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Hydrograph Shape Impact on the Scour Developmen
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Abgtract. Transport system infrastructures are under
permanent impacts of multiple floods. To estimate heir safety
and stability during scour development at hydraulic structure
foundations is required. In these studies, the floyparameters at
the peak of the flood with unrestricted or restriced duration
were used. The effects of probability, duration, sgience, and
frequency of multiple floods on the safety and stality of
engineering structures in river flow are studied. Tk impact of
the floods with different shapes of hydrograph on he scour
process is investigated. The method for estimatinghé scour
development with time was used to perform computemodelling.
It was found that the shape of the hydrograph affets the depth,
width, and volume of the scour hole developed durgnthe floods.
The results obtained in this study and presented ifigures and
tables confirm our conclusions.
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l. INTRODUCTION
Transport system infrastructures, such as roaddgés,

for floods with an equal peak discharge, and this be the
reason for changes in the depth of scour. The itnpfatoods

with different shapes of hydrograph on the scowcess has
not been studied at all.

The differential equation of equilibrium for the e
sediment movement in clear water conditions was,used a
method for computing the scour development withetiwas
elaborated. According to the method, the relats®us depth
at the hydraulic structures depends on the follgwin
dimensionless parameters: the contraction ratehefflow,
kinetic flow parameter under the bridge, Froude bemof
open flow, Froude number/slope ratio, relative mgraize of
the bed material, relative depth of flow, relatiweal velocity,
steady or unsteady flow conditions, relative depthscour
developed during the previous time, stratified lbedditions,
as well as the time, probability, duration, freqeyenand
sequence of the multiple floods, sediment transpamtitions,
shape of the structures, slope of the wall side atgle of the
flow crossing, and the shape of hydrograph.

The method for estimating the scour developmerti tiihe

dams, and water intakes in rivers, are under pesmian [1] was used to perform computer modelling; it akous to

impacts of multiple floods. To estimate their safetnd
stability during scour development at hydraulicusture
foundations, a multidisciplinary approach, involyinthe
principles of hydraulics, hydrology, morphologyotmgy, and
SO on, is required.

The high floods in Europe during the last decadeeha

destroyed a lot of engineering structures becausdh®
scoured foundations; however,
2007/60/EC does not take into account increasedslaz
floods, damage risk estimation, and managementro€tsre
foundations in river flow.

During the past few decades, the equilibrium amaptzral
depths of scour have been studied by different aathin
these studies, the flow parameters at the peahkediiaod with
unrestricted or restricted duration were used. Hawnein
nature, the flow loads on engineering structuresehhe form
of hydrograph, and multiple floods form scour holes

In the present study, the effects of probabilityradion,
sequence, and frequency of multiple floods on tifetg and
stability of engineering structures in river floweastudied. In
the frame of this study, the impact of the floodthwdifferent
shapes of hydrograph on the scour process is igaéstl. The
shape of the hydrograph depends on many factoch) as
rainfall intensity, relief, soil type, and otheiss a result, the
hydrograph has specific steepness because of rtiee wihen
the flood maximum discharge is reached and the tirthen
the flood maximum discharge decreases down to dke |
water level. The steepness of the hydrograph cadifferent

the EU Floods Divecti

determine the influence of the shape of the hydplgron the
scour process near engineering structures in flegr. The
method was confirmed by test results.

1. METHOD

Scour development in time during multiple floods

The differential equation of equilibrium for the e
sediment movement in clear-water conditions hagatm:

dw

e Qs 1)

wherew = volume of the scour hole, which, according te th
test results, is equal t6zn’h. Form and the shape of the
scour hole is independent of the contraction rdtéhe flow
[1], t = time, andQs = sediment discharge out of the scour
hole.

The left-hand part of Eq. (1) can be written as

dw
dt

2,2 dhg

dh
S — ah2 S
dt

S dt

1
—7zm 2

> 2)
wherehg = scour depthm = steepness of the scour hole, and
a=1/2zn.

The sediment discharge was determined by the fir&jdla:
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Qs = AB-V/* (3) =252 Kol I :
4 M 2hy
whereB = mhg = width of the scour hold/, = local velocity at 1 (8)
the abutments with a plain bed, aivd= parameter in the [13] 025
formula which depends on specific weight of sediteggrain 025 . 025 h
size of bed materials, local and critical velogtieand the i f oh
depth of the floodplain. f
The discharge across the width of a scour holerbedod
after the scour is determined as follows: where y = specific weight of sediments and, = critical
velocity at the plain bed.
Qf =Qq -k (4) The sediment discharge also changes with the loslalkcity

Vi.. Then, we replac¥, in Eq. (3) with the local velocity at
any depth of scow,, from Eq. (6). The parametérin Eq. (3)

whereQ; = discharge across the width of the scour holé wit ;¢ replace with parametéy from Eq. (8). Thus the sediment
plain bed,Qg = discharge across the scour hole with a SCOWischarge upon development of the scour is
depthhs, andk = coefficient of changes in discharge because

of scour, which depends on the flow contraction [1]

Now, we have Qs=A -mhg-Vif =b s

: ©)
h

k* 1+s]
mhsheVf = k(mhshf +mThShs)'Vlt 5) 2

_ whereb = AmV,*.
wherem = the steepness of scour hofehs = width of the  The hydraulic characteristics, such as contractata of the
scour holeV, = local velocity with a plain bed [1h; = water  fiow, the velocitiesV, andV;, the grain size and composition
depth in the floodplainhs = scour depth, and, = local flow i gifferent bed layers, the sediment discharge, the depth,

velocity at a scour depti. _ width, and volume of the scour hole, varied duting floods.
From Eg. (5) the local velocity for any depth obscis Taking into account formulas (2) and (9), the dfatial
equation (1) can be written in the form
V]
K1+ S ahg—=2=b——— (10)
2h;

dt 4
K4 1+ hs
2h,

After separating the variables

The critical velocity at the plain bed can be detieed by the
[19] formula. The critical velocity, for any depth of scourg
and for the flow bended by the bridge crossing erkbeent is

h )08 K4 a hy 4
VOt — ﬂ 36. di025 . hf025[1+ Zhs J (7) Ths 1+R th =dt
f

where d, = grain size of the bed materialg,= reduction
coefficient of the critical velocity at the bendeitbw

: . 4
determined by using the [18] approadty; |1+ h, /2h: ) = h,
Y using the [18] approadty(1.+ he /21y ) Dihy 1+ 5| dhg = dt (11)
= average depth of the flow at scour hole. 2h;
The parameteA depends on the scour, local velocity
critical velocity Vo, and grain size composition of the bedWhere

material during the floods. The parame#grat any depth of
scour can be found:

4 4
p - Ka_z-mk

b 2A -V

After integration of Eq. (11), we have:
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£ Dependence of the coefficient lon the side-wall slope of the abutment
Side-wall slope of 0 15 | 1.75 20| 25| 3.0
the abutment
K 1 0.71| 055 0.44 0.3 0.32

4

X2 hs TABLE 2
t=Dj [ hs 1+I dhg (12)

X1

where x;=1+hgy/2h; and x,=1+hy/2h; = relative depths of
scour.

According to the method for computing scour deptie
hydrograph was divided into time steps, and eagp &t turn
was divided into time intervals (Fig. 1). It wasasied thab;
was constant inside the time interval.

To determine the scour depth development durindltivel or
multiple floods, the hydrograph was divided intméi steps
with duration of 1 or 2 days, and each time steg di@ided
into time intervals up to several hours. In laborattests, the

Time s time steps were divided into 20 time intervals. Each time
Q steps | step, the following parameters must be determittes:.water
Floodplain _ Time depth in the floodplaity; contraction flow rat€/Q,, whereQ
intervals o o . . .
flooded = discharge of flow an€, = discharge in the bridge opening
under open-flow conditions; the maximum backwatdr
\v% FZZL P determined by the [16] method, grain sitethicknessH of
— > the bed layer with;; the specific weight of the bed material.
titz t3 ti tn t As a result, we hav¥,, Vi;, Vo, Vai, A, A, Di, Ni, Ni.1, X, andhg
Fig. 1. Hydrographs divided into time steps ancktintervals at the end of time intervals and finally at the erfidhe time

) _ _ _ step. For the next time step, the flow parametenewhanged
After integration with new variables=1+hy2hy, h=2h(Xx-1), pecause of the flood and because of the scour mjsse!

anddhs=2hdx, we obtain during the previous time step.
t= 4Dih%(Ni - Ni—1) (13) o160 TestSL 19
0.1400 "
0.1200
where Ni= 1/6x°-1/5x°, Ni=1/6x°1-1/5%., andx=1+hd2hs | 0
are the relative depths of scour. £ o
From Eq. (13), the value of;dan be found oosn| /4 it
00400 4 T Experimental data
t.
NI — | 5 +N|_1 (14) 0,0200 -
4Dihf M 50 10 150 200 20 300 350 400 450 =
where t= time interval. Fig. 2. Scour development in time under steady flowditions
TABLE 1 The experimental data for open flow conditions,vadl as
The value of Nas a function of x comparisons between the values of local velocdied scour
X 10 12 14 16 18 depth at the abutment obtained in tests and céilcotahave
,\i_ 0 633 0 0'002 0.18 0. ) 1' 90 been presented previously [1]. Comparison reseltwéen the
Xf 2 0 2 5 2'4 2.6 > .8 experimental and calculated scour depth at thenadnits was
N 229 | 862 | 1598 27.2| a0 " 90cdagreement (Fig. 3).
0,1600
Using the graphN = f(x) or the data of Table 1 for the .,
calculated value df;, we findx and the depth of scour at the ., Test TL9

end of time interval: B e
“ 0.0800
hg = 2h; (X—l) (15) DG T Caleulated dsta
" Expenmental data
0.0400
We assume that the scour depth depends on the sfdpe 0.0200]
side wall [23] described by the coefficidgt (Table 2) and on 000 = = 0 w0 00 sm o0 \T¥

the angle _Of flow crossing, [15]. In our study, the angle of Fig. 3. Scour development in time under unsteaaly ionditions
flow crossing was 90° arig =1.

Then, Eq. (15) can be given in the form The patterns of the scour development in time, both
determined in tests and computed by the suggestttonh,
hs = 2h; (x—1)~ Km - Ky (16) are similar, namely the rapid development at $tert of the
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scour process and gradual reduction with timeg(F2gand 3)
was observed.

1. MODELLING

The method elaborated for determining the scourthdep .

development during floods was confirmed by testiltsq1].
Based on this method, a computer modeling of thee-i
dependent scour during floods with different shapds
hydrograph was performed.

Flood discharge

2 3

| N

0

< >
< >

t rise t reces

"'_\_________________

r

Fig. 4. Ratio between the time periods of the gsamd recession parts of

hydrograph is equal to 1/3

The total duration of floods includes the timg,twhen the
flood discharge reaches its peak value, and the tig; when
the flood discharge decreases down to the low-weted, and

t=t/isttiecess The form of the hydrograph is also characterize

by the ratio between the time periods of the risimd
recession parts (Fig. 4):

t.:
q=_Tise

17)
treces

The ratio between the rising and recession partthef

hydrograph was varied in modeling the scour pracess

TABLE 3
Initial data for hydrographs with different duratio
b Ah Q% Q t
[m] [m] [m’h] | [days]

0.185 0,2172 | 1.047 510 varied
0.975 0.1926 | 1.542 760 varied
1.720 0.3156 | 1.865 1440 varied
2.300 0.4242 | 2.021 2200 varied
2.500 0.4646 | 2.052 2500 varied
2.700 0.5698 | 2.112 3000 varied
3.000 0.6636 | 2.206 3500 varied

The steepness of the rising part of the hydrogdggends on
many factors, namely rainfall intensity, reliefilstype, etc.
The steeper the raising limb of hydrograph, the le time
when the flood maximum discharge is reached. Adogrtb
the method described, the hydrograph was dividéa time
steps. Examples of the parameters used to forms stép
hydrograph are shown in Table 3, whdxe= the depth of

floodplain, Ah = maximum backwater valu€)/Q, = flow
contraction rateQ = discharge of the floods, and- time of
one step of hydrograph. The time of the rising exession
parts of hydrograph was varied for different typafsthe
hydrograph (Figs. 5 and 6).

The shape of the hydrograph was changed with tifieeo
rising and recession parts of the flood. Two typdsthe
hydrograph shape were studied.

Flood discharge

<« lifise —>
< ti reces

vy

Fig. 5. Hydrographs with different ratios betwedr tising and recession
parts; the peak discharge and duration are the same

For the first type (Fig. 5), the duration of thedt in both
parts was the same. The time of the rising andsesae parts
of the flood had different ratios, for example,, 1123, 1:4, 1:6,
and 1:8, where the first and second numbers areding and
Hecession time periods of the flood.

Flood discharge

ti reces

trise B

< t
Fig. 6. Hydrographs with different ratios betwedre tising and recession
parts. Duration of the floods depends on the ragoween the rising and
recession parts

vy

For the second type of the flood (Fig. 6), the tareof floods
was different, but the time of the rising part bétflood was
constant. The ratio between the time periods ofrifieg and
recession parts was set different: 1:2, 1:3, 1:8, and 1:8.
The probability of the floods was the same fortladl types of
hydrograph shape.

V. RESULTS

The behaviour of the scour hole development witheti
determined in tests and calculated by the methed us this
study, was similar: the rapid development at tteat sif the
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scour process was followed with a gradual reductioth the rising part of the floods, the faster the maximscour
time. The sour process usually stops just aftempiek of the depth is reached (Table 5).
flood, therefore the time ;T when the maximum depth is

reached, is usually smaller then the duration effthod (Fig. TABLE 5

7). Dependence of the time, when the maximum scour depth is reached, on the
ratio between the rising and recession parts ofdgrdph (Fig. 8)
— 4000 - Scour development . trise 1 1 1 1 1
T 85001 oy 1 T L 6 — Ureces 2 3 4 6 8
= 3000 . . £ T. [dayg) 225 | 213 | 205 1.96] 1.92
) Time <
D 2500 A seps L4 B
E 5000 4 L For the second type, the rising part of floods lthe same
& 1500 - / 3 = duration, but the recession part was increased efach
Hydrofraph =] . . . .
> 1000 - k -2 3 example (Fig. 6). The higher the recession timéaafds, the
S 500 { Ts L1 @ greater their duration, and the greater the sceptid(Fig. 9).
o 0 . - . 0
6 -
0 1 2 3 Y
Time [days] — 5 |
Fig. 7. Scour development with time; i$ the time, when the maximum scour E- '
depth is reached < 4 '
o
- . . . % 3 Psi
For the first type of hydrograph (Fig. 5), the udhce of its = i
shape on the scour deply ,.x was small, but the scour § 2 i
process was different at the initial stage (Fig. 8fer an » 4 !
equal period of timé at the beginning of the flood, the depth H
of scour was not the same for different hydrographpes 0 T - -
(Table 4). The shorter the time of the rising prthe floods, 0 2 4 6

the greater the depth of scour. According to calooih results,
the maximum scour depth develops more intensivelngd
the floods with a higher slope of the rising limd o
hydrograph.

Scour depth [m]
O P N W d 01 OO N

0 t; 1 2 3
Time [days]
Fig. 8. Scour development for floods with an egtiadation and a different
ratio between the rising and recession parts ofdgrdph

TABLE 4

Scour hole depth aftér= 0.5 days for floods with an equal duration but a
different ratio between the rising and recessiamspzf hydrograph (Fig. 8)

lrise 1 1 1 1 l
treces 2 3 4 6 8
he [m] 2.44 3.19 3.60 4.47 4.87

Time [days]
Fig. 9. Scour development for floods with the satagation of the rising part
of hydrograph but different rising/recession timtias

V.

The effects of the probability, duration, sequeneed
frequency of multiple floods on the safety and #itgbof
engineering structures in river flow are studiedr Rhis
purpose, we studied the impact of the floods witffiecent
shapes of hydrograph on the scour process.

The hydrograph shape was changed with time of itegr
and recession parts of the flood. The influencenof types of
the hydrograph shape on the scour process neatrtietures
in flow was investigated.

The scour development with time was found simbbath in
tests and calculations, namely the rapid developraérihe
start of the scour process was followed by its gahd
reduction with time. Since the scour process sjaps after
the peak of the flood, the time when the maximurptidés
reached is usually smaller than the flood duration.

For the first type of hydrograph shape, its infloeron the
scour depth was low, but the scour process wasrdiff at the
initial stage. After an equal period of time at theginning of
the flood, the scour depth was different for diffier shapes of
hydrograph. The shorter time of the rising parttaf floods,
the greater the scour depth. According to our dafimns, the
maximum scour depth is developed more intenselinduhe
flush floods with a higher slope of the rising limdf

CONCLUSIONS

The time T, when the maximum depth Ruis reached, varies hydrograph.

for different shapes of the hydrograph. The shdttertime of

10
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The rising part of floods had the same duratior, the
recession part was increased for each exampleeo$d¢ond
type of hydrograph. The higher the recession timfiethe
floods, the greater the depth of scour.

It was found that the shape of hydrograph affdutsdepth,
width, and volume of the scour hole developed dyufioods.
The value of the ratio between the rising and rgoescycles
of the flood impacts the scour development withetinthe
European flood forecasting system (De Roo, Bartksim
Bates, et al., 2003) could be elaborated along thithmethod
suggested by [1] for evaluating the scour deptheltgment
with time, thus making it possible to estimate fadety and
stability of engineering structures in river flowrthg the

maintenance period and avoid possible environmentﬁ!

damages and losses.
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Boriss Gjunsburgs, Gints Jaudzems, Elena Gov3sa. #fiografa formas ietekme uz izskalojumu veidoSanos lafkpie inZeniertehniskim konstrukcij am
upes pisma

Transporta sistas infrastrukira, taji skaig cdi, tilti, dambiji, idenspem3Sanas ietaises u.c. tiek [zaki vaiakkarteju pladu ietekmei. Lai noteiktu to drddu un
notufibu izskalojumu veidoSas laika, tiek izmantotas apkinu metodes, kas ietver hidraulikas, hidggjas, morfolgijas, geolagijas un citus parametrus.
Pedeja desmitgad dazdi autori izstadajusi metodes izskalojumu noteikSanai pie hidrotskam konstrukciim. Sajfis apekinu metods tiek izmantoti
nemaingi caurplides parametri un ierobezoti vai neierobezoti lgkaametri. Téu dafa pladiem ir hidrogifa forma, un vaiikkartgju pladu izskalojumu
rezulaita veidojas izskalojumu piltuve.eRjuma ietvaros par ptlu varlutibas, ilguma, biezuma un 3eas ietekmi uz izskalojumu daimu tika veikta ar
hidrogiafa formas ietekmes izpe uz izskalojuma procesu. Izmantojot izskalojumptelgna metodi (Gjunsburgs et.al 2004), tika veiktek@#ejumu procesa
modeESana un §tita hidrogéfa formas ietekme uz izskalojumu procesu pie hahoiskaim konstrukciim upes pisma. Darks aplikoti divi hidrogiafa formas
izmaigas varianti. Pirmaj gadjuma kopgjais pidu laiks nemaifjas, ta&u mainjas attietba starp laiku, kdar pladi piepemas spka, un laiku, kad midu
maksimums sasniedz zeradens imeni. Otraj gadjuma nemaifgs bija laiks, kut pladi piepemas spka, bet caurpides samazigarss laiks tika maitts, @da
veida mainjas af pludu koggjais ilgums. Tika noskaidrots, ka hidraéa forma ietekra pludu laika radta izskalojuma d4umu, platumu un tilpumu. Joastka
hidrografa pieaugoss fiknes déa, joatrak tiek sasniegts ptlu radtais maksinalais izskalojuma diums. Jodzeraka hidrogifa liknes recesijas g jeb liefiks
pladu ilgums, jo lieiks izskalojuma dzims. Attiegba starp hidrogfa augSupejas liknes un lejupejas fiknes laiku ietekrd izskalojumu veido3as laiku.
Darha ieklauti un aprakt St petijuma laika iegitie rezulfiti un secimjumi.

Bopuc I'oncoypr, I'nate Synzemce, Enena IN'opma. Bausinue gopmbl ruaporpaga Ha odpa3oBaHue pa3MbiBa BO BpeMeHM Y (yH/IaMEHTOB HHKEHEPHO-
TeXHHYECKUX COOPY KeHHUIt

TpancnopTHast cuCTeMa, a UMEHHO JOPOTH, MOCTHI, JaMOBI ¥ BOAOIPHEMHBIE COOPYKCHHsI HaXOAATCS II0J] IOCTOSHHBIM BO3JCHCTBHEM IaBOAKOB. B Teuenue
MOCIEAHETO JECATUICTHS MHOTUE aBTOPHI M3yYalll Ipe/elbHble ITyOHHBI pa3MblBa MIIH PAa3BHTHE Pa3MbIBA BO BPEMEHH Yy THIPOTEXHHYECKHUX COOpPYKEHUH,
IIPUHUMAs TapaMeTphl MOTOKA Ha IHUKE IaBOJKA C OrPaHUYEHHBIM MIIM HEOrPaHMYEHHBIM BpeMeHeM. OJHAKO B NPHUPOJE Harpy3ka Ha I'MAPOTEXHHUYECKHE
COOpPYXEHHS CO CTOPOHBI II0OTOKAa UMeeT GopMy ruzpporpada, ¥ MHOTOKpATHBIE MTABOAKH (OPMHUPYIOT BOPOHKY pa3MbIBa. B Hammx mccieqoBaHHAX H3ydaeTcs
BJIMSHUE BEPOSTHOCTH, MPOJODKUTEIFHOCTH, OCIEA0BAaTEeAHOCTH U YaCTOTHI IABOJKOB HA Pa3BUTHE ITyOHHBI pa3MbIBa y THAPOTEXHUYECKHX COOPYKECHHI B
pedHOM ToToKe. B npezenax 3THX MccnenoBaHmil H3ydaock BIUsHAE (opMbl rujporpada Ha mporuecc pasMbiBa. MeTos, onpeensromuii pa3BUTHE Pa3MbIBa BO
Bpemenn (Gjunsburgs et.al 2004)cmonp30Baics Ipy MOACAUPOBAHKUH ¥ MO3BOJIMI HaM OLCHUTH BiHsHUE QOPMBI ruaporpada Ha BeMMYMHY pa3MbiBa. bpuio
PaccCMOTPEHO ABa BHIA BO3MOXKHOTO M3MeHEHHs (GopMbI ruaporpada u H3ydeHo BIMSHHE 3THX (opM Ha BEIHUIUHY pa3MbIBa y cOOpyxKeHHil. B mepBoM cirydae
MPOJOJKUTENLHOCTb TaBOAKA HE MEHAIACh, 8 MEHSUIOCh OTHOILEHHE MEXTy BpeMEHEM 0/IbeMa M BpeMEHEM cliajja naBojika. Bo Bropom ciyuae Bpems nojasema
IaBojKa OBUIO MOCTOSHHBIM, HO M3MEHSIACH NPOJOJDKUTEIBHOCT CIIafd PacxXoia BOABIL, TEM CaMbIM OOIIash IPOAODKUTENBHOCTH MABOJKA yBEIHIHBAIACE.
VYcranosneno, uro ¢opma rupporpada BIUsSeT Ha IIyOUHY, NIMPUHY H 00beM BOPOHKH pa3MblBa B IEpHOA MaBoaka. Uem kpyde ruaporpad Ha ImogbeMe
IIaBOZIKa, TeM OBICTpee TOCTUraeTcs MAakCHMyM pasMmbiBa. Yem Oonee mosormii ruaporpad) Ha cmaje, WM 4eM OOJbIe MPOJOIDKMTENBHOCTD MaBOAKA, TEM
royoke pasmbiB. OTHOIIGHHE BPEMEHH IOJbEMa H CIIajJa MAaBOJKA BIMSACT Ha KOHCUHYIO BEIMYHMHY Pa3MblBa BO BpeMEHH. Pe3ynbTaThl HCCIeNOBaHUH
IIPEICTABICHEI B CTAThe U MOATBEP)KAAIOT HAIIY BEIBOJEL.
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