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'ABSTRACT 

\ 

THE EFFECT OF TEMPERATURE ON CONSOLIDATION BEHAVIOR OF CLAY 

The influence of increasing the temperature in a con­

solidating soil is exami~ed by consideration of the thermal 

energy input from the temperature change. This energy pro­

vides the potantial necessary to cause flow through physical 

changes in the pore water ,and the soil-water interface. A 

consolidometer was designed to provide temperature changes 

through ~ heating element and the temperatures being meas­

ured by a thermostat in the water. The level of temperatures 

were chosen as:20~C, 40°C, 60°C, and BOoC~ Each temperature 

level was allowed to remain on the specimen for 24 hours. 

It was observed that the magnitude of the resulting 

deformation depended directly on the magnitude of the tem­

perature increase. Void ratio is effected by change in tem­

perature between the range of 20°C to 40°C the most. Changes 

between the range of 40°C to 60°C, and 60°C to 'BOoe have, 

lesser effects respectively. The coefficient of consolida­

tion increases with temperatures in the range of 20°0 to 

40°C and 40°C to 60°C, but decreases at temperatures in the 

range of 60°C to BOoe. 



,I o Z E T 

Konsolide bir zeminde s1cakl1k art191n1n etkisi s1cakl1k 

de~i9mesinden dolaY1 termal enerji giri9inin dikkate al1nmas1 

ile gozlenir. Bu enerji zemin-su ylizeyinde ve b091uk suyundaki 

fizi~sel de~i9melerdeh dolaY1ak19a sebep olan gerekli potansi­

yeli sa~lar. Bir 1S1 eleman1 vas1tas1ylasl:-cak11k de~i9melerini 

daglamak ve 

ol~mek i~in 

20°0, 40°0, 

su i~indeki bir termostat ile s1cak11k derece~erini1 

bir konsolidometre tertip edildi. S1cakl1k seviyele1 
• I 

69°0 ve 80°0 olarak se~ildi. Her s1cakl1k seviyesini 

numuneye uygulanmas1na 24 saat mlisade edildi. 

Sonu~ deformasyon bijyliklli~linlin direk olarak, s1cak11k 

art191n1n bliyUklli~ne bagl1 oldugu gozlendi. ~091uk oran1 en 

fazla 2000'ile 40°0 aras1ndaki s1cak11k de~i9mesi ile etkileni:D 
i 

~40?0 ile· 60°0. ve 60°0 ile 80°0 aras1ndaki de~i9ikliklerde s1ra-i 

s1yle daha az etkiye sahiptirler. Konsolidasyon katsaY1s1 2000! 

ile 40°0 ve 4000'ile 60°0 aras1ndaki s1cakliklarda artar, fa­

kat 60°0 ile 80°0 aras1ndaki s1caklarda aza11r. 
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CHAPTER I INTRODUCT10N 

In the solution of many engineering problems it is 

necessary'to improve-the properties of soil, wheather as a 

foundation material or as a material of constrution in embank­

ments, dams, and other artificial works, With this res~arch 

we wanted to investigate wheather .1t is possible to improve 

the mechanical bep~vio~ of soft clay layers by heating them. 

Any foundation subject to sudden or continued temperature rises 

would be affected by an increase in strain if it is resting 

upon soft clay layer. Such structures as kilns, ovens, boilers, 

power plants, and liquified natural gas ~troage, ,all create 

temperature changes in the foundation soil. Thus, the soil be-
I , 

neath 'them would have to be investigated with respect to the 

effect of. the temperature changes. 

The theory that a consolidating soil, 1S affected by 

temperature changes is known since a long time. Research pa­

pers on this subject fall into two general catagories: 

a - Consolidation of, soil, assuming a fixed soil-water 

temperature. 

b -Heat flow through astatic soil-water system. 

In addition to existing researches,we wanted to inves­

tigate the infiuenceof changing soil-water temperature under 

constant load. 

To investigate t:q.e propable settlement under the effect 

of temperature increase, we performed a series of consolida-

tion tests on clay samples. 

! 

- ! 
, 
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The consolidation tests were performed on two kind of 

laboratory prepared clay samples. The constant vertical 

loads applied to the specimens were 1.00,2.00, 4.00 kg. per. 

sq~ cm. For each load, the behaviour has been investigated for 

the following temperatures: 20,40, 60, and-80oC. Each tem­

perature level was ali owed to remain on the same temperature 

for 24 hours. 
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CHAPTER . 2 PREVIOUS RESEARCH 

'. 1 

A. STRUCTURE OF CLAYS 

1. Definitj.()Il: 

Clay particles are usually of small size less' than two 

microns and most clay minerals are thin flat plates. all are 

extremely fine grained, with large surface areas per unit mass. 

Particles with a diameter smaller than 0.001 mm. but l~rger 

than moleculEm size (16~mm) are classified as colloids. Clay 

particle~fall into this range. Nearly all clayparticles are 

colloidal even though the maximum particle dimensions of sev­

eral of the clay minerals is greater than 0.001 mm. (1) 

2.Shape and Surface Area: 

A schamatic comparison of the size, shape, and surface 

area of several clay minerals is shown in fig. 2.1. Plate­

shaped particles are the result of layer-lattice structure 

due to strong 'i.banding along two axes, but weak bonding be-r 

tween layers. The olay particles thickness depends on .the 

magnitude of the forces of attraction between the ).ayers'. 

The variation in specific surface area is due to different 
. 

thickness of theplate~shaped particles. Montmorillonite' 

layer' ~i:s.~ in the average (10 AO) thick. Usually a clay par-

ticle was several:..:layers. Variation in the other tv/O dimen­

sion:.. of' clay particles. is related to degree of crystalli'n,i ty . 
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Edge View 

Montmorillonite 

Ctay Mica 

Chlorite 

Kaolinite 
.' .1 . 

. ' 

:':~~~face"'Ar~a 
m2tg 

800 

80 

80 

15 

. 
Eig. 2.1- Edge-View·.Sketches to ShOH Hela.tive 2,ize and 

Shape of Clay Particles; Dimension Not Shovn 

Is Equal to Length. 
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3. Adsorb "Jater': 

The property ,of attracting and holding solvent materials, 

ions, gas and'water OIl the surfaces of' the particles is termed 

adsorbtion. Clay particles in soils are always surrounded by 
: 

layers of water molecules c~lled adsorbed water. Plasticity, 

compaction, interparticle bonding ,and water movement in soils 

are all influenced by the wateI',: layers. The forces holding 

water molectiles,~O the clay surface arise between water ~nd 

clay. Water is a dipolar, molecule, with a separatic;m of cen-

ters of, 'pasitiveand negative charge. This means that water 

will be attracted by the charges on the clay surface. Further, 

the hydrogen inns:,.df water will lead to hydrogen bonding of 

wateI',molecules' to the, exposed oxygen atoms of the clay min­

eral surface.' Hence the clay contr~butes both the negative 

charge and oxygen or hydroxyl surface' to attract water mot­

ecules. qations in water are always hy~rate'd. The main force 

,bonding water to the surface is due ,to the hydrogen bond. 

This is a very important bond in many natural materials. The 

first layer of "vater 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 force becbmes weaker with 

. distance as the orienting influence of the surface on the 

water close to the clay surface differ Ironi those of free water 

The densi~y bf adsorbed water is hiljher tbanthat of free 

water. The viscosity of this ~ater is greater thanthati of 

free water. The adsorbed water is very strongly attracted 

to the 'surface of the soil particles. 
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Within the adsorbed water la.yer, water molecules are 

orientated in such a manner that the positive poles are.:'fac ing 

the anions on the . surface of the particles, and the negative 

poles are facing the cations present in, the adsorbed water 

layer. The clay particle' with its layer of adsorbe,d water and 

diff'uselayer of exchangeable cations can be illustrated in 

fig. 2.2. and fig. 2.3. (2) 

I, 

" 

~ 

, i 

I' 
i 
i 

Fig. 2.2' - Distribution of attractive forces'vdthin 

the adsorbed vlater layer: v,attractive 

forces; x, distance from the particle 

surface. 
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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 -attracted cations cannot forma single layer 

around a particle, because they themselves are surrounded by 

water molecules which prevent them fr,om packing closely to­

gether, and hence they are·distributed ( diffused) through 

a certain layer, with the gr~atest concentration close to 

the particle surface, gradually decreasing until 'the normal 

concentration of the pore water solution is reached. This 

layer is k~ownas a diffuse layer. Fig. 2.4. The diffuse 

layer of cations together w;ith the. surface layer of anions 

is called a double diffuse layer. (2) 

5. Compress~on and Swelling of Clay: 

The physico-chemical properties of cl~y minerals 

are~of great value in understanding the meehanical behav­

ior of clay on the macro-scale. A number of interesting 

investigations have illuminated the compression and swell­

ing of clays. Considering consolidation test in Which the 

applied stre·ss is steadily increased, ,the increasing stress' 

compresses the clay. If the clay particles are perfectly 

parallel to each other, the compression results in pushing 

the clay particles closer and closer toge'ther. 
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As the stress· is gradually reduced, the clay swells· 

as the particles move apart. The mechanism of compressibility 

and .swelling i:s related to the equilibrium of water content 

in the soil. The phenomenon of compressibility is accom-

panied not only by the change in water content but also by 

the decrease in the distance between the soil particles and 

. hence by the change in the magnitude of the attractive forces 

between soil particles which result further compression. (3) 

.': • 
·1 

0 I 
\ 

0 I 0 .\ 
I 

- 0 \ 
0 I 

I 
- (f) \. 

\ 0 0 \ 
I - (f) '0 \ 
\ 0 I 

(f) I (f) 

Clay Adsorbed water Hydrated cations and 
particle layer onions of diffuse 

ion layer 

Fip.;. 2.3 - Schematic Diagram of Clay Particle with 

Adsorbed \~ater IJayer and Some Cations at 

the Surface., and the Remainder of the Ex­

changeable Cations in the Diffuse Ion-Layer. 
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,,_.', , .... #_- '- -.~ ....... --'- .... -~- ... - .. 

.., . - _ .. ,-e-- - ,--- --

Fig. 2.4 - Particle surrounded by a double diffuse 

layer. 

" ...... I 

I 
. I 



10 

B. CQNSOLIDATION THEORY 

1. Definition: 

The compression of soil occilrs mainly as a function of 

a decrease of the volume, of the' voids. If the voids of a so'il 

are entirely filled with water, measurable compression can 

occur~on1y as a result of the escape of excess water from the 

voids. Gradual compression of a soil under such conditions, 

when induc!3d by static forces of gravity, such as the .weight 

of the soil itself or of structures erected upon it, is termed 

'consolidation. If the saturated soil is a clay with low per­

,meability, its consolidation will be quite slow, sjnceLany 

,I excess water in the voids will take time to be squeezed out 

toward pervious boundaries of the clay_,layer. The consolida­

tion of saturated clay under load can be divided into two 

parts. Primary consolidation 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 contaotis squeezed out from between the grains. (4) 

'2.Assumptions Made: 

The thearetical concept of the consolidation process 

for saturated clays under load was stated and a mathematical 

statement for the progress o~ consolidation was devel'oped by 

Terzaghi and Frolich during the decade between 1910 and 1920 

while at the University of Vienna. In consolidation theory 

,the following,assu~ptionsare made: (5,6) 
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1- The soil is completely saturated. 

2- Water and soil grains are incompressible.' 

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

4- consolidation is one dimensional (Vertical), 

that is, there is no lateral flow of water or soil movement. 

5- There is a constant temperature.'A change in tem­

perature from about 10 to 200 0 (typical field and laboratory 

temperature, respectively) results inabout a 30 percent o.hange 

in the visc'osi'ty of water. 

! L 
H H ------- n 

i t 
. - Voids 
, ' 

::c 

Soil Solids 

Figure 2.-5~ Settlement.of a soil sample. 

The degree of compressibility of a soil is expressed by 

the compressibility coefficient ave 

- 9 0 - e 
p-p 

o 

" 
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If P ) Po ' Byis a compressibility coefficient. 

If p <Po ' av i~ 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 soil can be computed using 

consolidation parameters (refer to fig.2.5.) as follows: 

By proportion, 

or the settlement, 

~H= t1e lCH 
1 + eo 

t1H = eo - e~ "H 
1 + eo 

xt1pxH 

( 2 ) 

( 3 ) 

Another coefficient, ·the modulus of volume change Mv ' is 

frequently used. 

( 4 ) 
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3-The Ooefficient of Consolidation: 

The second consolidation parameter of interest at a 

consolidation test is the coefficient of consolidation Cv • 

The equation for Cv is developed based on one-dimensional flow 

and saturated soilconditio~s. Since consolidation under thes'e 

condi tions ·is. directly dependent on the e.xtrusion of pore water 

from the soil voids, one may develop the needed equations by 

90nsidering continuity of flow (fig.2.6.) as (6) 

Q. = Vy' )( d x .... d z "d t 
In 

Qout =( Vy + ~; dy)dx ;.dz "dt 

and the volume change as a rate process is 

Volume Change = -OV dt - Q - Q. 
t) t - aut in 

Equating as indicated, one obtains 

d Vy d y d z d x d t = (} V d t 
. dY at 

( a)· 
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(V + ()Vy dy) 
Y {)y out 

Voids I Vv l~ 
rt 
11 

dy 

Solids I Vs 

a-volume of Soil: 

Vy, 
In 

b-One- dimensional Flow: 

Figure: 2.6. Idealization of soil and flud..d flow for develop-:­

ment of the one-dimensional theory of consolidation. 

Since the soil grains and water are incompressible for all 

practical purposes and for the pressures involved, the change 

in volume mtPst be due to a change in the volume of soil ~'V aids, , 

0:'..·. oV 
at 

OVv " = --"----"--at 
The definition of void ratio gives 

V - e "Vs v -

, ( b) 

,and differentiating with respt to time and using the product 

rule, obtain 
OVy = 

'.ot 
e oVs 

'dt 
oe 

+ Vs ot 

Observing that e(oVs / ;i.t ) = 0, since there is no change in the 

volume of soil grains, "we have 
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= Vs 
'Oe 

Froill fig.2.?_ note that Vs / V = l/l+e , and soluing for 

Va , obtain' 

Vs = V = dx d~ dz 
1 + e 1 + e 

.1 Substituting Eq.(d) into Eq.(c) and multiplying by dt, 

oV 
o t 

dt = dxelydz 0 e 
x "'). t 1 + e 0 

dt 

( c ) 

(d) 

( e)1 

Substituting Eq.(e) :lnto Eq.(a) andi cancelling the product of 

the four differentials, obtain 

oVy 
()y 

1 =--1 + e 
oe 
Q t 

(f) 

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 

Where: av= ~ ,the coefficient of compressibility. oP 
U = pore water pressure. 

,'( g) 

From Darcy's law,. the veloc i ty of water is v = k. i, and with 

the total head h = u/'6w , we have 

"Ov _' k ?}u ( h ) ,.!:!..'t.¥- - x--aY ,'6w dy2 
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,r§Ubstitujjxirm ~~q,.(h) and (g) into Eq. (f), obtain 

au 
~t 

= k ( 1+ e»( 02 101 

av'" Ow 0 y2 

Which can be written as 

au . c ?lu --rr = v~ Oy2 

Where k(1+e) 
Cv = '{ 

av CJw 

The boundary conditions for the case of one-dimensional 

consolidation may be expressed as follows: 

( i) 

( 5) 

Boundaries of the clay l.ayer are permeable. This kind of 

boundary condition is valid for regular'oedometer tests. 

The mathematical expressions for these three boundary . 

conditions are 

1:'" When z= 0 

2- When z = 2H 

3- When 

u~O 

"u- u ' - i 

(6) 

The solution of Eq.(i) takes the form (Taylor, 1948) of a , 

series solution to give the instantaneous value of the excess '. . 

pore water pressureu at ~ specified point ~n the soil mass as 
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n =. any integer. 

y = depth into a stratum of-length of drainage path H. 

H = length of longest drainage path in soil sample. 

T = dimensionle~s number termed a time factor, or 

( 8 ) 

For the case of constant (actually any linear variation) 

initial hydrostatic pressure Eq.(7) simplifies to 

Where 

e>O . 

u =) 2uj 
L. M 

·m=O 

Sin My 
H 

ex p - JT ( 9 ) 

Ui = initial pore pressure distribution; use constant, 

linear variation, sine wave or u.= u + u (H-y/H) 
. ~ 0 J.. 

as in fig.2. 7 •. 

M = ~ IT (2m + 1), where m is any integer from 0 to 00 

Referring to fig.2.7. if we apply a pressure increment 

p to a fully saturated soil which has fully consolidated (u=O) 

under the existing pressure PJ.. ' the new total pressure is 

P2=PJ.. + P.. 'The pore water carries the load at t=0(fig.2.7~a) 

since drainage is not instantaneous, and ui :: P for S= 100 

percent. At t=O the consolidation has just begun, or the per­

cent consolidation U = 0 percent. At. some times ti (fig.2.7.b), 

the pore pressure patterns (isochrones) due to drainage being 

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

zero as shown. At the free surfaces, 1j = 0 and consolidation . 

is complate (U = 100 percent). At interior, points the consoli-

,dation U
y 

would,_ by inspection of fig.2.7.b~be 
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U'I Uy.:: Uo - Uj - 1---'--
Uo - Uo 

1 

(1 0) 

(,11 ) 

Eq. (10) is obtained by dividing Eq.(8) by U o and subtracting 

1, as ··indicated in Eq. (9). It is necessary to integrate uy for 

the entire stratum tbicknes$ as 

2H 

U=1_O!Uj 

j 2H 

° U
o 

( 12 ) 

Substituting Eq.(8) in the numerator and U o constant in the 

denominator of Eq.(12) g~ves. 

00 

U = 1- ~. -y-. exp -M2l 
L M2 

. m=o 

( 13) 

'Often the first term (with m = 0) provides a solution of suffi­

cient precision for 'al1 in terms of percent consolidation U 

versus T by'rearranging and solving. Eq.(13) for T t to obtain 

T-:: l n ( 2 / M2) - l n ( 1 - U ) 
. 2 
M 

No·te that the. time factor T is not defined when U = 1.00 t since 

the logarithm of 0 isoo. Selected solution of Eq.(13) are 

given in Table 2.1 (with m:>O) for several assumed initial 

pore~pressure distributions caused by a stress increased ~p 

as shown. 
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Superposition of cases I and II or cases Ia and II provide 

solution for othe~ pore pressure distributions. (6) 

.1 __ ~ ___ •. ~ __ ,. _ •• ". 

".' ,:Case 1 

:,<"r;~:'::::: :Free-draininQ as sand 
,:.. ''':,: '.: '. ':. lOp 10 OOliom : .. >:.:. " .. ' .. ~ 

(0) Excess pore presslire distribution 

assumptions in consolidating clay h.lyer 

with faundalian load 0
0 

causing a 

stress increase from PI 10 PI"'" uq, 

011:0 1 
..,.:;=---'-_____ ----;PI 

(b) Pare pressure distribution with 
times T; (ncling T: Hiime)) 

and dePlh :n Siralum. 

Fl·~ 2 7 Excess nora pressure distribution asstimp-
• b- - - ~ .l:' 

tions for an incretll:.;od effective' stress 

within a stratum and qualitative pore pres­

sure distribution as a function of elapsed 

time. 
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Table 2'-1 Time Fuctqrs fOl' Indicated Pre!!:lUl·tl Distribution-

U(%) CIlS" 1-1. Q CIlHe II 

0 0.000 0.000 
10 O.OUII O.041i 
20 0.0:11 O.OVO 
ao 0.071 0.115 
40 0.121; 0.207 
5t) O.W'/ 0.2111 
tjU 0.2117 0.371 
70 0.·103 0.4HII 
IiU 0.567 0.U52 
!l0 0.8411 0.\.133 

100 

1""1 II. II, II .. 

r-1 t- l"'] 81 fEFJ II II r __ _ 
II 

1 J_ . L 
i,. :... II" - II, = II. - "'Ii 11::' 

II. ~ II. sin 11-

Calle I CUl!C Ia Case lJ 

Pore.pr~lIlIure dilltribution fOl' ellsc I ullually aSliumed for calle la. 

Table 2.1 - Time Factors for Indicated Pressure 

Distriqution. 
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C- EVALUATiON OF HEAT FLOW- CONSOLIDATION EFFECT 

The first law. of thermodynamics relates the change in 

heat energy to the change in internal energy of a.substance 

and to the work done. In this way an energy balance and an 
" 

evaluation of heat can be obtained for a given substance. 

To have a change in heat energy, either the result of process 

or the cause of one, it is necessary to apply some type of 

driving force or potential. On~ type of pot~ntial is a tem­

perature difference defined by 

( 14 ) 

Where Ti~ Tj' ~T =temperature difference, and Ti and 

T j = temperature e:L t,her at any two points· in the body, or at 

'onepoint at two different times. When this temperature dif­

fe:rence, h. T, occursei ther over a, particular sample distance, 

x, over a period of time, i,a te~p~rature gradient (~T/x or ' 

..6..f./t) is established.' The heat energy, Qtot' absorbed in a 

saturated soil of-porosity, n, can be expressed in terms of 

an externally applied temperature source,~T, as 

Because Q t = c ' • o. n .Ll T wa er w Jw 

( 15 ) 

(1 sa) 
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and (16b) 

then (17) 

where :' Cw = heat capacity of water, 

Cs = heat capasity of soil, 

fs = Mass density of, soil, 

9w = mass density of water, 

n = porosity. 
,', 

In this·way it would be possible to determine the heat 

energy absorbed from a given temperature gradient for a soil 

whose physical characteristics are known. 

In a consoli dating soil, however, n would be changing 

and /:IT might also vary. It is evident that as th~ temperature 

gradient is increased,the heat in put is increased. The 

porosity decreases, th~ heat absorbed by the system decreases. 

This is caused by the relatively high specific heat of water. 

During the consolidation process, the heat energy absorbed 

fora constant AT would decrease. ,Because the void decrease 

is a d.ecay phenomena,- and as indicated by Eq. (17), qis a 

linear function of n, 'then 'Q(n(t)) would also decrease with 

time for a constant f:. T. An applied temperature gradient causes 

a flow of water out of the system, which by nature and defini­

tion is aconsolidat~on process. Basically, as the water 

becomes two major factors increase the rate of consolidation. 

First, the visoosity of the free pore-water decreases expo­

mentially with T as 

f" = A x 
~/T 
e (18) 
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Wi th a smaller value of viscosity there. is a decreased inter­

nal resistance to flow at points of higher temperatures. 

Secon~ly, the .increase in heat energy will cause an increase 

in ionic movement of the adsorbed water films' at the soil 

particle-water interface. To interpret the effects at'temp~ra­

ture on consolidation, it is necessary to examine the physi­

cal changes in the soil as the voids decrease during a 

specific heat input. If the applied temperature difference· 

is ~T, and porosity at a given instant is n, using Eq.(l~),; 

let. 

fw (18a) 

(18 b) 

and ( 19) 

for Q = constant 

( 20) 

and 
( 22) 

Frmm the above equations, Dl andD2 are constant, it can be 

seen that a decrease in voids, n, would necessitate an increase 

in temperature 'on the system to sustain the costant head; en­

ergy, Q, which results in the consolidation of the system. 

From (22), for a smaller porosity a greater temperature in­

crease' must be established 'to 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 sustained, the 

potantial necessary,to continue the flow of water de­

creases. A sudde~ increase in potential (mechanical or 

thermal) would create an increase on the amount and rate of 

consolidation. However, as the energy level of the system 

becomes constant, the soil voids (and permeability) are 

decreasing. 

This decay phenomenon would to the primary consolida- . 

tion, where bulk'flow through the voids predominated. However, 
.L , 

in secondary consolidation' changes in the soil~water behav­

ior would also contribute to consolidation and a certain 
, 

'amount 'of energy will be dis'sipated at the soil-water in-

terface. Whereas primary and secondary consolidation occur 

simultaneously, thefirst phases of pore pressure dissipation 

under large gradients might occur as a predominantly phase, 

whereas secondary consolidation may become a greater factor 

over large time periods. It might be possible to examdme .' ~ 

the effects of heat on secondary consolidation if the heat 

is increased and the nature of the change noted. The ther­

mal energy applied would be chang1ng the viscosity'of the 

water and energy at the soil-water boundaries. However, 

because at this, time hydrodynamic consolidation approaches 

100 % and the pore-water pressure approaching zero, increase 

in consolidation would be mainly caused by an increase in 

ionic movement at the soil wate~'interface,' 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 int:luence of heat on a 

consolidating soil is difficult to define, the effect of 

such energy appld!cationcan be measured as a gross effect 

or 'the to~al str~in response to the temperature gradient.(?) 

A number of. studies have established that the engin- .~ 

eering properties of soils can be influenced significantly 

by temperature v~riations. FINN (8) and PAASWE~L (?) have 

investigated the effect of temperature on consolidation. 

Finn has investi~ated the effect of temperature on the 

consolidation characteris'tics of remolded clay. 
. . 

The consolidation tests have been performed in the 

laboratory where temperatures have been· varied from 4.600 to 

2?00. The consolidation characteristics ofa soil are evalu­

ated by application of the Terzaghi theory of primary consoli­

dation, which is based ona number of simplifying ·assumptions 

. and approximations. To study the effect of temperature on the 

consolidation characteristics of clay, nine consolidation 

tests were performed by finn; three tests at 26 0 0 and ·two 

each at 4.5, 10, and. 2700. The limit space available in tem-

perature controlled rooms made it necessary to use a relative­

ly small and portable consolidometer. The soil used for the 

consolidation tests have a liquid limit of 64 percent and a 

plastic limit of 38 percent. The loads applied to the speci­

mens develop 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 remain on the 

specimen for 24 hours. Fig. 2.8. and fig.2.9. show the effect 

of temperature on th~ coefficient of consolidation. Frcim these 

curves it can be seen that tests made at 20 and 27 00 result 
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in. coefficients of consolidation which a're, for practical 

purposes, the same. Results of tests performed at tempera­

tures of 10 and 4.5°C indicate a definite decrease in·coef­

ficient of consolidation as compared to 20°C values. 
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Fig~ 2.8 - Effect of Temperature on Coefficient of 

Consolidation. 

Fig. 2.9. indicates clearly that the temperature effect 

more pronounced below a temperature of 10°C. The coef -

ficient of consolidation is unaffected by temperature within 

the range of 20, t027°C but is changed by a drop in temperature" 

to 10°C or 4.50 C. In shown fig'. 2.10, the family of pressure­

void ratio curves obtained from the test plotted wit~.tem-

perature as a parameter. 

BOGAZIO UNlVERS\lESl Kii1UPHANES~ :, 
.-........ ..:...~~,. 
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1.0000 r-,--.,---,----r--,---. 
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0.0007 t--t--'---r-~+--x--"k, 
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,0 ' 
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o 
C 
.!! 
~ -.. o 
c..> 

,0.0001 \ '-45 1>0 29' 21 

! . 

I 

I _. __ ._. ___ ._ .. 
Temperature, deg ~n 

Fig. 2.9 Effect of Temperature on Coefficient of 

Consolidation. Average Applied Pressure in 

Tons per sq ft as a,Parameter. 

It .is apparent that these curves are of the same general 

shape along a considerable part of. their length. A general 

interpretation of this relationshjp would mean that for any 

specific pressure increment the amount of compression is the 

same regardless of temperature. Hence it can be concluded 

that none of the factors in Eq.23. is elfected by tempera-

ture. 

(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 and 4.5°0. 

Paaswell (7) has investigated the temperature effects 

on clay soil consdlIdatlQlI. The inflqence of increasing thetem­

perature in a consolidating soil is examined by consideration 

of the thermal energy input from the temperature change. This 

energy provides the potantial necessary to cause flow through 

physical cpanges in the pore water and the soil water inter­

face. A fixed ring consolidometer was designed to accommadate 

a heating element in the water bath which surrounded the s?mp1e 

infig. 2.11. 
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l.: 

(a) T!iERMOCOUPLE NUMBERING SYSTEM 

load 

Cap thermocouple wires 

( ./ Thermocouple 

'l 11 t h/ 
'l 

To potentiom eter 
Heater -+-S I ~":~~,~~~ .1. 8~Heater 

< 
I 

Fig. 2.11 

~' ... ' C; ~~\,: 

I II 
Sase 

Base tnermOCOLJ~l~ '--ires 
J 

Drain 

(b) CONSOLIDOMETE~ 

Schematics of a Temperature Controlled 

Consolidometer. 

This design allow a high degree of control over the magnitude 

and rate of temperature rise on"the surface of the sample. 
, 

Temperature is measured by calibrated copper-contantan ther-

mocouples. These fine wire thermocouples are .positioned at 

the top and bottom drainage surfaces of the soil sampl~. The 

soil chosen .is·penn soil, compacted to the given density. ~he 

procedure used for the tests consist of loading the soil, at 

a fixed temperature (25°C), in increments, 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- . 

lished at,the su~faces of the sample. These temperature rises 

are of three types: Low temperature-long time, high tempera­

ture-long time, and high temperature-rapid time. 

Long time -low temperature rise:' 

This test series have been investigated the effects of 

a small temperature rise (T:lOoO, from 20°0 to 300 0) over a 

period of 2 hr to 2-l/2hr (4°0 per hr - 5°0 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 

str.ess of 0.2 kg. per.cm2 to 0~225 % under a stress of 1.55 

kg. per. cm2• This indicates that the effect 'of temperature 

, rise becomes more marked as the stress' level increases. The 

slope of the strain-time curve closely approximates in shape 

the slope of the temperature-time curves. The slope of the 

temperature-time curve indicates a relatively slow initial 
• 

temperature increase (from t= 0 min to 20 min), followed by 

a more rapid temperature increase during a period from 20 min, 

to.90.min, then followed by a decreasing approach· to the final 

temperature at a period of 2 hr to '2-1/2 hr after inception 

of the change. The increase in consolidation is caused by a 

constantly increasing beat energy level within the entire 

system. 

Long time - high temperature rise, 

When there is a large temperature increase in the soil 

(LlT = 30°0), the strain effects become more pronounced. Ohanges 

in the specimen become marked both with respect to time and 

spciCe. 
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The evidence of this is illustrated in figs. 2.13Ca) to 2.13 

Cd), which plot both the percentage of strain and of tempe-

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

(P = 0.39 kg per CD1
2 to P = 3.12 kg per cm2 ). 
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Fig. 2.12 Strain Versus' Time: Long Time, Low 

Temperature Rise. 
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The, temperature rise vary from 25 - 30°C to 55 - 60°C, and 

occur over a period of 4 hr to 5 hr~ Whereas in e~ch case the 

temperature have reached 95 % of more of its final voltre after 

3 hr, the strain do noi reach 95 % of its final value until 

4 hr to 4.- 1/2 hr have passed. The~total amount of strain in 

the high temperature rise tests vary from 9.9 % to 1.15 %. 

As the expected 'amount of strain for a cohstant temperature 

test (T = '30°C) for this same time period 4 hr is less than 

0.02 %, it is evident that the 'temperature has caused a marked 

. change in strain in'the consolidation process. Over the surface 

of the sample there is a slight temperature lag between sur­

face points 1 and 8. This lag vary from 1°C to 3°C and is 

most evident throu~h the middle' and later stages of the test. 

Short tiIll~- __ High _ temperature rise: 

The most pronounced temperature effects are apparent 

in the short .time, high temperature rise tests. In a period 

of approximately 15 min, the boupdarytemperature is raised 

by approximately 55°C ( 3.7°C per min), because of the design 

of the system. The amount of strain is large, varying from 

1.8 ~ under a stress increment of 0.2 kg per cm2 to 2.2 % 
- , 2 
under a stress increment of 3.12 kg per cm • From t = 3 min 

to t =13 min, the temperature rise is nearly linear. During 

this time the temperature difference vary from 5°C to 20-25°0 

between the points 1 and'S. The strain reach a limit as the­

soil sample t~mperature become constant. This limit is well 

illistrated in fig.2.14.(a) th~ough2.~4(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 

app~oaches a constant limit. 



• 1 

,...~ 

• ! 

'. 

. 0 

~ o. 
c 

~ (a) P", -0.39 KG.. PER SQ eM 
2 . 

~ I 
~ o. 
~ 

.5 O. 

" ';0 

4 

6 

~ o. 8 

I. 

~ 6 
,S .. 

0 

0 

~ 40 

K 
E 
~ 20 

o 

~ 0.2 .. 
C .. 
!:! 0.4 
~ 
.~ C.f. 

" ';;; 
~ 08 

'J 
I 
I 

~ 
. 
i 

! "+--
T 

~ 
,......,. ! , 1 

~ (b) p ... -0.78 KG PER SQ eM 
'\. 

\ I ,. I 
"'\,. I 
~ I 

"\. (e) p.G• -1.55 r'.:; PER SQ eM' -; 

"-
~ 
~ ! 

~ 

I I '-
8 - ---~.,.. , 
~ 

; 

~ (d) PIO• -3.12 KG PER SO eM 

"-
~ 
~ 

i~' 
1.0 

~~ 
~ 60 

. S 

---~. 40 
;; 
~ 
E V ~ 20 

( 100 

-

-
i 

. 20. 

. 
....lll 

,~ 
...... 

~8 

I,?' 
I -- . ,:) .. ·.3, 100 200 

Timf'. I" ""Inutt~ 

I 

8 

I 

8 

.. . , 

I 
I 

300 'I 

I 
Fig. 2.13. Strain Versus -'Time Long Time - High 

Temperature Rise. 

The following conclusions can be drawn: 

, 
,0\, 

i ~ Noticeable strain effects are produced in the 

soil when temperature differences are applied at giv'en stress 

levels. 

2 - The strain-time relation ship for small temper­

ature difference is similar to the temperature-time relation-

ship. 

3 - Large temperature changes simulaye thermal 

loads in that a definite noticeable strain-time relation-

ship results in which the strain increases as the temperature 

increases • 
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This relationship evident in both long-time and short-time 

temperature gradients, indicating that this phenomenon af­

-fects the 'primary type of consolidation mbre than the sec­

ondary type of consolid~tion, with a rapid flow of water 

out of rapidly changing voids. 

4 - Temperature increases 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 3 TESTING PROCEDURE 

A. MATERIALS 

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

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

has low plastisity. Index properties were obtained from 

laboratory experiments as follows: 

L.:L = 50.0 % 

P.L = 24.8 % 

P.! = 25.2 %) 

"'G = 2.70 t/m3 
s 

2. Clay with High Plasticity (Bo~azkoy-Grey) 

Generally,it contains silt and fine sand. This clay 

is highly plastic arid some of the index properties are :" 

L.L = 70."0 % 

P.L = 35.2 % 

f;'I = 34.8% 

Gs . = 2.57 t/m3 
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B.MINEROLOGICAL PROPETIES OF CLAY USED 

Minerology can be considered fundamental to the under­

standing of geotechnical properties, even though minerological 

determinations are not made for many geotechnical investiga­

tions. the properties of clay soils can not be explained 

without consideration of minerologY. X-ray ,diffraction is the 
" 

most ~idely used method~Sor identification of firie-grained 

soil minerals and th~ study of their crystal sturucture. The 

results of x-ray analysis on these clay that have been done 

in I.T.U.MaQka Maden Facuity. Show that; 

a-Clay with low plasticity has as main mineral kao­

lonitewith a lit~le amount of quartz and illite. The soil 

consists of 40-45 % clay,50-55 % silt, and 5 % fine sand. 

b- Clay with high plasticity, has as main mineral kao-. 

lonite with, a little amount of quartz an illite. The soil 

consists of 45-55% 'clay, 40-50 % silt, and 5 % fine'Sand. 

The following irivolves general information on kaolonite, 

illite, and ,quartz minerals. 

The. lattice of kaolonite is made of repeating layers of 

silica and alumina sharing oxygen atoms between them. The 

layers are' held to gether by hydrogen bonds having hydroxyls 

ions,(OH)-, from the alumina sheet and oxygens from the silica 

sheet. A typical kaolonite crystal may be 70~100 layers thick. 

kaolonites are found in soils that have undergone considerab.le 

weathering in warm and moist climates. theyhave low liquid 

limit and low activity, (1,2) 
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The three-layer primary element with the potassium ions 

occupy posi tions',lbetween the adjacent 0-2 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 water. although it expands more than kao~ 

loriite. ( 1.2 ) 

Quartz (SJi).ica ) is a cleaI:"transparent mineral formed 

from the slow cooling of liquid magma., Its high resistance to 

chemical wheathering enables it to be broken into small parti­

cles by mechanical wheathering without ch'ange in composition. 

It is the principal mineral in sand and silts. ( 1.2 ) 
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c. EQU IPMENT 

The apparatus used during the tests is" shown in fig. 

(3.1.). In addition to the unit shown, and a 'photograph of 

a complete assembly is shown in fig (3.2). 'The compressive 

properties of a. soil "are studied by means of an oedometer. An 

oedometer consists of a brass ring (1) 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 po"rous filter stones (3), one on eac"h side of the 

sample, to permit. a two way drainage of water expelled out of 

the ~~ids 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),:providing a uniform pressure 

distribution on the soil sample. The soil sample is subjected 

to predetermined load increments. The load externally applied 

on the soil sample compresses the soil" squeezes some water 

out from the voids of the soil, and the soil sample thus de­

creasesin thichness. This 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) 

'1'0 evaluate the effect of temperature an.a consolidating 

soil, it was tiecessary to develop an oedometer which could 

_ provide heating of the soil sample. A container was made of 

sheet-iron to accommodate a hating element, a thermostat, and 

a floater in the water bath. It was illustrated in fig. 3.3. 
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A container has a height of 6.00 cl!l, a 'length of 50,cm, and 

a width of 18cm. The water in':,the container was heated by 

heating element which was made of cupper. (8),. The tempera­

ture of water at specific degrees was measured by thermosta~ 

(9). When the water level in the container was gradually 

decrea'sing because of evaporation, we made a floater, to 

replace the evaporated water. This design allowed a high 
, 

degree of control over'the rate of temperature rise on the 

soil-water system. All of them w~s illustrated in fig.3.4. 

and fig. 3.~. 

Fig. 3.2. Consolidometer. 
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Fig. ,.,. Consolidometer and Loading Device. 
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Fig. 3
0
4. Con"solidometer and Loading Device. 
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D. MA'lIERIAL AND SAlV1PLE 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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1 - Grain Size Analysis Diagrams~ 

.1 
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E. TESTING 

To study 'the effect of temperature on the consolidation 

c}haracteristics of clay, six consolidation tests were per­

forme'd:' three tests were made with a clay of low plasticity 

and the others made with a clay of relatively high plasticity. 

After material. preparation, moldi'ng the material was accom'" 

plished by pressing thin layers of material into the consoli­

dometer ring with the, spatula. Taking care not to leave, among 

void,s. Before assembling,the c,on~olidometer care was taken to 

ensure that the po~ous stones were saturated. 

Tests were pei-formed un~er constant load~ which are 

1.00, 2.00, .4.00 ~g,. per. sq. cm. Each load increment, 

until we reached t'he, constant load, is allowed to remain on 

the soil sample for aper'iod of 24 hours. During the, appli­

cation ,of constant load, the temperature of the soil-water 

. ° was 20 C.After we reached to the desired load on each speci-

men, the temperature rise was established at the soil-water 

system. These, temperatur~ rises were: . 

a - mom 20°C to 40°C, 

b - From 40°C to 60°C, 

c - Fr~m 60°C to 80°C. 

Each temperature step was ,allowed to temain on the specimen 

for 24 hours. 

I , I 
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F. EVALUATION 0]' TEST RESULTS 

1 - ,Calculation of, 'Void Ratios: 

Cons'olidation-test datas are o1?tained from a test 

and used as follows. (9) 

vJeight, dime.nsions (height and diameter)" and water content 

of the original consolidation test specimen are obtained so 

that the'initial void ratio e, and cross-se~tional area A 
I' 

can becomput8d and the initial height of the sample can be 

established. Thedry weight of soil, wd ' can be d~~er~ined 

from the weight of the wet soil and water ,content if known 

at the begining of the teDt as, 

, Wd = Ww; 
. 1 + wi 

The volume of the solids, V s ' can be computed using 

V= Wd 
',S, ~s 

Where:~' is the uili t weight of soil grains. s 
.f The height of soil solids, Hs ' can be readily computed using 

Hs= 
Vs 
A 

1tJhere: A is the' area of oedometer ring. 
The initial height of voids can be computed using, 

Hv = Hinitial - Hs ' 

And the initi~l void ratio, e i ' is 
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After completed the test, th~ clay sample is removed from the 

apparatus and its water content is determined by weighing, 

drying,' and 'weighing again. Final void ratio can be:computed 

using, 

Fl'O!!! an arithmetic plot of e versus pressure one can obtain 

the "coefficient of compressibility a,,11 as 

--
.f and the "coefficient 'of volume compressibility M " . as v 

2. Comput~tion of coefficient of consolid~tion: 

A semilog plot: 

Usually one plots the settlement versus logarithm time, 

as illustrated in figure. 3~7, for·the purpose of obtaining 

the time at a given'percent of consolidation. (6,9) The use 
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'of settlement versus log time curve .. requires finding the 

initial dial reading Do. To obtain Do on the semilogarithmic 

plot, if the early part of the curve is parabolic', select a 

time t~ ~d a timet2 = :4t~·. Measure the ordinate y from t~ to 

t2 on' .the, curve and lay this same value of y of vertical 

above t~. Draw a horizontal line throgh this point an call 

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

early part of the curve:. is not parabolic, use the actual dial 

. reading at t = 0 for Do. To obtain D~oo from the DR versus 

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

of the curve as shown in fig. ,.7. At the intersection of the 

tangents ,project hori"zontally to the curve ordinate to read 

D~oo. To obtain t~oo project horizontally from the tangent 
, . 

intersection to the curve, then vertically down to~the a.b-

scissa for the time value. With Do and D established, one 
'. ~oo 

may obtain ·the dial reading corresponding to SO percent 

consolidation DSO as 
') 

D =' Do + 0100 
50 . 2 

Average drainage length, Hd , can be calculated as 

H =. (Ho-AHjnitial) +( Ho - L1H final) 

2 

Hd =_H __ 
2 

The time at SO percent consolidation tso was used to find 

the coefficient of consolidation Cv : 

, . 



.1 

2 
TyxHd 

t 

52 

2 em Isn. " 

Where: Tv =Time factor (0.197 for U = 50 percent) 

From table 2.1. 

t = time for the corresponding time factor T. 

H :: Average "length of the longest drainage path 

during the given-load increment. :Use Eq.2 ~ \. 

o -:,rTnn---r-IIIT.rrr--.-.-~~ 
:o3"~-++H.f----+ 

lime: minJ'es 

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

obtained from plot~ 
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3. Expansion of Brass Ring: 

Dimensions of brass ring increase as the temperature 

of the brass ring is increased. Fig. 3.8 shows a ring whose 

diameter is 00 at some reference temperature to' and whose 

diameter is D at some higher temperature t. The diff,erence 

D-Do = 6D is the amount of the ring has expanded on heating 

where 6D = 6d~ + Lld2 • The increase in diameter, Ll'd is 

proportional to the original length Do' and very pearly 

proportional to the increase in tempera~ure, t-to or 6t. 

Tha tis, (1 0 ) 

ADo( Do Ll t I 

or 

'Where: O(is a proportionality constant. 

Another relation is obtained by replacing LlDby D-Do and 

solving for D. 

o = Do ( 1 + eX Ll t ) , (25) 

, 
Since Do' D, and 6D are all expressed in the same unit, 

tlle units of 0<: are "rec iprocal degrees" (centigrate). The 

coefficient of linear expansion of brass is given as 

-5 0 _1 
ex. = 2"#0 10 (C ) Ref.(10) 

This means· that a brass ring one centimet'er long at 00 0, 

increases in length by 0.00005 cm when heated to 1°0. 
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Initial 'diameter of the ring at 20°0, Do' is 6.00 cm. 

Final diameter of the ring, D, for various temperatures can 

be calculated as follows: Using Eq. 25:;.:- we obtain, 

For .40°0 D = 6.0024 cm, 

For '60°0 D = 6.0048 cm, 

For 80°0 D = 6.0072 ·cm. 

o 
o 0 

- --

Fig. 3.8 Expansion of the Ring. 
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CHAPTER 4 TEST RESULTS 

A. CLAY WITH LOW PLAST lCITY . (Topser ..... · Yellow) 

TEST - l:(Topser-Yellow) 

P = 1.00 kg. per. sqo em. 

W.= 42.70 % 
~ 

_ VJ f = 33.75 % 
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TEST - 2 :.(ifopser-YeUow) 

P = 2.00 kg.per.aq.cm. 

W.= 45.13 % J. ' 

W:f:1 29.34 % 
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. TEST -- 3: (Topser-Ye11ov,r) 

p =.,.. 00 kg. per. 8 q • em. 

W. = 48.50 % 
~ 

Wf' = 27.27 % 
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T em per ature, deg. cen.( T °c ) 
, '. . "'.. 2 
F'iQ:4. 19.'Effect of Temperature on Coefficient of Consolrdc?t,on, P:4.00kg/cm 
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.'B. CLAY WITH HIGH PLASTICITY fBo~azkoy-Grey) 

;' 

TEST - 1: (Bo~azkoy-Grey) 

P = 1.00 kg. per • sq. em.· 

. Wi = 70.63 % 

Wf = 48.63 % 
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. TEST - 2: (Bogazkoy-Grey) 

P = 2.00 kg.per.sq.cm. 

Wi = 67.00 % 

W.:r = 45.28 % . 
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TEST -3: (Bo~azkoy-Grey) 

P 4.00 kg.per.sq.cm. 

W. 68.40 % . 
J. 

w:f 39.35 % 
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c -- IWl.IERPRATAT!ON OE' 'lIES'll RESULTS 

After the 'experiments done on the various samples 

within nearly identical void ratio' and different constant 

stress levels.the following results CB;n be obtained. 

~ - For clay with lo~~plasticity and for high plas­

ticity noticeable change in sample height and change in void 

ratio are produced in the sample when temperature ,differences 

are applied at given stress levels. The temperature of 400 C 

affects the void' ratio and change,in sample height the most. 
, , 

The temperature of 600 C and800 C have lesser effects respect-

ively. It is evident that at constant stress level, the in~ 

crease in temperature would create a decrease in the vis­

cosity of ,the system as a whole. An applied temperature gradi-

ent causes a flow of water out of the system. Temperature 

causes an increase in ionic movement at the soil particle-

water inter,face, thus est'ablishirig the necessary potantial 

for film flow, for here the incr~ase in energy would be most 

perceptible. For clay with low plasticity, from table 4.1. 

it is obvio'usthat at constant str'ess levels of 1.00, 2.00, 
, , 

and 4.00 kg per sq cm, the total effect of temperature on 

change in sample height was 0.229mm, 0.189mm, and 0.188mm 

respectively. Fig. 4.~3 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 pronounced 

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 tpat the effect 

of temperature is decreasing with increasing the stress 

levels. 
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The reason of this meOhanism is that this clay has low water , 
conteht and clay parti,cles have small surface area because 

of the lo.w plasticity. For clay with high plasticity, 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

perature on change in sample height was 0.254 rom, 0.275 rom, 

and 0.475.mm' respectively. Figure 4.45 shows,that an'in­

crease in temperature.caus'es a decrease in void ratio. for 

a fully drained samples. The ef'fect of temperature., for this 
• clay, 'is more; pronounced at a constant stress level of 4.00 

kg 'per sq cm.as 'compared to 2.00 and 1.00 kg peI.' sq cm __ 

This indicates that the e!fect of temperature increases with 

,increasing stress levels. The reason of this mechanism is 
.' 

that this clay has high water content and clay particles have 

large surface area because: of the high plastic·i ty. 

Temperature variations can calise significant changes 

in the volume of saturated soils. As a consequence.:, there is 

a partial collapse of the soil structUre and a decrease in 

void. ratio until a sufficient number of additional bonds are 

formed. tO'enable the soil to carry the: stress at higher tem-

peratures. This effect is analogous tq secondary compression, 

under a stress increase. 

2 - Figure 4.44 and 4.46 show the family of curves 

indicating the effect. of temperature on the coefficient of 

consolidation due to the temperature change calculate'd using 

the semi-log method for clay with low plasticity and clay . . . 

with high plasticity, respectivelyo From these curves it can. 

be seen that tests made at 1.00, and 4.00 kg per sq cm re-
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sults in a decrease o£ 0 at temperatures at 400 0 and 60°0 vt 
as compared 'an increase in 0 at 80°0." From these curve's it 

,vt 
, can also be seen that at stress level of 2.00 kg per sq cm, 

temperatuDe of 40°0 indicate a definite decrease in 0 as 
1ft; 

compared to) 60°0 value o 

·F~om Eq. 5 it can be. seenlthat 0v is directiy pro-
t 

portional t<;l- the cpefficient' of permeability. It. ,is known 

that. permeability. iis related to, viscosity which in turn is 

related to temperature. Henc~, ·it cant be concluded that. the 
. -- ) 

co.e1'.ficient o£ consolidation will depend on the temperature. 

Therefore the coefficient of consolidation should be directly 

proportional t(!l; the. temperature. 

" 



, 

Applied Pressure . Temperature Change in Void Ratio Coeff. of Consolo 
Sample ht., 

Cv x 10-4 
P T ~H e 

( kg/cm2 ) (oC) 
". - 2 

( mm ) ( cm /sec ) 

20 1.02 0.'9179 ' 3.730 

40 0.091 0.9091 . 0.261 
1.00 

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 

60 0.048 0.7946 0.272 

80 0.035 0.7900 0.208 

20 1.190 0.7551 3.396 

40 0.099 . 0.7450 0.152 
4.00-

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. 

I--' 
o 
0'1 
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Applied Pressure Tempera.ture . Cha..'I1ge in Void Ratio Coeff. of Consol 
- sample ht. 

p T .6H e ' Cv x 10-4 . 

( kg/cm2 ) (oC) ( mm ) ( cm2/sec ) 
'; 20 1.100 1.3762 3.427 

40 0.112 1.3622 0.292~· 
1.00 

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 0.155 

80 0.091 0.9674 0.180 
I 

TABLE 4.2 Results of Tests Conducted on Bogazkoy Grey Clay. 
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CtiAPTER 5 CONCLUSIONS 

A. reviev of. the test results indicates that the .. follow-

ing conclusions can be drawn: 

1 - At a constant stress level,.maximum effect of 

temperature on change in sample height is 40°C.· Void ratio 

is effected by change ih.temparature between the range of 20°0 . 

. to-.400Cthe most. Change between the range of 40°C to 60°C and 

.600C tovSOoC have lesser effects respectively. Temperature 

increase causes a decrease in volume for a fully drained soil. 

The reason for this change of volume is because of the temper­

ature, which:c.auses a flow of water out of the. system and also 

causes an increase in ionic movement at the soil particle~water 

interface. 

2 - The coefficient of consolidation due to the temper­

ature change Cvt _calculated .using the semi-log method is small 

with comparison to the Cv values· obtained from mechanical 

loading. The value of Gvt decreases between 40°C and 60°C, 

but increases when the . temperature is raised to 80°C. 

·3 - The clay with high plasticity showed greater 

.:: ,?hanges due to temperature changes in· comparison with the 

·'effect of temperature changes on the clay with low plasticity. 

So we may conclude that at high constant stress levels, app'" 

lication ·of ·temperature increases to improve theme~hanical 

properties of a soil can be applied more successfully on 

clays with high plasticity. 



• f 

113 

REF ERE N C E S 

(6) BOWLES,J~E., Physical and Geotechnical Properties of 

Soils. 'Me. GRAW-HILL BOOK COMPANY, INC, 1979.' 

(9) BOWLES, J.E., Engineering Properties of So1'ls and Their 

Measurement. MC. GRAW-HILL BOOK CONPANY, INC,1970. 

(7) It' INN, F.N., "The Effect of Temperature on the Consoli- ' 

dation of Soil"" Special Technical Publication 

No.126, ASTM, June 1951, pp. 65-72. 

(5) fYIEANS, R.E., PARCHER, J. V., CHARL.h:S E. M.h:RRILL, BOOKS 

INC., COLUMBUS, OHIO, 1963. 

(8) PAASWELL, R.E., "'llemperature Effects on Clay Soil Con­

solidation", Journal of the Soil Mechanics and 

Foundation Division, ASCE, vol. 93, No.SM3, Froc. 

Paper 5225, May, 1967, pp. 9-22.' 

(10) SEARS, F.W., Mechanics, Heat, and Sound. Addison­

Wesley Publishing COlvlPANY, INC, 1958. 

(11) TAYLOR, D.W.~ Fundamentals of Soil Mechanics • 

J'OHN, WILEY and SONS, INC, 1948. 

(4) 'lISCHEBOTARIOFF, G.P., Soil Mechanics, Foundations, 

and Earth Structures. Mc.GRAW-HILL BOOK COfVJPANY, 

INC, 1951. 



• f 

114-

(2) WILUN, Z. and STARZEWSKI, K. Soil Mechanics in Foun­

dation Engineering, International Testbook 

··COMPANY LIMITED, 1972. 

(3) WU, T.H. Soil MechaniCS, Allyn and Bacon, INC, 1966. 

(1 ) YONG, R.N, and WARKENTIN, B.P. Introduction to soil 

. Behavior. The MAC M!LLAN COMP~NY, 1966 • 

, ' 


	Tez3809001
	Tez3809002
	Tez3809003
	Tez3809004
	Tez3809005
	Tez3809006
	Tez3809007
	Tez3809008
	Tez3809009
	Tez3809010
	Tez3809011
	Tez3809012
	Tez3809013
	Tez3809014
	Tez3809015
	Tez3810001
	Tez3810002
	Tez3810003
	Tez3810004
	Tez3810005
	Tez3810006
	Tez3810007
	Tez3810008
	Tez3810009
	Tez3810010
	Tez3810011
	Tez3810012
	Tez3810013
	Tez3810014
	Tez3810015
	Tez3810016
	Tez3810017
	Tez3810018
	Tez3810019
	Tez3810020
	Tez3810021
	Tez3810022
	Tez3810023
	Tez3810024
	Tez3810025
	Tez3810026
	Tez3810027
	Tez3810028
	Tez3810029
	Tez3810030
	Tez3810031
	Tez3810032
	Tez3810033
	Tez3810034
	Tez3810035
	Tez3810036
	Tez3810037
	Tez3810038
	Tez3810039
	Tez3810040
	Tez3810041
	Tez3810042
	Tez3810043
	Tez3810044
	Tez3810045
	Tez3810046
	Tez3810047
	Tez3810048
	Tez3810049
	Tez3810050
	Tez3810051
	Tez3810052
	Tez3810053
	Tez3810054
	Tez3810055
	Tez3810056
	Tez3810057
	Tez3810058
	Tez3810059
	Tez3810060
	Tez3810061
	Tez3810062
	Tez3810063
	Tez3810064
	Tez3810065
	Tez3810066
	Tez3810067
	Tez3810068
	Tez3810069
	Tez3810070
	Tez3810071
	Tez3810072
	Tez3810073
	Tez3810074
	Tez3810075
	Tez3810076
	Tez3810077
	Tez3810078
	Tez3810079
	Tez3810080
	Tez3810081
	Tez3810082
	Tez3810083
	Tez3810084
	Tez3810085
	Tez3810086
	Tez3810087
	Tez3810088
	Tez3810089
	Tez3810090
	Tez3810091
	Tez3810092
	Tez3810093
	Tez3810094
	Tez3810095
	Tez3810096
	Tez3810097
	Tez3810098
	Tez3810099
	Tez3810100
	Tez3810101
	Tez3810102
	Tez3810103
	Tez3810104
	Tez3810105
	Tez3810106
	Tez3810107
	Tez3810108
	Tez3810109
	Tez3810110
	Tez3810111
	Tez3810112
	Tez3810113
	Tez3810114

