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DARBA VISPAREJS RAKSTUROJUMS

Témas aktualitate

Ekonomisko zaud&umu zina Eiropas Vides Agentira upju parplisanas un
vétras identificé ka vispostosakas dabas katastrofas Eiropas Savieniba. Augstu un loti
augstu pladu risks laika posma no 2000. lidz 2012. gadam nav batiski mainijies.
Tomer tiek prognozéts, ka dé] izmainam klimata pliidu paradiSanas palielinasies.
Galvenais paaugstinatu pliidu paradiSanas iemesls ir ziemas nokri$nu palielinasanas,
kas noveérojama gandriz visa Eiropa, iznemot Vidusjiiras regionu.

Neskatoties uz pétnieku ievérojamo ieguldijumu viet§jo izskalojumu izp&te,
tdens inzenierbiives turpina sabrukt dél izskaloSanas procesiem. Tiek uzskatits, ka tas
ir dal&jas izskalojuma procesu vienkarSosanas sekas, empirisku metozu piemérosana,
nepilnibas starp laboratorijas apstakliem un realitati daba, ka arT esoSais zinaSanu
limenis par pliismas hidraulikas un izskalojumu sarezgitibu.

Lidzsvara izskalojuma laika vertibas tiek izmantotas lidzsvara izskalojuma
aprekinos, kur ir bitiski lietot visprecizakas laika noteikSanas metodes. Uzticama
izskalojuma laika noteikSanas metode var sniegt prieksrocibas inzenieriem noteikt,
kad ir sasniegts lidzsvara izskalojuma dzilums, lai varétu novértét tdens
inzenierbiives stabilitati.

Sis darbs ir ka turpindjums ieprieks veiktiem pétfjumiem upju hidraulikas joma,
kurus izstradajusi Rigas Tehniskas Universitates, Siltuma, Gazes un tidens tehnologiju
institiita p&tnieki: B. Gjunsburgs, R.R. Neilands, R. Neilands un G. Jaudzems. Talakus

pEtijumus par gultnes slanainibas ictekmi uz izskalojuma laiku izstrada E. Govsa.
Darba mérkis un uzdevumi

Promocijas darba mérkis ir jaunas lidzsvara izskalojuma laika aprékinu metodes
izstradasana pie fidens nemsanas biivém ar un bez pliismas atdaliSanos pie biives upju
paliengs, vienmerigas pliismas apstaklos, nemot veéra sekojosos parametrus: pliismas
saspiestibu, vietgjo plismas atrumu, gultnes slanainibu, pladu ilgumu, plidu secibu,
pludu varbiitibu, pliidu biezumu, relativo izskalojuma dzilumu, densimetrisko Fruda

skaitli un vidgjo smilsu dalinu lielumu.



Lai sasniegtu p&tijuma merki, tika noteikti §adi uzdevumi:

1.

10.

11.

12.

Analizet literatiira atrodamas Iidzsvara izskalojuma laika noteikSanas metodes pie
tiltu/krasta balstiem, lai noskaidrotu kadus robeznosacijumus un parametrus
izmanto lidzsvara izskalojuma laika aprékinos;

Izstradat lidzsvara izskalojuma laika noteikSanas metodi vienmérigas pliismas
apstaklos pie iidens nemsanas bivém ar un bez pliismas atdaliSanos pie biives;
Ierosinat jaunu hidraulisko robeznosacijumu lidzsvara izskalojuma laika
noteikSanai, nemot vera plismas hidrauliskos parametrus;

Izveidot vienkarSotas pieejas secibu ka noteikt lidzsvara izskalojuma laiku praksg;
izstradat elektronisku lidzsvara izskalojuma laika aprékinu modeli datora vidg;
krasta balstiem,;

Veikt nevienmérigas plismas eksperimentus pie cilindriska balsta un izpétit ka
nevienmeriga plisma ietekm& Iidzsvara izskalojuma dzilumu un laiku pie
cilindriska balsta;

Izmantojot dator-modeléSanu pagarinat Gidens nemsSanas buvju eksperimentu
datus lidz Iidzsvara stavoklim; apkopot dator-model&tos un aprekinatos datus;
analiz&t lidzsvara izskalojuma laiku p&c pienakosas plusmas Fruda skaitla un
plismas saspiestibas pakapes;

Salidzinat dator-modelétas un aprekinatas lidzsvara izskalojuma laika vertibas,
aprekinat relativo kltidu un uzzim@t sakritibas Itkni, lai parbauditu izstradato
metodi;

Aprékinat lidzsvara izskalojuma laikus, izmantojot citu autoru metodes un datus
no fidens nemsanas biivju eksperimentiem; salidzinat un analiz&t rezultatus;
Veikt izstradatas lidzsvara izskalojuma laika noteikSanas metodes teor&tisko
analizi atkariba no hidrauliskiem un grunts parametriem;

Grafiski analizét hidraulisko un grunts parametru ietekmi uz Iidzsvara
izskalojuma laiku;

Izpétit vietgjo izskalojumu noteikSanas metodes Latvijas likumdosana.



Zinatniska novitate un lietojums

Tika izstradata jauna lidzsvara izskalojuma laika noteikSanas metode pie tidens
nemsanas blivém vienmerigas pliismas apstaklos. Izstradato metodi var izmantot
lidzsvara izskalojuma laika aprékinaSanai pie tdens nemsanas bivém ar un bez
plusmas atdaliSanos pie blives, ka ari citam tdens inZenierblivém ka tiltu/krasta
balstiem, virzitaj dambjiem, aizsprostiem un celu dalam, kas atrodas upju paliengs.
Kritiska un vietgja pliismas atrumu attieciba tiek piedavata ka jauns hidrauliskais
robeznosacljums Iidzsvara izskalojuma laika aprékinasanai. Tika piedavata jauna
teorija, kas apstiprina, ka vietgja un kritiska plismas atruma izmainas ir butiskas
izskalojuma veidoSanas procesa, un ka viet§jam atrumam, ne vid€jam plasmas
atrumam ir ietekme uz vietja izskalojuma attistibu. Tika apstiprinata plismas
saspiestibas pakapes un vietgja plismas atruma ietekme uz lidzsvara izskalojuma
laiku.

Piedavata metode sniedz informaciju par laiku, kura tiks sasniegts noteikts
viet§ja izskalojuma dzilums, tad&jadi dodot iesp&ju novertet biives stabilitati laika,
mainoties izskalojuma dzilumam. Metode ari lauj modelét lidzsvara izskalojuma
laiku, palielinoties pliismas intensitatei un dzilumam.

Ieteikto metodi var izmantot ka lidzsvara izskalojuma laika noteikSanas riku, ka
ar, apvienojuma ar citam izskalojuma dziluma aprékinu metodém, noteikt lidzsvara

izskalojuma dzilumu.
Darba struktiira un apjoms

Promocijas darba ir ievads, 5 nodalas, slédziens, 3 pielikumi, 91 literatiras
atsauce, 25 att€li un 17 tabulas — kopa 90 lappuses.

1. nodala ieklauj t€émas un literatiiras apskatu par lidzsvara izskalojuma laika
aprékinasanas metodém nemainigas pliismas apstak]os.

2. nodala “Metode lidzsvara izskalojuma laika novértésanai pie idens nemsanas
bavem” tiek piedavata jauna metode lidzsvara izskalojuma laika noteikSanai pie tidens

nemsanas blivém.



metodes pie krasta balstiem eksperimentu aprakstu, nesen veiktu nevienmérigas
plismas pie cilindriska balsta eksperimentu aprakstu, ka arT iepriek§ publicétu tidens
nemsanas biivju eksperimentu datus.
balstiem rezultati, kuros aprakstita plismas vajinaSanas ietekme uz izskalojuma
dzilumu un laiku; nevienmérigas plismas pie cilindriska balsta rezultati, kuros
aprakstita nevienmérigas pliismas ietekme uz izskalojuma dzilumu un laiku; ka arl
ieprieks publicétu idens nemsanas buivju eksperimentu datu salidzinajums ar aprékinu
rezultatiem, pamatojoties uz metodi, kas aprakstita 2. nodala. Apstradajot tdens
nemsanas blivju datus tika p&tita un aprakstita Fruda skaitla un pliismas saspiestibas
ietekme uz izskalojuma laiku, aprékinatas relativas kliidas, pec kuram tika sastaditas
datu sakritibas liknes, aprékinatas izskalojuma laika vértibas p&c citu autoru metodém
un salidzinatas ar izstradatas metodes rezultatiem. Veikta izstradatas metodes
teorétiska un grafiska analize, paradot un aprakstot hidraulisko un grunts parametru
ietekmi uz lidzsvara izskalojuma laiku.

5. nodala “Vietgjo izskalojumu noteikSana Latvijas likumdosana” apkopota
informacija par Latvija pieejamo likumdoSanu, ko jaieveéro projektgjot tdens

inZenierbiives.

LITERATURAS APSKATS

Izskalojuma dziluma noteikSana pie Gidens inzenierbtivém ir probléma, kas
gadiem nomakusi inzenieru pratus. Pedgjos gados ir veikti plasi pétijumi, lai atrastu
metodi efektivai lidzsvara izskalojuma dziluma noteik$anai pie Gdens inZenierbavém.

Lidzsvara izskalojuma laiks pie tidens nemsanas biivém vél nav pétits.

Ta ka izskalojuma process nekad nebeidzas, tad ir nepiecieSams
robeznosacijums lidzsvara izskalojuma novérté$anai. Robeznosacijumi, kas atrodami
literatiira nosaka, ka ir sasniegts lidzsvara izskalojuma dzilums un laiks, ja 24 stundu
laika: (a) izskalojuma dzilums palielinas par mazak ka 5 % no balsta diametra
(Melville un Chiew, 1999); vai (b) par mazak ka 5 % no pienakosas plusmas dziluma

vai balsta garuma (Coleman u.c., 2003); vai (c) par mazak ka 5 % no 1/3 no balsta
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diametra (Grimaldi u.c., 2006). Piedavatie robeznosacijumi ir atkarTgi no fiziskiem

plismas vai biives parametriem, bet ne no hidrauliskiem pliismas parametriem.

Lidzsvara laiku, t. defing ka laiku, kas atbilst galvenas izskalojuma fazes beigam un

lidzsvara fazes sakumam.

Lielaka dala no Iidzsvara izskalojuma laika noteikSanas metodém ir iegiitas no
empiriskam pieejam un dimensiju analiz€ém. Raksturigi, ka lidzsvara izskalojuma
laika vienadojumi ir izstradati, izmantojot regresijas analizes no vietgjo izskalojumu
laboratorijas eksperimentos iegiitiem datiem, kas parasti veikti kanalos ar idealizétiem
apstakliem.

Kaut arT literatiira atrodami daudzi p&tfjumi par vietgjiem izskalojumiem ap
tiltu/krasta balstiem, tomér izskalojuma laika pétfjumi ap tiltu/krasta balstiem
vienmérigas pliismas apstaklos vél joprojam ir ierobezota daudzuma.

Lielaka dala no lidzsvara izskalojuma laika aprékinu metodém ir ierobezotas ar
zinamiem plismas, grunts vai biives parametriem, Iidz ar to metodes nav
izmantojamas arpus noteiktajiem ierobezojumiem. Visizplatitakais noteiktais
ierobezojums ir pienakosas plismas atruma un kritiska atruma attieciba, tomér tiek
izmantoti arT citi ierobeZojumi, ka pienakosas plismas atruma un balsta garuma
attieciba vai balsta garuma un smilSu dalinu vid&ja izméra attieciba.

Literattras apskata izcelas talak min&tie secinajumi:

1) Pienakosas pliismas dzilums un atrums, balsta garums vai diametrs, smil$u dalinu
vidgjais izmérs un blivums tiek uzskatiti ka pamata parametri lidzsvara
izskalojuma laika aprékinos;

2) Literatira nav atrodama lidzsvara izskalojuma laika noteik$anas metode pie tidens
nemsanas blivém, kura tiktu nemti véra sekojoSie parametri: plismas saspiestiba,
vietgjais pliismas atrums pie buves, plidu ilgums, pladu seciba, plidu varbiitiba,

plidu biezums, ka arT grunts slanainiba.
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METODE LIDZSVARA IZSKALOJUMA LAIKA NOVERTESANAI
PIE UDENS NEMSANAS BUVEM

Sanesu kustibas diferencialvienadojums vienmeriga plisma ir:

aw
-=——=0., 1
1-p) it O, (M

kur  p — grunts materiala porainiba;
W — izskalojuma bedres tilpums pie Gidens nemsSanas biives ar plismas
atdali$anos no tas, (1 - p)-W = 1/6 wm*hs® (pie Uidens nemsanas biives bez
plusmas atdaliSanas (1 - p)-W = 1/5 am?hs*), m* (Gjunsburgs u.c., 2006);
m — izskalojuma bedres nogazes slipums;
hs — izskalojuma bedres dzilums, m;
t — laiks, s;
Qs — sanesu kustiba no izskalojuma bedres, m*/s.

Udens nemsanas biivém ar pliismas atdali$anos pie biives Vienadojuma (1)
kreisa puse var tikt izteikta ka:

aw 1 5 o dh 5 dh
1- p) = —am?h2 28 = gy 2 28 (2)
¢ p)dt 2 T T T
kur  a=1/2 mm?.
Udens nemsanas biivém bez pliismas atdaliSanos pie biives Vienadojuma (1)

kreisa puse var tikt izteikta ka:

dh dh
3 om2n2 dhs _ g2 s 3)
5 Sodt Codt

aw
1- p)— =
(1-p) &

kur a=3/5 mm?.

Sanesu kustiba tick noteikta ar Levi (1969) formulu:
Q, =AB-V}, )

kur A4 —parametrs Levi (1969) formula;
B = mhs — izskalojuma bedres platums, m;
Vi — viet€jais plismas atrums pie Gidens nemsanas biives, m/s.

Parametrs A4 ir atkarigs no izskalojuma dziluma, vietgja pliismas atruma, kritiska
atruma, grunts dalinu izméra. Aprékinu gaita ir janem veéra, ka viet§jais plismas
atrums 77 un kritiskais atrums Vo mainas 1idz ar izskalojuma dziluma izmainam laika.

Kritisko plismas atrumu ¥ pie Gidens nemsanas biives un pie Iidzenas gultnes

var noteikt péc Studenitcnikov (1964) formulas:

12



7, :1'15\/30,1'0.25.@0.25’ )

kur g - brivas kriSanas paatrinajums, m/s%;
di — gultnes dalinu izmeérs, m;
hr—tdens plismas dzilums palieng, m.

No Vienadojuma (5) tiek izvilkta kvadratsakne no g un sareizinata ar 1.15,
tadgjadi iegiistot 3.6 m®3/s, ko ievieto Vienadojuma (5) un iegiist Vo = 3.6d*2h/ 2,
Kritisko pliismas atrumu Vo: pie idens nemsanas biives jebkura izskalojuma

dziluma var noteikt p&c formulas:

0.25
Voo = B-3.6-d)% - 1% s (6)
2h

kur B — kritiska plismas atruma samazinajuma koeficients (péc Rozovskyi, 1956);
hm = hO2(1 + hy/2hp)"% — vidgjais izskalojuma bedres dzilums, m.
Izsakot Vienadojumu (1) ar Vienadojumiem (2-3), aizvietojot mainigas vertibas

un to integr&jot tiek ieghita aprékina formula izskalojuma laika noteikSanai:

i :4Dih}(Ni -No), @)

kur  D:—konstants parametrs noteikta laika ietvaros;
Ni = 1/6:x0 — 1/5-x7;
No = 1/6-x¢® — 1/5-x0° = -0.033 — parametrs, lai aprékinatu izskalojuma
dzilumu ieprieksgja laika soli;
xi =1 + hy/2hy— relativais izskalojuma dzilums.
Izmantojot Vienadojumu (7) un taja ievietojot lidzsvara izskalojuma vértibas ir

iesp&jams aprekinat Iidzsvara izskalojuma laiku:

2
tequil = 4Dequil'hf(Nequil _NO) > (8)

kur  Degui — lidzsvara izskalojuma vértiba parametram Dj;
Neguit = 1/6Xequit® — 1/5-Xequir’;
Xequil = 1 + hequil2hy,
hequit — I1dzsvara izskalojuma dzilums, m.

Pilns aprékina metodes apraksts izklastits pamatdarba 2. nodala.
Izmantojot lidzsvara izskalojuma dziluma vertibu ir iesp&jams atrast parametru

Aequity, Deguit, Neguit vErtibas un talak noteikt zequir vertibu.
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Kad vietgjais pliismas atrums kltist vienads ar kritisko pliismas atrumu, tad A4eguir
= 0, Deguit = © un tequir = . Ir nepieciesami robeznosacijuma Kriteriji, lai varétu

aprekinat lidzsvara izskalojuma laiku pie idens nemsanas bavem.
RobeZnosacijums

Lidzsvara izskalojuma laika aprékinaSanai pie fidens nemsanas buvém ir
nepiecieSams jauns robeznosacijums, kas atkarigs no hidrauliskiem plismas
parametriem. Kritiskas plismas un viet§ja plismas atruma pie buves attieciba ir
ierosinats ka hidrauliskais robeznosacijums lidzsvara izskalojuma noteikSanai pie
tdens nemsanas bivém.

Saskana ar dator-modelé$anas rezultatiem izskalojums rimst, kad viet&jais
plismas atrums klast vienads ar kritisko atrumu, tad lidzsvara izskalojuma laiks ir
bezgaligs. Tika pienemtas dazadas robeznosacijuma vértibas, lai atrastu labako datu
sakritibu starp dator-modelétajam un aprékinatajam lidzsvara izskalojuma laika
vertibam, ka rezultata piedavatais robeznosacijums, kas uzradija vislabakos rezultatus
ir vienads ar:

1.25
BVor _ BV, hequit.
Vi Vi 2hy

=0.985 )

Lidzsvara izskalojuma laika aprekins prakse

Nemot veéra robeznosacljumu no Vienadojuma (9), ir iesp&ams noteikt
lidzsvara izskalojuma laika tequi VErtibu, izmantojot So secibu:
1) Aprekinat lidzsvara izskalojuma dzilumu Aegui;
2) Izskaitlot parametra Aequir VErtibu no Levi (1969) formulas, izmantojot ieprieksgja
soli aprékinato Iidzsvara izskalojuma dziluma vertibu Zeguir;
3) Noteikt parametra Deguir vertibu, izmantojot ieprieksgja soll aprekinato Aegui
vertibu,
4) Aprekinat relativa izskalojuma dziluma Xequ vertibu, izmantojot lidzsvara

izskalojuma dziluma vértibu no 1. sola;
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5) Izskaitlot parametra Neguir VErtibu, izmantojot relativa izskalojuma dziluma xequir
vertibu no ieprieksgja sola;
6) Visbeidzot noteikt lidzsvara izskalojuma fequir vertibu, izmantojot Aequit, Deguil, un

Neguit vertibas no soliem 1, 3 un 5.

EKSPERIMENTU IZEJAS DATI

=¥

Plasmas vajinasanas pie krasta balstiem eksperimentu izejas dati

Pluasmas vajinasanas eksperimenti pie krasta balstiem tika veikti Milanas
Tehniskas Universitates, Hidraulikas laboratorija, Italija. Tika izmantots taisnstiira
formas kanals, 5.8 m gars, 0.40 m plats un 0.16 m augsts, ar 0.40 m augstu sanesu

tvertni. Izskalojumu eksperimenti tika veikti pie vienmerigas plismas.
Nevienmeérigas plusmas pie cilindriska balsta eksperimentu izejas dati

Nevienmérigas plusmas eksperimenti pie cilindriska balsta tika veikti Milanas
Tehniskas Universitates, Hidraulikas laboratorija, Italija. Tika izmantots taisnstiira
formas kanals, 5.8 m gar§, 0.40 m plats un 0.16 m augsts, ar 0.40 m augstu sanesu
tvertni. Tika veiktas vairakas izmainas nevienmérigas plismas apstaklu
nodrosinasanai, ka rezultata kanala sakuma tika uzstadits saneSu padevéejs, bet kanala
beigas — saneSu kérajs. Arl sanesu tvertne tika modificéta. Tvertnes parsedzes vaka
tika izveidots pjezometrs, tvertné tika izbuveta viltus grida, uz kuras tika ieklats
smalka filtra audums, kas tika parklats ar smilSu maisiem un sanesiem.

Nevienmérigas pliismas eksperimenti ar cilindrisku balstu tika veikti pie

dazadam plasmas intensitatém, kas parsniedz kritisko plasmu 1.2, 1.4 un 1.6 reizes.
Udens nem3anas biivju eksperimentu izejas datu apstrade

Udens nem3anas biivju eksperimenti tika veikti Transporta Izp&tes institiita,
Krievija. Kanala platums bija 3.5 m, bet garums 21 m.

Atveres attalumi no tidens nemsanas biives modela lidz otram krastam bija 50,
80, 120, un 200 cm. Plismas saspiestibas pakape Q/Os (kur Q ir pliismas daudzums
kanala, un Qs ir plismas daudzums saspiestaja kanala dala) svarstijas robezas no 1.56

lidz 5.69 ar Gdens limeni paliené 7 cm, un Fruda skaitlis svarstijas robezas no 0.078
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lidz 0.124; kanala gultnes slipums bija 0.0012. Eksperimenti tika veikti pie valgjas

plusmas ar diviem dazadiem smil$u izm&riem.
Udens nemsanas biivju eksperimentu dati

Eksperimentu dati tika nemti no Gjunsburgs un Neilands (2001) publicéta
materiala, ka arT izskalojuma dziluma dator-modeléSanai laika tika izmantota

(Gjunsburgs un Neilands, 2006) izskalojuma dziluma aprékinu metode.
Dator-modelé$anas princips

Izmantojot datorprogrammu “RoBo” (Gjunsburgs u.c., 2006), tidens nemsanas
biivju eksperimentu ilgums no 7 stundam tika pagarinats 1idz izskalojums sasniedza

lidzsvara stavokli.

0,40 T 0,12

. + 010 2
£ 030 ] E
= 1008 =
‘R 3 g
S 020 1006 E
= ] i

g 1004 2z
S 0,10 E £
= 1002 2
i 1 —
N 0,00 + 0,00 &~

8

4
Laiks, stundas

Attels 1. Izskalojuma dziluma, viet&ja un kritiska pliismas atrumu izmainas laika
(Tests AL4)

Katra laika intervala beigas, d&] izmainam izskalojuma dziluma 4s, mainas gan
vietgja plusmas atruma Vi, gan kritiska pliismas atruma [ Vo, vertibas. Palielinoties
izskalojuma dzilumam, vietgjais pliismas atrums samazinas, bet kritiskais — palielinas

(Attels 1).

REZULTATI

_____

Salidzinot eksperimentu rezultatus pie krasta balstiem ar (Tests 2) un bez (Tests

1) plismas vajinasanas elementiem var secinat, ka izmantojot pliismas vajinasanas
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elementus galvenokart tiek samazinats izskalojuma dzilums pie sienas, un nedaudz
tiek samazinats izskalojuma dzilums arT pie biives stiira. Izskalojuma bedrei bija
jasasniedz noteikts izskalojuma dzilums (4s = 100 mm), kad plismas vajinaSanas
elementi saka efektivi iedarboties uz plismu un mazinat izskalojuma intensitati pie
sienas. P&c16 stundam, kas bija abu eksperimentu beigu laiks, izskalojuma dziluma

samazinajums pie sienas bija 14 %, bet pie stira—5 % (Attels 2).

. 300 20
£
E 250 15
§ 200 2
g E 150 10 8
2 Siena 2 =2
> 100 iena s =
g 50 Stiiris 2 5
N

= 0 —t I”i ! IIIIIIII O

1 10 100 1000 10000 100000
Laiks, sekundes

Attels 2. Izskalojuma dziluma attistiba pie krasta balstiem

Nevienmeriga pliusma pie cilindriska balsta

Kopuma nevienmérigas plismas eksperimenti tika veikti pie 4 dazadam
plismas intensitatem Q/Qc = 0.9, 0/Oc = 1.2, O/Qc = 1.4, un Q/Qc = 1.6 (kur Q ir
plisma kanala, bet Q. ir kritiska plusma). Eksperimentu rezultati paradija, ka
izskalojuma attistibas faze ir lidziga visam nevienmerigas pliismas intensitatém, pirms
tiek sasniegta lidzsvara faze, kur izskalojuma dzilums svarstas ap vidgjo vértibu ds.
Izskalojuma dziluma svarstibas notick dél gultnes formam, kas plist cauri
izskalojuma bedrei, gar cilindrisko balstu. Palielinoties pliismas intensitatei, lidzsvara
izskalojuma laiks tiek sasniegts atrak, bet izskalojuma dzilums samazinas.

Pie pliismas intensitates Q/Q. = 1.2, netika noverotas gultnes formas, sanesu
kustiba notika dalinam veloties, ripojot un slidot gar gultni.

Tiklidz plismas intensitate tika palielinata lidz Q/Q. = 1.4, sakotngji saka
veidoties nelielas gultnes formas, kas pamazam auga lielakas, 1idz tika sasniegts

stabils gultnes formu attistibas limenis.
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Kad pliismas intensitate tika palielinata lidz Q/Q. = 1.6, mainijas gultnes formu
augstums un garums, tas kluva augstakas, bet 1sakas, samazinajas ar1 to periods, ta ka
mazakas gultnes formas sapliida un veidojas lielakas gultnes formas.

Lai gan eksperimenta ar plusmas intensitati O/Q. = 0.9 ilgums bija 13 stundas,
ar to nepietika lai sasniegtu Iidzsvara fazi. Augstaku plismas intensitasu eksperimentu
ilgumi bija stipri mazaki, ta ka pie augstakam plismas intensitateém bija gratak uzturét
nepiecieS$amos plismas un saneSu kustibas apstaklus kanala, tomér tajos tika
sasniegtas lidzsvara fazes.

Visiem nevienmérigas pliismas eksperimentiem lidzsvara izskalojuma laiks z.
tika noteikts grafiski, sekojot §iem soliem: (1) lidzsvara izskalojuma dzilumu nosaka
iezim&jot horizontalu liniju, kas atbilst vid&jai izskalojuma dziluma vertibai
attiecigaja lidzsvara fazg; (2) tiek iezim@ta slipa linija, kas atbilst izskalojuma
attistibas fazei un (3) to krustpunkts ir tiek definéts ka lidzsvara izskalojuma laiks, ko
attelo ar vertikalu Imiju (Attels 3). Ta ka Q/Qc = 0.9 eksperimenta netika sasniegts

lidzsvara stavoklis, tad Attéla 3 ir noradits $1 eksperimenta beigu laiks.

80

40

[\
S

Izskalojuma dzilums, mm

o

10 100 1000 10000 100000
Laiks, sekundes
Attels 3. Logaritmiski attgloti izskalojuma dzilumi pie cilindriska balsta

Lidzsvara izskalojuma laiks pie idens nemsanas bavém

Nemainoties pienakosas plismas atrumam / un Fruda skaitlim, bet palielinoties
pliismas saspiestibai O/, palielinas relativais izskalojuma dzilums As/hy, ta ka pieaug

arT izskalojuma dzilums k. Parametrs D;, kas atkarigs no vietgja pliismas atruma V7,
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vidgja smilSu dalinu izméra dso un relativa izskalojuma dziluma hs/hy, ieverojami
samazinas, pieaugot plismas saspiestibas pakapei, bet nemainoties pienakosas
plusmas Fruda skaitlim. Parametri X; un Ni-No, kas atkarigi no relativa izskalojuma
dziluma hs/hy, palielinas, pieaugot izskalojuma dzilumam /s pie nemainiga pienakosas
plismas Fruda skaitla, pieaugot pliismas saspiestibai Q/Qp. Plismas saspiestibas
koeficients & samazinas, pieaugot plismas saspiestibai Q/Q» pie nemainiga
pienakosas plismas Fruda skaitla. Relativais pliismas atrums Vi/B Vo palielinas, ta ka
palielinoties pllismas saspiestibai Q/Q» pieaug arT viet€jais plismas atrums V.
Lidzsvara izskalojuma laiks #. pieaug, ja pie nemainigas pienakosas pliismas Fruda
skaitla palielinas plusmas saspiestiba Q/QOs, ta ka pieaug ar1 izskalojuma dzilums #s.
Visu iepriek§ min&to parametru izmainu tendences, kad nemainas pienakosas
plismas Fruda skaitlis, bet picaug pliismas saspiestiba Q/Qs, ir noverojamas arf tad,

kad pieaug pienakosas plismas Fruda skaitlis, bet pliismas saspiestiba O/Q» nemainas.

Dator-modeléto un aprekinato laika vértibu salidzinajums

Lai parbauditu izstradato lidzsvara izskalojuma laika noteikSanas metodi,
aprekinatas izskalojuma laika vertibas tika salidzinatas ar dator-model&tajam
izskalojuma laika vertibam.

Visiem eksperimentiem tika aprékinata relativa kliida :

ts -t
5(%):(f‘”’”—w’”l’).100’ (10)

t comp

kur  tfm —izskalojuma laika vertiba aprékinata ar izstradato metodi, stundas;
tcomp — dator-modelesana iegiita izskalojuma laika vertiba, stundas.

Izstradatas lidzsvara izskalojuma laika noteik§anas metodes rezultati veido labu
sakritibu ar dator-model€Sanas rezultatiem pie Gidens nemsanas biivém ar plismas
atdaliSanos pie biives un smilSu graudu izméru d1 = 0.24 mm, kur vidgja relativa kluda

12 eksperimentiem ir 7.0 % (Attels 4).
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Attels 4. Aprekinato un dator-model&to izskalojuma laika vértibu salidzinajums pie
tidens nemsanas biivém ar pliismas atdaliSanos pie biives (41 = 0.24 mm)

A1 pie Gdens nemsSanas blivém ar plismas atdaliSanos pie biives un smilsu
graudu izméru d» = 0.67 mm aprékinatie un dator-modelétie izskalojuma laika

rezultati veido labu sakritibu, kur 12 eksperimentu vidgja relativa klada ir 7.4 %

(Attls 5).
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Attels 5. Aprekinato un dator-model&to izskalojuma laika v@rtibu salidzinajums pie
tidens nemsanas biivém ar pliismas atdaliSanos pie biives (d2 = 0.67 mm)

Tapat tika aprékinatas un salidzinatas relativas kliidas idens nemsanas buvju
eksperimentiem bez pliismas atdaliSanas pie biives, diviem smilSu graudu izm@riem
di=0.24 mm un d>= 0.67 mm, kur vidgjas relativas klidas 12 eksperimentiem ir 6.5

% un 10.4 %, attiecigi.

20



Dazadu autoru aprekinu metoZu izskalojuma laika vertibu
salidzinajums

Izmantojot dazadu autoru izskalojuma laika aprékinu metodes un datus no tidens
nemsanas blvju eksperimentiem ar plismas atdaliSanos pie biives, tika noteiktas
izskalojuma laika vertibas.

Kopuma izskalojuma laika aprékinu rezultati péc dazadu autoru metodém,
izmantojot datus no idens nemsanas biivju eksperimentiem ar pliismas atdaliSanos pie
biives paradija, ka vairuma gadijumu rezultati ir objektivi, ja pienakosas pliismas
atrums ir tuvu kritiskajam atrumam. Tapat rezultati atklaja, ka neviena no aprékinu
metodém netiek nemta vera pliismas saspiestibas pakape un viet&jais plismas atrums,
kas biitiski atskiras no pienakosas pliismas atruma un var parsniegt kritisko pliismas

atrumu pie buives palieng, kamér pienakosas pliismas atrums ir zems.
Izstradatas metodes teorétiska analize

Lai veiktu izstradatas lidzsvara izskalojuma laika noteikSanas metodes
teorétisko analizi, izskalojuma laika sakariba tika izteikta ar pamat parametriem, kas
veido izskalojuma laiku ka funkciju no parametriem, no kuriem izskalojuma laiks ir
atkarigs. Rezultata izskalojuma laiks ir funkcija, kas atkariga no sekojoSajiem

parametriem:

Q .
1= S| =B s —s = =i —
equil Qb k>t kb i hf Vl s (11)

4

kur Q/Q» — pliismas saspiestibas pakape;

Py — brivas pliismas kingtiskais parametrs saspiestaja dala;

Piy— nesaspiestas pliismas kingtiskais parametrs;

Fr/i — Fruda skaitla attieciba pret grunts slipumu;

d/hy— relativais grunts dalinu izmers;

BVo/Vi— kritiska pliismas atruma attieciba pret vietgjo plismas atrumu;

h/hs— relativais plismas dzilums.

Tika veikta izstradatas lidzsvara izskalojuma laika aprékinu metodes teorétiska
analize atkariba no hidrauliskiem un grunts parametriem, un ta paradija, ka lidzsvara

izskalojuma laiks ir atkarigs no: pliismas saspiestibas; brivas plismas kingtiska

21



parametra saspiestaja dala; nesaspiestas pliismas kingtiska parametra; Fruda skaitla
attiecibas pret grunts slipumu; relativa grunts dalinu izm@ra; kritiska pliismas atruma

attiecibas pret viet€jo plismas atrumu; un relativa plismas dziluma.

Izstradatas metodes grafiska analize

Udens nemsanas biivju eksperimentu dati (Gjunsburgs un Neilands, 2001) un
izstradatas metodes aprékinu rezultati tika izmantoti, lai grafiski att€lotu hidraulisko
un gultnes parametru ietekmi uz izskalojuma laiku.

Grafikos att€lotie punkti atbilst aprékinatajiem un dator-model&tajiem lidzsvara
izskalojuma laika punktiem.

Palielinoties pliismas saspiestibai, pieaug arl lidzsvara izskalojuma laiks,
tadgjadi jo lielaka plusmas saspiestibas pakape, jo lielaks klast lidzsvara izskalojuma
laiks. Ta ka smalkakas dalinas ir vieglak aizskalot, tad smalkakai smiltij lidzsvara

izskalojuma laiks ir lielaks neka rupjakai smiltij (Attels 6).

d,=0.67 mm

d,=0.24 mm

Pliismas saspiestiba
S = N W B

0 50 100 150
Laiks, stundas

Attels 6. Pliismas saspiestibas ietekme uz izskalojuma laiku (Testi AL1, AL4, AL7
un AL10 ar diviem smil$u izmériem ¢1 = 0.24 mm un d> = 0.67 mm)

Kad izskalojuma process turpinas, palielinas arT relativais izskalojuma dzilums,
savukart palielinoties relativajam izskalojuma dzilumam, pieaug ari lidzsvara
izskalojuma laiks. Rupjakai smiltij relativais izskalojuma dzilums ir mazaks, Iidz ar
to ari lidzsvara izskalojuma laiks ir mazaks, turpretim smalkakai smiltij relativais

izskalojuma dzilums ir lielaks, kas ietekmé arT izskalojuma laiku (Attels 7).
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Attels 7. Relativa izskalojuma dziluma ietekme uz izskalojuma laiku (Testi ALI,
AL2 un AL3 ar diviem smil§u izmériem d1 = 0.24 mm un d>= 0.67 mm)
Fruda skaitlis raksturo pienako$as pliismas atrumu, 1idz ar to, pieaugot Fruda

skaitlim, pieaug ari Iidzsvara izskalojuma laiks; jo lielaks klast Fruda skaitlis, jo
vairak pieaug lidzsvara izskalojuma laiks, ta ka izskalojuma process turpina pieaugt.
Smalkai smiltij izskalojuma process turpinas ilgak, 1idz ar to lidzsvara izskalojuma

laiks ir lielaks neka rupjakai smiltij (Att€ls 8).
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Attels 8. Fruda skaitla ietekme uz izskalojuma laiku (Testi AL1, AL2 un AL3 ar
diviem smilSu izmériem d1= 0.24 mm un d>= 0.67 mm)

Kad vietgjais plismas atrums V7 pie idens nemsanas blives parsniedz grunts
kritisko plismas atrumu, sakas izskalojuma process. Ta ka rupjakas dalinas ir
smagakas, ir vajadziga lielaka energija, lai tas aizskalotu, 1idz ar to ir vajadzigs lielaks
vietgjais plismas atrums neka smalkakai gruntij, kam ir zemaka kritiska pliismas
atruma robeza. Tadgjadi pieaugot viet§jam plismas atrumam un samazinoties
kritiskajam plismas atrumam smalkakam grunts dalinpam, palielinas Iidzsvara

izskalojuma laiks (Att€ls 9).
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Attels 9. Relativa pliismas atruma ietekme uz izskalojuma laiku (Testi AL1, AL2 un
AL3 ar diviem smil$u izmériem d1 = 0.24 mm un d>= 0.67 mm)

Tika veikta lidzsvara izskalojuma laika aprékinu metodes rezultatu grafiska
analize atkariba no hidrauliskiem un grunts parametriem, un ta paradija, ka lidzsvara
izskalojuma laiks ir atkarigs no: pliismas saspiestibas; relativa plismas dziluma;

Fruda skaitla; un relativa pliismas atruma.

VIETEJO 1ZSKALOJUMU NOTEIKSANA LATVIJAS
LIKUMDOSANA

Latvija pieejama likumdoSana saistiba ar vietgjiem izskalojumiem pie
geotehniskam btvém ir loti vispar&ja un nekonkréta. Noradijumi un ieteikumi, kas
atrodami Latvijas Bavnormativos (LBN) un Eirokodeksos ir vairak informativi
neskaidri attieciba uz pasakumiem, kas jaievéro vietgjo izskalojumu gadijuma, to
novertésanu un aprekinasanu. Likums nosaka, ka Eirokodeksu izmantoSana ir obligata
visas ES wvalstis no 2011. gada. Ta ka Latvija ir ES dalibvalsts no 2004. gada, tai ir
jaizmanto Eirokodeksos noteiktas normas.

Latvijas geotehnisko blivju inZenieru pieredze rada, ka attieciba uz vietgjiem
izskalojumiem, Latvija nav pieejami saprotami un augstas kvalitates materiali par
viet€jiem izskalojumiem, kas rakstiti valsts valoda. Ta ka viet€jos izskalojumus ka
paradibu ignorét nedrikst, ir nepiecieS$ams tos nemt vérda jau geotehnisko buvju
projektu stadija, tap&c ir nepiecieSams, lai Latvija tiktu izstradats saprotams un
paskaidrojo$s materials par vietgjiem izskalojumiem un to noteikSanu, ko varétu

izmantot geotehnisko biivju inZenieri.
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10.

11.

SLEDZIENS

Literatura piedavatie robeznosacTjumi lidzsvara izskalojuma laika aprékinasanai
ir atkarigi no fiziskiem pliismas vai biives parametriem, bet ne no hidrauliskiem
plismas parametriem.
Visbiezak izskalojuma laika aprékinu metod@s izmantotie parametri ir: pienakosas
plismas dzilums un atrums, balsta garums vai diametrs, smilSu dalinu vid&jais
izmé@rs un blivums.
Literatira nav atrodama lidzsvara izskalojuma laika noteikSanas metode, kura
tiktu nemti vera sekojosSie parametri: pliismas saspiestiba, vietgjais pliismas
atrums pie bives, plidu ilgums, plidu seciba, pliidu varbatiba, pladu biezums, ka
ari grunts slanainiba.
Izmantojot saneSu kustibas diferencialo vienadojumu tika izstradata jauna
lidzsvara izskalojuma laika noteikSanas metode pie Gidens nemsanas biivém upju
palienas.
Kritiskas pliismas un vietgja pliismas atruma pie fidens nemsanas biives attieciba
tika ierosinats ka jaunais hidrauliskais robeznosacijums, kas vienads ar BVo/ Vi, =
0.985.
Izmantojot jauno robeznosacijumu var aprékinat fequit, Aequit, Dequit, Xequit, Neguil
vertibas, no kuram var aprekinat lidzsvara izskalojuma laiku tequir. Tika izstradats
elektronisks lidzsvara izskalojuma laika aprékinu modelis datora vide.
izskalojuma dzilums un laiks.
Palielinoties plismas intensitatei nevienmerigas pliismas apstaklos pie cilindriska
balsta, samazinas lidzsvara izskalojuma dzilums un laiks.
Dator-modelé$anas un aprékinu rezultati paradija, ka palielinoties pienakosas
plismas Fruda skaitlim un pliismas saspiestibai, lidzsvara izskalojuma laiks
palielinas.
Dator-modelétas un aprekinatas lidzsvara izskalojuma laika vértibas veido labu
sakritibu, vid&jas relativas kludas ietilpst 10 % robezas.
Izmantojot dazadu autoru metodes, izskalojuma laika aprékinu rezultati paradija,
ka rezultati ir objektivi, ja pienakosas plismas atrums ir tuvu kritiskajam.
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12.

13.

14.

P&c izstradatas aprekinu metodes teorctiskas analizes, lidzsvara izskalojuma laiks
ir atkarigs no: pllismas saspiestibas; brivas plismas kingtiskd parametra
saspiestaja dala; nesaspiestas plasmas kinétiska parametra; Fruda skaitla
attiecibas pret grunts slipumu; relativa grunts dalinu izmé@ra; kritiska plismas
atruma attiecibas pret vietgjo pliismas atrumu; un relativa plismas dziluma.

Peéc izstradatas aprékinu metodes rezultatu grafiskas analizes, lidzsvara
izskalojuma laiks ir atkarigs no: plismas saspiestibas; relativa plismas dziluma;
Fruda skaitla; un relativa pliismas atruma.

Latvija pieejamas likumdoSanas analize saistiba ar viet&jiem izskalojumiem pie
geotehniskam bavém paradija, ka ta ir loti vispargja un nekonkréta. Ir
nepiecieSams izstradat materialu par vietgjiem izskalojumiem, ko varétu izmantot

geotehnisko bvju inZenieri Latvija.
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GENERAL DESCRIPTION
Topicality

The European Environment Agency (EEA) identifies river flooding together
with wind related storms as the most important natural hazards in the EU in terms of
economic loss. The spatial distribution of high and very high flood hazard risk did not
change significantly from 2002 to 2012. However, flood occurrence is projected to
increase even further with climate change. The main reason for high flood occurrence
is the general increase in winter precipitation, apparent in almost all regions of Europe
except in the Mediterranean.

Despite the significant investment of researchers in local scour investigation,
hydraulic structures in rivers still fail due to scouring processes. It is believed that this
is partially a consequence of scouring processes simplification, application of
empirical methods, inadequacies between laboratory conditions and the reality in
nature, and also the present state of knowledge about some aspects of hydraulic and
scouring complexity.

Equilibrium time of scour values are used worldwide in equilibrium scour depth
calculation methods, where it is essential to use the most precise predictors of time. A
reliable time of scour prediction method can give an advantage to engineers, to know
when the equilibrium depth of scour has been achieved, to understand the stability of
a water engineering structure.

This work is a continuation of previous studies in the field of fluvial hydraulics
developed by researchers of the Institute of Heat, Gas and Water technology of Riga
Technical University: B. Gjunsburgs, R.R. Neilands, R. Neilands and G. Jaudzems.
Further studies on riverbed layering impact on scour development in time are in

process and studied by E. Govsha.
Research objective and tasks

The objective of this research is to develop a new equilibrium time of scour
evaluation method for water intakes with and without flow separation at the structure

on river floodplains at steady-flow and clear-water scour conditions, by combining
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into methodology the following scour-control parameters: flow contraction, local flow

velocity, bed stratification, flood duration, flood sequence, flood probability, flood

frequency, relative depth of scour, densimetric Froude number and median size of the

sand. To achieve the research objective, the following tasks are defined:

1.

10.

Analyze literature for time of scour calculation methods at piers and abutments to
find out what kind of threshold criteria and which parameters are being used in
equilibrium time of scour calculations;

Work out a calculation method for equilibrium time of scour at steady-flow
conditions for water intakes with and without flow separation at the structure;
Propose a new hydraulic threshold condition for equilibrium time of scour
calculation, considering hydraulic parameters of the flow;

Develop a simple approach sequence how to calculate equilibrium time of scour
in practice; create an electronic equilibrium time of scour calculation model in
computer environment;

Research how flow-altering method affects equilibrium time of scour and depth
of scour at abutments;

Carry out live-bed pier scour experiments to investigate how live-bed conditions
and bedforms affect equilibrium time of scour and depth of scour at a pier;
Using computer modeling prolong the duration of water intake experiments until
the equilibrium stage; collect computer modelled and calculated equilibrium time
of scour data; analyze equilibrium time of scour by approach flow Froude number
and contraction rate of the flow;

Compare calculated equilibrium time of scour values with computer modeled time
of scour values, calculate the percent relative error, and draw a line of agreement
to verify the developed equilibrium time of scour evaluation method;

Compute time to equilibrium scour values using different author calculation
methods found in the literature with data from water intake tests; compare and
analyze the results;

Theoretically analyze hydraulic and riverbed parameter impact in the proposed

equilibrium time of scour calculation method for water intakes;
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11. Graphically analyze hydraulic and riverbed parameter influence on equilibrium
time of scour;

12. Explore local scour evaluation methods in Latvian legislation.
Scientific novelty and application

A new equilibrium time of scour evaluation method for water intakes at steady-
flow and clear-water conditions was worked out. Suggested method can be applied to
river water intakes with and without flow separation at the structure at steady-flow
and clear-water conditions, as well as, other water engineering and hydraulic
structures like bridge abutments, piers, guide banks, dams and roads located on river
floodplain area. Ratio of the recalculated critical flow velocity to the local one at the
head of the water intake was proposed as the hydraulic threshold criterion in
equilibrium time of scour calculation. A new theory has been proposed, which
confirms that the interaction of changes in local and critical flow velocities is
significant in scour formation and that the local flow velocity rather than the approach
flow velocity has an influence on the local scour evolution at hydraulic structures.
Flow contraction rate and local flow velocity influence on equilibrium time of scour
was confirmed.

The proposed method provides information on time, when certain local scour
depth will be achieved, thus making it possible to evaluate the stability of a structure
during changes in scour depth. This method also allows to model time of scour with
increasing flow intensity and depth.

The proposed method can be used as an equilibrium time of scour estimation

tool, as well as in combination with other scour depth evaluation methods.
Scope of the doctoral thesis

Promotional work consists of: introduction, 5 chapters, conclusion, 3
appendixes, 91 references, 25 figures, 17 tables, and together 90 pages.
Chapter 1 provides the background information and literature review on time of

scour calculation methods under steady flow conditions.
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In Chapter 2 “Method for equilibrium time of scour evaluation Atwater intakes”,
the new method for computing equilibrium time of scour at water intakes is presented.

Chapter 3 “Experimental set-up” includes previously performed flow-altering
at abutments experiment description, recently carried out live-bed pier scour
experiment description, as well as previously published water intake experiment data.

Chapter 4 “Results” presents flow-altering method against scour at abutments
experiment results, where flow-altering effects on equilibrium time of scour and depth
of scour are described; live-bed pier scour experiment results, where live-bed
conditions effect on equilibrium time of scour and depth of scour at a pier is described;
comparison of previously published water intake experiment data with calculations
based on the method described in Chapter 2. Influence of Froude number and flow
contraction on time of scour is studied by processing experimental data. Calculated
relative errors and lines of agreement are shown. Calculation results using different
author calculation methods are analyzed and compared with the proposed method. A
theoretical and graphical analysis of the proposed method is shown, describing
hydraulic and riverbed parameter influence on equilibrium time of scour.

Chapter 5 “Local scour recognition in Latvian legislation” contains information
about legislation available in Latvia to be followed when designing water engineering

structures.

BACKGROUND AND LITERATURE REVIEW

Estimation of scour depth at hydraulic structures is a problem that has troubled
engineers for many years. In recent years, an extensive research has been aimed at
finding methods to efficiently calculate the expected equilibrium scour depth levels at
hydraulic structures.

Equilibrium time of scour at water intakes has not been studied yet.

Since the scouring process at hydraulic structures is never ending, threshold
criteria are used for equilibrium time of scour evaluation. Threshold criteria, proposed
and known from the literature are, when in a 24 hours’ period: (a) the depth of scour
increases less than 5% of the pier diameter (Melville & Chiew, 1999); or (b) less than
5% of the flow depth or abutments length (Coleman et al., 2003); or (c) less than 5%
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of the 1/3 of the pier diameter (Grimaldi et al., 2006). The proposed threshold criteria

for equilibrium time of scour known from the literature are only depending on the size

of the hydraulic structure, and not on hydraulic parameters of the flow. Time to
equilibrium, # is defined as the time corresponding to the end of the principal phase,
and the onset of the equilibrium phase.

Most of the equilibrium time of scour estimation methods available in the
literature are derived from empirical approaches and dimensional analyses. Typically,
the equations for equilibrium time of scour calculations were developed using
regression analyses from data acquired from local scour experiments, usually
conducted in flumes with idealized conditions.

Although many studies on local scour around bridge piers and abutments have
been found in the literature, investigations dealing with time of scour at piers and
abutments under steady flow conditions are still limited.

Most of the equilibrium time of scour evaluation methods are restricted to
certain flow, soil and structures conditions, which makes them unusable outside the
defined boundary conditions. The most common boundary condition is the ratio of the
approach flow velocity to the critical flow velocity, nevertheless the ratio of approach
flow depth to abutments length and the ratio of abutments length to median size of the
sand are also being used as boundary conditions in equilibrium time of scour
evaluation methods.

Literature review revealed the following:

1) Approach flow depth, approach flow velocity, critical flow velocity, abutment
length/pier diameter, sand grain size and sand density are considered as the basic
parameters in equilibrium time of scour calculation;

2) According to literature analysis no method for equilibrium time of scour
calculation at water intakes can be found, where the following parameters are
being taken into consideration: contraction rate of the flow, local flow velocity
near the structure, flood duration, flood sequence, flood probability, flood

frequency, and bed stratification.
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METHOD FOR EQUILIBRIUM TIME OF SCOUR EVALUATION
AT WATER INTAKES

The differential equation of equilibrium for the bed sediment movement in

clear-water conditions has the form:

aw
-=—=0., 1
1-p) it O, (M

where p — porosity of riverbed material;

W — volume of the scour hole at a water intake with flow separation at the
structure, (1 - p)-W = 1/6 nm>hs* (at a water intake without flow separation at
the structure (1 - p)- W = 1/5 mm?hs®), m* (Gjunsburgs et al., 2006);
m — steepness of the scour hole;
hs — scour depth, m;
t — time, s;
Qs — sediment discharge out of the scour hole, m?/s.

For water intakes with flow separation at the structure the left-hand part of Eq.

(1) can be written as:

(lfp)a;lL:Lirmzhszdh—s:ah2 dhs >
t

2 dt Sodr

2
where a=1/2 nm?.

For water intakes without flow separation at the structure the left-hand part of

Eq. (1) can be written as:

aw 3 dh dh
(1= p)=gm =g hi s = ahi = ®)

where a=3/5 nm?.

The sediment discharge was determined by the Levi (1969) formula:

O, = 4BV}, “

where A — a parameter in the Levi (1969) formula;
B = mhs — describes the width of the scour hole, m;
Vi — local flow velocity at the water intake, m/s.

The parameter 4 depends on scour, local flow velocity, critical velocity and
grain size of the bed material. It must be taken into account that the local flow velocity

Viand critical flow velocity Vo are changing within the changes of scour depth in time.
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The critical flow velocity Vo at the water intake at plain bed can be determined

by the Studenitcnikov (1964) formula:
Vo=115Jg -d %007, )

where g — acceleration due to gravity, m/s?;
d; — grain size of the bed material, m;
hr— water depth in the floodplain, m.

From Eq. (5) calculating the square root of g and multiplying it by 1.15 we get
3.6 m®3/s, afterwards this is inserted into Eq. (5) and Vo = 3.6d%2h/ 2. The critical
flow velocity Vo at the water intake for any depth of scour /s and for the flow bended

by the structure is:

0.25
Voo = B-3.6-d)% - 1% s (6)
2h

where f reduction coefficient of the critical flow velocity (after Rozovskyi, 1956);
hm=h"3(1 + hs/2hy)** — mean depth of the scour hole, m.

Expressing Eq. (1) by Egs. (2-3), by substituting variables and integration time

of scour value can be found:

i :4Dih}(Ni -No), @)

where D;— constant parameter in short time interval;
Ni = 1/6:x0 — 1/5-x7;
No = 1/6°x0® — 1/5-x0> = -0.033 — parameter to calculate scour formed during
the previous time step;
xi =1 + hsg/2hs— relative depth of scour.

Using Eq. (7) and inserting equilibrium values for all the parameters it is

possible to find equilibrium time of scour:

2
tequil = 4Dequil. hf (Nequil. - NO) > ()

where Deguil — equilibrium value for parameter D;;
Neguit = 1/6Xequit® — 1/5-Xequir’;
Xequil = 1 + hequil2hy,
hequit — equilibrium scour depth, m.

A full description of the calculation method can be found in Chapter 2 of the thesis.
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Using value /equir it is possible to find values Aequit, Dequil, Nequit and finally feguir.
When the local flow velocity Vi becomes equal to the recalculated critical flow
velocity BVoi, then Aeguir= 0, Deguit= 00 and fequir= 0. Criteria to evaluate the threshold

are needed to appoint to calculate equilibrium time of scour near water intakes.
Threshold condition

A new threshold criterion is needed to be proposed, depending on hydraulic
parameters of the flow in order to calculate the equilibrium time of scour values for
water intake structures. Ratio of the recalculated critical flow velocity to the local flow
velocity at the head of the water intake is proposed as the hydraulic threshold criterion
in equilibrium time of scour calculations for water intakes.

According to the computer-modeling results the scour stops when the local flow
velocity Vir becomes equal to the recalculated critical flow velocity fVo, and the
equilibrium is equal to infinity. Different values of the threshold condition were
presumed for equilibrium time of scour calculation in order to find the best fit between
computer modeled and calculated equilibrium time of scour values. As a result, the
proposed equilibrium time of scour calculation threshold criterion for water intakes
that showed the best agreement is equal to:

1.25
h, .
Plog _ PV )y, Zeauil | _ g g5
Vlt Vl 2hf

©)

Equilibrium time of scour calculation in practice

After acquiring the threshold criterion from Eq. (9), it is possible to calculate
tequil and the sequence of that is the following:
1) Calculate equilibrium depth of scour Zeguir;
2) Calculate parameter from the Levi (1969) formula 4cquir using the calculated value
of hequir from previous step;
3) Calculate parameter Deguir using the calculated Aequir value from previous step;
4) Calculate the relative depth of scour xequir using the calculated value of /equir from

first step;

34



5) Calculate parameter Neguir using the calculated value of xequir from previous step;
6) And finally calculate equilibrium time of scour fequir using values fequit, Deguil, and

Neguit from steps 1, 3 and 5.

EXPERIMENT SET-UP

Flow-altering method against scour at abutments experiment set-up

The flow-altering method against scour at abutments experiments were run at
the Hydraulic Engineering Laboratory of the Politecnico di Milano, Italy. A
rectangular channel 5.8 m long with a cross section 0.40 m wide and 0.16 m deep and
a sediment tank 0.40 m deep was used in the experiments. Experiments were

conducted at clear-water conditions.
Live-bed pier scour experiment set-up

The live-bed (LB) pier scour experiments were run at the Hydraulic Engineering
Laboratory of the Politecnico di Milano, Italy in a rectangular channel 5.8 m long with
a cross section 0.40 m wide and 0.16 m deep and a sediment tank 0.40 m deep. Several
modifications were made to the channel for its ability to run live-bed experiments. A
sediment feeder was constructed at the beginning of the channel and a sediment
catcher was installed in the outlet tank. Also the sediment tank was modified. The lid
was equipped with a piezometer, a false floor with a fine screen and a platform for the
cylinder were installed in the tank, and then the tank was filled with bags of sand an
additional a filling material.

Live-bed pier scour experiments were run at three different flow intensities,

which exceeded the critical flow 1.2, 1.4 and 1.6 times.
Water intake experiment set-up processing

Tests for water intakes were carried out at the Transport Research Institute
(Russia) in a flume 3.5 m wide and 21 m long.

The openings of the water intake model were 50, 80, 120, and 200 cm (see
Figure 3.5). Flow contraction rate Q/Q» (Where Q is the flow discharge, and Qs is the

discharge in the bridge opening under open-flow conditions) varied from 1.56 to 5.69

35



for the floodplain depth of 7 cm, and the Froude numbers varied from 0.078 to 0.124;

the slope of the flume was 0.0012. Experiments were run under open-flow conditions

and two sand sizes.

Water intake experiment data

Experiment data by Gjunsburgs & Neilands (2001) and method for estimation

of scour development in time during floods by Gjunsburgs & Neilands (2006) were

used for computer modelling of scour depth development in time.

Computer modelling principle

By using computer program “RoBo” (Gjunsburgs et al., 2006), the duration of

water intake laboratory tests of 7 hours was prolonged until the scour depth

development stopped and the equilibrium stage was reached.

Scour depth, m

0,40 0,12

0,10
0,30

0,08
0,20 0,06
0.10 0,04
’ — Calculated + 0,02
0,00 F 0,00

Time, hours

Flow velocities, m/s

Figure 1. Change of local and critical flow velocities during scour development in

time (Test AL4)

At the end of each time interval there is a change in local flow velocity and in

critical flow velocity, because of the changes in scour hole in the previous time

interval. With an increase of scour depth 4s, local flow velocity Vi decreases, but

critical flow velocity Vo increases (Figure 1).
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RESULTS

Flow-altering method against scour at abutments

Comparing the results from Test 1 (unprotected abutment) with Test 2 (threaded
abutment) it is clear that the threads protect the wall and not the nose, nevertheless in
the end the scour depth in Test 2 was less than in Test 1 (see Fig. 2).

It looks like the scour hole needed to reach a certain scour depth before the
threads started to weaken the flow to protect the wall from scouring, whereas a
noticeable difference between Test 1 and Test 2 appears after the scour depth at the
wall had reached 100 mm. At the end of Test 2 with the threaded abutment the
reduction of scour depth at the wall was considerably good in compare with the scour
depth at the unprotected abutment. At the end of Test 2, after 16 hours, total scour
depth reduction at the wall was 14 %, at the nose 5 % (Figure 2).
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Time, s
Figure 2. Comparison of scour depth evolution in time at the abutments

Live-bed pier scour

In total 4 different flow intensities were used for pier scour experiments Q/Q. =
0.9, O/0c =12, Q/Qc = 1.4, and Q/Q. = 1.6 (where Q is flow discharge, and Q. is
critical discharge for sediment motion). Live-bed experiments are characterized by a
similar behavior in the development phase before they reach the equilibrium stage,
where the scour depth oscillates around mean scour depth value ds. The oscillations
occur because of the bedforms passing by the scour hole and the pier.

As the ratio of U/U. increases, the equilibrium time is reached faster with

decreasing scour depth value ds.
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For the LB experiments with O/Qc = 1.2, no actual bedforms were evident at
this stage, the sediments were moving along the bed.

As soon as the flow discharge was increased to Q/Q. = 1.4, the sediment bed
started to evolve and change from smaller bedforms (ripples) to bigger ones (dunes)
until stable conditions were reached.

When the discharge was increased to O/Q. = 1.6, dune height and length started
to change, namely dunes got higher, shorter and also dune period decreased as the
smaller bedforms started to merge with each other and create bigger ones.

Although the total duration of experiment Q/Q. = 0.9 was 13 hours, it still was
not enough to reach the equilibrium stage. Higher flow intensity experiments were
much shorter, since it was more difficult to maintain the proper channel conditions for
these tests, nevertheless equilibrium stage was reached in these tests.

For all live-bed pier scour tests P1 to P6 the equilibrium time #. was easily and
robustly estimated by the following steps: (1) the equilibrium scour depth is
determined by drawing a mean horizontal line representing the mean scour depth in
the equilibrium phase and (2) a line is drawn fitting the scour data in the rising phase,
and its interception with the line representing equilibrium scour depth is defined as
the equilibrium scour time (see Figure 3). Since in test O/Q. = 0.9 equilibrium stage

was not achieved, time in Figure 3 corresponds to the total duration of the test.
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Figure 3. Temporal development of scour at pier
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Equilibrium time of scour at water intakes

For the same approach flow velocity /" and approach flow Froude number, but
increasing contraction rate of the flow Q/Qs, relative depth of scour As/hyis increasing
as the scour depth /s is increasing as well. Parameter D;, which depends from local
flow velocity Vi, mean sand grain size dso and relative depth of scour As/hy is
significantly decreasing with the increase of contraction rate of the flow Q/Qp at the
same approach flow Froude number. Parameters X; and N;-No, which depend from
relative depth of scour /s/hy are increasing as the scour depth /s increases as well with
the same approach flow Froude number and increasing contraction rate of the flow
QO/QO». Flow contraction coefficient k£ decreases as the contraction rate of the flow Q/Q»
increases for the same approach flow Froude number. Relative velocity of the flow
VilBVo is increasing as the local flow velocity V; is increasing with increasing
contraction rate of the flow Q/Q» and the same approach flow Froude number.
Equilibrium time of scour #. is increasing as the scour depth /s keeps increasing as
well for the same approach flow Froude number and increasing flow contraction Q/Qp.
All of the before mentioned parameter trends when the approach flow Froude number
is not changing, but the contraction rate of the flow Q/Q» is increasing are observed

also when the approach flow Froude number is increasing at the same flow contraction

rate Q/Ob

Comparison of calculated and computer modeled equilibrium times of
scour
To verify the suggested equilibrium time of scour evaluation methods,
calculated time of scour values were compared to computer modeled equilibrium time
of scour values. A percent relative error € was calculated for each of the tests:

[
&(%) :(f"’m—c‘””l’).loo , (10)

f comp

where  t/m — equilibrium time of scour calculated by the developed method, days;
teomp — computer modeled equilibrium time of scour, days.
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Calculated values of equilibrium time of scour show a good agreement with the
computer modeled equilibrium time of scour values for tests at water intakes with
flow separation at the structure, with sand grain size d1 = 0.24 mm, where the average

percent relative error for 12 experiments is 7.0 % (Figure 4).
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Figure 4. Comparison of calculated and computer modeled equilibrium times of
scour at water intakes with flow separation at the structure (41 = 0.24 mm)

For tests at water intakes with flow separation at the structure, and with sand
grain size d>= 0.67 mm the calculated values of equilibrium time of scour also show
a good agreement with the computer modeled equilibrium time of scour values, where

the average percent relative error for 12 experiments is 7.4 % (Figure 5).
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Figure 5. Comparison of calculated and computer modeled equilibrium times of
scour at water intakes with flow separation at the structure (d2 = 0.67 mm)

Relative errors of water intake experiments without flow separation at the
structure were also estimated, for both sand grain sizes d1 = 0.24 mm and d>= 0.67
mm, where the average percent relative errors for 12 experiments were 6.5 % and 10.4

%, respectively.
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Comparison of time of scour values computed by different author
formulas

Calculations of equilibrium time of scour, 7. were made by different author
formulas and data from experiments at water intakes with flow separation at the
structure.

In general, equilibrium time of scour estimation results from different author
formulas, using the data from water intake tests with flow separation revealed, that
mostly the estimations are reliable, when the approach flow velocity is close to the
critical flow velocity; it also revealed that none of these methods take into
consideration the changes in flow contraction and the local flow velocity, which is not
the same as the mean approach flow velocity and it can exceed the critical flow
velocity at the structure in the floodplain, even if the mean approach flow velocity in

the main channel is well below the critical flow velocity.
Developed method theoretical analysis

To analyze the equilibrium time of scour estimation method for water intakes,
time of scour equation is transformed to a form that shows clearly that it contains
dimensionless parameters and characteristics of the flow and riverbed. As a result,
equilibrium time of scour is a function of the following parameters:

Fr d ,HVO h hequil

tequil = Q%;P";P"b;T;h_f;T,;_;_ (11
where Q/Q» — flow contraction rate;

Py — kinetic parameter of flow in contraction in open-flow conditions;

Py — kinetic parameter of the open flow in natural conditions;

Fr/i —ratio of the Froude number to the river slope;

d/hy— dimensionless sand grain size;

BVo/Vi— relative velocity of the flow;

h/hs— relative depth of the flow.

Theoretical analysis of the developed equilibrium time of scour calculation
method was made and it showed that equilibrium time of scour depends on flow

contraction rate, kinetic parameter of flow in contraction in open-flow conditions,
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kinetic parameter of the open flow, ratio of the Froude number to the river slope,
dimensionless sand grain size, ratio of the recalculated critical flow velocity to the

local flow velocity, relative flow depth, and relative scour depth.

Developed method graphical analysis

Laboratory experiment data (Gjunsburgs & Neilands, 2001) and calculation
results of the suggested equilibrium time of scour estimation method for water intakes
with and without flow separation at the structure were used to show the impact of
hydraulic and riverbed parameters on equilibrium time of scour.

The points in the graphs indicate the calculated and computer modeled
equilibrium points, where equilibrium time and scour have been achieved.

When the flow contraction rate increases, equilibrium time of scour increases
as well, consequently the greater the contraction rate of the flow value is, the greater
the equilibrium time of scour value becomes. Since finer sand particles are more easily
scoured away, it takes longer time to achieve equilibrium stage, than it is with coarser

sand (Figure 6).

Flow contraction rate
S = N W B~ D N

Time, hours

Figure 6. Contraction rate of the flow impact on equilibrium time of scour (Tests
ALL, AL4, AL7 & AL10 with two sand grain sizes di1 = 0.24 mm and d>= 0.67 mm)

When the scouring process continues in the scour hole, it takes longer time to
achieve time to equilibrium scour. In the case of coarse sand, the depth of scour is
achieved faster, thus resulting in a lesser relative depth of scour and at the same time
lesser time to equilibrium scour, however with fine sand on the contrary, it takes more

time to achieve equilibrium scour depth (Figure 7).
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Figure 7. Relative depth of scour impact on equilibrium time of scour (Tests ALI,
AL2 & AL3 with two sand sizes d1 = 0.24 mm and d>= 0.67 mm)

Froude number characterizes the approach flow velocity, therefore with an
increase in Froude number, there is also an increase in equilibrium time of scour; the
greater the Froude number value becomes, the further the scouring process continues
in the scour hole, resulting also in an increased equilibrium time of scour. With fine
sand the equilibrium time is greater, the scouring process takes longer to achieve the

equilibrium stage than with a coarse sand (Figure 8).
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Figure 8. Froude number influence on equilibrium time of scour (Tests AL1, AL2 &
AL3 with two sand sizes d1 = 0.24 mm and d>= 0.67 mm)

When local flow velocity V; at the water intake exceeds the critical value of
sediment movement, the scouring process begins. Since coarse sand particles are
heavier, it takes more energy to scour them away, therefore a greater local flow
velocity is needed than in the case of finer sand with lesser critical flow velocity value.
Thus with an increase of local flow velocity and a decrease in critical flow velocity,

the equilibrium time of scour increases (Figure 9).
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Figure 9. Relative velocity of the flow influence on equilibrium time of scour (Tests
ALIL, AL2 & AL3 with two sand grain sizes d1 = 0.24 mm and d>= 0.67 mm)

Graphical hydraulic and riverbed parameter dependence analysis of the
developed equilibrium time of scour calculation method results was made and it
showed that equilibrium time of scour depends on: flow contraction rate; relative

depth of scour; Froude number; and relative velocity of the flow.

LOCAL SCOUR RECOGNITION IN LATVIAN LEGISLATION

Legislation related to local scour at geotechnical structures available in Latvia
is general and unspecific. Guidelines and recommendations that are found in Latvian
Building Normatives (LBN) and Eurocodes are more informative and uncertain in
respect of measures to be followed in cases of local scour, their evaluation and
calculation. The law states that the use of Eurocodes is mandatory in all EU countries
as of 2011. As Latvia is an EU member state since 2004, it is subject to follow
Eurocodes.

Latvian geotechnical structure designer experience shows that in relation to
local scour, there are no understandable and high quality materials available in Latvia,
which are written in the national language. Since local scour phenomenon should not
be ignored, it is necessary to take into account the maximum depth of scour in the
design phase of geotechnical structures, therefore there is a need to develop a material

that could be used by geotechnical structure designers in Latvia.
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CONCLUSION

The proposed threshold criteria for equilibrium time of scour known from the
literature are only depending on the size of the hydraulic structure, and not on
hydraulic parameters of the flow.

The most common parameters used in equilibrium time of scour calculation
methods are: approach flow depth; approach flow velocity; critical flow velocity;
abutment length or pier diameter; median size of the sand; and sand density.

No method for equilibrium time of scour calculation at water intakes can be found,
where the following parameters are being taken into consideration: contraction
rate of the flow, local flow velocity near the structure, flood duration, flood
sequence, flood probability, flood frequency, and bed stratification.

The differential equation of the bed sediment movement was used and a new
equilibrium time of scour evaluation method for water intakes with and without
flow separation at the structure in river floodplains was worked out.

Ratio of the recalculated critical flow velocity to the local one at the head of the
water intake was proposed as the hydraulic threshold criterion in equilibrium time
of scour calculation, equal to BVo/Vir = 0.985.

Using the new threshold criterion and following this sequence, values /equit, Aequit,
Deguity Xequit, Neguit and finally time to equilibrium scour zeqir can be calculated. An
electronic time to equilibrium scour calculation model was created.

Using flow-altering method against scour at abutments, results in equilibrium
depth of scour and time of scour reduction.

As the ratio of approach flow velocity to critical flow velocity increases at live-
bed scour conditions, equilibrium time of scour is reached faster with decreasing
scour depth value.

Calculated and computer modeled water intake test data revealed that with an
increase in flow contraction rate and with an increase in approach flow Froude
number, equilibrium time of scour increases as well.

Calculated and computer modeled equilibrium time of scour value comparison

showed good agreement, the calculated average relative errors are within 10 %.
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14.

Different author time of scour calculation method results revealed, that mostly the
estimations are reliable, when the approach flow velocity is close to the critical
flow velocity.

Theoretical analysis of the developed calculation method showed that equilibrium
time of scour depends on: flow contraction rate; kinetic parameter of flow in
contraction in open-flow conditions; kinetic parameter of the open flow; ratio of
the Froude number to the river slope; dimensionless sand grain size; ratio of the
recalculated critical flow velocity to the local flow velocity; relative flow depth;
and relative scour depth.

Graphical hydraulic and riverbed parameter dependence analysis of the developed
calculation method results showed that equilibrium time of scour depends on:
flow contraction rate; relative depth of scour; Froude number; and relative
velocity of the flow.

Legislation analysis related to local scour at geotechnical structures available in
Latvia showed, that it is general and unspecific. There is a need to develop a

material that could be used by geotechnical structure designers in Latvia.
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