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Soil Mechanic

Introduction:

Soil problems in civil engineering

Soil to support loads from the foundation of buildings in embankments.
:: As a construction materials : Fill materials: dams , highways.
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Criteria of Foundation Design:-
» bearing Capacity (B.C)
= Settlement
= QOverall Stability
Load

footing Area >BC ~BC

B.C:- actual foundation Pressure or contact pressure =

failure
Hence, Actual foundation Pressure = B.C
Unit B.C
< -
Contact pressure (<2-3)

)

F.S against B.C failure =

ERE

Settlement: computed settlement or actual settlement< Acceptable values that
depend on:

e Structure

e Soil
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e Foundation
Soil as a construction material
1 Earth Dams

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

2 Highways
3 Slopes and Excavations
T driving force
if T > resisting force < slope failure

4 Excavations
For deep Excavation:
Lateral pressure < Side failure
Hence bracing is to be used
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The solution of soil engineering problems:
1 Soil Mech.: stress-strain properties analysis of soil mass
2 Geology Experience
3 Economic
4 Experience + Eng. Judgment — Solution
to soil Eng. problems

Soil problems are statically indeterminate, since:
1-Stress-strain relationship of soils is not linear.

o —
| Bl | F
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2-Soil behavior depends on pressure, time and environments(dw)

Ground Surface (5.5.)

E@m@w@w

3-Soils are not homogeneous(ulaie )

4-Soil mass can not be seen entirely and its properties evaluated on the basis of small
samples.

5-Most soils are very sensitive(w+Ls~) to disturbance (Jis&5)and the behavior measured
by a laboratory test may be unlike that of the in situ soil.
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Definitions:

Soil mechanic: is application of lows of mechanics and hydraulics to engineering
problems relating to soils.

Geotechnology : is overall study of geology ,soil mechanics and rock mechanics

Geotechnical Engineering: is the application of civil engineering technology to some
aspects of the earth.

Soil Formation:

Soill
Geological origin (By Nature) Fill (Man made)

Geological origin : weathering process — Disintegration(Js3) of Rock — Soil
formation

Type of.Geological origin
Mechanical weathering of Rocks Chemical weathering of Rocks
(physical forces) (due to water or alkaline (ss%)or O,)
Impact of Sand grains carried by Clay size particles

High winds or water or glaciers

v
Erosion (4:_=3)of rock surface

\ 4
Silt, Sand , Gravel
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Definitions

Residual Soils(4dsall 48): is the products of weathering remain at their original
location.

Transported Soils(Hgial 4 41): is the products of weathering transported by water
(alluvium soilsi -t <l ), wind (Aeolian soils"a sl k), glaciers (glacial soils <l
4als) or gravity.

Marine Soils(*,~d %)) ; Soils formed by deposition in the sea.
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The physical state of a soil sample

Total o
Waeight o, Volurms

(W) % ()

o Teneliq By: Komai Tawfig

Total Volume = V1 = Vs + Vy + V,
Total Weight = Wt = Ws + Wy,
Porosity (n): is the ratio of void volume.
n=Vy/Vr
Void Ratio (e):is the ratio of void volume to solid volume.
VW, _ e

now n =Ve/Vr=Vo/ Vot Vs = N 41~ o+

Note also that:
e=n/(1-n)
v=1/(1-n)
Note:

e n<1andis expressed as %
e e may be any value greater or smaller than unity.

Example: A soil has a total volume of 250ml and a void ratio of 0.872. What is the
volume of solids of the sample?

1

24 28

=& =

v, V-,

= =

250 - W, = 0872V,
250 =1.872 W,

W, =133 55 ml

Example: A soil has a porosity of 0.45. What is the value of its void ratio?
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&

}1:
1+¢

g= nl{l+e)= n+ ne {e-ne= n}

e(1-0.45)= 0.45
e= 0.818

Degree of saturation (s):is the ratio of water volume to void volume.
Sr=Vw/Vy
if §=0 dry soil (Vw =0)
$=100  saturated soil (Vv =Vy)
0 < S < 1-the soil is partially sat.
Water Content (w):is the ratio of water weight in a soil sample to the solids weight.

Wce = Ww/ Ws

Specific gravity (GS): specific gravity of soil solids of a soil is defined as the ratio of the
density of a given volume of the solids to the density of any equal volume of water at
42°C,

mass of a soil grain
GS =

mass of an equal valume of water

[gg[rrﬁg zCale] EDdDEﬂ;}tD}fDJ% rml
(pycnometer’

for
coarse solls

I\/I/
G =t Vs M, 50 ml SG Eottle

I Pu Vs Pu for fine sails

G
2.65-2.68
2.65-2.68
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Silt 2.66-2.7
Clay 2.68-2.8
Organic soils may be less than 2.0

Example: A sample of oven dried soil had a mass of 306g. The soil was broken down
and placed into a jar of internal volume 1000 ml. Water at 20C was then poured into
the jar and a rubber stopper placed to seal the jar. The soil and water were thoroughly
mixed using an end over end shaker until all air had been removed. The jar was then
topped up with water to the 1000ml mark and the total mass of the jar and its contents
was found to be 1440.5g. The mass of the empty jar was 250g.

Determine the particle specific gravity of the soil.

Mass of soil + water = 1440.5 - 250 = 1190.5¢g
Mass of dry soil= 306g
Mass of water present with soil = 1190.5 - 306 = 884.5¢g
Mass of water present without soil = 2, x vol = 1 x10° x 1000 x10™
(gm) ()
= 1000g

— Mass of water of same volume as soil = 1000 - 884.5 = 1135.5¢

Mass of =oil

Mass of water of zame volume as =oil

306

2.6
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Mass of dry soil

{[jar-l- water) - (jar+ water+ soil) }-I— dry soil

(Jar + water) = 1000+ 250 = 1250g

~ 306
(1250 1440.5)+ 306

3

= G, = 2.65

Air Content (A):is the ratio of air volume to total volume.

The air-voids volume, V,, is that part of the void space not occupied by water(is the
ratio of air volume to total volume).
Av=Va/V
Va=Vy-Vw
=e-esSr
=e.(1-5y)

Air-voids content, Ay

Ay = (air-voids volume) / (total volume)
=Va/V
=e.(1-Sr)/(1+e)
=n.(1-Sr)

For a perfectly dry soil: Avy=n
For a saturated soil: Ay=0

ein term of V, Ws, Gs
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4= G, >V 1
W

volumes

W,

My = Sre . V= Sre

=w Gy,

MS = GETW

Bulk (Total)density (pt)and Dry density (pa):

Mass of solids Mg Ggpy,
Dry density, p; = = =
v > A Tatal valume W T+8

Total mass Mo + M - + S
Bulk density, p = - 'S wo_ Zafw T By
Totalvolume Y 1+8

Bulk (Total)unit weight (yt)and Dry Unit weight (ya ):
Dy weight W E

Z

. Py
Dry unit weight, ¥, = = = 2% - gg1
Y i X Total volume Y 1+e &

Total weight W+ 4 & + 508
Unit weight, y = CALIA T AT Y TR L1 TAY Y
Total volurme Y T+e

Saturated Unit weight (/g):for sat .soil S=100% =1
_e+Gg
Vs ™ q¥e Tw
submerged unit weight y' (or buoyant unit

G + Se Gﬁ—l—e{l—S}

il S R e Bl b

Y, (for partially saturated)
(2.11

kA€

G +e G -1
=g = =— | A Y, (for fully saturated) (2.12

l+e 1l +¢
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For a given soil, w = 25% and v, = 18.5 kN/m’ are measured. Determine void ratio
e and degree of saturation S. Assume that G; is 2.70.

Solution (a):

First assume W, = 100 kN as shown in Figure 2.7a. Then, W,, = 100 x 0.25 = 25 kN.

Calculate V.= W/Gy, = 100/(2.7 X 9.81) =3.775 m°.

Calculate V,, = W /y,, = 25/9.81 = 2.548 m’.

Since v, = 18.5 kN/m? = (W, + W )/(V.+ V,,+ V,) = (100 + 25)/(3.775 + 2.548 +
V,), thus, V,=0.434 m°.

Now, all components in the three phases are obtained as shown in Figure 2.7a
and,

e=(V,+ VIV, = (2.548 + 0.434)/3.775 = 0.790 «

S =V, /V,+V,) =2.548/(2.548 + 0.434) = 0.854 = 85.4%. «

First assume V =10 m? as seen in Figure 2.7b.

From W+ W, =W, + wW,=(1 + W)W, =Vy,=10x18.5=1 85kN,

W= 185/(1 + 0.25)=148 kN, and W,, = 185 — 148 = 37 kN.

Using Gs as a bridge value, V.= W./G_y, = 148/(2.7 X 9.81) = 5.588 m".

Using v, as a bridge value, V,, = W, /y,, = 37/9.81 = 3.772 m°.

Thus V,=V — (V,+V,) = 10 - (5.588 — 3.772) = 0.641 m>.

Now, all components in the three phase are obtained as shown in Figure 2.7
and,

e=(V,+ V,)/V. = (3.772 + 0.641)/5.588 = 0.789. «

S =V /(V,+V,) =3.772/3.772 + 0.641) = 0.855 = 85.5%. «

V (m?) W lLH:' V (m?)
T 0.641
0,454 Adt 0 1. Adr

=il Water Ly A.T772 -
2. 548 - — I a

I
3. 7754 Saolid
Solid

Woater

Solution (a) Solution (h)
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In a fill section of a construction site, 1500 m’ of moist compacted soils is required.
The design water content of the fill is 15%, and the design unit weight of the com-
pacted soil is 18.5 kN/m?. Necessary soil is brought from a borrow site, with the
soil having 12% natural water content, 17.5 kN/m? wet unit weight of the soil, and
G,=2.65. How much (in cubic meters) of the borrow material is required to fill the
construction fill section? And how heavy is it?

Solution:

Draw three-phase diagrams of the fill site and the borrow site in Figure 2.8a and b,
respectively.

First for the fill site in Figure 2.8a, V = 1500 m? so that W+ W, = Vy, = 1500 x
18.5 =27750 kN.

W+ W,, = (1 + WW, = 27750 kN, so that W, = 27750/(1 + 0.15) = 24130 kN.

This much solid weight of the soil is required at the fill site.

At the borrow site, the same solid weight 24130 kN is needed as shown in
Figure 2.8b.

Thus, W,,= wW.= 0.12 x 24130 = 2897 kN, and W, + W,, = 24130 + 2897 =
27026 kN. «

Since y,= (W,+ W )/V =17.5 kN/m3, V = 27026/17.5 = 1545 m3. «

Thus, 1545 m® of the borrow material is needed for the project carrying a total
weight of 27026 kN.

V (m?) W (kN) V (m?) W (kN)

X

Solid

(a) Fill site (b) Borrow site
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Problem 3.1 A soil sample was collected for laboratory examination. It has a wet mass of
5.2 kg. bulk density of 1.65 g cm™, dry density of 1223 kg m™ and degree of saturation of
82%. Determine the density of sohids.

Solution

There are different ways to solve this problem; we will use the definitions of soil constitu-
ents. We will first find the mass of solids (1.e_. the mass of dry so1l). then the volume of solids
and finally 1ts density.

Volume of soil sample, V' = E — i: 0.00315m’
p 1630

Mass of dry sample, M, =p,_ -V =1223-0.00315=3.85kg
Massof water, M_=M _—M, =52-3.85=1.35kg
Volume of water. V= 20 Ili ~0.00135m’
pll'
i}"
From § = = =1(.82

F g
iy

We will obtain the volume of voids as

y _ V. _ 0.00135
* 8§ D82

= 0.00164m’

Then. the volume of solids equals
V=¥V —¥, =0.00315—0.00164 == 0.0015m?

Therefore. the density of solids 1s

M, 3.85
V. 0.0015

— 2.566kg m™
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Problem 3.2 Site investigation was performed to study soil conditions at a construction
site 1n a new development area. A cylindrical soil sample (height = 100 mm, diameter =
50 mm) was collected at a depth of 1.5 m below the ground. The following soil characteris-
tics were obtained: soil density was 1.52 t m™, moisture content was 68.2% and density of
solid particles was 2.53 g cm™. Determine:

a) Weight of solids (i V)
b) Volume of air (in m°).

Solution

Similar to Problem 3.1. there are different ways to solve it; we will use the definitions of soil
constituents.

Volume of soil sample. ¥ = mr*h = 0.000196 m’
Unit weight of soil. 7=1.52-9.81=149kNm*
Weight of soil, W=~V =14.9-1000.0.00019% = 2.92N
Weight of solids, W, ———— 2921 4N

I+w  14+0.682

: : op 25 _
Spectfic gravity. G =—~= | = 753
Py
W, W .74

Volume of solids. V. = —= -~ =7.10" m’

* 4, Gy, 2.53-9.81.1000

Weight of water, W, =W _-w=1.74-0.682=1.19N
Volume of water, |7 = v, 22 s = 0.00012m’
o4y, 9.81-1000

Volume of air. V.=V-V ¥V =52-10 “m’

Problem 3.3 Soil excavated from a borrow pit 1s being used to construct an embank-
ment (Fig. 3.3). The soil sample from the borrow pit has a specific gravity of 2.7 and unait
weight of 17.8 kN m™~. The weight of the sample was 3.5 N. The sample was then placed in

an oven for 24 h at 105°C and 1ts weight reduced to a constant value of 29 N
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Vioelume, W,

blume, ¥,

Figure 3.3 Borrow pit and embankment for Problem 3.3.

The soil at the embankment 15 required to be compacted to a void ratio of 0.71. If the
finished volume of the embankment (V) is 80.000 m’, what would be the volume of the soil
(V) excavated at the borrow area?

Solution

Please note that there are different ways to solve this problem. This solution will deal with
the volume of so1l in the embankment (V). in the borrow pit (V) and so1l void ratios (e, and
e.. respectively). From the three phase diagram (Fig. 3.1). we can dernive that the total vol-
ume of soil can be writtenas V=1 +e.

Question: How is the total volume (V) related to the void ratio (e)?

Answer: For many problems related to soil constituents, it can be assumed that the vol-
ume of solids (V) is equal to | m? as it makes the solution work-out much easier. Then,
from the definition of void ratio (Equation 3.1), the volume of voids (V) will be equal to e
and thus the total volume of soil will beV = | + e.

It can be stated that

1 l—l—E.'ﬂ

F, T e,

P

To find e_. the following calculations involving soil water content and unit weight should be
done:

Weight of water, W_ =W —W =35-_29=0.6N
W .6

L

Water content. w = = =021

W 2.

¥ 17.8

— —14.7kN m™
l+w 14021

Dry umt weight, Yy =

G

.
£ ! warer

From Vg, —
l 4+ e

dry

We will find that the void ratio of soil from the borrow pit equals

e=g, = 0,796
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Finally, we will have
ke _ 1+ 0.796
80,000 I +0.71

Giving the volume of soil from the bormrow pit

v, = 84.019m’

Problem 3.4 A 1 m thick soil with the imitial void ratio of 0.94 was compacted by a
roller and its thickness reduced by 0.09 m (Fig. 3.4). The specific gravity of this so1l was
2.65. A 178 g soil sample was collected from the compacted soil mass to examine the degree
of compaction; 1t was dried in an oven for 24 h and it had a dry mass of 142 4 g Determune
the degree of saturation after the compaction.

[

0191 m | Compacted soil

el

Figure 3.4 Changes in the soil layer thickness in Problem 3.4

Solution

Assume that a width of the soil mass before compaction is 1 m. then its volume 1s V=1 m*
From the definition of void ratio

s
V. ¥

5

We will find the volume of seolids as

, V =
V.= = ! =0.515m’
' l+e 14094
It 1s logical to assume that the volume of solids remains the same after the compaction: how-
ever, the volume of voids would likely decrease.

The new volume of the compacted soil mass equals

e

V_ =091-1=091m’
Then. the volume of voids will become

V,=V__—¥V =091-0515=0.395m’

w =

The new void ratio of compacted soil equals

0395

=——=0.765
0.515
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The water content will change to

_ 147
i M —0.25
142.4

And the degree of saturation will become

w-G,  0.25.2.65
e 0.765

== (L8606 or 86.6 %

Problem 3.5 A laboratory specimen of soil has a volume of 2.3 m®. The void ratio of
the sample 1s 0.712 and water content 15 16_1%_ The specific gravity of the sohd particles 1s
2.7. Determane:

a) Volume of water
b) DMass of solids
c) Doy density

d) Bulk density

Solution
Volume of soil (V) consists of the volume of voids (V) and volume of solids (V). 1.e..

1

F=F +F,=23m
We also know (Equation 3_1) that

_F

— e 712
I.-_-\.

e

Substituting V_ from Equation (b) to Equation (a). we get
1.712V, = 1.64

Therefore.

V=09 m  and V,=134m"

We will get the degree of saturation (S) as

wG,  0.161.2.7
e  0.712

& = = 0.61

From § = —

[

We will find the volume of water

V.= 8-FV, =0.61-0.96 ~ 0.59m’
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Mass of solids equals

M. =p -V.=G,-p_-V,=2.7-1000-1.34 == 3618kg

F

Dry density (p,) of so1l will be
B i 3618 .

= =1573kg/m” =1.57g/cm’

Pa i 2.3

Mass of water equals
M, =p ¥V, =1000-0.59 = 590kg
From the definition of soil density. we have

M +M, 36184590
V 2.3
Problem 3.6 A cylindrical sample of clay, 50 mm (diameter) * 100 mm long, had weight

of 3.5 N_ Tt was placed in an oven for 24 h at 105%C. The sample weight reduced to a constant
value of 2 9 N_ If the specific gravity 1s 2.7, determine:

p= ~ 1829.6kg/m’

a) Void ratio
b} Dry unit weight
c) Degree of saturation

Solution

This problem will be solved using the aforementioned equations/relationships between the
soil constituents.

Weight of water, W =3.5—-29=0.6N

W 3.5-10 :

Vo 196.4-10°
W

== = L 22 0,207 or 2007 %

W, 2.9

v _ 178
l+w 1+0.207

~17.8kNm*

Bulk unit weight, ¥, =
Water content. w

Dry umt weight, ¥, 22 4. TkN m™

Cr

=

From ¥, = 14
e

Y.
We will get that
e = 0.8
Finally, the degree of saturation equals
we G, _ 0.207-2.7

5= == 0.7 or 70 %
€ 0.8

Tutorial

1. For agiven soil, show that GS = Vsat
Vv — O (Yt =V )

13
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Solution GS = Vsat
Yw — WOyt (7531 )

C Yy =V T

e+Gs
GS — ysat — 1+e

Yw _a)sat(

Yw

Gs-1
1+e

Yw _a)saIVb Yor)

e+Gs
W 1ie 3 e+Gs

" (1_0) (GS 1) 1+e—a)satGS+a)ﬂ
W st

1+e
For y4 = S=100%
" Se=Ggw—-e=wy Gs
. Gs—. ©€+Gs _e+Gs _agyGs+Gs
' l+e—e+oy ltog 1+ gy
Gs +1
~.Gs= (g +])
I+ oy )
. Gs=Gs 0.k.

2. For a given soil , show that W = Mw
Ysat —Mhv
NYw
[0) =
st e+Gsy —ny
1+e "W w

Solution

e

e. W e. W
— 1+e _ 1+e
e+Gs W _ew  we+Gspw —epw
1+e 1+e 1+e

At Oy~ Oy GS=
. e
) ==
- Gs
S Ogy = Oy o.k.
3. For a given soil, the following are given : Gs= 2.67 ; moist. Unit weight
y =112Ib /ft 3 : moisture content @ =10.8% . Determine :

14
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a-Dry unit weight
b-Void ratio
c-Porosity

d-Degree of saturation

Solution

wW.+1
=1y WS

. 0.108+1
112="7242(62.4)(2.67)

1846 ,_
=1 1=0.6482

N=Tre 1+0.6482

_ Gy _(267)(62.4) _ 3
g =g = 2D =101.08b /ft

++ Se=G.w
o _@Gs_(0.108)(2.67) _ 11 rao
o §=A 28 B D SR —44.48%

4. For the soil describe in problem 2.6 , determine the weight of water, in pounds to be
added per ft3 of soil for saturation ?

Solution

1 ft3 of soil weight 112 1b

Before saturation w.=0.108

w = (@ )Ws) =0.108x 112 = 12.096 1b

After saturation S=100% — - Se=Ggw

e _0.6482
. =G0 = Oyt ration =Gs~ 267 =0.2427
After saturation Ww = w.x Ws =0.2427x 112 =27.18241b
. WW atter = WW pefore = 27.1824 - 12.096 = 15.08 Ib added .
5. For a moist soil , given the following : V=0.25 ft3; W=30.751b; ® =9.8%; Gs =

2.66 . determine the following :

a. y(b/f3)

b. va(lb/f3)
c. e
d. n
e. S
f. Volume occupied by water
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Solution

W _30.75_1oqp/ft3

¢ =% +elywes —123= 0'228;1(62.4)(2.66)

C.e=04817

Gs 2.66 _ 3
b yy= 1+eyw 0. 4817(62.4)—112.02Ib/ft

_ e 04817 _ _ 0
d. n_m L n_m_O.SZS_BZ.S/o

e. Se= Gsa) —Sx0.4817 =2.66x0.098 S=0.5411=54.11%
_Vv Vv — 3 .. VW V
f.Nn= Va —0.325= 025:>V =0.08125ft> -+ S= v, = 0.5411= 008125
.. Vw =0.0439f1t3

6. For a soil, given pa = 1712 Kg/m3; e = 0.51 determine
a. n
b. Gs

Solution

e _ 051 0
“Le 1051 =0.3377=33.77%

= p,(9.81) = (1.712)(9.81) =16.794KN /m3

Gs Gs)(9.81
y, = 17W —16.794= —(1)(()51)

Gs=2.585
7. A soil has unit weight of 126.8 1b/ft3. Given Gs = 2.67 and w= 12.6% determine
a. dry unit weight (1b/ft3)
b. void ratio
C. porosity
d. The weight of water in (Ib/ft3) of soil needed for full saturation .
Solution

_a+l ~0.126+1
n=2%1Gs) () = 126.8=21261(2 6)(62.9

-1 e=0.4407

Gs 2.6 _ ,
Ya =T =1 augr (624 =112.61b /ft
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e _ 0.4407 _ _ 0
=1re 1304407 =0.3058=30.58%

for S=100%
Se = 0,Gs = (1)(0.4407) = a, (2.6)
@, =0.1695=16.95%

1 1b/ft3 of dry soil has
W,

0 == Ws=1b
W

-0, 1695=VV_1W —\W,, =0.1695lb

8. The saturated unit weight of soil is 20.12 kKN/m3. Given Gs = 2.74 , determine
d. Y dry
b. e
C. n
d. wc
Solution

Vep = elﬁs Yy = 20.12=€ Lz-em (9.81)

.. e=0.657
_Gs, _0657+2.74

(9.81) =16.22kN /m3

Yd T 1re’™ T 140657

_ e _ 0.657
~1+e 1+0.657
-Se=nGs
. §$=100%
. (1(0.6574) = . (2.74) = . =0.24=24%
9. Forasoil givene =0.86, @ = 28% and Gs = 2.72 determine
a. moist unit weight (Ib/ft3)

b. degree of saturation (%)
Solution

1
7 =21 Gs)(n) = f 2g§é(2 72)(9.81) =18.362kN /m3
= Se=a.GSs
$x0.86=0.28x2.72
. §=0.8855=88.55%
10. For a saturated soil ; given ya = 15.29 kN/m?3; and @, =21% ; determine

d. VYsat.
b. e
C.
d.

=0.3964=39.64%

Gs
Y moist When the degree of saturation is 50%.

17
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Solution
_e+Gs
}/sat - 1+e (yW)
" Se=w.GS for S =100%
1xe=0.21xGs

e e
_Gs _ o 21 o 21
=t =7 = L2108 =15.20=- $-2L (9 81)

.. e=0.4865
3 e  0.4865

:Gs =51 g9 2316
Vet =52 ()

_ 0.4865+2.316

st =7 110.4865
For 50% =S
--Se=nGs
..0.5x0.4865 = O X 2.316

. 0 = 0.105 = 10.5%
_ +1G _0.105+1

" =T1re o™ =110.4865
Or:

Tt =

(9.81) =18.49kN /m3

(2.316)(9.81) =16.889kN /m?3

Gs+se  _ 2.316+(0.5)(0.4865)
Tte W= 1+0.4865

(9.81) =16.889KN /m3

Measurement of Soil Properties

1. The in-situ density of a soil is 1.85 Mg/m3. A moisture content determination test on
a sample of the soil gave the following results.

TestNo. Massoftin  Tin + wetsoil Tin + dry soil

(8) (8) (8)

1 20.24 30.61 28.73

2 20.36 32.44 30.28

Determine the moisture content and dry density of the soil.
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(wet+ tin) - (dry+ tin) 30.61— 28.73
2873 — 2024

22.1%

fadry+tin) - (tin)

(wet+ tin) - (dry+ tin) 32.44 — 30.28
30.28 - 2036

fdry+itin) - (tin)

Average, w= 22%

_ py X100 185%100
100 + w 122

= 1.52 Mg/m’

£4

2. The bulk density of a soil sample was found to be 1.90 g/ml and the moisture content
12%.

Determine the dry density, void ratio and degree of saturation if the particle specific
gravity was 2.68.

What would the moisture content be if the soil were completely saturated at the same
void ratio?




Collage of Engineering 2" Stage Soil Physics Lecture no.1

Water Resources& Dams Eng. Dept. 2019-2020 Date20/ 02 / 2020
e T L o S

7y w100 19w 100
P 100 + w 11>

= 1.7g/ml= 1.7 Me/m’

(N.B. 2, = dengity of water = 1 higim©)

_ [Z2e8+0.587.)
B 158

Bamvrated, = & =

= _ 0.58

WS T e — 21.5%

3. A sample of saturated clay has a volume of 245ml and, after oven drying, has a mass
of 453g.

If the particle specific gravity of the soil is 2.75, determine the dry and saturated unit
weights of the soil in its natural state.
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M.S
O, =
VP

453% 107"
V%1

275 =

453 % 107"
o=

. = 164.7x 10° m” = 164.7 ml
2.75 ——

Now, V,= V -V_ = 245 -164.7 = 80.3 ml

_y,G, 9.81x275
1+e 1488

¥, = 18.1 KN/m’

G, +e 2.75 + 0488
J = 9.81[—j = 21.4 KN/m"

1+e 1488

:V.saf ::Vw[

4. During a particle specific gravity test on a soil sample the following masses were
recorded:

Mass of dry soil sample = 450g
Mass of pycnometer when full of water = 1875g
Mass of pycnometer + soil sample and full of water = 2160g

Determine the particle specific gravity of the soil.
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ellihe o iy ziwwil

{{j:rl wrokerd - (jar | weater | Eci“}} 1 dey =oil

= — EtL
’ [(AE?5  XhauU) | 450

[

5. A sand deposit was found to have a bulk density of 1.93 Mg/m3 and a moisture
content of 16%. Laboratory tests established that the maximum and minimum void
ratio values were 0.75 and 0.48 respectively. If the particle specific gravity was 2.65,
determine the void ratio, the degree of saturation and the relative density of the
deposit.

_ Pyl 183100

J— \ I &4
118 1. 65 Mg im

Lo

_ BT+ S
LA%dG

L=3

— E, = TR FEg

g DTE— 506
T MTE — 4R

= L57

Fm
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Soil Texture (Gl )
Composition and description of an Individual Soil Particle :

Soil Particle

Inorganic (Minerals and rocks) Organic (peat: decomposition of plants
and animals)
In general: Soil may be divided into three main classes
1- Coarse — grained or non- cohesive soils
2- fine grained or cohesive soils Inorganic due to weathering process
3- organic soil

Particle Size : Vary from 1x 107 to rocks of several meters in thickness.
According to MIT:

Coarse grained soils: Boulders > 300mm
Cobble 150-300mm

Gravel 2 - 150mm
Sand 0.06- 2 mm
Fine —grained soll Silt 0.002-0.06 mm

Clay < 0.002
Note: particles of size < 0.002 mm is denoted by clay size particles

Glay . RN

Clay size particles:
e clay minerals (silicate of Mg, Al, Fe)
e Fine particles of quartz or feldspar

clay silt san«< cobble boulder

1
000 O0.02 =] 20 =] 20
O 02 remrm O O 2rmim EBlmrm 200 mirre
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Particle shape

For sand and silt : equidimensional , cube or sphere.

For clay : platy shape .

Rounded: Water- or air-worn; transported sediments

Irregular: Irregular shape with round edges; glacial sediments (sometimes sub-divided
into 'sub-rounded' and 'sub-angular’)

Angular: Flat faces and sharp edges; residual soils, grits

Flaky: Thickness small compared to length/breadth; clays

Elongated: Length larger than breadth/thickness; screen, broken flagstone

Flaky & Elongated: Length>Breadth>Thickness; broken schists and slates

Sieve analysis example

Angular Flaky

Irregular

f Anordnung der Tomalchon nach dar Sedimenistion

AN in Maorpasamr wind EH) n Shaaswaasar

Elongaed Flaky & Elongated Clays Platy Shape

Specific surface: is the surface area per unit mass.
Kaolinite 10 - 20 m? /g
Illite 80 -100 m? /g

Montmorillonite 800 m? /g
Forces on soil particle:
Forces:
e Surface derived forces (fine — grained) — Colloid
e Mass derived forces (Coarse — grained)
Colloid: this term is used to describe a particle whose behavior is controlled by the
surface derived surface.




Soil Physics Mr. Ahmed Amin Al Hity

Collage of Engineering 2" Stage Lecture no. 3
Water Resources& Dams Eng. Dept. 2019-2020 Date 11/03/ 2020
&&8&&EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

e Colloid range: 1Tnm—1um ,lower limit has a sp. Surface (10°m) — (10°m)
from 25 m?g. (<1nm lie the diameter of atoms and molecules)
e Clay particle is a colloid because of its small size (< 0.002mm =2 ym) and

irregular
shape ( plately Shape).

=

University of Al Anbar

Soil Structure (Fabric): refers to orientation and distribution of particles in a

soil mass.
1-for coarse-grained soils

= -

dense State

Loose State

2-for clay
Clay Fabric

edge-to-face contact
face-to-face contact

Dispersed

Flocculated

Dispersed structure: has parallel particles which tend to repel each other.
Flocculated Structure: in which the soil particles are edge to face and attract each

other.




University of Al Anbar Soil Physics Mr. Ahmed Amin Al Hity
Collage of Engineering 2" Stage Lecture no. 3
Water Resources& Dams Eng. Dept. 2019-2020 Date 11/03/ 2020

&8&&EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEELEEEEELEEEEEEESE
Consistency and Atterberg Limits:

When clay minerals are present in fine grained soil, that soil can be remolded in the
presence of some moisture content without crumbling. This cohesive nature is due to
the adsorbed water surrounding the clay particles.

Consistency: the relative case with which a soil mass can be deformed.

Atterberg Limits: these limits are based on the concept that a fine grained soil can
exist in any four states depending on its water content.

W, - Volume relationship of fine grained soils:
*.

Volume

G P S » Water Conteri
Shirikage Plastie Lbguid e
L v i Limif  Limit

PL. L.L. F.L. L.L.

=L
- @fomin
- H

e i

Shrinkage Limit S.L : min. water content at which further loose in water does not
cause a decrease in soil volume.

Plastic Limit P.L: is the water content of the soil between the plastic and semi-solid
states at which threads of 3mm of the soil can be rolled without breaking.
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Liquid Limit L.L; Min water content at which soil flow under its own weight.

Plasticity Index P.l: is the numerical difference between the liquid limit and plastic
limit.

Pl=LL-PL

e The classification system uses the term “fines” to describe everything that
passes through a # 200 sieve (<0.075mm)

e No attempt to distinguish between silts and clays in terms of particles sizes
since the biggest difference between silt and clay is not their particle sizes, but
their physical and chemical structures

e The soil consistency is used as a practical and an inexpensive way to
distinguish between silts and clays

e Plasticity property is important because it describes the response of a soil to
change in moisture content

e Water Content Significantly affects properties of Silty and Clayey soils (unlike
sand and gravel)

B Strength decreases as water content increases

B Soils swell-up when water content increases

N Fine-grained soils at very high water content possess properties
similar to liquids

B As the water content is reduced, the volume of the soil decreases and
the soils become plastic

B If the water content is further reduced, the soil becomes semi-solid
when the volume does not change

e Atterberg limits are important to describe the consistency of fine-grained soils

e The knowledge of the soil consistency is important in defining or classifying a soill
type or predicting soil performance when used a construction material

¢ A fine-grained soil usually exists with its particles surrounded by water.

5
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e The amount of water in the soil determines its state or consistency
e Four states are used to describe the soil consistency;
solid, semi-solid, plastic and liquid

Atterberg Limits

= Border line water contents, separating the
different states of a fine grained soil

L L]
0 Shrinkage Plastic Liquid

water content

limit limit Iimit
\ F A . ~ o N ~ . v >4
brittle- semi- plastic liquid
° solid solid
g0
\\’

= 0
=
E‘ Flowy Chrve
E G0
o )
5 LL = 55 % \d\
B |

50 -

40 L J

10 20 25 30 40

Humber of Blows, H

Toughness Index I: |, =Pl

|

Liquidity Index L.I: is the ratio expressed as a percentage of the natural water content
of a given soil sample minus its plastic limit to its plasticity index.

|__|:WC'P-L _Wc-P.L
L.L-P.L P.l

Now if L.I<0 :Wc < P.L — Soil in semi or solid State
L.I =0; Wc =P.L — Soil at P.L

O0<L.I<1: Wc<L.L — Soil at plastic State

L.l =1: Wc=L.L - SoilatL.L

L.I>1: Wc > L.L — Soil at liquid State.
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Notes on Atterberg Limits:

1-The limits are used in classification and specification (ex: for controlling soil for use in
fill).

2-The limits depend on a mount and type of clay minerals and the nature of (+ ve) ions
in pore water, a soil of greater tendency to attach water to the particle surface will have
larger L.L.

3- Soil of higher L.L has higher P.L and higher compressibility.

Activity of clay: is the ratio of plasticity index of a soil sample to percent by weight of
the particles finer than 0.002 mm in size.

So-called ‘clay' soils are not 100% clay. The proportion of clay mineral flakes
(< 2 um size) in a fine soil affects its current state, particularly its tendency to swell and
shrink with changes in water content. The degree of plasticity related to the clay
content is called the activity of the soil.

Activity =1Ip / (% clay particles)

Activity depends on:
e specific surface.
e amount of clay particles.
e type of clay minerals.

Atterberg limits for clay minerals.

Mineral LL PL SL Ip Activity, A
Kaolinite 30-110 25-40 25-29 5-70 0.5
Illite 60 - 120 35-60 15-17 25-60 05-1
Montmorillonite 100 - 900 50 - 100 8.5-15 50 - 800 1-7

Void Ratio For Granular Soils and Cohesive Soils:
o for cohesive soils, values of (e) mainly depend on pressure.
o for granular soils, (e) depends on :
e vibration,
¢ Range of particle sizes

Relative Density D,: its use to describe density of natural granular soils.
Dr=—Cmax"€ 410004
max ~€min
€min, €max =Void ratio of soil in densest and loosest condition
e = natural or in situ void ratio
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Dr% Description of
soil
0-15 Very loose
15 - 35 loose
35- 65 medium
65 - 85 dense
85-100 Very dense

The expression for relative density can also be written in terms of the dry unit weights
associated with the various voids ratios. From the definitions we have

e= GSYW - 1
and hence
1 1
Id _ ydrymin Vary _ ydrymax (ydry N ydrymin)
1 _ 1 Yary Wty ~ Yoy, . )

Particle size Distribution:
steps:

e sieve analysis (dry mechanical analysis).

e hydrometer analysis (wet analysis).

e combined analysis.

A Soil Sample

Sieves (U.S standards) -

No. Penning size 100

4 4.76 N

10 2.00 @

20 0.84 7

30 0.59 a

40 0.42 e Limit e ”

60 025 ttere e(]le |m|t.5‘bl.e¥ - _{ P(S ’ Sm&CIﬂj

100 0.147 Sieve _ Grave and \

200 0.075 —3—  pesi .

Hydrometer Diameter (rmm)
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3/8”, ¥4a" sieves is the size of the opening
e No0.10 sieve .... has 10 apertures per linear inch

e Use sieves N0.3/8", No.4, No0.10, N0.40, No.140 & No0.200
Determination of GSD:

In coarse grain soils .. ._... By sieve analysis -
m In fine grain soils  ...... By hydrometer analysis
hydrometer

<«—— stlack of sieves
—— sieve shaker

soil/water suspension

. o - -
Sigve Analysis Hydrometer Analysis
b
L -
[ I y
= | s I ":"'|
L5
i Biies - - LT L
*
A4
d--'--
Fk |y -
=B Bil Lo Dy = 8,47 mm
- T T Dgy = F.d e
¢ b= - .
amm (-8 ) an L} Rl ] L]
TR AP E dTeTi]

Grain Size Distribution Curve
can find % of gravels, sands, fines =

u define D, Dy, Dg,.. as above.
Uniformity Coefficient (Cu)

Cu :%
DlO

Dso,D10=s0il diameter at which 60% and 10% of the soil weight is finer.

e smaller Cu means smaller range of particle size.
e A soil of Cu <4 is considered uniform for gravel
e Cu <6 is considered uniform for sand

Coefficient of Graduation (Cc) or Curvature:

Do)’
DgoXDyo

C.=

If 1 < Cc < 3 the soil is well graded.
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Sorting Coefficient

_ [D..
S.= g
Well or Poorly Graded Soils

Well Graded Soils Poorly Graded Soils

Wide range of grain sizes present Others, including two special cases:

Cravels: C =1-3&8 C_>4 {a) Uniform soils — grains of same size
i u

{b) Gap graded soils — no grains in a

Sands: C.=1-3& C,>6 . .
specific size range

100 T
_‘.ﬂ"
80 SILT GRAVEL
60
[
1]
£
40
o
20
0'5-002 0-006 0-02 & 10 60

Particle size |mm)]

Percentage finer

BN

CLAY| SILT SAHND GRAYEL | COBELES

Log size

10
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Tutorial

Problem 4: A dry sample of soil having the following properties: L.L=52.1, PL=30% |,
Gs=2.7 and e = 0.53 .Find shrinkage limit , dry density , dry unit weight and air content
of dry state .

=6s, =(27081)_17 311kNn/m? A

YaT14e™ ™ 14053 ‘
0= 20311~ 1 764Ton/m? v .
_ e _ 053 _ I
N=1i e 11053 0-3464 N | |
Wy _ |- I I
For the dry state S =0% Vgg_ p SL 1+ PL. VLL o
A=n(1-S)=0.3464(1-0)=0.3464 A -
AtS =100% @ find S.L. S=0 |, S=100% S=100%
" Se=w.Gs 0<S<1 g
1x0.53=S.L.x27 :
. S.L=0.1962 = 19.62 % emin >
e = cons. € InCrease
Ae=0 Ae= +ve
Problem 5

A saturated soil sample has a volume of 20 cm® at L.L. Given L.L=42% ,P.L=30 %,
S.L=17% and Gs=2.74. Find minimum volume which the soil can attain.
Solution
AtLL " Se=w.Gs J.8=1
1xe=042x2.74 J.ea 1= 1.1508

_ e _ 11508 _
_1+e_1+1.1508_0'535
_Vv Vv

all = =0.535 =50 =Vv=10.701cm?3

Vs=V-Vv=20-10.701=9.3cm?
€45 =@Cs because S=1
. e=0.17x2.74=0.4658

n

n

11
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n. =0 = 04658 _g3977
asl e+1 1+0.4658
Vv Vv
€., =—~=0.4658="""_"=>Vv=4.3319cm3
SL Vs 9.3

-.V=Vs+Vv=9.3+4.3319=13.63cm?

Problem 6-A sample of saturated clay had a volume of 97cm?® and a mass of 0.202 kg.
When completely dried out the volume of the sample was 87 cm® and its mass 0.167
kg. Find initial water content, shrinkage limit and specific gravity of the solid patrticles.
Solution

Ww = 0.202 — 0.167 = 0.035 kg = 35¢g

"* Wyater = Vwater = 35cm’®

.. Veoia = 97 — 35 = 62 cm®

For shrinkage limit Vv = Vg — V g = 87 - 62 = 25 cm®
‘s atS.L. - S=100%

S.VW=Vw=25cm?

~* Vw = Ww = 25¢
:M:é: = 0
S.L W. 167 0.15=15%
V, _25
e=‘v=22-0.4032
V., 62
Se=w,Gs
1x0.4032=0.15x Gs
.. Gs =2.688

Problem 7- The Atterberg Limits of a clays soil are : LL= 52%, P.L =30% and SL= 18%.
If a Specimen of this soil Shrinks from a volume of 39.5cm? at the L.L to a volume of
24.2 cm?® at the S.L . Calculate the specific gravity.

Solution

" Vsolidats.L = Vsolidat L.L.
(V=VW) atsL =(V—=VW )arLL
C.24.2 — ( VW at s ) =39.5 - (VW atL.L )
W, .
W :VTV: S Wy =0V
Ww o, =0.18Ws)
12
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* Ww =Vw (because Yy =1)

c.24.2-0.18 Ws =39.5 — 0.52Ws — Ws = 45¢.

SJWw g =0.18 x 45 = 819 =VW a s

: _V,_81_
- € ats.L.‘Vs‘m‘O-53
v Se=w.0S

1x0.503=0.18Gs>Gs=2.79

Another Solution

_Ws_ 45 _

Problem 8- A saturated Sample of clay with an SL of 22% has a natural water content
of 35%. What would its dry volume be as a percentage of its original (natural) volume
if Gs = 2.70

Solution:

At S.L S=100%

Co Se=wGs

1xe=0.22x27

S.e=0.594

At natural water content S = 100%

Se=w,Gs

1xe=0.35x2.7

S.e=0.945

Vay - 1*€ay _140.594 _ g5 _g00y,

1+e 1+0.945

sat. sat

Problem 9-The Shrinkage limit of a 0.1m® sample of a clay is 15% and its natural
water content is 34%. Assume Gs is 2.68 , estimate the volume of the sample when
the water content.

Solution
AtS.L. S=100%

Se=w.Gs

.. 1xe=0.15x2.68

13




University of Al Anbar Soil Physics Mr. Ahmed Amin Al Hity

Collage of Engineering 2" Stage Lecture no. 3
Water Resources& Dams Eng. Dept. 2019-2020 Date 11/03/ 2020
&&8&&EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
. es. =0.402

At natural water content @y,
SGZU\)CGS—> 1xe=0.34x2.68

S €n=009112

e _ 09112 _
N=ive 1+09112 24767
VV

V
1t @,
M

0'476720.1

.V =0.04767 m®
S.Vs=V-VW=0.1-0.04767 = 0.05233m?>

:ﬂ: = VV
CasL.Tvs 04027505233

S.W=0.021 m,s,
S Vast = Vs + VW =0.05233 + 0.021 = 0.0733m*

Problem 10- The L.L of a medium sensitive clay is 56% and P.l 28%.At it natural water
content , the void ratio is 1.03 while after shrinkage the minimum void ratio is 0.72.
Assuming Gs = 2.72 , calculate the shrinkage limit of the clay.

Solution :

At shrinkage limit S = 100%

Se=w.Gs

1x0.72= @ x2.72

. 0.=S.L=0.2647 = 26.47%

2-24 For a given sandy soil €max = 0.86 and enin= 0.43 what is the void ratio at D, =
56%

Solution

- emax_e = - 0.86'9
D= o -6 (100070562 575675 3
. €=0.6192

14
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2-26 For a given sandy soil; €max = 0.72 ; €min= 0.46 ; Gs = 2.68 what will be the moist.
unit weight of compaction(kN/m3)in the field if D, =78% and @, =9%7?
Solution

_ €nax-€ _ 0.72-e
D= o -6 (1007078245257 76
S.e=0.5172

_1+w _ 1+0.09 _ 3
Y, —TeCGSyW —W(Z.GS)(Q.Bl)—l&SS kN/m

15
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Soil classification Systems
Are used to group soils in accordance with their general behavior under given
physical conditions.
Unified Soil Classification System (USCS):
1- Is the most popular soil classification system among soil and foundation engineers.

USCS (Unified Scil Classification System)
soils are classified on basis of parameters which influence their engineering propertiies .

Coarse — grained soils (gravels and sands) classified on basis of grain size characteristics
Fine—grained soils (silts and clays) classified on basis of plasticity charactenstics.

Symbols:
G Gravel
s Sand
M silt
Clay
O Organic
Modifiers:

W Well Graded

P Poorly Graded
H High Plasticity
L Low Plasticity

GW Waell-graded gravel

5P Poorly-graded (uniform) sand
MH Highly plastic silt

CL Low plasticity clay

GM Silty gravel

2-According to USCS:

Cohesive Granular soils or
soils Cohesionless soils

Clay Silt Sand Gravel Cobble Boulder
i i i i i
0.002 0.075 236 63 200
Grain size (mm)

Fine grain Coarse grain
soils soils

3-according to U.S standards

Sieve No. Opening Size
4 4.76 G
10 2.00 S, M, C
40 0.42 4 Coarse
200 0.075 ¥ fine
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This system divides soils into three main groups:

1-Coarse-grained Soils: more than 50% of the soil retained on the N0.200 sieve
(0.075mm).

Soil group Symbol Recommended name

Coarse soils Fines %
G GW 0-5 |Well-graded GRAVEL

GPu/GPg 0-5 |Uniform/poorly-graded GRAVEL
G-FIGWM/GWC | 5-15 |Well-graded silty/clayey GRAVEL

GRAVEL :
GPM/GPC | 5-15 |[Poorly graded silty/clayey GRAVEL
GF |GML, GMI...| 15 - 35 |Very silty GRAVEL [plasticity sub-group...]
GCL, GCI...| 15- 35 |Very clayey GRAVEL [..symbols as below]
S SW 0-5 |Well-graded SAND
SPu / SPg 0-5 |Uniform/poorly-graded SAND
S-F| SWM/SWC | 5-15 |Well-graded silty/clayey SAND
SAND

GPM/GPC | 5-15 |[Poorly graded silty/clayey SAND
SF | SML, SMI... | 15 - 35 |Very silty SAND [plasticity sub-group...]
SCL, SCI... | 15- 35 |Very clayey SAND [..symbols as below]

2-Fine-grained Soils: more than 50% of the soil passing the No.200 sieve.

Fine soils >35% fines |Liquid limit%
MG Gravelly SILT
SILT M MS Sandy SILT
ML, MI... [Plasticity subdivisions as for CLAY]
CG Gravelly CLAY
CSs Sandy CLAY
CL <35 CLAY of low plasticity
CLAY C Cl 35-50 CLAY of intermediate plasticity
CH 50-70 CLAY of high plasticity
CVv 70 - 90 CLAY of very high plasticity
CE >90 CLAY of extremely high plasticity
Organic soils |O [Add letter 'O' to group symbol]
Peat Pt [Soil predominantly fibrous and organic]

3-High organic soil , peat (pt).
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4- Soil texture is the percent sand, silt and clay in any given sample. It describes how
gritty, smooth or sticky the soil is...

We will practice this a lot in the field, but on the exam
you will need to know how to describe each of the
textural classes. Below is the most common
terminology:

SAND: Will not form a ball or a ribbon; very gritty.
LOAMY SAND: Will form a weak ball, but no ribbon;
very gritty.

SANDY LOAM: Will form a weak ribbon (< 17); very
gritty.

LOAM: Will form a weak (<1”) ribbon; intermediate
(some) grittiness.

SILT LOAM: Will form a weak (<1”) ribbon; very smooth (little grit).

SANDY CLAY LOAM: Will form a moderate (1-2”) ribbon; very gritty.

CLAY LOAM: Will form a moderate (1-2") ribbon; intermediate (some) grittiness.

SILTY CLAY LOAM: Will form a moderate ribbon (1-27); very smooth (little grit).

CLAY: Will form a strong ribbon (>27); very plastic; can make little animals out of it, etc.
*Technically SANDY CLAY and SILTY CLAY also exist but we will not cover them in
this class.

VERY GRITTY INTERMEDIATE VERY SMOOTH
NO RIBBON sand / loamy sand X X
<1” RIBBON sandy loam loam silt loam
1-2” RIBBON sandy clay loam clay loam silty clay loam
>2” RIBBON [sandy] clay clay [silty] clay
Plasticity Chart
A B
A-line: CLAYS
IPZD.?E[WL'ﬁ _§ o ME
1p
i
(%) o MH
— L

0 35 50 70 90 w (%)




University of Al Anbar Soil Physics Mr. Ahmed Amin Al Hity
Collage of Engineering 2" Stage Lecture no. 4
Water Resources& Dams Eng. Dept. 2019-2020 Date 18/ 03/ 2020

&8&&EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEELEEEEEEEEE
Examplel. Plot the particle size distributions for each of the soils whose sieve
analyses are given below. Use the PSD chart provided.

Sieve size (mm) Mass retained on sieve (g)

(1) (2)
Sleve jmni Mass () |4 retained | 4 passing

37.5 0.0 15.5 ar s 0 0.0 100
20.0 0.0 17.0 00 0 i 1000
14.0 0.0 10.0 14.0 i mn 1000
10.0 0.0 11.0 100 0 0.0 10010
6.30 4.2 33.0 B3 dq.2 da. o5 [
3.35 3.1 1145 o a0
1.18 55.1 63.3 0ED F ] 11
0.60 26.0 18.2 0.212 M4 010 &i
0.20 10.4 17.0 0. 003 1 1.0 41
0.063 1.0 10.5 e A2 all
pan 4.2 2.5
Determine the uniformity coefficient for
each sample.
(a)

o anil

40.0 /,

200 §

. -
0.0m 0.010 0100 Parkcle a2 [mm) 1.000 10.000 1000

Cu=1.8/0.36=5.0
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(b)
Sieve (mm) Mass (g) | % retained | % passing
378 15.5 2.0 552.0
20.0 17 8.4 89.6
14.0 10 3.2 896 .4
10.0 11 3.5 82.9
6.3 33 10.6 723
3.35 114.5 366 357
1.18 53.3 20.3 154
0.60 15.2 5.8 9.6
0.212 17 9.4 4.2
0.063 10.5 3.4 0.8
pan 2.5 0.8
% age passing
1000
|-
0.0
g0.0 /
T0.0
E0.0
200
40.0 ;
3000
20,0
e
10,0 -
T
0.0
0.0 0.010 0.100 1.000 100000 100.000
Particle gze {(nmn}

Cu =5.1/0.62 = 8.3

Example2. A liquid limit test gave the following results:

Mass of wet soil (g)

39.73
50.51
47.07
61.28

Mass of dry

26.31
32.80
29.79
38.30

soil (g)

Penetration (mm)

16.5
20.8
26.0
28.5




University of Al Anbar Soil Physics Mr. Ahmed Amin Al Hity
Collage of Engineering 2" Stage Lecture no. 4
Water Resources& Dams Eng. Dept. 2019-2020 Date 18/ 03/ 2020

&8&&EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEELEEEEEEEEE
The plastic limit of the soil was found to be 25%. Determine the liquid limit, the
plasticity index and, hence, classify the soil.

If the natural moisture content was 40%, what would be the liquidity index in the
field?

The calculated moisture contents can be seen on the liquid limit plot.

30

Cone penetration (mm

v

40.0 450 a0 a0 60.0 G50 oo

10

Mol gure Content (Vo)

From Plot, LL = 54%
Pl=LL-PL=54-25=29%
From A-line, soil is classified CH

IL = (w-PL)/PI = (40-25)/29 = 0.52
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Examples:

Ex1

Classification tests were performed on a light-brown sandy soil which visually has several pieces of
gravel larger than 6 mm. The following laboratory data were obtained:

Sieve No. % Passing
4 98.0 wrr =33.2%
40 36.5 wrL =22.6 %
200 28.5
Classify this soil.
Solution:

Note that the 28.5 % that passed the # 200 sieve are fine grained soils and the remaining 71.5 % are
sands and gravels. Furthermore, these are mostly sand, since there are only 2 % gravels.

The Ip = wir - wpr = 33.2-22.6 =10.6%
The A-chart indicates that this portion of the soil is a CL.

Therefore, this soil can be described as a light-brown clayey sand, with a trace of gravel.

Ex2
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Classify soils # 4 and # 5 as listed in the attached page according to the Unified Soil Classification
System. Explain your steps, and compare with the AASHTO Table.

Soil # 4
1) 70% is smaller than # 200 sieve, therefore M or C.
2) LL <50 therefore, ML, CL, or OL
3) On plasticity chart (Activity chart) for PI=25 and LL = 49....CL

answer: CL (low plasticity clay).

However,
4) Since LL. =49 -~ 50 use CL — CH (AASHTO silt-clay)

Soil # 5
1) H, —Deo _ 283MM _ oo il graded?
D, 05mm
2 2
2) Co= Dy __ 95 =64 > 3 .. gap graded— P

DyDgy  0.5(28)
3) 77% gravel, 2926 sand, 4% fines.

4nswer: GP (a poorly graded or gap-graded gravel); AASHTO gravel (see note below).

Note: The USCS classifies fine soils (M,C) according to their plasticity (LL, PL and PT) versus their
grain size, as done by AASHTO. For example, a soil may contain large amounts of fine silica sand,
which has no plasticity and yet be deemed unsuitable as a road base by AASHTO. On the other hand,
a 95% G and S, with 5% montmorrilonite clay will be classified as an A2 by AASHTO (which is
considered a good road material) and yet it could cause severe rutting.

U Fiwsgorgd sewe oponing 0A2 US: Stangard Sevw nURberE Hyer omeror

& 4 3 2 1t 134§ s £ BL0 416 21 30 40 3D 108 Lag 200
T T T T T 1 1 1 T T T T L]
-

£
-

30

§ @ m
L=
LI U I I B B

A0

\::

0

g =
T
<
V.
i
1
PerCent CONFRr by Wpht OF NOEF

(/
Sy~
7/

, L
=0 m ™ ) 1 0%
Gralm ke Cre}
Cabi [ Gravel I Sord ] £ Cla: |
e [ Coarme | Tme [ Conrar | Wedin [ b | on ey

Ex3
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Using the attached grain size distribution curves, classify the following soils:

Sample # 1: LL.=19, PI=0 35% < # 200 sieve.
Classification: SM «—

Sample # 2: ILL.=44, PI=0 42% < # 200 sieve
Classification: SM

Sample # 3: LL.=30, PI=0 42% << # 200 sieve
Classification: SM o

Sample # 4: LL.=40, PI=12 76% < # 200 sieve
Classification: ML

Sample # 5: LL=67, PI=27
Classification: MH

Sample # 6: Dsg=02mm Dyp=0.7mm 100% <# 4 sieve

Dgo / Dho

Classification :

LL=0, PI=0
3

5P

-—

US. Jtorclard sieve opening Cind US. Standord sleve numbers Hyokone ter
6 43 21 131%F 3 6 810141520 30 40 50 7Q 104 140 20D
100 T T T T T LI T T 0
L -
90 -
8 - "
- g
h E
E 70 5
5 [ z
+ 60 o
57T 5 \ :
[
1] H
!
v | 2 g
* o
[ L u
t b
v 30 o
] U
L - 4
o a
20
10
0 L1 1 111111 1 1 T Y | ] L1 1 1 | Liiliid | I Y O | | ]Juu
=] [T T 10 1_ b5, 01 [iTi5] ol 1.005 [iTi)
Grain size (rrd
Cokldles Gravel Sand Sit or Cloy
Coorse | Fine Coorse | Medlum | Flre
Ex4
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A sample of soil weights 1.5 N. Its clay fraction is 0.34 N by weight. If its ligquid limit is 60% and its

plastic limit is 26%, what type of clay are you probably studying?

W=15N
W, = 0.34 N (or 23% of W)
I,=LL - PL=60—26=34 %

Ip _34% _

A= = 1.5 .. this clay is probably a member of the Kaolinite family.
%of clay fraction 23% yEP 4 4 Jamily

Ex5
During a hydrometer analysis, a soil with a Gg = 2.60 is immersed in a water suspension with a

temperature of 24 °C. An R = 43 cm is obtained after 60 minutes of sedimentation. What is the
diameter D of the smallest size particles that have settled during that time?

Gs=2.60, at T=24°C K=0.01321

R=43 cm corresponds to L. =9.2 cm.

D=K1’i= 0.01321 J 9'26?_" = 0.00517 mm
t 60min

©—> L =1629-(0.164R) = 16.29—(0.164(43)) = 9.2cm

Ex6

12
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The grain size distribution of two so0il samples A and B are listed below.
a} Plot the grain size distribution

Ex7

Sieve Percent Passing
M, Sodl A Soill B
4 G8.0 100,80
10 g28.2 1000
20 T2.3 54,5
Ah 54.1 G1.3
60 (0.25 mm) 32.7 53.5
1 ey 17.1 3.
05 mm L
01 mmm e
L0 o 0.7
L0 1 mann 3.4

bl Find Hy for soil A, Howr would you classify this so0il?
<) Bstimnate the clay fractionof sodl B, If LL = 55%, and the PL — 51%, what is the activity of this
clay? Suggest to what clay family it probably belongs,

Thus cloy probably belongs fo the Kaolinite fmily,

13

Mraaai -l I .
- b Eimar
-I ) » o u.-;- i P
- 1 =
IR L i T
I IR | { |
1 -— H ) : s 1]
Foas —r—t h Y ,
e - - -;
| - : | REE
| ] E ] .i. =S v |
RE E LEET i : T H4l111]
. as g : X
STl :
s ; ; . 0}, 5irrm ) ;
1) For soil A, uniformity coefficient ff,, = D _ =56 Thus, soil A isa well graded sand.
A0 O ) e
) Estimate the clay fraction as 5%;
LI =55%, PL=51%, thus Ip=4% A.ctiﬁl}r A =1—F‘=i=ﬂ._3
Gl TAY 35
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Data were obtained from a relative density test using information from six laboratory tests.

Limiting ? average ? in kN/oT
? max 18.07 17.52
? min 14.77 15.56
? field 16.97

Compute the range of Dx (relative density)

sz,’iz 0.01321 J 226M_ _ 0.00517 mm
t 60min

D :( Yo~ Va }(TMJ
ynﬂx _}’[mu }’n

_ _ (1697-14.77)(18.07) _
ramge 1 (oW a8 o) Dy _[18 07-14 ??] [14 97 J —07

range 2 (avg ¥ i )[flfgﬁ },m) D, :[ 16.97 —15.56]( 1 S_UTJ _

18.07 -15.56 /| 14.97
15.9?—14.??] 18.07 )
17.52-14.77 \ 1697 )
16.97—-15.56 17.52]:0_T4
17.52-15.56 /| 16.97

60% < < 383%

range 3 (10W Yo )(aVE Vana )

range 4 (avg ¥ ain )[avg }’m

Ex8

14
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Prove that e, = 0.35.

v, =0.1179a’ =0.1179(2R)’ =0.943R’
4 3
F.-sphgrs = EER

the volume of the sphere occupied by the tetrahedron is:
60
=0.167=16.7%

sphere(tatr) = 360
V-V 3
_‘;V -— sphere _ 0'9‘.‘21{ _—0.35
§ phere 0.16?[571:}{3}

ALTERNATE METHOD:
a2
3
Volume of cube= (dﬂ) =d*2\2
LAY o
Volume of sphere = 4[ %] = ;er 3
2
242 —(—mﬂ]
_ V;ube ~ Fiphere _ 3 _
€ = = 2 =0.35
Y sphere ‘rd
3
e, =035 OK Il
2d
Ex9
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The fines fraction of a soil to be used for a highway fill was subjected to a hydrometer analysis, by
placing 20 grams of dry fines in a 1 liter solution of water (dynamic viscosity 0.01 poise at 20 degrees

centigrade). The specific gravity of the solids was 2.65.
a) Estimate the maximum diameter d of the particles found at a depth of 5 cm after a
sedimentation time of 4 hours has elapsed;
b) What type of soil is this?
Solution:

Using Stoke’s relation:

a} y = T.S' — }’w DZ
189
18 '
or D(mm) = () (L(c;:.*z) ]
Ys — Yy \ f(min)
where: {=4hours=14,400sec., L=5cm
n =107 poise =102 £F
cm
Gy —2.65= 15 — 2.55(9.31)[ £ ]
Tw cm
ISxIG_I(g'Se;J(Scm)
d= o = 0.020 mm
9.81(2;':;(:]{2.65—1.(]0)(14,4(){]5&1:)

This diameter corresponds fo a silt. (M ).

Ex10
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Using the grain-zize distribntion corve shown below, defermine the coefficient of uniformity for the
sodl A (the solid curve ).

Sieve number: #4 §B #16 #30 K50 4100 4200

] I [ 1
J b= leSand ! S R L] A gy T
l[twse Medum | Fine | Coarse - Medii] =Fire's] %oodtsd | Macaim | Fine
100 rrrrrres . . . !
|I | r | | | | ] |
0 | +“~|-[ I ; =!||: ul | [~. I ” !]!
) I [ I| T~ l:‘h\ [ | IJ“ i1 .
Gy UL T S £l e 24 N 5
& 7ol il e VR (I |
7] i ] il £ T 1l i
: 60 HHH ] WA AR .
) | M M T T TR 0
g 500 - it “‘x : . :
E ml 1 1 I | E H"ﬁ. . I.l- |'
- | : I i ||-I [ 11 | "l._"il 3
E 3':' | | i 1 I-L ."".r L‘l.l;l —
20 i ILI gl L | | N
m"i[-; | N il I
f f | I
oL | | ' | I | 'j | |.|I'|1 i il RIIL ”'x I
100 10 g 131 g a.01 0.001 0.0001
Solution:
Disy = 0.40
Dy =028
cb.=ﬂ=ﬂ=m3
D, 028
Ex11
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1. Using the grain size distribution plot of soils 1, 2 and 3 shown below, find their H,,

UT IZtardarsl awve spEnrng () U Eteraard @eve rlmskers Hpsba-te =
0 SN EIEEL LT .
L . \
{af L |
bl N 1o
ir \ N\ -
E wl ¥ \\ :m E
E ] L E
Ll \u E
[ ] E;I 1 1 I 1 1 ﬁl 111 1 1 1 isﬂ.'.‘ldgl:wlII'I'.Iﬂ 1 .hl 111 I# 1 1 1 TI'D:I 11 I‘H 11 1 ';iun
Cotd=s I r.‘uu.umrl T I Toaran | H-ﬂi‘:‘ [ frm I M o Dl |
AASHTO Definitions of Gravel, Sand, and Silt-Clay
Soil Fraction Size Range
Boulders Above 75 mm
Gravel 75 mm to No. 10 sieve (2.0 mm)
Coarse sand No.10 (2.0 mm) to No. 40 (0.425 mm)
Fine sand No. 40 (0.425 mm) to No. 200 (0.075 mm)

Silt-clay (combined silt and clay)

Material passing the 0.075 mm (No. 200) sieve

2. Find H, for all three soils, and classify as to grading.

A) Hy=Degp / Dy1o =0.075/ ? cannot classify
B) Hy=0.60/0.20 = 3 uniform
C) Hy= ?7/7? cannot classify

Ex12

18




University of Al Anbar Soil Physics Mr. Ahmed Amin Al Hity
Collage of Engineering 2" Stage Lecture no. 4
Water Resources& Dams Eng. Dept. 2019-2020 Date 18/ 03/ 2020

&&EEEEEEEEEEEEEEEEEEELEEEEEEEEEEEEEEEEEEEEEEEEELELLLEEEEEEEEEE

Classify soils #4 and #5 as listed in the attached page according to the Unified Soil Classification
System. Explain your steps, and compare with the AASHTO system.

Soil #4
1) 70% is smaller than #200 sieve therefore a M ora C
2) LL <50 therefore ML, CL or OL
3) On Plasticity Chart (Activity Chart) for PI=25and LL =49 —» CL
Ans. CL (low plasticity clay)
4) However, since LL = 49=50 use CL-CH (AASHTO silty-clay)

Soil #5
1) Hu=D60 / D10 = 28 mm / 0.5mm = 56 well graded?
2) Cc = D30/ DI10*D60 = 9.542/0.5%28 = 6.4 = 3 therefore gap graded —» GP
3) 77% gravel, 29% sand, 4% fines
Ans. GP (poorly or gap-graded gravel) (AASHTO gravel)

US Stondard sieve opering (Ind US Famsard sicve reonbers Hyernneder
100 s 43 2k 134z 4 s pnuwmmen 140 Z0 M
T T T T T 1T 1T 1T
L -
-
m_
o f @
ETII— T
1]
Y B B
&
B [
g v i
fe 3
|
i
2o
i | i}
) £
¢ oL ¢
i t
alk
10
u 1 1 1 111111 1 1 11 111 1 1 1 1 11 1 1 1 111 111 1 1 1 111 111 1 1 1 1 m
o W 5 . oS oy M 0B W ol
Cobie [ Gruvel | Sarwi ‘
| . | Coarse [ Fine | Coarse [ Mevkun [ FAnr | St oF Cay

Ex13
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If a hydrometer’s mark has descended a distance L. = 4.5cm after 1hr = 60 minutes, and the
suspension temperature = 25°C, for a G; = 2.80 what diameter is precipitated?

(For 25° C, the constant K =0.01232)

Solution:
4.5 4.5
D (mm) =K M | =(0.01232) M | =0.0033 mm
60min 60min
This soil is a silt (M)
Ex14

During a hydrometer analysis, a soil with a G; = 2.60 is immersed in a water suspension with a
temperature of 24°C. An R = 43 cm is obtained after 60 minutes of sedimentation. What is the diameter
D of the smallest-size particles that have settled during that time?

(K=10.01321)
(L=9.2cm)
Solution:
N3 9.2cm 3 .
D=K| ,]— | =0.01321 - =0.00517mm = 5.2 x 10 mm (a silt)
t 60min
Ex15
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The fines fraction of a soil to be used for a highway fill was subjected to a hydrometer analysis by
placing 20 grams of dry fines in a 1-liter solution of water (dynamic viscosity 0.01 Poise at 20°C). The
specific gravity of the solids was 2.65.

a) Estimate the maximum diameter d of the particles found at a depth of 5cm after a sedimentation
time of 4 hours has elapsed.

b) What type of soil is this?

Solution:
a) Using Sfoke’s relation d= 1, [EJ
(ys—mw)\t)
T = 4 hours = 14,400 sec.
L=5cm
n =102 Poise {dyne (d},mst
cm

[.18 10~ dynes x sec]

em® x Sem
= (0.020 mm

- d.
(9.81- 7702 (2.65-1.00) 14,40{}5&(:]
cm

b) This soil diameter corresponds to a silt.

Ex16
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The formmula for the relative compaction D is:

From this expression, derive the equivalent equation,

B (Yacporn —Vamin ) (7 o)
Pr= Vamoe —Vatmin) Vo)

Solution:

a mm = dry unit weight loosest condition (void ratio e j,5)

g, = inrsitu dry unit weight

Qi (maxy = dry unit in densest condition (void ratio e is min)
where

ws GgYW
Td' = —
v l+e

D, = 0 =loose; 1= very dense

1 1
D = Yamn Va =[ Ya = Vamm }[Tgm } _ |:Td:ﬁsm —Tdm] y
" 1 1 Yimax — ¥ dmin Ya Yimex ~Yamin || Vatse

Tdmin lem

For example, what is the RC (relative density) of a sand in the field, if it was tested to be
at 98% Standard Proctor, its maximum unit weight was 18.8 KN/nT and the minimum

unit weight was 14.0 kN/nr.

Ya( fistad) _ Yacfietay Y agperay = 18.4KN/ m’

RC =98% =
18.8

Ya (51d.Proer)

D, - Ya—Yimn | Yamm | _ (18.4-14.0)18.8) _ 049
Y. (18.8-14.0)18.4)

Yimax — Vi min

Additional Problems
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Question 1:

Question 2:

The volume of an odd shaped object can be calculated by measuring the mass of the
object in air and water. According to Archimedes Principle, the weight difference
can be used to calculate the density of the object (the mass of displaced water is
related to the volume of the object). This principle can be used to determine the
volume of a soil sample with an irregular shape. A coating of wax around a soil
sample is used to prevent water from entering or leaving a soil sample during
storage. Using a phase diagram, calculate the bulk density (pr), dry density(pq),
void ratio (e), degree of saturation (S;) and unit weight (y) of the soil.

Given: Mass of soil sample (in air): 191.6 g Mass of soil + wax (in air): 2342 g
Mass of soil +wax (in water): 66.4 g Mass of dry soil (in air): 1573 g
Gs: 2.70 Gwax: 0.95

Calculate the volume of water required to raise the degree of saturation to 95%
(Assuming the total volume of the sample remains constant).

Plot the grain size distribution curve and determine the coefficients of uniformity
Cyy and curvature C¢. for each soil. Comment on the shape of each curve and
estimate permeability values.

Metric Sieve Size US Sieve Size Soil A (2) Soil B (g) Soil C (g)
25 mm 1in 0 0 0
19 min 0.75in 5.90 0 0
8.5 mm 0.375in 5.02 134.25 0
4.76 mm No. 4 10.98 80.3 0
2.38 mm No. 8 47.25 62.34 0
0.84 mm No. 20 465.32 68.23 0
420 pm No. 40 34.66 65.75 162.32
250 um No. 60 17.35 53.78 148.23
150 um No. 100 0 42.50 96.56
75 pum No. 200 ] 41.59 195.68
Pan Pan 0 2.13 0
Question 3:  Compute the specific surface (Sp) [m’/g] for the following particulate

Question 4:

arrangements:

a) equal spheres of diameter d (m)

b) cylinders of length L. and diameter aL.
c) rectangular prismatic particles L*L* al.

Soil having a void ratio of 0.68 as it exists in a gravel pit is to be excavated and
transported to a fill site where it will be compacted to a void ratio of 0.45. The
volume of fill required at the construction site (at a void ratio of 0.45) is 2,500m’.
Find the volume of soil that must be excavated from the gravel pit to furnish the

required the volume of fill.
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problems
1-A laboratory sample of silty clay has a volume of 14,.88 cm?®, a total mass of 28.81g,

a dry mass 24.83g and a specific gravity 2.7.Determine void ratio and degree of
saturation.

2-A sample of saturated soil has a moisture content of 29% and bulk density of 1930
kg/cm?®. Determine the dry density and the void ratio of the soil and specific gravity of
the particles.

What would be the bulk density if S=90% .

3-The natural water content of a sample taken from a soil deposit was found to be
11.5% .It has been calculated that the maximum density for the soil will be obtained
when the water content reaches 21.5% .Compute how many grams of water must be
added to each 1000g of solil in its natural state in order to increase the water content to
21.5% .(Ans.100g).
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4-A dry sample of soil having the following properties: L.L=521., PL=30% , Gs=2.7 and
e = 0.53 .Find shrinkage limit , dry density , dry unit weight and air content of dry state .

5-A saturated soil sample has a volume of 20 cm® at L.L. Given L.L=42% ,P.L=30 %,
S.L=17% and Gs=2.74. Find minimum volume which the soil can attain.

6-A sample of saturated clay had a volume of 97cm® and a mass of 0.202 kg. When
completely dried out the volume of the sample was 87 cm® and its mass 0.167 kg. Find
initial water content, shrinkage limit and specific gravity of the solid particles. (Ans.
21%,15%,2.69)

7- The Atterberg Limits of a clays soil are : LL= 52%, P.L =30% and SL= 18%.If a
Specimen of this soil Shrinks from a volume of 39.5cm?® at the L.L to a volume of 24.2
cm? at the S.L . Calculate the specific gravity. (Ans. 2.79)

8- A saturated Sample of clay with an SL of 22% has a natural water content of 35%.
What would its dry volume be as a percentage of its original (natural) volume if Gs =
2.70 ( Ans. 82%)

9-The Shrinkage limit of a 0.1m® sample of a clay is 15% and its natural water content
Is 34%. Assume Gs is 2.68 , estimate the volume of the sample when the water
content 12.7%.( Ans.0.07)

10- The L.L of a medium sensitive clay is 56% and P.l 28%.At it natural water content ,
the void ratio is 1.03 while after shrinkage the minimum void ratio is 0.72. Assuming
Gs=2.72 , calculate the shrinkage limit of the clay.

11-Use the USCS to classify the soil with the following data:
e grain size distribution:
A-70% of the material is retained on the No0.200 sieve.
B-more than 50% of the percent above is retained on the 4.75 mm sieve.
e For the material passing the 0.42 mm sieve (N0.40):L.L=39% and P.I=19%.

12-Classify a soil having the following informations:
e particle size distribution :material passing the No.200 sieve is 55%
e Atterberg Limits: L.L=56% ,P.1=28%
13- Use the USCS to classify a soil having:
e 61% of the soil passes through the No0.200 sieve.
o L.L=26%,P.L=20%
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14- Classify a soil using the USCS:

D10=0.085mm  L.L=30%

D30=0.12 mm

Deo = 0.135 mm P.L=22%

% retained on the N0.200 sieve = 90%

% passing the No.4 sieve = 95%
15- Classify a soil using the USCS :

Sieve No:4 10 40 100 200 D10=0.18 mm
Finer: 97 90 40 8 5 D30=0.34 mm
P.l :NP D60=0.71 mm
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Origin of Clay Minerals
The contact of rocks and water produces clays, either at or near the surface of the
earth” (from Velde, 1995).

Rock + Water —» Clay

For example,
The CO; gas can dissolve in water and form carbonic acid, which will become
hydrogen ions H" and bicarbonate ions, and make water slightly acidic.

C02+ Hzo —> H2C03 —> H" + HCOg_
The acidic water will react with the rock surfaces and tend to dissolve the K ion and
silica from the feldspar. Finally, the feldspar is transformed into kaolinite.
Feldspar + hydrogen ions+water — clay (kaolinite) + cations, dissolved silica

2KAIS|308 + 2H+ + Hzo —> A|28|205(OH)4 + 2K+ +4S|02
* Note that the hydrogen ion displaces the cations.
* The alternation of feldspar into kaolinite is very common in the decomposed
granite.

» The clay minerals are common in the filling materials of joints and faults (fault
gouge, seam) in the rock mass.
Clay Mineral:
1. Possess the tendency to develop plasticity when mixed with water.
2. More than 90% of soils in the world are silicate minerals.
Two basic minerals:
1. silicon Oxygen tetrahedron (SiO,)
2. Aluminum Magnesium octahedron Al,(OH)3,Mg,(OH)s

Basic Structural Units

Clay minerals are made of two distinct structural
units.

hydroxyl or
oxygen

oxygen
/ \ aluminium or
silicon magnesium
e @
0.29 nm
‘-‘-“-—"""‘"-—_.
Silicon tetrahedron Aluminium Octahedron

(Si,010)* Replace four Oxygen with hydroxyls or combine with positive union
1
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Tetrahedral Sheet

Several tetrahedrons jomed together form a
tetrahedral sheet.

letrahedron

q W

Tetrahedron
Plural: Tetrahedral

For simplicity, let’s represent silica tetrahedral sheet by:

Si
and alumina octahedral sheet by:

Al

Different Clay Minerals

Datterent combinations of tetrahedral and octahedral
sheets form different clay minerals:

1:1 Clav Mineral (e.g., kaclinite, halloysite):

Tetrahedral Sheet

Octahedral Sheat
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Different Clay Minerals

Dafterent combinations of tetrahedral and octahedral
sheets form different clay minerals:

2:1 Clay Mineral (e.g., montmorillonite, illite)

Tetrahedral Sheet

Ociahedral Sheet
,  Tetrahedral Sheet

Unit-Summary

Silica sheet N, TR, —

{tips up) {tips down)}
Octahedral sheet (Various cations in octahedral coordination)

Gibbsitesheet [ G | (Octahedral sheet cations are mainly aluminum)
Brucite sheet [ 8 ]| (Octahedral sheet cations are mainly magnesium)

Kaolinite

e SizAl;010(OH)s. Platy shape
* The bonding between layers are van der Waals forces and hydrogen bonds
(strong bonding).
* There is no interlayer swelling
* Width: 0.1~ 4um, Thickness: 0.05~2 um
17 um
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Al
Si
Al
. 0.72 nm
Si
» Al
joined by strong H-bond S;
~.No easy separation !
Al joined by oxyger
: = sharin
Si J

Halloysite

® SI4A|4010(OH)34H20

» A single layer of water between unit layers.

« The basal spacing is 10.1 A for hydrated halloysite and 7.2 A for dehydrated
halloysite.

» If the temperature is over 50 °C or the relative humidity is lower than 50%, the
hydrated halloysite will lose its interlayer water (Irfan, 1966). Note that this
process is irreversible and will affect the results of soil classifications (GSD and
Atterberg limits) and compaction tests.

* There is no interlayer swelling.
Tubular shape while it is hydrated.

’ T34
A
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Montmorillonite
> also called smectite; expands on contact with water
Si
Al
Si
Si
Al 0.96 nm
- easily separated Si
by water
. — si
joined by weak
van der Waal’s bond Al
e Si
> A highly reactive {(expansive) clay
> (OH)ALSigO, 0 nH,O swells on contact with water

hish affinitv to water

Bentonite

» montmorillonite family

» used as drilling mud, in shury trench walls,
stopping leaks

lllite

Si
Al
- - - Si
joinedby K*ions— o wm =9 @ @9
Si
fit into the hexagonal Al 0.96 nm
Si
. o am e
Si
Al
Si

haoles in Si-sheet
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Clay Minerals : are complex aluminum silicates composed of two basic units , silica
and alumina ,they possess the tendency to develop plasticity when mixed with water.

Nature of water in clay

shape of a clay patrticle is plately.

The net charge at the face of clay patrticle is (-ve).

There are (+ve) charge at edges of a clay patrticle.

There are (+ve) ions (cautions) from salts in water, also the water molecules are
dipolar or dipoles.

positively charged edges

negatively charged faces

Clay Particle with Net negative Charge

Exchangeable lons : a soil particle in nature attracts ions to neutralize its net charge,
these ions are weakly held on the particle surface and can be replaced by other ions.
Al"® >ca™ >Mg*? >NH4" >K *>H" >Na* >Li*

Cation Concentration in Water

= cation concentration drops with distance from clay particle
T ] chy'pn'lir:b' i P ]
5 - " [ 8 | i
Pt 2 Tt ROk PRt
8 | L] ¢ LRl e
[ ] : ' _/‘ ' ]
. T Gk e free watar

Double L ayer: describes all the water hold to clay particle by attractive force.
6
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Adsorbed water : the innermost layer of double layer water which is held very strongly by clay.

Clay Particle in Water

adsorbed watar

asnrbed winker

e
fonn i

. . PR
[ ki e i
b, j o

Thickness of the double layer: the distance from the surface required to neutralize
the net charge on the particle or the distance over which there is electrical potential.
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4-1. Calculate the specific surface of a cube (1) 10 nxm, (b} 1 oom, {c}
1=m and (d) 1 nm on a sade. Calculate the specific surface
terms of both areas and mi'/kg. Assume for the latter case that = 7
= 263 Mg/'m’.

4-2. The valoes of e, and e for a pure silica sand {=~r = 2.65
Mp/oo™) were found to be 0,465 and 0_66 respectively. (a) what is
the comesponding range in dry density? (b) If the in sito void
ratio is 063, what 15 the density index?

4-3. Descnibe bnefly the crystalline or atonme stuctore of the
followring ten ounerals. Also list any mmportant distinguishing
characteristics.

{a) Smecite; (b) Brucite; (c) Gibbsite

{d) Attapulgite (e) Bentcmite (f) Allophane
{g) Halloysite ()} Mite (1) Mica

{1} Chlonte

4-4. Whach sheet, silica or almmdina, would wvou wear to a fancy dress
dance? Whoy?

4-5. Gaven the particles i the attached Figure, is it realisfic to show

that all the particles are 1n contact with each other for thas grven
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QUESTION 4-1

GIVEN: Cube; » = 2.65 Mg/m’;
Find specific surface = surface area divide by volume
and specific surface = surface area divide by mass

(A)S=10MM
2
Specific Surface = 6 x0.01" _ 4 6 mm?
0.01°
2
Aternately = 0.6 x 1000 _ 0.226 2
Z2.65 x 1000 kg
(B)S=1MM
'
Specific Surface = 6 x0.001% _ o o oyt
0.0012
6.0 x 1000 m?
Aternately = =2.26 —
¥~ 2,65 x 1000 Xg
(C)S=1+u
2
Specific Surface = 6 x 0.000001% _ chhnp mmt
0.0000013
6000 x 1000 m?
Aternately = = 2260 —
¥ = 2.65 x 1000 Xg
(D) S=1NM
2
Specific Surface = 6 x 0.000000001° _ 6 x 10° mm™
0.000000001°
6 x 10% x 1000 g m?
Aternately = =2.26 x 10° —
g ¥ T 72,65 x 1000 * kg
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QUESTION 4-2

; Mass Ps
Dansit = =
Ty Volume 1 +e
2.65 2.65 )
- = = = 1-32
Pmax = T+ o T T +o0.46 g/ cm
2.65 2.65 a
in = = = 1l.60 cm
Prin ™ 1T+ T 1 +0.66 g/

Relative Densaity Dengity Index = D,
— ema.l_ef_!eld — 0-66 _0-63 =n 15
e . e 0.66 — 0.46

or 15 %

QUESTION 4-3

(A) SMECTITE

Smectite also known as Montmorillenite is a 2:1 mineral composed of a repetition of one
octahedral alumina (gibbsite) sheet sandwiched between two tetrahedral silica sheets (i.e. TOT).
The ideal formmla is (OH),SizAl, O (interlayer)H, O and the composition without the interlayer
Si0,, 66.7%0; Al,;O;, 28.3%; H,O, 5%. The Silicon places in the tetrahedral sheets may be
occupied by Aluminum. Similarly the Aluminum places may be occupied by Iron, Magnesium
or both.

Between the adjacent (repetitive) terahedral sheets of two TOT units there is a weak
bonding where water and exchangeaable ions can easily entre. This results in a high swell
potential (or high attraction for water) for the smectite mineral. Amnother mineral with high
swelling potential is Halloysite or Vermiculite.

(B) BRUCITE

Brucite is composed of single octahedral sheets where the anion (oxygen) postions are all
occupied by hydroxils and the cation postions are occupied by Magnesium. Its ideal formula is
Mg, (OH),. Iis importance is that of being a single layver mineral which in combinaton with
tetrahedral sheets makes up the crystal structure of other minerals.

(C) GIBBSITE

Gibbsite like Brucite is a one layer mineral. This layer is octahedral where 1/3 of the
cation positions are empty and the remaining 2/3 positions have Aluminum ions. TIts ideal
formula is AL(OH),

(D) ATTAPULGITE

Aftapulgite has a chain silicate crystal structure. Chain silicates basic unit consists of
rows of tetrahedrals each sharing two corners. This makes it look columnar. It is not a clay
mineral and it is not a common clay constituent. The composition of an ideal cell is
(OH,),(OH),Mg;8is Oy 4FL,O.

(E) BENTONITE

Bentonite is not a mineral but an altered volcanic ash. The dominant clay mineral in
Bentonite is Sodinm Montmeorillenite. Bentonite expands its volume when placed in water
(possibly to 1200% or more). It is used as a drilling fluid because of it increases the viscosity of
a fluid to several times the viscosity of water.

10
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(F) ALLOPHANE

Allophane is an amorphous or poorly crystallized alumino silicate. Even though it is
poorly crytallized it is often classified as a clay mineral. Any amorphous clay is classified as
allophane.

(G) HALLOYSITE

Halloysite exists with the crystal structure of Kaolinite (tetrahedral-Octahedral units
bonded together by a hydrogen bond between the hydroxil ions). There are two forms of
Halloysite. One with Kaolinite composition, Al,51,0,,(OH),, and the other with the composition
Al,S81,0,,(0OH),.4H,0. The second dehydrates to the first with the loss of interlayer water
molecules. This all adds up to Hallosite being a clay mineral with swelling potential.

(H) ILLITE

Illite has the same TOT crystal structure as Montmorillite (i.e. a 2:1 mineral). The
difference is that the hexagonal holes in the terahedral sheets are occupied with a Potasium ion
bonding the layers together and preventing the formation of an interrlayer of water. Illite is a
general term for the mica like clay minerals. The illites differ from the micas in having less
substitution of Aluminum for Silicon. They contain more water and they have Potasium partly
replaced by Calcium and Magnesium. Even though is a non-swelling clay Illites are chemically
more active tham micas. Their ideal formula is (OH),K,(Al,Si)AL,O,,.

(1) MicA

Mica is not a clay mineral but rather a clay soil constituent. Micas are a group of 2:1
minerals with interlayer cations and little or no exchangeable water in between. They consist of
2 tetradehal sheets with one octrahedral sheet sandwiched in between (i.e. TOT). Due to the
strong bonding by ions Mica has no swell potential.

(7) CHLORITE

Chlorite like mica is a group of minerals. It is a 2:1:1 mineral and consists of a sequence
of: a Silica sheet, an Alumina sheet, another Silica sheet, and either a Gibbsite sheet or a Brucite
sheet making it sensitive to hydration. It has swell potential, but is much less active than
montmorillonite.

QUESTION 4-4

Based on usage, Sillica in glass or Aluminum in foil the choice is ALUMINA.

Based on the drawings of the crystal lattices, a Sillica sheet has gaping hexagonal holes
while a Alumina sheet has a densely packed structure providing better coverage. Again the
choice is ALUMINA

QUESTION 4-5

Soil particles are highly irregular and three-dimensional in nature, it is unrealistic to
show them all in contact in any one plane. The particles would need to be a bundle of rods, in
which case they would be regular in a two-dimensional plane.

11
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Fluid Flow in Soils

Problems of fluid flow in Soils

1. rate of flow of fluid through an earth dam (e.g. determination of rate of leakage
through an earth dam).

2. problems involving compression (e.g. determination of the rate of settlement of a
foundation).

3. problems involving strength (e.g. the evaluation of factor of safety of a given soil
under a given loading).

One dimensional flow

Flow Path in Soils
A measure of how easily a fluid (e.g., water) can pass through a porous medium (e.g.,
Ssoils)

Flow path-macroscopic scala

Flow path-microscapic scale

Macroscopic scale : Strait path (in soil engineering problems).
Microscopic scale : winding path (actual path)
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‘ water

Loose soil Dense Soil
- easy to flow - difficult to flow
- high permeability - Low permeability

Hydraulic Gradient
According to Bernoulli’'s equation, the total head of a point under motion can be
given by :

H=h, + 0+ ¥

9w 2¢g
total = position +  pressure +  velocity
head head head head

where h = total head,
P = Pressure ,

V = Velocity , and g = Acceleration due to gravity.
—
# PIEFOMETER

W ] HEAD OS5
h,a}' h&__

h;///_-

L L
E ] q A ﬂ#hﬂ-”’"

flow &  ARBITRARY ZERD HEAD DATUM
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2
Note: Velocity head Y~ in soils is too small and can be neglected.

29
Hence:
H= h, + P and this is defined as the piezometric head
Now A—B Ah= rV:A - hg
And <h _ | = hydraulic gradient

L
L = length of flow over which loss of head (Ah) is measured.

Therefore : Flow of Water in Soils
1- Hydraulic Head in Soil
Total Head = Pressure head + Elevation Head
h¢=hp + he
- Elevation head at a point = Extent of that point from the datum

- Pressure head at a point = Height of which the water rises in the piezometer above
the point.

- Pore Water pressure at a point = P.W.P. = guater - hp

Darcy’s Law: the velocity or discharge through a soil :

. L Q.
V ¥ V—kIKQKI

Where k = Coefficient of permeability

L A, ‘I-:.- .
-2 )
-

i

S
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: h,-h : :
i= |<_h = 3L 4 = Hydraulic gradient between pts 3— 4
V = Velocity of water between pts.1—-2—3
Now Qin = Qout

VA =V A,

Vs = Velocity of water through the soil between pts. 3— 4 = Seepage velocity
Then

AL ny total vol.

Ve=Va=VA L™ Vioids vol.
Vv
Vo=

(since n <1 -Vs >V)

*How to measure the Pressure Head or the Piezometric Head

1- Assume that you do not have seepage in the system (Before Seepage)
2- Assume that you have piezometer at the point under consideration

3- Get the measurement of the piezometric head (Water column in the Piezometer
before seepage) = hp(Before Seepage)

4- Now consider the problem during seepage

5- Measure the amount of the head loss in the piezometer (Dy) or the drop in the
piezometric head.

6_ The plezometrlc head durlng Seepage = hp(dunng seepage) = hp(Before Seepage) = Dh
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Before Seepa
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Head Distribution; Below Ground Water Table
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Calculation of Pressure Head in Seepage Conditions (Upward Flow)
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Calculation of Pressure Head in Seepage Conditions (Horizontal flow)

Sang =)

Jd=0133 =

Air pressie | %=L man/ht L. B
ol A4 pai i d q f d w1z z

-

Lerglh (1]
J...LLL..‘ . w o |

o | T

" Bevation ead |

Head at center ol spil =ample {5
[

Calculation of Pressure Head in Seepage Conditions (two soils)
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I | | ko :
) i V,o=ki=1{(8-0)/2} =4
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- — . R | | 7
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Hence :we can work either with :
* Boundary water forces + Total weights
* OR seepage forces + submerged weights

Seepage force/volume = iy,
j:Seepage Force _ hAgW_hg =ig
Vol. of Soil LA L7%v V%

Note:
e seepage force exerted by the flowing water acts as an external force on the soill
Skelton
e Jis a constant value for a given soil mass.

Ex.: For the figure above find J if h=0.6 m and L=0.6 m.

I=ig= ng 8gx981 =9.81 kN/m?®

Force Equilibrium :for the setup shown in page above:

a-Total weight plus boundary water force :

Oa -~Ua=0a

F=2g.,A+LAQg—(h+Z+L) guA
=LAGi-Guw)-h GuA
=LA gy,-hgwA=A(L gh-hgu)

F=O A

b-Submerged weight +seepage force

F=LA g,-h gwA
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F=OA

Hence :total wt. + boundary water force =submerged weight + seepage force
Quick Condition (Boiling )

S=C+ btan ¢ (Coulomb eq.)
Where S = Shear Strength

C = soil cohesion
® = internal friction

For cohesionless soils : C=0 —» S=S tanf Then S=0 (boiling ) when S =0

Now S =L A dv—h g A and for S =0- E=%=i
L gy
Hence: the gradient required to cause quick condition = critical gradient =l :
i =%
9w
Show that i, = G, -1
1+
Note : if g, not given ,take g, = 1
The effective stress at point A is
o, =0, -Uu
=(agw+b gs'*'ACIS)—th
1%
KRy
c CAg. |
_HWWMW E M
& L0il -.
A t 1 1. -_: .
More oA
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STRESSES IN SOILS DUE TO FLOW

v
hy,
LY ALY A
11“, hw h“-’
hr,
z z z
L L L
X X X
(a) (b) (c)

Three different scenarios (a) Static (b) Flow-up (c) Flow-down

For all three situations, the total vertical stress is the same. The pore water pressures and
effective stresses are summarized below,

u = (h. +hy +2)yw U= (+hy +Z - hi)yw
(a) Static situation: (b) Flow-Up Situa{ion: (c) Flow-Down\Situa,tiﬂu:
Gy = Yw By T Ysat Z Gy = Yw by T+ Ysat Z Oy = fuwhw + Ysat Z
usz(hw+Z) quw(hw+Z)+isz usz(hw-'_z}'isz
v v = —i w . . v = +i w
Oy =Y Z Oy =Y Z—1ZY i=h/z, h=iz Oy =YFZ+izy

When the flow is upwards in the soil, pore water pressure increases and effective stress
decreases. When the flow is downward, the pore water pressure decreases and the effective
stress increases. Higher the hydraulic gradient, higher the increase or decrease in the values
of pore pressure and effective stress.

Now let’s have a closer look at the flow-up situation, in a granular soil. The effective stress
is positive as long as yz is greater than izy,. If the hydraulic gradient is too large, izy, can
exceed Trz, and the effective vertical stress can become negative. This implies that there is no
inter-particle contact stress. and the grains are no longer in contact. When this occurs. the

granular soil is said to have reached quick condition.

11




University of Al Anbar Soil Physics Mr. Ahmed Amin Al Hity
Collage of Engineering 2"! Stage Lecture no. 6
Water Resources& Dams Eng. Dept. 2019-2020 Date 09/ 04/ 2020

&8&&EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEELEEEEEEEEE
Determination of k in the Laboratory
Permeability in Soils
B Permeability is the measure of the soil’s ability to permit water to flow through its
pores or voids
B It is one of the most important soil properties of interest to geotechnical
engineers
The Constant head test
B The constant head test is used primarily for coarse-grained soils
B This test is based on the assumption of laminar flow where k is independent of i
(low values of i)
B ASTM D 2434
B This test applies a constant head of water to each end of a soil in a
‘permeameter”
Procedure (Constant head)
Setup screens on the permeameter
Measurements for permeameter, (D), (L), Hy
Take 1000 g passing No.4 soil (M)
Take a sample for M.C.
Assemble the permeameter — make sure seals are air-tight
Fill the mold in several layers and compact it as prescribed.
Put top porous stone and measure H,
Weigh remainder of soil (M,)
. Complete assembling the permeameter. (keep outlet valve closed)
10 Connect Manometer tubes, but keep the valves closed.
11. Apply vacuum to remove air for 15 minutes (through inlet tube at top)
12. Run the Test (follow instructions in the lab manual) .....
13. Take readings
B Manometer heads h; & h,
B Collect water at the outlet, Q ml at time t ~ 60 sec.

©COoNOA~WNE

B Determine the unit weight
B Calculate the void ratio of the compacted specimen

Calculate k as
K = Qb
m Aht
- — hTOC
Calculate k200C = kTCb T
200c

12
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inlet
constant head
device
Y load

H
I Manometers

outlet <g— * i <—,
.

device for flow
measurement

L

< porous disk

Fig. 4 Constant Head Permeameter

2-The Falling head test
B The falling head test is used both for coarse-grained soils as well as fine-grained
soils
B Same procedure in constant head test except:
B Record initial head difference, hy att=0
B Allow water to flow through the soil specimen
B Record the final head difference, h, at time
t=1t
B Collect water at the outlet, Q ml at time t ~ 60 sec
B Calculate k as ‘ alL h,
B Where; = —IN —
At h,
a = inside cross sectional area of the water tank
h,; = distance to bottom of the beaker before the test
h, = distance to bottom of the beaker after the test

m Calcul k. =k Mroc
alculate e " K
200c

13
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Typical permeability ranges
Soils exhibit a very wide range of permabilities and while particle size may vary by

about 3-4 orders of magnitude, permeability may vary by about 10 orders of
magnitude.
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University of Al Anbar

0t 102 103 104 10° 10 107 10® 10° 100 10" 10%

Sands Sits Homogeneous Clays

. Gravels

Hsaured & Weathered Clays

Fig 6 Typical Permesability Ranges
Q. For the setup shown below; plot to scale elevation head, pressure head, total head ,
and seepage velocity versus distance along the sample axis.

Elevation(m) T
2.4

*~ 5 Datum Line
0.6 O k=0.5 cm/sec.& n =0.33
0
Solution:
sin45=¥:\/L=1.272m
Point he hp ht v
A 0 1.8 1.8 0.589
B 0.9 -0.6 0.3 0.589
. <h _1.8-0.3
= t="">""“=118
L 1.272

15
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V=ki= 1.18 x 0.5 = 0.589 cm/sec. 2 4 pressure

V= V=0.589 =1.77cm/sec.

S"n 0.33

»

Distance(m)

0.64 hp B

Q. For the setup shown below; compute the vertical force exerted by the soil on screen
A and that on screen B. Neglect friction between the soil and tube. G=2.75

tube dia.=0.3m

+ 2.1 scr

o by

+I57scree

+0.3 Datum | ine

0
Solution:
Area=%(0.3)2=0.07m2
e= = 1205305

16
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_G+e . _2.75+0.5 B ;
Oena =350 =~ 105 0-81)=21.25kN/m
Point he hp ht
A 1.8 -1.8 0
B 1.2 -0.3 0.9
. _G-1_2.75-1_
IC_1+e_ 1+05 —11666
_<h, _1.2-03_
= "8 °
leht:12_03:15é 1C:11666:>B0111ng

L 0.6
\ the soll stratum don't effect on the screen B.
For Screen A the force effected by the soil on it is Seepage force — weight of the soil

éSeepage Force)
(SoilVolume)

=10y
\

(SeepageForce)=iy, gSoil Volume) = 0-3(9.81)0.6x (03] s=8.8297(0.3) »

gSoilWeight)=(g,,, ~Gu )gS0il Volume

éSoﬂWeight)=(21.25—9.81)§(’).6><%(o.3)2f=6.864%(0.3)2w+

\ Force on the screen A :8.829§(O.3)2f - 6.864?%(0.3)2;0.14137 kN.

Q. In the profile shown below , steady vertical seepage is occurring. Make a scaled
plot of elevation versus pressure head pore pressure, seepage velocity, and vertical
effective stress. Determine the seepage force on a 0.3m cube whose center is at
elevation -4.5m. G for all soil = 2.75.

17
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_ \V/ +1.2 ht=8.7+0=8.7 w_ .
O— Soil A ; k=1 cm/sec. S
4.2 | y,=19.64 kN/m?
gl y ht=4.5+hp ’
¢1.5 b
4.5 Soil B; k = 0.5cm/sec
| | 7=1885kN/m?  ht=45+hp pL 3.9m
-6
Soil C; k = 2cm/sec
Y; = 20.42 kN/m?
-9—
Datum line at point 3
point| he | hp ht u o, o Y
1 8.7 0 8.7 0 0 0 ]0.375
2 45 | 27 | 7.2 | 27 |82.48|55.48|0.375
3 0 39 | 39 | 39 |167.3|128.3|0.366
N
* v=ki=k——t
L
d, —dp
A, 1,k, =A 1k

AARA B'B®B
AA:ABjIAkAZIBk

X é8.7—(4.5+hp) - g(4.5+hp)—3.9

() o ;:(O ) Iz £:>hp=2.7m
g . ¢ .

Or

(1)2%5 (0.5)5%%;"9? h,=7.2m

J=iy, =272 9(1)=7 2kN/m?

J forthe cube =7.2x0.3x0.3x0.3=0.2 kN

18
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vV =Ki
8.7-7.2

Y =(1)—' =2=0.357cm/sec.

2 4.2
v,=(0.5) 2722 =0.366cm/sec.

Q. for each of cases shown below ; determine the discharge velocity, the seepage
velocity, and the seepage force per unit volume for

a. a permeability of 0.1 cm/sec and a porosity of 50%, and h 4
b. a permeability of 0.001 cm/sec and a void ratio of 0.67. 17
solution:

For a k= 0.1 cm/sec & n=0.5

e _ 0.67 0.4

For b k =0.001 cm/sec & n Tte 14067 4m

Case 1 10 7Y 0]

Let Ysar= 20 kN/m? \

Let Yy =10 kN/m? 2, am A Ilm
C ][ T

point | he hp ht u o, o, 2 Vs, 2m" DL

b 4 10 40 40 0 0.25 | 0.0025

1| ¢

6
A 3 [-05] 25| -5 [100] +105 | 0.5 | 0.00625
C 2 | 2 ] 0 | -20 | 120 | +140 | 0.25 | 0.0025

._<h,_10-0_10_
i=t=—4 -4-2.5

For K=0.1cm/ sec
V=Kxi=0.1x25=0.25cm/ sec

v=Y=0-25_0 5cmy/sec
n 0.5

For K=0.001 cm /sec

V=Kx1=0.001x2.5=0.0025cm/ sec

vs=Y=0.0025_4 g9s25cm/sec
N 04 ;

Seepage force / unit volume =i X Yw=2.5 x 10 = 25 kN/m

19
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Case 2

\ 4
A
4m
v Y
5 )
A
4m 4m
8 A tlm
9 DL C
point lhe| hp | ht | u | o, | o\ | Vs V,
b 4 1 5 10 (| 10 | O | 0.1 | 0.001
A | 1|7 |8] 70|70 0 |02] 0.0025
C |o] 9] 9 ]90]9 ]| 0]01] 0001
<h,_9-5_4_
= t= ~ =1\ Boilin
L 4 4 ing
V,=Ki=0.1(1)=0.1cm/sec
V_0.1
Vs=-==_0.2cm/sec
n 05 /
V, =K,(i)=0.001(1)=0.001cm/sec
Vs —00021-0 0025cm/sec
Seepage force / unit volume =1 x \(Wzlxlozloky\]/m3
Case 3
point | he | hp ht u oy oy V3 V>,
b|o] 9 9 [ 90 [ 90 0 [01] o.001
A 0 6 | 6 | 60 | 60 0 0.2 | 0.0025
c 0] 5 | 5 |55/ 0 0.1 | 0.001
. <h -
|=Tt=¥ % 1 \ Boiling
V,=Ki=0.1(1)=0.1cm/sec

20
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V 0.1 A
Vs, N 05 0.2cm/sec
V, =K,(i)=0.001(1)=0.001cm/sec 4m
V, _0.001 ! v
= "2 =-VU. — A
Vs, T 04 0.0025cm/sec
5m R
4m
v
B A |C D.L
Im
<>
Q. For the soil profile shown ; find ( H ) that make the soil in Boiling condition
Q=g-4
=(3x18+3x20+6x18)—16x 10 = 62 kN/m?
Q=4
222=(6+6+ H)x10
\ H=10.2m
Or
i = = =0.8=i, =" t=
¢ 0w 10 ¢ L 6
\ H=1.8m ]
] A
H
4m
Sand  y=18kN/m? - 4 3m
1 2 Vea: =20 KN/m?®= y 3m
Clay Vsa: =18 kN/m? 6m
A 4
1 A
Sand Vsat =20 kN/m? 6m
A 4

21
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Examplel. A sample of sand was tested in a constant head permeameter. The results were:
Diameter of sample = 100mm

L ength between manometer tappings = 120mm

Head difference measured by manometer = 80mm

Quantity of water passing through sample in 10 minutes = 150ml

Determine the coefficient of permeability of the soil.

2

aD? 7 x100°
4

A= = 7.85x 10° mm

Q= 150ml= 150 cc= 150 x 10° mm’

Ol 150 % 10° % 120

k= = = 4.78x 10° mm/s
AtAr - 785%10° x (10 x 60) x 80

Example2. A 100mm diameter sample of fine sand wastested in afalling head permeameter.
The length of the sample was 150mm. Water in the standpipe fell from 1000 to 400mm in 44
seconds. If the diameter of the standpipe was 10mm, determine the coefficient of per meability
of the soil.

22
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2 2
al 7 = 100

A= 7 = 7.85x 10° mm®
J’R’iz EXIUE 2
= 1 = = T78.5 mm

Lok 785x150 (1000
b= a—ln[—l] = . ln[ j = 0.0312 mm/s= 3.12 x 10” mm/s
At \hy) 785x10°x 44 \ 400

Example3. A sample of coarse sand, 55mm in diameter, was tested in a constant head
permeameter. Water percolated through the soil and a head loss of 100mm was recorded over a
length of sample of 150mm. The discharge water, collected after 6.0 seconds had a mass of
400g.

Determine the coefficient of permeability of the soil.

aD* 7 x55°
4

A= = 2375.8 mm°

QI 400x10° %150
Athh 23758 x 6x 100

= 42 mm/s

N.B. 400z water has volume 400 mi

Exampled. A falling head permeability test isto be performed on a soil whose permeability is
estimated at 3.0 x 10-3 mm/s. What diameter of standpipe should be used if the head isto drop
from 275mm to 200mm in 5 minutes?

Assume that the area of the sample is 1500mm and its length is 85mm.

23
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al A

= m[—lJ
At Wk

a # 85 x IH(ZT%UU)

3x107 =
1500 x (5 x 60)

— a= 49.87 mm°

72
Now, @ = =
4

_cz><4_49.87><4

i i

— 63.5 mm"°

= g2

= d=4/635 = 7.97 mm, say § mm

Example5. A pumping out test was carried out on a soil stratum which extended to a depth of
20m where an impermeable layer was encountered. Ground water level originally occurred at
0.5m below the ground level. Observation wells were placed at 5m and 10m from the pumping
well.

During steady pumping conditions water was discharged at the rate of 250 kg/minute and the
drawdowns in the two wellswere 1.5 and 0.2m

Determine the coefficient of permeability of the soil in metres/hour.

24
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zZ;= 19.5-0.2= 19.3m
z;=19.5-1.5= 18.0m

q= 250kg/min=0.25m /min= 0.25 x 60 m’/hr= 15 m"/hr

qln[% ) 15 x In{10¢)

(22 -zf) (1937 -187)

k= = 68.3 x 10~ m/hr

Tutorial

1. If the flow out is 200 nunsf’sminﬁgurc 1, ind K; and K,
2. Infigure 2, when %=0.01mm;’5@c,

1)} Derive the equation giving K
2) Calculate K

A

1000(mm) - 1000(mm}

1H1 |50 7
. e
A
Ho i
— 1 [ 150mm
Smm
0 =
q
. D
0 400 800{mm)
Figure 1. Figure 2.
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3. Develop the equation for the seepage

force per unit soil volume in the Figure

below (Hint : Do a free body diagram of the water in the tube)

e
P2_-
P
I N
-
a1 \|
" \J W Datum

i !

4. Referring to the Figure below, derive the equation linking q to K and th

dimensions involved and calculate K for the numbers given.

/'

7 =10’ /min

3m

2im

NI

B
-

e

3m
3.6m

1 Sm_EI Impervious
i}

26
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Problem 1.

Qsa.-n = Qsm-u
Q=AxV Ao = Agan {_
i
Vo1 = Veaa =
E — p—
,_Q_ 200 £
T
4 22007 8
4
=6.37x10" mm/sec l E" — L
1) Calculation K; £ S—
L LA, I
Ah, é v I
Veun = Koo = Ky X~ - Z -
soil1 = Besoitt? = Besoir1 ¥ 70007000 2
! 77 I
7 WY AN oy 7227275 R
5 Kgoitr = Voo X (—\ - — leais] £
‘Mll 200mm*3fec 5 so“-,z‘. ] 3
L 200
=6.37x10 "x—
ﬂ — —
K. . =424x10" mm/sec

Sail 1

or 4.24x10%m/sec

2) Calculation K;
Ah,

Veoitr = Ksgipal = Kigpign ¥ /
£y
{
Ko =V x—2
Sail2 = ¥ sail 2 A,
2 100
=6.37x107° x—
300

K. ,,=212x10"mm/sec or2.12x10%m/sec

27
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Problem 2.

1} Derivation
[F
h dah =
g=—K—A—a— ‘
L dt
dr—_aL dn
Kd h
i i
al 1
al. . £ f,grg,’f;; £
t=—""Inm] E fé@ q S5
K4 2 U] ¢
Boundary conditions IS, L
t=0 h=h.t=t h=h,
_ [ 150mm
t = 2L [in(n,) —In(h)] 5mm
KA
KA h, f f ; AV
x—Lp(h 9
At \ h,

2} Calculate K

Solution 1)

<)
At |k,

If t =100sec, dh=0.01x100=1mm
. h =800mm, h, =799mm

T 2

K —_
T 1502 x100 - 99
4
=2.78x10mm/sec or 2.78x107°m/sec
Solution 2)
Qrse = Csont

T
Qind=5mmtube, Q= AV = Zx 5°x0.01=0.196mm" /sec

28
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Qind =150mm tube
T * 3
Q=IXI5D xF =0.196mmn" /sec

V =1.11x10" mm /sec
Ah 800
K28 _ g2
) 200
K =278x10"mm/sec, or 2.78 <107 m/sec
Problem 3.

=Ki=

BA=PA+S+y, ALsing

:‘Vw(h] _ZI)A = }’w(}% _ZZ)A+ S+ ?uAL%

Ry
h—zy=h—z,+—+2,— 3
h—h, S _;

L ¥, AL

S
The seepage force =y, i = L {per unit soil volume)

Problem 4.

1) Derivation /'

Mr. Ahmed Amin Al Hity
Lecture no. 6
Date 09/ 04/ 2020
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q= K[ﬁJ x27rh
dr

ﬂzzﬁKhdh z

roq
j'“ldr _27K [ han
nr q &l | %]
"z
27K 1
In R]? =LX—H2}
q 2 A

m["—z}ﬂ(ff—m
h q

hi

1

S SR
”(hzz_hlz) h

2) Calculation

2 107?760 5.05
-——7 @™ _nC)
zw(hy - k") R z(3.6°—-3") 3.05

=6.76x10" m/sec

29
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#Introduction

University of Al Anbar

Swimming pool Open Channel
hy = hp1
pif -~ P
E 3 hp2 ] %% hpz —
h 1 th E 3 T2 T1 hTZ
D Z hz, a1 g
atum Datum z2 ’

# Objectives
B To obtain pore pressure (stability analysis)

B To calculate flow
B To verify piping conditions

Retaining wall Cofferdam Hydraulic dam
= Sheet pile
N o =

1/ i i it

"%__—Drainage pipe
i et

Laplace’s Equation g
4 Elemental Cube: l y

B Saturation S=100 % d e g

B Void ratio e= constant Ax Ox * 5 O

B Laminar flow F&—ﬁ

ol
Ay + 5 dy
Qin = Yout

4 Continuity:
G+ Gy = (@ + O 4 ay 4 Ty | =0

o9x oMy
x dx 4+ iy dy = O
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L 0d
Soax 4 y dy = O

# Darcy’s law:

Oy = Ky -i-A =k . 2T .dy .1

# Replacing:
o°h 5°h
O=Kky."5dx.dy .14k, .“—-dy.dx.1
X oy
2
0 hT h
0=ky. k 2
OX oY
* if k=ky
2 2
0 o°ht +6 ht
= 2 2 , :
oX oy Laplace’s Equation! (isotropy):

#Typical cases
B 1 Dimensional:
0_2¢
0
linear variation!!
B 2-Dimensional:
0 o°ht  o°ht
= 2 + 2
oX oy

B 3-Dimensional:

constant = T _
2 %
X
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2h 2h 2h
O . o nT o nT o nT

= + +
ox? T py? 022

Laplace’s Equation Solutions
# Exact solutions (for simple B.C.’s)
# Physical models (scaling problems)
# Approximate solutions: method of fragments
# Graphical solutions: flow nets
# Analogies: heat flow and electrical flow
# Numerical solutions: finite differences

Flow Nets
# The procedure consists on drawing a set of perpendicular lines: equi-potentials
and flow lines.
# These set of lines are the solution to the Laplace’s equation.
# |tis an iterative (and tedious!) process.
# |dentify boundaries:
B First and last equi-potentials
B First and last flow lines

Ah= equipotential drop
%

Ad
Flow channel

Equipotential lines

# gradient:

i_Ah_Ah N
Al b b

# flow per channel:
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AQ = k. AT A k. Ne
Al b

A
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# total flow:
a N;
q:AqONf:koh-Bo
€
#Example: Confined flow
— permeability
Z k =10° m/s
11.0 m h=19.0m
i 352.0 m T
1 exit gradient
10.0 m
1 Datum
Scale: 1 square = 4 m?2
= permeability
k =10% m/s
120m =
Last equipotential

11.0m

A

First equipotentia
First flow line

10.0 m
Last flow line

Scale: 1 square = 4 m2
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= : permeability
k = 10° m/s
11.0 m
10.0 m
Scale: 1 square = 4 m?
= permeability
k=10%m/s
11.00m
1 exJt gradient
10.0 m

Seepage |oss under the dam:

3

g=k.ah. NiY _10°m gm. 3 _2.104 M
N 10

€ ; cs.Mm
Exit gradient:
h
A Tne_0.9m 4 4
Al Al 2m
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icrit =1.'. Ah'yw ZAI'(”YQI —’YW):> plpmg”

Total head at points A and B:

Na

1
h-x =h+._h. _2Im_9m.—_-20.1m
TA To N 10

f

N 5
hoe —h+. _h.—B _21m_9m.=— _16.5m
B To N 10

f
Pressure head at points A and B:

hpg = g —h,5 =16.5M_8m =8.5m —~ 85kPa

#Piping

Example: Unconfined flow
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Seepage Control - Filters
# Seepage: Cut-off walls
Impervious blankets
# Erosion and piping: Filters
Requirements
Piping: D15 (filter) =< 5 D85 (soil)
Permeability: D15 (filter) >=5 D15 (soil)
Uniformity: D50 (filter) =< 25 D50 (soil)
Example. Impervious concrete dam with cut-off.

Sketch a flow net for the situation shown below, and hence calculate the seepage
-3
guantity per unit width of dam per day. The permeability of the soil, k = 10 mmisec.
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h 4

Y —

10m

10m

« i
20m J 10m

20m

N, 107 333
q:%ﬁ—f:—XIUX— = 2.78 x 10° m’/sec
M, 1000 12
(This is g/unit length)

Tom®/day: 2.78x 10° x 60x 60 x 24 = 0.24 m’/day

Tutorial

Ex1:
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State what is wrong, if amything, with each of the following flow nets.

a) b)
. .
Az m - Ao m -
‘:al B ':i“ -:-E;‘ _ Filter

e

o e o .
. c S l

cl

Equipotential Lines

Flow Lines

“‘T

Sohrtion:

a} Impossible mesh because two equipotential lines intersect.
k) Impossible mesh because two flow-lines intersect.
c} The well should be at the center of the net (a sink or a source point).

Ex2:
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The complated flow net for the dam shown below includes a steel sheet-pile cutoft wall located at the
head (head-water side) of the dam, in order to reduce the seepage loss. The dam is half a kilometer in
width (shore to shore), and the permeability of the under- laying silty sand 18 3.5 x 107" emvs. Find the
tolal seepage loss under the dam in liter per year. Would the dam be more stable if the cutoff wall
was placed under its toe (tail-water side)?

50 my

a) Using Fercheimer's equation:

N,
g=kAh— =35« m“m m Bm){ ] 5.6:x10°% m® feecd m
NF 100

- lis BEC millicn liters
b) Q= Lq=500m[6.6%10" m*fsmfm[ —— | 315=10" — |=1——
107 m vear

¢} No. Placing the cutoff wall at the toe would allow high uplift hydrostatic pressures under the dam,
thereby decreasing the dam's stability against sliding.

10
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The completed flow net for the dam shown below includes a steel sheet-pile cutoff wall located at the
head (head-water side) of the dam, in order to reduce the seepage loss. The dam is half a kilometer in
width (shore to shore), and the permeability of the under-laying silty sand is 3.5 x 10 cm/s. Find the
total seepage loss under the dam in liter per year. Would the dam be more stable if the cutoff wall
was placed under its toe (tail-water side)?

| 50 m

h J

Solufion:

a) Using Forcheimer’s equation:

N em|{ m 3 _
g=kah—L =35x107" — (6.3m)(— =6.6x10"° m” /sec/ m
N sec| 100em 10

P

B £ 2 Its 6 sec ) million liters
b) OQ=Lg=500m|6.6x10  m" /sec/m| — 31.5x10 =104 ——
107 m? year year

¢) No. Placing the cutoff wall at the toe would allow high uplift hydrostatic pressures under the dam,
thereby decreasing the dam’s stability against sliding.

11
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In Miami- Dade County, the Everglades are kept as wetlands by containing their runoff
with levees. Levee #111 rmuns North-South, and is 2 kilometers west of Krome Avenue
(its cross section is show below). If your laboratory tests indicate that the permeability of
the fill of the 80-year old levee is now 0.30 m/day, what is the volume of water lost
through the levee along each kilometer of length, in ar /day?

50 m 1Zm 50 m

Section of levee looking North

N |
Q=qL=kAh—L o[ - (u.an i](23 m{é]lﬂﬂﬂ m
N day 9

eq

Q =2300 m*[day

12
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Find the seepage through the earth dam shown below in galloms/day, if the sieve analyss
shows the Dy to be 0.17 mm, and the dam is 1200 feet wide. What is the pressure head at

the top of the aquiclude and at mid-dam (point A)?

N, =3
N, =9

k=15D2 =15(0.17mm)> = 0.43 2
seC

'I' -‘I"- Rt .'- i" li

o M N

L B N Y s >
wlae *‘f_ﬂ ‘l'._\ f‘a s-.‘ }‘ ’,* ’n' ',"’ I
o 6 A A R 4 . ;: 5
; 4&::;{ e E'}C-- 3 3 : : i3 ROCK TOE
T TR PN 7 L
[ o o f’ L " r! i : :J ¥

T oy A e TN
Mt s — il K

oo A b eontuad e LA F BT I L b

3
0.437 . 1in x 40 ft x 86,400 secx 7.5gallons x 1200 ft x 5]

sSeC

=qxh=kxixAxh =(
ok (25.4mmx 12in x day)

0-14.6x10° FL

day

At point "A" the dynamic pressure head is ?(40}%): 15 ft.

13
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Problem 2. Cofferdam

Solution 1) The datum line is impervious base.

om 10m 20m
]

17.07m

11K

12.80m _

18.60m

S ——"
Impervious
1) The pore water pressure at B (1)

- The head loss between each equipotential line

AH 128
=—" =1.6m
N, 8

Ah =

- The total head
h = AH, —Ahx(N,); =(12.8+18.6) —1.6x5 = 23.4m

- The elevation head at B : h. = 18.6-9.14=0 .46m
- The pressure head at B
(h,)s =h, —h,=23.4-9.46 =13.94m

- The pore water pressure at B

Uy = hpx;vw =13.94x9.81=136.75kN /m’ =136.75kPa

2) The maximmum hydraulic gradient(i.)
Mh 1.6

i = =
=% r. 175

The critical hydraulic gradient(i.)
Vo~V _18.86-9.81
¢ Y 9.81

=0.92

3) Determine the factor of safety against quick sand and explain it

Fos—=_te _992_,061<4
i 0.01

The piping may occur.

14
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Solution 2) The datum line is the right surface.

Om 10m 2|;;|Im
AV 17.07m
E
o
oo
N
Datum
[
e /_=18.86kN/m>
3 K=10%m/sec
o0 \\
Al N
3
L \

*
Impervious

1) The pore water pressure at B (uy)
- The head loss between each equipotential line

A 128
=——=1.6m
N,

Ah =

- The total head
h =AH —Ahx(N,); =12.8—1.6x5=4.8m
- The elevation head at B : h, =-9.14m
- The pressure head at B
(h,)s =h —h, =48—(-9.14) =13.94m
- The pore water pressure at B
ug =h,xy, =13.94x981= 136.75kN /m*> =136.75kPa
4) The maximum hydraulic gradient(i.)
ﬂ 1.6

L. 175
The critical hydraulic gradient(i.)

i =

[ Yo =Ve 1886-981_,,,
7. 9.81

5) Determine the factor of safety against quick sand and explain it

] 0.92
FOS=—""-=—-—=1.01<4

i 0.91

The piping may occur.

15
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Problem 3. Spillway

Solution 1) The datum line is impervious base.

21.33m Om _ 20m
Vi
e =
-
> 718
— o0
] f
£ -9
g K=10"m/sec
e L =152.40m
1 Datum

Impervious
1) Determine the pore water pressure distribution at A, B ,C
- The head loss between each equipotential line

_AH  (9.75-1.89)
N, 12

Ah =0.66m

- The pressure head at each point: h, =h, —h, =AH — N, xAh—h,

(h,), =(9.75+15.24) —7.2x 0.66 —15.24 = 5m
1, =5%9.81 =49 .05kPa

(h) =(9.75+15.24) —8x0.66 —15.24 = 4.47m
SUgp =43 .85kPa

(h)e =(9.75+15.24)-11x0.66 —15.24 = 2.49m
S, = 24.43kPa
h, at end of wall =(15.24-8.53)m

(B end af wan = (9-75+15.24) —4x0.66—(15.24—8.53) =15.64m
C U ot ey = 15.64x9.81=153.43kPa
2) The resultant uplift force (Hint : Fup = Avottom * Uaver )
F, = (A, U, )+ Ayg XU g + Ape Xg,
=((1.52x152.4)x153.43)+ (QXISZQXMjL(HXHZA)XM

=156484.9EN = 156.5MN (When consider the wall)
=120943.1kN =120.9 MN (When ignore the wall)

16
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Solution 2) The datum is the surface of downstream.

21.33m

1]

8.75m

1.83m

K=10"m/sec
L=152.40m

15.24m

Impervious
3) Determine the pore water pressure distribution at A, B ,C
- The head loss between each equipotential line

_AH  (9.75-1.89)
N, 12

Ah =0.66m

- The pressure head at each point: h, = h, —h, = AH — N, xAh—(-1.83)

(h,), =(9.75-1.83)~ 7.2x0.66 +1.83 = 5m
s, =5%x9.81=49.05kPa

(h,)p =(9.75-1.83) - 8x0.66+1.83=4.4Tm
" Up = 43.85kPa

(h,)c=(9.75-1.83)-11x0.66+1.83 =2.49m
St =24.43kPa

h, at end of wall =-(8.53+1.83)m
() end of warr = (9-75—1.83) —4x0.66+(8.53+1.83) =15.64m

Uy op e =15-64%9.81=153.43kPa

4) The resultant uplift force (Hint : Fup = Apottom * Uaver )

K, = ( Aoy X Uy ) + Ay X Uy + Ape X Uip,
49.05+43.85 43.85+24.43
=((1.52x152.4)x153.43) + (9x152.4)x++(11x152.4)x;
=156484.9kN =156.5MN (When consider the wall)
=120943.1kN =120.9 MN (When ignore the wall)

17
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i} 4 i}
g=10" x{20.42—1.22}><g:1.28x10 "m’ Isec/m

d
=3.9x107m" /sec

18

. 4.27Tm
Om 10m 20m
v [
[ =
e e 12.19m
(& s s
<t P
o e s 7
~ e f/ 4
I'd s g s ]
pd / 1 |X ........ X kv 5
‘I|f III Ir Ir\.r'l"l"l"l'l"l'l — !
e Mo /S /5182m; | A 7 | -
% ! f l ) . | ]
. / ! | 5 ~ _
. ; j 1 \ \ K=10"m/sec
! ! 5 \ \ L =304.80m
Impervious

N, 8 4
O =gxL=kAH—LL=10"x(2042-122)x—x304.8
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T
oy = (1 15230325 H 11667 + %333 — 2003 + 100 = 100
AL D= 075,
_ Ay _ _ _ -
G2 = Ti7) (o + iy — Zeegh t b
= 047S[100 + O — 2(100)] + 100 = 52.5
A= L.
Mygen = 0
For r = 10 days,
Atz =14
Hygen = 0
At : = 025,
g, s = 0.325[0 + 100 — 2(67.5)] + 67.5 = 36.1)
At7 =115,
pjrx = [].lﬁllﬁﬂ-lzﬁj[i j_ i: (675 + 1—2_:{:3& (52.5) - Hlm}] + 100
= (LIS2H0. 32507875 + 4375 — 2000 + 100 = 98
Atz = 075,
Hyiesy & 0475100 + 0 = 2(52.5)] + 52.5 = 5002
Atz = L0,

by leai = O

The variation of the nondimensional cxcess pone water pressure is shown in Fig.
6105, Knowing @ = (a¥ug) = 21.5) kKNfm®, we can plot the variation of e with depth.

Examprr 6.7

For Example 6 8, assurme thal the surcharge ¢ is applied gradually. The relation betwean
titme and ¢ is shown in Fig. 6.1 la. Using the rumericak method, determine the distribu-
lion of excess poce waler pressure afier 15 days from the san of Joading.

SOLUTION AL before, 2p = & m, ug = 1.3 KNfm®, Far &r = 3§ days,

":ﬁi':l -'iﬁ-ll
— = [1L.325 —— = 1475
(41" (A1

-




PERMEABILITY AMYY SEGPAGE J22

T4

o],

0.2 \

0.1

it + Af}

AN

N

S 50 7 e Lo 130 TS0 195 m
B {deg)

Fig 363 Casagrande’s (1957} plar of AlE + A0 againgt downssream slope aogle.

SoLurton
B = tan" {1/1.5) = }3.69°
A=Tcords =700
aa" =03A =037 =21 H
and

F=30ecot 3309 + 15+ Weatd43° + 21 =120 + 15+ 10+ 21 = 166 ft
From Eg. {5201},

i

A

T L3
W— &= 701t —af
Fig. 544 Pl of phreaji.-:: line 1in an earth dam
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p= '&‘{\"Im d) — T{‘*'m - 1646}
= L(180.16 — 166) = 7.08 f¢

Using Eg. (5201, we can now determine the coordinates of saveral pomns of the
parabola o'efB'c':

z Imam Ey.
= Tl %20,
il | &
(3] 421
& 12010
%) 9973
H a2
43 &4 42

[zing the values of x and conesponding z calculated in the above table, the basic
parabola has been ploied in Bip. 5.64.
We calculaie § as Tfollows. The equation of the [ine cf’ can be given by 2 = x tan
B. and the equation of the parabola [Bg. (52023 s x = (21 d4p¥3dp. The cootdinates
of point &' can be determined by solving the above two equations:
e —_4;_3_? _ {xiam B — 4p*

= —

dp ap

or Can’ B —dpx —4pt = 0
Hence
2 tan? 3369 — 4(7.08p — A7.08° = 0
0444x® — 2832 - 2005 =10
The solwion of the above equation gives x = T0.22 fi. So,
b = JT02F H{T0 2 un 36 P =it =4+ A
From kig. 583, for B = 33.69%

Al
{ + Al

= 366 & = (0366384 39) = 300 fi

i=0+ A0 - [AD
= B4.39 — 309 = 5349 fl = 54 fi

Sa.f = ok = 54 i
The curve puortions a2 wnd /b can now be approximately dewwn by hand, which
completes the phreans line ool (Tig. 5.64),




CONWACILIDATION TS

{: ¥
2501
MWl
T 150}
4
=100
||
[ [l 1 1
0 § 10 15 ¢ 11335 "
Time (days)
Time (days)
0 5 10 1%
' + — et
0 {l 1] u (kB‘mY)
6 0 0
[ 245
)
2 g0 a7 Tz ST [ L wes
24
‘ u_m du m . 33-2-. _______________ i:‘a
20005
4 Xl &DE nx d
& 075 80 o
& . L L1} 1] Jo
£{m] Fr
(b}

Fig. 6.1l MNumecicel salutine for mmp Jomding.

The continuoos loading can be divided into step loads such as 80 kENfw- Fearn 0
w 10 days and an added 90 kiN/m” from the tenih day on. This is shown by dashed

lines in Fig. 6.11a.
Ar ¢ = () days.

AL = 5 days,

= 1 =1
=0.1% u = B8 =40
= 0.3 ¥ =40
= Q.75 =4l
= ] [Tl
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Az =0,

El
I
=

At T s (125, from. Eq. (6.61).
Hojaas = 032510 + 40 — H40)] + 0 = X7
AT = 0.3, from Eq. (6.60),

— 2 + 40 =
2+IE 13 -HIJ}] 0 =4t

Bpirar = {L332K0. 315}[

At 7 = Q.75 from Eq. (6.61).
Boiea; = 0475403 + 0 — 2a0)] + 30 = 2t

Az =1

g T O
AL 7 = 10 days,
Arz =10,

=0

At 7 = 0.25, frum Eq. {6.61),
Faiear = 32500 + 40 - 227 + 27 = 1245

At this poinl. a new load of 90 kMAn® is added, so & will increase by an amount 9K
1.5 = 60, The new Eﬂ;q._gﬁ is 00 + 2245 = B145. At = 005, from E-I:I- (666},

* 28 1::{2
T AL ¥

Hnisa = (1. 1S2HD. 315}[ 5 (20 - zcm;.] + 40 = 23.4

Mew E.L-._};ﬁj = 284 4+ 60 = 8R4
Al z = 0,75, from Eq. {6.61),
Myres; = 047540 + 0 — 2215] + 21 = 05

Nf"l‘l' E"J"’-‘F = H} + Il}.m = ﬂﬂ[ﬁ

Atl =1

u=10
Al = 15 days,
Ate =1,

=0

Al o= 035,



TORSOLIDANICHN 26T

Tojia = GLIZS[0 + BEA — 2(82.45)) + B2.45 = 575

Bgieni = {1.152000.325)

x[g—fi—: (82.45) + zi:izgé (%0.05) — :{33.4}] ~ BE 4 = 832
ALT = 075,

dpjeed = AT5[ER4 < — 2RO0F)) + ROOS = 460
Atz = |,

=10

The distnibution of eacess pore water pressure is shawn in Fig. 6.114,

6.5 STANDARD ONE-DIMENSIONAL CONSOLIDATION TEST
AND INTERPRETATION

The standard onc-dimensional consolidation test is uspadlly carried owt on sarurated
specimens about |in {254 mm) thick and 2.5 in (635 men) in dijametec (Frg. &.12)
The =0i) specimen is kept inside & metzl rng, wilh a porous stone at the top and another
al the botlom. The lead P on the specimen is applied through a lever anm, and the
compression of the specimen is measured by a miccometer dial sauge, The load i
usually doubled every 24 hours. The specimen is kept under water thronghout the et

For each load increment, the specimen deformation and the comesponding time r

Micrameter
dial gaugrs

Laad
¥
+ .
ey Wdier
;7 Foraus sione '
Ll Brasg
SPECHTIED nng
- - 1
“x  Porous sione ¥

Fig. .11 Consolidomeer
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Total Stresses and Effective stresses ground surface
Total stress: N
The total stress at depth z is the sum of the weights of d Y
soil in each layer thickness above. ;
Vertical total stress at depth z, 2 " -
oy =101 + y20, + y3(Z - dq - dy) z 0. layer3
where 2-th-d;
Y1, Y2, V3, €C. = unit weights of soil layers 1, 2, 3, etc. T O
respectively

ay
Just above the water table the soil will remain saturated j unsaturated soil:
due to capillarity, but at some distance above the water lz"“ ywr unit weight =Yu

table the soil will become unsaturated, with a consequent |-~ — — — — — — —
saturated soil:

reduction in unit weight (unsaturated unit weight = v,) G, unit weight =Y

Cv —Yu - ZW+YS(Z-ZW)

The addition of a surface surcharge load will increase the surface surcharge, g
total stresses below it. If the surcharge loading is u l l 1‘ ‘ 4 l
extensively wide, the increase in vertical total stress below

it may be considered constant with depth and equal to the

magnitude of the surcharge.
Vertical total stress at depth z,

oy=Y.Z+(Q
a.;
Pore Pressure: . tutalﬁstmsscr .
e For saturated soil: pore pressure = pore water ! |

|
pressure !’ QY F@ &g@ﬁ@aﬁ'
e For partially saturated soil: pore pressure = pore 4 bt % ‘e
F

e Saelh
water pressure + pore air pressure eg)ﬁ (]

e For dry soil :pore pressure = pore air pressure

AT 1B
et Jﬁﬂﬂﬁi&%ﬁ

e Inthe case of partially saturated soil : pore o To o o To

pressure depends on degree of saturation (S). effective stress, o'~ o -u

e Atlevel x-x : pore water pressure (u) =h2 yw (saturated soil)
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¥ || free water

;' Unsaturated
\\ (negative u)

- - Saturated
h ‘ (negative uj ~¥ | [Water table h

[Fa
r

+h u Saturated
{positive u) | |

=t u=Yh,

Under hydrostatic conditions (no water flow) the pore pressure at a given point is given
by the hydrostatic pressure:

U="1yw.hy

-The natural static level of water in the ground is called the water table or the phreatic
surface (or sometimes the groundwater level). Under conditions of no seepage flow,
the water table will be horizontal, as in the surface of a lake. The magnitude of the pore
pressure at the water table is zero. Below the water table, pore pressures are positive.

u=1vy.hy

-Below the water table, pore pressures are positive. In dry soil, the pore pressure is
zero. Above the water table, when the soil is saturated, pore pressure will be negative.

U:"Yw.hw

-The height above the water table to which the soil is saturated is called the capillary
rise, and this depends on the grain size and type (and thus the size of pores):

- In coarse soils capillary rise is very small

- in silts it may be up to 2m

-in clays it can be over 20m

- In conditions of seepage in the ground there is a change in pore pressure. Consider
seepage occurring between two points P and Q.
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The hydraulic gradient, i, between two points is the head drop per unit length between
these points. It can be though of as the "potential" driving the water flow.
: : . _ _oh_ou 1

Hydralic gradient P-Q 1 5s =557,

Thus oU =i .y, 0S

But in steady-state seepage, i = constant

Therefore the change in pore pressure due to seepage alone, 8us = i.vy, .S
For seepage flow vertically downward, i is negative
For seepage flow vertically upward, i is positive. . 0 -

Gh

e e e

datum

Effective Stress :
Ground movements and instabilities can be caused by changes in total stress (such as
loading due to foundations or unloading due to excavations), but they can also be
caused by changes in pore pressures (slopes can fail after rainfall increases the pore
pressures).

In fact, it is the combined effect of total stress and pore pressure that controls soil
behaviour such as shear strength, compression and distortion. The difference between
the total stress and the pore pressure is called total stress

the effective stress:

effective stress = total stress - pore
pressure

orc =c-u

effective stress. o= o-u

Note that the prime (dash mark “ ) indicates
effective stress.
Capillarity in Soils

Water can raise and remain above the line of atmospheric pressure ( pheriatic
line) in a very fine pores due to attraction (surface tension )between adjacent
molecules in the surface.
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GROUND SURFAGE

RN NN N NN TN NN W
A AN A AN AT AN

DISCONTINUOUS MOISTURE ZONE VAPOR FLOW

——| CAPLLARY FRINGE ZONE §_ |
CAPILLAR
he, CAPILLARY SATURATION ZONE FLOW AR r /—H20 MOLECULE
W WATER TABLE

{
- ! WATER "@““
100% SATURATION ZONE 7 - T

}

Capillary Head or Capillary Rise
W =F,COSa

7 Tr?h=T,.2Tr.COSa
Where Ts= Surface tension

A :ZT—fcosa = Capillary head
Yo

—A4T,
Y wd

— therefore hc =

= Capillary rise hoo%

For example, how much does the water rise above the water table in a very fine sand (d = 0.1 mm) ?

—4(0073N/ )
he = 4l _ /a =0.30m

¥od 9.811<1%El ;(01mm)
w

Using typical values of T=0.073 N/m, oo = 0 and Tw = 9810 N/m’ in Eq. 6.6, it can be shown
that:

h, (m) =~

0.03
d ()
What do these have to do with soils? The interconnected voids within the soil can act like
capillary tubes (not straight though) and allow the water to rise well above the water table.
The “capillary tube” diamater of a soil is approximately 1/5 of D;y. Therefore, the capillary
rise within a soil can be written as:
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0.15
h(m)= ———
Dy (i)

Capillary tube of
inner diameter d

® ¥

:?i'" T -z y
7 |
(NEG)
"
Paim.
— -l
B U= 27,
HYDROSTATIC
TER
. d
'm= 3 s
+z 1

Figure 1. Capillarity water rize and pressure in capillary tube.
Effective Stress in the zone of Capillary Rise
The pore water pressure at a point above W.T depends on degree of saturation
due to capillary rise.
-For fully saturated zone by capillary rise u=-hvy,
-For partially saturated zone by capillary rise  u=-s h v,,/100
-his measured from and above W.T.
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1) For the cross section given in the figure, calculate the total vertical stresses, pore
pressures, and effective vertical stresses at points A, B, C and sketch these stress
distributions. Assume that the whole clay layer is fully saturated.

Ground surface
re
Sand ¥ =18 kN/m’ 5m
x A - a0 90
Em
AV B _ 250 250
e I
Clay  Yeat =20 kKN/m’
10 m
vy C .
450 981 3519
G u lea
At point A:
G = 18x5 = 90 kN/m” = 90 kPa u=20 o' =90-0 =90 kPa
At point B:
c = 18x5+20x8 = 250 kPa u=0 o' =250-0=250kPa
At point C:

G = 18x5+20x(10+8) = 450 kPa u=981x10-98.1 kPa
G' = 450-98.1 = 351.9 kPa

2) The basin of a lake consists of uniform clay with saturated unit weight 19 kN/m’.
Calculate the effective stress at a depth of 20 m below ground surface under the lake
when the water depth is 5 m. The elevation of water in the lake changes throughout
the wear, it rises to 10 m in the rain season. How does this affect the effective stress

wou have previously calculated?

When water depth= 5 m When water depth = 10 m

G =9.81x5+19x20= 429 kPa G =981x10+19%x20=478 kPa
u = 9.81x(5+20)= 245 kPa u=9.81x(10+20)= 294 kPa
o' = 429-245 =184 kPa o' = 478-294 = 184 kPa

Note that effective stress does not change with increasing water depth in the lake
while total stress and pore water pressiure increase. Effective stress on the ground
surface is zero.
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A sample was obtained from point A in the submerged clay layer shown below, and it was
determined that it had a w = 54 %, and a Gs = 2.78. What is the effective vertical stress at A’

water

Solution:

The effective stress ¢’ at the point A consists solely of the depth of the soil (not the water)
multiplied by the soil buoyant unit weight.

o= };hmﬂ where }" =Yaar — Ww

In order to find ;V there are a number of derivation, such as this one,

. \Gg +
Y = ( Sl j) v _ %, where the voids ratio e can be replace with Se = wG;
e
and noticing that § =1 because the soil is 100% saturated, e=wG;
. 2.78+(0.54)(2.78
o=|GstWOs), o, o (054)278) 01 g1 (15m)
1+ wG, 1+(0.54)(2.78)
o =105kPa
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The city of Houston, Texas has been experiencing a rapid lowering of its phreatic surface
during the past 40 years, due to large volumes of water pumped out of the ground by
industrial users.

a) What was the effective vertical stress at a depth of 15 m in 1967?

b) What is the effective stress at the same depth in 2007?

C) What happens to the ground surface as a result of the draw downs?

Y= 204kN S mP S - g WT 1967
6m Tt SAND, e e
______3"_3_{1"____!_8__8,_"‘{_‘{"[,_‘{_'_"_____‘ _____ oo DRl o R e SR
| = 16.5kN 1 GRS e s R e
v L P : SILT-S T Sy
ey :‘:‘_’"__‘E_Tf‘_f’__kf_i’f_f_-;.,g;i;;__-__'____.___?_;_;::,,;_zi _____ Ly wraoo
) 12.6kN /m* 6m | CLAY A i

JV = [}’h t },Ih I]SﬂND t [".VI‘Fl I]SILT t [}/'h I]CLAY
oy =[(20.4)(3)+ (18.8—-9.81)(3) |+ [(14.9-9.81)(6)]+[(12.6 - 9.81)(3)]
o, =128 kPa

b) 0, =[(20.4)6)+(16.5)(6) | +[(12.6-9.81)(3)] = 230 kPa

This is an 80% increase in stress due solely to a dropping water table.

¢) The ground surface has also been lowered due to the decreasing thickness of the clay and
the silt strata due to their loss volume previously occupied by the water.
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In the sail pmﬁle shown below, show a plot of the pore water pressure and the effective siress
along the right margin of the figure with numerical values at each interface. Pay heed to the
capillarity in the upper clay (d = 0.001 mmj}, where 5 = 50% in the upper clay stratum.

b A+ el = O
h[ Dry sand (;,= 166, e= 0.5 \
5]
TF?{;E:{E-M}[HJE]':”MM \
l+e \
& 664 =220 414 664

b 1

Clay  Gs=271,5=0.5¢=075 II

!
G+8 2T+ (S
l+e 1+0 \
o WT CAPILLARY RISE ZONE | \
—X 1104 + O — = 04
=~  Clay =272,6=095 I|
|
9fy \
KO (@A oo
M LS5 ‘|
¥ IIIEIDD | 6682 | M
Depth, ft o + u = F)
o 0 o (1]
0 G4
(5} {110.7)(6) =
(62.4){-4) = -250 414

10 854+ (1101(4)=1104 o 1104
19 11044 (11T 4.82.4)(0)=1800  D{62.4) = 562 2162
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Calculate the maximum theoretical depth of excavation H below, before the remaining clay
layer is uplifted by the vertical seepage pressure.

i & &
r -_';: ‘-_ = '..F':_' Y L i o
SATURATED CLAY . H
g . O
Vo= 12000008 | 308
=t A < R e ,L L
o .
- ::- _||¢_ I" 7 .A
’ 10 I’t SAND :
T—L‘ 121 Ihl’lf"
L J a
Solntion:

The maximum depth of excavation H is reached when the effective stress ¢° = 0 (that is, the upward
scepage force is equal to the downward weight of the soil. Mathematically,

I
W — M, 121— 30— H)—| 624— [(20')=0
BT [ o ]{ J[ 7 ]{ )=
30'- Jﬂ;iﬁnl]:m.a;be: H =197 feet

trertrr !

Seepage hydrostatic uplift

10
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If the saturated unit weight of the soil in this shallow bay bottom is 20 kN/mr', what is the
effective vertical stress o at point A7

University of Al Anbar

Soludion:

m](i‘lm}+(2ﬂﬂi){1 1m) =259ﬂ1
_ mt m

The total stress &, = ¥ b + Yorloon = [Q.EI s
m

The pore water pressure u, =y, (h, - zﬁ}:['},ﬂl ks ][[%]{E m)— (=7 m}}: [zzﬁi_
m

=
N

Therefore, the effective stressat A: o, =, —u, =259-122= 37—
m"

=137 kPa

11
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Example: The figure shows how an extensive layer of fill will be placed on a certain
site. The unit weights are: clay and sand = 20kN/m3, rolled fills 18KkN/m3, assume water
= 10 kN/m3.

Calculations are made for the total and effective stress at the mid-depth of the sand
and the mid-depth of the clay for the following conditions: initially, before construction;
immediately after construction; many years after construction

| nitially, before construction

Initial stressesat mid-depth of clay (z = 2.0m)
Vertical total stress

oy =20.0x 2.0 =40.0kPa

Pore pressure

u=10x 2.0=20.0kPa

Vertical effective stress

oy =0y -u=20.0kPa

Initial stressesat mid-depth of sand (z=5.0 m)
Vertical total stress

oy, =20.0x5.0=100.0 kPa

Pore pressure

u=10x5.0=50.0 kPa

Vertical effective stress

oy =oy,-u=50.0kPa

Immediately after construction

The construction of the embankment applies a surface surcharge:
g=18x4=72.0kPa.

12
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The sand is drained (either horizontally or into the rock below) and so there is no increase in
pore pressure. The clay is undrained and the pore pressure increases by 72.0 kPa.

Initial stressesat mid-depth of clay (z = 2.0m)
Vertical total stress

oy =20.0x2.0+72.0=112.0kPa

Pore pressure

u=10x 2.0+ 72.0=92.0 kPa

Vertical effective stress

o’y =0y, - u=20.0kPa

(i.e. no change immediately)

Initial stressesat mid-depth of sand (z = 5.0m)
Vertical total stress
oy =20.0x5.0+72.0=172.0kPa
Pore pressure
u=10x 5.0 =50.0 kPa
Vertical effective stress
oy =0y -u=122.0kPa
(i.e. an immediate increase)
Many years after construction
After many years, the excess pore pressures in the clay will have dissipated. The pore pressures
will now be the same as they were initially.

Initial stressesat mid-depth of clay (z=2.0 m)
Vertical total stress

oy, =20.0x2.0+720=112.0kPa

Pore pressure

u=10x2.0=20.0kPa

Vertical effective stress

cy=0o,-u=920kPa

(i.e. along-term increase)

Initial stressesat mid-depth of sand (z=5.0 m)
Vertical total stress

o, =20.0x5.0+720=172.0kPa

Pore pressure

u=10x 5.0 =50.0 kPa

13
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Vertical effective stress

G,V = GV = U = 122.0 kPa

(i.e. no further change)

Examplel. For the soil profile shown below find A6y ; Ao 3 u ;A6’y 3 Ac'y; at points
A,BandC.

Solution:
G.L v
S /_\
H;=2m Yay=16KN/m*  k,=0.4
X W IW
== B
H=3m YepmdOKNATE alka=0.4. th =
L 4 C
1 atpointA A 10 20) 30y 40y 50p 60; 70; 80| 90 |stresskN/m2
A6, =0
A6p=0;U=0;Ac"',=0
Ac'n=0 2]
2. At point B

AGy = y4y X H1=16 x 2= 32 KN/m?
A6 = A6y X k=32x0.4=128KkN/m? 4

U =ywX H=0,

A6'y = A6y = 32 KN/m?

AG',, = A6p= 12.8 KN/m? 6
3. Atpoint C depth ¥

AGy = Yary X Hi + Ve X Hy =16 X 2+ 3 X 20 = 92 KN/nv?

A6 =A6,1 X ko+ AGy2 X ko=32x0.4+60x0.5 =42.8kN/m?
U = ywX Ho= 9.81 x 3 = 29.43 KN/m?

AG'\, = A6, - U - 92 —29.43 = 62.57 kN/m?

AG'\, = A6 —u = 42.8 — 29.43=13.37 KN/m?

14
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Compaction :

Isthe process of increasing soil dry unit weight by forcing soil solidsinto atighter state and
reducing the air voids .Compaction is measured in terms of dry unit weight.

Ty increased
compactive
effart

relationshi
taz ¥y 7‘}‘\\fmsmur ed
20

Wl:lpt Wy

Phass Diagram

The objective of compaction :

Content exhibits different engineering properties (strength ,compressibility and permeability )
depending on their dry density .

-Water added to permit the soil particlesto dip relative to one another (water acts as a
|ubricant)

-Water added to soil + compaction (energy)—rearrangement of the solid particlesin to a denser
State .

Compaction can be applied to improve the properties of an existing soil or in the process of
placing fill. The main objectives are to:
« increase shear strength and therefore bearing capacity

« increase stiffness and therefore reduce future settlement
. decrease voids ratio and so permeability, thus reducing potential frost heave

Factor s affecting compaction

A number of factors will affect the degree of compaction that can be achieved:

Nature and type of soil, i.e. sand or clay, grading, plasticity

Water content at the time of compaction

Site conditions, e.g. weather, type of site, layer thickness

Compactive effort: type of plant (weight, vibration, number of passes)
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Types of compaction plant

Smooth-wheded roller

« Sef-propelled or towed sted rollers ranging from 2 - 20
tonnes

. Suitable for: well-graded sands and gravels
siltsand clays of low plasticity

« Unsuitable for: uniform sands; silty sands; soft clays

Grid roller

« Towed unitswith rolls of 30-50 mm bars, with spaces between of 90-100 mm
o Masses range from 5-12 tonnes

« Suitable for: well-graded sands; soft rocks; stony soils with fine fractions

« Unsuitable for: uniform sands; silty sands; very soft clays

Sheepsfoot roller

« Also known asa'tamping roller’

« Self propelled or towed units, with hollow drum fitted with projecting
club-shaped 'feet'

« Massrange from 5-8 tonnes

. Suitablefor: fine grained soils; sands and gravels, with >20% fines

« Unsuitablefor: very coarse soils; uniform gravels

Pneumatic-tyred roller

. Usually acontainer on two axles, with rubber-tyred wheels. g1
« Whedsaligned to give afull-width rolled track. _ i'ji':':]' :
« Dead loads are added to give masses of 12-40 tonnes. |---l.'—I T Lia
« Suitable for: most coarse and fine soils. e S

Unsuitable for: very soft clay; highly variable soils
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Vibrating plate

« Range from hand-guided machinesto larger roller combinations

. Suitable for: most soils with low to moderate fines content
« Unsuitable for: large volume work; wet clayey soils

Power rammer

« Also caled a'trench tamper’ e &L
« Hand-guided pneumatic tamper T

. Suitable for: trench back-fill; work in confined areas

« Unsuitable for: large volume work

Standard laboratory tests:
e Standard protect Test (ASTMD - 698)
e Modified Protect Test (ASTMD-1557)
Carried out on soil passing the N0.40 sieve (opening size=0.425 )

Standard M odified
Hammer wt.(1b) 55 10
(Kg) 2.49 4.54 P
Drop (in) 12 18 1|pdma |
(mm) 305 457 vag |
Vol. (ft%) 1/30 1/30
(m°) 0.944 x 10° 0.944x 10° 440
No. of layers 3 5
No. of blows 25 25 475 Lobondo b
Comp.energy
(Kilo Joules/m®) 593 2693 I IS i
(Ft-1b/ft® ) 12375 56250 6 8 10 12 14 16 18 20 22

F- Mpaber of Wows per laper © Maeaber of lgpers © Weight of havener x Height of drop offuraney
volune of mold

Higher comp. energy— | higher Y4
Smaller opt. moisture content




University of Al Anbar Soil Physics Mr. Ahmed Amin Al Hity
Collage of Engineering 2" Stage Lecture no. 10
Water Resources& Dams Eng. Dept. 2019-2020 Date22 / 05/ 2020

8888&EEELEEEEELEEEELEEEELEEEELEEEELEEEELEEEELEEELELEELEEEEEEEE

Since:

Yy :gyw

1+e

Se=G,w,

= Gs
14GsWe

S

Total or wet density p :

Yy Yw

TV, T
Solid density p, M,
Ps v
dry density pg4
Pa=—7> V>V, “.p;<ps
V.

Also we have

P _MS_M;—MW_Mz_MW_p_ — p—wp
7, v, v, V, !

Y2,

1+w

so that Pa+wp,=p and p,;=
Hence for agiven(®¢) ,l1ayer values of Y4 can be obtained by the use of higher comp. energy.
Example: A compacted soil sample has been weighed with the following results:

Mass = 1821 g Volume = 950 ml Water content = 9.2%
Determine the bulk and dry densities.

Bulk density p = 1821 /950 = 1.917 g/ml or Mg/m?3

Dry density pq = 1.917 / (1+0.092) = 1.754 Mg/m3 <

10k 5% 0

W ir-woids
CUrYes

Dry density and air-voids content

Pulirnas) -=mmmmm sty ;

fully saturated soil has zero air content. In practice,
guite wet soil will have asmall air content

W iopt
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] ] YYolume of air
Alr- voids content, A, = ————
Total volurme

The maximum dry density is controlled by both the water content and the air-voids content.
Curvesfor different air-voids contents can be added to the py / w plot using this expression:

_ Ga g o,
%= Toust M)

The air-voids content corresponding to the maximum dry density and optimum water content
can be read off the py/w plot or calculated from the expression.

G.p, p(zav)

Z.4ayv)=
p(z.ay) 1+ WG,

é‘l’

7, =1
p, =M1V, then M =V .p, =VG,p,
w=M IM_then M =wM_ =wGp by V =1

M, =V.p,or V,=M,lp,=wGp,/p,=wG,

P — M{ — (1+w)prs — prs
l+w V(1+w) (A+w)(1+wG,) 1+wG,

pdryz

Example: Determine the dry densities of a compacted soil sample at a water content of 12%,
with air-voids contents of zero, 5% and 10%. (Gs = 2.68).

268 x1.0

3
Forh, =0 py = ———— = 203 Mgim
) © 1+ 2683012
2BBx10 [ 5
ForA, = 6% py = —“[1—] = 1.93 Mg/’
1+268¥012% 100
2BE %10 (. 10
Fora, = 10%: gy = i [1- ]: 1.83 My /i’
1+2B8:0.12% 100
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The compactive effort will be greater when using a heavier roller on site or a heavier rammer in

the laboratory. With greater compactive effort:

o Mmaximum dry density increases
« Optimum water content decreases
« ar-voids content remains amost the same.

Effect of soil type

« Waéll-graded granular soils can be compacted to
higher densities than uniform or silty soils.

« Claysof high plasticity may have water contents
over 30% and achieve similar densities (and
therefore strengths) to those of lower plasticity with
water contents below 20%.

« Asthe % of fines and the plasticity of a soil
Increses, the compaction curve becomes flatter and
therefore less sensitive to moisture content. Equally,
the maximum dry density will be relatively low

| nter pretation of laboratory data

Example data collected during test

T 0% 5% 0 [airvoids)

A

5 _~0 air-voids
well-s
qgraded ™,
/?\

clay: hig|

plastiﬂt;’/‘\ .,
" uniform sand

In atypical compaction test the following data might have been collected:

Mass of mould, M, = 1082 g
Volume of mould, V =950 ml
Specific gravity of soil grains, Gs = 2.70

Mass of mould + soil (g) 2833 2979 | 3080 3092 3064 3027

Water content (%)

8.41 10.62 12.88|14.41 16.59 18.62
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Calculated densities and density curve

The expressions used are:

fl - b
© and py = £

£ T+

Bulk density, p (Mg/m®) | 1.84 | 2.00 210 | 2.12 | 2.09 | 2.05
Water content, w 0.084 | 0.106 0.129 0.144 0.166 | 0.186
Dry density, pq (Mg/m?) | 1.70 | 1.81 | 1.86 |1.851 | 1.79 | 1.73

Pdimaz)
1E BB Mgy

____________

185 [ E e

...........................................

180 [t b

L o s
6 8 10 12 14 16 18 20 22

Air-voids curves

The expression used is:

GS Wy
fu = 1+~,fr,33(1 ~A)
Water content (%) | 10 | 12 1 14 16 18 | 20
pgwhen A, =0% 2.132.041.961.891.821.75
pgwhen A, =5% 2.021.941.861.791.731.67
pg When A, =10%1.911.841.761.70 1.64 1.58
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P
185
180
175

6 8 10 12 14 16 18 20 22

The optimum air-voids content is the value corresponding to the maximum dry density (1.86
Mg/m?3) and optimum water content (12.9%).

1.86
Avpty = 1 - 50— (1+0129x270) = 0071 (7.1%)

Procedure

B
:/alf( Drop distance

Standard test: 12 in (305 mm)
Modified test: 18 in (457 mm)

7,
Hammer -—>—7
— Hammer weight
Standard test: 5.5 Ib (2.49 kg)

Modified test: 10 1b (4.54 kg)

4 in (102 mm)
]

~HA-H— Mold extension

o S.oi]‘jei'};ér 3
Proctor T S by

wiald 1730 ft3 (9.44 X 1074 m3)

cylindrical mold
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1.
2.

8.

Obtain 10 Ibs of soil passing No. 4 sieve
Record the weight of the Proctor mold without the base and the (collar) extension, the
volume of which is 1/30 ft3.

3. Assemble the compaction apparatus.
4.

Place the soil in the mold in 3 layers and compact using 25 well distributed blows of the
Proctor hammer.

5. Detach the collar without disturbing the soil inside the mold
6.
7. Remove the compacted soil from the mold and take a sample (20-30 grams) of soil and

Remove the base and determine the weight of the mold and compacted soil.

find the moisture content
Place the remainder of the molded soil into the pan, break it down, and thoroughly remix
it with the other soil, plus 100 additional grams of water.

Results
B Plot of dry unit weight vs moisture content
B Find gd (max) and wopt
B Plot Zero-Air-Void unit weight

M)

(only S=100%)

21

LY hmas =

10,1k kM im

i 5 1l 5 ) 1e
"

Specification for Field Compaction
B Specificationswill refer to % Relative Compaction
B Relative to what?

B Proctor Test — standard or modified
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B % Relative Compaction

If R > 100 % use Modified Proctor Test
Soil will be compacted to 98% relative compaction as compared to a standard proctor
test, ASTM D-698
The soil moisture content will be £ 2% of optimum.
98% means the soil in the field should be 98% of the lab result
For example, if the peak of the curveisat 100 pcf and 22% moisture
The field compaction must be at least 98 pcf and within the stated moisture range (20
~24%)
M easur ement of Field Compaction
B Most common methods are
B Nuclear Method
B Sand Cone method

R(%0) = Relative Compaction
¥z in the field

R(%) =

max imum y, from the Proctor test

Vaue of RC is specified according to importance and type of the project (about 90-95%)

10
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Types of Compaction Curves

A A \/\ A A

Single peak irregular Shape double peak oddly Shape

30<L.L<70 L.L <30 LL<30&>70 L.L>70
Properties of Compacted Soils:

Effect of molding moisture cont on soil structure::

increasingWc for a given compaction effort tends to increase the repulsions and permitting a
more orderly arrangement of the soil particles
Effect of molding moisture content on per meability :
increasing Wc results in adecrease in permeability on the dry of optimum and a slight increase
in permeability on the wet sde of optimum .( K1 > K2 sincefor dry side of opt.(flocculated st
),the doainage paths are smaller then of the wet side of opt .(dispersed st .in which the drainage
paths are longer )
Effect of molding moisture content on stress-strain relationship :
samples compacted dry of optimum tend to be more rigid and stronger than samples compacted
wet of optimum

v
v
v
v

& STRUCTURE OF COMPACTED CLAY
AS PROPOSED BY LAMBE (ASCE, i954)

HSPERSED

FARRIC HIGH COMPACTIVE

EFFORT

FLOCCULATED
FABRIC

COMPACTED DENSITY

MOLDING WATER CONTENT

11




University of Al Anbar Soil Physics Mr. Ahmed Amin Al Hity
Collage of Engineering 2" Stage Lecture no. 10
Water Resources& Dams Eng. Dept. 2019-2020 Date22 / 05/ 2020

&8&&EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEELEEEEEEEEE
Note:

In designing the earth dam , the engineer must consider not only the strength and
compressibility of the soil element as compacted ,but also its properties after it has been
subjected to increased total stresses and saturated by permeating water .

effect of moisture content on compression characteristics:

1-at low. Stress consolidation : the sample compacted on the wet side is more compressible
than the one compactedon the dry side

2-at high-stress consolidation : the sample compacted on the dry side is more compressible than
the compacted on the wet side .

M oisture condition value

Thisis a procedure devel oped by the Road Research Laboratory using only one sample, thus
making laboratory compaction testing quicker and simpler. The minimum compactive effort to
produce near-full compaction is determined. Soil placed in amould is compacted by blows
from arammer dropping 250 mm; the penetration after each blow is measured.

Apparatus and sizes

Cylindrical mould, with permeable base plate:

interna diameter = 100 mm, internal height at least 200 mm
Rammer, with aflat face:

face diam = 97 mm, mass = 7.5 kg, free-fall height = 250 mm
Soil:

1.5 kg passing a20 mm mesh sieve

Test procedure and plot

. Firstly, the rammer islowered on to the soil surface and allowed to penetrate under its
own weight

o Therammer isthen set to aheight of 250 mm and dropped on to the soil

« The penetration is measured to 0.1 mm

« Therammer height isreset to 250 mm and the drop repeated until no further penetration
occurs, or until 256 drops have occurred

« Thechangein penetration (Ar) is recorded between that for a given number of blows (n)
and that for 4n blows

12
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« A graphisplotted of Ax/ n and aline drawn through the steepest part
« Themoaisture condition value (MCV) isgive by the intercept of thisline and a special
scale

Example plot and deter mination of MCV

Mo af blows
1 2 34 68 1216 2432 4864 95

| e S | —1—Plot of Ap vsn

Straight line —
15 b,

An A\

e r 1
0 Moy =13]

S

o0 2 4 6 8 10 1 11 16 18 2
Moisture condition value [MCY)

After plotting Ar against the number of blows n, alineis drawn through the steepest part.
The intercept of this line and the 5 mm penetration line give the MCV

The defining equation isMCV = 10log B
(where B = number of blows corresponding to 5 mm penetration)

On the example plot herean MCV of 13 isindicated.

Significance of MCV in earthworks

The MCV test israpid and gives reproducible results which correlate well with engineering
properties. The relationship between MCV and water content for a soil is near to a straight line,
except for heavily overconsolidated clays.A desired value of undrained strength or
compressibility can be related to limiting water content, and so the MCV can be used as a
control vaue after calibrating MCV vsw for the soil. An approximate correlation between
MCV and undrained shear strength has been suggested by Parsons (1981).

Logs,=0.75+ 0.11(MCV)

13
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Examples

1 The natural water content of a borrow material is known to be 10%. Assuming 6000 g of
wet soil isused for each laboratory compaction test point, compute how much water isto
be added to each of the other 6000 g samplesto bring their water contents up to 13, 17,
20, 24, and 28%

Answer

GIVEN 6000 g samples at natural m/c = 10%

HIF
w=— =0.1
ME
M =M +M =6000g
M, = 6000 = 5455 ¢
1.1

But M, = wx M,
It w=0.10 then M, = 545 g
If w=20.13 thenM =709 g
Ifw=20.17 then M = 927 g

If w=0.20 then M =103l ¢
If w=0.24 thenM =1309 g
If w=0.28 thenM = 1527 g

water added given by

{Mw] molsture {Mw] 0.10

If w=0.13 water added = 164 g

If w=0.17 water added = 382 g
If w=0.20 water added = 546 g
If w=0.24 water added = 764 g
If w=0.28 water added = 982 g

14
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2. For the data given below (pS = 2.64 Mg/m ):

g (Low . B (Standard Proctor) | A (Modified Proctor)
ompaction)
pd pd pd
W) | mgma) [V O mgmz) WD [ (Mgma)
109 |1.627 9.3 1.691 9.3 1.873
123 |1.639 11.8 1.715 12.8 1.910
16.3 | 1.740 14.3 1.755 15.5 1.803
20.1 1.707 17.6 1.747 18.7 1.699
224 | 1.647 20.8 1.685 21.1 1.641
23.0 1.619

(@ Plot the compaction curves.

(b)  Establish the maximum dry density and optimum water content for each test.

(c) Compute the degree of saturation at the optimum point for the Modified Proctor test data.
(d) Plot the 100% saturation (zero air voids) curve. Also plot the 70, 80, and 90% saturation
curves. Plot the line of optimums.

Answer:

(A) Plot Dry Density v Moisture Content

(B)From graph plot of DRY DENSITY V MOISTURE CONTENT
3
Data "A" p, = 1.91t/m w_, =12.5%

t

3
Data "B" p, = 1.76 /m w_, = 15.5%

t

3
Data "C" p, = 1.75t/m Wy = 17.3%

©)

15
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a a 1] n
g - Snl2e X LA o ops av BE.7%
1.91
2.64
Data "B" gives § = 81.8%
Data "C" gives § = 89.8%

(D) For selected values of p, and for s = 100% calculate w.
3
Then plot on graph. p, (t/m)

3. A soil proposed for a compacted fill contains 40% fines and 60% coarse material by dry
weight. When the coarse fraction hasw = 1.5%, its affinity for water is completely
satisfied (that is, it is saturated but surface dry). The Atterberg limits of the finesare LL
=27 and PL = 12. The soil is compacted by rolling to a pd = 2.0 Mg/m3 aw = 13%.
Note: Thisisthe water content of the entire soil mixture.

(@ What isthe water content of the fines in the compacted mass?

(b) What isthelikely USCS classification of the soil?

(c) Whatistheliquidity index of the fines?

(d) What can you say about the susceptibility of thefill to

(i)  shrinkage-swelling potential ?

(i)  potentia for frost action?

(e) Isthere acertain type of compaction equipment you would especially recommend for this
job? Why?

Answer

Given: p, = 2.0 t/m° and w = 13%
[p] =0.60 x2.0 =1.2t/m?

Coaraes
[pl,, . =0.40x2.0=0.8:/m>

Mass of water = 13% = .13 x 2.0 =0.2¢6 £
Msss of water in coarse =1,5%4 =0.15x 1.2 =0,018 t
Mass of water in fines =0.26 - 0.018 =0.242 t

16
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{a)

M 0.242
=_—_ % 100 = — 100 = 30.3%
vl Finas [Ms] Fineg 0.80
{b)
Unified Classification = GC or 5C
{c)
W, - W _
Liquidity Index - -+ 2 - 39:25 - 12,
W o- W 271 - 12
L P
{d)
Shrinkage - Swell
Shrinkagefrom Plastic Limit = 12 LOwW
Swell from page 55 of notes Tabkle 1 PI<18 LOW
Frost from Figure 6-11 of Holtz p 183 LOW - MODERATE

{e)
Fines are CL. From page 158 of Holtz
Sheepsfoot or rubber tired roller
or page 37 of notes (d} use:
Sheepsfoot

4, As an earthwork construction control inspector you are checking the field compaction of
alayer of soil. The laboratory compaction curve for the soil isidentical to the test for the
Standard Test of Question 4-2. Specifications call for the compacted density to be at |east
95% of the maximum laboratory value and within + 2% of the optimum water content.

When you did the sand cone test, the volume of soil excavated was 1153 cm3. It
weighted 2209 g wet and 1879 g dry.

(@ What isthe compacted dry density?

(b) What isthe field water content?

(c) What isthe relative compaction?

(d) Doesthe test meet specifications?

(e) What isthe degree of saturation of the field sample?

()  If the sample were saturated at constant density, what would be the water content?

Answer

17
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(a)

_ 1879 _ 3
{b)
2200 - 1879
[wl,,,,, = 100 575 =17.6%
(c)
[o,] .
[Rel Comp] = — 2 *eld 14p = 1-63 100 = 94.2%
[Py] pax 1.73
(d)

Spec.: Rel Comp > 95 % and m/c = Wooet 2%

Rel Comp at 94.2% FAILS
m/c at 17.6% PASSES

— _ pﬂ'
(e) prE_Wpﬂ and p"—1+e
Assuming p, = 2.65 [e =0.63] §=74,4%
Agguming p_=2.70 [e =0.66] 8 =72.2%
()
Agsuming p, = 2,65 [e =0.63] w=23.6%
Assuming p, = 2.70 [e =0.66] w=24.4%

5. The following results were obtained from a standard Proctor Test in performed in Lab.
Weight of wet soil (Ib) Moisture content (%)

3.65 12.2
3.95 134
4.25 153
4.15 191

(@ Calculatedry unit weight for each set of the data

(b) Calculatedry unit weight for Zero-Air-Void (ZAV) a each moisture content assuming Gs
to be 2.70.

(c) Plot moisture-unit weight relationship along with ZAV line. Also calculate and plot (on
the same diagram) dry unit weight versus moisture content for S = 70 and 80 percent
(assume G = 2.70)

(d)  Determine maximum unit weight, Ygma ad OMC from the diagram

18
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PROBLEM # |
Wet wt.(Ib) | Volume (ft3) | Wt unit wt.(1b/ft3) | Moisture (%) | Dry unit wt.(Ib/ft3)| Zero void unit wt. (Ib/ft3)
3.65 1/30 109.6 12.2 97.59 126.7338649
3.95 1/30 118.5 13.4 104.50 123.7186077
4.25 1/30 127.5 15.3 110.58 119.2272309
4.15 1/30 124.5 19.1 104.53 111.1565613
Dry unit wt (S=70%) Dry unit wt (S=80%)
114.567709 119.341243
111.071765 116.013083
105.952745 111.107081
97.0107757 102.442806
Std. Proctor Test Results
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If the specifications call for field compaction to be minimum of 95 percent of maximum

dry unit weight of the soil, recommend the range of moisture content to be used in the
field.

Draw the diagram to scale

(Note: If you select to use spreadsheet, please show at |east one set of hand calculations
for each problem)

L a e G WA
Copmvalime MC vamge = Pa-6 7 S
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