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Eicaywyn

* Kivnon Kal TN CUMTTEPIPOPA TWV PEPTWYV UAWYV O€ OUO

XWPIKES KAIMOKECS

« A\ekAvn aTTOPPONG
e TuNua TTOTAMOU

| .
Leaf and stick
£rgg/ Boulder oty
A cascade etritus in
§ 4 margin
ama=>\  Sand-silt

2,5 over cobbles

Transverse
\ﬂ’ N—Z 250 bar over cobbles
-~
( Moss on
: boulder
S8 \0 Debris N e aher)
S\ dam NB 85 %52/ Fine gravel
patch
Stream system Segment system Reach system “Pool/riffle” Microhabitat
system system
10°m 102m 10T m 10°m 107" m

Mnyn: Buffington, J.M., Montgomery, D.R. (2013). Geomorphological
classification of rivers. In: Shroder, J. (Editor in chief), Wohl, E. (Ed.),
Treatise on Geomorphology. Academic Press, San Diego, CA, USA, 9, Fluvial

Geomorphology, 730-767.




Opiouoi

* MeTa@opd oTEPENS UANG...
* ApyIAoG-IAUG
* Aupog
« XaAiKIa-KpOKAAEC
* ... MEOW TOU UOPOYPUPIKOU OIKTUOU
* OpeIva pEpata
 [lotauia
* ... KOI ME TOUG £ENGC MNXOVIOHMOUG
e 2Up0n oTOV TTUBUEVA
* Alwpoupeva
« EmiITTACOVTO



2XNMATIONOG TTUBUEVQ

* ATTO pI1O OIAUETPO KAl TTAVW: MN OUVEKTIKO UAIKO
* O OXNMOATIOMOG TTUOUEVA TTPOKUTTTEI
 [TuBuEvacg emdpa oTn por) (oTriIocBeAkouca dUvaun)
« Por emdpa otov TTUBuEvVa (Kivnon PEPTWYV UAWV)
* [lapayovTeg
« KAion pEpaTocg
« BaBoc¢ pong
* TaxutnTta pong
* KOKKOUETpIO
 Taxutnta kabinong



[MpoBARMATO

« ATTOTTAUVON Kal UTTORBA0UION TWV €D0@WYV OTIC OPEIVEC (WVEC

* [IpOOYWON TWV TTEDIVWV KOITWV

« KaTaoTpo@n UOPAUAIKWY EPYWV

 AIQKOTTI] OUYKOIVWVIOC

e MeTATOTTION KOITNG TTOTANWYV

 [lpdoxwaon Aipvwy, Aigaviwy, TTapaAiwy

* [lpowBNnon AéATa otn BaAdaoaoia {wvn

* MeTapopa puTTAvVONG ATTO TOUC ETTIPAVEIAKOUC OTOUG UTTOYEIOUG
UOPOPOPEIC



2XNMATIONOG TTUBUEVQ

iz W
— .
Eed form motion
e e e —
Flat bed Ripples
(no sediment motion) (Fr-=1)
|V A -
e
Bed form motion
L —
e
Dunes
(Fr<1)
White waters
(hydraulic jump)
- g —
______.-'E_'H-._\_\__\_\_ __-"'--F_--H"'\-_ . _-'-"'----_ _E- --\--q--\""\-\.___l"’?-:::'.l T -
- —
Bed form motion
. T T — B
T T — T gy -
Standing waves Antidunes
(Fr=1) (Fr=1)

Mnyn: Chanson, H. 2004. The hydraulics of open channel flow: An introduction. 2nd ed. London: Elsevier




2XNMATIONOG TTUBUEVQ

Flow direction

—
Erosion DEP'?SiliDn
| feem
—7Z7%  f migration _—"" ;
-ifﬂT--ﬁ""f \#— —g'!'..--f""' \/ Eh
\"'.--.f'.'-'}-,?i' Id_;._d___a- I i
—

/
Dune migration (in the downstream direction)

Flow direction

—
Erosion Deposition
/ /
H“:":‘;"’f’_—-“ - T
— — ';'\-_\.______:::-- .-_._..- e -
Bed form

migration
Antidune migration (in the upstream direction)

Mnyn: Chanson, H. 2004. The hydraulics of open channel flow: An introduction. 2nd ed. London: Elsevier







2XNMATIONOG TTUBUEVQ

Bed form Flonw Bed formn motion  Commaents
(1] (2] (1) ()

Flat bed Mo Flow (or Fr ==2 1y KO Mo sediment motion
Ripples Fr =z | /s Three-dimensional forms; observed also with air
flows (2. sand ripples in a beach caused by wind)
Dunes Fr=21 Vs Three-dimensional forms; sand dunes can also be
caused by wind
Flat bed Ffr=1 MO Observed also with wind flow
standing waves Fr=1 MO Critical flow conditions; bed standing waves in phase
with free-surface standing waves
Antidunes Fr=1 s Supercritical flow with tumbling flow and hydraulic
jump upstream of antidune crests
Chute-pools Fr=1 s Very active antidunes _
Step-pools Fr=1 — Cascade of steps and pools; steps are often causad by Step p00|
rock bed
References: Henderson (19466) and Graf { 19717, nnvn https.//rlverstyles.com

MNofes: IS = in downstream flow direction; Fr = Froude number; U/8 = in upstream flow direction.

Mnyn: Chanson, H. 2004. The hydraulics of open channel flow: An introduction. 2nd ed.
London: Elsevier




2XNMATICMOG TTUOUEVO
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Mnyn: https://riverstyles.com




DuoIKA XapaKTNPIOTIKA

* MukvoTnTa vepou: p=1000 kg/m3
e [MukvéTnTa XaAadia (TUTTIKA TIMA): Ps=2650 kg/m?3
* 2XETIKI TTUKVOTNTA S=p./p

UKVOTNTA QEPTWV (ENPr| KATACTACN): Ps 4, =(1-Pg) Ps
UKVOTNTA PEPTWV (UYPr) KATAOTAON): Ps wet= Po PH(1-Po) Ps
apayovTag mopwdoug P,: ~0.26-0.48 (trpakTika 0.36-0.40)



UOTAMATA KATATAZNG £0QPWYV

si /
/ 3/0<§< \sa/ndy Clayloam<></claylltga§\ \

<«—— Sand Separate, %

COMPARISON OF PARTICLE SIZE SCALES
Sieve Opening in Inches

U.S. Standard Sieve Humbers
32 1% 1 % % % 4 10 20 30 40 200
[ [ L [ 1 T T rrr 1
SAND
USDA GRAVEL SILT CLAY
cuery_ | coarse |Medium|  Fine Yery
GRAVEL SAND
UNIFIED SILT OR CLAY
Coarse ‘ Fine Coarse | Medium | Fine
GRAVEL OR STONE SAND SILT - CLAY
AASHO
Coarse ‘ Medium | Fine Coarse | Fine silt Clay
| I | 1 | 11 | I — | I | | J
100 50 0 5 H 1 05042 025 0.1 0.074 005 00z 001 000 000z oo01
Grain Size in Millimeters



KAipaka ¢ kata Krumbein

| PO G |
YEENTRS

v= In(2)

/

¢ scale

<-8
-6to -8
-5to -6
-4to -5
-3to-4
-2to-3
-1to -2
Oto-1
1to 0
2to1l
3to2
4to3
8to4
10to 8

20to 10

Size range
(metric)

>256 mm
64-256 mm
32-64 mm
16-32 mm
8—16 mm
4-8 mm

2-4 mm

1-2 mm
0.5-1 mm
0.25-0.5 mm
125-250 pm
62.5-125 pm
3.9-62.5 um
0.98-3.9 um

0.95-977 nm

Size range
(approx. inches)

>10.1in
2.5-10.1in
1.26-2.5in
0.63-1.26 in
0.31-0.63 in
0.157-0.31in
0.079-0.157 in
0.039-0.079 in
0.020-0.039 in
0.010-0.020 in
0.0049-0.010 in
0.0025-0.0049 in
0.00015-0.0025 in
3.8x107°-0.00015 in

3.8x10°8-
3.8x107 in

Aggregate name
(Wentworth class)

Boulder
Cobble

Very coarse gravel

Coarse gravel

Medium gravel

Fine gravel

Very fine gravel

Very coarse sand

Coarse sand
Medium sand
Fine sand
Very fine sand
Silt

Clay

Colloid

Other names

Pebble
Pebble
Pebble
Pebble

Granule

Mud
Mud

Mud



Name

Very coarse soil

Gravel
Coarse soil
Sand
_ ) Silt
Fine soil

Clay

Large boulder
Boulder
Cobble

Coarse gravel

Medium gravel

Fine gravel

Coarse sand

Medium sand

Fine sand

Coarse silt

Medium silt

Fine silt

IBo
Bo
Co
cGr

mGr

fGr

cSa

mSa

fSa

cSi

mSi

fSi

Cl

1ISO 14688:1-2017

Size range (mm)

>630
200-630
63-200
20-63

6.3-20

2.0-6.3

0.63-2.0

0.2-0.63

0.063-0.2

0.02-0.063

0.0063-0.02

0.002-0.0063

<0.002

Size range (approx. in)

>24.8031
7.8740-24.803
2.4803-7.8740
0.78740-2.4803

0.24803-0.78740

0.078740-0.24803

0.024803-0.078740

0.0078740-0.024803

0.0024803-0.0078740

0.00078740-0.0024803

0.00024803—-0.00078740

0.000078740-0.00024803

<0.000078740



KokKouETpIO

* Mn opoyevn Tedia: XapakTNPIOTIKO PeyEBOG N OIAUETPOG TOU KOKKOU
o1ToU 10 50% (KaTG BAPOC) TOU UTTOAOITTOU £€DAYPOUC €ival TTIO
AETITOKOKKO d¢,

* AvtioToixa d,, d,s d-c dg,

* 2UVTEAEOTNG KATATAGNG § = %
d
* TUTTIKR aTTOKAION (AOYQPIBUOKAVOVIKI KATAVOUN) o, = d_84
\ 16

d d
e 2UVTEAEOTNC dlaBaduiong — (d—84 + d—50>
50 16



% Finer by Weight

KOKKOMETPIKI KAOMTTUAN

FINES

SAND

GRAVEL

100%

Fine Medium

Course

Fine

Course

80%

60%

40%

20%

/

0%

4

0.001

0.010

0.100 1.000
Grain Diameter (mm)

10.000

100.000



Baoika @aivopeva

MnynA: Buffington, J.M., Montgomery, D.R. (2013). Geomorphological
classification of rivers. In: Shroder, J. (Editor in chief), Wohl, E. (Ed.),
Treatise on Geomorphology. Academic Press, San Diego, CA, USA, 9, Fluvial
Geomorphology, 730-767.
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Baoika @aivopeva

 AIdBpwon

 [eTpwpaTa

« ATToodBpwon

. Mamcpop/ AL
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« Alwpnon
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 ATT60e0n F’M

 [lotauia kKoitn
* [IANUMUPIKO TTEDIO



Mnyn: http://hydrolab.illinois.edu/people/parkerg/morphodynamics_e-book.htm




2upon+aiwpnon

Mnyn: http://hydrolab.illinois.edu/people/parkerg/morphodynamics_e-book.htm




Mud Sand
10 Clay _ Silt 3 vES| FS| Ms | cs|vcs|Gra Pebbles | Cobbles | Boulders
4 b
\'% o || //’
N, ‘ Erosion and|transport L1 -
1 oy, - 1 -
il \(“‘3‘5;4
g ‘/” 6 >" f’ il
E 0.1 | ‘ A Transport| /// I
2 e el e Y
= Erosion of unconsolidated mud /
> B T — /
z 1T L /A
S Suspension load / || |
| Deposition
%Em‘nﬁm ‘influence I
of particle cohesion 1
H Cohesionless
| ]
0.001 “ d
0.001 0.01 0.1 1 10 100 1000

Grain size (mm)

MnyR: https://www.geological-digressions.com
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Taxurnta Kailnong

« TEAIKN TOXUTNTO KOBI(NONG: KATAOTACN ICOPPOTTIOC
Jf (BapuTtnTa, avwaon, otriocBEAKouoa, Tupfn)

* 2.€ AKIVNTO VEPO, I0EATOC KOKKOG: OXNMa apaipag

Wy = _\/4gds (s—1)

3C,
* 2UVTEAEOTNC OTTIOBEAKOUCOC

WOds
Ca=f s OXTHa




2UVTEAEOTNG OTTICOEAKOUC QG

1x10% 4N

1x10° \

1 %102

10 \

o
L -'"'ftl.

ik Sand and gravel

b ]

Stokes' law = ""'ll_""'f'_ 1
0.1 I | ) Disks |Spheres
s y _'L i 1 I N t
S B e 8 & & 8
sl aF A AT AT AT AT AT KT W

S _,ﬁ Re=wydy/v

An introduction. 2nd ed. London: Elsevier

Mnyn: Chanson, H. 2004. The hydraulics of open channel flow:

1.5
1.0

C4 05

0.1

Smooth

®

103 10* 10° 108 107
Re

Mnyn: https://en.wikipedia.org




AV pICW MIA TTETPO OE Mia Alpvn;

2& TTOON wpa 6a eracel arov mubuEva uia merpa
ue diauerpo 5 cm av 1o Babo¢ poncg givar 2 m;

4gd
Wy = — J “(s—1)=085m/s=>t =235s
3Cy




2.€ TTPOYMOTIKEG CUVONKEG

* [0 aupo Kail XaAikia (Re<10000)

C 24 + 1.5
a Re
e 2UVOAIKN £ciowaon TaxutnTa KaBinong (TTETTAEYUEVN)
CENCACT R R
4 g ds 0.089 0.005 0.44
Wo = — 24 (s—=1) 0.147 0013 1.9 15
3( +15)
\ v|wg|dg 0.25 0.028 7 6

0.42 0.050 21 3
0.76 0.10 75 1.8

1.8 0.17 304 1.5



2.€ TTPOYMOTIKEG CUVONKEG

* [Na 0.001<d.<0.1 mm

~ (s—1gd;
Yo = 18y
* [Na 0.1<d.<1 mm
1
/3
—1
Wy = 1;” [(14001d%)%5—1]  d. = d, [(S _ )g]

* [Na d>1 mm
wo = 1.1[(s — 1) gds]®°
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AUuVvalEIC TTOU ETTIOPOUV OE EVA KOKKO

* BapuTtnTa -,
’ AV(L)OT] Lift force
e OTIOBEAKOUOO Buoyancy fnr_\c\e\ 4 Dl:rag force
* Aviywong O Q
* 2XEOEIG OPAONG- S
avTidpaAONG HE TOUG N Q @

AOITTOUC KOKKOUG

Gravity force

Mnyn: Chanson, H. 2004. The hydraulics of
open channel flow: An introduction. 2nd ed.
London: Elsevier




AlaTAPNON EVEPYEIQG

---------------- o IAE ~ AE = FL
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AlaTAPNON EVEPYEIQG

---------------- o IAE ~ AE = FL

_—
—
_—
—
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- \

Sf=

E, F =mg5¢

AE /mg

L



AlaTAPNON EVEPYEIQG

AE /mg
L

~~~~~~~~~~~~~~~~~ o IAE ~AE=FL Sf=

_—
—
_—
—
-~
- \

E, F =mg5¢

pzm/VOI T:F/A

L

T = ngSf




EUTTEIPIKEG OXECEIC VIO CUPTIKN TAON

« E€iowon Darcy-Weisbach: aywyoc¢ pe KUKAIKA diaToun Kal por)

UTTO TTiEO ) _
i rreipaua Nikuradse

p V2 Iaminar
Sf o E D T = ngSf \ turbulent
\ / ; 3 é yransition rough flow
f mm— ) B
_ T B ™ e cmmm s o weo # D/k=61.2
— Al 12 _ |0 &wf"&&; 2 D/k=120
TO T p 8 V U, = p th i e e st BIK=807
\l D/k=1014

0000000000000000

OUPTIKN TQ0n  OUPTIKN Taxutnta Re



2UvTeEAEOTNG TPIRNG f

 Colebrook-White

1

JT

=—2 Iog[ K

3.7D Re\/7

2.51

« Swamee and Jain

f =

0.25

log

\

5

( k/ )
L

R09

A
J

3

Lk: TPOXUTNTA aywyoU |
' Re: apBuog Reynolds |
E D: SlapeTpoc aywyou |

L o o o o o o e e e e e



Kpiciun TINA CUPTIKAG TAONG

 [TapdaueTrpocg Shields

p(s —1)gd;

Ty

* KpioIun OUPTIKN TACGN Ty ¢r

* O KOKKOG apxifel atrTooTTaTAl KAl apXiCel Kal KIVEITAl T, > T, o



[am—

=
=

Threshold shear stress (non-dimensional)

0.01

Re,

Aladypappa Shields

toer = Tpe
*k

Shields’ data
envelope for
grains of different
density

U, dg

v

1
+ 0.054 |1 —exp| —

25

Fully developed turbulence
Erosion

Saltation
Turbulent boundary layer

Larger bedforms

No grain movement

10 ' 100
Boundary Reynolds Number (non-dimensional)

4Re>?

1000

Mnyn: https://www.geological-digressions.com




Kal otov agpa!

Ty
Sediment motion
0.1
‘\_—“—-
0.01 — — .
No sediment
motion
0.1 1 10 100 V.ds/v

Mnyn: Chanson, H. 2004. The hydraulics of open channel flow: An introduction. 2nd ed. London: Elsevier




‘Evapén pETO@OPAG (POPTIOU OE
aiwpnon

O AOy0o¢ TNC OUPTIKNG
raxurtnTac va givai
UEYAAUTEPOC ATTO £va KATWQPAI

B
* B Id (1966 1
>0.2—2.5 2gnold (1966)
WO Raudkivi (1990) 0.5-1.2

Julien (1995) 0.2-2.5
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2Upon

* Meyer-Peter and Miuller

3
Qb+ = c = 8(7. = Tucr) 2 8(t, — 0.047) /2

V(s — Dgd3 \ ]

T, =
p(s —1)gd;
apIBuog goprtiou Koitng Einstein mapaueTpo¢ Shields




2Upon

* Einstein-Brown (0.3 mm < dg, < 28.6 mm) yia y>5.5

Jps = exp(—0.391y)

0. 465

* Einstein-Brown (0.3 mm < dg; < 28.6 mm) yia y<5.5

36 |36 (s—1g

UZ




Alwpnon

2AE
D % = —WyC
i dy 0*s
olaxuaIuoTNTA PEPLTOU
/ \ OUYKEVTPWON QEPTWV UAWV (aiwpnan)
1/ (ku,)

otabepn D, =~ ku,(h — y)% Cs = Cyp

TapaBoAIKOC vOUOC

() -1

("s,) -1




Alwpnon

2TEPEOTTAPOXN
h
s = f csudy
Op
OTPWHA KOITNG TupBwodng pon
Ty
5, = 0.3d.d?7 —— 1 = (X)
V *,CT max h

OUYKEVTOWON QPEPTWV UAWV (KOiTn)

0.117 [/ T,
Cp, = min [ ( — 1) , 0.65]

de \Tucr

N+1 8
Umax :Tu* f

1// N=K\/§
\ 0.25

f=

g Re0-9 + 3.7

[lo <5.74 “/

)|
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OAIKO opTIO

* Du Boys (1879)

dstot — ApTo (To — T*,cr)

 Shields

10gpSy (TO — T*,cr)
(ps — p)?

s tot —



OAIKO opTIO

* Engelund and Hansen (1967) (0.19 mm < d, < 0.93 mm)

_gar |9
qS,tOt . D N (S . 1)9

* Bagnold (1966)

S b +0.01—
ds,tot = s _pTOu SO - Wy



2UOXETION OEOONEVWV

 AsOOMNEVO OTEPEOTTAPOXNS ATTO METPNOEIC

* Eicodo¢
* MNapoxn
* @oAoTNTa
* Mapoxn aixung
* EuBado Aekavng atroppong
* Mop@OAOYIKA XAPOAKTNPIOTIKA TG AEKAVNC

* TeEXvnTh vonuoouvn
* Mnxavikr) Madénon



Mop@OoOuVvauIKa HOVTEAQ

0H O0J(uH) , ,
—— T =0 &iowon ouvéexelag
dt dt
o(uH) 0(*H) 1 0H m 1,
= ——gH —— aoH _ , ,
dt T 0x 2 g O0x g dx p ggiowan opung

Yopoduvauikd mredio
\

—



Mop@OoOuVvauIKa HOVTEAQ

0H O0J(uH) , , , ,
- T =0 &§iowaon ouvéxelag rdoeic mubuéva
ot ot . :
— X u
2 —p
ot ax 2975, 995, p e€iowaon opunc

Yopoduvauikd mredio
\

—



Mop@OoOuVvauIKa HOVTEAQ

Yopoduvauikd mredio
\

0H O0J(uH) , , , ,
Eyals =0 &iowon ouvéxeag rdoeic Tubuéva
ot ot . :
—xXu
2 —p
ot ax 2975, 9950 p e€iowaon opunc
dn  04qs ot
tot _ o
dt ' ox

eiowaon Exner



Mop@OoOuVvauIKa HOVTEAQ

Yopoduvauikd mredio
\

0H O0J(uH) , , , ,
- T =0 &§iowaon ouvéxelag rdoeic mubuéva
ot ot . :
—xu
2 —p
ot ax 2975, 9950 p e€iowaon opunc
0 Qsios _ 1y = f@

eiowaon Exner



Mop@OoOuVvauIKa HOVTEAQ

Yopoduvauikd mredio
\

0H O0J(uH) , , , ,
-t =0 &Slowaon ouvéxeiag raoeis mubuéva
dt dt . :
—u
2 —p
d(uH) N o(w’H) 1 HaH ; on T, |
ot ax 2975, 9950 p eéiowan opurc
gz + 0q5;0t =0 qp = f(w)

eiowaon Exner
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aqs,tot —0

ot

_|_

0x

Awapopdwon
TUBuEVa

Mop@OoOuVvauIKa HOVTEAQ

0(uH) N dw*H) 1 O0H

Taxutnta

PONg

o
CESN g = f(w)

ot gx . g9HG 9



0
VKOG EAEYYXO
U

- q S )tot,out




Epapuoyn

 TUQMO TTOTAMOU ME TTAATOG dlaToung B=100 m, KaTd NAKOG

KAion 1%o KOl TO OTTOIO ATTOTEAEITAI ATTO OMOYEVEG UAIKO UE
OIAMETPO KOKKWYV d=5 mm OEXeTAI TTEVOANEPO TTANUMUPIKO
YEYOVOG HE péEon TTapoxn avd povada TTAdToug =2 m?3/s/m.
Na Bpe0si:

e To opoIduopPPo BABoc poNnc

* Av Ba diauoppwBoUV ol CUVOAKEC YIa Kivnon TWV PEPTWV UAWV

* Av TO QopTiO €ival aupong N alwpnong

* H oTtepeotTapoxn

e [1600 Ba peTaAnBei o TTUBUEVAC o€ pia povadiaia Awpida KAaTa TTAATOG
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