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ABSTRACT

7In a compound channel consisting of a deep main channel and shallow £lood

plains, turbulence at the interfaces of the main chennel and flood plains
complicates dSschnrza‘cémputatiOns dod the analysis of boundsry shear
stress profiles.

Flume studies were csrkied out using a compound-channel in which the flow
depth and slops pf. main ‘hannel bank Were varied and boundary shdar
stresses were measuibd, It was found that & sloping bank genexally re-

duces the intensity of turbulerice, except for;steep banks at very low flow
depths.  The measured shear stresses wore used to develop a model for
" shear stress profiles on the flgod plain, ssing a dimensionless form’of
‘the apparent shear stress on tha interface as the independent variable
representing turbulence intepsity. Using published flume ‘data with a
xange of roughnesses and geometries, existing metliods of predicting the
apparent shear stress and of computing discharges were evaluated, and some
new metkiods developed.
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NOMENCLATURE

Apparent sshear stress: Average shear stress on the interface between the
main channél end flood plain.

dcal d channel: A channel consisting of & deep

main channel angd a shallow flood plain on one side of it,

Bsnkfull: An elevation corresponding to the height of the flood. plain
bed above the main channel bed.

Lompound channel: An open chénnel having a desp main channel and one or
two 'shallow f£lood plains. :

Depth ratio: Ratio of flow depth on flood plain (d) tc flow depth in médin
channel (D). ~

Diagonal interface: A longitudingl plane separating the main channel and
flood plain flows, intersecting the water surface at the centre line of

the main channel.

Geomstry: - A genexal term xeferring ta the proportions and shape of &

compound channel cross section.

Horizontal interface: A horizontal plane on the same level as the bed

of the flood plain, separating the mein channel flow from the f£lood.plain

£loy), t - >

Iné}]f.wa“i\inrer{ace: An interface that is inclined into ths main channel,

Interactien zone: Region on either side of the main channel - £loocd plain

junction, in which the flow velocities and boundary shears are influenced

by the turbulence at the junction, Llso referred to as the turbulent

interaction zone, momentum diffusion zone or mixing region. (Refer to
section 1.3.)

Momenclature xv




Interface ox vertical interface: A vertical longitudinal plane at the
junction of the main channel and flood plain separating the main channel
flow from the flood plain flow, Sometimes the term is loosely used to
refer to a horizontsl, disgondl ar inclined interface; when this is the
case it is evident from the context.

Junction: The vertical division between the main channel and flood plain,
-8t the top of the main channel bank.

Main channe)] bank: The side wall of the mzin channel. It may be verticdl
(a rectangular section) or inclined (trapezoidal section).

Momentum transfer mechanism: The process by which there is a net lateral
transfer of longitudinal momentum from the main channel to the flood
plain. .

Shear stress profile or latersl stieari ~-wmis “vofile: Distribution of

. boundary shear strésses laterally acroh (v - th of the section.

v J
Symmetrical compound chennel: A compound channel having two shallow £lood
plains on #ither side of a deep main channel.

Turbulence intensity: The intensity of turbulence generated by the tur-
bulent eddies st the interface.

Turbulenide phenomenon: For the purpose of this report this is defined

as the occurrence of turbulent eddles in the vicinity of the main channel
- flood plain junction, resulting in an exchange of momentum between the
main channel and flood plain regions, a4 net loss of energy from the com-
pound channel, a reduction in discharge carxying capacity of the compound
channel, and distorted shear stress and velocity profiles.

Velocity profile or lateral velocity profile: Distribution of
depth-meaned velocities laterally across the width of the section.

Nomeiicleture xvi




Vertical velocity proffle: Distribution of point velocities in a longi<
tudinal vertical plane at any position in the cress section.
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-CHAPTER 1; INTRODUCTION

1.1 PROBLEM STATEMENT

A compound channel is one having @ deep main channel and either one or
two shallow £lood plagns (fig. 1.1). It may be symmetrinal (a ‘flood plain
on either side of the mdin channel) or asymmetxical .(a flood plain on one

side only). The following examples are sited by Wormléaten, Allen snd
Hadjipanos (1962): : .

. ) .
o “Natural rivers are often flapked by flood plains which are only
» inundated at times of flooding. % B [

o Hany £lood Smpruvament schemes consist’ of. & main chnnnel with flood

plains ox berms.
& Sometimes canals are built with side berms, ’ =

o A tidsl river may consist of a main estuaria) canal in which the flow

is confined for part of the tidal cycle, Elanked by extemsive sand

banks which act as side sterage zones for :hg remaining part og,/the

cycle.

Channels with & simple cross section Such ag rectangular or tgapezogﬁal
channels, can easily be analysed for shear stresses, velocities and dis-

charges, However the enalysis of compound channels is complicated Uy the

presence of tuxbulence at the inteifdce between the main channel and fisod
plain, The average velpedty on the flood plain is usually considerably
lower than that in the main channel, because the flow depth is less o} B

the flood plain, and alsc because a flood plain bed is usually rougher

than the main channel bed, aspecially in natural rivers where the flood g
plain is often covered with vegetation. This diitarenca A velucity ims g
plies that the main channel 45 a body of water moving faster than the bédy

7

of water on the flood plain. These two bodies of water interact -at the

interface between the main channsl and flood plain (fig, 1.2), resulting

in turbulence in this region. The turbulence takes the form of & bank
of vortices with vertical axes along the interface (Myers and Elsawy,
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1975), The velocity difference results in longitudinal shear stresses
on the interface. plsne&, which can be of spprecisble magnitude. In the
literature the average shear stress on this interface is referred to as
the apparent shear stress.

The main channel .flow has a };igher momentum than thé flood plain flow,
because of its “higher velocity (James, 1984). The vortices at the

e act as a h, hanism in whick is being
exchanged between the main channel and flood plain. The net effect is a
lateral transfer of momentum from the mein channel to the flood plain iy
(Wormleaton, Allen and Hadjipanos, 1982). This will be referred to as
the turbulence phenomenon.

o .
A very important pacameter in the study of this subjest is the depth
ratdo, 4/D, vhich is the rati8 of the flow depth on the flood plain to
that in the main channel (fig, 1.2). The turbulence phepomenon is most .
significant at low depth rzatios, je. low flow depths, which is when the
velogity difference 1s the greatest, A N
The turbulence phenomenon results in a distortion of the velocity profiles
and boundary shear stress profiles, The shear stresses on the flood plain

are increased while those dn the main channel are decreased. The energy ;

lost {n the turbulent eddies results in a net rediction of the discharge |

carrying capacity of a compound channel. "This report is concernsd with

both these issues: the study of boundary shear stress patterns and the @
discharge characteristics of compound channels, with a view to developing

pradictive relationships.

¥
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(b) dsymmetyicdl section

ections of compound channels. *

turbulent interface

.
wain 0 P _tiged piain | 1%

channel /
\ main channel bank

Fig. 1.2: Components of a compound channel,
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1.2 Tus@ilhENCE PHENOMENON v
fiet us take a detailed look:-ak the turbulence phenomenon in compound
channels. The results of previous resedrchers need to be examined in
order to gain a good gualitative unders ifg of thiy .ph and

to be familiar with the present State of deyelopment of this subject.

Attention started. being focused on turbulence in componnd channels in the
1960's. Zheleznyskov {1965,1971) was one of the first td investigate the
momentum transfer mechanism, Using a lab: y flume he ated

that the discharge of a compounid chanris]l decreases as stage rises above
the bankfull level, He showed that as the flow depth increases the im-
portance of the phenomenon decreases. He also conducted field experiments
that confirmed the significance of the phenomenon in the calculation of
overall discharge. Barishnikov end Ivamov (1971) reachad similar con-
lusions to Zhel , and ductions in the section dis-
nha%{;{\mpanity caused by the momentum transfer effect,

Sellin (1964) d flume oxpi on & ical secw
tion, photographing the vortices at the interface between the main channel

and flpod piain, MHe used a camera mounted on rails above the fivhe and
running parallel with the axis of the channel, driven at a spesd equal
to the average velocity of the vortex cores. Alumininm powder was seat-
terad on the surface of the water in order to mske the Vortices more
readily visible. Fig. 1.3(a) shows one of thea photographs, in which éhe
twin white lines merk the junctions of the main channel and flood plains.
Tig. 1.3(b) is a streamlins pattern thet was constructed from the photo-

graph. The photograph and stireamline pattern assist in visusiising-the
turbulent eddies. Sellin's main conclusion was that a momentum transfer
mechanism operates betwaern tho main channel and flood plain, evidencad

by vortices at the interface.

- : .
Sellin found that at tha bank-full stege & discontipuity exists on a
rating curve for a compound channel. He stud#sd the transition regien

gy——

and concluded that a shagp increase in flow sesistance ocours when L'lf\h‘y
flood plain is inundated, He found thet for low £low dopths on the flood
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a)

(b) Surface stroamline patterns developed ®

from the photograph. .

Fig. 1.3: Vortd in 8 cal d
channel (Sellin, 1964),

plain, the discharge of the compound section oan he spprecisbly less than
the sum of the discharges obtained by introducing a smooth ‘vertical wall
At the interfaca, .

Sellin used the results of his flume studies to evaluats the ncmvanr.i&ri;ﬂ
method for dividing a flood plain ‘from the main channel and caleulating
the discharge. He found that this yields erronecus rasults, significantly
over-estimating the discharge. MHe stated that the magnituda of this error

indicates that the momentum » onsfer mechanism cennot be ignored,
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Wright and Cc- ‘ens (1970) studied the appsrent shear stress on the
interface plar. between & main channel and a flood plain. They observed
that this shedr aty+ss acts as a drxeg force on the main channel flow and
a propulsive force on the flood plain £low:

Myers (1978) ' iderabl shear stresses on the inter-
face, demonstrating the danger of ignoring this effect in compound channel
analysis. He found that at low flow depths, the apparent shear stress)
increases sharply as flow depth decreases, This éstablishes two important
facts about the turbulence phenomenon: (1) it is significant at low £iow
depths, and (2) & relatiopship exists such that -as the depth retic d4/D
decreases, the turbulence intensity increases.
: N v -

Myers observed that the values of appazéhr shear force on the fiterface
were significantly greater than the shear force that would be exerted a8
a solid bounddry or flood wall at the dinterface. He conaluded that this

is the reason why the are over» usdng the 1
computation techniques, which assume an ,/;Z(:nuginary flood wall at the
interface to divide thromain channel and floed plain. This assumption
does not adequately account for the high £low resistance posad by the
‘interface on the main channel flow, and results in sarious ovexr- asmrntion
of the carrying-capacity for a given flow depth. He maintained that oaly
at considerable flood plain dépths could such 8 subdivision be justified.
He stated that research is necessary to provide a more rational basis for
uniform flow computations in compound channels.

Myers and Elsawy (1875) conducted flume sturﬁes in which they examined
lateral shear stress profiles {ia. the distributfon of houndary sheax
stress across the width of the compotnd channel), They obsetved irxeg=
uldrities in the pattern of shaor strosses in the main chunnei, and at-
tributed it to the p of the y H

Radojkovic (1876) ~showed that the iurbiilente mechanism could be
visualised as follows: bocanse the averags velocity in the main channel
is greater than on the flocd plain, the faster-moving body of water exerts
a propelling force on the water in the flood plain region,  The
slower-moving body of water on the flood plain is exerting a retarding
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drag on the water in the main channel, This results in high longitudinal
shear stresses on the interfscs, and also causes the lateral shear stress
profiles on the beds of the main channel and flood plain to be distorted.

Zheleznyakov (1971) suggested that the turbulence: phenomenon results in
an increase in' the energy loss of the chamnel; for 4, compstnid channel,
enexgy is not only being lost through boundary resistance, but through
the turbulence at the intexface. This additional énergy loss results in
a reduction of discharge gapacity.
Radojkovic (1976} desaéi}ied the turbulence phencomenon more.specifically
in terms of energy. The mechanism is & trapnsfer of energy from the main
channel, which 1s a xegién of high velocity and hence high energy, to the
fisod plain, a region of low velocity and energy. In this process some
of the enatgy taken from the main chennel 4s dissipated through the tur-
bulent eddies in the vicinity of the interface. The remainding ezfévtgy is
transferred to the flood plain. The energy lost from-the msin‘\) channel
results in a reduction in the ying-capacity of :l\g mein channel; the

energy trapsferred to the flood plain slightly increases its cargying
capacity; the net effect is a reduction in the cdrrying r:apacity of the
compound channel, due to the energy loss in the turbulent eddies. The
energy lost £rom the main channel is avidenced by decreases in fhe ve-
locitios and boundary shear stresses, while the energy imparted vto the
flood plain 1is -evidensed by increases iIn the velocities and boundary
shears in the vicinity of the junction.

Prinos; Townsend and Tavoularis (1985) measured turbulence intensivies
throiighout tha cross section, as root mean squdre turbulent veloaities
in the longifudinnl, vertical and lateral directions. They found that y
turbulence is highest at the junetion of the main channe) and flood plain,’
and deotreases as ona moves laterally away from the junction plane into
the main channe) or flood plain. They found that the turbulence intensity
increasas as flow depth decreases, and is greater when the flood plain
is roughened,

Researchers in this field penerally recognise the following factors as
those that influence the turbulence intensity;
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Flow depth, represented by the depth ratis. Researchers have used
various forms of the depth ratio, such as d/D, D/d and d/(D-d). In
this report d/D is used as far as possible, because it is easy to
visualise; d/D increases as flow depth increases, it is equal to zero
. &t bankfull; and approaches 1.0 asymptotically for very large fiow -
* @epths.” d/D will be referred to as the depth ratie, and D/4 as the
inverse depth ratio.

s i
Bed roughness. The rougher the flood plain bed is relstive to the
main; channel, the lower is the average flood plain velocity telstive
_to that in the main changiel, snd the higher is the turbulence inten-
ity at a given flow depth. i °

a B

o . Geometzry. This includes width of flood plain,.symmetrical or ssym-

metricsl’section, end the slope of thé main channel bank. A1l these

{ieactors influence the turbulence intensity becavse they define. the

boundsries within which the mémentum exchange occurs.

Parameters -representing these three factors will be deslt with in detail
in chapter 6. .

1.3 'VELOCITY AND SHEAR STRESS PROFILES

" The turbulence at the junction of the main channel and fivod plain is
evidenced in distorted velocity and shear stress profiles. Rajaratnam
¢ 5 and Ahmadi (1981) conducted flume studies using a Tectangulax, asynmet-
rical section. They measured profiles of velocities and boundary shears,

which have provided a clearer undesrstanding of this subject. i

The general shape of their lateral velocity profiles is shown in fig. 1.4.
The veldeity hes an undisturbed platesu value on the flood plais, and an
undisturbed peak value in the main channel. 4t the extreme erids She ve~
locity dips due to the influence of the side walls. Iir the vicinity of
the junction the velocity profile is distorted; this is & region of
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transition from'"the high main channel velocity to the low flood plain
velocity. e

The lateral sheas stress profile (shear strigs on the beds of the main
channel and flood plain) is alséildistorted in this region, as can be seen
in fig. 1.4, The shear stress on,the flood plain is high ax the, junction,
and tapers off towards a plateau. In the central region of the main
channel the shear stress is at its undisturbed peak value, snd decredses
towards the junction with the flood plain, The distortion of the shesr
stress profiles in the vicinity of ‘the junction can be described s a
drawing down of the shearvstréss profile in the main channel, and an, fh-

crease in the shear stresses on the £lood plain. The shesr srresses de-
17 5
crease at the extreme edges of the compound section due to the- edge

effects of the side wdlls. ks F >

The .sheded reglon in, fig. 1.4 indicates the region in which' there is
turbuience. It is, referted to in the literature as the. nixisg region,
mtenctian gone, turbulent interaction zone or mnmemum diffusion zene.
This is the region fthat is affected by the lateral transfeér of momeptum,
arid it is characteriged by distorted \}elocicy and shear stress préfiles,
turbulence, eddies and mixing. Tt extends from the point’ in the main
channel where the velocity and shear stresswprofiles start dipping, to
where they reach their -platesy values in the flood plain regiofis
Ra;utarram and Ahmadi maintainéd that ovtside of this region the flow is
not-disturbed by the turbulence phenomenon. This is confirmed by Pasche
and Rouve (1985) who stated that in & real chanmel, provided it is suf-
. ficiently wide, the flow on either side of the intersction zone fs not
influenced by the turbulence.
Fig. 1.5 shows typical vertical velocity profiles measured by Rajaratnam
and Ahmadi. In the central region of the main channel (fig. 1.5(&)) the
velocity distribution is logarithmic; rear the junction it is decreased
in magnitude and has a dip near the water surface. This is caused by the
breking effect that the flood plain £low has on the main chanmel flow,
slowing it down. The vertical velocity profiles on the flood plain are
increased in magnitude (fig. 1.5(b)) becanse the main channél flow is -
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exerting a propulsion on the flood plain flow in the interaction zome,
However, the logarithmic shape is maintained.

Knight, Demetriou dnd Hamed (1983) published a diagram thet aids
visualisation of the turbulence phenomenon and its effects {fig. 1.6).
The bank of vortices at the interface is represented by spirals, and the
momentum exchange by arrows, -Contra-rotating secendary fiow cells near
the bed of the main channel induce perturbations in the bed shear stress
about a mean curve, which is shown dotted in the figure, The .shapes of
the vertical velocity profiles indicate the complex nature of the velocity
field, These profiles (u) may be integrated to give the depth-mean ve-
locities (W), shown as lpteral velosity profiles, These in turn may be
integrated over the widths of the main channel and flood plain to give
section mean velocities, §i, Discharge for each subsection can be calcu-
lated from the section mean velocities. This fact is utilised later in
this report when discharge computation techniques are evaluated.

Knight and Lai (1985) ohserved lateral shear stress profiles that are very
gimilar to thnse describad in this section, ‘indicuting that thesezhapes
. are general.

1.4 AIMS

Knight. and Demetriou (1983) stated that with incréasing use being made
of methematical models to describe the hydraulic and sediment procedses
in compound channels, it has become particularly important to be able to
model the turbulence phenomenon properly. Indeed, the increasingly in-
tensive research over the past two decades is evidence of the importance
that engineers are attributing to this subject,

It 4s very difficult to obtain field data with which to study overbank
fiow, because the stage of a river flocding its banks chanjes too quickly
for all the necessary shear stress measurements to ba taken (Myers and
Elsayy, 1975), For this reason laboratory studies have to be resorted
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T Secondary fiows v

Momenturn drangter”’

Cutection of tow

Fig. 1.6: Three-dimensional cut-away of & compound channel,
showing velocity and shear stress profiles; and a
diagré & repr of the
macitanism, (Knight, Demetriou and Hamed, 1983.)

to, and all the resoarch in this field to date~is based on.iHe results'
of flume measurements, In the present study empirical relationships arxe

developed using .flume measurements collected by the muthor as well as

published fluve data. . I
)

This study has a dual purpose: to investigate boundary shear stresses
in & compound channel with a8 view to developing a model describing the

shear stress profiles on the flood plain, and to formulate an improved

discharge computation technique for compound channels.

It is important to be able to predict the shear stress profiles-on a flood
plain for different flow conditions in order to model sediment transpert
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processes (Bairol and Ervine, 1984). An example of this is Jawmes's model
for<zugdiment transport and deposition in compeund channels (Jumes, 19510)
This utilises thé findings of Rejaratnam and- Ahmsdi (1984), who stated
‘that the vertical velocity profiles or-a flood plain can:be described

using the usual logarithmic velocity distribution law, provided the cor-
rect local value of the shear velocity (V(t/p)) is used. A weans of
predicting the shear stiess piofiles on ‘the flood plain is required in

order to find these local values,

The impotrtance of devsloping impzoved‘ discharge, l:ompubltion methods has

been established in 1.2. Engina\ﬁ; often need to compute the discharge
of a compound chennel, for example w\}en plotting flood lines or producing
rating curves, The aver#»s flow velocities in the main channel and fltod
plain regions are sometimes fequired when modelling sediment and hydreu-

lic processes in compound channels, and & on

is xequired to provide theése velocities, An example is James's model,
which uses the average velocities to calculate shear velocities and the
distribution of transverse diffusivity. There is no existing method or
equation that is sufficiently accurate or reliable for these purposés,

and this project addresses this issue. i

This report is divided into two main sections: part I deals y{ﬂ:h shieay
I

stress profiles, and part 2 with 4 and shear

r
stress on the interface. In part i, results of the author'd flume exs’

perlments are presented. Using the boundary shear stresses measured in
these experiments a model is developed for predicting the shear stress
profile on a flood plain, A dimensionless form of the apparent shear’
stress on the interface has béen adopted as the independent parameter
‘representing the turbulence intensity, A general relationship is therew
fore required to predict the value of the apparent shesr stress in anmy
given field situatien. In paxt 2 this matter is addressed, along with
dischazge computation methods. 'Two existing equations -for the apparent
shear stress require a discharge computstioii method to caleulate a Av
term, which is the differance in average velocity batween the main channel
and flood plain, Hence thase two items, discharge computation and shear

stress prediction, are considered . A new for the ap~

parent shear stress is also developed. The author’s flume data could not
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be used for developing discharge computation methods, because accurate
measurement of discharge was not possible. Accordingly published flume

date were used, incorporating a fairly wide range of bed roughnesses and
flood plain widths.

This study applies mainly to low flow depths (d/D less than about 0,5).
For greater flow depths the tuibulenca intensity is very low and the

turbulence phenomenon considerably less importent. The “author's flume

experiments were carried out in 8 section with smooth boundaries, so it

has to be assumed that the results apply to roldgh channels. This also

places an upper limit to the turbulence intensity (represented by the

apparent shear stress); higher levels of intensity are possible if the

£lood plain is roughened.
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CHAPTER 2: FLUME EXPERIMENTS

2,1 BACKGROUND

Part 1 of this report describes the suthor's flume experimedty
sents the results, leading up to the development of an empiritdi, Ae\l
for predicting the shear stress profiles on & flood plain. Comparison
is made with an existing model.

The only existing means of prédicting the shesr stresses in the inter-
action zone on the flood plain is a set of equations presented by
Rejaratnam and Ahmedi (1981), These equations were developed empirically
from flume experiments similar to those conducted by the authox,
Rajaratnam and Ahmadi obtained uniform flow in en asymmetx%cal, rectan~
gulsr compound channel with e smooth concrete finisk, They used a
pitot-static tube to memsure lateral profiles of boundary shear stress
for various flow depths, from which empirical equations were derived to
describe the shear stress profiles on 4 flood plain. This model has a
_ numBer of shortcomings:

1. All the are as & functi of depth ratio, which

is trested as the only variablej h dnd ¢

factors are not accobinted for.
2, The equations apply to smooth chaanels only.
3. The madel only considers & rectangalar section.

The third item is importent for practical applications, since a section
with a sloping main channel bank often occuss in the field (fig. 2.1).
For natural rivers the main channel can generally be more accurately re-
presented by a trapezoiﬁﬂl section than a rectapgular one.

Pasche and Rouve (1985) identified the importance of the slope of the mais

channel bank in the momentum exchange process. The only specific abser-
vations that they could make were that a sloping bank can reduce the
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% Fig. 2.1: Compound channel with sloping main channel bank.

—right hand
fiume wall

left

Bteel moxtar galvanised bricks Eorming
flume gereed steel fload plain
hed lining - -

Fig. 2,2: Cross section of compound chamnal built in a
laboxatoxy £lume, looking downstream.

galvanised
steel

angled brick

Fig. 2,3: Detall of section with sloping main channel bank.
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turbulence intensity, and that 1t is most significent when the wmain
channel and flood plain have the séme roughness, but does not seem to be
important when the flood plain 18 .very rough relativa to the main channel. .

They concluded that "for & complete und nding of this s
additional investigations with varying bank slopes shbuld be conducted
in compound thannels with smooth boundaries," :

Becausé of the importance of the bank slope and the scarcity of existing
£flume data for anything other than roctangular sections, the aathor con-
ducted flume experiments in which the slope of the main chennal bank whs
varied, An asymmetric channel with smooth boundaries was constricted in
a ‘laboratory flume, in which lateral bed shear stress profiles wexe
measured for various f£low depths and bank slopes, so that the effect of
the slope of the main chennel bark could be studied-and incorpo::uteu :.nt:oA
& model for the shear stresses on the flood plain. -

When developing such & model it is advantageous to have other data with
WHicH to compare results. This provides 8 standafd of feference for ob-
served data, as well as a starting point for developing a new mddel. To

enable medningful comparisens to be made with Rajang\t,nam and Abmedi'‘s
results, the author used a compound section with !imﬁx:‘, dimensions to
those usad by Rejaratnam and Ahmady.

To the asuthor's knowledge this is the fi:s; time that the effect of the
siope of the main chafnel bank hag been studied.
7

2.2 COMPOUND SECTION

A 920mm wide flume with a horizontal floor was available for these exh
periments. In order to obtain uniform flow the bed should have a longi-
tudinal slope. By ying similar by other

e

5 researchers a slopa of 1 {n 1000 (0,001) was selected, and a bad with this
!ﬁ slope was formed by casting & mortar screed on the floor of ‘the flume.
P Precision surveying equipment was used to obtain the desired; slope.

Chapter 2: Flume experiments 18
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Contraction joints were provided at one metre intervals down the flume

50 as to control cracking of the screéd.

The f£lood plain was  formad using bricks, and the section lined with
galvanised steel to provide a uniform, smooth boundary. A length of 18m
in the flume was built wp as & compound section, of which about llm was,
lined with galvanised steel. Fig. 2.2 shows.a cross section of the flume,
giving the dimensions and showing the matj‘arlals of construction. The
_angle of inclination to thée horizontal of t‘ha main chapnel bank is des-
ignated  (fig. 2.3), Three values of o were'used: 3¢°, 60" and. 80° For
the 30° and 60° angles, the bank was formed using specially shaped strips
of galvAn&sed steel and cut bricks, ' o'

Fig. 2.4 shows the layout of the flume and measuring apparatus, viewed

B from the dounstzeam end, Fig. 2.5 is g view of the upstream end of the
brick ﬁcod plain.  On the left, hand side of the flood plain at the )
Junction with the main cﬁunnel, angled bricks form a main chapnel bank

with a°60° slope. Angled bricks rest against the upstrasm face of the

flood plain to credte a reasonably sméoth transition. On the left of

thes¢ bricks the corner 4s filled in with plasticine to aid in

the transition so as to reduce the turbulence at the entrance to the

compound section, i "
It was particularly important to do a set of cxperiments with a vectan-
gular geometry (o'’= 90°) so as to have & reference to compare with
Rajaretnam and Abmadi's resu' s. An asymmetrical section  (ome flood - EC
plain) was chosen so as to utilisae the tulL width of the flume and provide

as wide a main channel and ﬂlood plnin as wpussible. A wide main channe}
was. important so that the 1eft hand wull‘%uld not influence the tuxbu-
lence 6t the 1ntez—u(cm This placed a H,mi\, oni the maxdmum flow depth
on the flood plain for it to be hydrauli¢ally wide., & wide £lood plain
is impoxtan: begause there must bo suffician: width for the shear stress

profile to. decay to its undisturbed platesw value,
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Fig. 2.4: Overall layout
of flume and measuting
apparatus, looking from
the downstream end.

The main chidnnel and. flood
plais canbe cléarly dis-
tipguished. Half wray ‘doun,

the flume is spantied by &

traversing mechanism on which
the measuring apparatus is
mounted. Alongside the flume
the instrumentation tan be

seen.

Fig. 2.5: Detail of upstream end of flood plain, looking in the
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2.3 PRESTON TUBE

A Preston tube was used to measure the boundary shear stresses (fig. 2.6).
Also known'lss a pitot-static tube, it consists of two concentric tubes,
the inner h:ving an opening at the tip, and the outer one opening through
some side holes. At the top of the Preston tube these two concentric
tubes haves sepax‘fnte +  The is in the water
with the horizontal bottom arm flat against the bed or side wall, and the

end hole facing into the flow. The end hole (inner tube) regigters the.
total energy head becsuse the fluid yelocity is zero just inside this
opening, and the side holes (outer tube) measuse the’ piezometric head.
The difference in pressure hetween the two tubas is the velacity heads

Galibration curves ave availsble to convert this into a boundary shear

stress reading.

The reason for selecting the Preston tube was becawse it is small, fa-
cilitating the messurement of local shear stresses, Most researchers
doing similar experiments on compound chennels have used this instrument
for their boundary shear stress measurements, which indicates that it is
satisfactory for this purpose. Myers and Elsswy (1975) tried ‘@ number
of sizes bf tube. and found that the smallest size, which was 1,8mm in
digmeter, was the most satisfactory, because it minimised disturbance to o
the flow and gave more local values of shear stress. The author used a
20im diamster tube for his experiments. For shear stress measurements to
be accurate the tube diameter must not be greater tham one £1fth of the
bouridary layer thickness. Hence using a 2om diameter tube limited the
flow depth to a minimum of 10mm on the £lood plain.

Preston (1954) published the first calibration curves for using the
Q pitot~static tube to measure the shear stress on a smooth boundar)g (hence
k thie pome "Preston tube'), Subsequent experiments suggested that
b Preston's calibration was in error, and Paflel (1965) developed a revised
cnllbruicn curve Dy experimenting with tubes of various diameters. His
cutve shows virtually no scatter, which indicates that it can be used thh d
~ confidence. The three equations in table 2,1 were fitted to the curve.
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Fig. 2.6: Preston tube

TABLE 2.1: PATEL'S CALIBRATION EQUATIONS FOR THE PRESTON TUBE.

Range of y Range of x . FEquation

0-1,5 0-2,9. y=0,50%+ 0,057 .
1,5 - 3,5 2,9 - 5,6  y= 0,887 - 0,1381x + 0,1437x* « 0,0060x’
3,5 - 5,3 5,6 - 7,6  x=y+ 2 log(l,95y + 4,10)

%X and y are dimensionless
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"x and y are defined as follows: .
x = log(Apd?®/4pet) (2.1)
y = log(1d?/apv?) * : (2.2

" where 1log is to base 10 =
&p = pressure diffarence between the total and static

tubes

= outside diameter of Preston tube

‘o

o

= density of watsr

= kinematic viscosity of water

A e

= boundaxy shear stress “

This calibration applies to flow over smooth boindsries. If the reader
is & d in rough es he should consult Hweng and Lavrsen
(1963) snd Ghosh and Jena (1971).

2.4 INSTRUMENTATION

Two elements for messuring the boundary sliper stresses have been dfs-

cussed: the Preston tube (which registers a pressure difference) and

Patel's calibration to translate this préssure difference info shear
. 4n for the p di Cremains
to be considered.

¥

Initially an el ie digital mi was u;/ed for ihis purpose.
"wo tubes linked the Preston tube to the micromanomefpr. These tubes did

not have any water in them, but the pressure differénce at the Preston

tube was to the mi via- the mediuw of air

in the tubes. This arrangement was found .to bs unsstisfactory; the

micromancmeter resdings were erratic and sometimes erxonsous, because of

pix leaks 2t the joints, the very low pressure differences that were being

i,‘leasuxed, and the readings being dépendent on the temperature and inivial

absolute pressure of the air in the tubes.
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A Fuji pressure transducer was £inally adopted, shown in fig.. 2.7, This
instrument operates with the comnecting tubes fﬂled:.lith water, and the
transducer at a lower elevailon than the Preston tube, as indiceted in
fig. 2.8. The tubes have to be carefilly bled to remove all air, as even
the smallest air bubbles ‘result in meand or prossunt
readings. Itiwas found that bleeding could be successfully achieved‘by

the followingimedns; . .

Transparept tubes were used so that air bubbles were visible.

A siphon ®ffect was ¢reéated in the tubes to remove all the air,
Air wes removed frow the Preston tube by forcing water through it.

o o o o

Connections between the tubes and the Preston tube were made undei-

witer.,

¢ : . )

The components of ‘the system (represented graphically in fig, 2.8) are
the pressure transducer, receiver and a 24 'volt power supply. The re-
ceiver, shoun in fig. 2.9, consists of a pointer gauge and a plotter.
It has a guick response to pressuze changes, which mednt that when the
experjiments were in progress the needls oscillated somewhat,, and @ mean
reading had to be taken at each point. Generally the te&di}/g oscillated
with an emplitude of the order of 1% of the mean reading, y/?[ch ogeasional
surges of greater wagnitude. A& few simple resistor-cu)zicnor circuits

were tried unsuccessfully to dampen out the ésciliatiss These oscil-
lations were caused by currents resulting from ir;;fguhrities in the
channel walls and bed, and slight unsteadiness in }/ﬁe flow, Despite &
constant head tank being used to supply the wacer,/émall unsteadiness in

a flume of this nature is unavoidable because of ’énmping surges.
. i ) _—
The Preston tube was mounted ou & traversing wechanism spanning the width
of: the flume (fig., 2.10), The vertical arm of this mechanism could be
moved laterally across the width of the flume, and vertically up and doun.
A horizontal scale for lateral movement {(fig, 2.11) and & vertinal scale
with a fine -adjustment screw enahled the Preston tube to be positioned
shywhere in the compound section. 4 "Meccano" mounting for the Praston
tube was designed and constiucted by vhu author (fig. 2.12), With this
appsratus the orientation of the Preston tube could be adjusted in three

planes: longitudinal, lateral and xotational.  Consequently readings
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Pig. 2.7: Fuji pressnre transducer
for measuring differential pressures.,

h Preston .

(1 tube

pressute inter-connecting
transducer tudbes

Fig. 2.8: D4 tation of the in
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Fig.‘ 2,50t Sraversing mechanism
on which Preston tube is mounted,
Transparent interconnecting tubes
are draped over the side of the
£lume,

Chapter 2: Flume experiments 26




Fig. 2.11: Horizontal

s¢ale on traversing machunism.
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F&Kg 2.12: Mounting appe:utus
for Preston tube,
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could be taken on the side walls and the Preston tube could be finely S
adjusted until it was perfectly straight relative to the flow direction.

2,5 EXPERIMENTAL PROCEDURE

Shear s“tress measurements were taken approximately half way down the flume
to ensure fully developed flow and to minimisg the effect of dvaw-down
curves. Glass sides to the flume facilitdted viewing the flow and the
measuring appaxatus,

Table 2.2 summarises the experiments. 4 total of 22 successful runs were
made, in three sets: saries A ith a rectangnlar mdin channel, series B -
with 4 60° mein channel bank, and series G with'a 30° bank., In each series

the depth ratio &/D was yaried between about 0,10 and 0,43, The minimum
flow Aept:h on the flood plain was 12mm, which is 2mm more than the abso-
lute minimgm dictated by tha diameter of the Preston tube. The need for
a hydreaulically wide flood plain limited thé méximum flow depth to BOmm.
As many depth ratios as possible were used so as to collect a comprehen-

sive set of results,

A steady: flow was provided by & constant head tank, the water bein%‘ cirn
i the
supply pipe, /- upstream valve in the supply pipe was used %o control
the dischay, and a d woiz to the d durve did
obtain f7< desired flow depth. It was Sound that if the discharge was
too 1(,}/1,rthe turbulence at the interface would be too small for tha re~

culated by pumps, Discharges were measured with a venturl meter

sults to be meaningful, 1f the discharge was too high, the water surface
w~uld be vory ripply and uneven, and the pressure transducer resdings
would oscillate a lot, making {¢ diffieult to take average readings. Thus
the choice of discharge and flow depth for aach experiment was a compro=

mise botween these two states.

Many trial runs were made bafore starting on the programme of experiments.
‘The purposes of these runs were to leaxn how to use tho instrumentation,
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TABLE 2,2: EXPERIMENTAL RESULTS R

sexies desigortion d (mm) D {mm) da/D discharge
/s)

A AL2 12 118 o0,i02 28,0
a=90" /M3 13 12h - 0,109 27,0
A20 < a0 126" b,159 32,0
- 430 31 137 0,226 38,5
Ao 39 WS 0,269 43,0
A60 60 166 0,361 45,5
A80 "8 187 0,433 - 47,5V

B D one 13 19 0,109 32,0
«= 60 i 1 120 0,117 <320
B18 18 124 . 0,145 . 35,5
B19 i 19 125 9,152 35,0

B3o 30 . 136 0,221 40,0 o
80 " 8 0,284 45,5
360 61 167 0,35 46,0

B8O 76 182 0,418 49,0

¢ o1z 12 18 0,102 32,0
o = 30° 15 157 121 0,124 34,0
620 20 126 0,159 34,5
c30 30 136 0,221 36,3 '
40 42 148 0,284 40,0
G60 60 166 0,361 45,0
80 80 186 0,430 49,5

to develop successful methods of bleeding the tubing, and to learn by

t¥ial how ang whers to take readings, and what discharges and flow depths
to use. The imstrumentation was rigorously tested for raliability, re-
solution and repeatability (ie. twe readings taken at the same -place
should be the same).

Chepter 2: Flume experiments 29

3
. . S W s i
J N TN T D A S A



In each sxperiment a laberal shiedr“stress profile was measured, Preston -
tube readings being taken along ths é(‘m:ita wetted perimeter st intervals
of 10 to 20mm. The temperature of the water was taken bafore and after
esach axperiment so as to be able to use the correct value of kinematic
viscosity (v) when applying Patel's calibration curve, It was found that
by leaving the end of thé Ereston tubs in a cup full of water when the
flume was drained, the tibes did not ;wed ta be bled for each experiment
(f1g. 2,13). 4s the exp) : ded the data was plotted
out to ensurs that the s¢stter was within reasonable lipits, snd that the

shapes of the curves were not errogeous.
i

Because of the oscillat.‘:lon of the rnc;iver's needle, a mean raading was
taken visually at each point. It was found that the best way to take'the
readings was to space them closely (at 10 to 20mm intervals) and not to
spend & long time in taking each reading. This was chosen in preference
to measuring fewer points and taking more time over sach to establish a
better moan, because anlelectronic averaging device would have Beun nec-
essa}y to take sufficiefitly accurste mean readings.
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Fig. 2.13: Preston tube in a
cup of water batween experiments.

Fig. 2.14: Evidence of many hours of hard work,
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CHAPTER 3: RESULTS

3.1 SHEAR STRESS PROFILES

o N |

Appatidix 1 contains the shear stress profiles that were measured in the
_flude. experinents descyibed in the previous chapter.’ Smooth cuxves ware

g, thzough the messuzed pointe; ‘and thiag curves are “presented in figs.
3 l\ %o 3,3 in & dimensionless: ,mm The symbols in the definition sketch

on Whese fighrss are defand as fonows:
[y 1 i

! o s
z~,“= \ateral distahoel across width of flood plain.
%0 at the junction.
Iate"al dxst”anw across width of mein chamnel, »

Y
of the flood plain at a posmon

stress dn the houndary of the main channgl at a
\ e
fopdekined by 2 |

055 on the flood plain at the junction =
stless on the flood plain at infinity, le, the n

ye for<a wide £lood plain
on the bed of the main channel at the

4 = shear strps

Junction

Presenting the pr;/ﬂes in this dimensicnless form makes comparisons

easy, and a qualitf/ e videu can be gained of the behaviour of the sheer
stress profiles: es"f.he flow depth is varied. It is interesting to note
that the geneza u-,.,.a». of the curves for the rectanguler geonetry (fig.

3.1) 4s the same ag il curves observed by Rajaratnam and Ahmadi (1981)
and Knight end Lii/(1985).

In fig. 3.1fit is notipossillé to compare the main channel and flood plain

profiles because the former are shown relative to t_, and the latter are

relative to T, end ¢y 45 not equal to T ,. This problen 45 it en
. 7

Chapter 3: Results ]

- «'\@ &
! R e

W




08y Eﬁ.

08v

{euueys urew
€1V TV

0%y, 07
o

o

EY A1

9*I

Tig, 3.1: Messured shear strigs profiles for series A

experimenis, presented in a dimensionless forfh,

i Results

Chapter 3




19TTRYD uTTm

ured
pooTy

Measured shear stress profiles for sexies B
experiments, presented in a dimensionless form.\

Results

Fig 3.2

Chapter 3




0ED" momim o
8°0 J0TD— e e e F
19 -

R ey
8y2 *

12VURYS TIVE

- 0€D 020 §1D TID /¥

40 1 ured
Pooty
zo
0
J0€ 0oz oot
(umy 9z

001 06t BIE~00% (114
5
(ow) "z
ro. _{d
L= «v a,
lav mv

Fig. 3,3: Measured shear stress profiles for series O

ionless form,

d in a di

35

Results

Chapter 3:




TABLE 3.1: VALUES OF ‘cjhpj
FOR FIG, 3.1,

Xperiment T
experimen 1cj/pj

ALz 0,87

A3 0,92

420 0,99

430 0,9

. A4S 0,89 . .
=7 460 0,82

480 0,87

14
countered with figs. 3.2 and 3.3 because in both these figures 1., =

(2
x”. To clarify this issue in £ig, 3.1, the relative magnitudes of 'é}‘
and 1” are given ia table 3.1,

0
3.11 MAIN CHANNEL

. " .
For all three sets of axperiments, the shear stress on the bed of the main
channel has & peak value near mid chasnel. The plofiles ave distorted,
being drawn down near the junction, because the floy in this region is
slowad down by the interaction with tha slower-flowing flood plain £low.
For the rectanguiar geometry, the distortion of the profiles on themain
channel bed generally decreases with increasing £low depth, hacaus/c the
turbulence intensity s decreasing, The 60° geometry behaves differ~
ently. - For low depth ratios, distortion Ipcreases as the flow depth in-
creases; then a reversal occurs, and the distorvion starts decressing with
increasing flow depth, as for the rectangular geometry. The profiles foxr
the 30° geometry behave in the same manner as for the rectangular geom-
etry, ie. distortion of the profiles decreases with increasing flow
depth. The behaviour of the shear stress profiles in the main channel

Chapter 3: Results 36




, & continvally rising curve. Rajaratnam and Ahmedi’s$ curves exhibited the

is cumplex, and needs further research fox understanding and quantifying

the patterns.

There is a "skeéwness" in the shapes of the maip channel profiles: as EN

incredses away from the junction, the shear &tress initially increases

sharply; then it flattens olit (somewhat before again increasing until it
reaches the peak. Knight and Lal (1985) identified a similar pattern in
thelr observed sheay: stress profiles and termed {t the "skewing effect”.
Knight, Demetrifs and Hamed (1983) attributed it to secondary flow cells
that spirsl aleng the bed of the channel (fig. 1.6).

The shapes of the profiles om the main’ channel bank for the 907 gepmetry
are the same as those-observed by Rajaratnam: and Ahmadi, ‘The trend is

grester distortion for smaller flow depth. For experiments A60" and A8C
.

the shear stress does not rise to a pesk snd then trail off, but it follows

same behaviour at high flow depths. The shear stresses on “the’ 60% bank
all display a definite, well-defined peak. Those on the 30° bank have.a
completely different shape: they are not hump-shdped, but' risé stealily

as z, increases. For low flow depths there is a dip in the profile near
the junction.

The main channel shear stress profiles hete not studied any further in
this project because of time constraints. The main channel profiles are

more complex than the flood plain profiles, end would require a detsiled
~study using various geomstries, widthe and heights of the main chaﬁ;e'f','
both with one flood plain . (asymmetrical) and two. flood plains (symnet-
ricdl)., The sheur stress profile on the flood plain has particular im=
portance in that it can be used as a basis for describing the distribiiion

offlow velocity; the vertical velocity profile at any location oi:the

Plood plain can be related to the local shear strass using a logarithmic
équation, This is not valid in the main channel. (Rajaratnam and Ahmadd,
1981: p54.) The remainder of this rtudy therefore concentrates on the

£flood plain shesr stresses.

Chapter 3: Kesults a7




3.1.2 FLOOD PLAIN i

By studying the shear stress profiles on the floed plain for the three
sats of .experiments, it can be seen that they form a fanily of curves as
shown in fig, 3.4. Here it can be clearly seen that che platean shear

stress (t., ) consgi~5ently inc:ﬂﬂsas,\xelutive to 1pj as £low depch
dreases, Le. the higher the f£low ﬁepth, the smaller is the d‘st‘.ottion of
the profiles. . . N

increasing
flow :depth

Fig, 3.4f General form of dimensionless shear stigss

profiles,

p o .
A reversal occurs in the shapes of the profiles at & low flow depth (aboue -

20mn for the rectangulap geometry). For flow depths smaller than “this.
value, the initial part :xf the curve falls awdy moré staeply as the floiw
depth increases (curves (a), (b) and (o) dn fig. 3.4). "Fov flew .depths
gredter than this value, the curve flattens out. as flow depth incrédses
(curves (), (e) and (£)), This concinues untdl T f ds no longer a sharp  °
point, but & peak plateau which extends into the flood plain (curve (g)). . ’
Then s floy depth incronses further this peak moves away from the .
dnterface and ints the flood plaia region {curve (h)). ij 45 no longer’

the peak shear stress on the flood plain, but a maximum Tpm oeours gvlose
. to-the interface. Thus as flow depth increases, the position of maximum
shear stress moves away from the juncrion and over the plain. For clarity
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the maximim shear stress on the flood plain will be referred to as Tpm’
which coincides with 1” for low flow depths (very intense turbulence}.

" '3.2 EFFECT OF BANK SLOPE

The effsct that the slope of the main channel bavk has oh the sfipsr stress

profiles can be seen in fig. 3.5. The flood plain shear stzess profiles

are presented here in e new dimensionless form In which the shopes cah

be aasily visnalised, tp/(p. is the loca} shear stress relative to time .
platean shear stress. zp[l 45 & dimensionlsss latersl distance acrosy®
the £loed plaing 1,48 the length of the intedaction zons in the flood’
) plain region, and 'vnlueg wire obtained visually from the measured pro<
’ files. z /1 is zerc at the junction and is equal to 1,0 at the end of
the interagtion zone, where t_ becomas t .+ The general trend noticeable
from .thess suryas is thet as the £low depth inmcreases, le. surbulence

becopns less fnterse, the curves progress from an exponencial decay to &
flagrtopped otxve, - !

‘fhe sloping main chantel bank shifts “the shear stress profile fadrly
significantly for d = 12mm, For d = 20md and 30md there 4 very little
differencs, For d = 40mm and 60mm the absoluté differences are small,
but larger in texms of percentdges. In general t /t‘_‘ is not altexed by
more then about 13%. Gonerally the shoar wtrasses for the 60° geometry
are lower than for o vertieal bink, and thosa for. the 30° geometry are
sven lowex. Tiw excoption is the profile for the “Yamit £low dapth, where -
the sheayr atresses for the 60° bank are highex than for the vertical bank,
As will be shown in 3,3, a sloping bank results in a lower turbulence
intensity and therefore reduced shesr strosses, axcopt for a steep bank
at 4 very low flow depth.

U1}

Chapter 3: Results 39




series
. series
\ - seTieEs

N d = 12 mm

o w>

[ 0,5 1,0 zp/lp

Fig. 3.5t Comparing #lood plain shear stréss profiles for
different slopes of main channel bank.
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3.3 PEAK SHEAR STRES5 ON FLOOD PLAIN i

Fig. 3.6 gives the peak shear stress ratio, Tpm/‘p-‘ as a function of the
depth ratio. The peak shear stress ratio gives the distortion of the
shear stress on the flond plain, and hence can be considered as a measure”
of turbulence intensiéy. As d/D increases, 1?"1/!?" deczeuses,‘ because
the turbulence with L flow depthk. This graph

was plotted while experiments were in prdgress to monitor the effaect of

the main channsl bank Siops on the turbul\gnce intensity, and to ensure
that the points were falling on smooth curvis, which wes a check against
erroneous messurement of T and t . mis\lgraph is significent in that
a rxelationship for 1pm/‘(p_ is important whan‘\ﬂgveloping a modal for pre-

dicting shear stress profiles.

In £ig. 3.6 it can be seen that for most conditions a sloping bank reduces
tpm/'lp“, and the more gentle the bank, the lower is ‘tpm/‘tp_ for a given
depth ratio. The conclusion that can be drawn from this is that a sloping
bank reduces the turbulence intensity, because it results in'a"fore gentle
transition from the fasn-flowing u,qin channel to the shallow,
slower-flowing f£lood plain.

At d/D approximately egual to 0,13 there is.e-trossing over of curves;
for d/D less than this value 1p"n/1p_ for the' 60° geometry is largar than
for the rectangular geometry., This indicates thet for.very low. flow
depths, turbulence at the interface js more intense for a 60" geometry
than for a rectangular geomstry, and the 60° bank induces a moére efficient
momentum transfer than the 90° bank at low flow depths.

3.4 SUMMARY

This chapter has been mainly concernod with a qualitative appreciation
of the results: thé general shapes of the shear stress profiles, the ef-
fact that the steepness of the main channel bank has on the flood plain

Chapter 3: Results 41

i




Fig. 3.6: Poak shear stress ratio. &

shear stress profiles, the peak shear stress xnti:fr ‘pm“p- being a medsure
of the turbulence intensity, and the observation *hat a sloping main
channel bank results in a lower turbulence intensity than a vertical bank
(except for a steep bank at very low flow depths, in which case the tur~
bulence intensity i higher than for a vertical bank at the . samul, low
depth). The profilas of 1p/1p_ ave alterad-by up to about 13% by 1n\:rn-r
ducing a sloping bank,

In the neut c¢hapter the flood plain shear stress profiles will b2 analysed

to develop predictive relatienships.

‘




CHAPTER 4: DATA ANALYSIS

The objective of this chapter is to develop a model for predicting the
shear stress profile on a flood plain of a compound ¢hannel.

4.1 RAJARATNAM AND AHMADI'S MODEL

Rejaratnam and Ahmadi's model is described here since it will be referred
to a number of times.

Rujamtnmn and Ahmedd (1981} ensured that their flood plain was wide
enough for the shear stress t_ to reach its platesu value of t_ = ¥d§
where ¥ is the unit waight of water and-8 is the bed slope (for uniferm
flow). ;Thoy plotted all their flood plain data as shown in fig., 4.1 in
which - .nd dimensionless parameter on the vertical axis represents the
local shear stress, and zp/hp ott the '1 1 axis is a sionless
lateral distance across the flood plain, b is deéfined such that %=

4o - 0,50, -
b M en (tp p_.)/(rpJ 'rp_) = 0,50, The equation of the curve in fig, 4.1

. . o 0.693x2
G = 1y 1) = e (4,1

= b .
where X zp/ o

It is important to note that this equation was not obtained by fitting a
curve to the data points that are shown on the groph. It was an attempt
to doscribe. the shusx stress profile using & curve of the same form as
one describing lateral veloocity profiles in the £lood plain region
(Rajaratnam and Ahmadi, 1981: p50).

From their measured shear stress profiles an average value of hp was found
to be:
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Fig. &4.1: Unfversal diitensionless shear stress profile.
{Rajaratnas and Ahmadi, 1981)

LD/
i
Fig: 4.2: Relationship for jundtion'shear stress.
(Rejaratnam and Ahmadi, 1981)

curve

symbol

3 L

02 04

Fig. 4.3: Curves drawa through the points in fig. 4.1,
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= 0,64h (%.2)

where h = height of step
=D-d

+ 1,y 48 caloulated from the equation of the straght line in fig. 4.2:

4.3)

oy ™ Tpud/ T

[

o a peakat the

junction (fe. t
in the clrve.

Before developing & model for shear stress profiles, a cise examination

of Rajaratnam and Atmadi’s universal curve (fig. 4:1). will throi some.

light on the subject. By drawing individual cuxves through the pomrs

plotted on this graph, it becomes evident that what seems to be scatter
is actually a systematic deviation dependent .on the depth ratio, as is
demonstrated in fig. 4.3. When the author's data were plotted in the same
form, & similar family of curves resulted. It ecan be ‘concluded that
equition 4.1 is an over-simplification, and & family of curves must be
sought for. i

Equations 4.1 to 4.3 express the shear stress distribution as-a function
of the depth ratio only. For the suthor's model o be a'sigiificant im-
provement on these equations, other parameters affecting the turbulent
intensity must also be taken {u.. sgcount, including the slope of the main

channel bank. Lo

§

[
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4.2 RELATIVE APPARENT SHEAR STRESS PROPOSITION

When developing a model for any parameter that is influenced by the ‘tuz-
bulence phenomenon, one of the main considerations is whet to use ds the
indapendent variables to represent the turbulent intensity. The approach
) thnt &1l resedrchérs have used until now has been to use the depth ratio,

factors and c i : 1t weuld be very wiuch more
dmwen ient if one independent psu,matu; could be chosen to, represent the
tuihglant intensity, embracing the gffects of ail these variables.

When suiveying the literature it is evident that the apparent_ shear stress
“ofi the interface between the main. channel ang-the flood plain, T ds
generally considered to be an indicator of the level of turbulence in-
tensity. Knight, Demetriou and Hamed refer to it in their various arti-
cles.! ‘Myers (1978) measured apparent shear stresses on the interface
and interpreted them as s measure of, the turbulence intensity. He main-
tained that the epparent shear stress can be thought of. as representing
the intensity of vorticity in the mixing region.

The author has chosen g dimensionléss form of the "apparent shear stress
to account for the turbulent infensity, hamely -ra/t or 1B/tds, which
will be referred to in this report as thée relative apparent shear stress
and abbreviated to T (z-ratio). This is a universally applicable inde-
pendent parameter rep:esencativa of the \‘:urhulence intensity. The use
of a parmnetgt such as T, means that the model to be developed in this
section can be“applied to any given roughness, geometry and flow depth,
provided that’ the relative :apparent shear stress is known..

Values of 1, were found for each expsriment by integrating the distorted

portion of each observed shear stress profile (suggested by Rajaratnam
and Ahmadi (1981), p55):

* Rnight and Demetriou (1983), Knight, DemsZziou and Hamed (1963),
Knight, Demetriou and Hamed (1984), Knight and Hemed (1984,
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Values of "p» were found by assessing the observed profiles.
Theze are three elements to be considered in this mbdel for shear stress

profiles: p
1. Shape equations describing the shapes of the profiles: & Family of
curves in a similar form to fig. 4.1.
2.1 Peak shear stress on the flood plain a means of predicting’t,.
3. Length of imderaction zone: a predictor for IDA
i
/ \
‘/‘( . i
|
4.3 SHAPE EQUATIONS

Gurves were fitted to the observed shear stress profiles oh the flogh:
plain using & curve-fitting package for the HP9816 micro computl,

(Hewlett-Packard statistical software library for Series 200 comfuters, '
regression analysis disk 98820~13318). The equations are of thd form
- - = f 4.5
(0 = T Ty ™ 7o) [€Y; 4.5)

whiicl can be expressed as

(p/xp_ =1+ (rpm/xp_ - 1) £(x) (4.6)

where f(x) = 4.7)
x=2/1 (4:8)

Values for the constants 8, b, ¢, d and k were found for each profile,
and were plotted as functions of the relative apparent shear stress T
on a semi-log scale., It was found that by dividing the relative apparent
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shear stress into three zanges, relationships could be defined for the
constants such that a family of curves could be defined. The relsrion-
ships are given below.

T, = 0,02 - 0,10:

0,156
. “11,34(1, ~ 0,02)

; f
1,006 + 4,435¢ Afor 1, = 0,022 ° 0,07)

a=1,103 [103(0,191/rr)1?'°°w’ i

b= 0,56 log T + 4,32
G = -0,912 (log 1, + 1)
d =367 logt, + 67,9
4,10 log 7, - 1,46 : .

= 0,07 - 0,10)

equatjons (4.9)

1, = 0,10 - 0,25

a=1,0
b= 0,56 log T+ 4,32
c=0 o

a=0 «
k= -4,10 log t_ ~ 1,46 .+ equatdons (4,10)

T = 0,25 - 6:
a=1,0
b= 4,05 - 0,258 1

k=1,0 «o.equations (4.11)

It is important thar the first equation for "a" in set (4.9) must not he
used for 1, less than 0,022, because this would result in a large ertor.
The relationship for "a" for T, from 0,02 te 0,10 ds shown in fig. 4.5.

The family of curves is shown in the form of equation 4.5 in fig. 4.4,
which can be used directly for manual plotting of a shear stress profila,
Each curve represents a value of T,y le. each curve corresponds to a
particular level of turbulence intensity, Note that the cuxves should
ideally have an ordinste of zero when zp/lp = 1,0, but in f£ig. 4.4 they
have a small positive value, This arises because of the choice of
best-fitting shape parameters, However, 1P is generglly within 5% of
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0 k 0,5 ) 1,0

Fig. &4.4: Family 6f curves representing shape aquations
for shelr stress profile model.

o $ ©wo
o e & e~ 3
S

Fig. 4.5: Curve for paremeter "s", equations 4.9.
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T
stress drops asymptotically to its platesu value of T .

at z_ = 1, which is acceptable when one considers that the sheax

This set of curves demonstrates the convenience of using a single param-
etet to represent the. turbulence intensity, namely Ty 1f the two pa-
rameters d/D and a ware used instead of Ty then & separats femily of
curves would be required for each value of a, with each family of curves
having d/P as its independent varilable, If other parameters that influ-
ence the turbulence ph were also idered, then the sclution

would become imposl bly complicated.

To use these equations values 'b:‘w} and ‘pm are neg({ed. The equations .,
are dimensionless and describe only the shape of 2 rofile, and actual
mngnitudes are obtained by inputting values for t - and's hence the term
"shape equations". The alternative would have been té.imbed the effects

of ‘lpm into the equations in empirical constants, expresying 1 Jtr__as &

function of T and z /1P only. However, the form chosen is amore versatile
in that the user can input whatever values of ‘Pm he chooses. ]

4.4 PEAK SHEAR STRESS ON FLOOD PLAIN

Fig. #.6 shows the peak shear stress ratio T m/r - plotted versus 5, on
a semi~log scale, which pruvents crowdi“g of points at low values of Ty
The following curve was fitted to the data (the solid line in Fig. 4.6):

¥ 2)4,09

/T, = 1,09 +0,0126 (log 1,

(4.12),
s

T
“on Tpe

This graph does not display excessive scatter, which prombtes coufidence
in the proposition that 1, can ‘e used as the independent phramster re-
turbulence . :

Comparison with Rajaratnam and Ahmadi's data is made possible by combining
two of thelr equations:

Ton/tpe * 1= 02 (0/d - 1) (4.13)
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* sevies A
) series B
e series C

aquation 4.15

L
\ e
//

equation 4.12

Fig. 4.6: Relationships for pesk shear stress on f£lood
plain, 13

To/tp = 0,15 (0/d - 1) . (4.14)
to yield:
- o/ Tpa = 1+ 0,620 V1. ’ (4.15)

Equation 4.15 is plotted as a dashed line“ey £ig. 4.6 Two observations
are readily apparent: AN ';‘R
* '

The shapes of the two curves are the similtir, namely concave upwards,

Which supports the general form of equatién 4.12,

2, The of 1 /'t d; d by Rajeratnam and Atmadi's re«
lationship are sign&ficancly larger than thnse predicted by equation
4,12 (by 1,00 to 1,36 times).

I

The second factor is critical since it is in, o w) know that & zre«
lationship is reliable if it is to be used for p. +; sive purposes.  The
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" The length of the interaction zone on the £lcod plain, 1o is the lavezal

discrepancy between the two ¢urves is probably because of the position

whera the junction shear stresses were measured. In the author's exper-
iments t_, was measured at the top of a rounded corner; if the edge of
Rajaratnam and Ahmadi's flood plain was a sharp corner, then different
values would have been measured, It must be borne in mind that the va-
lidity of equation 4.14 is guestionable, the xeasons for which are dis-
cussed din Appendix 2, where the derivation of this equation is given.
In view of the uncextainties 'in Rajaratnam and Ahmadi's xelationship, the
use of aquation 4,12 is recommgnded. However, further research is nec-
essary to clarify this issue.

What is probably of most significance is that Tpin“g- can ﬁefinitely‘ be
expressed as a unique functioh of T irrespective of the slope of the
main channel bank,

4.5 LENGTH OF INTERACTION ZONE

distance across the flood plain from the junction to a point where the
shear stress is no longer influenced by the turbulent interaction mech~
anism. In order to define a relationship for this a value of
lx; was selected for each experiment by visudlly assessing the weasured
shear stress profiles, and identifying the t which 1p 1s approxi~
mately equal to rp_. Values of 1 /& were plotted versus t, 88 in fig.
4.7, 1, was used as the independent variable in )qzeping with the relative
apparent shesr stress proposition. lp/d was ;qu:-"tpd because this s the

most appropriate way of lp, sinca vhe mi‘)‘zing in the inter-
action zone is caused by large aeddies which p:esumuh'ﬂ,}'\hm{a 8 size pro-
portional to.d (Rdjaratnam and Ahmadi, 1981: p52), The fﬁllcﬁ'li&g equation
was fitted to the data in fig. 4.7:

3,43

1p/d = 3,17 + 0,569 (log t, +2)
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i series B
20 4 o series ¢

. eQuation 4,]6

Fig. 4.7: Relatipnship for the length of the interaction
2one. .n the flood plain, 1 .

There is a fair amount of scatter in Flgf  fhich;is| dssdcikted with
the subjective assessment of 1. -~ L o e B

. oy .

4,6 SHEAR STRESS PROFILE MODEL

. i
The wodel for predicting -v:ar stress profiles op a £iood plain consists
of the shape equations, 4, to 4.11, represented graphigally as a family
of curves in fig. 4.4; a relstivnship for the peak sheas stress, equation
4,12, shown in fig. 4.6; and & predictor for the length#f the interaction
; — e

zone, equation 4,16, shown in fig. 4%

The model was used to the set of dimensiljilesy Burves shown'in
fig. 4.8, the ouly input parameter being " for ‘ednn’ buxye - Note the
interesting progression in curve shape as T vagits Cwn 6,0 to 0,022:
£xom an expenential decay to a flat-topped curve ts @ putited curve, This
graph can be used to plot out a profile instead of u.:'A.\;; the equations.
Fig. 4.9 35 a representation of the shape oqustions,. $hiwing the genaral
forms of the profiles for the three ranges of T :
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In £ig, 4.10 the suthor's observedidata have beer superimposed on curves
generated by the prediction medel. Virtually all the curves display a
good f£it, which indicates that the model can be used with confidence.

In the light of current thought eoncerning the turbulence phenomenon, the
relative apparent shear stress can be considered to be a good indicator
of turbulence intensity, The use of 1, 8 the independent parameter re-
presenting the turbulence dntemsity in a-compound channel has been suc-
cessfully demonstrated in developing a shear stress profile model from
the author's data, 8s shewn by the good correlatfons in the relutionships
for 1pm and 1p (figs, 4.6 and 4.7), and by the good f£it between the curves
genersted by the mede)l and the observed data from which the shape
equations were derived (f£ig. 4,102

This model has two wain limitations:

1. The range of 1, consifered (0,022t 6). 4s will be sean in part 2,
T, cen reach valuos as high as 30 for very high levals of turbulence.

2. The data on which the model is based cofiés from a- compound channel
with smooth boundaries, )

The first comsideration lmposes a limit on the range of applicability of
the model. ing the second limitati 1t is known that if the
flood plain s rough relative to the main channel, the apparent shear
stress is greatly increased. The question that this posos is whether the
model is applicable to such situations, which often oscur in practifs,
Pasche and Rouve (1985) obsarved that the momentum exchange when the £lo6d
plain is very much rougher than thoe main channel, . appears to be of the

samé nature as that obsarved in compound channels of uniform voughness.
Taking this statemont to its logical conclusion, this implies that the
sama techniques can be applied when tho flood plain is rough as when it
is smooth, and the shear stress profile model uan safely be applied ta
rough flood plains, However, further rasearch is required to confirm
this.

& program for the shear stress model on the KP83 micre computer is listed
and detailed in Appendix C.,
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(b) 1, = 0,022 - 0,25 y

Fig, -4,8: Family of curves. gencrated using the shear
stress profile nodel.
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Fig. 4.9: Forms of shape equations.
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Fig. 4.10: Observed data

ed on curves

by shear stress profile model.

] Chapter 4: Data analysis




™ N/m*)

Fig. 4.10 (continued): Observed data superimposed on curves
generated by shear stress profile model.
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PART 2: DISCHARGE COMPUTATION AND RELATIVE AFPARENT SHEAR
STRESS PREDICTION .




CHAPTER 5:  DISCHARGE COMPUTATION

The need for sccurate and practical methods for computing the discharge
in & pompound channel has alresdy béen emphasised. A survey of existing
methods {s presérited here, ottlining a history of the attempts that haye -
‘ been made to solve this problem. Using published flume data, five méthods
will be compared and assessedi two exi{sting methods ad ithree developed
P

by the author. *

.

+'5,9 SURVEY OF DISCHARGE ‘COMPUTATION METHODS
[y P .

In order to formulate an.dmp: method for com-

pounid channels, & comprehensive survey of all the existing methods was
carried out, These methods are briefly described in cdder to paint a
background to this problem. Particular attention will'be paid to a number
of the interface methods, as some of the ideas that they embrace will be
further developed later in this chapter. .

Prinos and Townsend (1984) observed that the methiods of discharge compu-
tation fall roughly into three categories: ’

1. Treating the rection as a single, composite channel with an averaged
Manning's roughness coefficient n or an averaged hydraulic radius,.
2. Methods based on correction factors, 3

3. Dividing the compound channel into sub-channels, calculating the
h ly for each ion, and suimming the discharges

to “obtain the total discharge for the compound section. The inter-
faces that separate the sub-sections may be vertical, hoxizontal or
incliffed, The hydraulic radius of each sub-section pust account fox

{  the apparent shear stress on the interface. This is done by either
evaluating the shear atress on the dinterface or hy locating an
interface where there is zero shear stress. -
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5.1.1 COMPOSITF CHANNEL APPROACH

Averaged hydraulic radius

Posey (1967)';/pﬁorted & method:that uses diagonal interfaces to subdivide
the compound section. The intarfaces, shown in fig. 5.1, are such that
they bisect tho angles bed and efg. ~ An effective hydraulic radius is
calculated £or the éntire section by wexg}nting the subséctions as follows:
d Rye = (At/abc + B2/cdes + c gh) /(4 + B + 0) L
- L , ‘ ]
where A reprssents the area of section'A, B the area of ddetion'B, etc

Note that the “diagonal interfaces have been excluded from the wetted
perimeéters im this equation. This method is complicated to use because

of ﬁha awkward geometry.! Posey presented experimental dats showing that
this mthod produces poot. résults, "

Fig. 5.1t Diagonsl interfaces fof culeulating an effestive
hydraulic radius (Posey, 1967).

Averaged Manning's n N

e —

Yen and Overton (1973) evaluated thres fairly well-established aquu:i‘ons‘
for calculating an equivalent Manning's n which can be used in applying
Manning's equation te the composite section. The equations are:
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n_ = equivalent Manning's n for the composite section
ny = Manning's n for the i'th subsection

P, = wetted perimeter of the i’th subsectien

= hydraulic radius of the 1'th subsectiom

P = wetted perimeter of the entire cross-section

R = hydreulic radius of the entire cross-section

The assumption made in developing eguation 5.2 was that each sub-section
has the same mean velocity, which is alse equal to the mean velocity of

. the entire cross-section. This assumption is gréssly lh error, and the

- & use of this eguation produces poor results when applied to compound

channels. O

The assumption for equation 5.3 is that the total résistance is equal to

N tha resistance summed ovex all the sub-sections. Yen and Overton reported
that when applying this to channels, dischar; were

significantly over-estimated.

The assumption behind equation 5.4 was that the total discharge for the
‘’eptire cross-section was equal to the sum of the discharges of the sub-

sections. Yen and Overton did not evaluate this equation.

Having calculated an average n-value, the compound section is treated as

a single composite section for discharge) ion. Prinos and
(1984) showed that this approach producas poor discharge estimates.
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5.1.2 CORRECTION FACTORS

Mathods based on correction factors divide a channél into homogeneous
sections, calculate the dischexge soparately for each section, and apply
an empirical factor (k) to each section, If i refexs to the 1'th section.
then the ‘total discharge (s given by e

@ = G/ x‘;/’sim . (5.5)

Le van Kiyen (1968) snd Karasev (1969) presented correction factors for
varfovs hydraulic and geometric conditions. Prinos and Townsend (1984)
found that these factors either over- or under-estimated the discharge.

5.1.3 " INTERFACE APPROACH A

A ' Ve
Popular method 1 > 4
The most comwonly used procedure is to divide the channel with vertical
interfaces as shown in fig. 5,2. The vertical interfaces are.included
in the wetted perimiter of the main channel, because the shear force dén
thase plaing retards the fiow in the main channel: Thby are excluded £rom
the wet;aa” perimsters of the flood plains because the shear stress on
these -plains does not retard the flood plain flow, but assists it. Be-
canse OF dts popularity this will be roferred to as the “popular method”,

=1 ]

Fig, 5.2: Sub-division of channsl using vertical interfaces.
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Posey (1667) suggested that iwi.d/h < 0,3 the interfaces should be in-
cluded in the wetted perimeter pf ‘tha main channel; for d/h > 0,3 they
should be excluded; and they should be ekcluded from the flood plain
wetted perimeter for.all fiow depthd, .This recomme¢ndation was based on
flume studies.

Several researchers have tested the popular method on flume data and found
that it significantly over-estimates the dischaxge at low flow depths
(Sellin, 1964} Posey, 1967; Myers, 1978; Wormleaton, Allen and
Hadjipanos, 1982; Prinos and Townsend, 1984). The reason for this is that
intluding the vertical interfaces in the wetted perimeter of the main

chatnel. implicitly assumes that the average spparent shear stress on these
y interfaces is the same as the averags shesr stxess on the main. channel
boundary. However, experiments have shown that the apparent shear streéss
can be considarably higher thnﬁ the average shear stress on the boundary.

Wormisaton, Allen and Hadjipanos (1982) tested the popular method on
lsboratory data, Their results indicated that ©discharge will be
over-estimated by up to 20k for d/D less than 0;26 if the main channel
and flood plain are both smooth, and over-estimated by up to ahout 80%
for d/D less than 0,43 1f the flood plain is xough relative to the main
channgl, Similar trends wera.abeerved by Prinoy and Townsend (1984).,
The rougher the floed plain is, the greater is the velocity difference
betwaen the main channel and flood plain; hence the turbulence at the

interface 1s. higher, resulting in a higher apparent shear stress on the
interface, which the populax method does not cater fox.

Despite the fact that the popular method has been shown conclusively to
yield very poor estimates of discharge, it is still used extensively,
probably because it is simple and casy to implemsnt; &nd no satisfactory

alternative has been proposed.

Shear force on Interface P

- 5
Wright and (1970) 1 ¥ in which they
measured apparent shear stress on the junction interface to be of the same
order of magnitude as the boundary shear stress in the main chennel,
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Hence they proposed calculating the main channel average shear strass from
RS, in which the wetted perimeter includes the veytical junction planes.
The shear force on the junction planes can then be calevlated and applied
as a propulsive force to the flood plain section. Es‘sentially this is
the same as the .popular method, and the same criticisms apply. 'This ap-
proach falls down when the shear stress on the interface far exceeds that
on the main channel boundary. When the author investigated main channel
s shear stresses using flume data published by Wormleaton, Allen and
Hadjipanos (1982), it was found that the apparent sheer stress Ty reaches
values up to five times IR§. ! °

Inclined interface
A

A compon approach to dischaxz‘n: arialysis in compound chénnels is to use
either vertical, diagonal or 1 to sep the main
channel and flood pliin regions; and either include or exclude the
interface planes in the wetted N to the 3 of
“the apparent shear stress on these interfaces, Yen and Overton (1973)
8 new ki the shopld have an angle of inclination

to the horizontal of § (fig. 5,3) such that thure is zero longitudinal
shear stress on the interface plane. The division line can th be

excluded from the wetted perimatesn.

The isovels are distorted in the region of the interfadd, and division
lines can be drawn such that they intersect the isovels at right angles.
Hence there are no velocity gradients noriial to the division lines, and

no momentum exchange oocurs across them, They therefora form a more
logical division between the main channel and fiood plaln flows then a

o

vertical division line.

Yen and Overton found that the division lines are generally.slightly
curved but can usually be approximated by straight lines. They plotted
8 as & function of the depth ratio for their flume data, and found thaw
a smooth curve could be defined for each.different geérmetry and boundaxy

roughness.

Chapter 5: Discharge computation 65




S —— ] o

-

Fig. 5.3: Inclined division line used in Yen and Overton's
approach (Yen and Overtom, 1973).

Fig: 5.4: Vertical, horizontal and inclined division lines
evaluated by Wormleaton, Allen and Hadjipanos (1982).
- J

Once 6 has been astablished, it is & simple matter to appl; Manning's‘

equation to each subesection, ignuring the' Jivision line from the wetted

perimeters.

Yen and Overton maintained that Manning's n in each sub-section should

be modified because it is influenced by channsl gsometry as well as

boundary roughness, and they developed a modified version of Manning's

equation to cater for this effect., However, the complexity of the
renders it idable -

Knight and Lai (1985) obsexved that the isovels at the interface clearly
show thet as the flow depth increases, the angle of inclinatien of the
zero shear strass plane also increases. They observed a vdlue for 8 of
about 50° for d/b = 0,41, and 5° for d/D = 0,13, Although these values
woild be different for different geemetric and roughness conditions, they
give an idea of the order of de that can be d,  Knight and
Lai concluded that the plane varies from an inclined one to a nearly
horizontal one as flow depth decreases, which is the same as Yen and

Overten's observations.
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Although Yew and Overton's ides of an inclined dutérface is promising

because of its simpllicity, nc ome has dev.loped if inte a practically
useble form by providing a generally applicable means of estimating 8.
i

A-method
Wormleaton, Allen and Hadjipanos (1982) evaluated the use of vertical,
horizontal and diagonal division lines (fig, 5.4) by spplying them to
£lume data. They found that discharge 38 over-estimated by up to abouy
80%-when using vertical interfaces, up to &3% when using diagonal inter-
faces, and 20% for & borizontal imterface..
Wormleaton at al recommended using either diagonal or horizontal intér-
faces, because the apparefit shear stresses are lower than on vertical
interfaces. Using their own flume data they established a criterion to

whether the should be included in the main channel
wetted perimeter or ignored. i

) is defined as the ratjo of the sdpparent shear siress on the diagonal
or horizontal interface, to the average shear stress in the main channel,
A=, /IRS (8.6)

where the wetted porimeter dn R includes the interface. ) lies between
0 and 1,0, Their date indicate that if X is less than 0,5 then the
interface plane should be excluded from the wetted perimeter of the main
channel, ie. it is essumed to offer no raesistance to the flow; and for X
greater than 0,5 it should be Included in the wetted perimeter, de. as-
sumed to offer the same xesistnhce as the sverage for the rest of the main
s¢chahnel, The interface is always excluded from the £lood plgin wetted
perimeter-because it is assumed that wide £lood pleins will be considered,
and therefore the propelling effect of tha interface on the flood plain
will be small, For conyenience this will be reforxed to later es the
A-method. N
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Friction factor modification

Myers (1984) suggested that the traditional uniform flow formulae can be
applisd to compound channels without modification, and only the friction
factor needs to be altered, He showed that friction factors are functioms
of chamnel gaomstry, the depth ratio and the Reynolds mumber, but he did
not present a practical means of predicting the frickion factor.

Modal for natural channels

i Pasche and Rouve (1983) investigated discharge computation for a secion
having, & sloping mair channel bank and & flood plein chat s roughened '
with non-submerged vegetation (such as trees and bushes). They developed
a complex sef of equations, for which Pasche (1984) presented an alggiithm

% ... for use on a personsl computer. Their analysis was based on' the'assump-
tion that the ma:%,"n channiel - flood plain interface has the same effect
as an fmaginary solid vertical wall slightly offset into the flood plain.

None of the methods described in this section has been shown to produce
truly zeliable discharge predictions for all flow conditions.

5.2 DEVELOPMENT OF IMPROVED METHODS

The author's flume data were inadequate for use in developing a discharge
computétion model because the discharges could not. be measured with suf-
ficient accuracy using the available laboratory equipment, end also data
with a tange of bed roughnesses and geometries were required to formulate
a generally applicable model. Accordingly the available published.flume
data were used: the data of Wormleaton, Allen and Hadjipanos (1982) com-
prising 40 data items, with four different flood plain roughnesses, one
width of flood plain, and & variety of bed slopss; and the data of Knight
and Demetriou (1983) comprising 18 items, using a swmooth main chamnel and
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TABLE 5.1: PERTINENT PARAMETERS IN PUBLISHED FLUME DATA i

Parameters Data of Wormieston et al.  Data of Knight and Demetriou,

. Wp/We 1,6 ¥.9,5; 1,0; 1,5
) n,/m 5 1,27; 1,555 1,91 1,0
a/n 0,11 = 0,43 0,11 - 0,51 R
s 0,00043; 0,00094; 0,00101; - .0,000966 )
o 0,0018; ©,00132 . '
T 0,56~ 17,4 ! 0,30 - 28,2
no. of items . 40 18

“ Fig. 5.5: Definition sketch for symbols used in chapters
5 and 6,
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flood plain,” one bed slope, and four different widths of flood plain,
This wakes a total of 58 data items. All the data are frim symmetrical
sections with s flood plain on either side. - The ranges of salient pa-
fameters. are given in table 5.1, and the data are listed in dgtnil in,
Appendix D. -Fig. 5.5 defines the parameters.

The following nomenclature for geometric parameters has been adopted for
Paxt 2 of this-report: ;

o
[

physical wetted perimster of main chefinel
= wc + 2h .
physical wetted perimeter of flood plain
=W _ +d N
P ' = modified wetted perimeter of-main chamiiel

~
i

pc' = modified wetted,perimeter of flood plain o
A = area of main channel i ‘
= ch
Ac' = modified area of main charnel
A_ = grea of flood-plain ! 4

P
=¥ d oo N
AP' = modified axea of floodiplain
i
Two of the discharge ion methods d in 5.1 were selected

for evaluation: the popular method, becsuse it is commonly used, and .the
\-method, because it is the most “satisfactory method for practical ap~™
plication that has been proposed to date. These two methods were tested
using 17 data ifems from the data of Wormleaton et al, and compared with
methods developed by the author. A program was written for the HP85 micro
computer to evaluate the five methods using rilctangular flume data. The
program, "QCOMP", is listéd and described in A);pemli‘x C. One of the inpht
parameters is. L which is required in some of the discharge computation
methods, and was calculated from the values of apparent shear stress
published with the flume dats. .y :
Por each method the percent ersor was computed between the measured dis-
charges and the predicted discharges, and the rasults presented in o
graphical form in £1g, 5.6. The percent error is given 8s a function of(
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the depth ratio for a particnlsr run of experiments, le. for a particular
bed slope and flped plain roughness. The general trend is that the ‘error
in computed discharges is greatest at low flow depths, which is when the
turbulence intensity iz at its highest. By comparing fifs. 5.6() and
(e) i can be seen that the rougher the flood plain is relative to the
main channel, the more the dischaxge is over-estimated; and figs. 5.6(a)
and (b) indicate that errox increases with increasing bed slape.

The. £ive methods are outlined below.

5.2.1 POPULAR METHOD

1t can be seen in fig. 5.6 that gt low flow depths the popular method
grossly over-predicts the discharge, over-estimating by up to almost 90%.
The ‘Weason for this is in the sssumption made concerning the wetted pér-
imeter, namely that the apparent shear stress on the interface is efther
nizero of is the same as ‘the aversge shear stress on the main channel
* boundary. Foxr low flow depths the apparent shear stress has been shown
to be many times this value. s

The wett¢d perimeters of the main channel and floed plain may be defined

as follows:
Ve .
B =B 4 2kd .7)
P'=P (5.8)

The popular method assumes that k = 1 for d/h < 0,3 (4/D < 0,23) and k =
0 for d/h > 0,3 (d/D > 0,23); which 15 & step function, In oxder to
demonstrate the shortcomings of this assumption, the data of Wormleaton
et al were used to generate true values of k. These are plotted in fig.
5.7, where it is evident that k should range from O to about 28, not from
0 to 1. A general txend is noticeable: the rougher the flood plain is
relative to the main chanriel, the higher is the value of k, because the
turbulence intensity is increased when the flood plain is roughened.

9
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Fig, 5.6: Error in discharge computation, as tested on
the data of Wormleaton, Allen and Hadjipanos (1982).s
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a/p
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. : H + t‘ Al
e STt W LA
oyt / De2 - 0,3 0,4 4/

U
step function assumed
by popular method

Fig. 5.7: Values of k derived from the data of Wornleatop, = ° @
Allen and Nadjipanios (1982), - = -

5.2.2 . LAMBDA-METHOD . “

In his model describing the transverse deposition of sediment in compound
channels, James (1965) used the X-method for discharge .calenlation pro- s
posed by Wornleaton, Allen and Hadjipanos (1982). Wormleaton et al stated
thet thers is no apparent advantage in using either the horizontsl or’

. 'diagonni . Since a hord 1 creates an unrealise
tically small main channel section, James id diiigonal

to be wore appropriate. Accordingly diagonal Lnterfaces are usod here
to evalnate the perfarmnnce of the A-msthod. g

X can be expressed as:
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=10t (5.9)
The average shear stress in the main channel (1c)' is equal to the
streamwise veight component of the water contained in the maln channel
section within the diagonal interfaces, divided by the total wetted per-

imeter of the main channel section:
= TAS/(PD + 21) {5.10)
ared enclosed by the diagonal interfaces

where A
1 = length of ofie diagonal intexface

Z‘ %,  The apparent shear stress om the diagonal interface ('rai)‘ can be calcu-
Sy lated from the following equation, which comes from equilibrium comsid-

erations:
Tai = (12"' - iwc)l‘ds/l (5.11)

A routine was. included in QUOMP to calculate values of X using the meas~
ured values of 7, published with the flume data. '

Fig. 5.6 shows that, in comparison-with the other methods, the A-method
yialds fairly good estimates of discharge, except for .the data set with
& steep bed slope. In fig. 5.6{c¢) the discharge erxor takes a sudden jump
from.4 negative to & positive value at 4/D approximately equal te 0,25.

This corresponds to the point where A éxceeds 0,5 and the interface is

no longer included in the wetted perimeter of the main channel. Since
the wetted perimeher represents the resistance to flow, this results in
an in the dicted disch. The popular method tekes this
jump at a depth retio of 0,23, above which the vertical interface is ax-
cluded .from the wetted perimeter. The A-method is simply a refinement

of the popular method; diagonal interfaces are used instesd of vertical,

because the apparent shear stress is lower on & disgonal interfdce than
a vertical one; and the inclusfon of the interface dn the main channel
wetted perimeter is based on a better eriterion than the depth ratio.
Since the depth ratio is not the sole indicator of turbulent intensity,
it is simplistic to attempt to use it to determine the value of k, as is
demonstrated in fig. 5.7,

The A-mathod, although seen in fig, 5,6 to give reascnable estimates of

discharge, is by no means ideal for practical applications. James found

Chapter §: Discharge computation 74




that the dischsrges predicted by this wethod are not always accurate be-
cause "the apparent shear stress criterion is rather vague and requires
further experimental investigation” (James, 1984t p?6). HMe also found
thuﬂt the use of this method can lead to the wain channel velocities being
calculated smaller then the flood plain velocities. Although this method
has serious shortcomings, & survey of the literature indicates that it

e

1s the most setisfactory method thak has been proposed to date. It is
therefore necessary either to improve on this method or to develop a
batter method.

5.2.3 AREA METHOD o

Tha author investigated three approaches to the problem of discharge
computation. The £irst one modifies the areas of the main channel and

_flood plajn, hence the name "area method."

This method is based on Yen And,&t’l‘verton‘s proposition of an interface
inslined into the main cliannel at an angle that is determined by the level
of turbulence such that there is zero shear stress on the interface (Yen
and Overton, 1973), Referring to fig. 5.8, the area correction AA may
be der!ved‘theotatically as follows.

Consider the equilibrium of forces in the flood plain region, when &
vertical interface divides the main channel from the £lood plain:
- = %4 5
SF 7,4 Ap

g whare SF is the shear force on the physical wetted perimace: of the flood
z B plain, kP .+ Consider equilibrium when an inclined interface is used, such )
ot that there is zero shear force on the interface:

H = 1A+ 0A)S

'!';;m Combining these two equations yislds

= '(AP + BA)S - ':Bd = !APS
Simplifying: .
A4 = 1!d’ (5,12}
This could be further reduced to solve for 93
Ea)
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Fig. 5.8: Area adjustment.
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el P e

Fig. 5.9: Intersecting diagonals at low flow depths.
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Fig, 5.10t Probable shapes of zerc shear stress interfaces,

cotl = 21, €5.13)

Having defined ¢, Yen and Overton divide the compound chanfiel into main
channel and flood plain regions by means of the dnclined interfaces, and
exclude the interfaces from the wetted perimeters. However, whan the
anthor applied this to the flume data, it wes found that for low Flow
depths the two diagonals inteysect, as shown in fig, 5.97

To aveid this problem 4A can be used directly. This also has the advan-
é’age that no knowledge is reguired of the shape of the interface, and it

is not pecessaxy to -assume that the interface is a straigh. line.: The
main chaunel and flood plain are simply separated using 8 zero shear
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stress interface of unknowd shape (something like those sketched in fig.
5.10) which 4s excluded from the wetted perimeter.

An area adjustment is made as follows:
Ac' =W D - 288 ¢

c
= A - 284 {5.14)
. ;
Ap = ‘vlpd + A4
= AP + 44 (5.15)

For an asymmetrical channel having only one flood plain, the modified area
of the wain channel would ba
' .
Al =4 - 4. - (5,16}

When the area adjustment has been made the discherge can be calculated

areas and the physical wetted perimeters.

The guthor used the flume dets to geverate values of AA; using the measr
ured values of Ty It was found that fox very low flow depths AA would
protrude slightly below bank full level, le. AA was greater than }wca,
However, AA always remained a very small fraction of AcA end so this is
not significant,

Fig. 5.6 shows that the area method perfosms. very Févourably compered with
the other methods. it tates the dikch which copld
be attributed to Yen and Overton's belief that the friction factor needs
to be modified as a result of the turbulence phensmenon. Good results
could be obtained from the area msthod if correction factors were devel~
oped for Maniing's n. Alternatively the solutien could be simplified by
lumping together the two effects of adjusted area and modified friction

factor, end using 44 to account for both effects, An empirical correction
to the thebretical equatien (5,12) for AA would be required, 50 that AA
fully accounts for the turbulence phenomenon,

The writer {nvestigsted the possibility of developing such a corrsction

using the flume data. Values of 44 ware generated that exaoctly predicted

the measured dischaxges, and were plotted as fiunctions of parameters such
2

as VG/VP’ 1 and 1td . (vc and vp are the average velocities in the main
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channel and flood plain regions respectively.} There was too much scatter
for any good relationships to be defined, and additional parameters may
be required in order to compress this scatter.

5.2.4 K-METHOD
As has already be;n pointed out, the wetted perimeter in & resistance
equation Ls the means of dccounting for the shear stress op the bolindary,
The larger ““he wetted perimeter, the greater is the resistance to flow,
and the lower is the discharge. In the main chanmnel of & compound section
, the wetted perimeter has to gccount for two effects if a traditional re-
sistance asquation is being vsed: & high apparent shéar stress on the
interface, and a redvetion in the shear stress on the physical bsundary
of the main channel, The wetied perimeter could be modified as follows
to account for this, assuming vertical dinterfaces dividing the wain
channel and #lood plain ‘fegiois: .

!
B! =D+ 2kd R

kc will éater both for the increase in resistance caused by the appar;ent
shesr stress on the interface, and for the raduction in average chaanel
boundary shear, kc will always be positive baCnu!\e the increase in
interfacial shear stress is always greater than the decresse in boundary
shear stress. The reason for this is that the.shear force on the inter-
face is equal to the reductlon in shear force on the main channal Blund-
ary, but the shear foxce on the interface gcts on & far smaller area than
the shear force on the boundary, and so the shear stress on the interface
1s far higher than the decrease in shear strefs on the boundary.

The apparent shear stress on the intexface has a propelling effect on the
flood plain flow. The shear stresses on the bed of the flood plain are
dncreased near the junction because of the increased velocities. The pet
effect is a reduction in the resistance to the flood plain flow. The
propelling effect of the intexrface and the distortion of the shear,
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stresses on the bed of the fiood plain can be lumped into & single flood

plain factor kp that will decrease the wetted peflmetet as follows:
Bt=p - kd ’ 5.18
4 . ‘( )

4 theoretical derivation of equations for calculating kc and kp follows.

Consider equilibrium of forces in the main chamnel;
Ztsd drpo= TACS
where LN is the average shear stress on the physical wetted peximeter,
P_.
©

Define k such that v
tc(Pc + chd) = YAOS. . &

Combining thess two equations give:

2h1 24 .
=Y B 4" F . (3119)
r € <

Similarly censidering equilibrium of the £lood plain:
‘rad +¥s=rF
k P -kad TA S
TpFp " kD) = Wy

Combining gives:

(5.20)

QUOMP uses equations 5.1% snd 5.20 to calev ate values of kc and kp, and
thén uses Manning's equation to compute tha discharge. The resulte of
applying the flume data to the k-method are shown in f£ig, 5.6, where it
can be seen that this method performs significantly better then the pop~
ular method, but it still badly over-estimates discharges at low flow
depths. As with the area method, equations 5.19 and 5.20 need an empix-
ical goxrection in order to predict discharges asccurately, The reason
for the disappointing performance of this method is probably because be-
cause Manning's n needs to be modifled to account for the fact that the
resistance offered by the shear stress on tha vertical interfaces is not
the same as that posed by the bed roughness on the physical borndary.
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The fiume dsta used in this analysis ‘do not include separaté discharges
for the main channel.and flood pléin regions, and therefore it was not
possible to generate actual values of k and k, for comparigon with those

y predicted’'by equations 5.1¥ and 5.20 with a view to finding empirical /7
il 3

modifications. -‘ N

Two other avenues for mdifying ejuations 5,19 and 5.20 were,pursued.
The first involved finding a factor k for each dataiipgm such that 1if kc
and -k were replaced with k.k_ and (l/k).kp, “he discharge would be cal-
culated correctly. Attempts to correlate k with parameters such &s T,
and 1§ were unsuccessful. The second approach used k.ras calculated by
equation 5.20, but modiiied k to ki k . Attempts were made to correlate
this with 7, v angd Av/vc, whera v, is the average main chansiel velocity
calculated using the! k-méthod, and Av is the difference between the av-
erage main channel and £lood plsin velocities calculated using(‘}he

kemionld This was unsuccess ful, either because no correlation was found,

or becanse of too muth scatter to define a meaningful :alationﬁ}up,

, In order to investigate this-further, flume data would be required from
which.the actval values of k_ and k could be calculated. T

5.2,5 MODIFIED K-METHOD

The-k-method can “be simplified by defining the wetted peruneter as fol-
: 1éws, assuming vertical interfaces:

P =P+ 2kd (5.21)

P T P (5.22)
Equation 5. zz implies that the interfaze 1s always omitted from the
whetted perimeter of the flood plain, which is a good assumption provided
the fiood plain is wide, because the propelling effect of the main channel
£low, will then be small (James, 1984: p74). 4 relationship for k must
be séugtxt, using a sultable parameter as the {ndependent variable . Ze-
presenting the turbulence intemsity &i the interface.
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Ny Fig, §.%l: Relatiopship for the k-factor in the modified

»0 2,0 3,0 .

vc/vp i o
Kk-method, i

o data of Wormleaton, Allen and Hadjipanos (1982)
© data of Knight and Demetriou (1983)
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The A-method is siilar to this approach, since it assumes 4 wide £lood
plain and hence omits the interfsce from the wetted perimetex, adopting
& step functdon for k. k is assigned a valug of 1,0 or 0, depending on
the value of ), shich is the ratio of apparent shear stress on the disg-
onal interface to the average shear siress on the entive main channel
wetted perimeter. .

The author used the flume dava to generate w}ames of k {some of which are
‘presented in £ig. 5.7 as a4 function of d/D, demonstrating the inadegaacy
of the depth ratio to accountj for the turbulence intensity). The
k-gactars were plotted versus T /¥RS, a parameter similer to . Here t
is the apparent shear stress on the vertical interface; ¥RS is the average
shear stress on the main channel wetted pg‘rimeter; and R is the hydraulic
{ nterfaces in' the

Tadius 6f the main channel, including the vertiya
wetted perimeter. It was found that alth’oug!;:_;ggere vas a trend, there
was far too much scatter to definme a mesningful :el’&i:{ops}?ip,

- Another parameter that can be used to represent the turbulent intemsity
is the velocity difference between the main channel and flood plain
sections. It has been used as ome of the independent variables in em-
pirical equations that predict the apparent shear stress. on the vertical
interfaces, which will be dealt with in the following chapter. Fig. 5.11
shows k as a function of vc/vp, which is the average valocity in the main
channel divided by the average velocity in the flood plain region. These
velocities were calculated using the values of k generated from the flume
data. AltHough there is some scetter in fig. 5.11, it is not excessive, w
énd a linear funoction can be defined on & semi-log basis:

log k = 1.276 (v /vp) - 2.235 (5.23)

The line was fitted by least squares regression, with a correlation co-
efficient of 0,766. It is valid for VC/VP from 1 to 3.

The disch in & 1 section can be caleulated nsing

Manning's equation:
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Q=g+ 2,

- (Ac/nc)kczlssl/z 2/341/2

5.2
+ 208y/n )R] (5.26)

where R =A /(P + 2kd) ) \ )
= e RS
AP/PP

=
'
1

Sin¢e k is a finction of v, /vp, an {texative salucion is requzradA A
value for v, /vP is. nssumed, k calculated using eqnaticn 5.23, v /v cal-
culated from
«
Vv, = (nfn R 2R . (5.25)
k is rhen ré~calenlated using the value of vc/v » and so on until k ‘con-
verges, \When this method was used 'to predict the discharge;”fot the flime
data using QCOMP, it was found that convergence was very slow, and often
the computations would become unstable and diverge. This p:oblem was
. ‘soived by incorporating & simple accelerator in thed canvergence procaduu
to prevent instability, If i the 1'th iteratd the proced
that -QCOMP uses can be represented as in £1g.5.12, This was found to

converge (N

svery case.

Fig: 5.6 shows the performsnce of the modified k-mehod when used ‘o
predict discharges for the data of Wormleston et aly, The maximun error
in discharge computation is 12% which is dcceptable considering inaccu-
’racies in estimating parameters such as the bed roughhess of & real -
channel. The modified k-method pexforms sigmificantly and sonsistently
better than the other methods shown in £ig. 5.6, except sor,,f/a‘g. 5.6(c)
whers the area method shois marginally better discharge estimé}\fas. Howe
ever, both are within 5% of measured discharges, which can. be ,nnside:ed
to be the range of possible error in the measurement of the Flune dis-
charges.

In view of the good performance of the modified k-method as Well as its
simplicit){, it can be considered to be a viable discharge computation
method folf application to real chamneld.  If separate k-values for the
main channel and flood plain regions could be calculated from flume data
and Qufined separately as functions of v./v, the scatter in £ig. 5.11
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[ Assume o vatun of (/51| ‘

Iterste Galculate ki using equation 5.23, ‘
y until k‘ = B T N
Ky_qe ! Galeulate (v,/v), using equation 5.25.,;

i-1

I
Madifyt (v Jud tm (v /v ), z(vc/vp)i_,)/s.l

& B
Fig. 5.12: Iterative proceduse used in QCOMP for
caleulating k.

could probably be

1y reduced. that K = 0 peans that
kc has to account for flood plain effects as well as main channel effécts,

, It must be borne in wind that this method ¢annot be applied to narxow
flood plains. According to the data used to develop this method, a flood
plain s sufficiently wide for the method to be applied if W /M 2 1,0,
i¢. the width of the flood plain is at least equal to the width of the
main channel.

. 0

Until this method is refined or a better glternative proposed, it-can be

used for practizal situastions with confidence in'its reliability, Tt is,

definitely @ great improvement of the \-method which is the only reason-
ably good method presented in the literature.

5.2,6 ASSESSMENT OF METHODS s
From the proceding discussion and studying fig. 5.6, the following econ-l
clusions can be drawn:

1. The popular method grossly over-estimates discharges at low flow

depths, and cannet be sexiously considered for discharge computation
in compound channels.
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The k-method ;and ares method are potentially good and conceptuslly
sound, and further research should be directed towards developing
empirical mogifications.

3. If the relative apparent shear stress 1, can be prédicted or calcu-
lated, the area method can be used in its present form as an im-
provement on the popular method and the A-method.

4. . The A-method estimares discharges with fairly reascnuble reliability,

but is rather crude and nepds refinement.

The modified k-method has been hown to produce the best results ef
‘all. It should be further refined, and should be tested on a uider
range of compoynd channel data. In fhe interdm it can be used with
a good measufe of confidence in itu reliability, as indicated by the
good discharge predictions shown 1.!} £ig. 5.6,
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CHAPTER 6: - RELATIVE APPARENT SHEAR STRESS PREDICTION

The relative apparent shear stress, T, WAS defined in 4.2 as ’!A/‘lp_ o

) r‘/l’ds. 1, mst be known in order to use the s\heax stress profile model
¢ presented in Part 1 ., It Is also required for some of the discharge
diction methods” ced in the p: chapter: the area method,

k~method and thod! 1t is th y to £ind &4 means of

predicting t r for any given compound thannel,

A few h heve §ed to predict this parameter,

6.1 PREVIOUS RESEARCH

Rajaratham and Ahmadi

Rajaratnan and Atnadd (1981) proposed the following equation for 1., sl-
ready deslt with in this report: .

1 = 0,15 (D/d -1)? " ) (6.1)

This équaﬂon is too simplistic to be of much practical use, because it
assumes that the turbulence intensity is a function of D/d only. Fur»
thermore it was derived from smooth fiume data and cennot accommodate

roughened flood plains,

o,

Bairol and Ervine

=

Bairol and Ervine (1984) conducted a flume study on gacmetric factors
using & smooth section, and they propoged an equatjon for the relative
apparent shear stress in terms of D/d, Wt/h and wp/h. Since the roughness
of the flood plain has a strong influence on the apparent shesr stress,

[

this equation is only applicable o smooth sections, They also presented
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& relationship in the form of a family of curves, expressing the spparent

shear stress a5 a function of geometric factors and the veloelty diffex-
ence between the main channel and the flood plain.

Wormlaaton, Allen and Hadjipanos

' ?

Wormleaton et al (1982) an ion for the shear
stress that is 4 statiscicdl® f#it to data, -Varicus geometries and

roughnesses were uned -which makes the equation fairly comprehensive:

- b= 13 (Av)o,ssz(n/h)-a,123(wp/wc)-0,727 6.2)
where Ay = differance in average velocity between main channel and flood
plain (m/s), calculated using Mawning's equation:

T, is dn N/m?

For thf; purpose of this study equation 6.2 can be expressed as follows,
by dividing by ¥dS and xewriting the depth ratio term: .

y [RY)
Cor = (9,001412/08) () > %841 - d/p>3'12’<wp/wc>'°'727 (6.3)
Both symmetrical and asymmbtrical channel dota were used té& ﬁ:muhce this
equation, Wormleaton et al stated that independent checks seem to indi-
cate that this eguation is reliable over a range of roughnesses and ge-
ometries, although' they admitted that more data is needed for a full
-gnalysis of the problem. ;

Prinos and Townsend

Prinos and Townsend (1984) carried out s statistical regression analysis
on obaerved data, and obtained the following equation:

1,129 0,92

1y = 0,87 (@D B G 0 Sa 6.4)

where L is in N/m®, Dividing by ¥d§, this egustion can be re-written
as:
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-

= (1/1121343)(d/n)'l'1”(yp/wc)""“‘"uv)”? (6.5)

Prinos and Townsend found this equation te give good results over & wide
rdnge of flow conditions. They used data with various geometries and
b , some 1 and some 1, with both t

lér and trapezoidal wain channel sectilons.
They did not indicats how Av i te be obtained; nor did they define Uc,
although it sppbars to be the bottom width of the main channel (£ig. 6.1).
1f this. i6 so then the term (W /N.) in equation 6.5 ds meant to account”
both for the effact of the telativs widths of the main channel and flood
plain, 8s well as for the steapness of the mein channel bank.
Knight and Hamed

i .
Knight and Hamed (1984) conducted extengive flume studies and presented
relationships for the shear force on the flood plain boundary, main
rhannel bouhdaty ahd vertical interfasce, as functions of d/b, np/nc and
'y. - These dan be to give a compléx equation

8
for . A comprehensive range of fiood plain roughnesses and widths have

been considered. Howevex, the major shortcoming of this relationship is
thet it is independent of the bed slope, which the flume date of
Wormleaton et al show to ba of importance.

6.2 ASSESSMENT- ¢ EQUATIONS [
7 \

Before daveloping a new aequation it is dmportént to consider existing

equations So. as to sscertain what form of equatitn has been shown to give

good results, and whether it is necessary to davelop a new oguation or

x{ot. The equations for the relative apparent shear stress described above

have been devsloped on larger data sets than that available to the authoi;

i it would be ad if one ox mere of them could be shown
to be reliabls and practically applicable, .
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6.1+ Definition sketch for the equation ofPrinos snd
Townsend (1984), equation 6.3,

Fig.

‘Rajaratnen and Ahmadi's equation 6.1 {s far too simplistic to be consid-
The squations of Bairol end Ervine (1984) are of little practical
use because roughened flood plains camnnot be catered for, and”in the
field, the fleed plain is often rougher than the main channel bed, greatly
increasing the velocity difference and hence the turbulence intensity at
the interface. Knight and Hamed's relati does not te the

bed slope, which is an important parameter.

ered.

The equations of Wormleaton et &1 (6.3) and Prinos and Townsend (6.5) both
satisfy the following criteria:
/

/J{’ They seem to include all the important parametexs.

o They aze simple and therefore should be easy to apply.

o Theéy have been developed from fairly comprehénsive data ‘sets, incor-
porating roughened flood plaing and both symmetrizal and asymwstrical
sections.

In addition, the egquation of Prinos and Townsend (6.5) can account fox a

main channel that has a sloping bank.

In these s W /Wc 3 4/D caters for thae strong

corzelation between 1. and the flow depth; Av is a general imdicator of

turbulence intensity, and includes the effects of relative flood plain
and mair-ehannel roughnesses, and the hydraulic radii of the main channel

and flood plain sections; hoth equations give 1, as proportienal to 174,

which will be shown to he true later in this chapter; and the bed slope

&

for

i

=4

o

w

is found in the denominator of these oruations, as well as being implicit

in the Av term.
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Froni ‘these considerations the Wormleaton .squaiddon (6.3) and the Prinos
for practical

t2a3 )

equation (6.5) appear to be as p
applicatioh. In order to assess their performance they were tested on
the flume daty of Wormledton gt.al (1982) and Knight end Demetrion (1983),
described in the previcus chapter in section 5 . It must be noted that
' the Wormleaton data set formed part of t)m dnta from yhich the Wormleaton

equation was derived.
B N

The main problem'is in defining &v. Prinos and Townsend did not specify
how Av is to be calculated, Wormleaton et al specifieds using Manning's

% . equation, but made no indication as to what assumptions should" be made
the wétted

ocbraining the hydraulic radii, Before eithér of these eguatigis can be
used dn practice, this issue must be clarified. Accordingly the author
tried various methods for calculating Av, the results of which aie showi

of the main channel and flood plains for

in figures 6.2 to 6.6, where the experimentally measured valiies of 1, ore

values of T predicted using either the Woxmléaton or the Prinos equation.
The ‘computer program "TPRED" was developed for carrying out these compus
tations end is listed and detailed in Appendix 3,

Fig. 6.2 shows the of the Worml uatd
method for discharge computation is used to calculate the values of Av.
It 45 evident that this does not produce acceptable results, L always
Since . is proputtional to (Av) raised to the
to values of

when the populaz

being over-estimated.
power of soile ) over n of t
Av‘ that are too high, ie. unrealistically high channel velocities or low
£¥ood plain velocities. The popular method uses ~.main channel wetted
perimeter that is too small, and therefore the flow résistance in the main
channe) is tob low. This results in main chaundl velocities.thist are too
The Prinos equation was found

high (and hence discharge over-estimation).
to behgve very similerly when vsed in conjunction with-the popular method.

Pig, 6,3 shows the Wormleaton equation using the k-method to evaluate
Av., Bince Av is & of T an ive solutlon p has
to be sdopted. In TPRED a value of A is assumed, kc and kp calculated,
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4v calculated, and then the Wormleston aquation is used to. calculate T

This is repested until T, comverges. It was found that T converged
slowly, oscillating betwsen two values, and gradualiy centring in on a
steady value.  Sometimes it would diverge until computation was terminated

by ¢, becom: ; large enough to generste & negetive dv. This prublem was
solved by usiig a simple sccelerstor dn which the L calculated .in the K
1'th dteration (Tr(i)) S.s averaged with that cslculated in the p:ovious
iteration (t (x-l.\)' and the average welghteéd in favour or 1 £ 1 to
prevent diverge .r -astability. This is shown in the flow chdrt in fig.

$:7, and was fouuw 'to coaverge very rapidly -in about .four iterations,
The £lume date of Wormleaton et al shows very little ébatter in fig, 6.3;
that of Knight and Uemetriou shows significant over-estimation of Ty for
narrow flood plains, .and good xesults “for wider plain. . This is prebahly
bscause the term in ¥ /wc does not adequately account for a narrow flood

plain, and therefore the Wormleaton equation should only be used in con-
Junction with the kemethod if Wp/iln & 1,0,

The Prinos equation was <1so evaluated in conjunction with the k-method,
and fig, 6.4 shows results that axe slmost as good a&s the Wormleaton

wgpation, with the same observations about the flood plain being appli-
cable.

Finelly the Wormleaton m‘d Prinos equations were used in conjunstion with
the modified k-motliod (figs. 6.5 and 6.6}, Since this methed iz implicit
in Av, iterative solution was used to find Av,‘ as shosm in fig, 5.12.
This value was thon used in the Wormleaton or Prinos egquation to calculate
Av. In £igs. 6.5 and 6.6 it is evident that this approach is' particularly
sensitive to narrow £losd plains; W /wc st be at leart equal to 1,5 for

good estimates of 1., This 1s to be expected because of the assumption

implicit in the wodified k-mothod, namely that k_= 0, which {s only true

for wide flood plrins, as discussed in the previous chapter,

Apart from the data for narrow flocd plains, figs. 6.5 and 6.6 indicate
good, relisble performence of these equations. The Prinos eguation tends
to under-estimate for L botween abovt 1 and 10, but not by a significant
amount, Both equations ovar-estimate for very small values of L (between
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. about 0,6 .and 1,0), but the same trend {s noticedble in all the graphs
6.2 to 6.6.

It cen be concluded that either the k- or the modified k-method can be

" uséd to calculate dv for use In the Wormleaton and the Prinos equations,

with good rasults, as long a5 the £lood plains are not mazrow. For the
Ckemethod, W ¥, must not be less than 1,0; and for the.modified K-method,

i et e, 2 et e it e e e b e et et

not less thasi1,5. ; - ;
By an ¥
jp Furure research could be directed towards developing an equation,of the

following foim: - i
A poias . B H

i T Y oi - armyke e K
T = k,g.wp/d)s 2() vc/vp) (1 - 4/p) "(Rc/xp) o (6.6)

4y

* These. pArameterr, axe suggested for ths following reasons:- 3 1

o W /d . In the next saction it will be shown that %_ is proportional
e | N
s’ _The.bed siope is an important parameter as i3 shown by the data

5,09 (1« v/vly would be an dmprovement on v becavse it is

@) dimensionless. When Vg = v, the equation vould yield 1, = 0,
(1 - d/D) ensures that T, approaches zero as djb, approaches 1,0.

“Yadii, and therefore the ratio of hydraulic radii includes the effects
of HC/WP and Wc/h. Any shape of mais channel could be catered fox, .

not 2nly rectangular sections.
;
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Fig. 6.5; Assesgment of the Wormleaton equation in conjunction
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Fig. 6.6: Assessment of the Prinos equation in conjunction
with the modified k-method.
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Assume a value of

Calculate k; and k. using equations 5.15- and 5.20.

Iterate Csleulate &v using the k-method.
until 1 '
B Caloulate .y, using the Wornleaton oz Pxinosj

equatién,

T i,

(1)
AMEEY)

Accelerdtor: rr“)' = (Tr(;) k3 21;“"1))/3' J

Fig. 6,7: Iterative procedure used in TPRED for
calenlating 1.

ol

i s
i
6.3 DEVELOPMENT OF A NEW EQUATION >

The author used the availgble flume data to develop a new equation for
. predicting the relative apparent shear stress, with the following three

objectives:

1.. To produce an equation that is semi-empirical, ie. has a partly thes
~oretical derivation, snd not merely a statistical regression in which

no understanding is required of the form of thé equation.

2. To provide an equation whose parameters will apply to channels of any

shape, and not Just ‘rectangular channels. This means using wetted

perimeters and hydravnlic radii instead of widths and heights.
5. in order to be univexsally applicable this equation should dater for

both symmetrical and asymmetiical sections,
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In order to satisfy the first objective, the following theoretical deri-

vation was developed,

Consider a cal chapnel, ie. one having two flood plains
(fig. 6.8). The equations of equilibzium for the main chapnel and flood
plun sect; lons are! N

L SF omAS + T ’
il src +2td = BhS K B

shere §F, = shear force on P, the physical ettad perincter of
the £lopd plain. - vk
SF, = sheax ‘force on P_, “the physscaxmtted pexine]

che matn chansel. R
o . M .o B

-Combining these two equations ylelds: 4

SFA - SF A ) LA

e '8 . < c B
¥ " 'a‘(src,afzs?p) STy 2t

Now SF =% P 'where T, is the average sfiear stress acting on the physical
. wetted perimeter of the main channel;, P smilaxly sF u- 7 P

Substituting inte equation 6.7 spd xearranging gives:

v ] )m/m-x}, Y
r i B
z(r’rm/y)n

whn;e R, = Ac/Pc
R_=4 /P
P P/ P

! 6.8 can’ ’be d to be a general equation describing e

apelauva am}nrent sheat stress in a symmetxical compoux\d channél, ¥or
an asymmétrical chﬂnnel ie, only one flood ptain, the 2 drops out of the
denominator. Note that T is proportional to ¥ /d which has been alluded

e

to earliér in this chc:‘gtax. The’ problem now is to find an :xp"‘aﬁsibn for
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¥ /i’c, as TP atid ?c are not [the same as when there 1§ no turbulent
interaction. !

)

s\
Loy

£

o bog

ical for 6.8%and 6,12,

s The ik, 5 by p h outlined earlide

chapter, il roughly into two catagoriss' | .

1. Equations in which T 1s a funétion of Av und a few other parametess.

v The Wormleatpn equation and Prinos equation both fall dnto thig. cat~

egory, .} well 8s the graphical relationship presented by Bajrol snd

. Exvine (1984), ; .

4 2. Bquationy:la whick s 6 of o and sectionp

such as 4/D, n /n W /w and W /h. These {nclude ths equations of .
Bairol and Ervine (1981«) and Knig‘n: and Haged ll?sk),

W

The first eategory could he called the vejocdty apbreach, and relies on
wye fact that the turbulent intexaction depends to 8 liFge extent on the
velég}:y differe{me betwesn the main chepnal and f'lclr;d pladng The‘ssco;\d
cntegvory could be termed the gewmetric approsch; it sinply identifiest
all the importent parameters and £its an equation to the dats. ¢

o The velocity approach could be used for defining T /1 , Inthe derivarion
of. uniform flow formulae for open channels, it is nssumed that the aver.%;e
shear stress on the channel boundary is proportional to the square of the

average velocity. For a compound channal where the turbulent integgction

influences the velocities and boundary shears, 4% can be assumed that the «

[ BN
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W

shusy stresses are proportiopal to the velocity raised ¢o some constant,
e,

K, .

o=k * = 6.9

L = v, u (6.8)
t = k,vck" - (6.10)

i . oo

Hence Tz/ic in equation 6.8 can bé expressed as::: ) A
e e ooy Kag Ke . ) . \
’!p/ic = kvp fvvc . I (6.11)

In N;:ulvple channels, k ”ia & functign of boundary roughness and hydraulic
radius. For a compound chapnel :H:‘ 1s -probably a ‘Tunction of these ﬁmf
parameters, and possibly also of zome patameters such 43 /D which accqun:"
for the' tiirbulence phonomeron. In the present study thig, has fict been
© followed wp because of latk of data glving A and Vp' Future rvessaréh
could be directed towards this. co

\ Lo ) S

The spproach thar was adopted here is simildr to thé geometric, approach.’
mex“":-ioned above. The important param\:ets oh which ¥, /’F depends wers

ddenitified, and & regression analysis gerried out to tind empiricnl cop~
stants, In cheosing the fmportant parameters, a study of-the literature
Way made o angextalv what other researchers have used or recomuended.
Th paraseters en whidh rp/! depends must be tha same s tholéon which
the turbulence intensity depends, because thie shear’ stresses ade dis-
torted as a direct result of the tusbulence.

Initisily widn réseatch staxted being focused on compouna channels: in the

19608, the dapth zatio was theonly i in expar 1
analyses. fven to ths présent gay it has been considered to be oha of
the main veriables, since for any ome and of" gor

Enannel, the' turbulercs intensity incresses as the flow depth déerdas

Gradually other p have beefr as being “important.
Prinos uand Townsend (1984) and Prinos, Townsend and Tavoulapis (1985)
found that not only the depth ratio is important, but plso the roughness
of the flood plainj by measuri-g turbulent intensities, it was found that
turbulence is greater when the fload plain is roughened. Yaoimleaton;
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Allen snd Yadjipanos (1982) and Kiight and Demetriou (1983) incorporated
the ratio of the flood plain width to the main channel width (wp/wc) in
the!.r relationships for T Myers (1984} carried out a dimensional
‘\ analysis on compound chﬂn.nels. and identified R /R , the ratio of hy-

draulic radii, as one of the impf):tant parameters, This incorporates both
lateral dimensions as well as. shape sffects of the main channel and flood
plain:. Pasthe and Rouve (1985) observed that -the slope of the main
channel bank irfluences the turbulence phanomenon:

sused four ‘ind

In a number of analyses, Knight and his
variables (r&fe::ing\to £ig. 6.9 . .
e = B/b

B =.4/D
¥=n /"c
= b/h

(Knight and Demetriou, 1983; Knight, Demetriou and Hamed, 1983; Knight
and Hemed, 1984; Rnigh%, Demetriou and Hamed, 1984.) ¥ accounts for the
re!ative':aughness of the main channal and flood plain. B is the simple”
depth ratic. - and § indicate thet the widths and proportions of the mein
chiannel and flood plains are important,

Although Knight’s relationships d¢ not take the bed slops into‘ Acnount,
an examination of the flume data of Wormleaton et al shows that it has a
stroflg influence on the turbulence phenomenon, and should not be ignoxred,

;Y
The author identifiad four effegts that need to be comsidered). add se-
lacted the following parameters as independent variables:

1. Tha depth offect. The varisbled/D accounts for the f£low depyh.

2.' The roughness uffect. The rougher the flood plain is raiitivn to tha
main channel, the greater is the velooity difference, and hen dp the
shear stresses on the intexface are higher. The parameter "p/"c

represents this.
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‘The slope effect. The influens. of the beil slope S on the turbulence
intensity hds been neglected l;'y most researchers, except for where
it is implicit in a &v term.

4. Geometric effects, The shapes, widths and proportions of the main
channe} and flotd plain are important becavse they define the physical
 wbpundaries to the turbulent interaction zone. For exsmple, the sax-
rower a flood plain is, the more influence the far bank has on the
turbulence at the junction of the main channel and flood plain. Two

parameters have {\em chosen to reprasent the geometric effects:
R./D and W /d . R/ is the hydraulic radius of the main channel
zelative to the flof dupth in the main channel, snd approaches unity
for a very wide chm\f{le . The advantage of using the hydraulic radius
{s that a channel with a sloping bank can be catered for. W_/d re-
Presents the width that is available for the turbulent thteraction
zone on the flood plain, )

A regression analysis was carried out using all chci‘,ﬂume data of

Wormleston et al and Kaight and A package (|
in 4.3) for the HPP816 micro computer was used, facilitating non-lineax
multiple reg: and user~ fication of the form of regressiom

equation. The analysis yielded the following oquation: S

,318 0,581

(6.12)
Fig. 6.10 shows the data usad in the regression analysis. Apart from &
bit of scatter at low Tyt the correlation is good; the :emq‘ining scatter
can be ¢onsiderad to be within the ronge of experiméntal accuxacy of the
flume data. The over-estimstion of T for i betwedn about 0,6 and 1,0 ©
folloys the same pattern as in figs. 6.3 to 6.6, and the:(}!ore 1t may, be
caused by systematic experimental error in the f£lume data, and. not g
shortcoming in the equation.

T,/%, = (0,00586 - 1,460 @DVt )@ /0y Oy 1)

Equation 6,12 cen be used with equation 6.8 to predict the relative ;p-
parent shear stress in & symmotrdcal compound channel. Whexa there is
only one flood plain, equation 6,12 must be assumad to apply for tha
asymmotrical case, and the 2 omitted from the danominatox of equation 6.8,
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Equations 6.8 and 6.12 may afy .ar to be somewhat complicated, but this

is necessary in order to account adequately for the turbulence phenoienon,
which is a complex pxocess,

Unfortunately only data for symmetrical channels with rectangular cross
sections were available for this analysis. It remains to be seen, in the
light of future research, if equation 6,12 applies to asymmetrical chan-
nels with only one flood plain, and if the parameter Rc/D adequately ag~

counts for the effect of slope of the main channel bank in trapezoidal
sections. .
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T
-8

predicted T

0,1

0,1 1,0 10 massured t_

Fig. 6.10: Assessing eguations 6.8 and 6,12, using the flume ,
data of Wormleatom, Allen and Had}ipanos (1982}
and Knight and Demetriou (1983).
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From the analyses and discussions in this repopt one can gain a qualita-

tive appreciation of the effects of vafious parameters on the turbulence

. phenomenon. These can be summarised as follows:

o Thefe is -an inverse relationship between turbulence intensity snd
. flow depth; the turbulence with ity depth
ratio. -

o - The roughér the flood plain is relativé to the main chamnel, - the

rester is the turbulencevintensity. v

A s Lopld - main, chizonel bank genenlly reduces the turbulence imten-
si'wy, ‘the probablé: ARp Lo, tiol BAlng. that a sloping bank is not as
in channel to the shallow flood

o

abrupt a transition; £raf vhe by

‘plain as a vertical bank ds. Differbnt behaviour is evidsis'for a
s in-

creased, which indicates a more efficient transfer of mowentim to the

steep bank at Wery low flow depths: the turbulemce intensity -

- fiood plain under these conditions. - .

o Bed slope has an éffect on the turbnlence intensity, which' most re-

searchers have neglected,

B o Geometric effects are rether difficult to evaliate, If the ‘flood
.. plain is narrow relative to the main channel, then the turbulence will

be influenced by the flood plaif width. For the conditions investi-

.+ . gated in the present study, namely d/b not greater than about 0,5,
it appears thet if W /W 15 greater then 1,0 to 1,5 then the flood
plain can be :rem:ed as hydraulically "wide" and it can be safely

. assuned that the width of the flood plain does ot influence the
turbulence. It is not certain from this study how the shape and

proportions of the main chepnel infiuence the turbulence imtedlity,

or the implications of a symmetrical versus asympetrical gectiom.

A model for predicting shear stresses on a.flood plain has been devaloped
using the relative dpparent shear stress T, 8 the independent parameter.

This model demonstrates the convenience of using & single independent

variable to represent the turbulence intensity instead of the traditionai
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apptnuc}g, of using various geometric and :flow parameters in any model de~
pendent. ofh the turbulenceintensity. Using 1 has been showm in this
study to account successfully for the main channel bank slope and the
depth ratio in the shear stress .profile model. Since L has been used
as the independent variable, the model-may be wpplied to &ny roughness
and geometry. = However, the fact that the model was developed using a
smooth compound section.of one particular geometry means that the extent

7 o which t, caters for roughness and geometric effegts remains to be seen
/7 'Jin the light of future research. The hiodsl displays & good fit to the’
data. from» which it was derived, which melins that it can be used
confidently over & rangé of flow depths and bank slopes. The- broadexr

,  application of the nodel to different etries and y
has to be -dssumed until move data become available with whith to verify
P ) . . :

From the messured flume data it has been shown .that the 'shear stress
. profile on a flood plain is not altered by more than ubout 13% by intro--
ducing 8 sloping main channel bamk, which .is not of major significance.
For sowé flow depths it is not altered at all. This applies ‘to main
channel and flood plain beds of the same roughness, which are the condi-
tions for which the bank slope is most significant, It could be concluded
that under these conditions the steepness of the main channel bank fn-
fluences the flood plain shear jcesbly but not iably:

For flood plains that are rough relative to the main channel the e{,ﬁect
i
of bank slope will be. masked by the roughness effects, and will haye a

considerably smsller effect on the shear stresses. Investigationd in
channels with rough flood plains would be beneficial but beyond: the,scope
. of the present study.
The evaluation of discharge camputation methods using published flume
data confirmed that the popular method grossly over-estimates discharges
at low flow depths because of the assumption made concerning the wiited
perineter. 'Although this method is simple and easy to apply, it should N
not be used at all because it is. uareliable. The.A-method proposed by
Vormleaton, Allen and Hadjipanos (1982) is the most satisfactory. method
presented in the literature. It yields reasonably good discharge esti-
wates under most conditioms, but would need to be rérined to be fully
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reliable. The area method performs slightly better than the A-method.
Empirical adjustments need to be made to account for boundary roughness
effects. The k-method, using vertical interfaces, incorporates theore-
tical equations for wodifying the main channel and flood plain wetteld
perimeters,. It yields disappointing.results, badly over-estimating dis-
' The k-method

and areg method both have sound theoretical bases and are potertially good
- methods.

practicsl use.

- charges at.low £low.depths, and needs émpirical corrections.

Further research could be directed towards modifying them for
‘The area method can be(psed in its presdnt form as._am
The- modified kemethod, applicable to
to the
méin channel wetted perimeter im terms of thé velocity. ratio vc/v S § 3

improvement on the A-method.

sections with wide floed plains, an empirical

yields consistently good discharge estimates, better thdn the other four

methods. It could be improved by modifying the fldod plain wetted pex-
imeter, and should be tested on a wider range of geomdbric and £lov.con-
ditions, #specially on sections with & sloping’ main channel ‘bank.

Nevertheless it can be considered to be. fafrly compréhensive since the
data used n its development include a variety. of: bid" voughiiesses and
flood plain widths. ‘It sppears to be the most saticfactoby:method that
has been proposed to date, and its use is therefors tacomménded. Itera-
tive solutfon is required as described in chapter 5.

For discharge computation the following' three spproachies are suggested:

1. ‘The sree method in conjunction with equations 6.8 and 6.12 for com=
Futing Ty N

“The A-niethod with t caleulated either by equations 6.8 end 6.12, the
Wornleaton equation (6.3} or the Prinos eguation (6.5), If the
Woritleaton or Prinos cquations are used then iterative solution is

necessarys
3. The modified k-method.
equations must be solved iteratively for the veloaity ratio

This reguizes no knowledge of T bit the
Of these three, the modified k-mathod has been shown to produce the

best results.
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The prediction of the relative apparent shear stress T, is necessary for’
the shear stress profife model and for three of the discharge computation
methods discussed in chapter 5. One of the following approaches may be

adapted:

1. The aum’a’): s equations 6.8 and 6.12,
The Wormlgaton or Prigos sq\mtiox\, with Av calculated iteratively
the k-method or the modified k-method. . B

using eith

The author's equations have a mimber of advantages over the Wutmlenton

egquation and’ the Prinos equation: the former do not require nemtive
solution; they have the sound basis of a semi-theoretical derivation, fe.

they are semi-empirical as opposed to entirely empirical; the author's

equations can cater for any shape of main chaniel because the hydraulic
radius ‘is used; and they can be applied when the flood plaim is narrow.
The Wormleaton equetion and the Prinos equation have the advantages of
being simpler, and of being developed from wider data sets than the
avthor's equation 6.12. However, all these equations for relative ap-

parenlt shear stress need to be tested on larger data sets in order to
estdblish universal validity.

Linits of spplicability must be taken -into account when applying the Te-
sults of this study:

o Relative apparent shear stress in the shear stress profile model:

t, = 0,02 - 6,0, The model cannot be used when T > 6, aad further

experiments with & roughened flood plain would be nseded if the model

was to be extended to higher values of Ty For Ty < 0,02 the dis~

tortion of the shear stress profile {s small; 7., is less than 103

greater than t_ .. Tt as & first “the distortion

of the shear stress profile could be neglacted and t_ assumed to b~ -

equal to T, right up to the junction with the main channel,

o Velocity ratio in the k-method for discharge computation: v‘;/vp =
1,0 - 3,0 For vg/v, < 1,0 it can be assumed that & = 0, because the

turbulence intensity is very low. In the unlikely event of vt/v;
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‘ being greaker than 3,0 the k-value corresponding to vc/vp = 3,0 should

be used as an approximation.

o Depth ratio in Part 1t d/D = 0,1 * 0,43, The shesr stress profile
modél can be applied to values of d/D greater than 0,43 as this will
be accomnodated in the varisble .. ’

\' b

_ Depth ratio in Part 2: 4/0 = 0,1 to ﬁ}51., m: arn greater than about

0,5 1t can bs assused that the upparanmsheA

the turbulence {ntensity .is very loi £dr higher Flow dspths Apd e~

N aches’ sero for 4/D sogvhars etseen 0,4 tnd 1,0 (Bairol and's ryine,

1984).

‘strasn is ‘Zeto, qince

< s Slope of wain channel bank: & .= 30°, 60° and 90°, Thé shear stress
' profile model should not be applied when o is less than 30°, which
was the lowest bank slope used in the author's expeximents.

»  *The subiject of compound channel snalysis 1§ far from being thorouphly
understood by esperts-in the field. The present’study is another step
' towlrds clarifying the uncertain issves and providing praitical methods

for shear stress “‘, isch L in nd channel lysis,
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APPENDIX A: OBSERVED SHEAR STRESS PROFILES
,
g .
% {
1
. %J ,
Ly
¢
i
{
Appendix A: Observed shear stress profiles 111
: ! e R A . A




r—v-—¢—-'-—-——-4—4——-t——d

0 1,0 1,6 7

(N/m?*)

x

“mm)

300 400 300 00 100

Appendiy A: Observed shear stress profiles




1,6 %
Pttt (/)

yC
P {mm)

o (ma)
500+ 400 300 i - 200 100
s hi

LT .6t
promm et (N/m?)

=
Ve
(mm)

500 406 300 200 100

N
I

.
G
t, 8~ (Ni®)

Appendix A: Observed shear stress profiles




(mm)
500 400

400

200 100

T 1,0
ofm?)

o (mm)

500 400

300

1g0
:

1,0 1,6

¢
(N/u)

200 .300 %p (mm)
* 0

Appendix

A: Obgerved shear stress profiles

114




yC
(mm)

100 1-

0 . — "

2, (mm) 0 1,0 1,6
500 400 300 200 100 [ 100 200 300 ®p

0 " i L

(N/m*)

(€3]
[

Appendix A:

Observed shear stress profiles

115




1,6 1 * 1o 4
(N/m?) ON/n?)

rc
1,8 ~ (/o)

Appendix A: Observed shear stress profiles 16




3
500

e
(N/n*)

Observed shear stress profiles




&

B 2, (mn)

500 400 300 200 HJ.O [} ]ADD

z, (mm)

500 400 300 200 160 - 0 100

Appendix A: Observed shear stress profiles

Y




T, (am)
500 400 300 200 100 0 100

e
(N/m?)

Appendix A: Observed shear stress profiles




e

(N/w®)

z, (mn)

500 400 360

200
i

* 1,0

Wy

T

2z, {om)

500 400 300

290 100

N

o .
Wty e

1,8~

Appendix A

Obsexved shear stress profiles




1
1,0 . 2,0 2,6
: e L S YN

200 4

z, (mm)
500 400

300 200

[ 1,0 16t
r—-o—p—»———-t—-o——o—4 (N/EZ)

200 4

z, (mm)

500 400 300

g

c
1,8 © (N/m*)

Appendix A: - Observed shear stress profiles



©
°
£

T
N/m?)

\g‘\-———-—-—‘—v—v/

1
o
1,8 © (N/m?)

Appendix A: Observed shear stress profiles




A,

[t

0 1,0 1,6 1
OV/m®)

HrcTy

200

500 400 300

c
1,8 ~ (N/m?)

Appondix A;

Observed shear stress profiles

o s




APPENDIX B: RAJARATNAM AND AHMADI'S RELATIONSHIP FOR
APPARENT SHEAR STRESS

Rajaratnam and Ahmadi (1981) proposed a relationship for 'cu/rp_ 88 a
function of the inverse depth ratio D/d. Thelr derivation is given below,
followed by a éritical appraisal of thé relationship.

B1 Simplified derivation

If t is the turbulent mesn shear stress in any vertical plane in the
mixing region on the flood plain, located at a distance r.p from the
ipterface, then the shear force on this plane is:

?
Td = (rp - 1p_)dzp (B1)

Now introduce a parameter n such that n = 2,/b, and b {5 defined such
that b_ = z_when (t_ - t_ /{1 3" 'lp_) =2 0,50, From their expezi“mants
Rajaxatnan and Abmadi found that 1 % 2,5 b, This ds vary appruyimate
and is simply the average of all the values of lp that were messured.

The above expressicn (Bl) hecomes:

25

- b, | £
3

= (tpy " Tpalby F(n)

T4 = ('lN

For Tar the apparent shoar stress at tha interface, zp =90 and F(n) = 1.
Therafbrs

Td = (‘t»J - 1p—)bp (B2)
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Twe empirical relationships developed by Rajaratnam and Ahmadi are now
used:

hp/d = 0,64 (D/d ~ 1) (B3;:
1Pj/1p_ - 1= 0,84 (D/d - 1) - (B4)

Equations BS and B4 are substituted into squation B2 to give:
Tyl Tpa = (0,64)(0,203(0/a = 1)

= 0,184(0/d - 1)2 .

€ 0,15¢D/d - 1)* (B5)
This relationship is plotted in fig. Bl.

B2 Shortcomings of this derivation

Sevaral shortcomings can he identified:

Y The rei k for o3 {: E] 34) 1is sssuped to be linear,

" whereas plotting the author's data in the same form indicates that
the relationship should be non-linear.

2, Equation B3 for bp is a very poor fit to tha observed data, as can
be seen in f£ig, B2, The fit is so bad that the use of this equation
can hdrdly be justified.

3. It is assumed that 1p is equal to a constant multiplied by bp, and
there is no to ate this ion of 14

Equation B5 gives the apparent shear stress t, esqual to zero when D/d
equals 1,0, However, Bairol and Exvine (1984) maintained that this is
not always true, but 1, is zero for D/¢ somewhexs between 1,0 and 2,5.

These considerations make the validity of equation BS gquestionable.

bppendix B: Rajaratnam and Ahmadi's relationship for apparent shear
stress 125

w



Fig. Bl: Curve for equation BS.

- gquation B3
* observed data |

Fig, B2: Relatdlonship for bp, equation B3,
The observed dats from which this was derived is
shown on the graph,
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APPENDIX C: COMPUTER PROGRAMS

Computer, programming was not one of the objectives of this research
project, but merely a tool to facilitate efficient data manipulation,
For this reason programs were written for the MP85 micro computsr, which
is simple to learn how to use, and utilises fairly versatile BASIC pro-

gramming language.
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€1 PROGRAMS FOR DATA MANIPULATION

Ci.1 Recording data

Name: "READ" 0

Purpose

To read in an observed. shear stress profile and store it as a

two=dimensionsl matrix on tape. .Oné dimension of tlie matrix consdsts of
3 4

i E :
z_-values, and the tother nsion is’the shear stregs
readings. @ o
v . Varisbles ~(Refer to £ik. C1.) & ®
o
L2

A(100,2) name of matrix
s neme of data file .
A(T,1)  lateral distance acrogs flood plain (z,

)

A(1,2) . shear strass ac a position definsd by z, (1Pi)
1 counter
N number of shear stress readings

ey

Fig. O1: Definition sketch.
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Listing,

15§ “READ"

CLEAR
DISP -READING IN SHEAR §TRES
BISP *AND STORING IT ON TRPE
OPT10M BASE 1
Din R(186,2), ALEST
DISE SFILENANE

INFUT RS .
DISP_"NUMBER OF ELEMENTS"
BISF "ENTER Z, SHERR STRESS® -y
FOR I=1 1D N

INPUT RCLL 1) ACL 2,
NEX

CREATE ns»x (1+2xu)x3

-
S

R I=1 Y0 .
PRINT# 1 5 ACL, 1),ACT.2)

®
ASSIGNS 1°TO
DISP “DATA. HRS BEEH STORED. " s
EE‘SP "PROGRAM FINISHED.* !

RO O YD U DDDIDNADL N

510 1 et 1t b e 1,

g

—
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C1.2 intagration of a stg_‘nr stress profile

Naze: “INT® (INTegrate)

Purpase

\

To integrate & shear stress profile on the flood plain in order to,P cal-
X [
; culate the apparent. shear force on the bed of the flond plain. 4

Varisbles \

A{100,2) name of matrix . g

8 name of data fils ) ¢
“A(I,1)  lateral distance acvoss flood plain (zpij "
. N '\\ @

A(1,2)  shear stress ot aiposition defined by z, (1p‘)
g

. 11
(I-1,1
& ) zP

A(T1,8) g 3T
» o€ ' L

I counter . ) B

-numbes of shear stress readings .

shear force . S

i 41
i(xp T ) . . E
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Listing

m {onINTY

' t$P "PROFILE, *
OPTION BRSE

DIR AL108,2),R$E6T
DZSP gT FILE NAME®

YT A
RSS!GN* x LO At

= T
RE!:DQ 1 i RU 13,AC1.2)
é SERFORH INTEGRATION
FOR 1=2 TOQ L

Z=AC1, 1)~ACT
T ﬂ(l 2)+ﬂ(l 1 2))/2

DOWD NN SN DO GNT U S

T N o b g b 1t 1

238 DISP FENDY
240 EHD .

4ppendix C: Computer programs

CLEAR
36 DISP Y INTEGRATING SHERR STRE

i

§=5-1809
DISP "THE SHEAR FORCE 1S".S,
* Nem,




C1.3 Cnlcula{ion of a?pannt shear stress
Neme: "APP" (APParsnt shear stress)

Purpose

To calculate the apparent shear stress on the interface between the main
channel and ficod plain, by integrating the distcrted portion of the shear
stress profile:

. =1y
14= [ (t
Jz_=0
P

p " T

Variables
o

£(100,2) name of matrix
A " pame of data file
A(1,1)  latersl distance across flood plain (zpi)

A71,2).  shear stress st o position defined by 2, (1p‘)

" i-1
A(1-1,1) zpi )
A2 1
counter
number of shear stress readings
plateau shear stress (1)
apparent shear force (r.d)

i 41y
gt w0 - e
i, 471

4

I

Az =
z = 2
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Listing o

18

| ApRY

2@ CLEA

36

TOBY DO KD bt e s 1 b b pe b

13
DISP “FINDING APPARENT SHERR
N'BRSE 1
DIM AC100,3),ASLE )
Bigh "OTR FILE Nﬁm—:" b
Dise "ELATERU SHEAR sTnass'
AssIeny 1 :‘o as

Appendix G: Computer programs
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C1.4" Dimensionless shear stress parameter

Name: "DIM" (DIMensionless shear stress parameter)

Purpose

This program computes & value of the dimensionless shear stress paramester
used by Rajaratnan and Abmadi (1981), for each velue of 1 in a flood

plain shear stress profile:

Variables

4(100,2) name of matrdx

A$
ACL,1)
A(1,2)
1

P

Appendix C:

name of data file
lateral distance deross £lood plain (zp‘)
sheaz stress at & posivion defined by 2, (rp‘)
counter
less shear stress H
tp, ~ tpm, - 71
(tp. = 1 )/ (tpm o)

Computer programs
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b g
HANDLM-E WONGEG B WN-DOONOUNE . (G R

n
@
=

Listing

)

RAB N CW

: ;DIN“
SFER noRLEULATION OF SHERR®
nrse "srness PARAMETER .
{ 'READ IN AND DISPLAY DATA F
oprxnn 8A
10,5 nsT6T
nxsp “FILE REQUIRED®
NEUT ¢

ASSTane 1 TO RS

READS 1 ; N

FOR I=1 TO N

READY 1 ¢ RCL, 10, ACE2)

BISF “NUMBER OF ELEMENTS 16"
ézspu"z <wmd, SHEAR STRESS ¢
FOR I=1 TO N

£I§P ACI1,RCE, 2

nssxrnw 110

ady

Pnuss

1 INPUT PARAMETERS
nrgﬁT“nﬁx SHEAR STRESS"
DISP_“PLATEAY SHEAR STESS®
THPUT P2

| CALCULATE DIMENSIONLESS SH

EAR STRESS,
DISP "DIMENSIONLESS SHEAR ST

.RES:
D!SP “PHRHHETERS a

FDR I=1
P= (n<1,2>;§2>/<P1 ~P2%

Appendix C: Computer programs

DISP “Fress canrzuus when re

135

PR

il V_., ‘ [ ‘,:; -

i




-

|

€1.5 Normalising a shear stress profile
Name: "NORM" (NORMalise)

Purpose

To normalise a shear stress profile with respect to some important pa~
rameter; eg. express all the shesr stresses;on the flood plain as

fp/‘tpj,’ie. normalise with respect to :“Pi? o |
. K iz

Variasbles

4(100,2) name of mateix’
+A$ : name of data file
ACT,IY  lateral distance across flood plain (zp‘)

or across ‘the main channel (z. %)
i

A1L,2)  shear stress at » position defined by 7, (1, ")
1
ox by z S}
1 couter
P - mormalised flood plain shear stress (v,l/P1) or
main channel shear stress (1 '/P1)
3 value with respect to whieh the profile is normalised

136
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bisting

e

€9 GISP *
INFUT
88 ASSIGN
50 READA «
& 108 FOR I=
10 RESDS

EXT
. 158 Bies ¢
+H
149 DISP "
Pay.
158 FOR I
éa GISF &
78 HEXT 1
82 ASTIGNE
sa
81
12

e
e
£
z

DISP i
ad
@ PR
)]
@
238 DISP "
the!
248 BISP "
be

260 éN(

280 ﬁRINT
290 PRINT
308 PR!NT

338 PRINT
331 IMAGE

Appendix Gt

N BASE 1
169,2>, ASLSD

25& DISP "
Pl

@ | YHORWY
8 CLERAR
3@ DIsP "NORNRLISATION OF SHERR
1 NISF “STRESS PROFILE.
! READ 1

N AND DISPEZAY DATA F

FILE REQUIRED®
Af
¥ 170 AS
R

TO.N B
P %8s actaz
NUMBER OF ELEMENTS.IS*
2 (mmd, SHEAR STRESS ¢

TO N
(I;X))R(I:Z)

te
Press CDNTINUE when re

INPUT PRRRMETERS
INFUT the value by whi’

shear stresses are to

normalised,

 “NORMALISED SHEAR STRE

318 FOR I=1 TO N
T 328 P=ALI,2)/

US!NG 331 x ﬂ(l»l)oP
DDD, 3%, 00D

NEXT 1

350 DISP “END*
BEEP
END

Computer programs
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€2 SHEAR STRESS PROFILE MODEL

Name: "SBP" (Shear Stress Profile)

Purpose
This prograt was written to generate the family of curves for t /1y_ shown
in £ig. 4.7, and to generate curvas for £ig. 4.9 where observed profiles

are compared with predicted profiles. ‘

Operatton

The program takes a value of the relative apparent shear stress % and
generates a profile of xp, the flood plain shear strasses.

Veriables o
4,8,0,0,K in the al fons, egns. 4.9 - 4,11,
L length of interagtion zone in flood plain region (Ip)
T relative apparent shear stress (13/! "]
TL platesu shent{tress on flood plnix? ('(p.)
T2 peak shear straess ratio (xpmlip_) Y
T3 - dimensionless local shesr stxess (1, /t )
Th local shear stress on flood plain (r )
X dimensionlsss lateral distance atxoss flood plain (z /1 )
2 1nt:ex:al distance across flood plain (z )

/ =
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{? énggP“ 428 PRINT "SHERAR STRESS PROFILE.
£ DISP "HOLDEN'S MODEL FOR THE 438 PRINT "z/15 ratio of shear s L
38 glsg "STRESS PROFILE ON A FL 440 PRlNT *1o elateau shear stre j" ° (
48 DISP "PLﬂlN " 445 PRINT "distance z; " e
50 | DATR INPUT 450 PRINT “absolute shear stress e}
68 DISP "RELR?IUE AFPARENT SHER. "
R STR 68 PRINT * * -
76 INPUT 'Y 478 K=
86 DISP "PLHT’EﬂU SHEﬂR, STRESS: ™ 488 FOR I=1 TD 2 k
9@ INPY 490 T3=14(T2~10% H*ENP( -BRX~KI~C i
95 0ISP "LENGTH OF INTERACTION XEXP(-D¥K3) e
ZONE" 508 T4=T3%T1 -
8¢ iNPUT o, D02 Z=WEL - .
188 PRINT “RELBT]VE APPARENT SHE 518 PRINT USSING 528 : ®,73, o
fR 87 2T 520 IMAGE 0.00,3X.D. OD»EK;:CQ D:B -
116 PRINT "PLﬂTERU SﬁERR STRESS” ¥, DD, DDD
,TL 53¢ f=nr.05 j
126 | CALUULATIONS 548 MNEX ‘
.138 ;2'-‘- BllSX(LGT(T)+2)*4 03+1.8 gsa DISP 'FINISNED'
N 6@ Bl
§29 CLER s57e END

140 glx,sps"vmno OF PEAK TO PLATE
550 BIsP vub You MANT TO CHANGE o
160 DI4E "y /He A ‘
176 INFUT RS L
166 IF A$="Y" THEM DISP "NEW VAL ° o

UE
199 IF A$="Y" THEN INPUT T2
200 Pglﬂ}' "RﬂTéO OF PERK T@ PLRT

4

19 1 SHAPE PﬂRﬂHETERS
F T>" 25 H_298 i
348 /

68, Tﬁ‘ an0

1/T)'~ 80! 4
398 IF T<=,87_THEN A=1. 0864—4 435
EXP(=11,344(T~ 825~
408 | CALCULATE T3 AND T4
@ PRINT = ®
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Sample output

A typical output is shown below, in which the first column is z ”e‘ the
the third is z (in :mn), and the fourth is ‘P (in

second is 1, n[(

e
5
. RELATIVE AFPARENT SHERR STRESS:

BLATEAY SHERAR STRESS 1.21
R?TéggDF FERK TO PLATERU 1€:

SHEAR STRE‘:S PROFILE.
_Z7l; ratio of shear stress
10 9la\eau shear stress;

, distance z;

° absolute Shesr stress

0,00 0.e 1.328 . . .
83 m 18.0 1.323 e
N e 20.6 - 1.327
. L) za.9 1.323
N Rl 42.8 11317
X 1,88 50.8 1.399
. 1,87 60.8 1.301
: 7 79.0 1.291
. BE 80,8 1.281
K 5 598 1,271
.5@ |04 16a.a 1.z61
55 (83 110.9 g8z
R o3 128.0 1.244
165 le2 . 13e.@ 1.237
‘70 02 149.4 1.231
) ‘el i50.8 1,825
. ‘61 i6@.8 1,821
g1 170.6 1,218
: ‘80 186.6 1216
. 89 199 9 i.714 )
1. R 290.8 1.213 .
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€3 DISCHARGE COMPUTATION

Wame: "QCOMP" (Q (discharge). COMPutation)

Purpose |

This program evaluates five discharge computation methods: .

1. popular fethod .
2. kemethod

3. mollified k-method P
4. - area method

5. -iethod o

QCOMP' is- designed for use with flume data. For each method the discharge
in & al, lar
with the known discharge for that section.

channel is and compared Seh

Application i

QGOMP was used with the flume data of Wormleaton, Allen and Hadjipamos
(1982) to evaluste the performance of the above discharge computation
methods, and the results presefted in fig. 5.6,

v

Operat.ion

Subroutines were used fairly extemsively in order to create as structured
& program a5 possible within the limite of the P85 BASIC.

Bach discharge computation method involves modifying either the wettsd 4“("\ . -
perimeters or the areas of the main channel and flood plain regions, or !
both. Unmodified parameters are initially calculated as follows: T
b, = k'cb
A = Wpd
Pc = Wc + 2h
Appendix C: Computer progras 141
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=W+
B =W +d

Eech discharge computatisn iethod #s dealt with by a separate subroutine
which either adopts ox adjusts these parameters, and then passes them on
to the discharge subroutine, which calculates the discharge in each
subesectiof and then sums the d: to get the far the

composite section.

The value of T, ‘vequired in the input data is that which was measured in

the “flume exper.ments, and it is useu to calculate k and k in~ x%
& k-method, 84 in the area aethod and \ in the A-method., 4

The structure of QCOMP is as follows:

: Read in data. S » :

Computie general geomgusic groperties. ’ ’ s
MENU! Select desired disghargg computation method:

(1) popular method
(2) k-method

(3) modified k-method
(4) area method .
(5) A-method =

(1) POPULAR METHOD - 4 \\, .o
Assign values to areas and weited perimeters. , 3 %
Go to discharge subroutine. s
N Return to meru, “
o e
(z) K-METHOD - “He .+
Caleulate k, and k.. ’ T

Modify wetmd perimetors and assien areas.
G to discharge subroutine.

(T Return to men.

ta (3) MODIFIED K~METHOD g
- Calculate k iteratively , using the discharge subxoutine

to generate vc/vp‘
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Return to menu,

(4) AREA METHOD 7 Y
Calculste A4 and modify A, and A. i
Assign values to wetted perimetérs.
" Go to discharge subzoutine.
Ty Return to memu. . :
o (5) MHETHOD
Calculate and display X.
Calculate areas and wetted perimeters.
Go to discharge subroutine. S
Return to menu,
Dischaxge subroutine: . SR
Calculate discharges of msin channel and flood plain portionss o
Galculate and display total discharge. Tl
Calculste and display the percont error in discharge.
Vsriables } o
A ases adjutment for the area method (AA) . : @
8 araa of mein channel (A, = W.D) ]
a2 area of tiood platn (A, = Wd) Y .
A3 ares assigned to the main ahanns} for use in the discharge
subroutine A
" area assigned to the flood plain for use in the discherge { i
subroutine ' . )
D1 £loy depth in main thennal (D) ' ' "
2 flow depth on flood Plain (&) ’ .
H height of step (h)
K k-value for the modified k-method, i'th iteratiom
K1 k-value for main channel (k)
X2 k-value for flood plain (k) )
Kb k- value for the modified k-method, (i~1)'th iteration
X5 absolute value of (K - K4}
b length of diagonel interface in the A-method (1) G
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Appendix C:

Manning's n for the main channel (hc)

Manning’s n for the flood plain {n_} .

physical wetted perimeter of main channel (Pc)

physical wetted perimeter of flood plain (F )

wetted perimeter sssignad to main channel for use in the
discharge subroutine

wetted perimeter assigned to the Jlood plain for usé in-the
dischiarge,subroutine ¥

total discharge in compound channel

dischirge of main channel portion

discharge of both flood plains

neasured section discharge . .

lambda (\)

relative sppasent shear stress (e ¢ .

apparent shear stress on diagonal interface (m )

average sheat stress on wetted peximeter of main chennel

veloci:y ratio for the i'th iteration (\' /v )i

nvange velocity in flood plain regiom (v )

average velocity in main channel region (vc)

velacity ratio for the (i-1)'th iteration (v /v)),., )

width of main channel (Wc) P i

width of flood plain (WP)
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bk et g s

! “QLONP"

CLEA

DISP “Dl”CHHRGE COMPUTRTION
. METHODS

DIP.«u

1 .

0

t

DﬂTR
DﬁYﬁ !52:?6 228
Ne, N

DHTH 81,8099
1 8L s
DATA 409
kegnf uz,ne N1

P

s

g

13

S

P

=

[
Si5F usxﬁ
MEGE 2/:29("*");2/
SP "Select an ortion:
ISF " Porylar we thod <P)"
QISP *  H-method (Ko"
CISP ™  Hlodified k-method (M

oISP rea methad (Ao

9ige . Fambda wethud (Lyv
1
ol sp USIMG 338
HEN GOsuE 499
kn THEN Fosip e20
EN GOSUE 790
THEN GOSUE 1bap
THEN GOSUB 1246
PgPular method,
F &2 THEN p3=p
F THEN F3Bivanoe
Pdsp
Rishi
A4=A2
@ CLl

NADBAGIUUIRDH 2D DD ABD DG

EAR
DISP “POPULAR METHOD,®
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NEDON®RE,

DAY NANN SN

:vm-—-nncnacuan:m«:ﬁvxx————mn~

-4
)

S ms
i
SO

LEO0EHEO00TRD
P

et D OO OO D

iy

9m

MmO,
it
S5

ﬁi/T/D2/P1 2%02/P1)
H2/02/T/P2+D2/ 23
%K

P gire
W
Doy
0N\ F
Y]

EREM]

EA
sP “K NETHOD "

SP USING 2480 "Ke:*, K1
SP USING 7481 ; “Kp:", K2
K,2%,0D,00

MO Tt~
=PBTadn
c=oh
& _m

Zz7 .

©

®

firea method,
TRGEN2 B

s

5 ILEAR .
GISP "AREA METHOD, "
s grsp oW
G03UB i@ .
RETURN

[

| D \:harae :om»uta\ o
RI=ARANIRCRBCPIIA (2,3
QZ*E*(Rd/NE)*(ﬂ4/P4)AQEI3)*S

4.5
Q= <g1+m2>*1eaa
GISF U a8e ; @
E= u/QSIIB ey
10 7.4 USING 990
mngs "st:harse (l/s) -1

0.
IMAGE "% errori®, 2%, 0000, 2/
é; g# “M* THEN. RETURN

es5 CONTINUE to con
nnue :
PAY:
RETURN

lL%amhda me thod,

DISP “LAMBOA METHOD "
pIgp * v,

LESQR( ifo(ux/z>A2>

12
1 Dax *(T*D2-N1/4)/L
T %5/ CP1+2%




IF R<=,5 THEM P3=pP1
IF Ry THEN P3=p1+23L
P4=P

DISP USING 1198 1 *Lambdar®
)

!HﬁGE K2%,0D.0DD
GOSUB 910 .
ETURN

g b s
SEee

~ROBVOA LN SOONOAEAG O G

'!< Modified k-method,

=4
CLEAR .

DISP "MODIFIED K-METHOD.®
Egzp1eawkin

ns:ﬁ:

fd= .
D’I‘SP USING 135@ ; "K-value®
IHAGE K»2X4 0o. 00

GOSU

K4=K

Viz=gisl

B QZ/RQ/Z

W=t/

?,=<V+2*U3\/3

v

/’?4*\} -2.235

ey
)

4458 kS SOK-K
469 IF KS} 885 THEN GOTQ 1Zee
1470 D!SP ;Prees CONTINUE to ret

1482 DISP "§ the main menu.

1450 PRUSE
1500 RETURM
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i

Sample output

§LOHARSE COMPUTRTION METHONE
;T FLOW DEPTH d <mmd

19.6 ;
RELATIVE APPARENT SHEAR STRESS
& .

5,948
BiBCHARGE 1y
7.5a

Select an oetion!
Forular method (P>
B-method (KD
Modified R-method (M
Aresa methoed (AJ
Lambda method (LY

x‘ 3 T T
POPULAR METHOD,

Discharse (I/s)‘ 8.4
# error:

Press CONTIMUE t& continue,

FREERERRERIAELERRRERLRRRRRARE

se)ecl an ortiont
Fopular method (P2
K*me'\hod ¢
Modified k-method (M
firea method (AY
Lambda method (L)

EERERRY XHREERY
K~METHUD,

Ket 3.56
Kes 4,27

scharae fl’s)l Ead
/ error A

Fress CONTINUE to continue,

Appendix §; Computer programs

e

AR RRRERRRRARREED - 2 0 ua
tziest an oetion:

Fgeular method (P

k=2 thod (K

Mo ified k-method (M)

Area method C(AY

Lanbda methed (L)

FERRRERLLLLLRRERERRR LR RE Y
MOGIFIED K-METHOD.

K-value
Discharae (!/s)t 2.0
% oerror:
K=value .98
Nischaree H/c)l 7.6
voRrror: r,

<value 1.568
. ,_mcharae \l’s)= v.e
. errar:

K-value 1,53

Discharse tl/s) 7.8
# srror:

K-value 1.81 <
Discharye m/s)r V.8
Z errer!

K-valus 1.

Uischarae (llsu .8
% error: k-3 :

Press COMTINUE to retien te
the main menu.

Select &h aptiont
Forular me(hod Py
K-method ¢
Modi fied k—me\had [P
firea method (A2
Lambda method (L)

47




SRRERREE KRR REDRLERRRORRAKR KRS
ARER METHOD,

Discharee <l/s>l 7.3
% error: -z

Press CONTINUE to continue,

EXRRRRLREERRERRELRIRRRRR R R AR

Select an option:
Popular method (F)
KE-method (K>
Modified k-methad (M)
firea method (A2
Lanbida’ methed <L)

.

ERRLEE

LAMBOA METHUD,
Lambda 694

Dizcharge (1v¢sh: 8.7
% Breov: 11,3

Press CONTINUE to continue,

Select an optiont

Modified k-me(hod 1344
ﬁrea nethod ¢
Lanbda method (L)
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C4 RELATIVE APFARENT SHEAR STRESS PREDICTION

Name\- "TPRED" (T (r.) PREDicticn)

Purpose

The purposa of TPRED is }:nx‘evaluatu the Wormlwaton equation and the Prinos
aguation foi predicting the relative apparent shear strass in a compound
charinel (equations 6.3 .and %6.5) using flume “data from a symmetrical,
rectangular sestion. To calculate values of Av these equatjons are used
in conjunction with the following discharge computation methods:

populax method '

k-method.

modified k-method

area wethod B

Applicarion
This program was used to prepare £igs. 6.2 to 6.6.

Operation
The structure of TPRED is similar to that of QCOMP. The input value of
T is used as an initlal estimate in those mathods which require iterative
caloulation of ¢ . The structure of TPRED is outlined below.
Read in data. . Y
Compute general gecmetric parameters. w
MAIN MENU: Select desired discharge computation method for use in
conjunction with the equations for Ty

(1) popular method

(2) k-method

(3) modified k-method

{4) area method

(1) POPULAR METHOD

Appendix C: Computer programs
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Use the discharge routine to calculate v, and T

Retucil’ko wain menu. ; “
e ¥ .

(2) K-METROD

SUB MENU: Selact the Wormleaton or the Prinos equation, .
Using ‘the discharge subrotine, calculate k, and k, ’
iteratively.
Display ci-m valug of T at each iteration. . 3
SUB<MENU3 (1) Try the other aquation (return to first sub-menu).
(2) Return to main menu. o
(3) MODIFIED K-METHOD :
Using the to values of v, and vp,
calculate k iteratively. !, : >
Using the final value of k, calculate 1{ for the Wormleaton’ . . :
equation and the Prinos equation. §
Return to main menu, " i
! ' e
(4y AREA METHOD N -
. SUB-MENU: Select the Wormleaton or the Prines equation. :
i Using the discharge calculate Ab 1 1y, y
- Display the value of t £ 88 each iteration. 7 > * :
5 SUB-MENU: (1) Try the other equstion {return to first sub-menu).
! (2) Return to main menu, g . ©
< g
. a Discharge subroutine:
Computes d{scharges and velocities of the main channel ‘and flood
B . plain regions. B
. Dalculatus % " using the Wormleaton equation and the Prinos Lo
. equation. :
| § ‘
variables i . {
o A aren adjustment for the area method (AA) ) L
; R . Al area of main channel (Ac = wcu) B ;
! H A2 area of flood plain (Ap = Wpd) :3 ’
i Appendix C: Computer programs 150 i
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Appendix C:

area assigned to the main channel for use in the discharge
sibrotitine

area assigned to the flood plain for use in the discharge
subxoutzmé

£low depth in main channel (D)

£low depth on flood plain (d)

height of step (h)

k-value for the modified k-method, i“th iteration

k=value for main channel (kc)

kevalue for flood plaln (k) .

k= value for the modified k-method, {i-1)'th iteration

sbsolute value of (K - K4) .

length of diagonal interface in the X-method (1)

Manning's n foo the main chanrel (nn)

Manning's n for the flood plain (n.)*

physical wetted perimeter of main chgnnel (Pc)

physiecal wetted perimeter of flood plain (P)

wetted perimeter assigned to main channel for use in the
discharge subrontine

watted perimeter assignad to the flodd plain for use in the
discharge subroutine 4

total discharge in compound channel

discharge of main channel portion

discharge of both flood plains

lambda (X)

current value of T, in the i'th iteration “r(i))

% computed with the Wormleaton equation

L computed with the Prinos equation

e in the (i-1)'th iteration “r(i-l‘))

the absolute value of (1=(1) T teeny?

average sheay stress on wetted psrimeter of main channel

either the velocity ratio (vc/vp)i or the differénce .
batween the main chonnel and flood plain velocities
(hv) dn the i'th iteration

average velocity in flood plain region (v )

average velocity in main channel regivn (v}

either the velocity ratio (vc/vp)i_1 or the
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velocit§ difference (4v)., dn the (i-1)'th
iteration
width of main chenndi’ (€, )
.; width-of flood plain (4))
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M e et b

L T P W N NI A

Listing

1@ L rTeReo” o

30 Bxsp "sgsss!us WORMLERTON i
o GISE IEGUATIONS. "

: pATA

nara hse,?s.aaa

DF\TH .81+, 089 5 - ©

\hﬁwﬁ . 00596 b

‘READ WAL H, N2,N2 Ni,&
?155 "FP FLOW BEFTH d Chmy
DISP "IN'lY!RL ESTIMATE OF RE

EIISP ¥ APPARENT SHEAR STRESS

1 g LRSI @ PRSI E

G 310
F ="E THEN I‘OQUB 45E1
IF B$="K" THEN G
IF B$="M" THEN GUbL‘E 1479
IF B$="A" THEN GDSUB 88&
GOT0 299 .

Fopular method.

L THEN P2=F1
THEN P3=p1+2¥D2

oL

pig
GOSUB 1 ISB
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SUB

AR
620 GIsp
30 0]5h

DISP

CLER
980 DISE
pise
TRPUT

CLEAR
?XSP

IF T
Dis
D!‘SP

o %éTURN

598

508 1 K-wathod
ELE

6456 INFUT C¥
© CLER

Area methad J {

OSUR! 11680+
GasUR’ 13087
T4=ABS{T-T3

1368

"Do »ou kant Warmleaton
"Prings? CH/P>®

"Do you wank N\)rmle
"F‘rmns" CH/PY,

"H“ THEN DI
rredictiof
“P" THEN

4> .aas THEN GOTO 658
"SELECT!®




ilie DISP ®
<1

Try the other elua*

1

28
2

Return 10 main mehu

F .
THEN GOTO £509
THEN RETURMN

| Discharse comeuta
G1= ﬁE/Nl*(R?/PB)A(Z/B)*SA &
QZ 2¥CR4/NZIRCRA PAd~(2/35%

a=(ax+a2>*1eaa
v1=6

vioazs

FBECAHT HEN RETURN
Uzyi-vz

P e e s e h

21

RNAAB G~ DO AP ARG

LT
=y

"‘l'd
"

061412/02/SX0A 8Ge¥C1-0

2-D1243 123%CU L727
11213*0215)*0*.92*(D1

02301 12941 W25~ 514
RETURM
IF C#="4" THEN T=Tt
IF C#="P* THEN T=T2
DIQP USING 1338 i T
INAGE 24,00,
T= (T*?XT?)/B

URKH

RET
DISP USING 1428 i T1
DISE USING 1430 ; 72

T
I3
o
—
~
]
~

CEGITI 1D

b bt b e b i s e e b s b
D5 QDD

o

DISP “"the main meny."

M= © DO,

‘m&a

IHHGE ”Normlea\on s Fredict
ia Y,/ 2%, 00,00

30 INSGE “Prsnos' rrediction o
£ T:%,1X,00,00

RETURN

! Modified k-method

K=t

Y3=2

CLERR

DISP ;HQUIFIEU K-mMETHQD .

h3=P1+2*K*DZ

56@ GOSUI
57e DISP USI?Gulﬁse R SN PR
580 GHBGE 2424, K. 1X.00.00)

58@ V=

649 V=(V¢2*U3)/3

30
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SP
DISP “Press CONTINUE fowret e
1o




3. 14
< 2.36 »
Prinosi erediction of T: 5.0% \ g:g bl
. \ 3, >
‘Press CGNT!HIJE to Peturn to Lozst :
N ,tf7 main wenu, \ 3. 81 >
o FREEEN ET T f SELECT:
. Try the other ewatmn" él)
 Select an options Return to main meny?

Sample autput

Note that in ‘the example below, using the srea method irduced ‘an error
message, bacause g negative Av was generated in the first iteration.

[ .
HSESSINE HE‘RHLEHTDN RHD PINUS s dant Wormleaton or
ERQUATI »; inozi (WYPY
W
F?P FLOW DEPTH d (mm> K “HETH
28 v N Mormleaton s rrediction of T
INITIAL ESTIMATE OF RELATIVE 2.28
APPARENT SHEAR STRESS (T) 2. 4&
% 383
3 ' 3 a7
! 3
FEXE FEETE S G
4.5
Selec't an ortion: . !
PoFular. method (P SELECT:
K-pozthod. (K Troo the otheg eduation? <1
Modi fied k- method MY . Faturn (o maiR menmy (8=,
a?ea method (A :

St ooy wakt Mgralsston er
= INoEY (lvl/ )

t e
=POFUL ETHOD, S —WETHOD
FULAR HETH Frines' prediciidn of T:

Worwieston's predittion of To

Popular method (P) .
E-methaod (K}

todified k-method (M2

ﬂerea wethod ¢AY

(3]

r\ o
***Sﬂi**3**%’****************** g

K Select an ortiont ©
R Porulat method (P)
& FEERES 2 K-method (K>
i Modified k- melhod (h\
firea method (A
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‘o

L e

MOGIFIED K-METHOG.

vere e
Norgleaton's rredictian of T
Frines' prediction be-T 4,78

Press CUNTINUE ta retuer 1o
the pain menu

KREEERRFRRERERERLIRLRERRR AR LR
Select an opt

Forular methnd <PY

Kene thod

Hodified k‘math:\d <M
N frea method (A
R
XEEEXELRERDERRERERERRE LR RS,

oo rou want Normleaton o
Pr:na=7 CUE

HREﬁ HETHOD,

Hordgleaton's

Frediction of
Error
NT

on line 1278 : NEG"NON I
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APPENDIX D: PUBLISHED FLUME DATA

This data was used in chapters 5 and 6 to test and develop equatiens for

and relative ent shear stress prediction. It.
consists of 40 data items. published by Womleatﬁn; Allen and Hadjipanos
(1982) and' 18 published by Knight and Demetriou (1983), The data- was
collected in-symmetrical, rectangular f£lumes,

5 .

' . o
D1 Data.of Wormleaton, Allen and Hadjipanos (1962)

i

desig- o4 ' a/D

z ) “dischargs 1, e
nation . (wn)  (wm) assy - oty S
Al 15 135 0,111 0,011 0,000°43 13,4 1,031 ¢ 16,310 !
a2 20 140 0,143 0,011 0,000 43, 16,07 0,928 11,020 ,
A3 a0 iso  Po,200 0,011 0,00043 20,5 0,750 5,933 N TR
Ab 40 160 0,250  0;01% 0,000 43 26,0 0,597 3,542 ) b & o
45 50 470 0y204 0,011 .0,000 43 31,0 0,499 2,368, SR
46 66 . 180 0,333 0,011 * 0,000°43 37,0 0,365 Lukh |, g f 0 s
A7 30, 10 0,368 0,001 0,00043 43,5 0,252 0,854 | Ty
28 1.3 0s 0011 0,000 17,2 1,860 11,150 s
‘49 L2008 140 0,143 0,011 0,000 94 25,7 1,304 7,078 . L
A6 zshems 6,720 0,001 0,000 94 29,2 1,278 5,55 .
ALL" 40 % 160 0,250 0,001 0,001 01 35,2 0,99 2501 T p L
M2 20§ 140 0,143 0,011 0,0018 31,0 . 2,085 5,921 T
A 4 i ) . : .
Bl . 31 151 0,205 &,014 03000 43 17,0 0,864 6,614, RO
B2 47 160 250 0,014 0,00043 20,5 0,720 4,271 L
B3 0 50 170 D29  0.014, 0,000 43 26,0 6,597 2,833 T
B Y. 60 180 0,333 0,214 0,000 43. 31,0 0,480 13898 ’
B5 - 470+ 190 0,38 0,014 0,000 43 38,0 0,385 1,305 w
B6 . 80 210 0,429 0,014 0,000 43 48,0 0,218 0,575 o P ‘
’ <o ~ Ty




desig- i d

D s my s discharge 1, T
vation {(mm) . (wm) (1/s) (N/m?)
€1 20, 140 0,143 0,017 0,000 43 11,8 1,269 15,060
o2 30t 150 0,200 0,017 6,000 43 15,0 0,978 - 7,736
o5 40 260 0,017 0,000 43 18,0 0,786 - 4,663
o s 170 £,017 0,000 43 22,5 0,656 3,113
[ 60 180 0,017 0,000 43 28,0 7 .0,560 2,218
o 10 190 0,017 ©,000 43 30,5 0,442 1,498
o7 . 80 200 0,017 0,000 43 37,0 0,364 . 1,020
o8 90 % 210 0,017 0,000 43, " 43,0 0,256 0,675
B h .
Di 20 140 0,143 0,021 0,000.43 9,0 1,667 17,410
D2 30 150 0,200 0,021 -9,°0D 43 13,0 1,163 9,199
b3 40 160 0,250 0,021 | ,0ri43 15,0 D,925 5,488
s 50 170 0,204 0,021 Opl.8 17,5 %,751 3,612
b3 - 60 180 0,333 0,021 - 0,000 .43 24,0 0,648 Z,563.
D6 7 190 0,368 0,021 0,000 43 27,5 0,529 1,793
v7 30 200° . 0,480 0,021 0,000 43 33,0 0,400 1,187
8 90 210 4 0,428 0,021 0,000 43 38,0 0,311
)] ‘20 140 0,143 0,021 0,000 94 12,5 1,613
Dio 40 160 0,250 0,021 0,000 94 - 21,3 2,018"
b1t 123 ise . 0,333 03021 0,000 94 3538 05758
b2 20 140 0,143 0,021 0,001 32 15,00 . 1,788, 6,901
n13 40 160 0,250 0,021 0,001 32 5,5 173 2,267
b onu4 60 ¢,021 . 0,001 32 42,0

180.. 0,333

0,843 1,086

Parameter commsn to all experiments:

W =296
W= 460
=120
n, = 0,01

S
P
h
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D2 Data of Knight and Demetriou (1963)

desig~ d D 4a/p wp discharge L T
“netion () (m) (¥ (1/8) /m?)
1. 9,2 852 0,108 7§ 5,20 0,562, 6,450 ¢
2 16,5 94,5 0,196 . 76 6,407 DT 1,866
30 24,3 1003 05242 76 7,30 bt 1,633
& 37,5 113,85 0,330 76" 9,45 0,312 0,880¢
d = 8 :
“5 49,8 125,8 8996 76 11,76 0,330 0,700
6 19,8 W98 0,493 76 17,10 - 0,30 0487
' W
7o 1,50 8,6 om0 w2 Jos,00 0 dsr sy017
% .. 20,1 9,1 0,209 152 6,76 0,741
3 26,9°-100,9 6,247 152 8,05 0,616 | 2,58
10 36,1 12,1 0,322, 152 11,15~ TI0.4047 . 1,181
11 49,0 125,0 0,392 152 15,15 6,367 0,748
12 73,2 28,3 0,491 152 23,40, 0,514 0,434
18 907 .85,0 0,106 228 4,90 2,394‘"'«“ 28,10
14 19,6 95,6 . 0,205 228 7,50 - 1,0047 5948
15 26,1 102,01 0,256 228 ‘9,10, 0,616 2,500
1 48,2 114,2 0,335 2080 13,50 0,527 ° 1,487°
17, S,k 1274 0,405 228 18,00 0,332 -0;§82
18 . w77j8 153,86 0,506 2287 29,40 0,228 0,302
LT
Parametexs comson to ail experfmenty:
o W, = 152 m
ho= 76 mm
n, = 0,020
con, = 0,009
S = 0,000 966
Appendix D: Published $lume data
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