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ABSTRACT

\

THE EFFECT OF TEMPERATURE ON CONSOLIDATION BEHAVIOR OF CTAY

The influence'of increasing theAtemperature in a con-
solldatlng 5011 is examlned by consideration of the thermal
energy 1nput from the temperature change. Thls energy pro-
vides the potaqtlal necessary to cause flow through phy31ca1"
chahges in the pore water and the soil-water interface.‘A'
consolidometer was designed to provide témperature changes
‘through a heating elemenﬁ and the temperatures being meas-
ured by a thermostatvin the water. The level of temperatures
were chosen as'20°C, 40°C, 60°C, and 80°C. Each temperature
level was allowed to remain on the specimen for 24 hours.

It was observed that tﬂé magnitude of the resulting
deformation depended'directly on thé magnitude of the teﬁ-
- peraturé‘increase. Void ratio is effected by change in tem- E
'peréture between the rahge of 20°C to 40°C fhe most. Changes
between the range'of 40°¢c to 60°cC, and 60°C_fo'80°C héve._ |
lesser effects respectively. The coéfficient‘of consolida-
tion increases w1th temperatures in the range of 20°C to.

' 40 C and 40°C to 60 C, but decreases at temperatures in the
"range of 6OPC to 80°C.
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| Konsoiide bir zeminde 31cak11k artiginin etkisi sicaklik
deglsme51nden dolayi termal enerji girisinin dikkate alinmasi
“ile gozlenlr. Bu eneral zemln—su ylizeyinde ve bosluk suyundakl
flzlksel deglsmelerden dolayi akiga sebep olan gerekli potansi-
yell saglar. Bir 1sa1 elemani vasitasiyla 51cak11k degismelerini
saglamak ve su 1olndek1 bir termostat ile sicaklik derecelerini
o6lgmek iqin bir konsblidometré tertip edildi; Sicaklaik seviyele
20°¢, #0°C, 60°C ve 80°C olarak segildi. Her sicaklik seviyesin
numuneye uygulanmas1né 24 sast miisade edildi.

Sonuq deformasyon biliylikliigliniin dlrek olarak sicaklik
artlslnln biliylikliigline bagll oldufu gozlendi. Bosluk orani en
fazla 20°C ile 40°C arasindaki sicaklik degismesi ile etklleniﬁ
409G ile 60°C. ve 60°C ile 80°C arasindaki degisikliklerde sira-
s1yle daha az etkiye sahiptirler. Konsdlidasyon katsayisi 20001
ile 40°C ve 40 C'ile 60°C arasindaki sicakliklarda artar, fa-
kat 60°C ile 80°C ara51ndak1 31cak1arda azalir,
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CHAPTER I INTRODUCTION

in‘the7solution of many engineering problems rt is
necessary to improve the properties of eoil, wheather as a .
| foundation.material or as a material of constrution in embank-
ments, dams; and other artificial works, Withvthis.resparch
we wanted'to'inveStigate wheather it is pessible to iupreve
the méchanical behav1our of soft clay layers by heatlng them.'
Any foundation subaect to sudden or contlnued temperature rises
would be affected by an increase in straln 1£ 1t_1s restlng_'
- upon seft clay layer. Such structures as kilns, ovens, boilers,
power plants, and liquified natural gas etroage,iall ereate
temperature chenges in the.foundation soil. Thus, the soil be-
neath them would have tobbe investigated with respect to the
effect of the temperature changes. |
The theory that a consolldatlng 5011 is affected by
temperature changes is known since a long time. Research pa-
pere on this subject fall into two general Catagories:
a - Cousolidetion ef.soil, assuming a fixed soil-water
temperature. “ |
b - Heat flow threugh astatic soil—water system.
| In addition to existingkresearches,~we.wanted to inves;
Itigete the infiueuce~of changing soil-water temperature undert
constant load. | _ “ |
To investigate the probable‘settlement under the effect
of temperature»increaee, we performed aiseries of consolida-

tionvteSts on clay samples.



The consolidation testé were performed'on two kind of
laboratory prepared clay samples. The constant vertical
loads applled to the specimens were 1. OO 2.00, 4,00 kg. per.
Sq. cm. For eacb load, the behav1our has been investigated for
“the following tempep’aturés:‘ 20, 40, 60, and 80°C. Each tem-
' pératureﬁlevel was alloWed,tp remain on the same temperature

for 24 hours. '



CHAPTER 2 TPREVIOUS RESEARCH

' A. STRUGTURE OF CLAYS
1. Definition:

Glay‘particlés are usualiy of small size less than two
microns and,most clay minerals.are thin flat plétes. all are
extremely flne grained, with large surface areas per unlt mass.
Particles with a diameter smaller than 0.001 mme but larger

than moleculer 31ze (16b6

mm) are classified as collolds. Clay
' partlcles fall into this range. Nearly all claypartlcles are
colloidal even though the maximum partlcle dimensions of sev-

 eral of the clay mlnerals is greater than 0.001 mm. (1)
2.Shape and Surface Area:

A schamatlc comparlson of the s1ze, shape, and surface
area of several clay minerals is shown in flg. 2e l. Plate-
shaped partlcles are the result of layer—lattlce structure
due.to strongliboﬁding along two axes,'but weak anding be-
tween layerse. Thé clay particles thickness depends on the:
magnitude of the forces of attraction between the'layérs}
The variation iﬁ specific surface area is due to different )
thickness of thé»platefshaped.particles. Montﬁbriilonite;
layex ‘is= in the average (10 A%) thick. Usually a clay par-
. ticle was»severaluléyers. Variation in the other two dimen-

sion-of clay particles. is related to degree of crystallinity



of the clay.minéralé.jA well—Cryspallizéd kaolinite has large
particles;;iftit is poorly crystalline.the particles has no
larger than those of montmorillonite. In general, the smallest
surface area is that of kaolénité (about 15 n= /8). Illite
has'a higher specific surface area and a-highér_acti&ity.
 Montmorillbnite‘has the highest spécific,surface area and

activity. (1)

- ' “Surface Areo
Edge View } m? /g .
T

_ Montmorillonite . 80

Clay Mica
[ | 80
i Chlorite _ ’
’ |
15 ot
i Kaolinite

Eig. 2.1 — Edge-View Sketches to Show Relative Lize énd

Shape of Clay Particles; Dimension Not Shown

- Is Equal to Length.



%. Adsorb Water:

' Tﬁe property,oflattracting and. holding solvent,materials,
ions, gas andmwatér“oh'the surfaces of the particles is termed
adsprbtion. Clay particles,in solls are alﬁays surrounded by
layers of water.m01ecules called adsorbed.water;vPlasticity,
compaction, interparticle bonding and water movement in soils
are all influenced by the water: layers. The forces holding
water molecules to the clay surfdce arise between water and
clay. Water is a dipolar.molecule, with a_separation of cen-
"ters of;positive‘and negative,charge. This means that Water'
will be atfracted by fhe charges on thebclay surface. Further,
the hydrogen inns: of water will lead to hydrogen bondlng of
watel molecules to the exposed oxygen atoms of the clay min-
eral surface.’Hence the clay contrlbutes both the negative
‘charge and oxygen or hydroxyl suriace to attract water mol-
ecules, Catlons in water are always hydrated The main force
'bondlng water to the surface is- due to the hydrogen bond.
This is a very 1mportant bond in many natural mater1als. The
first layer of water molecules is held by hydrogen bonding to
the clay surface. The second water layer is held to the first,
‘again by hydrogen bonding, but the foree becomes weaker with
;distance as the orienting infldence of the sﬁrface on'the
‘water close-to the clay surface differ.from those of free‘water
" The density of adsorbed water is higher than that of free
water. The viscosity of this water is greater than that of
free water. The adsorbed water is very strongly attracted

to the ‘surface of the soil particles.



Wlthln the adsorbed water 1ayer, water molecules are

orlentated 1n such a manner that the positive poles are facing

the anions on the surface of the partlcles, and. the negatlve
poles are facing the cations presentvin;the adsorbed water
layer. The clay particle with its layer of adsorbed water and

.diffuse layer of exchangeable catlons can be illustrated in.

-flg. 2.2 and flg. 2.5 (2)

Fig.’2.2'— Distribution of attractive forces within

- the adsorbed water 1ayer:(7,attractive
forces; x, distance from the particle

surface.,



4. Double Ionic Layer:

Because a solid particle is surrounded by the oriented
Water‘diapoles, the electric charge of the surface ions is

"not electrostatically balanced. To achieve the balance, ions

- must be adsorbed from the water solution present in the pores. .

‘However, the‘afﬁfacted‘cations cannot form a single layer
around a particle, because they thémselves are surrounded'by‘
Watervmolecules which prevent them from packing‘éldsely to-
gether, and hence they are-distributed ( diffused ) through
5 certain layer, with the greateSt concentration close to
the particie surfacé, gradually decfeaéing until ‘the normal
concentration of the pore water solution is reached. This |
layer is'kﬁown'as a diffuse layer..Fig. 2.4. The diffuéé
layer of cations together;with the surface layer of @nions

is called a double diffuse layef. (2)

5. Compression and Swelling of Clay:

The physico-dhemiéél properties of clay minerals
are of great value in ﬁnderstanding the meehanical.behav—
ior of clay on thg macro—SCale. A number of interesting
‘investigations have illﬁmiﬁatéd the compression and swell~
ing 6f ciays.'Considering consolidation test in‘which the
applied stress is steadily increased, the increasing strésé
compresses‘the élay; If the clay particles are-perfectly
parallel to each othér, the cqmpression results in pushing

thé clay'particles closer and closer together.



As the stiress is gradually reducéd,.the clay swells
as the particles move. apart. The mechanism of cdmpreésibility
and swelling is.related to the equiiibrium of water content
in the soil. The pheﬁomgnon of compressibiiity is accom~-
panied not only'by.the chaﬁge'in waﬁer céntent but also,by'
the decrease in the distance between the soil particles and
- hence by'fhe'change in the magnitude of the attractive forces

between soil particlés-which‘result further compression. (3)

A
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Clay Adsorbed water Hydrated cationsand
porticle - layer anions of diffuse
: ion layer

- Fig. 2.3 - Schematic Diagram of Clay Particle with
Adsorbed Water Layer and Some Cations at
the Surface, and the Remainder of the x-

changeable Cations in the Diffuse IonéLayef.
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10
B, CONSOLIDATION THEORY
1. Definition:

'The'compression of soil eccurs mainly as a function or'_
a decrease of the volume of the voids. If the voids of a soil
are entlrely filled with water, measurable compre391on can
occurconly as a result of ‘the escape of excess water from the
voids., Gradual compre531on of a soil under such condltlons, |
when induced by statlc forces of grav1ty, such as the welght “,
of the soil itself or of structures erected upon it, 1s termed
‘consolidation. If the saturated soil is a clay with low per-
. meability, its consolidation will be quite slow, sincecany
excess water iu the voids will take time to be squeezed out
toward pervious boundarles of the clay. layer. The consollda—
tion of saturated clay under load can be d1v1ded 1nto two
parts. Primary consolldatlon during which free water is
squeezed out the void spaces, and secondary consolidation
during which some of'the‘highly‘viscous>water_between the

points of contact“is4SQueezed out from betweeu the grains. (4)
2+Assumptions Made:k_

v The theoretical concept of the.consolidation'process'

for saturated clays under load.was‘stated and a mathematical
statement for the progress o£ consOlidation was developed by
Terzaghi end Prélich during the decade between 1910 and 1920
»while at the University of Viemna. In consolidation theory .

-the following. assumptions. are made: (5,6)
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l; The séii is completely saturated.

2~ Wéter ahd soii grains are incompressible.

3= Darcy's law is valid (V- k.i)

Y- consolidation‘iS'one dimensioggl (Vertical), l

that is, there is no 1ateral’flow‘of water or‘soil movement.
.5- There is a Conétant temperature. A change in tem-

perature from about 10 to 20°¢ (typical field and laboratory

temperature, réspectively) fesults inaboufba 30 percent ¢hange

in the viscosity of water.

'%r‘ ! - '  — - !

Al " TAH T
| T T
' o A Voids “
5 L
x | . |

- Soil Solids

_i_";L. v

Figure 2.5. Settlement.of a soil sample.

The degree of compressibility of a soil iS-expréséed by

the compressibility coefficient 8y

. . Ae _»‘eo—e‘ 2, .
I = AP " P-p, cme/kg (1.).
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If P> P,y 8 is a c'ompressibility coefficient.

If P(P ; ay i.s'a swelling coefficient.

' The decrease in volume is the settlement of the soil.

Hence the void ratio also varies with the load. The time-de-
pendent settlement of a layer of 5011 can_be computed using
consolidation paremeters (refer to fig.2.5.) as foilowe:

By proportion, | |

- AH _ Ae o : v
H ~ +eg ) (2)

or the'settlement,

_AH'- 1+eo H

€o — €
AH = —°—-—-—~1+eoﬂH

Another coeff1c1ent the modulus of volume change Mv y is

frequently used.

(4) -
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32— The Coefficient of Consolidation:

The second consolidation parameter of.interest at a
Consolidation test is the coefficientvof consolidation'Cv.
The equation for Cv is developed based on one-dimensional'flow
and saturatod soil'cohditioos. Since cOﬁsolidatiOh under these
oonditions is.dipectly dependent on the extrusion of pore water
from the soil voids, one may deveiop the needed equations by

considering continuity of flow (£fig.2.6.) as (6)

Qin:-Vyx dx «dz dt
Qout =( Vy, +%lt dy)dx «dz « dt
| 9y

and the volume change as a rate process is

i

v Change = 2V __dt=q -
olume nge St t =0, Qm
Equating as indicated; one obtains
OV 4ydzdxdt = 2Y_ dt (a)-
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| - ut
-Ii o | Vo'lds,AVv 1
+
‘L :l-— Solids, yg
a-Volume of Soil: b-One- dimensional Flow :

Flgure. 2.6 Ideallzatlon of soil and flumd flow for develop-

ment of the one—dlmen31onal theory of consolldatlon.

Since the soil gralns and water are incompressible for all

R préctical purposes and-for the'preSsures involvéd, the change

‘ih volume host'pe due to a change in the volume of soil :vaids,

OFe : EV _ W
ot _- ot

The definition of void ratio'gives

(b))

VV: e.XVS

.and»différentiating with respt to time and using the product

rule, obtain

‘avv '_ aVs sV oe
Dt Bt >t

Observing that e(b%;/éj )= 0, since there is no change in the .

volume of soil grains, we have
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Y - de - )
R TR )

Frowm fig.2.6. note that V., / V=1/1+e , and soluing for

iVé y Obtain

Vo=V _ dxdydz -
ST 1ve +e ' | ' - (d)

Substituting Eq.(d) into Eq.(c) and multiplying by‘dt,
vaV dt dxdydz . 0e 4 : : '
- t |
Substltutlng Eq.(e) into Eq.(a) and cancelllng the product of

the four dlfferentlals, obtaln

dvw 1 ae ‘ | | (f)
dy  tre it '

There is a linear relationship between applied pressure and

volume change, and noting that volume change depends on pore

water extrusion from the soil voids when the soil is saturated,

obtain
Qe _2de  Ou :avxau o (9)
ot OP Dt at.f o .
Where: a, = %e , the coefficient of compressibility.

U = pore weter pressure.
From Darcy's law, the velocity of water is v=kei, and with -
‘the total head h=u/y, , we have
dVy © k 2

Y. = x (h)
oY Kw BYZ - . o
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"§ﬁbstitutingtEg,(h) and (g) into Eqe. (f), obtain
Ju ': k(1+e) ) 32LJ
ot avqu D Yy2 .

Which can be written as

2
BU »:C B u (i)

ot VY 3y
Where . Cy= ;@%ﬁl_ (5)
| v Ow

The Eoundary conditions for tﬁe.case of one-dimehsionéi
consolidation may be expressed as'follows: |
Boundaries of the élay layer aré‘permeable. This kind_of

boundary condition is valid for“regularjoédometer tests. |
The matﬁematical expressions for thése three boundarj '
conditioﬁs are | | o

1- When z=0 wu=0

2- When z = 2H uz=0 (6)‘

3= When  t=0 :u=zuy _ f_ -
" The solution.of‘Eq;(i) takes the fofm V(Taylor;'l948) of a
§efies solution to give the inétanténedus value of the excess

pore water pressure u at a specified point in the soil mass as

H

VAV . 2
[—:_T-Of.ui Slilj D—S-Y—d;JESln ‘n_ﬁy_]Eexp(—-g—n 712T)] . ( 7)‘

,‘_U:E

n=1
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Where n =:any integer. ,
¥ = depth into a'stratum-of“length of drainage path H.
H = length of longest drainage path in soil sample.
T = dimensionieqs ﬁumber termed a time factor, or
1= SCurli ; (8) -
H2 _ : : ’

~ For the case of constant (actually any linear variation)

initial hydrostatic pressure Eq.(7) simplifies to

u:Z 2ui_sin My opp - Mr (9)
. M H . '
Where - Ui = initial pore pressure distributionj; use constant,

Iinear variation, sine wave or u;-u_*u (H-y/H)
as 'in fig;é 7. |
M"E 7 (2m+ 1), where m is any integer from O to oo
Referrlng to flg.2 7. if we apply a pressure 1ncrement
P to a fully saturated soil which has fully consolidated (u=0)
under the existing pressure'P ’ the new totai'pressure'is
P2_P + P The pore water carrles the load at t O(flg 2.7 a)
_81nce dralnage is not instantaneous, and uy = P for S'=100
' percent. At t=0 the consolidation has just begun, or the per-
cent censolidation u::Oapercent. At_some times ti(fig.2.7.b),
.the pore pressure patterns (isochroﬁes) due to drainage being

more rapid at or near the free surfaces are at, or approaching,

. zero as shown. At'the free surfaces, U=0 and consolidation

is complate‘(u::loo percent). At interior, points the consoli-

. -dation Uy would, by inspection of fig.2.7.b;be
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Uy = Mg= Ui _q_ _Yj ' : '
s e 21 T (10)
. oo
S - Uy=a- E; -Sin My exp - NFT | (11)
: ' : m:g _ '

(lO) is obtained by diViding Eq’(8) by u, and subtracting
1, as- indicated in Eq.(9). It is necessary to 1ntegrate uy for

the entlre stratum thlckness as
2H

o) ui | |

=1- ‘

IG BN S
S |

Substituting Eq.(8) in the numerator and u_ constant in the

0
~denominator of Eq.(12) gives.
- Y 2T (13)
V1= oM |

m=0.-

Often the first term (with m=0) provides a solution of suffi-
cient precision for all iﬁ terms of percent cohsolidatibn U

versus T by'reérrangingvand solving. Eq.(13) for T, to obtain

1= n(2/M%) -ln(1-u)

: 7
 Note fhat the. time factor T is not defined when U= 1.00,since
the logarithm of O isoo, Selected solution of Eq.(lB)‘are.
givén iﬁ‘Table 2.1 (with m>0) for several assumed initial
‘pore;preSSure disfributioﬁs caused by a strgss increased AP

as shown.
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Supefposition of cases I and II or cases Ia and II‘provide,

solution for~other-pore pressure distributions. (6)

I———Iniliol Auat 1:=0 ———] ‘ »
p>p ‘ D , f

i

‘y A \\\r\v\" ,ITi »u S !
e\ oy
2H \ T
| .
asela Casell N
:.Free-draining as sand II -~
. top to pottom - . / ,r/

(o) Excess pore. pressure distribution
ossumptions in ‘consolidating clay layer
with foundation load @, cousing a
stress increase from p 10 p+4q.

(b)-Pare pressure disiribution with
times T, (ncting T = f(time))
ond depth in stratum.

Fig. 2. 7 - Excess pore pressure distribution assgmp-

: tiohs for an increascd effective‘stress
within a stratum and qualitative pore pres-—
sure distribution as a function of elapsed

- time.
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Table 2] Time Factgrs for Indicated Pressure Distribution

¥

U(%) CuseI-Ta - Case I
0 0.000 0.000
10 - 0.008 0.048
20 0.041 < 0.090
30 0.071 ' 0.115
40 . ©0.126. . 0.207
BO 097 0.281
[T 0.287 . 03N
70 0.103 . 0488
80 0.567 0.u62
90 0.848 0.933
100 : '

ft— 14, -
u, . u, ' ‘ o M

-

AT TR m=y

1 Cl -

0, = ’ | - | 2  wy=u, sin 23
Hy = U, iy 0w, =, M
Case | : Case Ia : Case [}

Pore-pr;:ssure distribution for cuse I usually assumed for case la.,

» . . i

! _ .
Table 2.1 - Time Factors for Indicated Pressure

Distribution.
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C- EVALUATION OF HEAT FLOW- CONSOLIDATION EFFECT

The firét law.of_therhodynamics relates the change in
'heat'énergy to the change in internal energy of a:substance
and to the work done. Ih'this.way_an_energy_balance and an
evaiuatidn of heat can be obtainéd for_a_given.substance;
o have a change in heat energy7 eithér the result of,prbcess
or the cause of‘one,'it is necéssary té apply some type of
driving force or potential. One type of potential is a tem-

perature difference defined by

AT:T;-_Tj S - (14)

Where'Tii TJ;AAT =temperature difference, and Ti and'

Tj: temperature eitﬁer at any two poihts'in the body, or at

‘one point atitwo.diffefent times;VWhen”this temperature dif-
ferénce,sz, o¢curs‘either over a . particular sample distance,
X, over a period of time, i,a'te@perature gradient (AT/x pr 
At/t) is established. The heat ehergy; Qtét’ absorbed in a
'saturated soil of;porosity, n, can be expressedvin terms of
an'externally'applied temperature'source,[LT, as

'Qtot = Qwaterf.Qsolids - | (19)

= ¢ "'Pw' nAT » (15§)

Because Quater - Cw
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and Q13 e f . (L-n)AT S ~ (16p)
~then Qo = (cw.'Pw.n teg. Ps.(l—n))A’l‘ (17)
. where: ‘ e, = heat capacity of watef, H

Cg = heat capasity of soil,

Ps = Mass density of soil,

Pw = mass density of water,”
‘ n ‘=Apordsity. o
In this?way it would.be pbssible to determine the heat
energy absorbed from a given témperature'grédient for a soil
whoée physical characteristics are known. |

In avcpnsoli daﬁing soil, however, n Qould be changing ‘

~and AT might also vary. It is evident that as the temperature
gradient is increased, the heat in put is increased. The :
porosity decreases,'thq heat absorbed by the system‘decreasés.
This is causedwby the relatively high gpecific heat of water;
Duringvthe consolidation process, the heat ehergy absorbed |
for a constant AT would deCréase.<Because the void decrease
‘_is a decay phenomena,,and'éé indicated by\Eq.(17),'ins:a
linear.function 6f n,Vthen;Q(n(t)) wbuldvalso decrease with
time for a constant AT. An'épplied temperature gradient causes
a flow of water out of the system, which by nature and defini-
tion is a .consolidation pfocess. Basically, as the water
becomés two méjor factors increase the rate of consolidation.
First, the viscosity of.the free pore-water decreases expo-
mentially with T as -

T
/4 = Ax 2/ / v (18)
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_W1th a smaller value of viscosity there is a decreased 1nter—
nal re51stance to flow at points of higher temperatures.
Secondly,_the.lncrease in heat energy will cause an increase
‘in ionic movement of the adsorbed water films at the soil
particle-mater interface._To interpret the effects at tempera-—
ture on consolidation, it is necessary to examine the physi-
cal changes in the soil as the'voids decrease during a
specific heat inpnt. If-the applied  temperature difference:

is AT, and porosity at a given instant is n, using Eq.(13), .

lete.
. Dl - "‘Cwo Pw . - : . (183)

Dy 7 e5-F ,_ o (18b)
and ‘Qtot: (n'Dl+ (ién).Dz)A!P '(19)
for ’ Q = constant

Q = Q7Qg D | (20)

(nl Dl'+ ‘(_l,_nl) D2) AT1= (n'2 Dl (1-1'12) D2)AT2 (21)
'and B

ALE_;'nz(D1-D7)+DQ o (22)
BT2 ny(Dy-D2)+D2 | R

From the above equations, Di and-D2 are constant, it can be.
seen that a decrease in voids, n, would necessitate an increase
in temperature on the system to sustaln the costant heat en-
ergy, Q, whlch results in the consolldatlon of the system.

From (22), for a smaller por031ty a greater temperature in-

crease must be establlshed +0 maintain a constant heat ‘energy -
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input. If the temperature is not increased as the voids
decrease, i e., if the heat energy is not,éustained, the
potantiai necessary.to. continue the flow of water de-
creases. A sudden increase ih potential (mechanicai or
'thermél) WOuld create an in¢rea$e on the amount and rate‘of
éonsdlidation. Howewver, as the energy 1ével of the system
becomes constant, the soil voids (aﬁd bermeability) are
Jdecreasing; - | |

| This decay phenomenon would to the primary consolida-
tion, where bulk flow through the voids predominéted. However,
in secondary consOlidation'changes in the‘SOiléwéter behav;
ior wquld also contribute to consolidation and a certain
’amount-of energy will Be disSipated at the soilfwater in-
térface. Whereas primary and secondéry consolidation occur
simultaneously, théfirsf'phéses of pore pressuré dissipation |
under large gradients might occur as a predominanfly phase, -
whereas secondary consolidati;h may become a greater factor
ovér-large time periods. It might be pdssible to examgne . :
the effects of heat_onvsecbhdary consolidationrif the heat
is increased and the nature of the chahge’noted.’The ther-
ﬁal energy applied would be changing the viscosity of thé
water and energy at fhe soil—water-boundaries.'However,
because at this time hydrodynamic COnsolidatidn approaches
100 % andvthe pbre-waﬁer pressuré apprbaching ZeTo, increasé
in consolldation would be mainly caused by an 1ncrease in
ionise movement at the soil water 1nterface, coupled with

the decreased water viscosity. The result would be a de-

creased shearing resistance of the system as a whole.
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whereas the exact nature of the influence of heat on a
consolldatlng goil is difficult to deflne, the effect of
such energy applicatlon can be measured as a gross effect

or the total strain response to the temperature gradlent (7)

A number of. studies have established that the engin- »
eerlng propertles of soils cen be influenced 51gn1flcantly
by temperature varlatlons. FINN (8) and PAASWELL (7) have
investigated the effect of temperature on consolldatlon.

Finn has investigatedfthe effect of temperature on.the
consolidation characteriStics‘dfhremolded clay.

The consolidation tests have been performed in the
labcratory Where temperatures have beeh:yaried from'lﬁoc to
27<°C.'The»consolidatiou characteristics of 'a soil are evalu-
ated by application of the Terzaghi theory offprimary consoli- .

'datlon, which is based on a number of 31mp11fy1ng assumptions

~. and approx1mat10ns. To study ‘the effect of temperature on the

consolldatlon characterlstlcs of clay, nine consolldatlon

tests were performed by Flnn, three tests at 20 C and two

' each at 4. 5, 10, and. 27%. The llmlt space avallable in tem-

perature controlled rooms made 1t necessary tohuse a relative-
- 1ly small and portable consolidemeter. The soil used.forpthe
consolidation tests have a liquid limit-of 64 percent and a
Jplastic limit-of 38vpercent. The loads &pplied to the speci-
mens deveiop pressures of 0.25, 0.50, 1.00, 2.00,,4,00; and
8.00 tons per sq ft and each load is allowed to remaiu on the
specimen for‘24 hours. Fig. 2.8. and fig.2.9. show the effect
of temperature on the coefficient of consolidation. From these

curves it can be seeu that tests made at 20 and 27 °C<reSult
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in coefficients of consolidation which are, for practical
purposes,,the same. Results of tests performed at tempera-
tures of 10 and Q.SOC'indicate a definite decrease in coef-

”fidient of consolidation as compared to 20°C values.

0.0008 =
‘ VOOC;07 . . Legend
- 028 Avérage of 2 Tests : |
O 20 € Average of 3 Tests ) o¢, . i
% 20E Average of 2 Tests 07 1
00006 |— AL Average of 2 Tests ) J_?,

,‘/ﬁ’//’

Coefficient of Consolidation sq in.per sec .

. AJ
A / J0€ |
0.0004 : > — .
ﬁ—' p ’
[ . ’
00003 |—o=———1___—1 ]
0/ L " . .e
" 445
0.0002 —
O B .,
A Iy
0000 : '
ol 0.2 04 06 08 10 20 40 60 80 100

Average Applied Pressure, Tons per 3q f1

Fig. 2.8 - Effect ofrTemperature on Coéfficient of

| Consolidation. '- S

Fig. 2.9. indicates clearly that the temperature effect
is more prbnounced below é'temperature 6f 10°C. The coef -
‘ficient of éonSolidation is unaffécted by temperature within
 the range of 20. t027°C but is chénged,by a drop in temperature‘
“to 10°¢ 6r 4.500. In shown fig. 2.10, the family of pressure-
void ratio curves obtained from the test plotted with tem-
pératuré as a pérameter. |

BOGAZIC UNIVERSITES! KETOPHANESE

PR o s
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liFig. 2.9 - Effect of Temperature on Coefficient of
| Consolidation. Average Applied.Pressore in
' ;_Tonsoper sq ft as a Parameter. |

It is apbafeﬁt that these curves are of the same general
shapebalong a considerable part Of.théir length. A géneral.
interpretation of this relationship would mean‘that for any
specific preséure increment the amount of compression is the‘
same regardless of'temperature. Hence- it can be concluded

that none of the factors in Eq.2%. is effected by tempera-

ture.

S=HuAPem, - " - (23)
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‘Fig. 2.10 - Effect of Temperature on the Compression

Curve.

Void ratio determinations and determinations relating to the
coefficient of volume compressibilite are not effected by

'change in temperature between the range of 27 aﬁd 4;500.

Paaswell (7) has investigated the temperature effects
on claylsoil consdlidation. The influence_of.increasing‘the tem-
peraturein a consolidating soil is examined byv;onsideration.
of the thermal energy input from the‘temperature change. This
energy provides the potantial necessary to cause flow through
physical changes in ‘'the pore water and the soil water inter-.v
face. A fixed ring consolidometer was designed to accommadate
‘a,heating>element in the water bath which surrounded the sample

infig. 2.11.
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Base : ‘
‘(a) THERMOCOUPLE NUMBERING SYSTEM

Load

Cap thermocouple wires

‘/Thermocouple : b

A /
] v "'“'l/ o 2 !
o (/

—

To potantiomeater | ‘\\'.' NN
_ Heater —»3 | |2 }\;§§§ . §€——Heater

< = ll Base .

Base thermocoupte }ues

Drain

(5) CONSOLIDOMETER

Fig. 2.11 - Schéma’tics of a Temperature Controlled

~ Consolidometer.

This désign allow a high degree of control over the magnitude
and rate'bf temperature rise on the surface of theksample.,
Temperature is measufed by calibrated copper—contantén ther—
mocouplés..These'fine'wire thermocouples are positioned at

the top and bottom‘drainage surfaces of the soil sample. The4
soil bhqsén.is;peﬁn soil, compacted to the given density.'The”
procedure used for the tests consist of loading theAsoil, at

a fixed temperatufe (25°C), in incremenfs, until the desired

stress level is obtained .
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‘At-this level the strain rate is observed,-and when consoli-
dation is considered complete, a temperature rise is estab- |
"llshed at. the surfaces of the sample. These temperature rlses
are of three types: Low temperature-long time, high tempera-
ture-long time, and hlgh temperature-rapld time.

Long time F'low temperature rise:’

This test seriesvhave been inﬁestigated the effects of
a small temperature'rise (7=10°C, from 20°C to 20°C) over a
period of 2 hr to 2-1/2 hr (4°¢ per hr - 5°C per hr) by
Paaswell. In figs. 2.12(a) -~ 2.12 (d) it can be seen that the
change in the percentage of strain vary from 0.1 % under a

2

stress of 0.2 kg. per. cm~ to 0.225 % under a stress of l 55

kg. per..cm2

. Thls indicates. that the effect of temperature
_Trise becomes more marked as the stress level increases. The
slope of the strain-time curve closely approximates in shape
the slope of the tehperature—time curves. The slope of the
temgeratureftimeuourve.indicates a relatively slow initial
temperature increase (from t= O min to 20 min), followed by
- a more rapid temperature 1ncrease durlng a period from 20 mln,
"t0.90.min, then followed by a decre331ng approach to the final
.temperature at a period of 2 hr to 2-1/2 hr after inception
‘ ofkthe change. The increase in consolidation is caused by a
constantly increasing heat energy level within the entire
sjstem. o | _ | ‘

Long time - high temperature rises

When there is a 1arge temperature increase in the soil
CAT 30 C), the straln effects become more pronounced. Changes

in the specimen become marked both with respect to time and

sSpace.
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The evidence of this is illustrated in figs. 2.13(a) to 2.13 -
(d), which plot both the percentage of strain and of tempe-

rature as a function of time, for various load levels.

2

| (P=‘Ob.59 kg per cn ,to‘P: 3.12 kg‘p_er cma);. i

, 005 () P,,,=02 KG PER SQ CM . L (c) P,,~0.78 KG PER SQ CM | ‘ .
5 0.10 ~ ol o | — »
1 o | N |
& 015 - AN ' }
5 o : ,\\\' ?

. : \\ |

. N
9 30 . \Ol '
- 1 ﬁ)—'—i-g'
] . . J
\ (d) P, =155 KG PER SQ CM—
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[e)

:.;,‘ tot
g 10
: 0. N
5 N . '
= 015 . <
A \0\‘ .
"7 20 — ‘\"\
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i
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Fig. 2.12 Strain Versus Time: Long Time, Low

Temperature Rise.
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The temperature rise var# from 25 - 30°C to 55 - 60°C,'and'
oceur over a.period of 4 hr to 5 hr. Whereas in each case the i.
temperature have reached 95 % of more of its final volde after
3 hr, the strain do not reach 95 %4of its final value until
4 hr to 4 - 1/2 nr have passed. Theetotal amount of strain in

“the high temperature rise tests vary from 0.9 % to 1.15 %.

As the expected amount of strainvfor a cohstant temperature
test (T:r50°C) for this same time period 4 hr is less than
0.02 %, it is evident that thedtemperature has caused a marked

" change iu strain in- the consolidation'process. Over the eurface
of the sample there is a slight temperature lag between sur-
face points 1 and 8. This lag vary from 1°C to 2°C and is
most evident through the middle and later stages of the test.

ShOrt_timgmfuﬂighrtemperature rise:
The most pronounced temperature effects are'apparent
in the short time, high temperature rise tests. In a period
of approx1mately 15 min, the boundary temperature is raised
by approximately 55° C ( 3 7 C per min), because of the design
of the system. The amount Of strain is 1arge, varying ‘from
1.8 % under a stress increment of 0.2 kg per cm2 to 2.2 %
under austress increment of %.12 kg per cm2. From t =3 min
to t =13 miu, the temperature rise is nearly 1inear.'During
this time the temperature difference vary from 5°C to—20-2500
between the points 1 and 8. The strain reach a limit as the -
soil sample temperature become constant Thls limit is well

‘bllllstrated in flg 2.14.(a) through 2. 14(b), for after 14 min

the temperature at the outside of the sample becomes constant

and at the inside approaches a constant limit, and the strain

approaches a constant limit.
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The follow1ng conc1u51ons can be drawn:

1l - Notlceable strain effects are produced in the
soil when temperature differences are applied at'glven stress
levels. |

2 - The strain-time relation ship.for small temper-
;ature differeﬁce'is similar to the temperéture-time relation~
ship. |

'5:— Large temperature changes simulage thefmai
loads in that a definité noticeable strain-time relation-

ship results in which the strain increases as the temperature

increases.
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This relationship.evidept in both long-time and shorf-time
'temperature gra&ients, ihdicaﬁing tﬁat this phenomenon af-
fects the primary fype of‘consolidation more than the sec-
ondary type of consolidatioh, with a raﬁid flow of wmter
| out of rapldly changlng v01ds. |

4 - Temperature 1ncreases create a decrease in the -
viscosity of the system as a whole, thus leading to a decrease

in shear resistance of the system.
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CHAPTER % TESTING ' PROCEDURE

A, MATERIALS

1. Claj with Low Plastisity (Topser-Yellow) :

Generally,it contains silt and fine.sand. This clay-

has low plastisity. Index properties were obtained from

laboratory expéfiﬁéﬁfé as follows:

L:1=50.0 %
P,L =24.8 %
P.I=25.2 %5
.‘.Gs = 2.70 t/w’

2, Clay with High Plasticity (Bogazkdy-Grey) :

Generally, it contains silt and fine sand. This clay

is highly plastic and some of the index properties are :

' L.L=70.0 %
P.L = 55‘2 %
PoI =34.8 %

Gy . = 2457 t/m?
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B.MINEROLOGICAL FROPETIES OF CLAY USED
. i v el .

Minerology can be considered fundamental to the under-
standing of geotechnical properties, even though minerological
determlnatlons are not made for many geotechnlcal 1nvest1ga- |
: tlons. the properties of clay soils can not be explalned
without consideration of mlnerology. X-ray diffraction is the
most widely used methodiSor identification of fineQéfained
soil mineralé’éhdwfhgvstudy ofhtheir cryétal sturucéure. The
results of x-ray analysis on»thesé ciéy that-héve been done
in I.T.U.Mdgka Maden Féc&ity; Show that;

a-Clay‘with low plasticity has as main mineral kao-
lonitewith a.little amOunt.of quartz and illite. The soil
con51sts of 40-45 % clay,50-55 % silt, and 5 % fine sand.
b- Clay with high plastlclty,hgs as main mineral kao—-
" lonite with a little amount of quartz an illite. The soil
con51sts of 45-55% clay, 40—50 % silt, and 5 % fine Sand.

The follow1ng involves general information on kaolonite,
' illite, and quartz minerals. \

The lattice of kaolonite is made of repeating layers of
silica -and alamina sharing oxygen atoms$ between them. The
layers afe‘ﬁeld ﬁo gether by hydrogén bonds having hydfoxyls
ions,(OH)-, from the alumina sheet and oxygens'from the silica
_sheet. A typical kaolonite crystal may be 70-100 layers thick.
kaolbnites are found in soils that have undergone considerable

'weatherlng 1n warm and m01st cllmates. theyhave low 11qu1d

llmlt and low activity, (1,2)
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The three-layer primary element with the potassium ions -
occupy.pOSitionshbetween the adjacent O'2 base planes. Formed
is a clay mineral is known as illite.The potassium ion bonds
" the two sheets to gather firmly. Illite does not swell so much
in the presence of watér.‘althOugh it expands more than kao=
lonite. ( 1.2 ) |

| Quartz (silica ) is a-cléanftransparent mineral formed
from the slow cooling of>1;quid'mégma._lts~high resistance to
chemical wheathering enables it to be broken into small pérﬁi-
cles by mechan;cal wheathering without change in composition.

. It is the principal mineral in sand and silts. ( 1.2 ) -
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C. EQUIPMENT

The apparatus used during the tests is shown in fig.
(3.1.). In addition to the unit shown, and a photograph of
a complete aesembly is'shown,in fig (%3.2). 'The compressive
properties of aueodlia:e studied by means of an oedometer. An
‘oedometer consists of a brass ring (l) into which a soil.
sample (2) is placed. Here the  soil sample is in a lateral-
| ly confined state. On top‘and at:the bottom af the soil sample
| there-are porous filter stones (%), one on each side of the
sample, to permit. a two way drainage of water expelied_out'of
" the woids from the soil sample under a vertical load;'p. The
aXial, vertical .load is applied on the sOil sample by means
of a loading yokethrough a steel ball bearing (5) which rests
on a circular loading plate (6),3providing aluniform pressure
distribution on the soil sample. The soil.sample is subjected
Jto predetermined load increments. The load externally applied '
on the soil sampie compresses the soil,’equeeZes some water
out from'thedvoids'of the soil, and the soil sample-thus de~-
crease51n thlchness. ThlS volume change is measured by an
Ames dial gage (7). The volume change readings are made at
definite time intervals for each load increment. The diameter
of the ring (1) is 6.00 cm. Its height is 2.54 cm. (10)

To evaluateﬂthe effect of temperature en a consolidating
soil, ithas.neceesary to develoo an oedometer which could
\provide heatdng of the soil sample.’A'container was made of
sheet-iron to accommodate a hatlng element, ‘a thermostat, and

a floater in the water bath. It was 1llustrated in fig. %.%..
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A container has a helght of 6.00 cm, a length of 50. cm, and
a width of 18 cm. The water 1nnthe contalner was heated by
heating element which was made of cupper. (8). The tempera-
- ture of water at specific degrees was measured by thermoetat
(9). When the water level in the contalner was gradually

‘ decreas1ng because of evaporatlon, we made a floater to
replace the evaporated water. This de51gn allowed a high
degree of control over the rate of temperature rise on the
301l-water system._All of them was 1llustrated in fig.%.4.

and fig. 3.%.

Fig. 3.2. Consolidometer.:
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Fig. %e.
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D. MATERIAL AND < SAMPLE  PREPARATION

“The materials used in the tests are first dried in the

oven and then sieved from a No: 40 sieve. To get the material

in a condition suitable for testing it was first necessary to’

 throughly mix the clay with sufficient water to bring the
sample to a water content slightly below the liquid limit.

The initial.moisture content of the samples for lean clay

varied from 42 % to 48 % with the avarage value 45 %, for the

fat clay the water content varied from 67 % to 70 % with the

average value being 68.5 % .
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1l -~ Grain Size Analysis Diagrams.
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'E. TESPING

To study'the effect of temperature on the consolidation
A,characteristics of clay, six consolidation tests were per-
formed.vthree tests were made with a clay of low plastlclty 7
,_and the others made with a clay of relatlvely hlgh plastlclty.
After materlal preparatlon, moldlng the material was accom—

pllshed by press1ng thln 1ayers of materlal into the consoli-

dometer ring with the. spatula. Taklng care not to leave among '

'v01ds. Before assembllng the consolldometer care was taken to
ensure that the porous stones were saturated.
Tests were performed under constant loads whlch are |
‘l OO 2 OO, 4,00 kg. per. sq. cm., Each load 1ncrement
until we reached the. constant load, is allowed to remaln on
_ the SOll sample for aperlod of 24 hours. Durlng the appli-
‘cation .of constant 1oad, the temperature,of the soil-water
‘was 20°C. After we reached to the‘desired~1oad on each speci-
" men, the»temperature rise was established at the soil-water;
systen. Tnesektemperature rises were: '
a - Foom 20°C to 4000,
b - From 40°C to 60°C,
¢ - From 60°C to 80°C.
. Each temperature step was allowed to temain on the specimen

for 24 hours.
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'F. EVALUATION OF TEST RESULTS

1 - Calculation of Void Ratios:

. ConSolidatioh—test datas are obtained from a test
and used as follows. (9)
Weight, dwnen81ons (height and dlameter), and water content
- of- the or;glnallconsolldgtlon test specimen are obtained so
that the initial void ratio e; and cross—settional area A
_ can be\computed ahd the initial height of the sampie can be
established. Thedry weighﬁAof s0il, Wy, can be détermined
from thé weight of the/wef séil and water content if known
at the begining of the tesﬁ as,

Wd.: _\_/_V.ﬂ:__

1+ w
The volume of thesblids, VS ,'cén be computed using
_ | Wa :
V=
v .S . %s
Where: Xs is the unit weight of s01l grains.
The height of soil solids, Hs , can be readlly computed using
Vg :
He =
A

Where: A is the area of oedometer ring.
The initial height of voids can be computed using,

Hv:}ﬁmﬁafiHS“

And the initial void ratio, e; , is
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e. :._.H.L,.
S

After completed the test, the clay”sample is_removed from the
apparatus and its water content is determined by weighing,
drying,’andYWeighing againe. Final'void ratio can be:computed

using, -

From an arithmetic plot of e versus pressure one can obtain

the “"coefficient of compressibility a," as

av.-:/Ae - &i-e ,cng)kg

.+ and the ncoefficient of volume compressibility M," as

_ a2
M, = 1*?1 cm-/ kg

2. Computgtion of cbéfficient_of consolidation: .

-

A semilog plbt:
'Usually one plots the settlement versus logarithm'timé,
as illustrated in figure. 3.7, for the purpose of obtaining

the time at a given -percent of ¢onsoiidation, (6,9) The use
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of settlement_Ye:Sus_ipg time curve.. requires finding the

’

initial dial reading Do. To obtain Do on the semi;dgarithmiCJ

plot, if the early bart of the curve is parabolic; select a

time tlvand a time't2==4tl; Measure the ordinate y from tl to
ts on’ the. curve and lay this same value of y of vertical |
above t e+ Draw a‘hdriZOhtal line throgh this point an call

the intercept of this line on the DR. ordinate D . If the

jeariy part of the curve is not parabolic, use the actual'dial;

fromithe'Dvaersus

-reading at t =0 for Do‘ To obtain DlOO

log. time curve, draw tangents to the middle and end parts

of the curve as shown in fig. 3.7. At the intersection of the
téngents,vproject horizbntally'to the curve ordinate to read
‘Dloo‘ To obtain t;oo project horlzontally from the tangent

inﬁeréebtion to the curve, then vertically down to.the ab-

o established, one

sqissa fof'the time‘yaluefWith Dé and D,
-ma& obtéin-the dial readiné corresponding to 50 percent
copsdlidatio? D50 as | L
D '£QaiDﬂEL
0 - 2

-,Average drainage lengfhg Hd’ can be calculated as

H =.{Ho = AHinitial) + (Ho =~ AH¢inal)
2 .

. H
Ha=—— (24)
The time at 50 pércent consolidatiqn tSO was used to find

the coefficient of consolidétion Cv:
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2

C, = Ty xHd cn?/sn.
; t

Where:v T, =Time factor (0.197 for U = 50 percent)
From table 2.1.
t ;time'for the §orrésponding time factor T.

H = Average length of the longest drainage path

during the givenﬁloaq~increment.;Use Eq.24@.

e
| ' Stron versus 1og time
O— - . ‘ .. : Grey-blue marine clay .
‘ __IA,‘ r ‘I Do ls 051 ‘ ' . YL ‘»63-51 wp * 258% Gg: 2.72'
| (T.—T“ﬁjég 1 : 80 * 200 WPa '
(A i
.' 2 ~~l:---:4!, * 12 — \(l T‘inqm dmw%bl "!i Somple: 20mm x SOmm (dio) 1
Lt L [ T |-’HH|= I
PR mandatar = S| ; I ~
T ..T Lt l \‘1 e ;E! Y ooe’u ooss.I l(‘JOOS -
T B : - ) * £ : _-'- =3 s = .
: T \rcf' 9 L7, ' lag 0007100 ~ 0gi0’ 0005}
£ IEARH] St N -
' 4 B et -
3 N Do * 5.3 } L Tongent drawn by eye
B - L H— ORI IHEEES
! o i i ——
Corb— ‘ ik i!»l ) T .
8 I ; l t L { lri L _ ' |
' tyo* 3.5 ! ;
R fo””j\ ll :“ L v?o
' ° 100 : 1000

lime, minutes

Fig. 3.7 Plot of strain vs. log time and data

.obtained from plot.
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_Ba Expansion of Brass Ring:

Dimensiéns of brasé ringAincrease aé the temperature

- of the brass ring is iﬁcreased. Fig. 3.8 shows-a'ring whose
4diameter ig.ao af some reférence.tempbratur; tb’ and whose
~diameter is D at some higher’temperature t. The difference
D—DO== AD is thé amount of the ring has expgnded on heating
where AD = Adi + Ad,. The increase in diameter, Ad is
prqportional to the original 1éngth Do’ and‘very nearly
proportionai to the'increasé in temperéture, tQto or At.

That is, (10)
AD X Do At

or

AD.: O(*D;+At

‘Where: & is a propbrtibnality coﬁstant.v .
Anothef relation_is obtained by replacing AD by D—Do and

solving for D.

, D=Do(1+X At) (25)
Since D, D, and AD are all expressed'in,the same unit,
“the unitshof'a:are ﬁreciprocal degrees" (centigrate). The

coefficient of linear expansion of brass is given as

o= 2416°(°%CT)  Ref.(10)

' This means that a brass ring one ceﬁtimetéf long at OOC,

increases in length by 0.00005 cm when heated to 1°C.
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Tnitial diameter of the ring at 2o°c,,Do, is 6.00 cm.
Final'diameter‘of the ring; D, for vérious températures
bé calculated as follows: Using Eq. 25;?-we obtain,
| For . 40°C D= 6.0024 cm, | |
~ For 60°C 'D=6.0048 cm,
For 80°C D =6.0072 cm.

Fig; 3.8 Expansion of the Ring.

can
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CHAPTER 4 TEST RESULTS
L. CLAY WITH IOW PIASTICITY (Topser— Yellow)

TEST - 1: (Topser~Yellow)

,'P =1.00 kg. per. sq. c_:m;.
We=25.75 %




0001

56

“(upw yawn 6o

'SAYQ $0 101d “I1Y:Big
“utw 3wty Boq ,

oL

-0G€E

OtE

OLE

06¢

—oce

S.N

Buipeay reig



(urw)swy bo7sayg jo j01g VY614
uiw-awl] Boq

000} T ool | oL

27

: ISE
i)
T 6%¢€
m o
o
, m,vm -
T o
7 ﬂ - s}
et o
fi ]
oy Q
1 1GY%¢E
gve
Lve
_ :.M.:




(utw)awiy Boq sA yQ 40 10)d

ww 3w}l HBoq

£l

7

b1y

S O S

C

LSE

GS¢E

EGE

IGE

Suipeay reig



- (uw)awn Bo1'sa “yg 40 101d v ¥ :Blg , ; o
v ulwrawl 601 ;. . | |

.

ol

000!l

1
w
=
_
i
I
]
"
1 L]
i T
IR
i gt
]
i 1
| T =
. (K
et i
!
y9¢€
]
- O —t
" —
-
, ———29¢
w =R
— 09€
=
=
;
“
] I
i i
-
]
i
NS
=
i
) T
P thiwe n T

eig

Bulpeay



1

“cococTnicient\

wonsoudanion,squmper Sec.\vy "'V )

030/

Tgaii)
- 30 .
- - w.—{'_A
0l HENERN

i ¢ H .

i T b

TR g
=t *

ST b
L /o
LT
. ?f_;;),:“
: LA
AN N I
T it
QA0 T | T SRR T
i S RREALRERA A O i L
: L } I,
- ’ T s
R | X j BE il I T fﬁl,l
. ~ RRNN ﬁ..l,-ﬂ HAEN

20 40 60 : 80
: 'Temperature, deg. @en.(-TOC)

- Fig:4. 5.Effect of Temperature on Coefficient of Consolidation(P=100kg



e

POINS TIgN JO3 23 0090 Shens Sasey DRSS

e poeme

ST

[999¢ (R

Rat

SROGS SRS SUSSSSEMmES SPESHSIIPE Siu) S0404 Shug SEpNY SEQTSOSEST

B I T ST e EItT oot bl Phtes cands bave:

e

eeeberen
MOPODSNY

+
i

PROQESPE,

PRGOS Srigd T SOBOY

pyrestere SeTseT I Eaaareant (esrereasrertatay ) e =
eastatads : : [} Sypoduetad Shtas Toud mosantiil faras bl kit Pt
JSetaeay favdssasss ST SToeY SEmas sTotd broreaved teads sede] STSCNosat HOUS SRIS] (HEPETR s Prsts ol (Eye SESHE B

et

D g PeS ey il IS tstupat
sauasyerss Pbadyseds i
PSRTIIETE] Sosqs Pauty pudon gween 4 e

b

SODE St Spuins puniurg 94

pr‘t’

SESRS PRNIS SIS Sua

erature

PESpY Sutunpt Sy T =1~

IR

= $ozs:

F.os gy ¢ a1

em

ot oo Poway st piwot teded 3 Shatl aduind S g

ISGSNS PRASE SRS SSENE SHEBE pems Sess iy

Gy $08) PEGSE QRIS SHBEH Dévhuiy Sy -

o Pposaig bue IE0g Sapey SRS Qo T
[S0e) SSpia Sons pEsasSEtes Miitd piuig Fi9ie Squds sugie SIIfn PReup St Pags S

BRGHEBNPPE e gy RN S S T B " R FUNES DU WU DR SR

—roanit ¥ SH0UY SOES PRORY MINENGRS

pu Guqen o Sa

IR TR Sototimany sfye s oqvey ppavs tauee seol sacel Soate Sovn

g ot S Ipauesree: je g T R I L I I e T e T T TTor e wnny o1
Swae : Slibed Shasd it S 5 SR pE] ouain Sotts Siues phuidoated &

RO Secpea oty I [ S50t S0edd Sugud Shoos 9944 Sudog bt Sabts Sod

ug Shind atadd ae T ol pai pusg i phirpe Siing v Lo PO DERe Soagd plaie pria npped SO

PSS D vaaes s s T PR NN ST DY PEREY S
RN SR no D § Skt Sbend [0 SRupeuuad pudne Soagy Veyedoeen o Tt

PENS SOSUS SIS SPRrPthay SHESTIIPTS SRTNE SAPHE SESOESPPNS Plue oy [0S powed SN SPPEREIENE ST0TS S

SR PUrEny Spepueg SUSIpY SR 4 -
yominl + S SRy by Sipny

JRes? S0 SESNY fORpe Sues P94 PP

ey swees

SRSSLTIIYY Sntsdagudd
seeeboee FLITOTTITINTIITNIINL

feass tbas:
sthio

Py " prene sorey

P Sy

PUIDS DEROE Sy

T frrrefeees

[ RS TSR e Ty




62.

— = — ] == ==
= = SEEE EEEEEE
e e 5 i e o i =
—{= el ! v Wil vl Pl — ] Bl o & ol bl =l
e o e e et ey oo ] e e ] =T E R e e e et el e
- oy “ﬂvf [Pt M B Jomies MG i
—Z= P D R 1
- — e
— -
Ol
PO —_
{ I O _
T
: NS o
=== e Pttt rioed ppesied S N e T )
= === I oming e v etiveng et S0 L)
pareg fommd Ldos el [ gtk seeaond [tk fowee et g s fofoaid] sl fomntd
S Pt v By S e s e =]
S e R e e Ry = ZEE SEIE
y 4 I =T i bmintetd
Sl == e =z R e oo =
L e [ =R B B by o S
= = /= == - ! S Bt B sl O
= e e o | = )
i e e et oy’ A Pt == [t oot St JEroulol IR Do bl oo Ul R =E =] ©
r 4 RS ANNDEINS PRI SR S — J— DRy e
- ;a prans Foant Sfeied S - oy ===
— i .l W badhunbeg Submnol Souhnl Swmmay Dol ploaind Pumivateld el fhusiiid puitpungl Srgpuion == plovoesedl oty M $om
S = =EEEEEE ==
F— - — / | e e - - 1 —
-1 — p—
== . g S et
1
T o
I e e e e e
-— T'll.l‘l ———t ——
e bt { S SN (i At TOSANE DO B —
— . PR (PN [ oa— -
JRRIE SN DA S S —— o
PR SO —— —1—S
—_— Q
—1= N O U I e —_
]
. . , : - —
- i oo - -
[en)

1007

gc

0

" (a) oney pIoA

Pressure, kg. per. sq.cm.

. L " i ‘ 2
Eig:4.7 Effect of Temperature on the Compression Curve, For P=tkg/cm.



63

TEST - 2:(Topser-Yellow)

P=z2.00 kg.per.sg.cm.
. wf=29.‘3’4 %
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' TEST - 2:(Bogazkdy-Grey)

P =2.00 kg.per.sq.cm.
W, = 67,00 %
Wp=45.28 %
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TEST -3: (Bogazkoy-Grey)

4,00 kge.per.sq.cm,

P

68.40 % -

Wy 39.35 %
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C - INTERPRATATION OF TEST RESULTS

After the'experimehte‘dohe oa the various samples
within nearly identical void ratio and different constant
stress 1evels the following results can be obtained.

$ - For clay with low plasticity and for high plas-
| ticity noticeable change_in’sample height and change in void
‘ratio are produced in the sample when temperature.differeﬁces
are applied at given stress levels. The temperature,of_40°C
affects the_void‘ratio and changem\sample height the mest.
The téméerature_of 60°¢C and»SOOC ﬁave lesser effects respect-
'Aively. It is evident that at constant stress level, the in=
crease in temperature would create a decrease in the vis-
cesity of the system as a whole. An applied temperature gradi- “
ent'causes a flow of water oat of the system. Temperature
causes an 1ncrease 1n ionic movement at the soil partlcle—
water 1nt=rface, thus establlshlng the necessary potantial
:for film flow, for here the increase in energy would be most
perceptible. Forvclavaith_low plasticity,‘from table 4.1,
_it is obvious that at COnstant'stress levels of 1.00, 2.00,
i'ande.OO kg per sq cm;rthe total effect of"temperature.on
change in sampie_height was 0.229mm, 0.18%mm, and 0.188mm
respectiﬁely. Fig. 4.4% shows that an increase in temperature
‘causes a'decrease_in void'ratio for fully drained samples.
;The effect of:temperature, for this clay, is more pronouneed
at a constant stress level of 1.00 kg per sq cm as compared
to 2.00 and 4,00 kg per sq cm. This indicates that the effect
\of temperature is decrea51ng with increasing the stress

levels.
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The reason of this meehanism is~that this clay has low water
content‘and ciay particles have small surface area because
of the low plasticity. For clay with high plastieity, from
table 4.2 it is obvious that at constant stress levels of
1.00, 2.00, and 4.00 kg per sq cm, the total effect of tem=
peratﬁre on change in sample height was 0254 mm, 04275 mm,
and 0,475 mm respectively. Figure 4.45 shows‘thaf'an'iﬁ-
creaee in temperaturegcauses a decrease in void ratio for
a fuliy drained samples; The_effecﬁ of temperature, for this‘
c}ay,'is more:pronOunced,at.a constant. stress level of 4.00
kg per sqicm.‘as‘eompared to 2,00 and 1.00 kg per sq cm.
This indicates that the.effect of temperature increases with
increasing stress'leve;s. The reason of this mechanism is
that'this.clay~has high water content and clay particles have
large surface area because: of the high'plastieity. :
| : Temperature variations can cause signifieant ehanges
in the.ﬁolume of saturated soile. As a conSequeneea there is
a pertial collapse of the soil structure and a decrease in
- void ratio until e sufficient number of edditionai'bonds are
 ,£o;med.to‘enable the soil %o carry the;efress at higher tem-
peratures, This-effeet»is analogous to secendary compression -
under a stress increase.

2 - Figureé 4,44 and 4.46 show\the family of curves
'indicating the effect of temperature on the coefficient 5%
consolidation due to the temperature change calculated using ]
the_semi—leg method for clay with low plasticity and clay
with high plasticity, respectively. From theselcurves it can .

be seen that tests made ét 1.00, and 4;00 kg per sq cm re-

“ i -
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sults in a decrease of Cy " at temperatures at 40°C and 60°C
t .

as compared an increase in C at 80°C. From these'curves it

: Vg

- can also be seen that at stress 1evel of 2. OO kg per sq cm,

temperature of 40°¢ 1nd1cate a definite decrease in Cvt‘as

_ campared to,60°C value. | i J
Fnam Eqe 5 1t can be seen: that C is dlrectly pro~

vportlonal tolthe coefficient of permeaglllty. It is known

,that,permeablllty_ls related to. viscosity which in turn is

related to temperature. Henceq-it can: be concluded that. the

cqeffiéient,of consolidation will depend on the temperature.

‘ Thereforé the,coefficient pf consblidatidn should be direcfly

proportional.t@;the,temperature.



Applied Pressure | Temperature | Change in Void Ratio |Coeff. of Consol. . -
] Sample ht., : : : :
P T AR e C,.X 1074
( kg/cm2 ) (°c) ( mm ) ( cn®/sec )
20 1.02 0.9179 3.730
- 40 0.091 0.9091 0.261
1.00 ’ : o
60 0.089 0.9003 0.115
80 0,049 0.8955 0.385
20 1.306 0.8093 2.650
- 40 0.106 0.7993 0.228
- 2.00 : S
A 60 0.048 0.7946 10.272
80 - 0.035 10,7900 0.208
20 1.190 0.7551 3.396
' 40 0.099 . 0.7450 0.152
4,00 , o
, 60 © 0.061 0.7388 0.120
80 0.028 0.7360 0.343

TABLE 4.1 Results of Tests Conducted on Topser Yellow Clay.

90T
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Applied Pressure

Void Ratio

Temperature | Change in Coeff. of Consol
. ' - sample ht. , \
| P | T AR e ¢, x 107
 ( xg/en® ) (°8) ( mm ) ( en/sec.)
‘ | 20 1.100 1.3762 C 3,427
| 40" 0.112 1.3%622 0.292°
1.00 B
60 0.099 1.3497 0.193
80 0.043 1.3443 0.213
20 1.590 1.0768 3,852
40 ~ 0.105 - 1.0640 - 0.198
2.00 | |
60 0.096 1.0523 0.250
80 0.074 1.0433 0.150
20 1.109 1.0100 2,548
40 0,154 0.9907 0.193
4,00 \
| 60 0.099 0.9786 10.155
80 - 0.091 - 0.9674 10.180

g

TABLE 4.2 Results of Tests Conducted on Bogazkdy Grey Clay.
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CHAPIER 5 CONCIUSIONS

A~réviev'of.the’tesf results indicétes that the. follow-
ding ¢onclusions can be drawn: |
1 - At a constant stress‘leVel,.ﬁaximum effect of

temperature on change in sample height is 40°C. Void ratio
Vis.effected by'change in.temparatﬁré,between thé range of 20°C
“£0-.40°C ‘the most. Change between the range of 40°C to 60°C and
,6000,tOQBObC'haVe.lesser_effects respectively. Temperature
increase causes a debreasé in volume for a fully drained soil,
The reason for this change of volume is because of the temper—'
: ature, whlch causes a flow of water out of the system and also
causes an increase in ionic movement at the soil partlcle-water
interface; | A | |

| 2 = The coefficient of consolidation due to tﬁe temper-
éture chénge_Cvtﬁqg}culated.using the semi-log method is small
with cbmparison to the Cv values'obtained’from mechanical
loading.»Thé value of th‘decréases'between'40°C-aﬁd 6000;
B bdt'incréases when the'temperature.is raised to 80°c.

' -5 -~ The éiay with high plasticity showed gfeater
,ghanges due to température changes in-comparison‘with the
-Effect of temperature changes on the clay with low plasticity.
- 50 we may édnclude that at high constant stress ievel;, app—; 
licafion'af'temperature increases to improve the;meqhanical :'
:properties‘of é soil can be applied @ore successfully on

clays with high plasticity. -
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