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Baowkn BLBAltoypadia

R.D. Holtz and W.D. Kovacs.
An Introduction to Geotechnical Engineering.

Prentice Hall, Upper Saddle River,
New Jersey 07458, 1981.
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| Fundamentals

; of Soil
i Mechanics

Donald W.
Tavlor
D.W. Taylor.
Fundamentals of Soil Mechanics.

John Wiley & Sons, New York,
8th edition, June 1955.
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e K. von Terzaghi. Theoretical Soil Mechanics. John Wiley & Sons,
6th edition, April 1951.
e A.R. Jumikis. Soil Mechanics, 1965.
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 R. O. Davis and A.P.S Salvadurai. Elasticity and Geomechanics
 R. O. Davis and A.P.S Salvadurai. Plasticity and Geomechanics

Elasticity and

; Plasticity and
E.F““Ef Hanics Geomechanics
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An outline of
soil and rock
mechanics

Pierre Habib

P. Habib.
An Outline of Soil and Rock Mechanics.

Cambridge University Press, 0 521 28704 9
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Bishop and Henkel

A.W. Bishop and D.J. Henkel.

The Measurement of Soil Properties in the

Triaxial Test. The
Measurement
Edward Arnold LTD, London, 2nd edition, 1962. of Soil
| Properties
in the

Triaxial Test

Booond Edition

F
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EXPERIMENTAL
- SOIL
J-P. Bardet. MECHANICS

Experimental Soil Mechanics.

Prentice Hall, Upper Saddle River, New Jersey
07458, 1997.

JEAN-PIERRE BARDET
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T. W. Lambe.
Soil Testing for Engineers.

1951.

T. W. Lambe and R.V. Whitman.
Soil Mechanics.

John Wiley & Sons, New York, 1969.
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K.H. Head.

Manual of Soil Laboratory Testing:
Soil Classification and Compaction
Tests, volume 1.

Pentech Press Limited, UK, 1980.

Manual of Soil Laboratory Testing:
Permeability, Shear Strength and
Compressibility Tests, volume 2.
John Wiley & Sons, New York, 1982.
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Manual of Soil Laboratory Testing:
Effective Stress Tests, volume 3.
John Wiley & Sons, Baffins Lane,
Chichesters, West Sussex PO19 1UD,
England, 2"d edition, 1998.
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QDuoka xapaKtnpLlotika edbadwv

Volume Mass
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TABLE 2-1 Some Typical Values for Different Densities of Some

Common Soil Materials*

MUKVOTNTA OTEPENG YPAONG ps

Ps =

Mg

8

~ 2.65gr/cm°

Density (Mg/m3)

Soil Type Psat Pa p’
Sands and gravels 1.9-24 1.5-2.3 1.0-1.3
Silts and clays 1.4-2.1 0.6-1.8 04-1.1
Glacial tills 2.1-24 1.7-2.3 1.1-1.4
Crushed rock 1.9-2.2 1.5-2.0 0.9-1.2
Peats 1.0-1.1 0.1-0.3 0.0-0.1
Organic silts and clays 1.3-1.8 0.5-1.5 0.3-0.8

*Modified after Hansbo (1975).
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uotnpa katataénc edbadwv (after Al-Hussaini, 1977

Grain size (mm)

1000 100 10 1 0.1 0.01 0.001
[T T ¥ T T T F 8 T L L LI T [T F ¥ T | LB T L L B | T [T T T T
ASSTM
(D az22; Boulders Cobbles Gravel Silt Clay Colloids
D 653) Coarse Medium Fine
300 i 4.75 2.0 0.425 0.075S 0.00% 0.001
{a) (10} {40) {200}
Sand
AASHTO - . .
3 | 5
(T 88) Bopildens Grave, _ silt Clay Colloids
Coarse Fine
75 2.0 0.425 0.075 0.005 .00
Gravel Sand
USCS Boulders Cobbles Fines (Silt, Clay)
Coarse —‘7 Fine Coarse Medium Fine
300 75 19 4.75 2.0 0.425 0.07%
British Gravel Sand Silt
Std. and Boulders Cobbles Clay
AT Ko Coarse Medium Fine Coarse Medium ‘ Fine Coarse | Medium | Fine
200 [s18] 20 51 2.0 0.6 0.2 0.06 0.02 0.006 0002
No. 4 10 40 100 200
U.S. Standard sieve L ! T ! T L T 1 1
20 50 140 270
|||l" 1 1 1 |l|||| L 1 1 I|I||I | |II||| 1 [ 1 |||I|‘ 1 1 1 Illlll 1 1 1 lll 1 1 1 ]
1000 100 10 1 0.1 0.01 0.001
Grain size {(mm)
ASTM = American Society for Testing and Materials (1980)
AASHTO = American Association for State Highway and
Transportation Officials (1978)
uscs = Unified Soil Classification System (L. S. Bureau of
Reclamation, 1974, U.5. Army Engineer WES, 1960)
PM.ILT. Massachusetts Institute of Technology (Taylor, 1948)
’ ’ ' ' r r ’
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Abpokokka edadLka VALK

(a) Loose (b)

Fig. 4.24 Single grained soil structures.
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\ETTTOKOKKO E00DLKA UALKAL

{a)
{b}
;——-\?'%
=
@——-—“—:
b /
(c)
(<)@“ é‘ ::‘_[,\/’"@f)
J iR v
§§§-‘ //I/ \\\\: = :___/ll
{d) (e)

Fig. 4.20 Schematic representations of elementary particle
arrangements: (a) individual clay plateiet interaction; (b} individual
silt or sand particle interaction; (¢) clay platelet group interaction;
(d) clothed silt or sand particle interaction; (e) partly discernible
particle interaction (after Collins and McGown, 1874)}.

'

nH, O layers and
exchangeable cations [

c v

Si

Al

: /Si

Fig. 4.7 Schematic diagram of the structure of montmorillonite
(after Lambe, 1953).
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Kokkopetplkn Stafabuion HECw KOOKIVWV
Adpokokka VAka (d,>0.075mm, No.200)

afa Standard [mm] Alternative E11-01 a/a Standard [mm] Alternative E11-01

1 . Lid 30 2,36 No.8
2 125 5,00" 31 2,0 No.10
3 106 424" 32 17 No.12
4 100 4 33 14 No.14
5 90 31" 34 1,18 No.16
6 75 3" 35 1,0 No.18

7 63 215" 36 0,85 No.20
8 53 212" 37 0,710 No.25
9 50 o 38 0,600 No.30
10 45 134" 39 0,500 No.35
11 375 115" 40 0,425 No.40
12 31,5 115" 41 0,355 No.45
13 26,5 1,06" 42 0,300 No.50
14 25 1" 43 0,250 No.60
15 224 7/8" 44 0,212 No.70
16 19 3%" 45 0,180 No.80
17 16 5/8" 46 0,150 No.100
18 13,2 0,530" 47 0,125 No.120
19 12,5 %" 48 0,106 No.140
20 112 716" 49 0,090 No.170
21 95 3/g" 50 0,075 No.200
22 8 5/16" 51 0,063 No.230
23 6.7 0,265" 52 0,053 No.270
24 6,3 v 53 0,045 No.325
25 56 No.3%% 54 0,038 No.400
26 475 No.4 55 0,032 No.450
27 4 No.5 56 0,025 No.500
28 3135 No.6 57 0,020 No.635
29 28 No.7 58 - Pan
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Sieve analysis

(U.S. Standard sieve)

No. 200 100 40 10 4 %in 3in St
| i t t | | | |
n | I — 11 / /'] Vel 0
- KaAwg Stopadpiopévo: e // — /
T
- C,>150r 1<C<3 (C>4-6) | % —/ 20
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| /| / _
| / e BN
'7‘_%_75____ 4 ///// i ! 40
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| | r=
— T e e
..:""L"-rrlll' - [ 1] | | Ll [ Lottt | Lttt 100
0.001 0.01 0.1 1 10 100
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Cu =22 C,. = (D30)?
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2xNHUoTo adPOKOKKWY UALKWY

Rounded Subrounded

Subangular ~ Angular

Fig. 2.6 Typical shapes of coarse-grained bulky particles. (Photograph
by M. Surendra.)
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2datpkotnta otepewv ocwpatwyv (Wandell, 1935)
2_QoLpLKOTNTA

_ 7T1/3(6‘/10)2/3
Ap

s

Vp: ‘OYKOC OTEPEOV
Ap: ETLOAVELX OTEPEOL

Ydaipa aktivac R 1

Hulwodaipa aktivag R 0.840

Tetpdebpo akUNG s 0.671 '

E€dedpo akung s 0.806 g

OKtAedpo AKUAG S 0.846
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Kokkopetpikn dtaBabuion pHEcw aePOUETPOU
Aerttokokka UAka (d,<0.075mm)

- -l-l-..._l: ; : :
T - . .
- A
= B U
= = v
e

g
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Nopoc tou George Gabriel Stokes, 1851

OptLokn toxvTnTo kKodildnong v

v = Ts — ’waQ
18u

vs & 27.5kN/m?3
Yw & 9.982kN/m3
pna1.002-107%Pa-s

D =0.2mm = v = 3.9cm/sec
D = 0.0002mm = v = 3.9 - 10~%cm /sec
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Nopoc tou George Gabriel Stokes, 1851

_ : At start of test
=—| y f
- A =
— | ==
/ \ 2 At time ¢ | A — + _Ir
| e J
B i
\ L
i
—~—— Y _>|\ |
| A
I
f
(a) Hydrometer (b) Variation of unit weight (c) Effect of immersion

with depth

Fi1a. 3-:5 Details pertaining to the hydrometer analysis.

Doy [ (3-22)
‘\.TS_'Yw t
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Opla Atterberg kot TocooTO LYpPAGCLOC

Brittle Semi- 1
| solid solid Plastic solid 1 Liquid
State: |-4. | > | — > |- >
Water content: l‘ I = >
. w {7)
0 SL PL LL ’
Liquidity _
index: LI<O0 LI=0 0<LI< LI!:1 LI>1
|
Th X T,n Tih
Stress-strain:
w<PL .
w> LL
. —
1

Fig. 2.6 Water content continuum showing the various states of a soil as well as the generalized stress-strain

response. X ,
AELKTNG OXETLKNG LBUPOTNTOG AgLKTNEG TANCTLLOTNTOC

w—wp  w-—PL

LI=1; = _
L™ w; —wp LL- PL

Pl =1Ip =wj —wp = LL — PL
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Arthur Casagrande, 1902-1981

_ 10 mm gage for checking
height of fall of cup

Casagrande
grooving tool

Brass cup _ Remolded soil sample

Height of fall
_—of cup

gmm rubber or
I Micarta base

Figure 1 The soil specimen is rolled under the fingers into a
thread 3 mm in diameter.

Figure 2 The 3-mm-diameter soil thread crumbles when the water

@ content is equal to the plastic limit.
Fig. 2.8 (a) Schematic diagram of the Casagrande liquid limit device and grooving
tool; dimensions in millimetres. (b) Cut groove prior to turning the crank. (c) After
turning the crank to apply sufficient blows of the cup to close the groove 13 mm. (d)
Plastic limit threads. Parts (a) through (c) after Hansbo (1975). (Photographs by M.
Surendra.)
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Evornotnpévo ocvotnpa koatataénc edadwv (USCS) (1/3)

Group Field Identification Procedures
Major Divisions Symbols Typical Names {excluding particles larger than 75 m=
(T} and basing fractions on estimated weig®
1 3 4 5
= = GwW Well-graded gravels, gravel sand mix Wide range in grain sizes and substantia
- 8 c é S g wures, little or no fines, amounts of all intermediate particle s
i = = I -
o= c E% . . i
§ = E‘ " s F= e GP Poorly graded gravels, gravel-sand mix- Predominantly one size or a range of size
o I z o tures, little or no fines, with some intermediate sizes missing
= g2.3¢ B ~
= e C B astic fi i ; cin
= = 2 E; ; uE -E ‘-c: % = GM Silty gravels, gravel-sand-silt mixiures. Ncir;z'l-ds(;icntl:?es 3r rf‘tnes ‘f‘”:h low ptalalh‘_
= EETw = = .22 ide ication procedures see ML bes
o T SESE<S EZ =228 3E
= = = — @ R - . . & e -
U°3 ™ o = g o § =L g b= ac Clayey gravels, gravel-sand-clay Plastic fines {for identification procedurs
& - i "
S ﬂ = - e (] = mixtures, see CL below).
32 2 g 3
= % ) 3 = =2 3 . sw Well-graded sands, gravelly sands, Wide range in grain sizes and substantia
BE 3 = - S ‘E s g little or no fines. amounts of all intermediate particle 5.
B o = = B = == o =
o ° n = 2E ] £ =
O @ B £ e 5 E .
= & =] Sl g 2= =2 sp Poorly graded sands, gravelly sands, Predominantly one size or a range of size
&5 =2 i -] " =5 =] little or no fines. with some intermediate sizes missing.
E = = ‘E '—E 5 : = 2 —g e
= 3 = 3 @2 =g =3
v = & 2 a . Nonplastic fines or fines with low plastico
W ouw K] c = = — - 2 . ;
=] = = E 2 - uE) .9.. g T .RBeE SM Silty sands, sand-silt mixtures. {for identification procedures see ML b o
= 5 - Ztgzs
a S E == Br = = i
= 2= E-5E3s Plastic fines (for identification procedurs —l
£ 7] = sC Clayey sands, sand-clay mixtures. see CL below)
‘_E“ .
b Identification Procedures {
= on Fraction Smaller than No. 40 Sieve 5
= § Dry Strength Dilatancy T o g
=1 = {erushing (reaction {consmam
- w characteristics) to shaking) near ¥
f @ Inorganic silts and very fine sands, rock
2 : - ML flour, silty or clayey fine sands or MNone to slight Quick to slow Nom
= ) & 2 clayey silts with slight plasticity.
=1 =3 3
P s b= = Inorganic clays of low to medium = .
&5 o~ S =S= cL plasticity, gravelly clays, sandy Medium to high slgne o very .
- = < J] g g clays, silty clays, lean clays . w
g = = 3 a4
cE = @
o e = Organic silts and organic silty clays of Shght to
oY = o
ol oL low plasticity. medium Slow Stig
cE g
“ s a lnorganic silts, micaceous or SIART &
= :;; - M diatomaceous fine sandy or m::jiun'? Slow to none
:; = ; - 3 silty soils, elastic silts.
5 E [ E & . .
S 3 = é = cH Inorganic clays of high plasticity, fat High to very None Sl
g ® S5 . clays. high .
= = g3
= )
“ = Orga ; : e
rganic clays of medium to high 6 . None to very Slig
Ay A Medium high '
B plasticity, organic silts, gELInnyTo big slow medis
5 . Iy identifi 1 gy
Highly Organic Soils Pt Peat and other highly organic soils, Re:g;_l‘;rl:l:u;;;&dbbvvl‘i:grz:.llsot::;;_lfgo :

' Boundary classifications soils. POssessing charactensucs of lwo groups are designated by combinations of group symbols For exampie. G
graded gravel sand mixture with clay binder

wel

* Al sieve sizes on this chart are U.S Standard

After U.S. Army Engineer Waterways Experiment Station (1960) and Howard (1977).
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Evornotnpévo ocvotnua katataénc edadwv (USCS) (2/3)

13/12/2010

Laboratory Classification

Criteria
B
: D
- - C, = - o0 greater than 4
El Dio
83 (See Sec. 2-5)
e {Dgg)?
w2 2 C.= e between 1 and 3
£E= 3 £ ¢ DyxD
B = 0 60
52 20
ng E g dg A Not meeting all gradation requirements for GW
= .-
g 2 " % 81 § E Atterberg limits below A-line, or Above A-line with
28 ° =33 —\\_PI less than 4 Pl between
F8s Dwgo 4 and 7 are borderline
. oEE ad=o Atterberg limits above A-line cases requiring use of
.5 [ E =l L'J‘U‘% § with PI greater than 7 dual symbals.
] TEY == 5|7 | D
& §,»° < @ L’) @ C, = B—‘fu- greater than 6
§ |ogP 48 i (See Sec. 2.5)
2 i B # Dy )2
z SE2 c55 C.= : between 1and 3
2 gPo Ere © Dypx Dg
s @a¥T S0
3 SN #55% N Mot meeting all gradation requirements for SW
€ oo J4Z2wm - -
5 |e=d Atterberg limits below A.line, or Limits plotting in hatched
g EB-Z Pl less than 4 zone with P between
'E. o & 8 - 4 and 7 are borderline
5 g g™ Atterberg limits above A-line cases requiring use of
o [a¥ st with Pl greater than 7 dual symbaols.,
kS
g
2
@
S Plasticity Chart
a2 For laboratory classification of fine-grained soils
>
£
%
c 60 T T T T T T
? Comparing soils at equal liquid limit:
3 50 toughness and dry strength increase --
- = with increasing plasticity index.
E w
o
< z 40
o
e
5 E <&
=2 c 30 P_,\.f N
& OH
- 20 or i
& MH
CL-ML
w0+ mL -
7 or
W77/ oL
] | | ]
0 10 20 30 40 50 60 70 a0 90 100
LIQuUID LIMIT
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Evornotnpévo ocvotnua kotataénc edadwv (USCS) (3/3)

60
— : —-;/Q;\

50 | | i

— i A
40 —t Zlnorganic clays of- 7/_ R
high plasticity v

>

8 A — —h — - — — ]
= — — +——tCH t+—t

> 7 Micaceous or diatomaceous

5 30 /'/Med' > fine sandy and silty soils; |
» . . Iy | ~ elastic silts; organic silts,

5 Low plastic inorganic i 7 plastic clays. and siity elays —

— “clays; sandy and ] f | inorganic |
20 _5|I]ty clays \l o — lclays OH RN
| !\\/ 7; —or |

Silty clays; p. [ S
_clayey silts A CL / oL MH
10 [—and sands __\\_/z__ - or | Inorganic and organic silts -

7TbE==—= L —— 26 d > and silty clays of low

—_ ) /\ V7 - — . e | o | S O
4 CL-ML //A/'/ i - — plasticity; rock flour; — A S ;l
5 — ML — = silty. or clayey ‘fine sands

0 10 20 30 40 50 60 70 80 90 100

Liquid limit

Fig. 3.2 Casagrande’s plasticity chart, showing several representative soil types (developed from Casa-
grande, 1948, and Howard, 1977).
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Taon kot napapopdpwon oto e6adLko oToLXElo

O--
oy

>

=

AA

A
n




Entimedn €viaon — eVpeoN TWV KUPLWV afovVwv

YY

OAUTTLIKEC TAOELG: OETLKEC
EPEAKUOTIKEC TAOELG: APVNTLKEC
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Entimedn €éviaon — eVPEON TWV KUPLWV afovwv

2>y = 0= 042 COS0 + oy SINH — T, SINO — 0y COSO = O

2 Fyy = 0= oyySind + oy COSO + 7, COSH — oy, SINOE = 0

Oz COSZ 0 + 0yq SINO COSH — 7, SINO COSO — oy, COSZ O = O
Oy SN2 60 + 044 SINB COSO + T SINO COSH — oy SINZ G = O

On = Oxor cos2 0 + oyy sin< @ + oxysin 20



Entimedn €éviaon — eVPEON TWV KUPLWV afovwv

> Fp = 0= 022C0S0 + oyz SINO — 7, SINO — o, COSO = O

2 Iy = 0= oyySin0 + ozy COSO + 7, COSO — opSING = 0

Oz SINO COSO + 0yz SINZ O — 7, 5IN2 0 — 0y, SINO COSH = O

Oy SIN O COS O + 0y COS2 O + 7 COSZ 0 — oy SING COSH = O

g — g .
= X Z9Y gin 20 — g4y COS 26
5 y




Entimedn €viaon — eVpeoN TWV KUPLWV afovVwv

Gn

T, On = Oz COSZ 0 + 04y SIN% 0 + oy sin 26
o 1
Z _ Oxzx — Oyy _.
Gxx S] ™ — > sin 26 — O xy COSs 26
Y >
oyx
Oyy
g — 0 )

m=0= " _Ysin2g — 5,020 = 0 =
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Qi

g ==

T XX

JzxX

g1

o O

AVaAAOLWTEC MTOCOTNTEC TWV TACEWV

Oxy OXxz
Oyy O0Oyz
Ozy 0Ozz
0 O |
oo O
0O o3
Iy =tr(oc) =01+ 02+ 03
1
I = [(tr(0))? ~ tr(0%)] = 0102 + 0203 + 0301
I3 =deto = o0q10003




AplOpntikn epappoyn eninednc Eviaong

240kPa
. Aivovtat: 0,, 0,,, T
7 125kpa Zntouvtal: 0y, 0,, T,
N
< /
/
130kPa / e=33’10
// 0,=321kPa
A Cmax 0,=48kPa
Sl \ t._=136kPa
125kPa \
\
\ .
\ -
\ -
= >
o o, 5
125kPa  f----- e T
MéAocg N
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Atovikn napapopdwon edadilkov otolxeiov

aux 8’(1;;{;
u, + d p—
d S aty T e
\ X >_1\ Eyy _ aUy
\ \\ 8y
\ \\ 8Uz
\ € —
\ \\ =~ 82
—
"—’I . aux d _
u tLength =dx +(u+ —=ax) - u,
* 0x
= dx + é’ix dx

ox



Awatpntikn napoapopdwon edadikov otoyeiov

Ewy_eyx_Z(ay t ox
exz_em_Q(az t &U)
eyz_ezy_Q(c‘?z + 8y)

t = - 2
ana dx dx
du, J

Y 0
tanp = oy _ Uy
dy dy




Tavuotn¢ napapnopdpwonc edadilkov otoLxeiov

M
|
M
‘<
X
N
<
e
M
<
N




OyKoMETPLKA apapopdpwon edadilkov otoLxeiov

AV (dx + exzdx)(dy + eyydy)(dz + €z2dz) — dxdydz
€ = — = ==
4 vV dxdydz
exx + Cyy + €2z + Cxx€yy + exnezz + Cyy€zz + Cxx€yy€zz ~
€xx + Cyy + €2z
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MUKPOUNXOVLIKA TWV KOKKWO WV UALKWV

(1) EAaotikn ntapapopdwaon tng otepedc paong tTwv KOKKWV (Bewpeital
oXedOV eAOOTLKN KAl ALEANTEQ)

-
//’ \
/ ‘\
. /
\
\ /
\_’—J

(2) OAioOnon kal meplotpodn TwV KOKKWV PETAEY TOUC (Elval EvTOvVwe
QVEAQLOTLKN Kol E€0PTATAL ATTO TO OXAUA, adPOTNTA, TTUKVOTNTO KoL KOKKOUETPLAL
LECOU.)

«@® «@y
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MUKPOUNXOVLK TWV KOKKWSWV VALKWV (2/2)

(3) ©paion Tou KOKKOU KATW oo VP NAEC TAOELS (HeyaAa BAON, KPOUOTLKEC

doptioelg)

(4) Torukn Opavon - Asiovon KOKKwV oTtnV eTLpAaveld Touc (e€aptatol amo tnv
aAANAgpumtAokn Kol TNV adpoTNTA TOUG, KATW arto €viovn SLATUNTLKA €vtaon.)

o= P
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OL taoelc oto €dadiko UALKO — ApXN TWV EVEPYWV TACEWV
(Terzaghi 1924)




OL taoelc oto €dadiko UALKO — ApXN TWV EVEPYWV TACEWV
(Terzaghi 1924)

@ HEOW TwV OMUElWY ENAPRAC TV KOKKWY

VNS e

N —> G (evepyss

'r:cicrr()

@péow TOU PEUTTOU TWV MOPWV




OL taoelc oto €dadiko UALKO — ApXN TWV EVEPYWV TACEWV
(Terzaghi 1924)

AS AS
AF, = cAS = 0sASs + pwASy, = 0 = oy ASS + puw A; =
AS AS — AS
O':O'SA;—I_p’w AS 8%0l+pw
AS
ATy, =7AS = 1sASs = 7= 14— o =7/

AS

(AS = ASs + AS,)

APXN TWY EVEPYWY TACEWY KT Terzaghi

c=0+puw=0"4u

o. OALKY) TAOM
Pw, U: TLEON TMOPWY

o' evepydg TEoM
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2XECELC TACEWV — MOPOAHOPPWOEWV 0TO £6APLKO OTOLXELO

AvalAtnon KOTOLOTOTIKWY OXECGEWV LETOEY TACEWV KAl TIOPAUOPPWOEWV.
Evw oL VOOl QUTOL TPETEL VA TIPOKUTITOUV OO TLG HLKPONXOVIKN) Oewpnon
TWV UNXOVIOUWV TIapapopdwaonc, auto eival avepLkto KabBwc ol emadEg
TWV KOKKWV/TAaKLISlwV apyilou gival avopiOpnteg.

‘VV

O KaBopLOMOC TWV KATAOTATIKWY OXECEWV Ba TtPoKUPEL aTtO AOYLKEG
YEVIKEVOELG OTTOTEAECUATWY TIELPOAMATIKWY HETPAOEWV O £60DLKA UALKAL.



POAMMLKA LOOTPOTIN EAQCTLKOTNTA

[evikeupEvoc vopoc Robert Hooke (1635-1703). AUo €AAOTIKEC OTOBEPEC:
E (Thomas Young, 1753-1829), v (Siméon Denis Poisson, 1781-1840)

=TT



ASUVOEG YPOUULKNAG LOOTPOTING EAQCTLKOTNTOG

(1) Ta edadikd LALKA v cupepldEpPOoVTOL WE EAACTIKA UALKA. H KOtUtUAN
TACEWV-TIAPALOPPWOEWV ATEXEL TTOAU aTto omoLadmote evOeial yporpun.




ASUVOULEG YPOLULLLKNAG LOOTPOTING EAQOTLKOTNTOG

(2) Ta edadLkd LALKA AVATTTUCOOUV EVTOVEC OLVEAQLOTLKEC, HOVLUEC,
OLVETILOTPEMTEC, MAAOTIKEC TTAPALOPDWOELC. H pnXavikry cupmepldopd TouG
g€aptatal oo TNV EoWTEPLKA dopn Ttoug (mukvotnta, adpotnta).

(3) OL SLaTUNTIKECG P ACELG TTAPAYOUV KOIL OYKOUETPLKEC TPOTIEC.

(3) Znuavtikd polo nailel n wotopia ¢oOPTLONG TOUC KABWC KAl N EKAOTOTE
EVTOTIKN KOTAOTOLON TOUC.

(4) O TpOMoO¢ KoL N OELPA METABOANC TWV TACEWV O £va 6adLko SokipLo
ennpealeL tnv cupunepldopad tou (taokn 6dgvon)

(5) H dtatapaén twv edadikwv LAIKWV (amwAsla $UCLKAS vypaoiag,
dewypatoAnyia) emnpealel TNV LNXOVLKA CUUTTEPLPOPA TWV UALKWV OTIWE AUTH
LLETPATOL OTO EPYOCTAPLO N ETIL TOTTIOU.

(6) H taxutnta ¢poptiong nailet dlaitepo poAo otnv cupnepLPopa TOUG.

A

1aon
Taon
1aon

8
0
0 napapopPwan napapépPewan napapépewon




H Avon...

* MEPOUATIKEG LETPAOELC LNXAVLKNC CUUTEPLDOPAC EOAPIKWY VALKWY HLECW
EPYOOTNPLOKWY SOKLUWV.

e EmIBoAR MapOUOLWV EVTIOTIKWY GUVONKWV LLE QLUTEC TOU £PYOU.
e Emiloyn aviunmpoowneutikol edadikou delypatoc yia tnv KALpaKka Tou €pyou.
* Mpoogyylon tn¢ cupmneptpopac Tou £5adilkol UALKOU TOCO TTOLOTIKWE OCO KOl

TLOOOTLKWG, TIPOKELUEVOU VO KOTALOTOUV OVTIANTITOL Ol iNXOLVIOOL avamntuéng
TNC AVTOXAG TWV UALKWV.

... N TEAKN eTITUXLQ 0TOV OPOOAOYLKO YEWTEXVIKO OoXESLOGUO Oa Baolotel o€
peyalo Babuod otnv kpion tov Mnyavikou.



2UVNOELC EVTATIKEC KATAOTACELS 0TO £5aPLKO UALKO

. Confined .y .
Test Isotropic compression Triaxial Direct
compression (oedometer) compression shear
SRIRIRN!
0 S v g
Basic A Oc
conditions 5;/////// 2 constant T
No harizontal :;pﬁigg
movement N constant as T appiied
Primarily volumetric Distortion Primarily distortion,
Volumetric but some and but some
distortion volumetric volumetric
Type of

deformation




ZUVNOELC EVTATIKEC KATAOTAOELS OE YEWTEXVLKA TTPOBARpaTA
lootpomnn R povodLaotatn CUUMLEDN
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MeTPpOUUEVEC TACELC OTN SOKLUN LOOTPOTNG GUUTILEONC

ai:al—u:p—u
73 ag—ag—u:p—u
2 Jé—ag—u:p—u
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MetpoUpevec mapapopPwoeLlg otV SOKLUN LOOTPOTMNG GUUTLEONC

=2 =)
73 AH _AD AV
€y = €1 + €2+ €3 =—+2 =
) Hg Dq Vo
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Mean effective pressure |p'| [kPa]

Nepapatikd anoteAEopato SOKLHNG LOOTPOTMNG CUUTILEONC

Isotropic compression test, CD-HS,3-100-20, e,=1.044

1.200

1.000 -

800 -

/
Loadi
Dading curve GVzclln (p_,> _|_62(p/_p6)_|_63
15t unloading curve po

2nd unloading curve

— 3rd unloading curve

--------- Experimental data

600 -

400 -

200 A

0
0,000%
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0,250% 0,500% 0,750% 1,000% 1,250% 1,500% 1,750% 2,000% 2,250%
Volumetric strain |g,q| [-]
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1,000
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Nepapatikd anoteAEopato SOKLHNG LOOTPOTMNG CUUTILEONC

Isotropic compression test, CD-HS,3-100-20, e,=1.044

“ €ng — €
€y — ————

i \ 14 €0
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Mean effective pressure p' [kPa]
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MeTPpOUMEVEC TAOELC OTN SOKL LOVOSLAGTATNG CUMTILEONC

A\

2

13/12/2010 ESadounxaviki |, Tunpa MoAtikwy Mnxavikwy, MoAutexvikn 2xoAr) Oscoaliag 59



Metpoupevec mapapopPwoelg otnv SoKLUA povodiaotatng
CUMTILEONC

2
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73
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€y — €1 t€xt+ €3 =— = ——
Hy Vo



2UOKEVEC povodLaotatnc cupunieonc - Owdnuetpa

Porous disks
X o,
ot %
"/,< 57 0 S-oil_-sérpp.)lf: J%
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MNelpopatika anoteAECHATA A0 SOKLUES

povodLaotatng CUMTLEONC
o1 N

T T T

Ce Iog(a,)—

€y — ]
V= 1 —+'€30 ’UC) |
T 1 I | } j ! ;

e

(p%]

NN

Volumetric strain (%)
/
/ |

w
/

P—r— | ‘Eﬁ\
* i

[ j { . | l l i i
0 10 20 30 40
Vertical stress, o, (kg/cm?)




ZuvteAeotg MAEUpLKNG wONong K, (LnOEVIKEG TAEUPLKEG TPOTTEG)

O.;L A O',
_ ~h
Ko = —-
Ou
-
A 9| FooULKN LOBTEOTT EAXCTLKOTNTA
Koy 5
Ko —
0 1l —v
\ v = 0.28 + 0.41
« !
. > Oy Ko = 0.40 + 0.70
€Ev | . $
\Y)
> 0/5) Y
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ZUVNOELC EVTATIKEC KATAOTAOELS OE YEWTEXVLKA TTPOBARpaTA
Tplafovikn cuunieon

Eud'uq?h T eplnw

Leéf.ie)iwd‘n wouxans n téZPQXwVIUﬁf waleyns C€Zpayumiuns udlednf J

Sy Y
o;,é‘ﬂfc AZovosuppezpiun tpofoviun gépzian




MEeTPOUUEVEC TAGELG 0T SOKLUN TPLAEOVIKAC CUMMLESNC

o1 > 0p = 03

ol =01 —u

/ O'Q—u:O'é

Q
N
|

ok =03 —u = 05

01 > 0p > 03
g1 —
Oy — 02 — U

0'3_

g1 — U

g3 — U
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MetpoUpevec mapapopPwoeLlc otV SOKLUN TPLAEOVIKNG CUUTLEONC

=2 =)
73 AH _AD AV
€y = €1 + €2+ €3 =—+2 =
) Hg Dq Vo
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MetpoUpevec mapapopPwoeLlc otV SOKLUN TPLAEOVIKNG CUUTLEONC

AH
€] = —
Hg
AW
A €0 — ———
1 2 Wo
AN D
€ — ——
. 3T Lo
” 3
AH AW AL AV
ey =e1+eoo+a=—~+F—-+—=—-
2 v Hg Wo Lo Vo
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2UOKEVEC TPLAEOVIKNC CUMTILEONC

Axial load

Piston

Rubber sleeve
~ ~
> :
>
> >P0r0us disk
—>
—
J—
—>F
-
Drai | b Confining
rainage pressure
Pore pressure . C
A transducer Drainage B

13/12/2010 ESadounxaviki |, Tunpa MoAtikwy Mnxavikwy, MoAutexvikn 2xoAr) Oscoaliag



MNelpopatika anoteAEopATa OO SOKIMECG TPLAEOVLKIG GUMMLEDNC

Effective stress ration [-]

Drained compression CD-0T20/30-350-0

- B O S ——— pommmmmsmnooes pomsmmmmmnmnnee :

NOYOC KLPLWY EVEPYWY TUOEWY 1

3,50 —+1

3,00 —+-

2,50

2,00

1,50 -}

1,00 -
0,00% 5,00% 10,00% 15,00% 20,00% 25,00% 30,00% 35,00% 40,00%

Axial strain g, [-]
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ZUVNOELC EVTATIKEC KATAOTAOELS OE YEWTEXVLKA TTPOBARpaTA
Art’ suBeiac n anAn ditatunon
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MetpoUpeveg taoelg otn dokun an’ evBeiac dratunonc

A\

2
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Metpoupeveg napapoppwoelc otn dokiun ar’ evubeiog Statpunone

€;=0
(03=?)

displacement

N e
™~ p reaction
SR I i R
g et R s >
T F L _ movement
applied i
soil specimen’ surface of Force dength = breadth, o rvqce of
2 sliding =L shear
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2UOKeVEC art’ euBeiac diatunong

0
Dial indicator of 3‘% 0 4 —):I

; 30
vertical movement ]9

/..J
l

Dial indicator of Loading bar
lateral displacement
R
E@ - Z Shear
.................. force
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Nepapatikd anoteAécpata ano Sokpe an’ eudeiag diatunong

0.7

o
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~
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Fa

ol

!
/
I
|
|

o
()

x-==x Test 3-14; dense; e, = 0.562
o—o Test 3-2; loose; e, = 0.6562 — |
In both tests:
Sample size = 3" square
Initial thickness = 0.41"

=
>

Ratio, shearing stress to direct stress, 7/o

03 e o=3tonspersqft —
I Speed of shearing
displacement =
0.055" per min
0.2 1 Sample; oven-dry aad
’(._‘__x_-—x——'"“
F16. 14-1 Direct shear apparatus. 0.1 x,”"
P
/
x’/
e 7
/
/
!fx
& 0005 7
@ ‘B
Donald Wood Taylor . 5 gt sies
ES = X e
- =c 8 0
(1900-1955) 12 °K a8

£}
5 o005

0.05 0.10 0.15 0.20 0.25
Shearing displacement in inches

F1c. 14-2 Plots of typical direct shear tests (Ottawa standard sand).
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MetpoUpeVEC TAOELC 0TN SOKLUN AlAng dlatunong

A\

2
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MetpoUpevec mapapopPwaoelg otn SoKLR ArAnG SLATHNONG

]

(betore shea-
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ZUOKEVEG ARG dtatpunong

Normal/axial
force/displacement

Shear Strain (%)

Shear stress/strain
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H actoyxia ota edadika vAka — Nopog Tpnc Coulomb

Aotoyia tou edadLkol VALKOU

\

MeyaAec nopapopPwoel tou edddouc  YmEpPBaon TNG SLATUNTIKAG OVTOXNG

XWPLC KATAAUON TNG CUVEXELAG TOU Tou €6Addouc pe KatdAvon TG
(«Aewtoupykn» aotoyia) OUVEYXELAG TOU («SoLKA» aotoxia)
A A

7 7
> o, > Oy




H actoyxia ota edadika vAka — Nopog Tpnc Coulomb

Fig. 1.3 Palacio de las Bellas Artes, Mexico City. The 2-m
differential settlement between the street and the building on
the right necessitated the steps which were added as the settlement
occurred. The general subsidence of this part of the city is 7m
(photograph compliments of Raul Marsal).
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