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THE BEHAVIOUR OF MEANDERING RIVERS

Bed deformation; Alva River, Portugal

Bank deformation; small stream in Germany
(meander loop downstream migration
and lateral expansion)



Bank deformation: Expansion and migration of

meander loops
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THE BEHAVIOUR OF MEANDERING RIVERS

Simulation of evolution of stream centerline
overtime

— t=0
t=3000At
t=6000At

— t=9000At

— 1=12000At

— t=15000At

— t=18000At

— t=21000At
— t=24000At




Bed deformation in meandering streams

AAt time t = 0A bed isflat

AAttime t=T,A bed reaches itsquilibrium (or
developedstate)

a. “small” 6,

equilibrium (t=T,)

/initial (t=0)

M erosion

deposition

Alaterally adjacent erosion
nNdeepso and dep

Aeach deep-+hill complex _
forms al/2- long erosion i .
depOSItlon zone Helm bend, Lower Wabash R.




Classical explanation for bed deformation
crosscirculatory motion




Alf bed deformation is due &ross
circulation(, then it will initiate and
develop predominantly at the apex
(standard erosicdeposition pattern)

deep
(erosion only) (deposition only)




Experi ments carried out
a)f,=70

b) 0, = 45°




Location In flow plan of erosiondeposition zones
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Losiyevskii experiments

[ll] erosion

deposition

Helm bend, Lower Wabash R. R. Jackson, 1975

IS strongly dependent af

Losiyevskiil974, Hooke 1974, Hasegawa 1983, Whiting an
Dietrich 1993, Termini 1996, da Silva and TAhawy2008, R.J.
Jackson 1975, etc.

a) Small sinuosity channel: (6, > 0)
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b) Intermediate sinuosity channel:
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¢) Large sinuosity channel: (6, 2 126°)

S

a; Oi+1 Qjsy Oi+1

Erosion |. -{Deposition




Location In flow plan of erosiondeposition zones
IS strongly dependent af

Losiyevskiil974, Hooke 1974, Hasegawa 1983, Whiting an
Dietrich 1993, Termini 1996, da Silva and TAhawy2008, R.J.
Jackson 1975, etc.

6<A,,/B<8: 10.3<A,,/B<10.6: _ . . _ .
Losiyevskii Hooke 1974 a) Small sinuosity channel: (6, = 0)

Hasegawa 1983 ¢ Hasegawa 1983 vy
® Whiting & Dietrich 1993a,b Wﬁ
A Termini 1996 ’

® da Silva & El-Tahawy 2008
< Binns and da Silva 2015
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NThe | mpor tanc
circulation in determining the
geometry of river beds in
meanders has been over
emphasized for many years
and it will take some time to
bring the significance of such
flow patterns into proper
perspectiveo
Hooke 1980

(erosion only) (deposition only)



Geometric characteristics of
meandering streams:

stream idealizatio

U In nature, different meandering

streams exhibit different geometric
characteristics, grain size distributions,
flow regimes, etc., and in any given
stream the conditions vary from one
meander loop to another. Owing to this
reason, scientific studies aimed at a
general formulation of meandering
processes are usually undertaken using
abstractdealizedmeandering streams
(or fistream model so) .




Geometric characteristics of meandering streams:

_ L _ stream idealization
Definition of idealized meandering stream,;

U Selection of aplan shape:

Circular bends Sgenerated channels

(Sutmuller& Glerum1980)

U Selection of a widtho-depth ratio (with a few exceptions, B/h < 10)



Geometric characteristics of meandering
streams

Meander path

axis of bend

Sinegenerated curve:

dotecion /| ot of tecion [Due to Leopold and Langbein 1966

/_angle

(following work by
Von Schelling 1951, 1964)]

Sinuosity:
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A Continuous var.i

along the channel centreline;
A Var i gERion of
angle as shown in Fig.;

A Loops begi




Comparison between circular channels and-gemerated channels

Circular bends

Sinegenerated channels

(Sutmuller& Glerum1980)

A Continuous variatiopngo|f cu
along the channel centreline;




Geometric characteristics of meandering streams:

_ L _ stream idealization
Definition of idealized meandering stream,;

U Selection of aplan shape:

Circular bends Sgenerated channels

(Sutmuller& Glerum1980)

U Selection of a widtho-depth ratio (with a few exceptions, B/h < 10)



Geometric characteristics of meandering
streams:Width-to-depth ratlo

A Rivers are very
wide objects:

Volga R.

\ﬁ, B= 840m
m m

Syr Darya R.

straight region

(from Yalin and da Silva 2001, Fluvial Processes Monograph, IAHR)

Their widthto-depth ratio B/h usually >10 and often >> 10,
while most research so far focused on B/h <10 |



Cross-circulation I

. . ) aB

Radial velocity due té (Chang 1=~ f

1988, Yalin 1992, Jia and Wang 1999, | U (}ﬁ:\:_& i_D_, ;
Chen and Duan 2006):

A-or any giverd, , the importance di progressively decreases with the
Increment oB/h;

Arhestructure of meandering flows is highly dependent on B/h: what is trt
for small B/h, does not necessarily apply to large B/h

Although substantial amount of research on meandering has been

carried out in the past, often this does not reflect the conditions
In real rivers



B Lateral
Oscillation:
due to

d(1/R)/dlc

Cross
Circulation:
due to

1/R




Meandering flow kinematics

(after Engelund 1974, Smith and McLean 1984, Nelson and Smith 198¢
Yalin 1992, among many others)

ACircular flow (fully developed bend flow) = uniform
flow upon which the croseirculation G Is
superimposed (crosgrculation is the only
mechanism that can produce erost@position)

ASinegenerated stream = Laterally oscillating flow
(the Nnconvectiveo base)
circulationG Is superimposed



B Lateral
Oscillation:
due to

d(1/R)/dlc

Cross
Circulation:
due to

1/R




The convective base (verticalaveraged flow)

a: “small” 6,

- Flow Is formed by laterally adjacent __ ~
convergencedivergence zones w = deviation angle

- Inthe case of singgenerated streams  j7 = 0 at thebeginning and
the convergencedivergence zones

have the length L/2 and periodically — endof each[CD]
alternate alongl .



Vertically -averaged initial flow In sinegenerated

meandering streams

da Silva et al. (2006), ASCE JH

=5

B = 0.40m
sy=2B
D =2.2nm
B/h =13
d,= 304
50A
70A
90A

(Whiting and Dietrich 1993, da
Silva 1995, Termini 1996; da
Silva et al. 2006)




Vertically -averaged Initial flow In sinegenerated
meandering streams (after da Silva et al. 2006)

a. “small” 6,

0i+1

ingoing

Location 1 n fl o
Ais not of a standard type

Astrongly dependent aaf,
Aweakly dependent on B/h
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Bed deformation and nature of bed geometry

a: “small” 6,

Aln “wide” meander
crosscirculation plays only a
secondary role in determining the - —
bed geometry Matthes 1941, Hooke _i ipgoing**
1974, Yalin 1992, etc.)

AThe bed deformation is mainly due
to the convectivebehaviour of flow,
and thus of the sediment transport
rate (Nelson and Smith 1989,
Struiksma 1985, etc., etc.)
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Question:

A lLargeBh,. F—0,and (NIt appears -

its role becomes negligible [longstanding debate op
the relevance of cross
A AsBh,, decreasesl circulation is thus

becomes more prominent  |Somewhat out of focusy
It IS not whether but

Question: when Is the cross

For what values ofB/h,,, doesl”  |circulation relevant (or|

become relevant? prominent)p
M.S. Yalin 1992

River Mechanics




(a) B/hav = 11.0 (Run 2 by da Silva and El-Tahawy 2008)

Experimental runs

d,=70deg; B=0.80m; 8 runs

1070 BOh 66 .)7,=150 (¢
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® da Silva and El-Tawahy 2008
0.175- da Silva et al. 2008
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d,=70deg; B=0.80m; 8 runs

10.70 BO 6 6 &),=15.0

Conclusion 1Critical B/h_, IS
approximately equal to 20 ¢f=70deg

(a) B/hav = 11.0 (Run 2 by da Silva and El-Tahawy 2008)
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