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Alwpuya ATTayWYNG/ITTWo NG

* ZWMA PPAYMATOG

« ETTAVWw (ppdayuata BapuTtnTag)

* [apatrAeUpwg

* Makpid a1TO TO CWHA TOU PPAYUATOC
 BaBuidwTn

* KataoTpopr) EVEPYEIQG
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‘Epya KOTOOTPOPNC EVEPYEIOC

* AEKAVN KATAOTPOPNG EVEPYEIAC (TTOOI PPAYUATOC)

« EKTOCEUON TTIdOAKAO VEPOU O€ Aekavn atrotovwong evepyelag (flip
bucket)

 EyTTO0Ia OTN pon
* BaBuideC



BaoIKEC ApXEC UOPAUAIKNC



Tagivounon powv

* MeTaBoA} UBPAUAIKWYV XAPOKTNPICTIKWYV (fdBog + Trapoxn)
* 2TO XWPO

* Opoiduopen pon

* Avopuolioupop®n pon
* 2TO XpOVO

* Moviun ) otaBepr) por

* Mn yoéviyn A aotabnc pon
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Moviun - oyoiopop®n pon

* MnOevikn METABOAN EVEPYEIOG
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« E¢iocwon Manning yia Kavoviké Ba0og pong

Q= 1 AR%SO% OTTOIOdNTTOTE dlATOMN
N

5
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Moviun - avouoliopop®n pon

* MeTaBoA BaOoug - oTO XWpPO
 BaOuiaia petaBaAAdpevn pon
« AAAayn KAiong, TpaxutnTag, YEWUETPIOC
* ATTOTOMO HETARBAAAOMEVN pON
* YOPAUAIKO GAua
« 2AE Evépyslag
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s % s
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2UVTEAEOCTEC TPAXUTNTOG

Material n
Metals

Steel 0.012
Cast iron 0.013
Corrugated metal 0.025
Non-metals

Lucite 0.009
Glass 0.010
Cement 0.011
Concrete 0.013
Wood 0.012
Clay 0.013
Brickwork 0.013
Gunite 0.019
Masonary 0.025
Rock cuts 0.035
Natural streams

Clean and straight 0.030

Bottom: gravel, cobbles and boulders 0.040
Bottom: cobbles with large boulders 0.050

Manning

Channel Type n
Depth Range
(0-150 mm) (150-600 mm) (>600 mm)
Rigid Concrete 0.015 0.013 0.013
Grouted Riprap 0.040 0.030 0.028
Stone Masonry 0.042 0.032 0.030
Soil Cement 0.025 0.022 0.020
Asphalt 0.018 0.016 0.016
Unlined Bare Soil 0.023 0.020 0.020
Rock Cut 0.045 0.035 0.025
Temporary ~ Woven Paper Net 0.016 0.015 0.015
Jute Net 0.028 0.022 0.019
Fiberglass Roving 0.028 0.021 0.019
Straw with Net 0.065 0.033 0.025
Curled Wood Mat 0.066 0.035 0.028
Synthetic Mat 0.036 0.025 0.021
Gravel Riprap 25mm D50 0.044 0.033 0.030
50 mm D50 0.066 0.041 0.034
Rock Riprap 150 mm D50 0.104 0.069 0.035
300 mm D50 — 0.078 0.040

Mnyn: Chaudhry, M.H. (2008). Open channel flow,
2nd edition. Springer Editions, New York, USA.




YTTEPKPIOIUN / UTTOKPICIUN pon

* ApIBuog Froude

Fr:—v

Jay
* BaBog ponc¢ < Kpioipyo Badog = (Fr>1)
* YTTEPKPIOIUN pon
* BaBog pon¢ > Kpioipyo BaBog = (Fr<l)
* YTTOKpiOIun pon
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* 13 KauTTUAEG pONGg
* 'Hma KAion
« ATTOTOUN KAION
« Kpioiun kKAion
* OpICOVTIOC TTUBPEVAC
* AvAoTpOo@OG TTUBUEVAC

M1, M2, M3
S1, S2, S3
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EtriAuon ZAE Evépyelag

* MEB0OOCG pNTNG ETTIAUCNG

—=5,-S. = =~ 5 =5,-S, = AX= =~ 5
dx AX S, —5;

* M£B60d0og oTOBEPOU BAMATOG

E_g 5 _E-F

= - =S,-5, = E,=E, +Ax(S, -5,




ATTWAEIEC EVEPVYEING

 Méon TINA TAXUTNTAG UOPAUAIKNG OKTIVAG
_ 1 -
V _E(V1+V2) . AT 2
_ s Y,

R = %(R1 +R,) RS

—

* Méon Tiyn KAiong evépyelag

n°vV? _ 1]
S¢ = R% > S ZE(SflJFsz)




ATtroTopa METOARBAAAOUEVN poNn

« Rapidly Varied Flow (RVF)
« AAAayn dlaToung
« AAAayn KAiong
« AAAayn TpaxuTNTOGC
 BaBuiaia peTaoAn
* [1apAAANAEC POIKEC YPOAMUUEC
* YOPOOTATIKA KATAVOUI)
* ATTOTOMN METARBOAN
* Mn TTapAAANAEC POIKEC YPAUMEC
* Mn udpPoOCTATIK KATAVOWN



ATtroTopa METOARBAAAOUEVN poNn

* 2UOTOARN/O100TOAR OIOTOMNG

* EKXEINIOTEG
* Eupeiac otéwncg
* \ETITAC OTEWNC

* YITEPXEIAIOTEG
« ATTOTONN avuywon/kadilnon TrTubuéva
* YOPAUAIKO GApa
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YOpOauUAIKO aApa

 ATTOTOMN METABOAN OTA XOAPAKTNPICTIKA TNS PONG
* YITEPKPIOIUN pon = YTTOKpIioIun pon
* Ap1Buoé¢ Froude >1 - <1

 KataoTpopn evEPYEING

« Agv IOXUEI N ECiOWON EVEPYEIOC
« E101KR) duvapun

« Alatripnon €101KNG dUvVaPNG



YOpOauUAIKO aApa

UOPAUAIKO
aAua



Ei101kn Auvaun

* [eviKn oXEon

2
M = YA Q
gA
* AYWYoOi aT1Teipou TTAATOUG
2 2
VY 0
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2uguyn Baén
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2uguyn Baén
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EvaAAakTa 4a6n
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TUTTOI AANOTOC

« AdUvapo - 1.7<Fr<2.5
e XOUNAEC EVEPYEIOKEC OATTWAEIEC

* AoTaBég > 2.5<Fr<4.5
« KuparTiopoi otnv TQAveIa TOU VEPOU

« 2T00EPO 2 4.5<Fr<9.0
« EmoIwkKeTOI

* Auvato - 9.0<Fr
* [1oAU £vTOvOIl KUNQTIOMOI



YToAoyIopo¢ GApATOG

* Zuguyn fabn
« Alatripnon €181KAG dUvapng

* @éon AApATOG
« Algpelvnon
* Mikog aApaTog
» Eptreipikég oxéoelg
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2UVTEAEOTAC TTAPOX NG
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. ___,#3" Mnyn: Tracy, H.J. (1957). Discharge
260 ~ ;"'_i 4 characteristics of broad-crested weirs.
Geological Survey Circular 397, US
Department of the Interior.
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ECiocwon utrepXEIAIOTN

Profile Equations Comments
(1 () (3)
) ) y 180 ) ) )
Creager (1917) profile ¥=04T—M— For X' = 0; denved from Bazin's
(Hy — Az)" (18881 %0%) experiments
Scimemi (1930} profile ¥ =050—mF—— For X = 0; also called WES profile
(Hye — A=)
¥ _ X
Knapp (1960} Hyey — Az Hyes — Az _ Contineous spilway profile for
—Inl1+ A crest region only (as given by
0680 Hye — AZ) Montes, 1992a)
””—:L_ = 0.1360
Hager (1991) des . Continuous spilway profile with
+ D.:li'iltuli{ X 1+ U.EK[KJ continuous curvature radius:
“"X a8 — 1 < 4
x In |.3055{ +0.281% Hyy — Az
Ha Az
Montes (1992a) L =005+ 147— = Continuous spillway profile with
Hy, — Az Hye — Az continuous curvature radius B
Lower esymptote: Le. for small
values of 8 H g, — Az)
7 g V2625
R _ R |r R, i Smooth vanation between the
Ha — Az . Ha _j__E] N Tl asymplotes
5 5 \
Ry i 5 . Upper asympiote: 1.e. for large
Hy, — Az = L68 H. — Az values of &(Hj. — Az)
5 (=1

Noves: X, ¥ horizontal and wertical co-ordinates with dam crest as origin, ¥ measured positive downwards (Fig. 19.8); R: radios of
curvature of the crest; s curvilinear co-ordinate along the crest shape.
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Mnyn: Chanson, H. (2004). The hydraulics of
open channel flow: an introduction (Second
edition). Elsevier editions.




2UVTEAEOTAC TTAPOX NG

2.21
3
/—--'""* Q — CdesL(HdeS R AZ) /2
2.1 /
Coe OAIKO UDPAUAIKO popTio oXedIAOUOU
1.92 Qdes = Cdes(Hdes— 52}34;2 ] HdeS
THL
| €101IKO UOPAUAIKO (popTiO OXEDIQTHOU
1.77 —
L Hdes — Az
L 17
1.62 ‘ ‘
0 0.5 1.0 15 2.0 2.5 3.0
Az (Hges — AZ) Mnyn: Chanson, H. (2004). The hydraulics of

open channel flow: an introduction (Second
edition). Elsevier editions.




Mo giIkpoTepa/peyaAuTepa Badn

1.1 | | |
Design _—
flow conditions _—
1.0 oY
ClCaes / OAIKO UDPAUAIKO popTio oXedIAOUOU
0.9
H des
0.8 / OAIKO UDPAUAIKO QOpPTIO
0 02 04 06 08 1.0 1.2 14 16 H
(Hy— AZ)/(Hges— A2) 1

Mnyn: Chanson, H. (2004). The hydraulics of
open channel flow: an introduction (Second
edition). Elsevier editions.
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1.04 T 3H3V
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PR SN
1.{]2 EH.SV :'-_:\. ‘-1“-‘_
Cinclined .1 |'+|.3V ~T
Cvertical '
1.0 3
0OH:3V
0.98
0 0.5 1.0 1.5

Azl (Hyes— AZ)

Mnyn: Chanson, H. (2004). The hydraulics of
open channel flow: an introduction (Second
edition). Elsevier editions.




MrKog UtTEpPXEIAIONG

L — L’ — Z(NKp + Ka)(HdeS T AZ)

KaBapd prkog utrepxeilionc L'
Ap1Buog BaBpwyv N

2 UVTEAEOTHC OUOTOANC BABpwV Kp O — 002]

YUVTEAEOTAC OUGTOAAC OTAPIENC Ka () — 02]
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Xwpig BaOuidec

Outer edge of
boundary layer

Developing
boundary
layer flow

Fully-developed
flow

L J

THL

VIVimax
1.00- Developing flow
NG Concrete spillway
B iy
0.80+ o0 ‘5&
] %oo‘%ﬂ ¢ Shasta dam
o a Grand Coulée dam
i R Smooth chute (45°)
0.60 0 Nl i — — Smooth chute (55°)
| M N —Stepped chute (45°)
o ~ ah___f: 0.01 | __ _ Smooth chute (f=0.01, 45°)
0.404 ~ T==Z. | — — Smooth chute (f=0.03, 45°)
: '- f=0.03 |--------Smooth chute (f=0.01, 55°)
] e, ~........ Smooth chute (f=0.03, 55°)
| = Stepped chute (f= 0.2, 45°)
0.204
Stepped chute f=02
Uniform
] equilibrium flow
ool —— Y Hid,
0.00 50.00 100.00 150.00 200.00

Mnyn: Chanson, H. (2004). The hydraulics of
open channel flow: an introduction (Second
edition). Elsevier editions.
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1.5

Me BaBpuideg

skimming flow

nappe flow

* Essery and Horner (1978)
= Peyras et al. (1991)
—Chanson (1993)
= +Yasuda and Ohtsu (1999)
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inception point

s
""""""
Ry

.
o“‘

g+

norma

gradually varied flow uniform flow

depth

Y90



To 1Tp(i)TO T“f“’la

S Y=Cle

\I 1 Logee — ((,le)l/l—b

%3EHH”HR§EDDedchuteﬁope

ogee equation



BaBuidec kal Toixywpupata

 BaOuideg
« 1ft—> 30cm
« 2 ft > 60 cm
« 3ft>90cm

 KoBodnynTIKA TOoIXWMATA
* Mn agpifduevn eacn = 1.5y,
* AgpifOuevn @aon =2 2.5Yq,
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* MeTacu un agpidouevng Kai agpidopevne eaong
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Movipo BaBoc pong

* MnOevikn METABOAN EVEPYEIOG

dE
 ATTwAeleg Kata Darcy-Weisbch (f=0.25)
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* Movipyo BaBog pong
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Flip bucket

Stilling basin Plunge pool
\. - ‘ Free jet
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Mnyn: Chanson, H. (2004). The hydraulics of
open channel flow: an introduction (Second
edition). Elsevier editions.
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e — Hydraulic jump

(or negative step) Baffle sill Positive step
blocks (or backward-facing step)

Mnyn: Chanson, H. (2004). The hydraulics of
open channel flow: an introduction (Second
edition). Elsevier editions.
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Bureau of Reclamation
@usbr

Let's highlight a project & its contributors from the Dakotas Area Office
staff as they view the finishing touches to the #Shadehill Dam Stilling
Basin Overlay project in #SouthDakota ~ Learn more: go.usa.gov/xUBpg
#Wednesday #Work #Water

Metdppoaon Tweet
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Name Application Flow conditions Tailwater Remarks
(1) (2) (3) depth dy," (4)  (5)
USBR Type I  Large structures Fr > 4.5 1.05d; Two rows of blocks; the last
g < 46.5m?/s ) row is combined with an
Hy < 6lm inclined end sill (i.e. dentated
Basin length — 4.4d . sill); block height = d
USBR Type III  Small structures Fr > 4.5 1.0d ;o0 Two rows of blocks and an
g < 18.6m%/s end sill; block height = d
V<" 15-183m/s
Basin length — 2.8d
USBR Type IV For oscillating 25<< Fr<_45 L 1donj One row of blocks and an
jumps end sill; block height = 2
Basin length — 6y Wave suppressors may be
added at downstream end
SAF Small structures 1.7 << Fr << 17 o L0d g Two rows of baffle blocks
Basin length = 4.55!“1],_11'71"”""’ and an end sill; block
height = d
USACE Basin length = 4d 1.0d o0 Two rows of baffle blocks

and end sill

1
2

(J1+8ﬁ4—1)

Mnyn: Chanson, H. (2004). The hydraulics of
open channel flow: an introduction (Second
edition). Elsevier editions.




USBR I

USBR Basin Type Il

\d\/_\‘ TW = 1.05conj d,,

Basin length ~ 4.4con;

Mnyn: Chanson, H. (2004). The hydraulics of
open channel flow: an introduction (Second
edition). Elsevier editions.




USBR Il

USBR Basin Type llI

X

Fr =45
and
V <18m/s

Basin length ~ 2.8conj

Mnyn: Chanson, H. (2004). The hydraulics of
open channel flow: an introduction (Second
edition). Elsevier editions.




USBR IV

USBR Basin Type IV

"/

1<

TW = 1.1con; — - Chy
- Fp e L~ Preate g
25 < Fr<45 — e
o R a
ﬂ o o o
P "o =
7 ] _
B I3 o = ; = . "'h i
D >

Basin length up to 6conj

Mnyn: Chanson, H. (2004). The hydraulics of
open channel flow: an introduction (Second
edition). Elsevier editions.
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Ocua e¢aunvou 1

Evornra 4
* Na oxedlaoTei uTTEPXEINIOTHC TUTTOU 0gee BewpwvTtag o1 K=0.5 kai n=1.85

* Av 0 avavTn TOiX0G TOU UTTEPXEIAIOTN €ival icog pe Az=2 m va Bpebei o
OUVTEAEOTNC TTAPOXNG

* Na oxedlaatei n Aekavn npepiag Tuttou USBR 11 kal va UTTOAQYICTEI TI
TTO0O0C0TO EVEPYEIOG XAVETAI KATA TNV TITWAN KAl TI GTO UOPAUAIKO GApa

» XpNOIMOTTOIWVTAG TNV idla £§i0wWaN UTTEPXEIAIOTH, VO OXEOIAOTE]
EVAANOKTIKO OX£DI10 YIa BaBUIdWTO UTTEPXEIAIOTN ME KAION S=1, UWog
BaBuidag 0.9 m kal va Bpebei To onueio TOPAG TNG £§icWONG AUTAG JE TNV
evapen Twv Baduidwyv

* Na Bpebouv Ta UYn Twv KaBodNyNTIKWY TOIXWUATWYV

* Na emavaoyxediaarei n Aekavn npgpiag Tuttou USBR |l kail va,
ETTAVAUTIOAQYIOTEI TI TTOOOOTO EVEPYEIOG XAVETAI KATA TNV TITWON KAl TI GTO
UOPAUAIKO AApQ
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