Mnxavikn Zuptrepipopa Edapwy o€
(UTTO)KOTNYOPIEC POPTICEWV

TEAEIWVOUUE ME:
2UMTTEPIPOPA OE AOTPAYYIOTEC OUVONKES



ACTPAYYIOTEC OUVONKEG

e 2TO TTEOIO:

— MeTa atré pia aAAayr) ¢opTiong, N ATTOTOVWON TWV
uTTEPTTIEOWY AU (TTOU TTPOKARBNKAaV aTTO TNV
aAAayn @OPTIONG) KOBUOTEPEI YIa KATTOIO XPOVIKO
dlaoTNUA £TTEION N KivNOT TOU VEPOU KaBuoTePEI
VIO KATTOIO XPOVIKO dIdoTNUA, TTOU €ival...

e ... ONMAVTIKO OTAV N Kivnon Tou vepou eival apyn (o€
XAMNANG TTEPATOTNTAC £0APN)
* ... QUEANTEO O€ UWNANG TTEQPATOTNTAG £0APN (TTX AUMOUG)

* 2TO EQPYOCTHNPIO

— MeTa atro pia aAAayn @opTIong, N Kivnon Tou
vEPOU guTrOodIdeTal KI €TOI N Au OEV ATTOTOVWVETAI
2



‘Ewg Twpa

« Eidape 011 n evepydc Tadon o' ival To hEyeBOC-KAEIDi yia va
KATOAGBOUNE TN OCUPTTEPIPOPA TOU €DAPOUC aPou 1) auTth
OUVOEETAI PE TTOPAMOPPWOEIC Kal 2) TO KPITAPIO dIATUNTIKAC
QAVTOXNG EKPPACETAI WG TTPOGC TIGC EVEPYEC TACEIC

o Agv TTPOKEITAI VO EEXACOUUE TTOTE OTI 0" = O-U, OTTOTE 0' = O
uovo av u=0. Opoiwg Ac' = Ao-Au, omrote Ac' = Ao povo
av Au=0.

e TnvumoBeon Au=0 peTd aT1TO KATTOIO XPOVIKO dIACTNMA TNV
KAVANE WG TwPa dUO POPEG: OTOV UTTOAOYIONO A) TwV
ETTIQOPTIKWYV TACEWV Kal B) TNS KaBilnong Aoyw
LMOVOdIACTATNG CUMTTIEONG.

— TaTi; Narti n €mpBoAnR evog eEWTEPIKOU POPTIOU apXIKa
dlaTapACoEl KAl TNV TAoN Tou £dA@OUC KAl TNV TTiEcN TOU
vEPOU, aAAG oTnV TrEPITTTWON (a) dgv JTTOPOUE va
utToAoyioou e TN diaTapaxrn TNG Trieong Tou vepou Au, evw
oTnV TePITITwaon (B) ¢Epoupe povo TNV apxIkn Tiun NG Au.



‘Ewg Twpa (cuvéExeia)

e 000 d¢ev ptTopoucape va uttoAoyiocoupe TNV Au, Aéyape
OK, Ba trepipév uEXPI va atTtotovwBei n diatapaxn 1S
TTIEONC TOU VEPOU KAl VO Lavayupioel N TTieon otnv apxIKn
NG TIUN.

— [160o0o Ba xpelaoTei va TepIPEVW; MNoOAU Aiyo, UTTOBETW KABOAoU OTIC
AMMOUC Kal, Apa, Ol AoTPAYYIOTEG OUVONKEG ival KATI TTOU OEV UE
QATTAOXOAEI OTIC AUPOUG (ME TNV €CAiPEDN TOU OEICHOU). APKETA OTIC
apyidouc. I'’ auTo TTPETTElI va aoXoAnBw He To TI cUMBaAivel OTIG
apyiAoug o€ aoTPAYYIOTEG OUVORKEG.

e 2’ QUuTAV TNV TeAeuTaia evoTnTa, 6a paboupe va
uttoAoyidoupue TNV Au yia KATTOIEG TTEPITTTWOEIC. Mg yvwaoTH)
TNV U, TTAAI Ba BPIiOKW TIC EVEPYEG TAOEIC ATTO TIG OAIKEG
TAOEIC, Kal apa Ba ¢Epw (a) T oupBaivel oTo £0QQOC KAl TNV
OTIYMN €TTIBOANG TOU ECWTEPIKOU POopPTiou Kai () av To
£00POC AOTOXEI.



‘Ewg Twpa — HOVOJIACTATN CUMTTIECT = avaAoyia
KOPECHEVOU £0APOUG— EAATNPIOUHTTIOTOVIOU

o TI TTROETTEI intial ,
p waler surface [ ) Na (pUYgI

va Yiveryia < .
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Va UTTOPEDEN T

va aAAGEel o i

OYKOG TwV L

TTOPWV; (@

Au=?
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Au(t)=0



MovodidoTaTn CUMTTIEON— ACTPAYYIOTEG OCUVONKEG

« Xwpic aAAayn Oykou, giXxape UTToBECEl OTNV apXr TNG
¢opTiong Au = Ao, kal Aa', =0
— KaA uttéBeon 10iwg yia yaAakd kal xahapa edAen, Twv
OTTOIWV 0 £DAPIKOC OKEAETOC €ival TTOAU AIlYOTEPO CUUTTIECTOG
O€ OXEON ME TN CUMTTIECTOTNTA TOU VEPOU

[1I0 yevIKaQ:
Au =B Ao, ka1 Ag’, = (1-B) Ao,
— O ouvrteAeoTNC B gival xapakTnpioTIKO Tou £€0a@IKOU UAIKOU
— lNa kopeopévo £€0a@Oog (S, >98%) Kal ouuTtTieEaTA £dagn, B=1
— [a aképeoTo £€dagog, B<1 kai yia ¢npod £dagoc B=0
To id10 IoXUEl KAl VIO IO0TPOTTIKI) CUMTTIEDN:
Au =B Ao, kai Ao’ = (1-B) Ao,



AvVATTTUEN UTTEPTTIEONG TTOPWYV UTTO ACTPAYYIOTEG OUVONKES

1-01doTATN CUMTTIEON

Au = Aoy

Ac'v=0

222220

I TTI0 YEVIKA

Au =B Aov

Ao’y = (1-B) Aoy

B=1 yia TTAfpwg Kopeopévo (Sr >98%) Kal
B=0 yia ¢npo N HEPIKWG KOPETHEVO £00POG 7



lcOTPOTTIKN) CUMTTIEDT

Na Toug idloug Adyoug pe TNV 1-D cuuTtrieon (MNXAVIKN
AAANAeTTiOpaO HETASU £0APIKOU OKEAETOU KOOI ACUUTTIECTOU
vVEPOU)
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Au =B Aoc

Ac'c = (1-B) Ao

$ $ $ $ B=1 yia TTAfpw¢ KopeoHévo (Sr >98%) kai

Aoc

B=0 yia {npod 1 HEPIKWG KOPETHEVO £DAPOG



NAPAAEITMA 1
Na utToAoyIo00UV 01 EVEPYEG Kal Ol OAIKEG TAOEIG OTO TEAOG TNG
ak6Aoubng 1-D cuuTtrieong:

oTadio 1: gTEPEOTTOINON UTTO KATAKOPUPN TAON O, =0",,=100 kPa

OoTAdI0 2: KATAKOPUPN POPTION UTTO OTPAYYIOTEC OCUVONKEG, ME
Aoc,=200 kPa

To £5a@iké dokKipio Ao, 1a pTTAE BEAN
gival KOPEOHUEVO Kal i ¢ i ¢ i i Seiyvouv

EXEI OUVTEAEOTN G, OOTPAYYIOTN
i ¢ i ¢ i i POPTION KAl TA HaUpa
oTpaYYI(OMEVN

K =0.50
KOPEOMUEVO




Movoagoviki @OopTION

Agv 10XUEI TO JNXAVIKO avAAOYO TTOU TTAPOUCIACAE
TTPONYOUHEVWC YIa TNV 1-D Kal TNV ICOTPOTTIKN
oupTTiEON, €TTEION N TAON YIA JETAPBOAR TOU OyKOU OEV

Aoy TTPOEPXETAI ATTO TNV ETTIBAAAOUEVN 0pON TAON, AAAG
KUPIWG aT1Td TN OIATUNTIKA KATATTOVNON

Mg Baon TTEIPAMATIKA ATTOTEAEOHATA VIO
Kopeouévo £5agog, mpokutrTel 6Ti:  Au = A Aoy
[ A yevikérepa: Au = B(A Ac,)]

1.0
//)CR =1.0
7<) S
0oV A(e, OCR) OCR >>1 R
1.0 10

0 aCOVIKT Tapapope®on €



A(e, OCR)

-1.0

Kal
KATI
aKOMN: 06

0.2

0.4

aCOVIKI TOPAPNOPPMO) &

Based on Simons (1960)

A, ~1.00 -0.65 *[OCR -1]%%°

1

5

[OCR<4+5]
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OVERCONSOLIDATION RATIO, OCR




. ‘/CR =1.0
A=Y T,

o= :
OCis ...
A(e, OCR) CRxp e,

I
I
L

-1.0

0 aCOVIKI TOPAPNOPPMO) &

AUO epWTAMATA OXETIKA JE TOV OEIKTN TTiEONG TTOPWV A:

e [ari yiveTal apvnTikog 6tav OCR >> 1.0; (Amravrnon:
Alagaveia 14)

o [ari A =1/3 avedapTATwg OCR; (ATrdvrnon: Alag@aveia
15)
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OuuouaoTE:
Rl Métpnon aAAayric oTddunc vepou
[ | (= 1 _Aokiuio diwyvel vepod =

| | H 4 ugiwon OyKou
Yy * Y v P |

B . Aokipio Tpafael vepo =
- aug¢non oykou
| Sl n
B Av KAgiow Tn Bdava Kai
95 [FEa XPNOIMOTTOIROW KATAAANAO
. b DK HOP@OTPOTTEA TTIEONG = HETPW
L J aAAayn Trieong Tou vEPOU TwWV

s J) TOPWV.

e [lola €ival Ta €dA@N TTOU CUUTTIECOVTAI KOTA TN
OlATUNTIKA KATATTOVNON;

e 2 UUTTIEON OE OTPAYYIOUEVEG OUVONKEC <

QuU&NaN TTieong TTOPWV O€ AOTPAYYIOTEC OUVONKEC s




OuuopaoTE (CUVEXEID):

(}1 | (.I‘(

MéTpnon aAAayrc oTdbung vepou

[ ) = ) - Aokiuio dlwxVvel vepo =
| d ‘ r 1 4
L141 | | peiwon oykou

) | Aokipio Tpafagl vepo =
in auénaon Oykou

— nd t_ r’l
i Av KAgiow Tn Bdava Kai

DK XPNOIMOTTOIROW KATAAANAO

HOP@OTPOTTEA TTIEONG = HETPW
L ] aAAayn Trieong Tou vEPOU TwWV

s Jj TOPWV.

e [lola €ival Ta €dA@N TTOU DIOYKWVOVTAI KATA TN
OlATUNTIKA KATATTOVNON;

e AIOYKWON O€ OTPAYYIONEVEG OUVONKEC &

ugiwon ieonc TOPWY O€ A0TPAYYIOTEC OUVONKEC e




OQuuopaoTte: OYKOUETPIKA TTOPAUOpPWON —
TAOEIC — AOTPAYYIOTEG CUVONKEG
(a1 Oewpia EAACTIKOTNTAG)

* Me GBpoion Twv 0pBWV TTAPAPOPPUWOEWV TTPOKUTTTE

1
AE, = —(Aa)’( +Ao, + Aag)
3K
oTTou K = JUETPO 1I00TPOTING CUMTTIEONC K = E
3(1-2v)

* Kara tnv aoTtpayyiotn eopTion edapwyv Ag,, = 0 Kal
apou Ac' = Ac-Au

1 lNa Ao, ,=Ac,=0,

AUZg(AGX+AGy+AGZ) Au=AAoc, pe A=1/3
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TpPIagOVIKE @OPTION
AG,- Ao,
' '

+

Ao,

>
Ao,

ICOTPOTTIKA CUpTTieon  HOVOAZOVIKN CUPTTiEDN
(Ao, = Ao,) (Ao, = Ao, - Aos)

Au,=B Ao, Au,=B A (Ao,-Ao;)

apa, TEAIKWG ... Au =B [Ao; + A(Ac,-A0,)]
A =A(g, OCR) & B=1 yia mARpw¢ kopeoHévo £€0a@og (R aAAoiwg B=0)
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NAPAAEITMA 2
(a) Na utroAoy1000U0V o1 evepYEG Kal Ol OAIKEG TAOEIG OTO TEAOG TNG
aKOAouOng TPIaSOVIKAS POPTIONG:

oTadio 1: gTEPEOTTOINGN UTTO I0OTPOTTIKK Tadon o.=0'.=100 kPa

OoTAOIO 2: ICOTPOTTIKN POPTION UTTO OOTPAYYIOTEC OUVONKES, ME

Ao =100 kPa
oTad10 3: aOoVIK ) CUMTTIEOT) UTTO OO TPAYYIOTEC OUVONKEG, HE
Ao =200 kPa
T l Ao,
Ta MTTAE BEAN
To £5a@IK6 Sokipio * A ogixvouv
aoTPAYYIOTH

Gc
gival KOPEOTHUEVO Kal . .
c POPTION KOl TO Haupa

c
EXEI OUVTEAEOTN * oTpayyiOpEVN
Tieong mépwv
A=0.50

AG- O .




NAPAAEITMA 2 - (B) MapaAAayn Kai (Y) ETTITTAéOV EPWTAOCEIG
Na utToAoyIo00UV 01 EVEPYEG Kal Ol OAIKEG TAOEIG OTO TEAOG TNG
aKOAouOng TpIaEOVIKAG POPTIONG:

oTadio 1: gTEPEOTTOINGN UTTO I0OTPOTTIKK Tadon o.=0'.=100 kPa

OoTAOIO 2: ICOTPOTTIKN POPTION UTTO OOTPAYYIOTEC OUVONKES, ME

Ao =100 kPa

oTad10 3: aOoVIK ) CUMTTIEOT) UTTO OO TPAYYIOTEC OUVONKEG, HE

Ao =200 kPa

T l Ao,
(B) To kopeopEVO £DAPIKO Ta ,”")‘a BeAn
] ) ] deixvouv

SOKiMIO £XEl CUVTEAEOTR * Ao AoTPAYYIOTN

Trieong mépwv A= - 0.20 6. @OpTION KOI TA

(v,) Moia trepimrTwon, (a) i * Haupa
oTPAYYI(OMEVN

(B), «TTPOTIMATEY;
(v,) T1 8a yiver av oTto oT1GdI0 - -

3 emiTpéyoupe oTpdyyion; Ac- G- 18




NMAPAAEITMA 3

Na utroAoyio0ei n TpOcOeTn agovikn Taon Ao; TTOU ATTAITEITAI TTPOKEIMEVOU
va £XW 0o TOXiO UTTO aOTPAYYIOTEG OCUVONKES POPTIONS OTNV OKOAOUON
TPIaOVIKE) OOKIMA:

oTAadlo 1: OTEPEOTTOINON UTTO I00TPOTTIKA Tdon o.=0' =100 kPa

oTAdIO 2: ICOTPOTTIKA POPTION UTTO AOTPAYYIOTEG OUVONKEG, uE Ao =100 kPa

oTAdI10 3: YIa AOVIKI) CUMTTIECT) UTTO OTPAYYIOTEG OUVONKEG, TTOolI0 METABOAR

TAong Ao, eTTIQPEPEI AOTOXIA;
To £dae@iko dokiuio Ta uTTAE BEAN Seixvouv
Ao TPAYYIOTN POPTION
KOl To pavpa
oTPAYYI(ONEVN

gival KOPEOMEVO, HE
OUVTEAECTH TTiEONG
mopwv A=0.50 Kkal
c=0 & ¢@=30°

AG- O "




NAPAAEITMA 4

Oa aAAddel n TpooBeTN agovikrn Taon Ao, TTOU ATTAITEITAI YIO VO ETTEAON
aotoxia oTo MNMapadeiypa 3 €Gv n ICOTPOTTIKN TAON TTOU ETTILAAAETAI UTTO
aoTPAYYIOTEG OUVONKEG OoTO OTAdIO 2 eival Ao =300 kPa (avti yia 100 kPa);
Néoo kai yiari;

To eda@iko dokipio T uTTAE BEAN Seixvouv

aoTPAYYIOTN POPTION
KOl To pavpa
oTpayYI(ONEVN

gival KOpeoHEVO, UE
OUVTEAECTN TTiEONG
mépwv A=0.50 Kai
c=0 & ¢@=30°

AG- O
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MAPAAEIFMA 3 - MapaAAayi

Na utroAoyio0ei n TpOcOeTn agovikn Taon Ao; TTOU ATTAITEITAI TTPOKEIMEVOU
va £XW 0o TOXiO UTTO aOTPAYYIOTEG OCUVONKES POPTIONS OTNV OKOAOUON
TPIaOVIKE) OOKIMA:

oTadlo 1: oTEPEOTTOINTN* UTTO ICOTPOTTIKA TAon o =o' =150 kPa

oTAdIO 2: ICOTPOTTIKA POPTION UTTO AOTPAYYIOTEG OUVONKEG, uE Ao =100 kPa

oTAdI10 3: YIa AOVIKI) CUMTTIECT) UTTO OTPAYYIOTEG OUVONKEG, TTOolI0 METABOAR

TaoNnNG Ao, £TTIPEPEI AOTOXIA;
s 26 bep X Ta MTTAE BEAN Oeixvouv

aoTPAYYIOTN POPTION
KOl T jaupa
oTPaYYI(ONEVN

To £da@ik6 dokiuio
gival KOPEOMEVO, HE
OUVTEAECTH TTiEONG
mopwv A=0.50 Kkal
c=0 & ¢@=30°

* oTEPEOTTOINON OF
MEYOAUTEPN ICOTPOTTIKI)
TAON TTPOCOMOIWVEI TO
id10 £0a@og o€
MEYaAUTEpO BGOOG

AG- O ot




MNapadeiypata 3 & 4: MNMepiAnwn (oxnua)
Kal Yevikeuon (Keipevo) atroteAseopatwy (1/3)
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MNapadeiypata 3 & 4: MNMepiAnwn (oxnua)
Kal YEVIKEUON (KEipNEVO) atroTEAETHATWYV (2/3)
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MrTropei va BewpnBcei OT1 o1 “KUKAOI aoTOXIOC OAIKWY TAoEWV”, dnNAadn ol
KUKAOI OAIKWYV TAOEWV TTOU QVTIOTOIXOUV/OTOV idI0 KUKAO aaTOoXiag
EVEQPYWV TACEWV, EQATTTOVTAI O€ 0PILOVTIO “TTEPIBAAAOUCA OAIKWV
Tacewv’, ye @,=0 kal aaTpAyyIioTn JIATUNTIKN AVTOXN S,
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MNapadeiypata 3 & 4: MNMepiAnwn (oxnua)
Kal YeViKeuon (Keipevo) atroteAeopatwy (3/3)

eCAPTATAI ATTO TNV TACN OTEPEOTTOINONG (], OTONTEDIO, ATIO TV APXIKN
EVTATIKN KATAOTAON TOU DOKIMIOU: 0TO idI0 £dA®OG, aucAvel Pe TO BABOC).

® 2UVIOTATAI O GCUPPBOAICHOG S, (avTi TOU C ) YIO VO aTToPeUXOEi TUXOV
TTapavonon 0TI N S, AVTITIPOCWTTEUEI KATTOIA «TUVOXIN» UTTO QOTPAYYIOTEG 24
OUVONKEeC.



AcTpdyyioTn S1ATUNTIKA AVTOXN S,: TTold N XPAON TNG;

420
7 (kPa)

280

Normally consolidated clay
‘ O'n :23

A

s, =234kpPa| 140

A

—

N

0

-140

-280

-420

140{-280 420 560 /700 840 980 1120 1260 1400
A / o, o' (kPa)

A

.

Effecmg_stress Total stress

e H aotpdyyioTn S1aTunTIKA avToxn S, €ival éva TPIK OTO OTToio
AVOYKO(OMOOTE VO KATA@PUYOUHE OTAV OEV MTTOPOUHE VA UTTOAOYICOUME
TIG AAAQYEG TNG TTIECTNG TWV TTOPWV UTTO AOTPAYYIOTEG OUVONRKES, ONA.
YiOo XOMNANG TTEQPATOTNTAG £0APN ANECWGS META TNV aAAayn @OpPTIONG.

e Tnv TPp0o0odIopifoupuE YIa Eva BAOOG AVTITTPOCWITEUTIKO TOU
TTPORBAAMATOG HAG KAI TNV XPNOIMOTTOIOUHE OTTOKAEIOTIKA O& AVAAUCEIG

ME OAIKEG TAOEIG.
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T1 va CUYKPOTNOOUME;

* 2710 TTEdI0, avaAUCEIC VIa aoTPAYYIOTEC OUVONKEC Ba
XPEIAOTEI VA KAVOUUE AV EXOUME XauNnANG
TTEQPATOTNTAG £€DAPN (apyiAoug, IAUEC) VIO TO XPOVIKO
dlIaoTNUA TTOU aKOAOUBEi BpayxutTpOBecua HETA ATTO
aAAayn EVTATIKNG KATAOTAONG

— AAAayr eVTATIKAG KATAOTAONG UTTO QOTPAYYIOTEG
OuUVONKEG — PETAPBOAN TNG APXIKAG TTIEONG TWV TTOPWV, U,,
Katd Au (yia Tpiagovik) oupTtrieon, ptropei Au > 0, Trx
HaAakEC/NC Gpyidol, 1 Au < 0, 1Tx oTippEC/OC apyihol)

— BpayutrpdBeopua: n arréAuTn Tiurn TG Au gival hEyIoTn

— (2710 gvdIaueoo dlaoTnua: n Au atrotovwveTal, OnA. n
ATTOAUTN TIUN TNG MEIWVETAI)

— MakpotrpoBeopa: n Au Teivel 0TO PNOEV KAl N TTiECN TWV
TTOPWV ETTICTPEPEI OTNV APXIKN TIMA TNG, U,
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T1 va CUYKPOTACOUME; (OCUVEXEIQ)

* 270 TTedi0, avAAUCEIC VIO aoTPAYYIOTEC OUVONKEC Ba
XPEIAOTEI VO KAVOUME AV EXOUME XAMNANG
TEQPATOTNTAC £0APN (apyiAoug, IAUEC) YIa TO XPOVIKO
OIA0TNUA TTOU aKOAOUBEi BpaxuTrpoBeoua YETA ATTO
aAAayn EVTATIKAC KATAOTAONG

— OTtav ptropoupe va UTTOAOYICOUNE TIC AAAQYEC TNG TTIEONG
TWV TTOPWV AOYW aAAaywWV EVTATIKAG KATAOTAONG (ME TIG
TTapauETpoug B kal A), DOUAEUOUNE PE EVEPYEC TAOEIC KAl
EAEYXOUME YIa TUXOV aoTOoXia o€ OIATuNoN
XPNOIUOTIOIWVTAG TN YVWOTH MO¢ TTEPIBAANOUCA aoTOXiOG
TTOU opileTal ATTO TIC TTAPAMETPOUGC DIATUNTIKNG AVTOXN G C
Kal @
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TI vO CUYKPOATAOOUME; (OCUVEXEIQ)

e 270 TTedi0, AVOAUCEIC VIO aOTPAYYIOTEC OUVONKEC Ba
XPEIAOTEI VA KAVOUUE AV EXOUUE XAUNANG TTEPATOTNTOC
edapn (apyiAoug, INUEG) yia TO XPOVIKO dIAoTNHA TTOU
aKOAOUBEi BpaxutrpoBeoua JETA ATTO AAAQYN EVTATIKNG
KOATAOTAONG

— Otav dgv utTOpOUUE VA UTTOAOYIOOUUE TIC OANAYEC TNG TTIECNC
TWV TTOPWV AOYW AAAQYWYV EVTATIKNAG KATAOTACNG, OOUAEUOUME
ME OAIKEC TAOEIG KAl EAEYXOUME YIa TUXOV aoToXia o€ dIATuNOoN
XPNOIUOTTOIWVTAG TNV AOTPAYYIOTN OIATUNTIKI AvToxNn S,

* Me 1oV KQIpPO (apyd OTIC apyiAoug, AuECOWC OTIC AUPOUCG), Ol
aAAQyEC TNC TTiEONC TWV TTOPWV Ba atToTovwoouv

— O €Agyxocg yia TUXOV DIATUNTIKA AOTOXIO O€ QUTEG TIC OUVONKEC
(ONA. «pakpOoTTPOBeCua») atTaITeiTal yia OAa Ta 04PN
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