is homogeneous and isotropic
B Generalized Darcy Law will be used

I R

{

o Ae

. P

v = ki, = — ké‘f’_ total head h decreasing in
x X ax (1) the directions of v, and v,
o
Vv, = ki, = ~k —
e = #iz 3z
Jin~Yout (2 )

_ & 0w dv,
vxzn_(ydzr%%‘dxd_y— |1§ Qxd dydz+| }—d'ldxdy_

My Mo -

+ | 3) equation of continuity in two di i
I T 7z (3) eq ty 1mens1ops.

—



Flow Net in Backfill of Retaining Wall

Drainage

blanket \ A

Concrete — (‘%

Drainage pipe A flow line , o
An equipotential line

INTERPRETATION OF FLOW NET

%

L1 Head loss between each consecutive pair of equipotential

lines i AH
d
[ Flow through each flow channel for an isotropic soil from
Darcy’s Law
Aq = Aki = (bx1) k2 —gap 2 _ AHD
L L Nd L
1 Total flow N
f, AH N
=k) (—), =kAH—L
q };( N ); N



Hydraulic Gradient
e e e e B e Ve e A et

[0 Hydraulic gradient over each square

._4h
[1 Maximum hydraulic gradient IAJh
i =
max L o

[ Critical Hydraulic Gradient
C;ritical hydraulic gradient that brings a soil mass to static
liquefaction, , Heaving, Boiling, and Piping

i=1 '."—y—_——f(qs__l. YW?GSTI _
l+e "y, l+e

cr - -
Y w

O-Safeifi<i = FS=igariom2 0

critical

Pore Water Pressure Distribution

,,,,,

[l Pressure head
(h,). = AH-(N,);Ah—h,

[1 Pore water pressure
u; = (hp)ij

[0 Uplift Forces | n
P, =D u;Ax;

: i
[1 Calculating the uplift forcia per unit length using Simpson’s

rule
P, :éx_ u, +u, +221‘1'i_+422ui -

I T3 T =2

: odd even




ANISOTROPIC SOIL CONDITIONS

|:| Most natural soil dep051ts are anisotropic, Wwith the

coefficient of permeability having a maximum value in the
direction of stratification and a minimum value in the
direction normal to that of stratification; these directions are

denoted by x and z, respectively, i.e.
by = Kingn sl Kz = Kmin
ave x, instead of X and K’

[ Same solution but you need to h
instead of K in flow equation.

B LIV >
X‘u.ﬂxlkw k:f'{x /r—x—" K)g i

Non—homogeneous 8011 Condltlons

EI For houzontal flow, the head d1 op Dh over the same tlow
path length HI+H?2 will be the same for each layer.

P

7

o _ i+ ks ,_L ﬂ l
i
|

o ffl'*‘Mz

H, Ky

e 7}7-.-':——1 R e e
4 : P £ v
.

[T For vertical flow, the flow rate ¢ through area A of each
layer is the same. - ,7{‘ v H,

I "|+IHZ




Example 2.2 (text)

[0 The section through m dam is shown in Figure. Determine the quantity of seepage
e under the dam and plot the distribution of uplift pressure on the base of the dam.
~4 The coefficient of permeability of the foundation soil is 2.5x1 oww m/s.
| N =¥ :

. S
QH a\f‘o \/\/N V/ﬁ(\ m_ TN - -
- Dx \N Mﬂ\_ adot + @ @Q@(tv M T o, ”._ _. B
w @xl:i : 5 08 m D H= &

1.80
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Constrained for Flow Net

TR
AL

A R RS PR et T

=8 CONSTRAINTS FOR SKETCHING FLOW NET
A flow net must satisfy the following criteria.

1. Flow conditions at entrances and exits.
2. Flow lines must intersect equipotential lines at right angles.

3. The area between flow lines and equipotential lines must be curvilinear squares. A

curvilinear square has the property that an inscribed circle can be drawn to touch each
side of the square and continuous bisection results, in‘the limit, to a point.

4. The quantity of flow through each flow channel is constant,

5. The head loss between each consecutive equipotential line is constant.

6. A flow line cannot intersect another flow line,

——-?.—.ﬁ.-n—equipotentiaI-|ine—cannot—interfsec-rt-another_equipotential_line..._ e

An infinite number of flow lines and equipotential lines can be drawn to satisfy Laplace’s
equation. However, only a few are required to obtain an accurate solution, Thus, a very
fine mesh may not result in a significant increase in accuracy.

Net

T e e e e e D3

An equipotential line

A flow line

14

M VV

Area must be curvilinear square

Does not satisfy Laplace's equation




Solutlon

[ Two 1 Functlons satlsfy aplace Equation

First function ¢(x, z), called the potential function,

Second function y(x, z), called the flow function,

) B2

Oy _ ., _ 3k
R

ﬁ't_ —_L'--—aﬁ

_ m T WE T ¥

Flow Net

Equipotential line

ogiy .

¥ v
ax Vo

Flow channel

Flow line

If the function (X, Z) is given a constant value v,
then dy=0 and

h + 2ah

lﬁ"“"’ww

"\

h + Ah

| l Ah = head loss

h

4 flow net is a graphical representation of a flow field and cornprises a family of flow lines and

equipotential lines. The flow terms are:

. Flow cannot occur across flow lines,

~N Ul AW N

0SS,

. The rate of flow in a flow channel is constant.

. Flow lines ar streamlines represent flow paths of particles of water,
. The area between two flow lines is called a flow channel

. An equipo.tential line is a line joining points with the same head.
. The velocity of flow is normal to the equipotential line.

. The difference in head between two equipotential lines is called the potential drop or head
o
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Soil second Exam Examples 2013

Civilittee “Asisall Luigll audl LraplsY Ll presents the thanks for Saif Hassan

Examplel: Seepage Force.

Determine the quantity of seepage under the dam shown in the sec’gion in the figure
below, both soil layers are isotropic the coefficients of permeability for the upper and lower
layers are 2.00 X 10 ®and 1.60 X10 ® m/sec, respectively.

500 m

s ///)//.- T TR TS S S S S S SS

Figure 2.29

************#********************************************************************#***
Example2: Consolidation and Stress increment method.

A raft foundation 60X40 m carrying a net pressure of 145Kpa is located at a depth of 4.5
m below the surface in deposit sand of dens sandy gavel 22 m deep: the water table is at a
depth of 7 m. Below the sandy gravel is a layer of clay 5 m thick which in turn is underlined hy
dens sand, the value 6f my.is 0.22 m%/MN. Determine the'settlement below the center of the
raft, the corner of the raft, and the center of each edge of the raft, due to consolidation of clay.

*************************************************************************f***********

Example3: Consolidation theory. :

In an oedometer test a specimen of saturated clay 19 mm thick reaches 50%
consolidation in 20 min. How long would it take a layer of this clay 5 m thick to reach the same

degreg of consolidation under the same stress and drainage conditions? How long would it take
the layer to reach 30% consolidation?

~ Civilittee .
Made by :Saif Hassan
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e

In a flow net, the strip between any two

adjacent flow lines is called a flow channel.
v . -

The drap-in the piezometric level between

any two adjacent equipotential lines is the

_\.\.
»n
0

same and is called the potential drop. -z \m\ .

As we will discussed later, you can draw the -

flow channels in different separation (fo | Rg 5 Ag,
make a rectangular element instead of a | ok 2
square element), but you have to draw the | | Aq
equipotential lines at a constant drop. . |;Ab=.

E RS Hqgure 7.6
:S&e page through a flow chann
T7v witisgoare elements-

-~

%
&



Here, | would like to call your attention for the
definition of the Darcy’s law. If g=kiA, as the
originally defined, then q should be in the
dimension of volumeltime. But here the

) is 1 itten in a 2D fashion with

equation (7.18) is

q=kiL, so itis i imellength. It can be
interpreted as the hydraulic conductivity per
lateral length in the direction perpendicular to

the face of the paper (or the slide screen).

Then, what is Nd?

v

" In Figure 7.3a, for ary Ao

e S fwedn the upstream and downstream sides:

where H = crencebetwedn
‘N, = number of poter Takd

H{¥in-a flow net is equal to N,.the ﬁoﬁw_ﬂmﬁ

I the number of flowchanielsar : b Sy
through all the channels e unilength can be given by LTAEY

RS 2 ,".‘_’""A

-k 37

S

e

’ .
)

N &Mm ,m.,....“mw
% oy A,
s ey

ﬂ\ = [

— . .
e ¢
. RGN . ; N ). ar%m_\\gbn&.w. P bw_.mr...r&

] Jﬂ' e W wy . s, . 2 . ‘..\ ,

S e 4 A ’ . Lk

ST Lmre e BT m.‘ il ms,.sn_;m.mn?*.\ﬁx.
g™ Y ) b ce—ductME D

#j(\ Ce H..V.V n\..J e F.l...m

1 —1_"\.\..0.4
L0 N
nda . A2 04 .p../ £
\‘ .
1 .’/_ /w.\
“ dpf.v ./..
No- e, o : :
P b, hm;  CZ S R e g <
I
rﬁ” ‘R % i by
C Ll Cllas  Cve 4 B



g !
—_—

y J L-Cn e

agae—z
'

SEodeag [ PNG P DA TRy - ”_

oo . .
ERR tg

»
.
-

n«....).‘_' .
4.1.«.3640 ﬁ\hmro..-t.a.% RN ..vn.

0 S

Sy oEIaTETRIN I aeloe I [Im
3418 Aty N .
y8no.yy adedess

ks

4

7
7

G

AT

77
o

{744

,n(-

25 =
4
7

5

~

Taf

O
o

U= ...
9
nh\ — ﬂn\

Eo a

UNl.llﬁﬁN

e

o .Nt‘_:u.%
N (74

e nOo ()

i Ewc.ﬁh oi]
se

A ULSIUSEaLS:

beg“aseo siys uj -owes 907 S1g IO A
ww.ﬁm_-Cﬁr_HUmkf ayy 18] ﬁo©~>0k&.b.rbuwﬂ

Qtierog

ANRLit MO,

._Bamﬁo%o.u.a 10} SamtemFue)oot & melp ued ouo ‘APALBILIGIT SAIEsSaan: .
(i Aem [ 1QTESTIL JUSTHATOD SHISU:AOY ® 10) SuRmoe 21enbs SurseIpyBaayirys s, -
| J\t A“’ 2‘ - DAY " ..‘v.. 2
) Ty :
" 4 . : -
y 7 :
.\'\.VJOHU A . 4
01 WD
e
7 1, \W.. . ﬁn vm/ \u/ —
.J“..Nﬁ.m (<N = &« »\u} \m. nM«UU/.v.J
. " -
Ny <. &




s oy oo

—

o\ =

<% I

— N
9 *°0

g - 5 =\

CN e mth - =L ﬂ-.-ﬁ!j.ﬂ.ﬁ-kd-..a\.\.!«f‘bﬂ-.«é. LS4, i, Wl A
Hskhﬂw%mﬁﬁﬂlv .MM. - T .
e o
SR e

fae

1id 1e3ys —»

, @2anbid

iz ardwexs

PR

)
[ P Tv e BT 5}

ySnoay} mop Jo el

L ojon "sopid 199y jO Mol SIS eipumotgiogedaes 10§ 19U MO & SMOUS L2

N m@u. Wi ﬂ@!:
M&WE%@,
Y ﬁm\mm” ;

..
(8EOH— =

NG
1.

b4

i==]
it
o
fLal

¢ [uuELD MOLT

.'ll

~1

=1 7 jouumys mold =
! :

| =3 | puusyo Mol
1 g

a1qu b:mﬁ../..

FEANNSE IR -
g Yo onpam

TN

15]0- 918N

A




N
e

.
%
,.ilv. v
L Gme
-
-,

2 e pmand Yl KD

. ot egin, I
' Fal)
e

N KLY

»,

pk:

b

. mx.w_‘:u_m 7.2

,
ad2

Sl ... .,,_4.. ) ,..” " ... ..,. _.,.. ,._ M@Wﬁ@gf..wﬂﬁ“ﬁm.

AT T on, ool kTt e X ...~.~.1,.&ﬂ,. < n ﬁp.,
AR IO}, *ﬁ.ﬂ?ﬂgﬂ&"ﬁ& :.BHQM.H.“.W. hﬁ.n .E/Wz.u_u» O A .m. o

EEd T Rtk A6, il o+ SRR SeIsEC; determin e
I B e b Gifeh e ISR, O mﬂﬁf e \ :
e : . RN e ;
W.. L R A e P e 1EZOME SIS0 3
._a_w.; A N P a..Mm.w., "M”v 3 ..; ..
! : ...

A

FRey

ﬁv
3

=

£

e
)

' A .uf 1
i 3 3 ‘.r. ¥ hay.mb AN .mu.a...e..t...
peaclig Bkldion
. ShsiRat

-

"
s




| . Flow nets for anisotropic soil
Governing Equation
Fho, Fh_ .
\ﬁlwxﬂ+\nv"~nl
e
Transformation

w,u,.wm,, | it by :
ﬁﬁ%ﬁﬁ. J. Qa \ r.rr_,,._ RS k & g 1
: —. q —Mw v, I el ! AV u ! .. : ! ” :
R RS : a5 A : . =
m. Sl %fmwwmf Y . : B _ X = ax

and z zZ

wﬁr

t

3 ke, %\N_m&m

S t—=(
ok, &

& (7.26)




Flow nets for anisotropic soil
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Flow nets for anisotropic soil .

Example: Flow net for anisotropic soil

!

T ey
b ¢ Tpen

-~ these are determined as for isotropic
soil

- The quantity of flow B

LI

.

— calculated using q = kiL as-before > ;

— with
With f=t, =%k

Ly S




Example: Flow net for anisotropic soil Example: Flow net for anisstropic soil

s

Let us assume that the soil has different horizontal
. and vertical permeabilities such that ky =4 ky H

Fig. 4 Shows the dam drawn at its natural scale
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Co)npress‘ion [ndex (C.)

The compression index for the calculation of field settlement caused by consohda-?:‘ =
tion can be determined by graphic construction (as shown in Figure 6.11) after oné' %
obtains the 1aborat0ry test results for void ratio and pressure. L

pression index:

Undisturbed clays: C. = UlJUQ("L—L 103 ' ‘(6.2 =
Remolded clays: C, = 0.007(LL — 10) : i

where LL = liquid limit, in percent
proximate calculation of prlmary consolidation in the ﬁeld

Swell Index (Cs)

The swell index is appreciably smaller in magnitude than the compression index and
generally can be determined from laboratory tests. In most cases, 3
C.=LttokC. . (635 58

The liquid limit, plaStlu limit, virgin compressmn index, and swell index f&r:"ff-
some natural soils are given in Table 6.1. EEE
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Tahle 6.1 Compression and Swell of Natural Soils
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Liquid Plastic Compraession Swell - 22
Soil limit limit index, C Index, ¢, * :}
D
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6.7

Compression Index (C;}- " =% ST

The compression index-for the calculation of field settlement caused by consdlida- ‘f‘
tion can be determined by graphic construction (as shown in Figure 6.11) after ona
obtains the laboratory- test results for void ratio and pressure.

Terzaghi and Peck (1967) su gcest the followmg empmcal expressmns for comi

e tim emge e

pression index: ; - P -
Und1sturbed clays C.=0. 009(LL ~10) : (5,24)“;%
Remolded clays: C, = 0.007(LL — 10) (6.25)%

.
o r:w\.f.’:'!).'.n‘&'r

where LL = liquid limit, in percent

In the absence of laboratory consolidation data, Eq. (6.24) is often used for ap i
proximate calculation of primary consolidation in the field. o

Swell Index (Cs)

The swell index is appreciably smaller in magnitude than the compression index and A
generally can be determined from laboratory tests. In most cases,

C; ZEtOTECc ‘, (5)6)

"'-.

The liquid limit, plast1c limit, virgin ComplcSSlOD. index, and swell index fot,
some natural soils are given in Table 6.1.
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Tabla 6.1 Compression and Swell of Natural Soils
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6.9 Settlement Due to Secondary Consolidation 151

Secondary consolidation settlement is more important than primary consolida-
tionin organic and highly compressible inorganicsoils. In overconsolidated inorganic ™
clays, th_q,sccondquggg} pmssllg_x}}&dex is yery small aqd of less practlgg; significance.
i g e S R Yt A TR R BRI { Td & CFbetbridaty consok:
idation, some of which arc not yet very clearly understood (Mesri, 1973) The ratio
of secondary to primary compression for a given thickness of soil layer is dependent
on the ratio of the stress increment (Ac) to the initial effective stress (op). For small

Ao’/a ratios, the secondary-to-primary compression ratio is larger. . -
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" 6.12 Calculation of ConsoNdation Settlement under a Foundation 162 '
Eq. (6.20), (6.22), or (6.23). However, the increase of stress Ao’ in these equations %
should be the average increase of pressure, or
Ao; + 4Ac, + Aoy
C L e s Ao = Agg, = - m e - (6.46)
where Ac!, Ao, and Aoy are increases of pressure at the top, middle, and bottom
of the layer, respectively. The values can be determined by using the procedure de-
... ... Scribed in Chapter 3. |
“Calculate, the settlement.of the. 3 mithick'clay, layer: (F ure’0.22) that?
by:a.1.5.m square, footing:<THe clay isincrmal
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Tabis 71.70 Comparison Between the Coefficients of Consolidation Determined in the Laboratory
and Those Deduced from Embankment Settlement Analysxs as Observed by Leroueil (1988)

Cyl(iab) Cytin situ)
Siie (m?/sec) (m?/sec) Cy(in sitl] Cvlieb) Reference
Ska-Edeby IV 50 X 107° 1.0 X 107 20 Holtz and Broms (1972) i
xford (1) : 4-57 Lewis, Murray, and Symons (1975_ :
Donnington . . 4-7 Lewis, Murray, and Symons (19'[
- Oxford (2) 336 LeW1s Muiray, and Symons (197,
Avonmouth 6-47 Lewis, Murray, and Symons (19_'15]--
Tickton | 7-47 Lewis, Murray, and Symons (19 ,»J.S :
QOver causeway . 3-12 " Lewis, Murray, and Symons (15{:1_
Melbourne 200 Walker and Morgan (1977) i
- Penang : 1.6 X 1078 11X 1076 70 Adachi and Todo (1979)
CubzacB - 2.0 X 1078 2.0 X 1077 10 Magnan, ez al. (1983}
- Cubzac C 141078 . 43%x 1077 31 Leroueil, Magnan, and Ta\r°nas 9
- A6 4 7.5 % 1078 2.0 X 1076 2 Leroueil, Magnan, and Tavenas| 1
T St AT T T 1RR 107 0 80070 o8 .. Leroueil, Magnan, and Tavcnas ‘
R-7 6.0 ¥ 107° 2.8 X 1077 47 Leroueil, Magnaii, z
Matagami 8.0 ¢ 107° 85X 107° 10 1eroueil, Magnan,
Rerthierville ' 4.0 % 1078 3 Kabbaj (1985)
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Calculation of Consolidation Set Hement Under. -
Foundaticn S S .

Chapter 10 showed that the increase in the vertical stress in soil caused by.a load
applied over a limited area decreases.with depth z measured from the ground surface
downward. Hence to estimate the one-dimensional settlement of a foundation, Wf: Lan
use Eq. (11.31), (11.33), or (11.34). However, the increase of effective stress, Ag! , In
these equations should be the average increase in thié pressure below the center of
the foundation. The values can be determined by using the procedure descnbed in
Chapter 10. "

Assuming that the pressure increase varies parabohcally, usmg Sxmpson S. rule we
can estimate the value of Ao, as . : . .

1 , " i 3

wl.lerc Ao, Ao, and Ad, represent the increase in. the effective pressure at thé"tOP.
middle, and bottom of the layer, respectively. : : '
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: _The swell index was expresséd by Nagaraj and Murty (1985) as

LL(%) .
100

C,-= 0.0463 G . (11.41)

and Mayne . (1990) haye,

PRASY 7

=t

. . - -Based

Je T el e

" shown ihat:

.

(11.42)

Typical values of the liquid limit, plastic limit, virgin compression index, aid swell
- _index for some-natural soils.are given in Table 11.7. .,

abfe 11.7 Compression and Swell of Natural Soils
' Liguid °  Piastic Compressicn Swveil
Soit limit fimnit index, C, index, C,

Bostori blue clay 41 20 0.35 0.07
Chicago clay 60 20 04 0.07

b Fi. Gordon clay, Georgia 51 26 0.12 —
* - New Orleans clay : 80 - 25 . 0.3 0.05
Montana clay 60 28 0.21 0.05

. iEpamplon

e SN e

o e
RfTVEe -

RN

- 4
)

TR
e

Y £l
ﬁ'.'«}':;/‘,’.')-, %

Zh

2
o

) ” o

latéithéivoid ra
[Tt k':f—""" '-4":.\“

2,




vnaprer 11 compressibility of Soil ‘ e

\

e Felt tuac e 55

Y DRI e "%

T N RPN S PR T E
Al .
. .

’ :
.« . )
‘.
'

/ﬂ
Ty 2l 1

3,

. A

- ~a Jerun  oe-

drratio, e
o
o0
!
4
o

) —_— ——rem o —— = s = __._.I.... o s e
. e e e -_.>Q__:_....._._..._.-_.-...__. e e e e l l
- I I e em
. - o ) L
. l. - ' . . s
. e .. -
e ]- L i .
|
|
' i

<

]
I
[
|
|
i
!
I

. ) T
" 10 20 50 100- .- 200, 400500

£
¢ Y
.Y

R

2%

2

Tyt

e g; & 12
- ‘!l"h\}}i_(;b.L .5&‘-
b'

SRR
ey %7?’“}9“'
S ’:}!ﬁ%{' 'L",;.-'-:

AR AUSATH
l_" [‘.‘"ﬂﬂ

AT >

LR L a9 iR

..{J’ 3 i
|, 1i1h s ‘..‘12! lj’
S




T
8 . em—t oy o .. .
e e e v Wikt L& gl o) v " e .
N PR 8 - . .

bt . o as s .

< Aa e s

ik

,The precbnsohd




it

Compressibility of So

324 Chepter 11

Y

-—

Rt e oy

A

Groundwater. table.;

%l
NER

¥a
]
oo

a

Y.

a. Cla

Sand

> i . i
g AN P R : 3 padetay
N . . 3
. ¢ . .
1 .l .
! S X :
. s . )
. ) .
v v, p-
. 4 : v, LI : )
b Py : ¥
.. " .
3 % _ . .
A
M . i . . .
:
4 v
H _ i .
[} Ve
. - ¥, ¢ _ - . . A
8. " ' . . :
. H 2e. .




11.10 Swell Index (C;) 325

Siciia

[x 292

- =-18-kN/m?-.-

Gasia
IR
M

s

P
3

oty
o

o
i

IR

$ Eﬂ?;&ﬁfrk >
AT
AP oY G Ry

EratroTy

Figifio 4]

(@) Seil pros]

o Yy




326 Chapter 11

Compressibility of Soil
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and the straight line &'¢’ follows the relationship given by Ea. /7.1 8).
stress failure envelope drawn from the effective stress Mohr's
ta that shown i Figure 7.18,
Consolidated-drained tests on clay soils take considerable
son, consolidated-undrained tests can be conducted on such soils
measurements to obtain the drained shear strength paramerters. Bacause dg
not allowed in these tests during the application. of deviator siress, they can b
formed quickly. - =
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al Shear Test (General)
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al Shear Test (Gen.eral)
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) (j "y Consolidated-Undrained Test - ",
' 3 The consolidated-undrained test is the most common type of triaxial test. In this test,

*3 the saturated soil specimen is first consolidated by an all-around chamber flnid pres-
) / &\ sure, o3, resulting in drainage. After the pore water pressure generated by the p-
=\~ plication-of coafining-pressure-is-completely dissipated (that is, i, = By =-0); thew
X' -deviator stress, Aoy, on the specimen is increased to cause shear failure. During this
,%gr phase of the test, the drainage line from the sample is kept closed. Since drainage is
Y

XY 7 not permitted, the pore water pressure, Any, will increase. During the test, simulta-
O .5 neous measurements of Ao, and Au, are made. The increase of pore water pressure,
SN . . . P '
Ca Au,, can be expressed in a nondimensional form as i
A=— ' - (715

-' where 4 = Skempton’s pore pressure parameter (Skempton, 1954)
‘The geﬁe/rﬁfétterns of variation of Aoy and A, with axial strain for sand and -

clay soils are shown in Figures 7.16d through 7.16g. In loose sand and normally con-
solidated clay, the pore water pressure increases with strain. In dense sand and over- !
" consolidated clay, the pore water pressure increases with strain to a certain limit, -7
b m}nch it decreases and becomes negative (with respect to the atmosphvnc ]
: ' of a tendency of the soil to dilate.
ed test, the total and effective principal stresses
-undrained test. Because the pore water pressure

(total): a5 + (L\.crd)f = 03 -"‘i

ET I

(effective): @y — (Aug)y = o1

s
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Chapter 7 Shear Strength of Soil

pstabl?sh a rc;asonablc pattern of the change of ¢, with depth. However. if the ciay
) depo&nt at a given site is more or less uniform, a few unconsoﬁdated—unérainedU;:i’-
axxgl tests on undisturbed specimens will allow & reasonable estimation of soil pa-
ran}eters for desig_n work. Vane shear tests also are limited by the strength of soils in
which they can be used: The undrained shear strength Gbtained from a vane shear
test also depends on the raté of application of torque T, —
Bjerrum (1974) also showed that, as the plasticity of soils increases, ¢, obtainzd
from vane shear tests may give I

esults that are unsafe for foundation design. For this
reasop, he suggested the correction ) '

:-i@&? h’“'* :
-

T ﬁﬂ

SN U
’ i
where '
X = corzection factor = 1.7 — 0.54 log(PI) (7.50)
PI = plasticity' index
A T R
iRroblenysii
7.1

A. direct shear test was conducted on a specimen of dry sand with a2 normz1

stress of 191.5 kN/m? Failure occurred at a shear stress of 119.7 kN/m? The

size of the sample tested was 50.8 mm X 50.8 mm X 25.4 mm (height). De-

termine the angle of friction, ¢'. For a normal stress of 144 kN/m?, what .. ..
- shear force would be required to-cause failure in-the sample?. B

Following are the results of four drained direct shear tests an a normally

consolidated clay: A . '

Sample size: diameter of sample = 50 mm

height of sample = 25 mm

Test

e
S

-7 == — . :
o =P Rud &1L =(g g, /
Draw a graph for shear stress at failure agaﬁ‘ﬁst nor stress. Determine. e e

e m——

o erenencfrained angle-of friction from the graph. ' ' Y ‘ '
7.3 The equation of the effective stress failure envelope for a loose sandy =2 R

s A e s

/ was obtained from a direct shear test as.7y=.a'.tan.30".-A drainatj -

e et

s
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 test was conducted with the same soil at a chamber confining pressuce of

70 kN/m?®. Calculate the deviator stress at failure.

For the triaxial test described in Problem 7.3:

. 2. Estimate the angle that the failure plane makes with the major principal -
plane;

b. Determine the normal stress and shear stress (when the specimen fail ed)
on a plane that makes an angle of 30° with the major principal plane. 5
Also explain why the specimen did not fail along the plane during the test.

For a normally consolidated clay, the results of a drained triaxial test are as

! follows: ' -

e Chamber confining pressure = 140 kN/m?

® Deviator stress at failure = 263.5 kN/m?

“"Determine the soil friction angle, ¢'.

- The results of two drained triaxial tests on a saturated clay are given

below:

"Specimen I chamber confining pressure = 69 kN/m?
: deviator stress at failure = 213 IN/m?
Specimen II: chamber confining pressure = 120 IkN/m?
deviator siress at failure = 258.7 kN/m?
Calculate the shear sirength parameters of the soil. .
5 If a specimen of clay described in Problem 7.6 is tested in a triaxial
: appgratus with a chamber confining pressure of 200 kN/m?, what will be
£ tﬁa_—fnajér printipal siress at failure? Assume full drained condition during
- the test. .

A drained triaxial test on a norma]ly'consolidated clay showed that the fail-

+ ure plane malkes an angle of 58° with the horizontal. If the specimen was

tested with a chamber confining pressure 6f 103.5 kN/m? what was the ma- _

1 jor principal stress at failure? '

' A deposit of sand is shown in Figure P7.9. Find the shear yesistance in kKIN/m?® L R
& along a horizontal plane located 10 m below the ground surface. : R, -

R LTI
-4

at f-i‘ﬂh\‘\"' @ QF SREEN

s -~
S d den dishne
T T —_—

—m =~~~ +- Groundwater table

S =038 : - — —— I-

” -"Gf=2}6.,7 C~ 't G \"\'\'\AP
. ¢ =35° . f'ﬁ"‘A\‘c'u'V
W= 9,.




2 Chapter 7 Shaar Strength of Soil
cp s " ;

- 7.30 A consolidated-undrained triaxial test on a normally consolidaied 2luy
Pt vielded the following results: '
w4

O~ >-gy = 34 KM/m?
2 ﬁf_'/_.“ 95 12 A g Nt o Deviator stress: (Ao g)f = 64 KN/m?
JIPARMSS €t ¢ Pore pressure: (Aug)y = 49 kIN/m?

e 4or.  Céloulate the consolidated-undrained friction angle and the drainead friciion
e @Ye w*\; aagle. . I ey Cmpro
) . 53 @1}} The shear sit¢idth of a normaily consolidated clay can be given by the eqa-
Prgsars < MQ‘:}’ tion 7 = o’ ta.t%l"’. A consohdatcd—undra&upad triaxial iest was condvicisd on
§ The Clay. Following are the results of the ted@ > 2+ oo
° Chamber confining pressure = 112 kN/m? £

i S5 . or Lo
- 7 ° Deyiator stress at failvre = 100,14 kN/m? . . , = D=0y
=S Detormi (Dé)g S Cb} Ry

.

Q'\
) A,
P Tl
T

etcrmine:

_____ . eA. The consolidated undrained friction angle (¢); ~D

e LT PO
=%~ Al

P¥e

)7 B The pore water pressure devel8ped in the clay specimen at failurz _

A2} A siltyhgfg_'d"'has a consolidatgh-undrainad friction angle 0f 22° and a dxpinzd
is condué::t_e_t;l gt a chamber confining pressure of 115 k/m?, what will be the
major pfihcipal stress (total) at failure? Also calculate the pore przssure that

friction engle 0f 32° (¢’ = 0). If a consolidated-undrained tost on such 2 soil
wiil be generated in the soil sample at failure.

713 The following are the results of a censolidated-undrained triaxial test in
a clay: . NS
Sa‘mAple o 7, at {silure
- No. (kN/m?) (kN/m?) :
4 . N o . e s . -
) 1. _191.67 375.67 . . ;;-
2 _3283.34. 626.33 SR Zn— S
o T e
¥ . N . . . a2 e t:-'"%% "Lf:\"-‘\  Ste
mge -  Joraw the wiol stress Mobr's circies and defefnliie e shear strength parara-
A ‘3-. {ﬁanb\;\) eters for consolidated-undrained conditions. o
7t The uncenseliared-undrained tes: +suits of a sewurated clay specimen are
54 655 ollows: '

© oy = 96 KN/m?
>« I ¢ oy atfailure = 144 kN/m?

‘ﬁq‘ _ ST AV -2 PN What will be the axxa'l stress at failure if a siinijar sample is subjecied 1o an
it i e upconfined compression test? ‘ '
P " _‘t.‘h\ . . . -
%%\) i 715 The friction angle, ¢*, of a normally consolidated clay sampie collected dur-
ok 2 (9.1 = Nt ) - ing field expioration was determined from drafned triayial teets to be equal

B> 212,04 =s . £230 25° The unconfined compression strenpth of a similar sampls was

St '?70 , z P : B0, 4y, i

%«'1' 112, p = &5 B4 found tn be 100 ¥N/m?. Tetermine the POTe water pressure at fajlure for the

i — uncoufined compression test,

e TR it F. . - . . = . .

?}' . ' 7.15 A soil profile is shown in Figure P7.16. The clay is normally consolidated. Its

52 sy . . (0 LIt BT h i s fs s 3 ¢ [ = o vngo gl e
W - s gy BRI Brnit-equals 68 Yyand its plastic limit eGHaAls"27 %, Histimate thaih-

f’ b St s 6] -G confined compression strength of the clay at a depth of 10 i measurad from

i Stu@= Gi-ex 4 P EFaF o
& - the ground sufacc. Fee 7 , 5 B el 3 AN
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358 Stability of slopes

an

Figure 9.7 Plane translational slip.

and the factor of safety is

e TE
ST

The expressions for o, 7 and u are

o = {(1 —m)y + mya}z cos’ B
. T={(t - m)y+mypa}zsinfcos S,
: , _
U = mzyy cos” 3

If the soil between the surface and the failure plane is not fully saturated (i.e. m = 0)
then ‘

- tan ¢::v

" tanf’ ((9:11)

If the water table coincides with the surface of the slope (i.e. m = 1) then

7 tan g,

T e————

=T 0:12
'Ysat tanﬁ ) ( )

For a total stress analysis the shear strength parameter ¢, is used (with ¢y = 0) and
the value of u is zero. '

Example 9.3

A long natural slope in an overconsolidated fissured clay of saturated unit weight
20kN/m? is inclined at 12° to the horizontal. The water table is at the surface and



Analysis of a plane translational slip 359

seepage is roughly parallel to the slope. A slip has developed on a plane parallel to the
surface at a depth of 5m. (1) Determine the factor of safety along the slip plane using
(2) the critical-state parameter ¢r, = 28° and (b) the residual strength parameter
¢ = 20°. (2) Analyse the stability of the slope by the limit state method.

1 Equation 9.12 applies in both cases.
- (a) In terms of critical-state strength -

10-2t 2 e = . -
_102tan28" - .o
~20tan 12°

&

(b) In terms of residual strength

_ 10.2tan 20°

~ 0tanlze OB

2 In the limit state method the characteristic values of the ¢’ parameters are divided
by the partial factor 1.25. Thus the design values are

tan 28°
! -1 — nAo
¢, = tan ( 135 ) =23

o tan 200
1l -1 — )
¢, = tan ( 135 > 16

With the water table at the surface the value of m = 1
(2) The design disturbing force per m” is

S4 = Yearzsin Jcos B
e =20 % 555 12° cos

=203kN
The design resisting force per m? is

Ry = (0 —u) tan ¢,
= (Year — Yw)zcOS” ftan23°
= 10.2 x 5 x cos? 12°tan23°
=20.7kN

The design disturbing force is less than the design resisting force; therefore, in
terms of critical-state strength, the limit state for overall stability is satisfied.

(b) With ¢, = 16° the design resisting force becomes 14.0kIV. The design dis-
turbing force remuins 20.3kN; therefore, in terms of residual strength, the
limit state is not satisfied.
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Q1): (5 point)
= darn and flow n
| layer with (Gs=2.65 , e=

vation.

L -
i Geotechnical Engineering Laboratory

. 0
' \‘f\(\@\)( 6\}“\ %j /;/ . Instructors: Eng. Hussien Aldeeky
' : " : " 4" Second Exam first Semester 2012
Faculiy of Engineering Al +°  Duration 60 Minutes .
Department of Civil Engineering £, Monday Dec 05, 2012

k. & j Sa l‘/\,jf 1 ot /w‘ Student No. {E;S{f ‘ZOiZLZOI:;'Z
¢ T SetNO: "N e/

st shown below .The dam is 50 m long and has m Sheet piles driven into.the granular
0.82, )and coefficient of permeability = 2x 10~ m/sec). The datum at tail water .

Student Nam: :
Section No:

1- Find the quantity-of seep1ze (q)- (2 point)

4 -

pU V[ & V[ -4 ¢ ‘
, “\[‘-J—-:_ ‘:‘.!:/-o‘é-z.k’!og;':,‘,,\':’)u p T
: ML T L\-‘] Kty wi | oafun,

- .
2- Tind the pore water pressure at point X (1 poinf)

S .
U™ =Sh P-\ni1;75w =1 [Q;_}'.. M

P

p R e b6 =[4e - ¢ L ") ) :
YoMy Lt + 7‘;— ’f-Li“:."-'\','.‘i?.,C;.“, - ??"9

e . e THEWEES
g b hdal
3- Find the ctitjca! hiydraulic gradient - (1 point)
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T Ky
4) Find the effective stress (¢') atpointM - (1 poiut)
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v .QZ) {2 point)
The uniformly distributed loads of 80 KN/ m” applied on the following footing .Determine the vertical
ess{dov) Ata depth of 4 m below point A

. - . o -
Py gufiv, =Ty 4 0r —
3

TYL =2 va = Lé.[ = i{_‘o
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For the figure shown below_. Determine the vertical stress (Aov) due to the Strip footing at point E.
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53 : (11 points)
rure 2a shows a two-layered
7 soil with preconsolidation stress( maximum past pressure

yer of low-permeability,
) 1N/ m? is to be constructed on the site. shown in Figure 2b.

, Coarse, Dense Sand
g R LI

Sy =18k

-

soil system in which a dry sandy soil overlies a '
) level of (oc) 300 kN/ m?, which in turn

un drained bedrocksAn ethanol storage tank of diameter 15 m and gross stress

overlies
(Ag)= 40

Bl N A s Tt s

Blv, creess SO0 be

A) Find the OCR and soil type. (1 point) ' . ,
v
. | P6 SA~ESS /kfldf’_“/e
@'0 =S l%“"*‘f:lr"q‘g’-"gj’ I E rarims =
(o (™ r~
7z t\'j 0'_{\
O — 6¢ .
i igcv §_:f_. . 2.2ole - - G P (’".ﬁg e
® 12593 i — .
B). ‘What is the average vertical stress increase( Acv) in the clay layer directly beneath the centere of the

»oting at the middle of clay layer . (2 point)

/
06 = B fenfn®
E‘m—-“—

A
T

b .
Hey = 9xle =146t c = ly,
T

€ =, — {J
TemBiv o= $2,.,
- |

=
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e

C) Find the expected primary consolidation settlement

= Vot £y R¢q *?@2 1992 lewlw®

"." SC - C\(H ’ .
o\ gD o rto g
ve fte te¢g2
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D) Find the length of time in years required for settlement about 40% from primary settlement . (2 point

V- 1,2 ’
DARC A -;TW( 4} - °:.l§153@

: - Cy vt
LY V ~— —

TR e b e s

&/ l‘} b)g- < 25 T :(/j". 1‘(,-_,1;/ ‘!:'};:.-,.71-':
o0 -
%W

E) Find the length of time in years required for settlement about 80% from primary settlement . (2 point)

— .

<V - —o.clgg\aa (V=) —o0 0%y = —0:923 \°2) Cl1-o9) ’ol'b%'(@c'gé‘?’

b o g lag by Dignst years

(F). Answer with a TRUE (T) or a FALSE (F) to the following statements. If you answer with a false, state the
correct statement. . (2 poinf) '

1- Taylar Construction method (The square-root of time method) is a graphical
procedure used for determination of preconsolidation pressure.( Fa ) >

Fﬂ\/“c-"{!i-f‘/aﬁ;‘,"njif}w \s‘\v-!. Co{f;{" 01‘1 r:ﬁ\r\s,g%:dﬂ{ . (c . .
e

2- The settlement of a soil in.an over consolidated condition is grater than that in the normally
consolidated condition ( Y ' .
3
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i
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D\G’hStgde,nt No. [ Y 1166
Set NO: 67 (L

Q1): (8 point)
The dam and flow net sho
soil layer with ysat—ZOKN/m and coefficient of pelmeablllty (Kx= 2><10 m/sec Kz =0.5x10° m/sec)

The datum at tail water elevation.

1- Find the quantlty of seepage Q) (2 point)
@ Ak OH W’NND Y 6. 3\\3 @

2- Find the pore water pressure at_ point A (2 point) ‘
@(D‘J ~Nd: D\ ~ \/\1—)\6% (= X_é}.) A \\6> X943
@ \:2 3425

.~ 3- Find the critical hydraulic gradient (2 point)
Yex =
4) Find the effective stress (¢") at point M (2 point)

by = (20 ¥ a) SN b
- /
- 6!3 v C\- :> l O"f'g ‘:ED
Tofbs - (31 &3) & 24) %
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-Q2) ( 3 point) ,
The uniformly distributed loads of 80 kpa applied on the followmo footing .Determine the vertical

stress(Aov) At.a depth of 10 m below point A

R .. L 09 -
Mo g 7O T BN
V\‘;}-,Z_Q - ’l"\ ‘
Z 7 \
q; - ~;S——s; O‘? _
My = )E lzoo Tz o4 .,
Lo_° - :
=% 10
4
Mo 2o 2Rl
> < ;g \ \‘YS: 0\\.-"‘ g
V\g:%: [0 S
T 1 <3 . - ® fo) i
R N
5’\#@\0(0 ‘_D‘\q\_a\i_ﬁ B @ , ;: . ! | |
zjk_(f"vﬁ

Q3 (3 point) .
An ethanol storage tank with a circular foundaticn diameter (2)= 15m, find the vertical degtiiat level 10m

Below the ground surface . if the foo;i‘n g carrying a uniform stress = 140KN/m".

\i\,lq e Z-1 s

g o KO- 5 >\3 L e Te = 045

Zz . /o
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QS (12 points)
The figure below show a square footing with
4.3 mz/year)

¥ = 1400 kN

y=17.0 kN/m3

-
(6]

3 3
| i po |t

SAND

1.5 m% . Lﬂ—:im_»l ¥ sa= 19.7 kKN/m3
\ A
3.8m CLAY
eo=0.85 C.=1.1

¥ sa= 19.5 kN/m3  Cg=0.15

“ROCK »

A) Find. the effective overburden pressure at the middle of clay layer ( ¢'vo ) (2 point) -
2 2 _a. & (s V45— QY =
bu, = ) + e F-q@d (LD

I+ ¥ ' +
79.6
B). What is the average vertical stress increase( Acv) in the silt clay layer directly beneath the centerline of the

strip loading using approximate(2:1 methed)? (2 point) . —

q - ;%0 s 165G

C) Find the expected primary consolldatlon settlement (2 point) CF 3 2% x S

il v};ﬁi—\wﬂﬁ_
| 085 N\E

@o%\%‘koﬁf@ ~

hussien Page 3 3 4/11/2013



D) Find the length of time in years required for settlement about 40% from primary settlement . (2 point)

. £ e X
i N

) B
| .
©\.¢o5 ;’%é = OL{'\C\%% =D _ ’

&G 3 : ‘ '
2) Find the consolidation settlement after 6 month . (2 point) \ \g S-

St .
Vs % b@ | T 59"

. St D\o & ¢
NS o Yoors | AV

~ -

%) Find the secondary consolidation settlement after 10 years , if the primary settlement occurs during 5 years
1se Ca/Cc = 0.04 '

e | " NJ0 (Zpointj
gc’,; C,,(\—\ \@8’_"%:&: % 0\04,4 *\E\&Z% ’og\/'s_‘:

AT
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The dam i3 120 m long and has r'ow U m Sioe g

RN ta o - A
LR R B R Ay YL

Qi)
The dum and Bow net shown below .
the grauiae suil layer with {bb—d&.&‘d e= 0.9, Jard egeificient of permeabilsly -
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A & A epiee et -“.G—l-»--.- ~an . --:.:...-n'n—(

: S v
Ce “'\:\ R T
T RN . s sl ol
.
- - N
S ! : Wi * .
o <4 b . . 2
1.-':_-7.1 T — - - : e o WEEU DG .:l. = .-
- .»—--! i D 7 '
— -— S '
» A Gy
l T ) /. ;-; '
} | Lz :
4 . L] T ]
Ky Y T 'I
% LT o 1
\ e i :
g e i 1
N, S N AN b
N -
N e L R
“ . f‘ T i‘
4 \'\e. L."(I ! '[ \ R
/ ., 7 2. ¥ l| 3 -
e d { | A -
& PE | I \
d / — ?!.__ —= \
; §
! ,
! l . . ;
b i I f ! : e
L | : i | QL
e - T SN : S S . NIV LA
TR ‘ TR
e e L e -.---a:..]

~i . i } .
SN , N‘"’(M Ny .
. 3 ) - ~Nd N‘“ \). — ...‘('_
}- Find the quandtity of scepage loss under thedam (3 poingy ™, \ -
* o t— \l\ = .

Zy ! 1 ) N AN -t J . ?
"Iﬁ':‘}"i é‘_b’ /"\H“{{ﬁ e 2&{ “3 R ]‘( z"f} ‘)i‘_t\()f__ ;;:t:?:‘_‘ == l ‘:) "..;., -
Kot " § N

2- I'ind the eiit gradient (at paintsr €2 pm’nt)‘ o
-——-—’_' LR T 1}

g = B 121 Ty 12885

it % ’ 5 T o

3-Tind 1uc11m'e WHISH préssure al pmnl 1 {2 point) G 5, o

) AN -*7-'*-' 4 2 JJf} -y N R T
e “ N H

o i :x?".. i Wy i ? o .3'*

2 VRS ) ay, = o e

' o4 s T .
-4- Pingd the critical hydraulic eradient (2 point)

,".n« : ,@lf..:i..: 6 el . rt‘ o
P, Ty L \\ 2R
U W e e o
FHCEBHIN »
>80 LiT4 FR Hid<<<

FEAGTEGH

LYRY]



()2) Three eniformiy distribiged loads of 100 1{173 cach are anph;ﬂ 13 10x10 I s U
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