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SYNOPSIS

Roof dreinoge system design curves are determined by
analysing existing data on short durction storms. These desigr
curves are in the form of frequency - duration - mean onnual
precipitation curves for storms of five minute duration.

A ‘standard gutter' consisting of a stroight horizontal
section of gultering, with uniform inflow along the length and
outlet at one end is selacted for theoretical enalysis. A
method of theoretically analysing such o gutter is presented.
Proof of the adequacy of this analysis is given.

A lorge number of ‘standard gutters' of differing shepes
and lengths are theoretically onalysed for various inflow xotes.

The resulis of the above theoretical analyses axe
investigated and gutter design curves for trapezoidal, rectengular
and half-round gutter sections are proposed.

Availoble literature on draoinage system design is reviewed.
Results fror the relevant portion of this literature are compared
with those from the proposed guiter design curves. The effect
of voriations of practical drainege systems from the *standord
guttex' is cohsidered. Correction factors to account for such
variations are presented.

The results of the previous sections are considered and o

roof dreinage system dusign manval is presented.




CHAPTER 1

INTRODUCTION

Roof drainage has for many years been a neglected subject
of study in South Africa. Possibly this is due to the fact that
the cost of drainage systems on any building is only a fraction
of the total cost and in addition failure of the system by
overflowing is seldom cotostrophic. Generally, failure of the
system is only of nuisonce value. However in zertoin circumstances
foilure may result in damege to moterial within the building with
resultant financial reparcussions.  In such instances it is
desirahle that gutter design be bused on sound thevreticel principles
Consideration should also be given to the hydroeconomics of the
design.  The cost of failure of the drainage system should be
compared with the cost of the drainage system; buildings, such
as art galleries, with a high feilure cost, should hove their
drainage systems designed on large zacurrence intervals of failure,
whereas buildings, such ay residenticl dwellings, with o low
failure cost, should have their dreinage systems designed on low
recurrence intervols of failure

At the present most gutter design in South Africa is bused
on rule of thumb fechnigues developed by experience. Most large
firms or orgunisations have their own design criteria and many of
these differ radically. Thus it appears that there is om urgent

need for @ manual outlining some rutional basis, backed by sound




theoreticol principles, upon which gutter design can be founded.

The problem of roof drainage was falrly comprshensively
investigated by the Building Research Station in Englend in 1958
ond agoin in 1969.  These investigations entoiled o ldrge amount
of experimentation on test gutters, Empirical formuloe wera
then fitted to test results and design criteria were hased on
these formulae. Martin (1973) prasented a method of drainage
system design for Australion conditions.  This method is
essentially o modified version of the Building Research Station
design method and is based on their empirical data. Mortin does
howaver present several improvements to the Building Reseoxch
Station method, one of them being the introduction of the
recurrence interval of failure to the design parometers.

Both of the above approoches are based on empirical data
from a limited number of test gutters. In cddition certuin
assumptions are mede thet, it is felt, do not elways result in
optimum drainage system design. Thus it was decided to seek same
alternative method of gutter design based on theoretical principles.

Waxd and Trim {1972) proposed o method by means of which
o gutter caon be theoretically analysed and their method has been
odopted in this dissertation.

This investigetion of droinage system design has been
divided into soveral sections. The general aspects of these

sections ore briefly introduced in the following paragraphs.



{a) DETERMINATION OF THE CRITICAL RAINFALL INTENSITY
FOR GUTTER DESIGN

The rainfall duration of five minutes is selected os the
critical storm duration for drainage system design.

Intensity, frequency, duration, mean annual precipitation
co~axial plots for the three rainfell regions in South Africa ure
extrapolated to obtoin the intensity, frequency and mean annual
precipitotion vanlues for storm durations of five minutes. The
co-axial plots employed are under criticism (see Bergman (1974))
but due to the absence of further dota it is felt that this is
the best method at present available. These values are plotted

to give roof drainage system design curves.

()] THE CONSTRUCTION AND VERIFICATION OF A MATHEMATICAL MODEL
BY MEANS OF WHICH A STAMDARD GUTTER CAN BE ANALYSED

There are an extensive number of varicbles involved in the
design of a practicol roof droinage system. These variables
include gutter length, cross~sectional area, size and position of
downpipes and slope. If all such varickles ore taken into
account o theoreticol anelysis of the drainage system will be
extremely complex, if not impessible. Thus a 'stondord guttex®
is selected for analysis.

This 'stondard gutter' consists of a straight, horizontal
section of guttering, with an outlet al one end and uniform
inflow along its total length. The flow condition in a
standard gutter is an example of spatially varied flow and is

analysed using an equation derived from momentum considerations.




This equation is termed the Hinds Equotion, ond it defines the
woter suxfoce profile in the gutter in an itergtive fashion
However, to apply the Hinds Equation the depth of flow at any
one section must be known.

It is assumed thot the guiter behaves like o free overfell
spillway ot the outlet. Results supporting this assumptior oxe
presented.  This implies that the depth of flow at the outlet is
below eritical depth and posses through the critical depth some
disﬁnnce upstream from the ovtlet.

A supercriticel flow depth in a horizontal channel is
however not in keeping with the busic assumptions on which the
Hinds Equation is based.  Thus the problem arises os to whether
to vse the ;ctuql supereriticol depth at the outlet or some other
hypothetical depth as the starting depth in the Hinds onolysis

It is shown that theoretical results are in good agreement
with experimentol results if it is assumed that +he depth of flow
at the ovtlet is equal to the critical flow depth. The critical
flow depth is thus used as the starting point in the Hinds analysis.

The analysis is applied to several gutters for which
experimenial rosults ore ovoilable. Good correlation between
oxperimental ond ihearetical rosults is obtained.

The effect of the value of Manning 'n' is investigoted.

. The value n = 0,016 gives best agreement between theoretical and

experimental results and is thus selected for use,




(e} THEORETICAL ANALYSIS OF A NUMBER OF SYANDARD GUTTERS WITH
DIFFERENT SHAPES, LENGTHS AND INFLOWS

A logrge number of standord gutters with differing shapes,
lengths and inflows are anclysed using the mathematical model
developed in Chopter (b).  The output from these enalyses is
the required cross-sectional area of flow for any given shape
length und inflow rate.

Computer programmes were developed to pexform these
analyses. These programmes are discussed and the results

presented in the form of computer print-outs

(d)  THE ANALYSIS OF THE RESULTS OF {c)

The owtput from the previous section is o vast number of
computer printouty containing the required cross-sectional area
of gutter fox o given shape, length ond inflow rate. These
printouts contain oll the informatien that is necessary for tie
dosign of the particular gutier shapes and lengths analysed.
This informotion is however contuined in o form thot is net
readily usable.

Methods of abbreviating this outpul were sought so as fo
make it more practical for vse in o gutier system design monval.
In oddition means of generalizing the resulis to ceter for any
drainage system design problem were investigated

Mathematical rolationships between the variables, shape
length, inflow rote ond required cross-sectional area were sought.
Equations were found for trepezoidal, rectangulur and half-round

gukters such that all the design eriteric reduced to points on




single curve for each particular shope. These curves are
general design curves that can readily be used in a gutter design

manyal,

{e) A REVIEW OF EXISTING METHODS OF GUTTER DESIGN AND A
COMPARISON WITH THE RESUL® s OF (d)

Existing methods of gutier design are briefly reviewed.
These design methods are compared with the design curves of the
previous section.

Most practical gutter systems vary from the stonderd
gutter that has been theorstically analysed. Tha effect of
variation of practicel gutter systems from the stonderd gutter
are eonsidered.  Such variations ore ascounted for by applying
correction fectors to the 'standard gutter' resuvlts. Correction

factor volues are obtoined from previous investigators' results.

() PRESENTATION OF A TENVATIVE ROOF DRAINAGE SYSTEM
DESIGN MANUAL

The results of the anulyses of stundard gutters are
combined with relevant portions of the previovs investigators'
work to produce o munnal for the design of practical roof

drainage systems.



CHAPTER 2

DETERMINATION OF CRITICAL RAIMFALL INTENSITIES FOR
GUTTER DESIGN

SELECTION OF CRITICAL DURATION

Given the recurrence interval of foilure, there is o
purticuler intensity of storm that will cause a gutter system to
fail by overflowing.  This intensity is termed the design intensity
of the gutter system.

To detormine this intonsity it is nocossary tu consider
the duration of storm that will be critical. This eritical
duration will equal tue time olupsad from the start of the storm
to when tha whole roof is contributing inflow to the gutter
ovtlot. Tho critical duration dopends on meany factors und
cannot be obigined theorotically.

It is felt thot o roasonablo estimate of this duration for
roof druinage systoms is five minutes and this valus has been

adopted.  Martin {1973) has also adopted this valua

AVAILABLE DATA ON SHORT DURATION STORMS

Van Wyk (1965) has investigatod short duretion, high
intonsity stexms. The major problem encountored wus the lack of
duta on such short durction sterms. Van Wyk derived eurves
rolating tho mean annual proeipitetion to the rainfall intensity
for different recurronce intorvals and rainfall durations for

the three mateorologically homogencous regions in Soulh Africa.



These regions are the winter, summer and year round rainfall
regions ¢s seen in Figure 1.

The Hydrological Research Unit (1972) employed ihe van Wyk
curves in deriving o co~oxial plot relafing mean opnual precipitetion,
frequency and duration to the depth of precipitation for the three
rainfall regions. This co-axial piot is reproduced in Figure 2
and is employed in obtaining the rainfall intensities fox storms

of five minute duration.

COMPILALSTION OF GUTTER DESIGN CURVES

Dute 1ias obstracted from Figure 2 in the following manners
For u selectsd mean annual precipitation and recurrence interval,
depths of precipitation were obsiractod for the different stoxm
durations for the three regions. The precipitotion depths wore
converted to intensities end the process repewted for a number of
moan ahnual precipitotions ond recurrence intervals

ALl the abstroctsd values, converied to intensity values
are listed in Appondix A and on exemplo of the cbstrected dota for
mecn annual precipitation of £00 millimetres and recuxrence interval
of 50 years is given in Toblo 1.

Those abstracted velues wero procossod as follows: For o
particvlor mean annuol precipitetion ond rocurrence interval, the
intensity was plotted ogainst timo on semi-logarithmic popez.

The resultant points approximated o stroight line and the best
£it line wos drawn through those points. (It was folt that the

general oteuraey of the opprouch adopted did not warrent
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TABLE 1: DEPTH, DURATION, FREQUENCY DATA ABSTRACTED FROM

FIGURE 2

Duration Depth of Precipitetion - mn Intensity =~ mm/hr

hrs Summer Winter Year Summer  Winter  Year
Round Round

0,25 42 17,2 32 168 63,8 128

€,50 65 27 84,5 130 54 109

0,75 77,8 34 70 108,4 45,5 98,8

1,00 86 37,5 82 86 37,5 82

2,00 95 44 25 47,5 22 47,8

4,00 - - -

8,00 - - -

12,00 - - -

24,00 - - -

the drawing of regrossion curves through thess points. In
oddition where « cer‘ain omount of scotter of the points existed,
the line that guve u conservative vesyli for the Five minute
dyration intensity value was drawn.) This fitted line was *len
extrapolated to give the intensity for the five minute duration
storm,
Excmplos of the curves thus obtained ore in Appendix A and Figure
3 is on example for moan annual precipitation of 500 millimetres and

recurrence intervel of 50 years and for the summor, winter
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and year-round rainfall regions.

The intensity values for the five minute duration storms are
abstracted from these curves and results are listed in Table 2.
The results were plotted, yieldiny curves of intersity versus
mean annual precipitetion for varying recurrence intervals for the
three rcinfall regions for the critical duration of five minutes.
These curves are given in Figures 4, 5 ond 6 ond can be used to
obtein the criticel roinfall intensity for gutter design for
buildings in South Africa.

Henceforth whenever the design intensity is referred te, it
is the criticel intensity for o gutter ut o particulor site and
for a particuler recurrence intervel of failure ws determined by
these curvels. It should be noted that thess curves are applicable
to any problem in which the five winute durction storm is
considered critical.

Recent investigotion has indicuued that errors may exist in
the co~axial plot (Figure 2) from whick those design curves were
dexived. However in the absence of further dete it is felt that
the meihod employed is the best available. Readers are however
advised to keep abreast with modern tochniques of determining

rainfall intensities for shori duration stoxms.
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ZRELE 2).. VALUDS USED Iy F1OT OF YNTENSITY VERSUS
Hap.P,FOR FTORMS GF § MINTE DURNTION
r‘;nm. Rii INTENSITY IR swhr
on yaars Sumnar wintor Yaat-round
50 2 - - -
H 2 - -
10 24 - 28
20 44 - 29
0 44 - 10
100 52 24 9
00 F - - -
5 2 - 36
10 51 - a2
20 & 8 48
50 70 31,7 5%
00 84 38 6
200 36 2
& 27 4
1 80 28,8 4
2 100 40 5
5 12 0 5
10 140 3 100
500 2 65 26 4
5 108 52 o
10 136 57 105
20 15 & 120
50 w2 a 118
100 EEL . "5 178
750 82 31 : 33
130 34 { woe
3 i # 120
2 200 i3 i
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CHAPTER 3

THE CONSTRUCTION AND VERIFICATION OF A MATHEMATICAL MODEL BY
MEANS OF WHICH A STANDARD GUTTER CAN BE ANALYSED

DEFINITION OF A STANDARD GUTTER

Givan the design intensity and the roof shupe and slope,
then the quuntity of water flowing inte o gutter can be de%ermined.
The distribution of the inflow, however, depends on the roof shape.
Since the mojority of practical roof systems are rectengular in
shope, only gutters with uniform inflows will be considered.

The problem is further simplified by assuming;

(a) the gutter to have ona outlet ot one end,

{b) the gutter to be horizontal.
Thus the system to be theoretically analysed consists of «
horizental length of gutter with uniform inflow and an outlet at

one end.  This is referred to os the 'stondard gutter'.

DEVELOPMENT GF A THEORETICAL ANALYSIS OF A STANDARD GUTTER

The analysis of @ standord gutter comprises of the
determination of the water surface profile in o gutter of given
length ond shape and for o given inflow.

The flow situation in the standard gutter is an example of
snotiolly voried flow. This has o non-uniform discharge resulting
from the addition or reduction of water aleng its length.  The
added woter will cause disturbance in the energy or momentum

content of the flow, As @ result the hydraulic behaviour of o
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spaticlly varied flow situation is more complicoted than thot of
a constant discharge.  Since gutter flow is o problem of increased
discharge only this will be considered, A typicel exomple of this

type of flow situation is a side channel spillway.

SPATTALLY VARIED FLOW WITH INCREASING DISCHARGE

The problem was First investigoted in 1926 by Julian Hinds
in conngction with the capacity of and energy losses in side~channel
spillways.  Since then much work has been done on it and equations
describing the watexr surface profile have been developed. At this
stoge it must be pointed out that due to the very nature of the
flow sitvation, with inflow normel to outflow, turbulence and
secondary currents will be developed.  This mixing of the added
water and the watex already flowing in the channel,results in high
anergy losses that cannot be computed.  Another result of the high
enorgy losses is that the momentum equetion is found to be more
convenient than the energy equation in solving the flow situation.

In the derivotion of the spatiolly veried flow equation
the following assumptions are mode:

1) The flow is unidirectional,  Actually there are
usually cross currents in the form of spiral flows - the effect
of these currents ond the accompanying turbulence cannot be easily
evaluated, but is token into geccount if the momentum principle is
employed.  IN ADDITION THE LATERAL UNEVENNESS OF THE WATER
SURFACE DUE TO CROSS CURRENTS IS IGNORED.

2) The velocity distribution across the channel section
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is constant ond uniform. This implies that the velocity
distribution coefficient is unity. Proper volues of the coefficient
may however be used.

4) The slopa of the chonnel is small; thus its effect
on the pressure head is small, If the slope is apprecicble
corrections to this effect may be applied.

5) The Manning formulo muy be used to evoluote friction
losses due to shear along the channel edges (viz. flow is steady
and uniform)

6) The affect of air entrainmont is negligible. A
correction however may be upplied to the computed resulis where
necessory. (These ossumptions should be noted and borne in mind
when opplying results of the analysis.)

Consider the diagrammatic representation of the flow situation
os shown in Figure 7. By eapplying the momentum equation between
sections (1) and {2) and using the Manning equation to derive the
head loss between the sections, the dynamic equation for spatielly
varied flow with incroasing discharge con be determined.  The

derivation is presented in refersnce 5 and the fincl equation has

the form;
dy = So= SF- 2400 /oA’
dx 1 -ao? / g%

vhere dy = xate of chango of depth with distance elong channol bed
dx

S¢ = bad slope

St = friction slopo a

2
g0




\'.

Fig *

¢ Diagrammatic.  fapresariartion

varied -flous.
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! = energy coefficient to acecount for nonuniform velocity
distribution

Q = totol dischorge ot a section

q* = 80 = inflow per unit length
dx
A = cross-sectional ares of flow
D = hydraulic depth which is the cross-sectional areq of
water noxmol to the direction of flow in the chunnel
divited by the width of free surface. For rectangular
channels this equals the depth of flow.

Note that if q* equals zero, the equation becomes the dyncmic
equation for gradually varied flow with copstant disuharge.

For simple cases this equation can be diractly integrated.
However for most casos a method of numerical integrotion must be
used,  Since the numerical method is the more general method, this
will be applicable in most gutter problems and for this reason the

numerical integrotion equation is used.

THE NUMEF-QICAL INTEGRATION EQUATION FOR SPATIALLY VARIED FLOW
This equation is derived in Appendix B by using momentum
considerotions.  The equotion is reforred to as the Hinds

equation and has the form:

ay' = Stan ~{ VL4 V2|4 _Q_l(AV +¥2 40
al + Q2 Fl Qt

where, referring to figure 7;
Ay' = chenge in elavation of water surface
5f = slope of the enoxrgy line hotween the two sections

Ax = horizontal distance between the two sections
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V = veloeity at appropriate section
Q = discharge at appropricte sectien
o, = energy coefficient to account for nonuniform

veloeity distribution
AV = change in velocity between sections
AQ = change in discharge between sactions
The change in water surface elevotion is given by;
Ay': +AY + Soax
where Ay = change in flow depth
So = channel slope
The slope of the energy line is, according to the assumptions

«f the anclysis, given by;
92,2

Sf =
Fll;ﬁ
where V = average velocity between sections
® = average hydraulic radius between sections
n = Monning's n value

In the Hinds equation the First term on the righthand side,
Sf Ax, represents the effects of friction, while the second term
represents the effects of impact loss and turbulence.

In the case of the stundord horizontul gutter, the slope
effect falls away and;

ay = ay
In addition it is assumed that the energy correction coefficient
equals unity,

Thus the equotion thot is used to determine the water

surface profile in « stondard gutter is; :
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Ay = Sfax -fV] + V2] Q1 AV+Y_2_AQ>
Ql + 02 9 a

This equation can be solved by an iterctive process and

will be referred to as the Hinds equation.

THE FLOWDEPTH AT THE OUTLET

In wpplying the Hinds equation, the flow depth at one
section must be known.  The flow depth at all other sections can
then be calculated.

At the ouvtlet, the depth of flow depends on several factors
such as gutter size and shape, type of outlet, flowrate ete.
Possible flow conditions at outlet might be approximated by;
free weir, drowned weir, orifice, orifice with suction etc., or some
combination of the above.

Meny droinage systems sexving large roof areas droin into
box~receivers. Flow into these receivers will approximate free
overfall conditions. In the cuse of vertical downpipes draining
directly from the gutter, Martin {1973) conzaders that flow
conditions will approximote weir conditions.  Inspection of this
type of system during periods of intense rainfall tends to verify
the condition of the free weir {assuming that a bend is not
situoted directly beneath the outlet, causing o backup of flow).
Thus in order to calculate the flow depth ot the outlet, free

overfall weir flow must be briefly considered.

SOME THEORETICAL CONSIDERATIONS PERTAINING TO FLOW OVER A FREE
OVERFALL. WEIR

Consider a channel in which the flaw is suberitieal, with




a free overfall weir at one end.

Ym- 1
P L 1 \
TeZee T ¥ I
region of region  of
uniform » accelerabed
flow flow

T’he criticel depth, Yer, will occur some distance upsiream
of the overfall, while at the overfall itself o depth Ye, the end
depth, will ocour. O'Brien found that for channels with o level
bed the critical depth was approximately 12 Yor upsiream from the
brink, the distance increasing as the channel slope increcsed.

Rouse (1936) has shown that for slopes less than the
critical the end depth, Ye, is 0,715 Yer or Yer = 1,40 Ye.

Baver {1971) has shown thet for slopes less than the
critical and within the rango 0,0 { 5 ¢ 0,0038 and for Manning
n roughness values lying between ,011 and ,0l4, that Yor = 1,2947Ye.

Thus §t «py-.ors thot a reasoncble estimate of the end depth

is the Rouse value of Ye = 0,715 Yer,

PROOF OF THE ASSUMPTION OF FREE OVERFLOW CONDITIONS AT QUTLET
To test the ussumption that flow at the gutter outlet is
approximated by flow over a free overfall weir, availeble test

results are compared with computed theoretical resulis.

25
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o free overfall weir ot ane end.
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The critical depth, Yer, will sccur some distance upstream
of the overfall, vhile at the overfeil itself o depth Ye, the end
depth, will oecur. O'Brien found that for channels with a level
bed the critical depth was opproximately 12 Yer vpstream from the
brink, the distance increasing as the channel slope increased.

Rouse {1936) has shown that for slopes less than the
critical the end depth, Ye, is 0,715 Yer or Yer = 1,40 Ye.

Bauer (1971) has shown thet for slopes less thon the
critical ond within the runge 0,0 ( s <0,0038 and for Manning
n roughness values lying between ,0lL and ,0l4, thai Yer = 1,2947Ye.

Thus it appeurs thot @ reasonable estimate of the end depth

is the Rouse value of Ye = 0,715 Yer.

PROOF OF THE ASSUMPTION OF FREE OVERFLOW CONDITIONS AT OUTLET
To test the assumpiion that flow ot the guttex outlet is
approximated by flow over a free overfall weir, available test

resulis aro compared with computed theoretical results.
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Marsh (1968) has published experimental results giving the
water surface profile in half-round gutters for vorious flowrates.
The profiles for a 0,1524 metre (6 inch) txue half-round gutter are
shown in Figure 8. (It is realised that o small half-round gutter
is not truly rcpresentative of the large valley gutters droining
large roof areas. Experimental detc on such gutters are however
Limited.)

The theoretical end depth is determined from the expression,
Ye = 0,715 Yor. M ce it is necessary to determine the critical
depth in the gut.er for various flowrates., This can be found by

using the fruot that iB_ = 1 when flow is critical. Where

3
A
Q = total flowrate
B = water surface width
A = ecross-sectionol area of flow

A progremme was written to coloulute the end depth in half-
round gutters. This programme is discussed in Appendix C.
Results of the programme are compared with experimental end depths
as abstractnd from Figure 8 in Teble 3.

It can be seen that theoretical values are in reasonable
ogreement with experimental velues. This strengthens the belief

that flow ut the outlet tends to free overflow conditions
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SELECTION OF FLOWDEPTH AT OUTLET

It has been pointed out thot depth of flow ot outlet
approaches the end depth of o free overfall weir. i.e. Ye = 0,715 Yer,
Using this end depth as the storting value in the Hinds equation
however, results in a centrodition to one of the hasic ussumptions
on which the analysis is based, namely that the pressure in the flow
is hydrostatic. Considering o gutter with a suberitical slope,it
is impossible for the flow depth to be less than the critical if
the pressure is to remain hydrosiatic. Thus an end depth of
Ye = 0,715 Yer implies that the pressure ot this section is non-
hydrostatic (which it is) and flow is non-uniform.

For these reasons it is felt that applicatien of the critical
depth as the starting point in the Hinds enalysis may result in more
cecurate values for the peck depth in the gutter than will result
from application of the actuol end depth as the starting depth
Starting with the critical depth will result in the theoretical
water suriace profile lying above the true profile near the outlet
It is however considered that the theorvetical profile will rapidly
converge on the true profile.

To determine whether to use end or critical depth os the
starting value it is -ecessary to caleulate the water suxface
profile using both Ye and Yer os sturting volues ond te compare
these results with experimental results., The available experimental
results ore the Morsh results in Figure 8 and the Li (1955) results

for rectengular channels as given in Table 4.



TABLE 4: TEST RESULTS FOR 9" (0,229m) RECTANGULAR
CHAMNEL WITH LEVEL BOTTOM (AFTER Li)

CHANNEL. LENGTH - 2, 2B6metres

DISCHARGE DISTANCE FROM
IN OUTLET, x, in 0,0524 10,8390 1,269 1,680 2,211
‘ms/S metres

FLOWDEPTH at x in metres

0,08665 0,3597 0,3062 0,4116 0,4237 0,4267
0,07136 0,3200 0,3475 0,3658 0,3810 0,3810
0,0640 0,3109 00,3261 0,3475 0,3597 0,3627
0,0606 0,2865 ©0,3139 0,326 0,3383 0,3383
0,06239 0,2713  0,2896 0,3078 0,3170 0,3200
0,0453) 0,2691 0,2774 0,2896 0,2987 0,2987
0,03540 0,2134 0,286 0,2408 0,2408 0,2499

CHANNEL LENGTH - 1,7lémetres

DISCHARGE DISTANCE FROM
IN OUTLET, x, in 0,516 0,841 1,283 1,678
m3 /s netres

FLOWDEPTH at x in metres

0,06088 0,3078 0,326) 10,3383 0,3353
0, 04644 0,2865 0,3018 ©,2987 0,2987
0,03936 0,2438 0,250 0,2652 0,2682

0,02492 0,1768 0,1890 0,185 0,1890




It is seen that the experimental water surface profiles
given by Marsh are rather uneven, This is due to turbulence
and secondary currents and connot be colculoted theoretically.
These secondary effects are eliminated by drawing the best fit
smooth curves through the actuol profiles. These smooth curves
define the adjusted profiles with secondory effect elimincted
The adjusted profiles are given in Table 5.

The water surface profiles in rectangular and half-round
gutters are calculated with the aid of the Hinds equation. This
is done by computer and the programmes are discussed in AppendixC.

Basically the programmes stort with a given depth at the
ovtlet (either end or critical depth). A value for *he change
in water surface elevation from the outlet to the next section is
assumed.  The ossumed flow depth ot the next section is applied
in the Hinds squation to colculute the change in flow depth.  The
ossumed ond calcvlated flow depths ore compared and if they do not
agree to the specified auccuracy, a new chunge in flow depth is
assumed.  The process is repeated until the required occuracy is
obtained.  The change in flow depth between the next two sections
is then found in the same manner ond ih this way the water surface
profile in the gutter is defined.

The results of the progremme for half-round gutters are in
Appendix C.  The iheoreticol profiles found by starting with the

exitical depthSare in Table 6.

ka
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Comparison of table § ond toble 6 reveals that using
the end depth as the storting depth results in theoretical water
surface profiles well above experimental profiles.  An explonation
of why tinis occurs follows:

Starting with a depth less than the critical, the specific
energy at the outlet, El, is grecter thon the minimum specific
energy, Emin, and the flow is supercritical. In meving upstream
to the next station the flow must become subcritical (since channel
slope is subcritical). In addition there is an increase of
specific energy, AE , due to the increased flow depth. This

situation is seen on the specific energy diagram below.

7
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The flow depth at the upstream stoiion is given by
h2 = hl + &h

Starting with the critical depih at outlet, the change in
specific emergy to the upstream station will be approximately the

same as before i.e. AE. The resulting change in flow depth as




soen below, Ah' = h2' - hl, is obvicusly less than in the

previous cose.
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Indications that this is what actually occurs are;

{«)  The major discrepariy between the change in flow
depth coleilated by storting with the criticel and end depths is
seen to occur between the outlet sertion and the riext upstreom
section. This is the large difference between & h and AT above.

{b) At the few stotions immediakely upstream from the
outlet the change in flow depth from staotion to station found
using the end depth is less than the change found using the
critical depth. This is due to the foet that ot specific energy
values close to Emin, the slope of the E/h curve is greater than
ot higher specific energy values. This indicates that the two
storting points on the E/h diagram, El and E.ll are as shown above.

{e) Several sections upstream from the outlet, the
change in depth from section to section is the same irrespective

of whether end or critical depth was used as sterting value.

35




This implies that these sections are in the range where the slope
of the E/h diagrom tends to unity.

Inspection of Table 6 indicates that the thenretical water
surfoce profiles found using critical depth as starting point are
in good agreement with the experimental profiles after o few
sections upstreom from the outlet. The theoretical profiles
rupidiy converge on the experimentol profilec.  In this study the
region of interest is the peaks of the water surface profiles and
a comparison of the theoretical and experimentol pecks for the
half-vouad guiter is given in Table 7.  Inspection of this table
indicotes that the proposed method of analysis is correct if using
the critical depth as the starting depth at the outlet,

The peck depths in rectongular gutters found by sturting
with the critical depth were abstracted from the computed profiles.
These peoks are compured with the Li experimental results in
Table 8 and Table 9.  The theoretical peoks were found using
Manning n volues of 0,014 and 0,016, Inspection of these results
indicates good agreement between experimental und theoretical
peaks and that the peck depth is very insensitive to the roughness
value. Slightly better ogreement is obtained when the Manting n
velue eguals 0,016, It is acknowledged that this valuve is larger
than the n valve of o clean gutter, but it allows for an

accumulation of rust end debris in the gutier.

36
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COMPARISON CF THEORETICAL AND EXPERIMENTAL PEAK

DEPTHS FOR A 0,229m RECTANGULAR GUTTER

38

CHANNEL DISCHARGE  APPROXIMATE THECRETICAL PERCENTAGE

‘LENGTH in ma/S EXPERIMENTAL PFAI( DEPTH ERROR

inmetres PEAK DEPTH in metres

in metres

2,286 0,08665 0, 4267 0,4274 40,17
0,07136 0,3810 0,3757 ~1,41
0,06400 0,3627 0,3497 -3,72
0,06060 0,3383 0, 3366 -0,50
0,05239 0,3200 0, 3067 ~4,34
0,04531 0,2987 0,2766 -6,70
0,03540 0,2499 0, 2366 -5,60

1,716 0,06088 0,3363 0,3371 +0,54
0,04644 0, 2987 0,2822 -5,85
0,03936 0,2682 0,2534 -5,80
0,02492 0,1890 0,1868 -1,34

1,335 0,0707% 0,3810 0,3726 -2,26
0,06994 0,3871 0,3649 -4,94
0,05380 0,3353 0,3099 -8,20
0,05295 0,3200 0,3070 -4,25
0,04304 0, 2686 0,2663 ~0,62
0,04248 0,2743 0, 2650 -3,40
0,03002 0, 2103 0,2105 40,95

The above are with n - 0,014




TABLE 9: COMPARISON OF THEORETICAL AND EXPERIMENTAL PEAK
DEPTHS FOR A 0,229m RECTANGULAR GUTVER
CHANNEL. ~ DISCHARGE ~ APPROXIMATE ~ THEORETICAL ~ PERCENTAGE
l._ENGTH in mﬁ/s EXPERIMENTAL PI?AK DEPTH ERROR
ia metres PEAK DEPTH in metres
in metres
2,286 0, 08665 0, 4267 0,4284 40,36
0,07136 0,3810 0,3767 ~1,13
0, 06400 0,3627 0,3617 ~3,08
0,06060 0,3383 0, 3366 ~0, 505
0,05239 0,3200 0,3077 ~3,84
0,04531 0,287 Q,2796 ~6,40
0,03540 0,2499 0,2366 ~5,60
1,016 0, 04088 0,3353 0,33/1 +0, 60
0,04644 0, 2987 0,2832 ~5,18
0,03926 0,2682 0,2534 ~5,80
0,02492 0, 1890 0, 1865 ~1,34
1,335 0, 07079 0,3810 0,3736 ~1,94
0,06994 0,3871 0,3698 4,45
0,05380 0,3353 0,3109 7,27
0,05295 0,3200 0,3080 -3,77
0, 04304 0,2682 0,2663 ~0,71
0,04248 0,2743 0,2649 ~3,42
0, 03002 0,2102 0,2106 +0,14

The cbove are with n = 0,016
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CONCLUSIONS

It has been shown thot a mathematical model of o 'standerd
gutter® can be constructed. The gutter can be analysed by means
of the Hinds equation using eriticol depth ot cutlet as the
starting value,

A Manning n value of 0,016 is selected for use. This is
larger thon the n value applicable to smooth gutters ond allows
foxr an accumulotion of rust and debris in the gutter.

It is noted that the experimental results used to test the
programme opply to gutters that are not truly representative of
large commercisl gutters. Tha theoretical considerations employed
ore however completely general and since they approximate flow in
the test gutters they should give reasonable estimates of the flow

situetion in any gutter.

|
i




CHAPTER 4

THEQRETICAL ANALYSIS OF A NUMBER OF STANDARD GUTTERS
WITH DIFFERENT SHAPES, LENGTHS AND INFLOWS

SUMMARY OF MODEL GUTTER AND PRACTICAL APPLICABILITY THEREOF
In the previous Chapter o mathematical model of o stondord
gutter has besen developed and prouf of the cdequacy of the model
presented.  The assumptions used in censtructing the model are
summorised below;
{a) Uniform inflow per unit langth
(b) Straight horizontal gutter
() Outlet ot one end
{d) Pedk point of the.water surface profile can be found
using the Hinds equation
(e) The starting depth in the Hinds aquation is the depth ot
ovtlet, equal to criticel depth
() Manning n = 0,016
Practical gutters often differ considerably from this model.
They often contain central outlets, bends, slopes etc. These
varigtions from the ideal complicate the analysis considerably,
frequently rendering it intractable. In the approach adopted the
'standord guttor' model is employed to determine the peak depth in
o particvler gutter. Correction fuctors can then be wpplied to

account Tor variations from the standavd.
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FREEBOARD ALLOWANCE

Turbulent mixing in the gutter results in an uneven water
surface. In addition leaves and debris will reduce the effective
cross-sectional area of flow with time. For these reusons o
*¥reeboard allowance' is added to the calculated peck depth to
obicin the final design depth for o particulor gutter.

The Building Research Station (1969) recommends that the
gutter sides should rise vertically above the required depth by
75 millimetres +o give the design depth., Martin (1973) mointains
that o freeboord of not more than ome-gquarter of the required
depth, with o moximum freeboaord of 2,54 centimetres is adequate.
Inspection of Tables 7, 8 and 9 indicates goud agreement between
thearetical and experimental results

Thus it is felt that o reasonable estimate of freeboard
is 15 percent of the required flow depth for rectangular and //
trapezoidal gutters and 10 percent of the required flow depth for ¢
smaller halferound gutters, This is fairly conservative and
should compensate for difrerences between theoreticel and
experimental results as well us allow for uneveness of the water
surfoce.
USE OF THE MODEL IN DETERMINING REQUIRED GUTTER SIZES

The model is used to analyse o large number of commercially
available gutter shapes and sizes for all practical lengths and
inflow rrtes, This provides deta for the solution of m¢ - jutter

design problems.




The gutter shopes analysed are trapezoidal, rectangular
and half-round.,  The lengths considered are 3m, 5m, 10m, 15m,
20m, 25m and in certein instances, 30m. These lengths cover most
practical roof lengths. The runge of inflows considered vories
for different gutter sizes. Larger inflows are used with larger
gutters. The inflow rutes applicable to practical guiters were
determined os follows:

Moximum design intensity from Figures 4, & and & = 400mn/hy
Moximum practical roof breadth = 30m
Maximum inflow per unit length = 400 x 30.).0'a mZ/S
3500

= 0,008 mz/S
Minimum design intensity, say = 50 mw/hr
Minimum breadth, say = Bm
Minimum inflow per unit Length = 0,00005m=/S

This gives the range of inflows per unit length to practical
gutters. Additionol inflow rotes between these limits were alsc
selected.  These can be seen on the printoutsin Appendix C.

Whilgt the programmes were running it was decided to extend
the inflow rotes and gutter sizes to obtain deta for problems
slightly beyond the terms of reference of this dissertation. In
engineering practice many problems similer to gutter flow problems
are encountered. Exumples ore effluent channels of sedimantotion
tanks and of similar units. These situations often have flow
rotes beyond the ncxmal gutter flow rotes. Thus by employing
larger inflow rates and channel sizes, dote are obtained fox such

design purposss.

]
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Programmes were written to determine the design cross-
sectional aree of flow for trepezoidal ond rectonguler gutters.
The programmes use the Hinds equation to calculute the peok depth
in o particular gutter. A number of different gutter sizes were
analysed ond for each size, the design cross-sectioncl areo was
found for six different gutter lengths. Eoch length was in tuxn
subjected to six different inflow rotes. Thus thirty six results
were obtained for each gutter size.

The programme CRECTI wsnolysed rectangular gutters while
TRAP analysed trapezoidal gutters.

Half-round gutters were analysed by determining the
maximum dischorge (flow capacity) that o given half-round gutter
could cater for. The programme, HR, performed this analysis.

Details of the various programmes are given in Appendix C.




CHAPTER 5

ANALYSIS OF THE RESULTS OF THE MATHEMATICAL MODEL

The output from Chapter 4 consists of o vast number of
computer printouts containing all the necessary information for
gutter design, This information is however in a form not readily
usgble in o design munual.  Thus methods of reducing this

informotion to a more practicol foxrm were sought.
ANALYSIS OF THE RECTANGULAR GUTTER RESULTS

It was found that for o particular gutter base breadth
and length, o plot of log (inf) against log (Y) gave a straight
line, where inf = inflow per vnit levgth ond Y = desi~n depth,
The plots for base breadth = 0,3m are given as a typical excample
in graph 1.  The plots for the remaining base breadths are in
Appendix D.  Attempts were made to reduce these 36 curves to a
more usable number by mathemotical manipulation.

Consider the plots for base braadth = 0,3n.  These are
straight Lines with equotions given by;

log inf = m logY+ ¢ .

or inf=Y" K 5.2

where inf

inflow por unit length in n2/s

n

slope of line

Y

design depth in metres

[

n

constant = log K

and the slope, m, is given by m

45
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Plot of log(inf) vs log(@esign depth) for

a rectangular gutter of bese breadth =0,5m

Graph 1:
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The above equation was used to determine the slope values
for the curves shown in graph 1.  The results are in Table 10.

It is seen that the slope, m, increcses os the length, X,
incresses. The difference in slope between the curves for x = 3m
and for x = 25 metres is howsver small. A mean volue of m = I,5414
was adopted und equation 5.2 used to determine the constant K.
ives K= infA M Rogults are tabulated in Table 10

It is seen thaok K decreases as length increases. It was
attempted to reduce these six K values to a single volue of K by
inclusion of same factor of x, F(x), such that K = Constant .f(x).
Various velues of §(x), such as x, log x, x" were tried with no
success.  Values for K = Constent/x are tabulated in Table 10.

After consideration of the form of the Martin design

equation (viz. £ = (0,00209 hpn018)0:667)

v,% 67

inf was pletted agoinst
on log-log paper, where b = gutter base breadth in metres.
This appeared to yield a astraight line. In order to verify thic
all practical resulis weie abstracted from the data files in Appendix

0’67. The programme

C and a pregrumi , YA, written to culculate Y.b
and results thereof are in Appendix D.

It is seen from the output files of YA in Appendix D
that for any porticuler gutter length ond inflow, the velue of
V6987 i almost constant, i.e. it Is independent of tha valve
of b.  Foxr given lengths and inflows the values of Y.b0’67 were
averaged and these results are presented in Table 1l.  These

results were then plotted on log-log paper and resulted in the six




straight lines shown in graph 2, i.e. one streight line for each
length.
Methods of dealing with the length factor were then

sought., Firstly inf.x was plotted against Y.b0'67

on log-log
paper. The results ure tabuleted in Table 11 and plotted in
graph 3. It is seen from grep: 3 that the points full within o
narrow band, A conservative curve drown through these points,
as in graph 3, can result in a 20 percent overestimate of Y.b0’67

in the lower inf.x regions, which was not considered sotisfactory.

TABLE 10: DETERMINATION OF THE EQUATIONS OF THE CURVES IN

GRAPH 1
Length Slope K velve _
in metres m . for m = 1,5414 Constant = K.t
3 1,5048 0,11992 0,3576
5 1,8377 06,0676 0,3380
1G 1,5425 0,0322 0,3220
15 1,5499 0,0208 0,3120
20 1,6583 0,01504 0,3008
25 1, 5553 0,01182 0,20557

67

A plot of inf.x" vorsus Y.bo' was then attempted. It

was found, by trial end erver, that n = 1,06 gove best resulta,

N
Volves of infux %% and Yob% % are Listed in Table 11 and plotted
05

in graph 4. Tt is seen that the use of inf.xl reduces

considerubly the scatter of the points in graph 3.  In graph 4

4
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Oreph2: Plot of loglnf) vs loglyb*™)
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Graph 4: Plot of log(inf.x')vs log(yb>")
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the scatter in the higher regions is almost negligible whilst
there is only a slight scatter in the lower inf.x regions.

A curve drawn *hrough these points can therefore be used
with considerable confidence us ¢ design curve for rectunguler
gutters, To determine which straight line through the plotted
peints would be adopted as the design curve the following fuctors
were takes 1. ) scount;

1) " 1e 'bast-fil' aurve would be nen-conservetive in the
vpper inf.x region.

2) The 'moximum-envelope' curve would De non-eonservative

if extrapolated above the plo‘c‘ted points,

3) A line drawn through the upper inf.x points could pessibly
be extrapolated to incrouse the rangs of the plot,

The eurve choson as the design curve is as shown in graph
4. It is seon that in the upper inf.x region the points oll lie
on the line, whilu in the lower reglons un orror of aboui +10
poercent to -5 percent moy sceur,

The equation of this line has the form

tog (et ®) = n tog (v.6%) 4 ¢

ox inf.xl"o5 = (Y.bo‘én " K
where K = log C
The valuas of m and K are detormined in Appendix D
ond are m o= 1,614
K = 1,4294

Thus Lhe equotion of the curve is;
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info308 21 4204 (.60:67) 1614

PRPERI B}
or written in o form from which the design depth can

roadily be determined;

Vo fingad05 N0, L 54
TR e

To check the validity of this equotion, ¢ number of values
of design dopth were cbstracted ot rendom from the output files of
CRECTI ond chocked agninst velues obtalned using the above equation.
The results are in Table 12

It is soon thot use of the wubove cquakion results in
excellent agrpement with computed design dopths.,  The cases where
the porcentage crror is rathor lorge, viz. 47,0 percent and +10,2
pexrcent fall in the lower inf.xlfn5 rogion where the seatter of
points was groutest, Howover in both instonces u eensexvetive
rasult is obieined.

It was felt thet the genoral atcuracy of the whole opproach
to tha guiter design problem might worrant the use of the curve
shown in graph 3 as o dosign curve, i.0. the plot of inf.x ogainst

0,67

Yob To chock this hypothusis the cquation of the line in

groph 3 was detormined in Appondix D.  Tho result was
(&) 18B s

This validity of this equation was checked by comparing

infox = 1,1854

the gctual value of inf.x with the valuo of inf.x as given by the

0,67

above equation for o particular value of Y.b™' The results

oro given in Table 13.
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TABLE 13: COMPARISON OF inf,x (GIVEil) WITH inf.x (CALCULATED)

ir}f.x Yb0,67 inf.x
given ealevlated
0,1 0,218 0,10038
0,07 0,175 0,07018
0,04 0,125 ,04056
0,02 0,081 0,02009
0,01 0,083z ©,01008
0,003 0, 0252 0,02986
€, 001 0,0128 0,00099
0,0007 0,0103 0,000695
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Tt is seon thot near perfoct agreement is obtoined, It
is however felt thot, since graph 4 hos a smaller scotter of
points than groph 3, the use of equations 5.3 and 5.4 is more
desirable,

CONCLUSIONS
The design equotion for rectonguler guttors over the range

105
0,0007 (1. x35¢ 0,3 15 given by;

0 = 14294 (Y.b0‘67) 1'5“/ 0,05
o ¥ = g.xo'os 0,02 i
1,4207 .57

where Q is the flow rate in ma/S for which tho guttor must cater
The mothod uzed to obtoin the obove design equation is
purely ompicicel and thus thy cquation should not be applivd

1,08 valves stipulated, It is fold

cutside of the ronge of inf.x
that thera mey be good theoretical rousers to ascount fox the
manner in which the lorge number of rosults in Appendix C reduce

to & single design curve.  Such un investigetion is howaver

bayond the scope of this dissertation.
ANALYSIS OF TRAPEZOIDAL GUTTER RESULTS

Tho analysis of the results of ihc tropezoidel gutter
programmo, TRAP, proceodod ar follows;

The variebles invelved are (i) inflow per unii length,
int (i1) longth, x (iii) baso broadth, b (iv) side slopo, deg {v}

design cross~soctional arca, A.

. .




Consider the results for b = 0,2m ond side slopes of 45°
and 60°. A plot of log (inf) ogainst log (A) results in a
straight line for each length as seen inm graphs 5 and 6.

Consider the plots far b = 0,3m and X = 10m as seen in
graph 7, It is seen that the curves for different side slopes
diverge as the inflow increases. It is desired to eliminate this
side slope effect. It was nitempted to do this by plotting inf

against A.f (deg.) where deg = side slope in radians as measured

from the horizontal.  Values of F(deg) bried were dog™’

oc%2, 0,25

d deg™® and deg It was found that deg”? gave best

results and the resslts for b = 0,3 and x = 10m are tebulaoted in

0,25

Table 14, The results of Adey for the three different deg

volues are overaged ond this mean volue is used in the plot of

0,25 seen in greoph 8.  This results in a straight

inf aguinst Adeg
line.
To further reduce these curves a plot of inf against

0677 25)0:67

(Ad was tried on log-log paper as for rectengulor

gutters. This was however to ne avail., It was discovered that

to obtain o straight line Adog™2% must he divided by some

function of b,  Trial and exror led to the conclusion that b0'09
gave the best result.

Values of Adago’zs/'oo'og wers caloulated from the data in
the output files for gutters of base breadth = 0,2, 0,3, 0,4 and

0,5m.  These calculated values are listed in Appendix D. For a

given base breadth, inflow and length, ‘the mean values of
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Graph6: Plot of loginf) vs. logA) for b-0,2m sckag60°
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Graph 7: Plot of loglinf) vs. loglarea) Tor Yrapezaida
guttars of  0r03m and langth=10m
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TABLE 14: VALUES OF inf AND Adeq™ 2FOR b = 0,3m ond x = 10n
b = 0,3m

% = 10m

it Aded'® for Adef® for aded > for e valve
jZjs  des=0,5206 deg=0,7854 degsl, 0472 of adedr?
0,0008  0,02703 0,02910 0, 02935 0,02849
0.0005  ©0,02013 0,02091 0,02075 0,02060
0,0003  0,01399 0,01411 0,01516 0,01440
0,001 0,03239 0,M3291 0,03477 0,03836
0,003 0,07532 0,07619 0,07663 0,07605
0,005  0,11298 0, 11225 0,10938 0,154

where deg is in radians




63

Graph®: Plot of loglnf) vs log (Adeg™) for length-I0m




64
Ao‘ego’%o'og for the three different side slopes wers calculated.
These means are shown iu Appendix D, os well as the calculoted
valves af inf.x.  All the valves of the meon Adego'%g/Lo'oq volve
were abstracted from Appendix D, as well as the inf.x volues
Thess cre shown in Table 35,  The moan of the Adsgo’27b0'09
values was then caleuloted for difforent inf.x values os seen in
Table 15.  Inf. x wes then plotied sgeinst these final mean values

0,25 b0'09 on log-log poper in graph 9.

of Adeg
A line through these points con be used as o design curve
for tropezoidal gutters. Considering the factors ovtlined in the
rectongulor gputter result analysis, ¢ straight line was drown
through these points. This line is then the design curve,
The equation of this ecurve is dotermined in Appendix D and
is given by;

Infux = 0,6969 [adegm B\ LS8 5
40,08

or rewritten in another form

A =(inf.x>°'7““, R L sy

0,6969 dogr B

The validity of this equation, 5.7,was checked by
randomly ebstracting values of design ored from the trapezoidal
gutter output filas. The voluas of tho design area were then
caleulated using equation 5.7 and compared with the obstracted
valuos. Resdlts ore in Table 16.

It is seen that reasonable agreement between the two

velues is olbtained. The maximum error is about +10 percent,




0:25,9.09 poy

ZABLE 15 VAl DE_L0E.x AHD MEAN Ade. /"
IRAURZOTUAL SUILEERE
vaLuzs or sman adg’i5n000
Inls‘ TOoR TOTAL
inmd/s HERN
Hu0,2m  Dbs=0odn  h=0,am baosm
0,228 0,01335 0,01235
6,603 2,01543 1010605 0,01478
01365 610z
0,0045 008147  0,02237 0,02192
©,005 02245 0, 229; ©,02339 0,02286 ©,0228
03132 0.02117 0,021
0,006 002740 0,42813 0,02777
0336p 003394
0,008 0,03152 0,03175 0,03164
01008 0,9393 410400 0,03599
003197 Gi04261
0,01 003982  0,04038  ©5,04l20  0,03520  0,03509
03723 0,03718  0.04681
02,0108 0.01485  G,0MT6 0,048
9,018 00444 @,04431 £,04557
©,04800
9,028 8,04922 0,04842 0,04882
0,015 G055 0,55606 Q5230 &,0500 ©,05200
Jod820 “0d0g 0,05254  0,08417
0/04853  o,04ud0
05245 0,08220
0,016 005635 0,05595 0,05615
0178 00uns o000 0,06507
0,02 ©,06580 0,005 0,00859  0,06M2 0,066
09,0208 0,06758 ,06758
.08 0,07976  0,07790 0.07883
6,025 0.0267 0,077 0,0295] 00727 0,07623
/080Ty 0.07897 7S 0,00004
0,028 Ql0%75  o,qusd0 2,0%028
.03 0.00803  0j08403  0,601%0 7 6,08806
0,048 09,1203 0,117 0,1164
0,65 0,1383 0,124) 0,1237 0.3240
01214
0,06 0.1532 0,492 0,1497
0,075 0,177 0.178% 9,1694 0,1754
w27 0,176
0,09 02,2030
a0 0,227 0,2104 0,2141 01139
00,2087
0,125 0.2731 09,2607 0,276 0,262
0,150 09,2004 0,291
0,303
0,20 09,3632 06,3620
0,28 6,437 014356
0.4203 .
2,6 0,5077 06,5035
0.5 0,750 0,750
0,730
75 1013 34906
10 1,435
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Oraph 9: Plot of loglnfivs log (Ades™/0*7)
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which, considering the large number of variables invelved is
adequate,  In addition the erxrers tend to be on the conservative
side.  Thus equations 5.4 ar 5.7 can safely be used as design
equations for trapezoidal gutiers.

To check whrther the tropezoidal guiter design equotion
holds fer rectangular gutters, values of dosign axoa were
randomly abstracted from the rectangulor gubter output files.

The values of the design arvea were then calculated by means of
squation 5.7 with the side-slope,dog = 1,5708 (90°).  The results
are listed in Tahle 17 ond comparisen of these results with those
in Table 12 reveals thot the rosults of tropezoidal gutter design
equation with deg = 1,5708 radions are in good ogrecment with the
results of the rectangular gutter design equation.

The problem then arose as to whether to employ both
equations in the gutter dosign manuval or whethox to employ only
the trapezoidel guiter design equation and apply it to both
rectangulor end trepezoidal gutters. To resolve this problem

the equations were compared;

Rectangular gutter Y = ithxl’os 0,620 1 ceer B4
equationt 14294 b0,67

Trapezoidal guiter
equation for gutters A = [inf.x 07474 b0’°9
with side slope, 0, 6969 (1,5708)0’25 .

deg = 1,5708 radians

ar rewritten in 0, 7474
another form Y= {infux) ! 1. ien
o656 b7
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JECISNIAR SUTTER PROCSAME
SO E TUALE

ST THABEZO DAL

DESTON ARDA  DESIGN AREA

i ing

BREADM  deg in % in rROMcRECRL

b in  deqroes inmP/gMAtTes  RUSULE  CALGULATED % EHROR

mokxag in md BY FQUMTON

in e

0.6 0 0,08 3 o2 ©0,2162 -3,2
0,6 % Q0L 20 0,262 0,270 -3.0
0,8 %0 0@e3 13 9,1269 0.1252 ~1,3
0.5 9% 0,001 25 0783 0,07165 +1,7
0,4 9% 0.006 3 004147 0,04542 +6,8
LX] 50 0,001 18 0,04635 ©,04774 «3,4
0,3 0,05 3 o 017202 -3,0
0,3 0,006 25 0,16856 0,15407 -2,1
0.2 % 0003 10 0,85632 0,08752 42,2
@2 % 00008 25 003505 103446 ~1,8
0,4 % 605 3 @020 02875 5.2

vhero the doalgn proa g

Ao fing.x,
06969

0, 7474 10,09

{t,5700)04%

caleulatod uping tho oxpreayion;




Comporisons of equations 5.4 and 5.8 reveals that the
form of the equations is similor. Equation 5.4, however, contains
‘| 1,06 N .
o power of the length x, (x /") while equation 5.8 does not. It
was pointed out in on earlier section that the use of o power of
x in the lower inf.x zagions reduces the scutter of the paints,
Thus it is felt that grecter cccuracy will be ochieved in the lower

inf.x regions if equation 5.4 is used for reclangular gutters,

while equation 8.7 is used only for trapezeidal gutters,

CONCLUSTONS

The design equation for truperoidal guiters over the range
0,003 (infox 1,0 is gi 0 by

a = 0,6969 (Ag{eﬁ(i%) 1,338

\ 0 [

or A s _mu_:\oj‘wf‘ 009

0,6969/ deg P

Again it should bo noted that Lhes:

are wmpirical equations and

ore volid uanly over the spucified range.

ANALYSTY OF HALF-ROUND GUTTER RESULTS

he outputs of programme HR, tholcolculates the flow

capucity of o gutter of given size and length, are in Appendix C.
The Building Research Staiion (1949) has presented o

formula for deriving the flow copocity of caves gutters. This

formu.« can be written in the form

Quax = 0,8433 AM%

where Onax is the flow cupucity of the gutter in m3/5 and A is
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the cross.sectional axea of gutter in mz.

This equation assumes that the flow copacity of a given
gutter size is independent of gutter length.  Inspection of
equation 5,4 for rectongulur gutters revegls that this may not be
true. It was decided to determine the effect of length on the
flow capacity and if necessury to modify the Building Research
Stotion formula to account For length.

The results of programme HR for a true half-round gutter
of diometer egual to 0,101 metres are shown in Tuble 18.  The
values of inf(max) are plotted agoinst x on log-log paoper in
graph 10 where inf(max) equals the inflow per unit length capacity,
Qmax/x, end x is the gutter length in metres. This resulis in o
stroight line of slope m = 1,40, Hence for this particulax
gutter inf(max) = le,40.

This eguation suggests that the Building Research Station
formula might be modified by including o foctor X" in the formule,

fee. _inf(mox) . x” = 0,8433 . Ak

1,40

N : no.
An obvious estimute of x is x and values of -

inf(nax) = 0,840,852/ Cure tobulated in Toble 18, It is
seen that this overestimates the given values of inf(max).

Another estimate of n was obtained from the Building
Research Stotion results. It is thought, though not yet
confirmed, thut the Building Research Stotion formula was based
on tests performed on 6,096m (20 t.) long gutters. Their

results for various gutters sizes are tabuloted in Table 19 and
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assuming thet x = 6,096m, the value of n can be found from the
relationship;

o = Loy ood 8433.A1'25\)

Tnf{max)

Calculated alves of n are tabulated in Table 19 (an
indication that the iength of the test gutters used by the Building
Research Station wos 6,096m can be cbtained by extrapolating
backwards the curve in graph 10.  The volue of inf(max) For a
gutter diameter of 0,10l6m and length of 6,096m is then cbstracted
and equals O,000145 mz/S. This approximataly equols the value
given by the Building Research Station in Table l‘).)

It is seen that n is almost a constant velue and the mean
value is 1,47, Using this value of n the inflow rates for the
gutter of diometer equol to 0,10lém are colculoted using the
relationship;

inf (nax) = 0,8433 A4

1,4
The caleulated volues ore comparad with the camputed values in
Table 18, It is seen that yood agreement is obtained between
the results.

This equation is now checked ogainst the Building Research
Station data in Table 19.  Results are listed in Table 1%,

Excellent agreement is obtuined.




TABLE 18: RESULTS OF HR AND COMPARISON WITH
RESYLTS OF MODIFIED B.R.S. FORMULA

Gutter diameter = 0,1016metres

Crosswsectional area = 0,0081n°

RESULTS OF HR RESULTS OF MODIFIED B.R.S.

’;:n?nz:res inflmax)  inflmox)dex _0,84334°7%° 0 8a30An %

in mz/S in ma/S KLt xl’4'7
8 0,0001 0,0008 0,000111 0,000096
9 0,00008  0,00072 0,000095 0,000081

10 0,00007 0,007 0,000082 0, 09009
13 0,00005  0,00065 0,000057  0,000047
15 0,00004  0,0006 0,000045 0,000038
25 0,002 0,005 0,000023 0,000018

JABLE 19: B.R.S. RESULTS AND COMPARISON WITH
RESULTS OF MODIFIED B.R.S. FORMULA

Nominal guttor  B.R.S. RESULTS  TOPIFIED B.R.S.

diem i RESULTS
iem in metxes 135
Flow capucity inf(max}in  n 0,84334 7
i 3 2 1,47
in mn°/s /s Xy
in n°/s
0,075 0,00042 0,000069 1,46 0,000067
0,100 0,00083 0,000136 1,43 0,000138
0,1125 0,00113 0,000185 1,47  0,000186
0, 1250 0,00150 0,000246 1,465 0,000242

0,1500 0,00233 0, 000382 1,467 0,000382

74




As a finel check on the velidity of the equation, the
Marsh (1968) result for a gutter of diameter equal to O, 1524m
(6"} and length equal to 6,098m (20') is compared with the result
computed using the above formula. Results as shown below.
GUTTER DIAMETER = 0,1524n

GUTTER LENGTH = 6,09

inf(max)as found experimentally by Marsh =  0,000897n/5
inflmax) = 0,84334%% = 0,0004l%/'S
s,0964 %

percent error = +3,2 parcent

Good ogreement is obtained between theoreticel and
experimental resvlts, Thus it is felt thot the Building Research
Station equation for half-round gutters should be eltered to the
following form to cater for the length factor;

inflma)o o 0,8450a0 %

or in terms of the discharge capacity

I Y

0,47

where Omax is in ma/‘i,

A is in m2 and x is in metres.

i
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CHAPTER 6

REVIEW OF EXISTING METHODS OF GUTTER DESIGN AND
COMPARTISON WITH RESULTS OF PREVIOUS CHAPTER

At present numercus methods of gutter design ore employed
in South Africa. These methods ore generally based on rule of
thumb techniques derived frow past experience. An example of
such o method is thet presented in the Standord Building Regulations
1970 lThe size of a rainwater gutter shall be colculoted on the
basis of 7cm2 of cross-sectionol area for every 5m2 of raof area
served by such gutter. The size of rainwater downpipe shall be
caleuluted on the basis of 7cm2 of cross-sectionol orea for every
7m2 of roof area served by such downpipes)

Such methods ore not based on sound theoreticul principles
and teke no account of the many variables invelved in gutter design.

The Building Research Station (1958 and 1969) has produced
o monuol thot otiempis te toke into account the variables involved
and to rationalise guiter design. A summary of the relevant

sections of B.R.S. Digest 107 (1969) is given below.

SUMMARY OF BUTLDING RESEARCH STATION METHOD
QF GUTYER DESIGN

PAKT 1w TO DETERMINE THE SIZES OF EAVES GUTTERS
AND DOWNPIPES AND SMALL VALLEY GUTTERS

Eaves Gulters
Caleulate the flow lood according to the piteh of the roof,

(i) For roof pitches up to 50%, tho angle of pitch is ignored.
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(ii)  For pitches over 50°, the flow load is calculoted vsing
the plan areo of the roof.

Flow Capacity (litres/minute) of level gutters, outlet at one end.

Nominol Gutter Flow capacity of true half-round gutters

size in millimetres in Litres/min ana/s
75 25 0,00042
100 50 0,00083
112,5 68 0,00113
125 90 0,00150
150 140 0,00233

The above toble gives the flow copacity of true-half
round guiters, fitted level and with ovtlet ot one end as

-
caleulated from Q = 0,00164%23

where A is in mm2 and Q is in
1/win.  This formula may also be used to caleulate the flow
capacity of nominol holf-round, segmertal, ogee and other similer

gutter sections.

These flow capacities con be adjusted for:

falls not less than 1/600 +40%
bends within 2m of un outlet,

on Jevel gutters, sharp cornered bend ~20%

round coznared bend -10%

on sloping gutters -25%

bends within 2-4m of an outlet, half the
obove figures

length, sloping gutters up to 6m long -10%
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Downpipe sizes for level and sloping gutters

HR nominal  Sharp-(SC) or round- Outlet at Outlet not at end

gutter size cornered (RC) outlet end of of gutter
gutter

75 SC 50 50
RC 50 50

100 s 62,5 62,5
R 50 o
12,5 s¢ 62,5 75

RC 50 62,5

1286 3¢ 75 87,5
RC 62,5 75
150 ¢ 87,5 100
RC 7% 100

Downpipe sizes uppropriate to stoted gutter sizes are listed

in the Table ebove.

Rectangular ond box quiters

The obove method for determining the size of euves gutters
is valid for reciungular and box gutiers in which the ratio or
width/dopth is about 2:1.

PART 2~ TO DETERMINE THE SIZES OF LARGE VALLEY GUTTERS,
QUTLETS OF RECEIVERS AND RAINWATER PIPES

Shape of Guttex

The width of sele should be not less than 300 millimetres
to facilitote meintenance. The sides of the gutter should rise
75 millimetres vertically above the required height to provide

a fresboard allowance.
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Flow Capocity for free discherge

Gutters should be provided with outlets designed to
accept the flow from gutters without increasing the flow depth
in the gutter, R

In @ gutter discharging freely, the flow capacity is

given by:

a = 0,005 | 6.1
B

where Q = flow copacity in litres/minute

A = ares of flow ot outlet in mm2

B = width of water surfuce ot outlet in millimetres
It is ossumed that the depth of Flow ot outlet, Ho, is half the
peak flow dapth at the far end, D,

Box~type receiver

Whenever possible the gutter should discharge into a box-
type recaiver, the depth of which con be chosen so us to permit
the use of a raoinweter pipe of convenient size.

The receiver should be ot lanst os wide as the maximum
gutter width and it should be long enough to prevent the flow
from the gutter ovar-shooting the box. A suitable shape for an
axternal box-type receiver is thown in Figure 9 in which the
reconmanded depth of the odge is Hd + 2/3 Hd whers Hd is the
depth of water at the inlel to the roinwater pipe required to
give the necessary dischargo copacity. The length of the box
Lb is given by Lb = 24/FHG' where F is the fall between water

surfaces and Ho is the depth of flow at the gutter outlet
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DOimensions of  box-type receivers
External  lenglh . Lo = 2IF
Ivtzenal  lengdn,  Li = 20Fue + 2 oL,
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Where the box is situated part way wlong & length of roof, o
separate value Lb should be calculated for each gutter length
draining into it and the two lengths added to give the totol
length of the hox.

Rainwater pipes

Where the gutter discharges directly inte a reinwater
pipe, the ruinwater pipe inlet, should be dasigned to allow free
discharge from the gutter. The discharge copocity of the
roinwater pipe inlet depends on the diometer of the inlet, the
depth of water {hoad) ovar the inlet and on whether tne water
swirls about the inlet.

Swirl can bo neglected if the inlet is at o distance less
thon its diometer from the neorest verticol side of the gutter or
box, In this case the inlet acts us o weir for u head of flow
H up to d/3 for which range

Q = 0,0L16 dH A 6.2
where Q = dischurge copacity of inlet in litres/minute

d = diameter of inlet in millimetres

H = hood of woter over inlet in millimetres

Where H is grecter thon d/3 the inlot acts as an orifice
and Q= 0,00304% T 6.3

Swirl will oceur if the inlet is ot o distance greater
than ith diameter from the nearest vorticol side. In this instence
the welr discharge is unchanged but the orifice discharge is

reduced by swirl to



82

q = 0,000945 /T 6.4

When sizing the inlet to @ rainwater pipe leading directly
from the gutier, the head H should be taken s the depth of flow
at the gutter outlet, Ho, calculated when de. «mining the guttex
capacity.

The diametver of the rainpipe can be reduced to two-thirds
of the effective inlet diometer provided thot the tronsition is
made over o length of not less thun the diameter of the inlet.

A second method of gutter design was proposed by Maertin
(1973) for Austrelian conditions. This method is based on the
Building Research Station results and is essenticlly the some as
the BRS metﬁod. Several improvements were however presented ond

these ore summarized below.

SUMMARY OF RELEVANT PORTIONS OF MARTIN
METHOD OF GUTTER DESIGM

THE CATCHMENT AREA

Wind influences the effective catchment area by altering
the direction of the roinfall., It is argued from simply
geometry thot a sloping roof must inteicept more wind-driven rain
descending ot an angle foom the normal. However limited data
exists upon which an estimate of such o 'wind factor' can be based.

In saw-tooth type of construction, rein will be directed
onto the vertical roof portiens, increasing the effective catchment
area. Thus in cases of high wind o percentage of the vertical

surfoce might be exposed to rainfell and this area must be oddud




to the edjacent sloping roof area in determining the effectivs
catchuutc areda.

High rise buildings, however, affect the intensity of
rainfall during windy periods. The buildings will sbstruct the
flow of wir and the resulting pottern of uir movement will couse
raindrop traojectories to diverge over the obstruciion and converge
on the leeward side as seen in Figure 10.  Thus roofs of high
buildings may be expected to receive lower intensities of rainfoll
than are recorded on open ground. The same would apply to roofs
on adjacent buildings, but lower buildings ot some distonce on
the leeword side might experiense higher intensities

However until further research hus been performed on the
effect of wind, ne fixed rules con be stoted. It oppears that
for the present, the designer should increose the plon area of
the roof to account for wind effects. This foctor must be based
on subjective knowledge of the wind conditions at the site. In
extreme vonditions, the total roof area may be token as the
catchment area.

Heil is not toke. into account in the rainfall intensity

date. It is generally agreed that runoir from hail and snow is
lower than from rain and the major sroblem is due to the likelihood
of blockage of drainoge channels and downpipes.  Downpipes may

be protected by wire mesh guards.
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FiglO: Air flow over boidings end prdoable trajec-
fories for raindrops of one size (brokaen lines)
(After Martin 197%3)

R
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FLOW CAPACITY AND DESIGN OF DRAINAGE CHANNELS

Eaves gutters fitted with downpipe

Martin uses an imperial unit equivalent of the BRS
formula for eaves gutters to determine the flow copucity of saves
gutters.

Q= al,25 {1+ x)
where Q is in gallons/minute
o iy in in?

x is o gutter design coefficient depending upon slopes,
bends etc. These x values are similar to the BRS reduction factors.

Since potential domage from foilure of external eaves
gutters is not likely to be greai, their design can be based on
low recurrence intervals of rainfall intensity (say 10 years).

The optimum size of verticul downpipes to serve such gutters
is given by the rule that the cross-sectional grea of downpipe needs
to be hulf the cross-sectional area of gutter. This method has
worked satisfactorily in Australioc for 7 years,

Valley and box gutters with free discharge to
receiver and downpipe

These usually have e minimum width of 300 millimetres to
facilitote maintenance. For the horizontal case with open end,
the flow capecity of the gutter is given by

Q= 4,267 (34008
where f is the cross-sectionol ares of flow at outlet in in®

W is the width of flow of the water surface at the ouvtlet

in inches.




Q is the flow copacity in gallons/minute
This is the imperial unit equivelent of the BRS formula

for volley gutters.

The influener of slope has been studied empirically by

Maxtin ond Tilley (1968) and the follo

9 relotionship found for
both box trupezoidel and vee gutters:

Up to 1° slope the square of the discharge copucity is
directly proportienal to the sine of the angle of slope.

For slopes from 1° to 20° the reciprocal of the maximum
depth of flow is directly proportional to the square root of the
sine of the angle of slope. Figure 11 illustrates the results
in terms of a relutive discharge capacity factor (n).  Thus if
a is the calculated cross-<uoiional cvrea of gutter required for
the horizontal case, then a = nal, where ul is the cross-sectional

aree of gutter required for the sloping caose.

LRy

\

Infigree ol slope
A wity of a drainage channel,
(Alter Martin and Vitey 1968.)

Relative discharge capacity,n

L S R
Stope (deg.}

The box-type receiver and downpipe may be designed to
serve the freely discharging box-gutters as recommended by the

Building Research Station (1969}
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Dewnpipes to flat roofs

Where downpipes ore fed by flat oreas such as sedled
membrane roofs ond not by gutters, separate consideration needs
to be given to the estimotion of the required size of the downpipe.
Assuming an effective discharge velocity of 350 ft/min (1,78 m/s)
in the downpipe during peck flow conditions, the dischorge
capacity is given by

0 = D% 0,350 x 6,23 6.5
576

where Q is in gallons per minute

D is the pipe diometer in inches

Marsh (1968) has presented a design method for PVC eaves
gutters. This method is beosed on experimental data for 6,096 matre

{20 ft.) long gutters. The cppropricte results are summarised below.

SUMMARY OF RELEVANT PORTIONS OF MARSH METHOD OF
GUTTER DESIGN FOR PVC HALF-ROUND EAVES GUTTERS

A level gutter with an outlet ot the centre has almost
twice the cepacity of a similor gutter with an end outlet.

A foll of 1/600 increases the level gutter flow capacity
by 20 per cent.

A fall of 1/300 increases the level gutter flow capacity by
30 percent.

An angle within 6 ft. (2n) of the ouilet of o level gutter,
reduces the flow capacity of the straight gutter by 10 percent.

An angle further than 6 ft. (2n) from the outlet of the
level gutter, reduces the flow capucitv of the straight gutter

by 5 percent.




An angle within 6 ft. (2m) of the outlet of o guiter
fitted to a foll, reduces the flow capacity of the straight

gutter by 20 percent.

SUMMARY _OF HELLINGS' METHOD OF DETERMINING
THE OPTIMUM POSITION OF EAVES GUTTERS

Hollings (1967) proposed o theoretical method of determining
the optimum position of eoves gutiers by considering the trajoctory
of the water flowing from the roof into the gutter. The method
was verified experimentally.

This method is used to determine the trajectory of the woter
flowing from o valley sutter into u box receiver. The result
obtained provides o check on the proposed dimensions of box-receiver
presented by the Building Research Stotion.

The trajectory of a porticle in a Frictiol‘wless medium is
given by

ton(d) b + g_l_:_?_ 6.6

No® cos(d)

a

n

where o = vertical distance travelled by particle

b = horizental distance travelled by particle
Vo = initial velocity
d = angle that tho initial direction of the particle

makes with the horizantal

~&
™~ path of

parbicle
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Assuming that the jet of liquid discharging from a gutter
behaves in a similor manner, then the trojectory of the jet of
water is given by equation 6.6

It has been shown in Chapter 3 that the flow depth at
outlet, Ye, is less thon the critical depth, Yor, and is approximately
equal to Ye = 0,715 Yor. Assuming the gutter to be rectengular,
the outlet velocity, Vo, will then equol 1,4 Ver, where Ver is
the critical velocity.

The critical velocity can be obtained from the expression

ks =1

N

e Vor® = gA
5

Thus Vol = ga (1,42
B

Substituting fox the end velocity, Vo, into equation 6.6 gives
2
a = tan(d).beg.b
2.(L,9% gb cos%)
B
Assuming a level gukter, i.e. d = 0°, gives

a

20,47 ¥
Hence b 24 2afa.¥"
This equation is compared with the equation for the minimum
length of box~receiver aus proposed by the Building Reseaxch Stotion.

vize Lb = 2/FHo. It is seen that the equations are identical.

Thus it is coneluded that the BRS formula is bused on the assumptions

outlined above.



Hence the BRS formula will be adequate provided that
Vo does not exceed 1,4 Ver. This may occur in certain instances,
but the effect thereof will be compensated for by inbuilt sofety
factors in the equation. Nomely
{i) the effect of friction, which is ignored in the analysis .
(i1) the length of receiver is caloulated ossuming that the
jet of water discharging from the gutter may not impinge on the
far vertical woll of the receiver., In fuct, it may without
affecting 1he operation of the receiver.

Thus it is felt thot the Building Research Station formula

for desagn of box-receivers is adequate.

MIDGLEY RESULTS FOR THE FLOW CAPACITY OF DOWNPIPES

Midgley (1964} investigoted the hydraulic choracteristics
of gullies and downpipes and presented a theoretical discussion
on the general behavieur of typicel downpipes.

The flow condition at the downpipe inlet can be
(1) free weir condition
(i) orifice condition
{iii) ovifice condition with suclion
(iv)  weir sondition with suction
(v) pipe condition op
{vi)  partial pipe condition.

The existing condition depends primerily upon the head of water

at the inlet.
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The Building Research Stotion recommends that inlets
should be designed to allow free discharge from the gutter. 1In
this case, depending on the heud, either condition (i} of (ii)
will hold,

If the free weir condition holds then

1,5 1,5

Q@ = Cd.IrD, Ho K.D.Ho

and if the orifice condition holds

1
f e cdd DR o = 02t
1

where Q = discharge capacity of inlet

Cd = coefficient of discharge

B = inlet diameter

Mo = driving head

Compare the form of these equations with those presented
by the Building Research Stotion, namely;

a = o0u6pHYS 6.2
ad 4 = 0,008 DWT 6.3

It is seen th.t the Building Research Station results are
based on the theoretical flow conditions (i) and (ii) outlined above.

Since these equations have a sound theoretical backing it

is felt thal they can be safely opplicd.

LI RESULTS FOR LEVEL CHANNELS WITH PARALLEL STDE WALLS

1i (1958) investigated spatially varied flow in level
channels with parellel side walls. Using momontum considerations

and essuming that the flow depth at outlet equals the eriticel




depth, Li showed that

Yo = 2Fo?41

Yo
where Yp = peak flow denth ot upstream end of channel
Yo = flow depth ot outlet

.
Fo = Frouda number at outlet = Qo“Bo
gAu3

Assuming the end depth = critical depth, Yor, then [

and the abeve equation reduces to;

Yo = ~TY¥ = 1,732 Y

The Buwilding Research Stetion design method however
assumes that Yp = 2Yo. A further estimate of the value of the
ratio Yp/Yo can be obtained by abstracting data from the rectangular
gutter output files and calculating the ratio Yp/‘(c .
This is done in Table 20.

It is seen that for rectangular gutters the ratio Yp/Yo
is not constont but varics between the limits of about 1,75 to 2,0.
An overage value appears to be chout 1,85, Thus the Building
Research Station value of Yp/Yo = 2 is o consexrvalive result

Values of Y design are also abstracted from the output
files, where Y design = the design flow depth, i.e. the upstreom
depth with the freeboard allowance added. Values of Y design/Yo
are tabuleted in Table 20.

It is seen that on average value is wbout 2,2,

Thus it can be concluded that conservative estimates of

the peak upstream depth Yp and the design depth Yd ave given by
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TRRIE 20: GALCULNINON OF THE R
SISO OF Wh GIes YL/%0 AP T/t

iR F  LmiomH Yo myer Ypin Ya/fe Ydin ¥d/to
B in un is % AR nabres metsen
Dean, notvas motros
9,6 oRkO% 5 ©0,05614 ©0,10214 1,82 0,11746 2,09
15 ©,11678  0,21478 1,84 o0,24% 2,14
25 0,16417  0,3087 1,86 ©,35094 2,16
.05 5 0,26026 ©,45660 1,75 0,33521 2,02
01 25 0426080 0,4746 1,83 ©,5458 2,09
O 0,01 1o 0,18538  0,3M38 1,79 0,381 2,06
20 0,20428 ©0,53628 1,92 0,667 2,09
©,003 5 0,05234  ©0,09433 1,8 )85 2,07
% 9,10866  ©,20086 1,83 G,230 2,1}
4% 0.15303  0,78803 1,87 0,312 2,16
09,0003 5 ©0,01128  ©0,02178 1,87 0,045 2,17
13 0,02345 ©0,04845 2,06 ©0,0557 2,6
28 0,03297 0,07097 2,15 0,0816 2,47
0,3 0,805 3 ©,06340 0,11340 1,72 0,104 2,0%
10 0,14147  ©0,25747 1,82 0,2061 2,09
0,001 20 0.0763¢  0,14%30  1,9F 0,1723 z,24
25 0,08412 ©0,17%12 1,96 0,014 2,26
9.2 0,008 b ©.1880  @,39138 1,85
15 0,24202  0,45092 1,85
2,002 5 0,08308  ©,15'08 1,82
ks 0,13188 0,24488 1,86
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Yo = 2%

Yd = 2,3 . Yo where Yo is ossumed to be the critical
depth

These volues can be used to obtain o quick estimate of the
required flow depth for o particular gutter prohlem.

COMPARTSON OF EXISTING Mi iHODS OF DETERMINING
REQUIRED FLOW AREAS AND DESIGN CURVES PROPOSED IN CHAPTER 5

The existing methods of determining the required cross-
sectional area of valley gutters for given flow conditions are

all based on the Building Research Stotion equation

Q = 0,008 A 61
]

where Q is in litres/ninute, A in mm2 and B in millimetres .
Compare this with the discharge capacity obtained by assuming

thet the flow depth ot outlet is criticel, viz.

Q@ = 0,00895]A°

Thus it is seen thot the flow capacity as given by
equation 4.1 is practically the same as the flow copacity
obtoined by assuming the outlet depth to be criticel. Thus
equation 6.1 assumes the outlet depth to equal the critical
depth.  The Building Research Station method then assumes the
peck depth to be twice the critical depth. This however is not
olways true, as was pointed out in the previous section. It is

however a reascnable, conservative estimate.

/
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The equations proposed in this dissertation for the

design of rectangular and trapezoidal gutters are:

For rectangular gutters Y = .x0‘05 0, 6200 .1
1,4294 1,067
; 7
For tropezoidal gutters / -~ _4) 0,7474 . bo’09
———
R degO,ZJ
It is felt that use of thoo eyuations will take better
account of the varicbles ipvolwvu: in gutter design. The form of
these equotions is similar to that of equation 6.1 as can be seen
by rewriting equation 6.1 in the form below:

Y . m0,67 .b0'33
K
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FIAPTER 7

CORRECTION FACTORS TO BE APPLIED TO STANUARD GUTTER RESULTS
AND THE STZING OF BOX-RECEIVERS AND DOWNPIPES

A number of stondard gutters were analysed in Chapter 4
ond the results of these anclyses presented in the form of design
criteria in Chapter 5.  These design criteric are however only
opplicuble to the particuler stondard gutters anclysed i.e, to
stroight horizontel gutters with outlet at one end and of
rectangular, tropezoidal or half-round section. Meons of
extending these results to include cll uspects of the design of
practical gutter systems were sought.

It was felt that due to the lack of datu on the subject,
the only feasible approach to the varistions from 1;he standaxd
gutter would be to abstruct relevant information from previous
investigaotors' work. If different investigutors employed
different meons of accounting for such variations, then the most
conservative result will be employad.

The relevant obstracted results are as listed below:

CORRECTION i ~CTORS TQ BE APPLIED TO THE STANDARD
GUTTER RESULTS

Eaves Gutters
The discharge capacity of a standaxd gutter con be
adjusted for:

Falls not less than 1/600 + 20%




Bends within 2m of an outlet on level gutters,

sharp-cornered bends - 20%
round-cornered bends - 10%
on sloping gutters ~ 25%

Bends within 2m - 4m of an ovtlet

half of the above results B

Nen-central downpipe in o level gutter, the discharge . i
capacity is given by at where £
Q = dischurée copacity !

L = gutter length

L7 = length of longer orm of guiter ?
i
Vil l
D e
£ —

Valley Gutters

No results are availoble on the effects of bends. Bends
are seldom incorporated in large valley gutters, but if such §
gutters should have bends, the designer must apply correction
factors of his own cheice.  The factors obove for eoves gutters
muy be used as a guide.

The effect of slope can be taken into account by means of
the Martin method, os cutiined in the previous Chaptexr. It is

felt thot this pethod could he improved by determining the effect p




9t

of slope theoretically., This could be done by including slope
effects in the anelysis outlined in Chapter 3 and comparing these

i
resulte with the horizontol gutter results. This moy well result

in o better understanding of the effect of slopes on a gutter.

SIZING OF BOX-RECEIVERS AND DOWNPIPES

DOWNPIPES FROM EAVES GUTTERS
e

Mortin recommends that the cross-sectional area of downpipe
be half the cross-sectional areo of gutter that it is draining.
The Building Research Station recommends thot downpipe sizes be
based on the toble reproduced in Tuble 21

Both these methods gssume thot the flow capacity of a
particular gutter is fixed und hence the size of the downpipe
serving such o gutter is fixed. If the modified form of the
Building Reseogrch Station eaves gutter design equation is used,
viz. = 0843380 804
then the flow capacity is not fixed, but depends on the length
of the gutter. Thus when upplying the wodified BRS equation, it
is desirable to modify the Building Ressarch Station method of
downpipe sizing to take into account the gutter length, x.

The downpipe size can be found from the following
theoretical analysis:

Assume that the flow conditions at the gutter outlet
approximate orifice flow conditions, then the discharge capacity,

Q, of the outlet according to equations 6,3 and 6,4 is given by;
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a = 0,008 &?F
ox Ql = 0,0029 dzafﬁ if switl occurs
whers  Q is in litres/minute

d is the outlet diameter in millimetres

H is the driving head in millimetres

Assume that the driving head equals the critical depth
end assume thot the eritical depth equals half the peak depth.
Then for holf-round gutters

B = Yor

Yerz LYp =D
2 4

vhere D is the gutter diameter
And the dischorge capacity of the outlet is
Q = 0,009 &N

or ot - 0,00045 2T LF swizl oceurs

The required outlet diometer is thus

a = (i3 7.2
~NT

& o, f690 Q8 if ewisl ocours ... 7.2
T

D
To check the validity of thase equotions, the Buildinry
Reseorch Station equation for the flow capacity of eaves gutters,
viz. Q = 0,0016A1’25, is substituted into them und the
downpipe sizes computed,  The next largesi stondard downpipe

size is then selected for use. The results are in Teble 21.




TABLE 21: DETERMINATION OF DOWNPIPE SIZES REQUIRED TO SERVE EAVES GUTTERS

g
LI B DOWNPIPE SIZES RECOMMENDED BY THE
2 @ o N B.R.S.
g8 12 8 _|a 7l v
3;’ 5 1g et & d“(q‘frl‘a/‘m d‘(69i°'°/‘®z Sharp {S.C.) |Outlet otiCutlet not
& |8 B3E] L, . eorner or end of fat end of
g ge g millimetres [millimetres round ster vtter i
g =8 gutter | gutter in
aslz € corner (R.C.)[in milli~|milli-
2a jBed outlet metres [metres
75 25 38,5 44,6 8C 50 50
50 50 RC 50 50
100 50 51,5 59,6 SC 62,5 62,5
62,5 62,5 RC 50 50
112,5 68 57,4 66,6 sC 62,8 75
62,8 78 RC 50 62,5
125 90 64,4 74,5 3¢ 75 . 87,5
& 7. Re 25 | 75
150 140 76,7 88,7 sC 87.5 100
87,5 100 RC 75 100
Note: upper r.~ - is d{calculated), lower one §

is the n. . .argest stondaxd gutter size




Comporison of these results with the downpip: sizes
recommended by the Building Research Station leads to the
conclusion that the above method was the method employed by the
Building Research Stotion in determining the downpipe sizes required
by gutters with sharp cornered cutlets. No swirl was gssumed to
exist if the outlet was at the end of the gutter, while swirl was
assumed to exist if the outlet wos not at the end of the gutter.

Thus it eppears that eguaticas 7.1 and 7.2 con be used to
determine the downpipe sizes required by holfwround gutters,
provided thot the discharge copacity, Q, used in the equetions {s
the actuel dischdrge copacity of the gutter and not the adjusted
discharge copacity (i.e. the discharge cupucity ofter correction
factors have been applied).

It is assumed that these equations will also hold for
nominal half-round, ogee and other similor gutter sections,

Altering the units involved in equations 7.1 and 7.2 thev
can be written

d = £,973Q

VB 7.3
or ab = JTE0E with swirl ... 7.4
A

where d is in metres
D is in metres
Qis in ms/ S
Substitiuting the modified Bullding Research Stetion velue

for the discharge capesity, Q, into these oquations will give o

1ol
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general design formula for downpipes.

d = /0978, 08433an 0
~NT xo +

g

1,309 . 0,8433A5 2> with swirl

T ann 0 agnants 25
or d =\/-
I 047

These reduce to

¢ = [ oemli®
xo’47~/'5’ 7.5
or 4 = /3007 with ewint
L 7.6

These then ore the design eguations for eaves downpipes,
where equation 7.5 ls used for round-cornered outlets and 7.6 is

vsed for showp-cornered outlets.
BOX-TYPE RECELVERS FROM VALLEY GUTTERS

The Building Research Station recommencations for sizing
box-receivers ore discussed in Chaptexr 6.  These will be adopted

for use. The recommended receiver size, os seen in figuxe 9 below,

depends on the depth of flow ot the gutter outlet, Yo.

Cig. Dmewms of bowdue feignrn
Eadoresd dangh Ly~ 2IFR
® eteeed lengrh boe g ¢ 2GR




The depth of flew ot the outlet is less than the critical
depth and is approximated by

Yo = 0,715 Yer.

It is felt howaver that it is moxe desirable to employ
the criticcl depth os the Yo volue in the equation for box length,
Lb.  This pruvides a certain safety fector and allows for errors
in the analysis used to dotermine the box length equatiun {sse
previous chapter).

If design is bused on the design equetions recommended in
Chapter 5 then the critical depth con be assumed to be equol to

Y design/2,3 (see Chapter 6 for explanction).
DOWNPIPES FROM BOX-RECEIVERS AND VALLEY GUTTERS

The Building Reseorch Station method will be used. The
problem exists as to whot is the driving head of woter over the
downpipe inlet. This head will be ossumed to be the critical

depth and hence is given by Y design/2,3.

GUTTER SECTIONS OTHER THAN RECTANGULAR OR
TRAPEZOIDAL SECTIONS

Various methods of theoretically relating the results of
rectongular ond tropezoidsl gutters to other guttex sections were
attempted without success.  Attempts were made to determine a
ratio between the critical depth in o rectangular section and the
critical depth in a tropezoidal section with one side vertical
and one side sloping, but it was found that this retio wes o

variable,
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It wos éecided that the best methad of extending the
results was os follows:
[63; Whers o high degree of sceurccy is not required

The required arse of the gutter is determined by combining
the results of rectangulor and trapezoidal guiters with equal side
slope in o suiteble fashion.

For exumple

N ti\_/ - VEX—L\TT__

fe—g e Jamg—el
(33)  Where o higher degree of accurasy is required

The design depth may be assumed to he 2,3 times the
critical flow depth in the gutter. Thus it will be necessary to
determine the criticel flow depth.  This con be done by @ trial
and error solution of the equation

d -1
9A3

104




105

CHAPTER 8

PRESENTATION OF A GUTTER DESIGN MANUAL FOR
SOUTH AFRICAN CONDITIONS

INTRODUCTION

At present severcl methods of gutter design based on xule
of thumb techniques are employed in South Africo.  Thess methods
often give widely differing solutions and it is felt that they do
not always result in optimum drainage system design. An ottempt
has been made to rotionulize gutter design by applying sound
theoretical principles to the criticol elements of a druinage
system.  The volidity of oll theoreticol onolyses employed was
checked against availeble experimentol date from test guiters.
Where the assumptions used in the theoretical analyses resulted
in conditions that differed from practical gutter systems, the
effect of these assumptions is token inte account by means of
correction factors.

The correction factors and severol of the design equations
have been abstracted from the design methods proposed by Martin
(1973) and the Building Research Stotien (1969).  The layout of

this monuel follows the layout of the Mortin menval.
POSITION OF DOWNPIPES (aftor Martin (1973))

'Although general location of downpipes is fixed by
censidorations ather than designing for aptimum
droinage, the number to be installed is usually a
design verioble. Obviously, the more downpipes
the simaller the catchment area ond the smoller
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the sizing of drainage channels. However the
high cost of edditional downpipes to multi-
storey buildings in porticular, usually ensures
that as few as possible will be used.  Some
simple cummonsense rules apply. , Roof catchments
should be kept smaller thon 900m”™ ond ot lemst twe
downpipes should be installed on il roofs with
total catchments greater than about 45p2.
Drainage from roofs should not be directed onto
other roofs but inte seporate downpipes

External downpipes are preferred on the buasis of
ease of maintenance, lower potential domage
should blockage occur, ond the Facility for
installing overflow weirs ot the downpipe. Flat
gratings to minimize the blockege to internol
downpipes serving flut roofs should not be used
unless the inlet to the downpipes is greater
than 180 millimetres diameter, ond then the
restricted area of flow must be used in the
calculations.  One of the most troublesome
causes of blockage of downpipes serving flat
roofs to multi-storey buildings is caused by

rain leoching free lime from cemunt-rich concrete
paving. The lime is carbonated and deposited at
the inlet to the downpipe as calcium cerbonate
Such deposi“s can only be removed with difficulty
by mechanical means. Neat cement powder must
not be vsed us a drier for such contrete paving.
The detoiled position of downpipes serving
drainage channels will influence the discharge
capacity of the channel.  Where possible the
position should be in the centre of the length

of the channel and so located that the water in
the channel does not need to traverse a bend to
recch the inlet.’'

THE CATCHMENT AREA

Wind infiuences the effective catchment area by altering
the direction of the rainfall, It is orgued from simple
geometry that o sloping roof must intercept more wind-driven rain

descending at on angle from the normal. However very little




dota exists upon which an estimate of such a 'wind factor' wan
be based.

In sow-tooth type of construction rein will be directed
onto the vertical roof portions, increusing the effective catchment
area.  Thus in cases of high wind a percentage of the verticel
surface might be exposed to ruinfell and this area must be added
to the ndjocent sloping roof area in determining ihe effective
catchment area.

High rise buildings aoffect the intensity of rainfall
during windy periods. The buildings will obstruct the flow of
air ond the resuliing pettern of air movement will cause raindcop
trajectories to diverge over the obstruction and converge on the
leeward side.

Thus roofs of high bwildings muy be expected to receive
lower intensities of rainfoll than are recorded on open ground.
The some would opply to roofs on odjacont buildings, but lower
buildings ot some distonce on the leeward side might experience
higher intensities.

However urntil further ressarch has been performed on the
effect of wind, no fixed rules can be stated. Far s~z present,
the designer should increase the plun arvea of roof to account for
wind effects. The emount by which it is increased should be
based on subjective knowledge of the wind conditions at the
porticular site. In exiveme circumstances the total roof ares

may be taken as the catchmant area.




108

THE DESIGN RAINFALL INTENSITY

Heil is not token into account in the design rainfall
intensity. It is generally agreod thai runoff from hail is
lower than from roin and the mojor problem is due to the likelihood
of blockage of drainuge channels and downpipes.  Downpipes mov
be protected by wire mesh guards.

The critical duration of storm likely to cause overtopping
of tha drainage system is considered to be five minutes, Rainfall
intensities for the three meteorologically homogeneous rainfall
regions in South Africo, os seen in Figure 1, haove been computed
for vorious recurrence intervals of failure. These intensities
for various recurrence intexvals have been plotied aguinst the
mean annual precipitation et the particular site in Figures 2, 3
and 4.

The recurrence interval of failure employed should depend
on the potentiol dumage that may be caused by overtopping of
the drainage system ond leakage of water into the building.

Design of externcl coves gutters with low damage potentiol if
overtopping occurs may be based on recurrence intervals of 5 %o
10 years, while design of large valley gutters may be based on
longer recurrence intervals of failure

Hence the design rainfall intensity for gu.ter design is
obtained by
(i) deciding on the uppropriate recurrence interval of failure
(i) determining the rainfall region of the guiter site from

Figure 1.
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(iii) determining the mean cnnual precipitotion at the .ite
(iv) determining the design rainfall intensity vsuing Figure
2, 3or 4.

The design roinfoll intensity is given in millimetres per
hour. This monual is based on units of metres and soconds. To
convert the intensity in millimetres per hour to metres per

second multiply the intensity by 0,2778 x 1076,
DESION OF DRAINAGE SYSTEM

Eaves gutier dosign is based on the flow copacity of
standavd gutter sizes while valley gutter design is based on the
determination of the required cross-sectional area of gutter to

cater for the particuler inflow rate.
TO DETERMINE THE SIZE OF EAVES GUTTERS FITTED WITH DOWNPIPES

Tho flow capucity of level eaver guttors, of kalfwround,
segmental and ogee seoction, with outlet ot one end is given by:

a = 0,84300% 1

0,47

where Q is the flow cepocity in mS/S

A is the cross-soctional areo of the gutter iﬁ m2

x is tho length of the gutter in motres

The flow capacity as determined by eguation 1 may be
adjusted for:

Falls not less than l/600 + 20%

Bends within 2m of an outlet

on level gulters, shurp-cornered bends - 20%
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round-cornered bends - 0%
on sloping gutters, - 25%
Bends within 2 ~ 4m of an outlet
half of the above results
Downpipe not ot end of gutier. The dischorgs capacity

is given by Q.x where Q is the flow capacity with downpipe ot

end, x is the total gutter length and xl is the length of the
longer arm of the gutter.

Eaves gulters are designed by = trial and error process.
A gutter size is estimated, the flow copacity is determined,
corraction factors oxe applied if necessary and the result is
compared with the dischargs thit the gutter must cater for. This

is repoated until the optimum solution is ebteined.
TO DETERMINE THE SIZE OF DOWNPIPES DRAINING EAVES GUTTERS

The flow is influanced by the shope of the outlet, whother
sharp-cornered or round-cornered.  Thus soparate equations exist
for the two difforont conditions,

The size of ovtlets may be dotermined by the following
equations:

d = 0,824 'is—ﬁfor round-cornered outlets ciiiieene 2

N

= l,lAl’ for sharp-cornorod outlets .,i.ieeee 3
V0

whero d is the outlet diameter in metres

EN

A is the gutter cruss~sectional arce in m2
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x iy the guiiter length in metres

D is the nominal diometer of the guiter in metyes

TO DETERMINE THE SIZE OF VALLEY AND BOX GUTTERS
DISCHARGING FREELY INTO RECEIVER AND DOWNPIPE

These gutters ore vee, iropezoidol or rectangulur in shope
and should have o minimum base width of 0,3m to facilitale
maintenance, Bends are generally not incorparated and discharge
is preferably via an open end into u bax-recedver,

Rectongular s-otions:
The regquired cross-soctionol area of gutter with freeboard

is given by:

A = Q.x°'°5 0,62. b0,33 eaa 4
1,4294

Trapezoidol Sections vith equal side slopos:
The required cross-soctional area of gutter with freeboard

is given by

A =( q )0'7474 [ e B
576989, PR

whore A is the design cross-sectional arca in m2

Q is the flow rate that the gutter must carry in ma/s

* is tha guttexr longth in metres

b is the base width in motres

deg is the side slope in radione, as measured by the
oxtornal angle that tho gulter sides make with the
hordzental.

Sections other than rectongrlor or tropezoidal with equal side slope




The required cross-sectional orea of gutier with freeboard
can be determined in either of two ways.

(i) Where a high degree of acecuracy is not required;

The required eross-sectional oreo can be found by combining
the results of rectengular and trapez.idal with equol side slope
gutters in o suitable foshion.

For example to size « trapezoidal gutter with one side
sloping und the other side veriical, the following combinotion cuuld

bz Jsed.

A ¥ ki + =
" YI\“‘ ‘“/ AL
[etrmpmntr)

I'Q--E--—Dl e |4.‘-.-T.. )

{ii)  Where & groater degroe of gccuracy is necessary;

The required depth of flow, with freeboard may be assumed
to be 2,3 times the critical flow depth in the particular gutter,
ive. Yd = 2,3Yex taeae ]

The critical flow depth may be found by a trial and errer
solution of the following equation.

a1 e 7

gA
where G is in flow rate thot the gutler must carry in ma/S

B is the width of water surface ot outlet  metres
2

A is the aroa of flow at outlet in o

For the common case of 4rapozoidal section with one side
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vertical and one side sloping, equotionr 7.3 is given by:

23 = pb.Yer + Y 2 vaves 8
g 2 tanhl

b o+ Yex
tand

where Yer is the criticol depth ot outlet in metres

8@ is the side slope in dogrres
CORRECTION FACTORS APPLIED TC THE REQUIRED ARFA

Bends gonerally are not incorporated in velley guttexs
and iittle date on their offoct exists. If bends are present
then lhe designor must increase the vequived area using his
judgement, The factors given for caves gutiors may be used as
a guide,

The influence of slope has boen studied swpivically by
Martin and Tilley (1968) and the following rolationship found
for both box trapoacidal and vee guttors

Up to 1° slope the squere of the discharge capucity is
directly proportional to the sine of the angle of slope,

For slopes from 1° 40 20° tha reciprocal of the moxiium
dopth of flow is dircctly proportional to tho square root of the
sine of the angle of slopo. Figure 5 illustrates the results in
tarms of a relative discharge capacity,n.  Thus if A is the
celculated cross-sectional aree vequived for the horizental case
then

A = nA1
where Al is the cross-sectional area requived for the sloping

case,
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TO DETERMINE THE SIZE OF BOX-RECEIVERS FROM VALLEY GUTTERS

Box-receivers may be designed to serve the freely
discharging box gutter as recommended by the Building Researsh
Station (1969).

The receiver should be at lessti as wide as the maximum

gutter width ond should be designed to prevent the flow from the

gutter overshooting the box. A sviteble shope for an external

box~type receiver is in Figure 6.

The valve of the flow depth at outlet used in the formula

to detexrmine the length of the receiver is given by:

Yo = Yd
7,3
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Whers Yd is the peak flow depth with freeboard as found from

equations 4,5 or 6.

Cig, & Oimensions  of box-type receivers
v Bxkernal length Lo m 20Fg
O Irdeenal lenghn, Lo 20Fge ¢ 2 Rg

TO DETERMINE THE SIZE OF DOWNPIPES FROM RECEIVERS
OR VALLEY SUTTERS

Where the gutter discharges directly into the downpipe,
the downpipe inlet should be designed to allow for free discharge
from the gutter, The discharge capacity of ¢ downpipe depends - j
on the inlet diameter, the heud of water over the inlet and on
whather the woter swirls about the inlet.

The downpipe inlet should be placed ot a distance less
than its diameter from the nearest vertical side of the gutter
or box. The required inlet size is then given by

d = 0,1640 eras 9
k5




provided thet H is less thon d
3
When H is grecter than d/3 the outlet acts as an orifice

ond the inlet diameter is given by

If the inlet is ot o distance greater than its diameter
from the nearest vertical wall, swirl will occur and the orifice
discharge will change. Thus if H is greater than d/3 and swirl
is present, the inlet diameter is given by

d = 0,655Q vaeae 11

where d is the downpipe diameter required in metres
Q is the flow rate that the downpipe must cater for in ms/S
H is the heod of water over the inlet in metres
When sizing on inlet *o o downpipe leading directly from
the gutter, the head H is ussumed to be equal to the critical
depth of flow. This can be ussumed to be Yd/2,3 where Yd is
the peak flow depth with freebourd as fuund from equotions 4,5
and 6.
The diameter of the downpipe can be reduced to two-thirds
of the effective inlet diometer provided that the transition is

made over a length of not less thon the diameter of the inlet.
TO DETERMINE THE SIZE OF DOWNPIPES FROM FLAT ROOFS

Where downpipes are feod by flat areas such as sealed

membral e roofs and not by gutters, separate considerations need

120
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to be given to the estimation of the required size of downp..e.
Assuming on effective discharge velocity of 1,8m/S in the
downpipe during peck Flow conditions, the disch ~rge copacity is
given by:

Q =T .18
r

ice. d = ~0,707Q
where d is the required cutlet diameter in metres
Q is the dischurge rote that the outlet must cater for in

rr:a/S.

MAINTENANCE

The commonest couse of droinege system failure is the
accumulation of dirt ond debris in the drainage channels. On
buildings where the damage potenticl due to foilure of drainage
system is high, regular meintencnce of the drainage channels must

be performed.

TYPICAL EXAMPLES

Several simple examples are given indicating the manner
in which this monuel o~ be used to design proctical roof drainage
systems. It should be noted that these examples are of an
elamentary nature and that no ottempt has been mode to obtoin the
optimum design. In lorge roof droinage systems, the optimum
design should always be obtained by considering several alternative

designs and compuring the costsof these olternctives.
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CUTTER SYSTEM FOR A RESIDENTIAL BUILDING IN JOHANNESBURG
Consider a residentiol building with o roof system as

sketched balow.

EXTTY 5,8%m

130m
— | —
i outlet
— |

\/\_»:__/

It is required to design the dreinage system fovr this

building.

Downpipe positions; Assume thoat cesthetics dictoted
the downpipe positions und that they are as shown.

Cotchment area; Damuge potential if overtopping of the
gutters oceyrs is low, thus neglect wind effacis ond use the plan
area of the roof as the catchment erea.

Aroa of roof draining inte gutter AB = 5,0.Cos 40°.10 a?
- 38,3 n°

Design rainfoll intensity; Since damage potential is low,

use o low recurrence interval of failure of say, § years.

Mean annual precipitation in Johannesburg = 760 millimetres




Rainfall region - summer roinfoll region.
Hence design intensity from fig.4 = 134 mm/hr.
- 134.0,2778.10%0/s
= 37'2.10'6.“/5
Required dischorge eopacity of gutter; This is given by
17,2.1075,38, 8n°/5
= 1,442.10‘3m3/s
Sizing of gutter AB; Assume eaves gutters of half-xound
section will be used.  Assume the gutter will be fiited to « fall
of 1/600,
The flow capocity of o level gutter with an outlet at ane
end is given by

0 = o 84p3n 25

07

where x = 10m
Thus 0 = 0,28680 %8

Correction froters to uccount for variations from the
standord gutter can be applied to the discharge capucity. They
are {i) gutter has slope of 1/600, thus increuse discharge
copacity by 20 percent

(ii) outlet is not at end of gutter, thus increase discharge
caopacity by u factor of

X =10 =143
o 7

Hence corrected discharge capacily is

12
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Q= 0,286.4%%,1,20.1,43

Q = 0,491,402

Try gutter of diameter = 0,10m and A = 0,00784n°

Then ith dlscharge capacity - 0,491.0, 007841125

= 1,08.1070 /s
Compare this with the required discharge capacity of 1,442,107 n°/s
ond it is seen that o lorger gutter is required.

Try gutter of diometer = 0,125m and A= 0,0123m2

s 1,23
Then discharge capacity = 0,491.0,0123

= 2,06,10°%/5
Hence this gutter size will be adequate

Siziny of downpipe droining ¥rem gutter;  Assume that

the sutlet is shorp cornorcd, then the required outlet diameter

—
is given by d 'i/ N 3
BT
-
fee. d = /1. 0,00080%

100 5125

1,042
= 0,0465 motres
= 66,3 millimelros
The next lorgest standard size is then selocted for use.
GUTTER SYSTEM FOR AN INDUSTRIAL BUILDING IN PORT ELIZABETH
Consider an industrial building, hovsing a motor cax
assembly plont, as sketched below.
AI‘dlﬁh>

e
.?_LB el
tond Tt | e

ey
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It is required to design the drainuge system for this
building.

Downpipe positions; Assume that the downpipes are
situated as shuwn,

Catchment arsu; Damage potential if overtopping of the
gutter system occurs is foirly high., In addition sirong winds
are frequent in the Port Elizabeth area.  Thus use the total
sloping roof ares as the catchment orea.  Area of roof draining

inte gutter A3 = 20,10 m2

= 200
Design roinfoll intensity; Since damege potential is high
uvse u high recurrence intexvel of fuilure, say, 50 years.
Mean onnual precipitation in Port Elizaboth = 580 millimetres
Reinfoll region = year-round rainfell region.
Honce design intensity from fig. & = 150 mm/hr
= 150<O,2.778.10'6m/5
= 41,6.10"5/5
Required discharge cepacity of gutter; This is given by
41,6.1076.200 /s
8,32.107 /s
Sizing of gutter AB; Assume thet a trupezoidal gutter
section with equal side slopes will bo used and assumo that tho
gutter discharges into o bokwroceiver and downpipe and assume that
the gutter is fitted level.
The required cross-seetional areu of gutter with freeboord

s given by
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A = [ q \0'74'7%0'09 5
576965 5,75

deg

Assume a side slope of 60° and buse breadth

B = 0,30 motres, then
¢,7474
A = (8 32.10‘3> T b
0,6969 (1,0472) 028
= 0,000 o’

Thus required depth of gutter is given by

A = Y.b+

{a

\.,_._!z ]Ym

The solution of this is given by Y& 0,10 meires
Sizing of box-receiver from gutter; The minimum width of
the zeceiver is givan by
b+ 2.¥/tan 60° = 0,3 + 2.0,13/1,73 motres
= 0,45 metres
The flow depth at gutter outlet, Yo = Yd/2,3
= 0,1/2,3 molros
= 0,0435 metres
Assuma thot the driving heed of weter in the box,
HD = 0,05 motras, then the fall From the gutter to

the surface of the water in tho box is given by
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F o= Yo+ 2HD
3

= 0,0435 + 0,0333 metres
= 0,0768 metres
Hence minimum box length, Lb = 2 FYo

OO

Lb «2\0,0768.0, 0435

ib = 0,106 metres
Say Lb = 0,110 metres
Sizing of downpipe from hox-recuiver;  Assu.: Jhat the
downpipe is situated at o distence less than sts diamei-v from
the neavest verticul wall of tho bhox.
Thus if b <I/3 then the do npipe sice is given by

d = 9

In this instonce W 0,08 motres and

1,5

[N
d G, 194 mobyes
but r}u/s ihus the obove forwulu Jdovs not hold,  In
this instence the downpipe size is given Ly

viesan 10

S—

S 4 = juas7.8.32.007°
39,5
(o, 08)%
d = 0,134 mtros

The next largest standard dowbpipe size is then selected

for use. The diamcter of tho downpipo way bo reduced to




12¢

2/4 . 0,134 motres in diencter pravided thal this transition

occurs over o distence of nol luss Jhuan the downpipe dicmeter

GUTTER SYSTEM FOR, SAY, AN ART GALLERY

Seepuge of water into o building such os an art gallery
would have disastrous effects, thus the possibility of failure
of the gutier system cannut be tolerated.,  In such an instance
the total roof area would bo used os the cotehment areuw and o
recurrence interval of failure of 100 years would he used. In
addition safety factors should be appliocd to the gutter cross-

sectional area,
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APPENDIX A

TABLES OF RATNFALL INTENSITY “'ALUES AS ABSTRACTED FROM
FIGURE 2 AND TYPICAL CURVES USED TG OBTAIN THE FIVE MINUTE

DURATEON STORM INTENSITY VALUE.
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APPENDIX B

DERIVATION OF THE MUMERICAL INTEGRATION EQUATI W FOR SPATIALLY
VARIED FLOW

In deriving the numerical integration equation the
assumptions ave as outlined in Chapter 3, page 19 ond the flow
situation is as shown in Figure 7.

Consider Figure 7.  Energy losses are high and thus
mamentum consideretions are applied, Consider the momentum per
unit time or momenium flux pessing sectionl. This equals QFV
where Q and V are the discharge ond averuge velocity ot section

1. Or written in onother form Y V Q
9

Similorly the momentum flux ot section 2 is ¥ (Q + d@)(V +d V)
where dQ and dV are the changes in discharge ind velocity between
sections 1 and 2. The change of momentum flux between sections
1 and 2 is thus:-

X do)(Y + V) -~ X V= Y (QdV + {V 4 dV)dQ)
g d 4

This rate of change of momentum is, according to Newten II,
equated to the forces causing it.  These forces ore the frictional
force Ff, the pressure forws Fl and F2 and the component of the
sections own weight in the direction of flow, Nl.

The values of these forces are as follows:
Let W be the weight of ihe body of water between the sections,

Then the component of W in the flow direction is Wsin®, where




143

© = ch--iel slope and W sin®= (A 4 1da Jdx.So
deen WA KAk So
where So = tanBas sinf and 2nd order terms are neglected.

The drop in friction head between the two sections is equal
to the slope of the energy line, Sf, multiplied by the section
length, dx, or hf = 5F . dx where 5f may, by assumption, be
evaluated by the Manning equation as

st=Pn? = _ﬁinz where the bar refers to meon valves.

3 325473

The frictiongl force along the channel floox, Ff, is then
equal to the equivaleni pressurs due to the friction head loss
multiplied by the avercge area.

ieee FE = WY (A + JdA)

= SF . dx Y. (A+ 3dA)
neglecting 2nd order terms Ff = ST .dx. XA where Sf is as shown above.

The pressuxe force on section 1, Fl’ is the pressure ot the
centroid of section 1 multiplied by the area.  Similarly the
pressure force on section 2, FZ' is the pressure ot the centroid

of section 2 multiplied vy the area of section 2. (see Fig.15 below)-

Fig 151 Seefion o1 crennal ek apacoly e floo
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Thes  F) = zAY

Fy = YGardy) A+ X day
2

or neglecting 2nd order terms

Fy = Y G+ dyda
The resvltant hydrostatic pressure force acting on the free body
between sections 1 ond 2 is thus: Fl - F2 = -XA dy
Applying Newton II to the free body gives:

2

1
_g{ (0av « da(v + V) = Fp < Fy - W4 EE
= ~YAdy -¥Adx So+ Sfdx YA

Considering the differentials as small finite increments, the

y ¥
§ Tady - & 50 [adx +8s7 1 Adx
o, i) 9

= -YRay - ¥so A ax +¥5F Rax

equation may be rewritten;-

2 (eav s sa(y +av)=
g

where A is the average areo.
Sineo the discharge veries with the finite increment of the

channel legth, the average area may be token as:-

A = Ql+02
vl+v2
Also V2 = V1 +AV
Thos ¥ (o AV +AQ,) = -¥Ray ~¥so Rax + ¥sf hax
9
i.e. Ay = -Scax Sfo-_l__(QlAV +4Q V2>
Ry

fee. Ay = -Soax+ Stax -2, AV +AQ V)

le+02 g
\/1+V2
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Thus ay = =Seax + Sfax of ViV, 0 AV +AQ Y,
0 +0/ e 9

Referring to Fig.7, it is seen that the change in woter surface
elevation bastween sections ) and 2 is given by:~

dyl = ya + Sodx - y]

= Sodx + dy

When dy1 is the increase in depth from 1 to 2

Converting to finite increments:

Ayl = Sodx + &y

Substituting For ay in the eguotion foray above and
introducing the energy correction factor for hon-uniform velocity

distributional, gives:-

ayls stax v, + V) £ 0 faV +aw,
Q + 0, g a,
This equation is the numerical equation vsed to determine the
water surface profile in o spaticlly varied flow situation. On
the right hoand side of the equation, the first term represents

the effects of friction, while the second term repxesents the

effects of impact loss, turbulence etc.
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APPENDIX C

DETAILS OF ALL COMPUTER PROGRAMMES USED

PROCRAMME TO CALCULATE THE END DEPTH IN
HALF-ROUND GUTTERS

NAME ; GUT 2

OBJECT: To coleculate the end depth in half-round gutters

INPUTS: Gutter radivs R
Output code K
Gutter length X

Gutter discharge rote Q
OUTLINE OF COMPUTATIONAL METHOD:

The end depth is equal to 0,715 times the eritical

depth.  The critical depth is found using the identity:-

8B = 1 when flow is critical
3
eA
ie. Ver? = A = Vm e €
g B
where Ver = critical velosity
A = area of flow
B = width of water surface
Ym = mean flow depth

To determine the critical depth, on estimate of the
critical depth is made and equetion C.1 checked. If the two
sides of the equation are not te within the specified wceecuracy,
the critical depth is re-estimated and the process repeated

until the required accuracy is obtained.




OUTPUTS:  Output Code h;fl « the values of the

varigbles after each iteration are prinied out
Qutput Code K = 1 ~ the finel resulis ore

printed out.  Tne criticel depth, ond depth, and values of VarZ/g
and Ym are printed out.
Calibration of Programwe

The following varichbles were found, by trial and error,
to give the best results; 0,333

{i) Initicl estimaie of flow depth 02
(0,668)%

(ii)  Accuraey limits of equation— 0,001 metres
(ii8) Increments to initial estimate of depth-0,001 metres

Limits Placed on Progromme
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If the number of iterctions exceeds 40 the programme stops.

Geometry and Symbols
2By
g d | )
il

N

B

8 = cos (R_ﬁ_;()

B = 2R sin®
A= LR%(20° - sin 20%)
2

—




FLOW CHART FOR GUT 2
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PROGRAMME TO CALCULATE THE WATER SURFACE
PROFILE IN HALF-ROUND GUTTERS

NAME: GUT 3
OBJECT: To culculate the woter surface profile in half-reund

gutters, given the depth ond dischurge rate at outlet.

Inputs: Guttor radivs R
Number of stations NT
Output code K
Guites length X

Increment te estimgted depth if required
gccuragy is not obtained DEL

Limits within which the estimeted and

caleculated flow depths must agree ACC
Discharge rate at outlet a{l)
Flow depth at outlet ¥(1,1)

Outline of Computational Method
The depth ot the outlet (station 1) is given. An

estimote of the change in flow depth from station one to two is
made.  Using the estimated flow depth ¢t stotion two and the
Hinds equation, the change in flow depth from station one to two
is calculated. The estimated and calculoted flow depths are
compared, If thay do not agroe to the specified accuracy, the
change in flow depth from one to two is re-estimoted and the
process repeated until the required uceuracy is obtainad.  This

will defina the flow depih ot station two.
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This iterative process is then repeated from stotion two
to three etc,, until the woter surface profile in the gutter is
defined,

OCUTPUTS:

Code K5£L - the values of every iterction at avery station
are printed out

Code K = 1 - the finol values at each station are given.

These include:

Station number b
distance upstream from dewnpipe DISOP{N)
discharge rate ot stotion a(N)

caloulated increment in depth from previous

station DELY(N,J)

assumed increment in depth from previous

station DELYAS(N, J)

flow depth Y{N,J)
Limits placed on proyramme

The moximum number of iterations at any stetion is forty
Problems wssociated with programme and calibration of
variablas:

The programme was found to ba very sensitive to the
relative values of the accuraey limit {ACC) and the depth increment
(DEL);  If the dopth incremont value wos much larger than the
aceyracy limit, the programme 'jumped' pest the true depth velue

without the estimaoted and colculated depths ogreeing to the specified
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aecuracy, The programme then oscilluted acbout this velue, never
converging. On the other hand if the depth increment value wes
much smoller than the a~curacy limit the following occurred:
After obout four stotions the estimoied depth wos always greater
than the true depth, thus the programme always converged on the
true water surface profile from the upper side, If the depth
increment value was much smaller than the aecuracy value, *he
coloulated water surface profile always lay slightly above the
true profile. The error incurred at each station sccumulated
resulting in on overestimate of poak depth of about 20 percent

This situation is sketched below

I~ galovlabed profile

true profile \

Thus o cexefull balance had to be meintained between the
depth increment and accuraey valves. It was found that hoth the
above effects were eliminated if tha depth increment was twice
the sceuracy value (DEL = 2 » ACC).  This allowod convergence
and also coused tho calculated water surface profile to cscillate
on either side of the true profile preventing accumuletion of error.

The values thot gave best resulls were

DEL = 0,00 metres

ACC = 0,0005 motres
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Numbzr of Staticns
NT = 20 or more, but 20 is adequate
Geometry ond Symbols

as for GUT 2
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Results of GUT 3 for holf-round gutters starting
with end depth Ye, at the cutlet

gutter radius= .u7u2u0
gutter length=t,04u000
outflow at d,pe=.0015240 !

no.of stations= <1 del= U0llUacc= ,y003depth at d,p.= 023500
statlon no.  disdp disch dely delyas

2 W30 suglade 030823 2U31006 ,054500

3 610 ,001228 L0003y .001000 ,055500

2 <914 L0115y L 0007383 .001000 ,05L500

5 1.219 RIS 2000683 JU01000 057500

v 1,524 Qulles JU00593 .001000 L, 058500

7 L.82y L000855 00543 LU01000 ,059500

8 2,154 00887 .000408  %,000000 059500

El 4. k38 Lug0618 000370 =,006000 .059508

10 4,743 L000750 LU00334 %, B000D0  .059500
ii 3,048 U0Ub82 L0U0298  *,000000 059500

gutter radius= (76200
gutter length=u,tdvlug
outflow at d.p.=.00181dv

no,of stations= <1 dal= ,0010ace= ,400s3depth at d.p,= ,027000 i

station no. disdp disch dely delyas ¥ s

303 L001727 036251 L030000 083000 ]
3 o1y LOUL638 .0ulo2e L001000  ,064000
4 a1k RO E-15 L0008y .001000 ,065000
5 1,219 LUULESY L0pp791 .001000 ,006OCO
[} 1,524 01503 LJ00BSL L401000  ,067000
7 1.82y L001273 .000607 »001000 008000
8 2,154 201182 L0048 LO0L0UD L 0ub9Y9
8 2,438 L001UY1 L000429  *,000000 ,0u8999
10 4, 7u3 .Juluop L000387 *.000000 ,0G29Y9
11 3.uk8 L0ougoy L000347 *,000000 ,068999
12 3.355 WGBS LU00507  +.000000 ,06§999
13 3,008 000727 L00U270 *.000000 ,0G8YYY

gutter radius= .9762¢0

gutter Iength=u.uzsgj¥'o

outflow at d.p.=.U02475 . ~

ne.of stations= <1 del= (G0L0ace= .uuoudensh at d.p.= 30300
J . disd disch deiy delyas y

sgacton no .gU> JLo2sd Ldkudaa ,040000  ,u7a300

é w10 LOU2U46 RUGELY, ,001000 , 071300
B 81k 001832 LU01019 L001000 ,072300
3 1,219 L001818 LuB090h L001000 ,073300
[ 1,02k L001708 L00u799 .001000 , 074300
7 1,349 001591 00703 .001000 .075300
8 .15k L0177 L000617 L601000 ,w7u2dYy
9 Z.538 LU0L36Y LJ00538 Lu01000 977299
1y L.Th3 L001250 L000442  *,000000 .077299
11 3,044 WUllog L000396  *,000000 .077499
12 34303 L00luz LU00352 . 000000 077299
13 3698 00030y L000309  *.000000 077289

o
=




Results of GUT 3 for half-round gutters storting
with criticol depth ot outlet ond n = 0,014 . L
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Results of GUT 3 for holf-round gutters starting
with critical depth ot outlet and n « 0,016
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PROGRAMME TO FIND THE WATER SURFACE PROFILE
IN RECTANGULAR GUTTERS

NAME: GUT 6
OBJECT: To determine the water surface profile in rectongulor
gutters given the discharge rate at outlet
Inputs: Base breadth B
The remaining inputs - os for GUT 3
Qutline of Programme
The programme is the same as GUT 5 except that the starting
depth ot station one (equul’to the critical depth) is calculated
by the progromme
General

All other facets of this programme axe the same as GUT 3




A e LS Ay DR

~ res=s A
o L0109 £560°1
- TIOHT-LNISYATIAS(F AN ISVATIG z5e0°1
e DL 03 t45°03° 1141 1scoy

To1=1 1 05001

£160T (ETSRIATIC-CEAISYAIAL 1T 690"

CRONYAS (TN STATINT LE*NIATIO INI0* LAV A HTH4) VY [h )G 104N (04 S) AT gv60 1

. 11 31 09 (1°63°%3d1 £260°71

§ 0L 09 {39°37° [C1/N1AI0-L3 “HISYATIaISEYI o] 952361

(14§ IRddI—C IARIADT A= (1893X720 $902°3

LLT=NID/ L0 1-NI D= INIDYa {1 *NIAS { C T BIA=T1 “NIA ) 16T 6/ LT-RIBALIT-NIB+1N101/ LIT-NIAA+{1 T 3A)u ] R PRART 4259*1

CEEEEE TAs 1271 (T-NIJUIHS E1-HI94 (1 NI ¥ISHSTT NIV DI/ T30 0 (200 2/ CET- KA LT SNIAL ) miZuntiba}o (1 20 K00 US €900° T

C4Zal1 4N A= [ 5VIBISN 2520*1

TSI 4152 TN 951

E1*¥)Aeg{ IRy [ )

FIANISTAIBu L T-RIT= (1N DA 6267

- el ana) 2 86007y

=3 18003

DMEG- {10320 48 SE3°T

IO 0SITEBVAIIY g% 570

b5 24 2D FEREIMLIAY
£2°B= TGS Y ATES

€5 Ti 39 (2 3Tiat
e e e e
Mzsn &1 AC

1=F

(87 L2799L1%0 7 209010613 19EL Yy L A1 T2 E 4 ST L T P p s favhbias
FISTIASEID ST IA T S W (1023813 VEI T 6) 24 0o

NOLIVES. 1255/ /7 ).Vl
AETeubadioe
£302s FivarLd

$LrR DEBAZL/ 4aa S BLIT eSVATZ, 9002 L ATAA, A GELY Y HISIOL 1 9Y1% 2 1IN, F9ELY 4 VIEL, S9ZLY 1dS1Ga 9T

oS /5N 9794 (xTSWHIS TG LATENG, “0ZL/ 5 1y * €79, SHITHIY NOLIVIS, SYGP€ 16 SHB VIS IDTL

oHIIND BELIFO, “ZL/ 1 STK 122 0t 4 x HAONTT LINE u3E DIINLs *0ZLI¢ st 5 Dt sebiCUTRE 4314000 T2as0) )2 Vmiss
CUILAY 5 AV O Ees 2atav

XSSP eyl

CEPT3oagas 1) susor

€I Tpve i1y

[Ee]

ETPIAeEH AT T Tartt
R

[RIEE RS T ORLYS $ata3

% B403LND eccery

199 ZZIVANYRY (19422 1K T ¢ (19922 AD84< (195221403 Wde 2ccem

ET3 SZ2YZ TN ZZEIATAN (THOTTIIA (THFZTIA (19 2R 0T (1Y Z2IAY (L 220y * (194 22 IFVA TR (1%° 2Z1ARS 1 NI 221D et Teeott

40751 IWTL CISE-YL) YL/ZU/LT A LIUIE33 7] 983 IAID 40 123G € 43DV 24e




165

€67 23°0LL 9 44991 97 B FIE LD LI Py 106 Ld49C1 4G 2379211 6240 STLIT I SA 1 VRl
€SHLLLYBILY RRYW ODLeXSE1¢,= "0k NOLLYIS ‘ZEs1LVhuLd
SLCT o Ltk

£e 01 OO 169°527313]

£€1% 0= 4730 WYSL WILVIEA ST SVATIC AVHD STa1p 33 BIEAN.TT2livheud
RIIER TR

IV

INIZEEE N SUATION (1 W ATIIY INDO" INDANY 1R Y € INIDS 1N 1AL ST
Top=

teeer

9 31 89 CHIPNIATIE LT (T MISTATIIIT

(1451 dA k=10 smian

[E*hyvs (N13Y

E15818e (LA

(Efnaxe 1512

o oas

TRG-LT-T B ISTAIRRLL A8y ATIY

B 0L 59 109-63" 1141

o1

2100m




R PN PR A T USTONAY T STALY, 3L .

< £5358° SOOL0Q™ > EITILy” BeCELTx LTNSe Sou

h1 £5002" GLeeseT s CTECQC” 45263 ITusdt LT |
R Lihivas 555468" cheCo” CSEG98T 4n  LTVEGS L5t !

Loy k Arep 2 dmaveds S suRen ma
BB B R A Pt e BHCYS - DRI

SCETl’ . LOXEL TLTTT .
T9gLTT  OLLIBLT  L6BLLLT TECHIL” - VELEL” 260°E
e Nk 1 = A1Dy GB.3 AU3Eddl S SUALL, 3ihd
wLSGET  LROLErTs  BHILLLT Lbiaubr vivbitE RTELL] Pl
15C PR SN £ :
k2849 GEGTHL” .

% s
. BTN

Liu
L AR,/

PI0°0 = U pUD ‘mOQZZ = X ‘uGZL’Q ® 4 WITH TRMUDYD 03 9 AND §O SITSH

EENTEAS 304 . — T
. P X T3 e - 3




167

t e

Trel- 11 = A1e)
18GESLT » uBLOLU=. - LTSUCT*.

500800 * Gegne”

cceeot T 102900 SHTTILY” 3120~ . LLEBLT-
GEOCHE > 1£9808° ZokZoBT /- GEESLT - | LLUHLT

LT = A9
wULltls (TS ANES AR T
ToaTol’ TLila® CLEAT
HLutl’ Sulle” (AN

Liom ALBy wRaD WBLURAL T SULLY,
CllbbuE T Lobe”

. £, feeid, Sl Sheadooboes
CLpLgete LD N ALl T o
fulfitE Li%e.] . ielsl e e
LT Toler T ' whide T AT e

$T00 = u pup WYTL'T = X PP wgze'o = &

“upay 4eresis sy SuAlS) 1143

twy) ATIEDAY S SRAL

55L33 O dugLng

$34°E 1%

yiTH ToUURYD Io3 9 LY 40 syasdy




168

ssetzt
85517

~EELTT T ng.a.‘nﬁuaﬁ.-!-228%-.635 A1 Liaunbt L
i 53

= Ljop Uogd TTITEAT

SR w74
A R T4 ém..x
DAY 6T P
£g nup/
Lyt
£54

coackot«  £Czibe’ TLET STTEL Y

LE%
& cncn + SEHOGLT N::mrr muuwa. LTOHL

v it o A RS i Lev
—ue i R
LTI T YR
. 8 3G, S

$T0% = u pud WGEE'T = X PUO WZZ'0 = § YITA 9 INO 4o SATNSY




169
i
al
]
"
!

LT
CREELL”

3T - :u_‘ ao,_‘ ‘_cun.:a

nnmmnc*

TELLHLH C

Aoer =,

LCTELT

£eLoct =

u pus ugz’z = X ‘wEZE’0

L EALY I

g WA 9 109 »c “syqesey




170

8647
Sircge

wrguTt
5Tt

ey

910’0 =

u pus woTL'T

= x pud ©7L'0

PR

30 s¥INSY




171

oo L a - Lewiotrr ¥ dbmuuids o ety B g g
LuuCE’ > E6LHLO’ TLSTLCT wITEC®
GLUCDG  +  ZERGLL” eugut” LTSt

LUELLT TeEeEIL s sidie
FAN AE P LT Th

PORFENG Y

97070 = u puD BGEE'T = X PuD WEZZ'D = @ HATA 9 (N9 0 SITNAY




PROGRAMME TO DETERMINE THE DESIGN DEPTH
IN RECTANGULAR GUTTERS

NAME : CRECTI
0BJECT To estimate the design depth in rectaongulaor gutters
for verious gutter lengths and inflow rates
Checks
The validity of the progromme wos checked by comparing
the peak depths with tho.n calculated by GUT 6.  Both these peak

depths were compared with the Li experimental peck depths.  See

Teble 31

Inputs: Gutter base breadth B
Number of stations NT
OQutput code K
Inflow per unit length to gutter INF
Gutter length X

Outline of Programme

For particular inflow and length values, the critical
depth «t ouvtlet is caleulated. This is used as the stoxting
depth in the Hinds anolysis.  The water surface profile in the
gutier is colculated in the manner discussed in Appendix B. (i.e.
the same approach os adopted in GUT 8).  Once the woter surface
profile has baen caleculated, the upstreom depth is abstracted.
This is the peak depth and the design depth is obteined by
odding the freeboard to it. A rough check on the design depth

so calouloted is obtained by multiplying the critical depth
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by N (for an explanation sse Chapter 6).
Outputs:
Code K = 1 - values of all variables ofter every ite:ntijon
at every station are given
Code K = 2 - final valuves of variables ond flow depths
are given ot sach station
Code K:> 2 - the values at the last upstreom stotion are

given,  These include;

Gutter length X
crilical flow depth ¥(1,1)
NT times criticol Flow depth YUPS
peak flow depth Y(NT,J)
peak flow area A(NT, J)
design flow depth YFIN
design flow uxea AFIN

Limits ploced on progromme

The maximum number of iterations ut any station is 40,
Problems associated with progrumme

Same problems as for GUT 3 and in addition a further
problem occurred when onclysing lorge guttexs with large inflow
rates.  In such gutlers the depth change beiwsen stations ot the
first few stations is lorge., If the values of uccuracy bounds
(ACC) and assumed depth inerement (DEL) as used for smaller
gutters are used with these large gutters, the programme will not

eonverge in 40 iterations. Hence;
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for gutters of base breadth greater than

0,3m use ACC =0,00imatres
DEL =0, 002matres

for smgller gutters use ACC =0,0005 metres
DEL = ,00L metres

In all instances it wos found thot twenty one stotions gave

odeguate results, i.e. NT = 21,

TABLE 31: COMPARISON OF LI'S RESULTS WITH OUTPUTS

OF GUT 6 AND CRECTI

CHANNEL DISCHARGE PEAK DEPTH PEAK DEPTH PEAX DEPTH
LENGTH RATE m3/'S AFTER LI  FROM GUT 6 FROM CRECTI
in metres in metres in metres  in metres
2,286 0,06060  0,3383 0,3866 ©,3365
2,286 0,08665  0,4267 0,4274 0, 4279
1,716 0,02492  0,18%0 0,1865 0,1864
1,335 0,05380  0,3353 0,3099 0,3114




ELOW CHART FOR CRECT 1 v
ct
thu%— bage breadin. B !

)
[inpot- inflow rate - inf J—
| Input- goter Yangdhy - ‘4—‘

coleulate er'ticatl
depin at cotlet

15N=> i _

“Dupltn chdnge o
ext s\shw\ Ay Otwy

Deptn c\/\%
\’\(_xi'%'\'a'hor\ Ay‘aoz,m

_____ (A= Alar peL | [Ay-z&y-nat.( Cb\cuts*z dapﬁl\
|Ou+\>\ﬂ Valoes of | Yes Changz Yo nat
iprighies efiar| o stetion, Ay

s By- By within
specified limis?

(‘Ufp&ﬁ - Eieal T
ldapin ot

'@&\:\ e.*&*x\m\_lif —
Ew’ 4 No

b Dukpu‘k pesk olq:\ln 1

e e 10
¢

Stop End of -
Fcog:aww«z, fogramme.

|
é




176

§ 0L DI (30937 LAII-L1ANISTATIISETIAL

AdiI-AT] d1=ATI

FEE-NIN/E{T-NHO- (NI 1% LT3N DA+ ELFE 1=N) o 1 *VIAD J4TB 76/ 1 1=4180 € {T-YDEI 11017 ((C T-R1Aa € £ SElAL Ao T
(EEEEE" Tya (/LU0 VT-RIW30R/ (T3 T-R10S CLNIUEan/ LRIV I RIS (2re (2L TR A (1 TRIAT DIn Ty st - 001 6

HON e
SHAROT( 1KY
[T#5)SYATS6s (14 E-R1ASE 1*00 A

iy
: L30- L1
Torcs (s

48 2L G [Lo13 Rl
Igg=11

€ o1 DY ?Ju

“omtiloesit

$Emat )Xo
B ]

5419931 WL NIzidALl gad
SSATED XTI BATKT TSIV 42 AUSNTY LING BES MAINLThasis)iinaia
PRIy

(LTI

aut
SHETIEE ANFNIadie SRa

PO

rwn X250 50 X2 994 5XEY y=HITIN SSYR 4D UILIGH AVINONCIIINLAXTS 120 f ZULS ka NIy 20t 2HLLL 000V P OIS IT Va Vo]
Traal
e pabnnd
WANEY L RA

prany

e

W ashslal

NYMEAWE 420144 KO (10 223K [1Y4 2T UBARTET0 I RIS (159 2210 (1% SZISTANAN LLZ IS TP 10T 42010 W
$930070 HTINIVELITS MY HLSII WALV XU TG INIT I saevatlad

o

Zu

3 6ie

¥Z*01 3wiL

USE-HLY SLITIET TH3 LICEEE I ST ) ORI TAID Ak 1236 § 223




177

OUARGY 16 182071
MTIneT 06 $ugdty
(L7624081567 L% S o s 4EIL4 1463 055G L PRI 5™ LT TELIG L4 LT14 € L a¢ 6L H Unbiin 5
NI4T AR (PFINTTE (R A LA SSAAN (T TIASK (v ' Ml S2E80
Ciaac)6B'TL/ Y

34T 00U, FDSL7,HILTT QDU TSOLTa ks L1 S TAYY, FES2YAHLRT ¥YI4) POBLFaSANAN LS 1 HESIT L1900 LTLY HEONIT YTLIND TL/I1TR0ES  EL
[ gcoErey

€1 UL 08 (1°297absl 92

05 21

TATIPTA =04 MITLVES 1Y SINIVHILT Oy uELAY TOA2ANID

0z 51

97 ©1 0 IX136T1T IIPNELTALL 5T L
§9 LRI P R ROL I A TS GBI G R BEL e L3 e AT T finias BT
A1230CTNIAC LTS91VE LTIRISPATION (R IDY (LIS Lt 15T 5909 sal e

TIGAL T L ISYR S 1O YA T e
[ 1
€50 1B (P el ng sl 21
LZ1FF8109 2498414 9REA BT S 00 HGIITNI I Rl G EAIREEY L HOTLIO LS NI T ST P Tubsvide s T

TEATARIRSLIONITATTOMISYATIOAN TN AANT PRI 23 113! Getatd Tt (i
£Tat6R1Y 4K PZBAS YT, FOLLY hSUATI0NDS §4 A TI0s 2 617 shdaTs 071 AT R 1Y HIRIC €O TAaBBIL S e s T s




178

562826a*

oeozo

s sttnzCLT  o9wze*
L o=tun NOLLYLS A
Z_ =<OH NDIIVLS 3V

T6v10¢ 09800 " 200°52

SKCILYERIE 0% €313V 30AVOUIAMID NON
SKDIAVRILL 0% ¥34JY 3INYSEIANOD ADK

Zzmetan” 22€o7 »  TUSTICCT  L9110°  0I940° 19400" 00301
+€89900* €8900% «  296500°  56500% 015007 s6200° 20z°s
Lutetuce 1L500% «  €6050CCT  6CAIIT  E9ECUS 6nzeat cooee
. vawy ooy H1439 Q0¥ ¥ ¥33¥  HI4A0 A¥AE  Somk 51430 3143 HESHE1 YFLING
SSAUSRD 010U0C*  =¥ILIRD JO HASNGY I1AD ¥3d AATRD
YELuL00* £€0,0% ¢ 091199C*  9IT90% 0940 sigzar acarsz
5E4050C £9650° »  2BSISCCT  WSTE3*  BGLfu® caceaz
2818706~ 818707 « G6350° 20150 noces1
20TvEvy® TI7€C" » 99620%  19€23° 2c29t
$h20Z00° 5§30 & 002107 T6s10° gon°e
68LZ T80 L1210 121TWCT  ZITIO®  19016° z1920° 0L
vy any “id3 a0 x v1aw  HId3G W34 SdrA H143C 1TE3 BXOAT) ¥21.9
TS/MOMD GRu0SCY SMALIAT 35 HISHIT LING 4Ad O]

szuiivt €831 & BEEELOCS  96¢0D* hutn

Tuluss® BICEDT & BLWFLCS® 298130 2y9E0°

»11TLay* LLTLST a 2192690 Tvzad*  vZbhut toszo®

seeZuoyt S5IEDT e TEIGHLLY Y€l RSIL RN

PR T8I0t & LEIU2CTY  99IZOT  L9ETA° s9cio”

sLEuiod* 1£020 & QTL47CCT 20210°  YBIT2S 2160

vaov arx Ridin QUF viey  b2d34 W3d  Sefa HL43Y L1ED 218337 #3119
TS/wt3 0GT900°  =y3tlGH du RUONIT HING ¥4 PTVRL

W usalt

=HIOIN S5VE A0

233195 2YWIRYIHE s

1506°1

eaet
LEeeT
£7609

20122 311

1S5G-9£). 4L/2s9T THE

c2a3r s

£h3 SIAIZ € 1430

€ 199v

14

110340 wozy sindyng




o €nLes0t wizg0® *  B6ESWOS  06560T  ZOLECT 06210° [t
R suivho0® GIysCr +  bewKEIDT  ZaBEQ®  €1920° 29510° 000°02
— THLSL00 BEGENT & PELOCUOT  ELOEO  10ZZ0° £1210°* 008*ST
. ¥219200* 21920% * . 212200 ZLZZG  YBYIOY zi608° 00691
6E6E100% yotior x  T21210pr  glzi0r  19010° 2i990° 000°s
. L6ug000° 19606° 5 SERDI0T  SCBO0"  5SI00% seya0° oco*¢
PEPOET HLOD 46D = VIW HL4IQ X¥Bd  SINA  MLEIR 14UD HIONET W3iind
-
SS/WTIB UEGL0D  =UBLIND U MISH3T STEA ¥R KUTHD
8E18120~ VISIZ® ¥ JLDIRIGT  BOIRTY LLEMI® §9E80°
25008107 G30KXT +  TGSSSTOT  bEOSTT  LDYTT* 120"
yizzvio® 10251t % LePSTIOC  Glezit  zezolt eT6s0"
F1e8015° 268010+ 1OITCGOT  GT2GCt 9TBLLY §1640°
yE2£900* ZLEYRT ® 2UvesDIS 1vs0%  vELn0r 155207
£51v00° beivh & PIZEFDI  1ZBEO*  £0560° 3z020° roceF
VN Qoo N3 Gy VIO BLdEG V34 SEAA &0 11¥D HISKID wdliae
$/4T33 WOE3ILT =EIRING 10 NIDNIT LIAN wda ARYINI
T =eONORTILVIS 1Y SHUTIVELY ub 20LJY ITVOBIAIAZ NOM
T =t S0IIVIS AV SEQIINGII) G% c3)0V SILVOESAI0D mOM
7 =Ch LGHITIS )Y SLOLLVNILT (5 514V SORVOWIALDD XEu
z

=001 ENIINIS IF SKOTiVEIL F3845EIM DT GN
L2257 GuzLzt w  LLESEIT AdLRZ  vERZZT ceitg
3€vaniae “BEY* x  SIRSLIDT  TBLTC  mI91° ar e
vIn goy [ RRTIN YHUY  HLGDd w3d Sens HIs0 FID MISKDT ¥BIIGO
TSATAT L350GT eIluf 6 RLSEDT LIt A3d m0iar]
o crarranrterns
x .
. SHIOIR 3SVE 40 ¥ALIOZ WML
2721 341t SUI-VL) 9LIZ/ST TRd [EXERI ) oM ALD 40 1430 € 100%




Toggugo® o€c62* »  EBI9GZCT  BISEZY  6eZUZ* 81911 0035z
LE79920" 48992% & Teaylzce  bowlzd  taeilr #9901+ 00c*02
eeL9610” »496T% & LICHLIC®  BEIIT  L6E41° 20£80" 00051
8059510" 1s9r1t & £6£2710%  Owizi+  186J1* 04£90* coerot
62£L900" €£190° & EGSLCOC  v65L0°  PZE90Y pree gl a0¢*s

. 2120900" 1Z090° ¥ ZUHZSEL  VeZISue  42eddt T5az0* 609°€
vadv a0y H1d30 QB VIWY  Pid3G ¥v3d  SenA HLJIT 21¥) HITKIT B3OS

*S/w*A3 908000° 3009 30

HISNET FINO 334 ACINL

2z =*ON KOLIVIS LY
2z =GN NDILVIS LV

SHOILVYALE D9 4314y 2IAVOTAARGT HOW
SNGILY¥IL] Oy S3Lidy JINVOSTARCD hCh

ssaguEas 9080E4 & LI3L9ZCH  BBLOZ®  YEHZZ” satele 00051
Levuzaet wy622% & 1458513 »9mST  Tupllr #9301~ 30€°01
8519813% ST9ET* 4 605RITG"  GWEIT*  13661% o0 60a*s
995560u" 16260° %  TCIEEGC*  GU€AO*  97€L0° 9T572° £33°8
vade ooy H1d30 QCY & ¥Iey  HIEI0 WvId  safih HL420 11¥D $19MIT W3LINE

*S/KR) VOSTOD  =¥3LLN9 4R

HI9KIT FINA ¥3E MCIINT

2 ="ON VIS Ay
2 =0 KGIIVIS 1V
Z =+Ch AGIIVIS I
2 =3h BCIEVIS 1v
-Nmm?z.umm:.

ShLIAVE3LE DY BILdv FINVIUIANCD NON
SNEEIT2l1 O ediav 3INTDEAANCY ADA
SNCEENEIIT G5 ¥A1dY IINYSUIANDG KON
ShEIIVIILL 6o RIHY IDUVERIARG) ACA

GngvHED” 6346 rerze”
Bazelzat UUNLE* #  11SBEICT  DEeEEt  4SLIZ*
vaav ooy H1diG QR & viay  KLI3C HV¥3d  SdfA

SSIMCND BLUSH0T  =¥AinT 90

HINZY LINf 436 KTIANT

% W oUGOTT  =HIBIY 3SVR du dILING WYINLLVIOEY *

.

y500°7
og0e%1
6980

20072 INIL

1690-5L) $L/2/41 THE

s13e 14

9h3 TATZ C 3430 € 139v

314




181

2 ='hN NOILVLS 1V SHOTAVHILI Oy M3JJV ZONYOMIANDD NOM  $500%3
€y18200¢ 1Se10* x  29eSY00°  1az19*  OTROG” 29%00° [ b50041
% ='0N BOLIVIS 1y SNOILESL] 0% 4314V JINVOUIAROD NON  €4C0T
€ =70l HOILVAS UV SHOILyW31] D4 ¥1idv 30UVIUAANDD WON  Z5C0°T
€oganca” @530° «  L0LiT00°  58E00°  12€60° $8100° 202°% Te00%1
2 =0 NDILYLS LY SHOILYB3LI 0% ¥1id¥ IINVOUINGDY NON
*S/K'O3 0TO000"  x¥3LING 40 HISNIT 1INA Y34 KOTANT
46€5860° 9980 »  CLLIOCS  &BUCYC  4plIoT s8510° nocsz
§116400° 9greu* «  gIESSOC’  992g0*  29120° 99ET0° 039z
£EHG99GT 22CEC »  0552600° 9220  %561D° 82710 03251
U6£2%00° ov120% AC2LEGCY  OSMTC®  Yewld* Q7400 cag01
Jeerey €TETCY »  [96225C>  z¥Ily”  sEdn” 29563* users
2 =N NOILVAS AV SWGILVR3LT 0% ¢3idv IDNVOSANGD ACK
SS/WSAD 0S0URCY  WEALLAD 46 HIONIT LINA ¥3d HOTAN1
At 4990% = CZESTIC- 98B 09EH* 91520° 0085z
e9e1T18" B6ESQ* 4 S9EJOCCt  BENA*  BELEG” 89720 cacez
95£1600° €9G93° 4 (El6MGCT  OBEEUS  ZOIT0° YoLioe ae3vel
SiLgaude 962E0¢ % BILLGGOT  99E70°  i9720° a g10e €acear
2614E90" GT4T0* & SEIFERRT  GIVIDT  TELROS o5§00* 8385
atsgiver eiziet s 222L6Cc 2Lt IWOTL* 21882 €33
vauy do¥ H1d30 G0 & 73RV w1430 VEE  SSnk Hld3e 1153 HIOEST 224108
SS/HPAD GUTO0S®  =EEAIAS 40 KASWI 11NN ¥3Z MEIANG
© W QuIEt  =HIOIF 3SVE 4G UILLAD WVINSHVIIEY &

o661

52721 31t 1590-51) $L/ZIEY U3

0133 314 A AL A€ 1430 € 109V 54




182

2 =*ON NGILVLS LY SNOLLYWAII O .-,

@299500" 259200+ €e4b300°  2L520°  B9TD"
- BeiEy00" 481200+ TyLREODT  20ATOT  06E10°
8L92E00* »7970% «  2v2870¢*  Zivlo*  19010°
83U8T00" €0600° & 2I:510C°  $9100°  ©9900°
8060105 5YSDO" k= S8Y60GGS 5700 62400° 5.
nexnnsa.
. v33v aoy H1d30 QDY 3 V3w Hiead Ve Sdmk H1S30 {13 HIINIT BALING w9071
50203
296377
“S/4°03 UE0UDO*  wHRLING S0 3ATWAT 11NN WIS MOTINI 1900%7
ov02%1
€30+
. 88903
viosszL* £o62YT +  0i52220°  ££11T* 01060 “eesor 900762 2F6601
N 27ealt +  1C2BETOT  OIY6CT  91BLOY otssar socruz sec(ra
SZESLTL Y9180 #  SWZEICY  £29i0 25990+ 21500 oac+s7 5951
1o02ETG* 26950° 3 428H113°  14260°  yZ640* 148207 906101 w£027
Yusii00° B65€G* »  L6.2900°  OBEED*  Z0TEC® 05270° 6055 £6450°1
SR 5U0" 62020 +  SSyL40CT  ELEZ0° L0229t £2210% cuee zece: 1
€557
vaav uox H1dan Go = W@y HiI4IG V3¢ SdRA  H1d30 LM KIONST YILI9  J€0G°T
62993
szcet
“S/WTR) QUE0OC®  =¥ALIRD 4O HITNAT JIND ¥3d ACTANT 226600
9z0C01
52001
. 225671
STORSOL" Taghs o4remest  ueRL4  BegEh z6e92° ov8'sz v gzectd
8355250 2323% 4394938’ RISy Swzser ugs0z 00007 zzzyt?
15¢or10* 894LE = §ISISII° [9G2Er  Bepazt 192210 065753 125001
21Ecyaar 172 4 ¥S2 50T @RERZT  45EZZC HSIET" coceot 9zd*3
. Linkgat SLELYS % wSIZCET  SMISTT LRSI B3Es0* 60¢c*s £150%3
ety SBCITY 3 BEITIZRY  ISOT  Pyzdie PY6CT s9tE wizety
116003
v3ev 6oy HLG36 G0Y VAW BLAFO WVAd  Se0h HLd30 1133 WIONS1 4iL1A9 9133°3
£1ece
218K
SS/WtA2 GU0LCO*  =43LIAS AL HANIT LINA 43d ACIHG £1567
210001
11007
§1eatl
€sie1
. - €3c0m1
% n 00GPC  SHIQIY 3SVE 0 BALOY SVINGNVIIFE = 22en
M - 558007
]
#ece1
. £005°7
- 2cccey
wose

w2v21 3y 1330-521 92/22¢1 TR 0133 9113 TAI VIAIZ 4C jd30 € 123w ne




80605€0° SYSLT* »  UEISCEDT  ISZEIS  0S22T° 15£20% Q0052 1560°3

@
@ el9L620° 1g9vYs & he2ESZO  0v6Zi*  LO6GTY 4€90° encroz 0500%3
- TL66ETO* 286T1* & 0/98020%  £E40TT  DZ0KD° #£250° ape*st 6400"1
£526110° €9680° 4 1195510° 961007 2690° »65£0° o000t 8500°1
€9y80T0" €260 & 02CH6EDT  ITLYD®  D9IEHD- 91579% o08*s 19201
$996106* £82€0¢ x  L61590CT  UIEQ*  ZOTEO* 26210% aoc€ 9ec0e3
- §500"1
vauy Gox H1430 QB3 » YU id30 N34 SdRA  KA43C LYW RIONIY 331109 %0041
£960°3
zoceed
*S/MTA3 GUSOQ0*  =4ILINL AC HAGNZT IINA ¥Ed 0TI 19001
240073
520071
. 850073
2009050" QGCLZT o 1SSesHt’  BIeETr €G2S 819117 cs3057 Leceen
3LT65%0% 45622¢ = 182SEECT  YSEEl-  fyvrlc v3301* aoeaz 9£ac"7
1E50LEQ” #2G8T* «  Eiz2fC BOIIT®  L6E4T* Bucao® oagest seceel
gisvizee TELEIS 5 6aLBEZO  OMEIIT 286017 Go50° £93°01 vegce
essuLio® EUSBOT x  L2815107  beELOT 2690 *86£0° aoats secced
1928718" 216590 = 420201C° 15150 v26%0° TeEz0* Saneg zegcnd
1eccnt
vadv bz #1430 008 v3W  K1g30 ¥y3dd  S9nA  H1ddq 13WD HISNIT ¥3LIAD 2E00°T
620873
82507
SR QuaLDGT  SMRIIND T HIOKZY LIRS ¥3d AT 120671
52603
£2301
%7301
Z =08 HEIIVAS Ly SROIIYILT Y ¥3147 FIKYIUIAMID NON  $2C0°)
2 S:UN BOLITAS Ly SKOIIVESLD 09 31V BONVIWIARGS KON 2I€0°7
¢ =UN WOTLVIS LV SHGIIVILI 0% :3s¥ 2INSIALGD KGh 1238°1
slisaige BGZOEY n  SI260CT  GELYES  IZI2C" £r5uT" cocear 4268
2aBYEr0" 09zs2s £ 1951296 BiElZT  6¢2031% s2911° goemg £i603
1282680° WHILLY x yETREZCY  BOGEPTT  16E41° FEE0" cecte 51503
115673
vaey by H1936 OR VIAY  B14I0 ¥va  SARA  wid3C B13D HASKID SRLINS S1TCTY
stee1
p1cen1
SSAAY wabSCO®  w¥3LIAS AG HIONID 1ILC ¥4 RTINT €13a03
zicen:
113001
srec
646371
- « 83
> » GEZ®  SHIOIR 3SVE AT ¥ZLINS WYIRONYIING = 123671
M - cecert
sco0ed
#Cc373
2600+
- 260601
1o00*7

82721 311 i%Y0-YLY YL/Z/ET G w193 IHs Oh3 TIAID 4 1436 § £997 BT




184

£19 kUL wLTSE

: E2saT szt . 2LTug? - st

gzt - Bousit o v

o1 N Susin’ . prave 4

srice - LoTEL] 17 Gotet

3ag: . cEEalt e e

. [y © BETEL’ k] £958,° Buu"L
PR ey, 154w Taae | AuBy BUSG | EemA | wiubp 3153 4Ibiel aviite

S1aTrD SGLEAL" | mARAe s adatel A]ub diu Tl,UY

S4LLITTT R TR A ¢
LoL5eT PN TiTI010 35Ly"

Caae ,ba 4363 LB b phety

T R T T n Ty rvN——
SR Fatie] 20w ]

seeraianiayanes
pEYACTeS P

e w33
et

Errea

PR LAY

TELITD LITET =2AI- LU \3nua] 3gen Sud hiug
YU EELTT mad, 10 USEG o 423303 JUIRLUCIONS 4

SUL[ILIBT| (3 2ITgk BUesSuniul i

(USRS




185

z NOLIVLS iy SNGLI¥e3)] 05 Y314y IINVO¥IANGD KON BYECT
z NOLIVIS 1v SWGIAVNALT 0% W3ldy 3I6YOUIANDD LON  19C9*Y
. z ROFAVLS Ly SNOLLVNZAL O7 w314y JONYSEIANDD Hon
< NOILVIS IV SERLLY43LT G5 ¥3liv IINVIEIANGT 1R
0841700> €6200% & EYZOTCCT  14ED0- §v200” 12100* 8305
2 <°ON NDII¥AS 'y SNOLLVEILE D% ¥313y 3I5VDEIANE] ok
YS74*f3 0Te000°  =yI1L0T IO HISKIT 1N wBS HOTNT
2 =Gl HOIIVIS LY SMOTIWMILT 0% $31dv 3IMySUIANGD Kin
111800° 92620% »  1i2920C°  2yS2Lt  InelDt 29013+ o207
seoLa0at $672C o ETWEEIGY  QEIDT  16¥IGT 03300 302457
s520500° S4910% x  £398303*  25%1pT  @TIMOT zs70n" coteg1
1168200 9€En0r »  &CWHZGR*  STSGR*  £12CO* w590 6365
Tus029a~ £9933> v 1ZHLTGCT  %6S2g*  OT&0” »6203° 902°¢
“vawv by H1430 OO v v3W ML4IQ Mydd  SdrA H143C LIuD HASKIT ¥ILIS
srevmnan
SS/NTHD GSU0Ld  =¥3LIAD 4T HIHST UILG 34 KCLMT
€8050% »  2092EIS* zss0-  g2egat ozeign 2305452
81Eve s 35SILMCe  SElf0t €9BZT* s5013* 33¢+0z
TISC  »  fiEEacct 99200 191207 S9ET0% 80L+61
618757 w 1121950 2y22g°  Soelet 249137 353491
So¥lus o 6EW2ESET  isZlat  BEIlat 25923 2a3g
s1s62uct ZBtyz x  fIE42ICT LA OI6GI* 25555 Se3E
vidy GOE HL436 T3 » diay  HIeSC Wvid  Sd0A BLOAG 1183 MESNAT ¥3LNT
SSIVTGT CoTUC0Y  =NRXARE € HISEIY 1IAF 34 M1
% BGOET S101R FSVE AU BILNS EVIRGVIINE «
52421 2nle 54021 $2/2/ET LI solam i N3 TIATZ 4C 2436 £ 523 314




186

sB61L0D% 00920° +  €1GL900°  09220%  16410° 09866~ ooegz
v 7 =*gN NDLAVAS 1v SHOTIVEALT O 313V SOKVIYIANDD NON
1912500° BELTO" «  £985%0C  ZISIOY  19870° 21900% aoest
2 xeai NOIIVAS 1v SHGI.YWLD 0% 2344V IDXVONIANDD KON
1050706+ €9990% + 1262100 %BS0BY 01503 v62C0* 090*5
1215100° TLR00% & 6£221CC"  6IK00*  €9E00" 602004 Gace
vzav OD¥ H1d3Q 0D¥ = Vaa¥  Hpd30 ¥v38 Sdnx H1d3d (Te3 WISKIT 31508
S5/4°01 UEOORO™  =¥3AING 3¢ MISNTT LING ¥Ad EOVANT
vE0EDTY" 69260% x  9IS95SZCe  463BC%  22690° “1680° oocsz
26920 82630% ¢  ®SELTZG*  2b2LY  £96SUT SyHED” cacaz
Teewuzet Z€6907 «  9EIBLIC*  T4£5S0°  9Ze90° 14820~ 0gss1
suzvsTo® B206C% o LECISTCT  99€E0T  4SLEQ" e51z0" 29tr01
€2s85007 JISEZO* w  L169ICCT  99S20*  LyEERe 998107 aoes
R TTyu" Leczer - pEifsGCe  zizlat  wB3let 21650~ £50°¢
Vi8v GUR 11436 083 ¥AMY 61430 W34 Sdmk K430 LEYD HIR31 33LA6S
TSFWtA3 CUEOCH®  S4ILIAS 40 NIDKIT 1T0fe 334 HEI2GD
B1vz2els 9EL8 a LBIE9GTC eESES  LZIZE aEgsTt co2ter
elyil” TuLyEt 3 £225en2"  OLIOEC  SELZ* grests e
et 91282« TESIFSe  wehZe  bSeTZY JBIETY 533451
Ayrpeyt 6vETZY . EZEISGSe  49GBIe  FRITS s9crie Loee 3t
pritesi i3 11TET* + §613760%  DYSTET  2BEDT® o9Esen LG
2510124% 1EF64T o ZLIEYZS®  OL1EI  9TRIDT T893 sacte
Vv upy #1830 A4E » vI¥Y  H1d3G ¥¥34  SdPA M0 1iy3 MESNRT ¥23im0

“SInthI cuids*

=YALIFE &

20437 SINE 34 MOMN

+

UESET  aHIAEK 3579 23 BRD AVIDWVIZAY

o3

€2°21 Az

1980-521 Y1/2sE1 GIK

sas0dy iz

G983 UALS ¢ 136 € 3OV a1e




187

[ THZET® = 62YEHEC  FISTI®  OEL60% s1950% oacesz
6965€€0” &B1[I* »  ibT2626>  BEL60T  SUEEQT 8€850° 00502
89151207 €6160" »  9T96£20>  b6sL0° 22690 w86E0° 603°51
azeezer €7890% »  BCNBLI0T  §HEGD-  PIRSUT wa2EQe 6231
2sav2TS" «E91v0* ¥ 20980107  079ED*  BZEL0” czsza* 030°5
£LOSEOD* SIEH20* ¥ L16K10E*  9ge20*  L9EZC* 99tt0" 6aa°E

¥4y aou Rid20 GRs » vady  H143¢ Wv2d  SdmA #143C 1150 #1983 ¥3LIN5

“S/MR) OSGTCHY  =BALINS 4L MIONIT ATRD ¥E4 HETINL
1L EvLoa sCI0z- »  ISESZSCT  ZISLT®  SvusTt L1680 apce5z
azawisor 12223° x  bCoeyedc  Boeyls  Olgclt oRwz90* 265702
4zBr 4930 19EET x  BElwSEYT  pIEET  186GIT oE204 23806E
nIedieat egyals 4 1%1ng20r  2AIsds  SE€E0 BEERI Goc ot
»Sheain® S6599% = BE9eSICT  BYSSG* 2920 wscEn coa*s
wnEETee GowsGe »  i3I9IICe  §9369°  BSICO” #9T20* €o3°€

Fia3 g 11433 Grp ¥ vy M1 Wedd  Sans 2530 4183 MISKID 3Ll

L9 SHRUNG A RASGIT LHd a3d KLTT

2 =0k WUTIVES ¥ SHCLINAILL 4 cdls¥ FINOL3ALID GG
2 =<0k 8314¥aS 1V SECIIVEIAD 39 <337 32apeed BN

wlzgsiie BLESET = BH1iZe1T  BEreft  L212° regiit

g @oyize % BYWILLET  Iwa2t 2TERRT £¥I5T

12575937 wT9SL  ISTIeeCr  CITILT SuusLt Sinesn

12215 19067 ¢ BETASE3®  uvEll®  1SEJT* per 3

vagy asy Hid36 0%a = wEer HEARC W33 Sath HacEl aIzd RESRTY SIUGY

TSAetN3 ywusio®

=2IL0S 40 3a HTIT

"

wur =

.
SHIMIX 3TV SC W3NS AVWAUNLIEs e

150071

§2°21 3l

1550511 L/2SET 03N

LT Rt )

£A3 1AIT JC 1430

€ 130




is8

LIS
L1

F8735°

asgsh”

Q525371
Y2LTITL”

s
Sors

083T4" 13500
941F5" s3sg:




189

1084500% 861107 «  @S3THO0°  T4010°  Z8500° Tve00° 080752
SE1T400° WZOT0™ +  OLLSEOL®  b6G00°  D1500° #6200°
€ =TON HOLLYLS 19 SKO1LVM3AJ O% ¥ZLdV
. 9222700+ 265007 +  ¥I¥LI00®  S9r00-  1zEwa* . 8100
12571994 »9EQ0* & GLO2T80°  11C00°  zDZOO* I11g0”
0248000° UZ0o* = ZZE2000°  (RIO0T  4#l0GT <000 000°€
[E ™ k1430 ok = VR4 H1430 W34 Sdna H1430 1183 HIONIT ¥ILLND
RyEtastreted A HIONYT LINR U3 HDIANT
2 =tOh NOUAVIS iy SAOILYNILL Oy V3LV JINVSHIANDD NOW
09€6500° ses20m e MSe0dT | Geizon 1erine 09800 000702
0N KO11715 1v SNOILV¥IL] Oy ¥3L4Y 3ONVONIANGD NoN
£12500" seolor +  rasinacs osziet | beedpr 235007 050701
LLIvEG0” £4800% & £G9EZG0°  144D00°  2a§00° 1veg0* €oets
ey 69500° «  91LLTIE €h955°  TZHED® €260* 80"
vady 0ou HL#EG €0y * vRW  Hrd3¢ w34 sk Hi430 118D WiN2T 23line
0D 0SCIODT  SNZLINY A0 RiDNDD LIKD ¥3d #I NN
6LseTan COELTIOY  GhuEDT  1h2eaT sugTeY s0¢°62
1959160 91992107 5MEOT  19829° agg10* ot -0z
S52eT1L" COIINI0T  $2520%  yselo” QZT16° 6oess1
2884535 E1rpi00t  GRIG*  1¢Aly® cogazn saerer
[y 19914307 I4010°  €£é00” 25500 £og%s
2 =en BJISVIS §Y SNDILVMILL O 3147 JIWVDUIALDD NOM
PS/AMTRD (51030°  =43LINS 40 HISKIY LLEH 2 MOLUD

. oW uonn

SHIOLS ISYE 30 WALL0Y WHLOIIIY x

850077

ze*11 Iniy 150-uL) YLITINT

901038 ATks

M3 11412 38 1630

€ 1mv

k1Y)




190

€s0z800" S LeY0t 4 Ywe00T  OlLL.  1eelet o1200° ooarsz  1s0uy
F516206° L %S10" «  wB4I00T  219Y0c  19070° 21500 0g0°02  0500°1

7 =eDN NDLLVIS 1v SHDIIVEIS] 0% WIidv J3uVOUIANDD NOW 6900°1

Leovo0° ©OTOT0Y »  EZHECOGT  9PEO0®  £9900% s8E0D° 000%31  3%09°1

T =+ON NDLLVLS ly SNOIiY¥ILI 0% ¥31dy ONYOUANS NON  L%00+7

. sv1r100 . 62900 w  T165300°  €4000°  66200° s1io0 con*E 2%0071
£500%1

vany oow HLAZD 0% VEW  H1&30 Wvi¢  SdnA  HLd30 11¥) RIDNSD ¥ALING  ¥900°T
€500=7

5003

TS/HRD GCGDOD"  *NIIIND A0 MIDNIT LIKM ¥I4 HOUMY Tro0y
920043

66051

seapr

supazEor 19180% & 919820 €010 $1150* wesee cop*sz  LE0"3
5531020 L2690 = @vIlrZ0Y  15090°  v2es0* 1v6zo" o009z 9%00°1
2yEzz20” 2150 & $IBLETOT  §99%0%  S90H0° seezoe 000°6T 500~
24159T0" 82130« €65£4T0¢  D6STOr  Zoifor oszto oo0teT  %E00*3
S9BLevE* ov20t e 0616800 UZIZ0T  4seTat w21ine 200°% ££6073
5626952 . 12010% «  £30G900° 20510 CoEED* 26300 000°¢ oot
3660+

rasy ava 42230 FDY * Vige  W1d3Q Wyag | Sena | HLO3Q Li) HISW31 ¥3LIRA 0E00-3

. s200+1
§20¢+1

CSIWG GIL000%  *¥BLIRD 30 H1R3Y LIAD ¥3d HOIENT 120871
52003

$260°1

52601

sesazin €216ET ¢ L1M2STI®  RosUZT G259t coay og0'sz €200+
Ry BCE5ZY & BI5IGGT  BU9vZt  beezEt aats1- cous0z  zz00

ot Lzea Le982* + LbpL0BO  9D0Z*  97WEY” owiors 2c0°51 120073
£550e30° euntl® o BOGUCOGT  BGIST>  LeTal® BocEQ* 0c60T  020g*1
352E2N0" FRBOIY . FLTTDY  EEVGDT  l0BOY stzs0° avg s £1001
LEwEs® WI9ICY 5 F1649707  T299D°  26490° 2iger 003°¢ #1003
11ge=

edu Gy HLATT B« GRn G430 aydd | SenA  H143G S1ND HLON3T 4dLLAS 9TC07T
s36cT1

#100-3

/MRS GIGEI0T  SuILUAU 4 HLGNTT LINK W3 BONY €105+3
zic6+1

1001

6100-1

£300

- #3003

4 D00y ~WiO1N 3$¥G 20 E2L10D H¥IADH - 10801

- 50051

5600+

¥ag0~1

€000-

2000=3

Taco+1

SE'91 3u1L (SyI-bL) BL7ZHT ML srame  311a oN3 VA3 40 3230 € 190V 244




191

935kE50° 59601% & 0OCTREO"  »6S80°  ZEORO® SEgu0> 0o0*SZ 15007
169150 £2660° & 4SLIZEO*  ¥6180*  Z2090° h6EC0* 00002 05001
964LIEG " 99510° ¥ YL619Z0*  LLSUGC  91260° £6250* 600°5T 65901
. 9L19220° EST60% 0¥39610%  91svD"  09C40° 91520° 000-07 ov00°1
80£2¢10° SLEVERT = GOEBTIOT 8620 [920° $3S1G* 060°5 159071
£97€C00* LEELZ0* 5 ODTINGDC  @ZOZO® 54610 ezlio® 000°¢ 99007
. 55001
v3ue oy #la3u 0¥ * YINC HIdBQ Wv3d  SdA 12420 1T¥D HI9A3T ¥IIEAI w003
£490°7

x 24001
*S/MTRD GUSGO0T  S¥ILIND AD MIOV3T LKA U4 MOTNI 150073
05007

650071

2001

$105996* SZ9OT* w  YLZuiSOC  Is4wlt  0siZlt 251207 000757 1€00*7
9182950° T61yTe & L65£6D*  DyE21®  LEGOT® ovEr0r 000402 9£00°3
0s5T950* BEGTT: & SCEIGHOT  CEGOT®  CLOAD® #E250° 06051 ££06+1
SILLHECT €E1B0° & GSILECDT  HCLIDT  22690° 4beEa" 009401 #0001
1549120 £2960° = 129uBID"  9Lrs0T 09545 91570+ oG0S £50e-1
ZELy510° -99560° & E65IZ10°  GLTLO®  ZOTER” coiipe 009°¢ 266073
Teo01

vIBY AbH HL430 00 = UIBY L4IG WV SdDA H1430 £183 K19N31 ¥ILLN3 BCOG"1
8200°1

sza0"1

“S/etAu Copiant LUND JC HASRIT LINA W34 MELEKT 126071
529071

N 52001
+200°1

2v5548T" vloout = 0pE09T*  Zloehr  omzget 218122 czeany
beghagTe ssefr x  OLSULLLLT  Beevee  2212€" 2645T* 22003
9E8eLzT Y D S L L £oCs1° 1206°1
Couused OlrvZt = EET16MOT  wI212% 61202° sL411* 0265°1
512696 Of16Ye & viehgRer  ILeIt  earzit a620° 410077
18192997 B1901% a  BLELSILT  LE200°  0I06D” wized” g1u71
11851

RRERE) H1430 DY » WINY HIGY W3S SdDA HEGIG LI¥3 HISH3T WILLAS 916071
S160°1

41291

TS/NTHD LICHOLT  SUALIND #0 HLONIY 21NN ¥l MDD €102
zi0e*1

qet-1

aioc 1

509+

- - s906°1
& 4 GDOYT  mHEGIR JSYA 23 HIf17D W MNNYLOIE = 26901
- + 93001
£006°1

5000*1

£ea0°1

za00°1

T005°1

SUET 341l 454D-42) wL/2svl ML oL 3 . oK1 UMD 26 1430 € 13V u4




192

saacym £5900°T oREme
sasiaie: GusRy’ - SILLESE
asdngsl s9887" LT

B St - 00R0%g" A - N e
3589887 99z’ Tieb9SE  Ehles L 3oy 806752
ALEITHE” ZL313" 80T65TC.  STICST  8ESOS BTIBL 000792
£x0ei 0z 3c05° 2®YSCLI.  ThSS  BESTY 25797 969 °51
095 4z5% DoTaE” TeCgzerc  guIes;  (2izgl a€tei - 206791
£007469° osgsz: SELGERG.  BLiuz  bLulTt S£gTT 008°6
95c9L90" . BoLT  1BE7IC $0¢83° 000°¢

L ]




193

LY SNGILVY31D O WALSY FINVONIANGD NOW

Z_='on NOHIV2S 150077
2EELYOn* 19900° & BLOIEADT 45200 AE¥DO" #5200% 00302
. 5€05£00° 102007 ¢ | GI50€0D*  4Q900°  £9€00° 60200* 2005
bL99250¢ 62600% « © 9BLTZOO  09500%  L1700® 09T00* 80a°01
SPzLT0D" 9vLog® = 1E0ST00*  Tof£00% 51100 10100° 0c0s
. £9iki 00" L6T00% & BLG300D°  ZLT0GT  SZ1GD* 71000* 000 "€
REN Hla2C 4bY < VIW  Wld3o wv3s  SdA %1430 11¥D H1ONZT HALIND Y400*T
£400°1
250671
SSAHTND 016300°  =¥ALLAY 40 HI9KZT LINN ¥3d KOIINT 19003
69537
6001
sege 1
sL6L216" 00520" »  ZZOETI0  09zZ0°  16410° 09800~ 000752 16c9°3
2 =6h NDILYLS 1Y SKOILVUILE 0% ¥3XJYV 3ORVONIANDD NOR  9€00°1
S%H9E60¢ 6€LT0° x  D9LIDD*  PISTGC 190707 2196e” 200°5T 5€05°1
2 =+On NDUVAS 1¥ SNOLLYILT Ov Y213V DNVOYZAHDD NOM 7€00%]
893405 €8900% = ZTLEZOG®  4£500°  0150Q° 56200° ap."¢ €007
steriee TLHIGT w  SIYIZOCT  e0uCOS  F9EOC* £0238° ecose zgeos1
P €037
v7uy 93 Hid3a by = VAW  HA436 A¥Id  SANA . HI43G LI¥D HISNA1 ¥ILIAS 0€00°1
- £200+3
vZ85°1
SS/HIY 4LLG0®  =UILIAS 20 HLONIT 11N ¥3d ROIINL 12631
s266°1
£700°7
»zrae1
LRSIt WSLEC® »  S6ZLYISY  9R2ED*  19(29° SeETaY 06057 €253
2oues1ae be1€8° > HEBEE1G  [:Z0°  6Y0ZO0* datiet 63C-07 2zcae
degreic” 21923t ¢ €3SETI0Y  zrzZzpt  48910° 21606° cousT 126071
2 =GN RCILVES v SLEILYESRT Oy MELds IINVIVILAGD NOM  GZC2"T
Bl9sgLT- 2IIM0* = SSEBYOS™ I9LOCT  GIBCD* 29%39° oot 6183°7
SEEYELCS 12050¢ = »I19TOCS  Zgaupe  ISTO" 2geea” cac e §13373
210007
VI Lo Hid3a unE & VANV R1430 VIS S0A H14W 1180 WigK31 3LNS 918271
$1951
71603
TS/ETI5 6GTI0  =NILENG 33 H1ON3Y LINA WA MU £160%1
216677
112071
21031
©a0C"1
= - 8080t
= B G0GLT  =MLGIA JSVE 40 WALLND WVINMVLIEE + 2080+1
- + 930621
- %063°1
40TC T
€o00"1
206371
1596°1
20°TE 3412 €S¥D-pL1 BLIZIYY Ab €193¢ 374 263 UAID 40 4430 € 193V 21¢




~ .
B T =10K HOLLVAS JV SNOILVEI1] 0% ¥3L4V 3INVHYAANDD NOM 850071
2 =tAR WOILYIS i¥ SHOTLIYN3L] O% WILAV IDNYIHIANGD NGN 1¥G0*1
. 1325300 20E10% o 119SOES  SEIL0Y  6510D* sevant PR Sroo~T
958L400° 456007 x  $T91v00°  268C0°  9LSDD° ——-—-PEOD® g00°01 £00°7
€ =oR KOILVES IV SNOIIVEALY 0% ¥ILAY IINVOUIANDD NON  5¥00°1
7,200 HOLLLS 1V SHULLYEI) 0% w3V IMVOVIAL) NOH  £30071
2500-1
“SAUND GEO2007 | <¥ILING 40 HIZNAT LINA ¥4 KOIENT 150047
ov0my
££00°1
gg00™1
a1rE5£0" 29910% ¥ 09B2060° 171907 ¥Zo%0t 1v020° a00°52 250071
1509670+ 12650° «  €24182aT  §9150°  EvZye 89520° c00+0z 9€08°1

$122y20° w940t & BSOTIZ0%  [72e0t  E0S£0° T2gz0" 005751 5500+ -
BESOLIDY 219500 » 1212830 ZHIE0° EL9TO 2vst0Y 0pL T wegoT
3290000 25120° = fuSELGD®  2WTOT  HESTOT 21500* 0065 €002
By2yI00~ $8v10" »  DoSv9OGe 16710 S6TIO- 15500 059°€ 260041
15907
vamy as H1d3G UON vIue  RL3Q w924 Sans HI430 L(¥3 HIONIT BILIND DEOO"T
s20c*1
azo0)
*S/H'AD GEEI0OT  SXALING 40 4 I54FV FIEN 834 ADINT 12601
92601
5256*)
522071
2uz52y1" 00SkZ> = ORERLZI®  BOI®ZT 456277 FIET* 008757 £20247
9118ze1~ sapne = 592127 Suel” s9€11* 86C72; z286°1
Znlsbate 9OI6T & wer1e @sz9Tt 28150° £C*ET 120601
1933526° £elsl - CSILT+ Lavzit c$120° £28°01 228043
§l102LYD" Zyut* & tlEsct  eTmiet 0Igg® @00°5 618341
€zRZEa. S0540° 5 w1500 99LLE* scze” a9c°5 a1ec="
Pl
v3d Cou Hi<3G GO & CIRY nidd0 WVA4 San H1d34 113D HIOLAT USRS 91657
. £130°7F
#1857
TSIWID WLLEGO®  SUILIAG 40 HIIVEY LIKD Wd4 KO3 €106t 1
210073
7100°3
atvoet
600077
= - 9000° 1
® W Q0OGY  SHIOIN 3SV4 40 WILING AVINGNEIITE = 1909°1
* N 9003~
596841
%00641
- €005+7
2000°3
0001

20011 AWt 1SYD~2L) YL/ZLYT fHL o193y Fu4 aW3 TAD 30 1436 € 122V e




195

L649L90" BES60® +  CoPHINO®  £6260%  22690° 266207 €00°5Z 15901
F0ouGy0" BEIRO* x  QLDZSEO*  ZyOLO' 59650 2svea: aga-pz 05001
. @sssEEd> 41195% = D9OTBLO®  IueS0t w26yt 1v820° ap0 st £500°7
£2u5¢20° G060t = T1¥E170°  892¥0%  @SIEQ 89120 900*0% 9%00°1
945LHIDY 15620 ¢ 4628210°  99520°  (9EZO> 99ET0" 000°5 £900°1
. OLETOTO® 40Z0° = E9LEB0D°  ZL1TO*  98910° 21600 000°¢ 9400+
590071
viyy uoy K130 UDE + vIW HL30 W34 SeA BL43C 113D HISKAY 23LUAS 49007
£500°7
292071
*S/WOND G0SODES  SEILLND 4t HITNIT LIND w35 KuTaNI 150071
29601 -
6200°1
9€00°1
94¢720° POEPIT & 26LIZODY  OHZIS  4460I- ovg90” opprsZ 2£60°7
£36¥19* BIE2LY & BLISTCC'  49L0T  69wbD 000702 96001
3220950 LI0D1* = €DSGERD®  CLIEDT  9lIAlDT gag'sT 5280°7
bsi82€9* €2610% = T602200%  ZYE9TY  S96s0e 00051 2500"3
€ZuExI0® HESYO" »  YT9EOLET  WOUSE  9uIE0 9005 €093
bEYEST0° €97L0% x  121¢¥1D*  ZveZO-  E1928° cao*t zc00°1
2£53°1
viav 69 H1E30 hs = VIV RL43G WId Safia B1GN3Y 2R3 0€08*1
6200°1
szon"1
574710 wEd1237  =R4LIAL A5 WLONTT LIN B3d AOTIUT 12091
9250°1
sze3*1
9250°1
bLigsa Lt LTt o TLTZLIS  BewvEe  AZIZE- Bigule suotsz £zons1
1539591 L6BEET & eBLEI9l*  3LyeZr 9@9LT* T2e1°
2640t 10 a1r2t = SEEEDZTT  BulvZe  ws3zz tore1e
iounir ¥QT12% s B3ZLU6@T yE2ale 1wwilv #9c0T
s2229707 9EILI® & 255150+ Je¥I1 zonOle
229550" 126600 v £55090%  JlTeGe 1640t
ViU ot itaga oy VNS apd3 wid Sen Hidly LT¥D  HISN3Y n31ifin
CS/MTRD BT SWALAC IT alu2T LIND 34 A BT

W U0IST SHIALA ISV 4

+
FTLEY $9 WonviIIM %
*

LSRN T SYD-YL) YL /E/YE Ay

16998 34 ON3 T1AI2 30 4430 € £30% s




o
-3
-

7e55808"
10ce 49z
2LboiT"
L1891
81201
91zelo”

s

SBEISIT
20685627




197

61£6590" CE6COT x  HE9TS00°  19B0D*  25HCO* 9200° 8c0°5Z 15001
2 =0k NOLLYLS 1V SHOILIVE3LS 0% ¥324¥ JINVOLIANOI NON US00-1
2 x°0N NOSI¥IS 1V SKOILY¥3) Ob ¥3LV IInvIUIANGD NUK 64003
65v3600" $0500° +  D4»9200°  1ved*  £u200° 15103° LR %003
5 T =Bl NOILLYLS 1¥ SKOLLVIILL C WHIJV IIRVOUIARUI NON
2L2T100° @n100* »  Z38€O00T  C4100°  DIIDG* £9060™ ©00°€
V3w o0u HLI3Q GO¥ VIw HLO3G W34 S4ma HEJI LINI HASHKIT §3LLND
“S/MA3 CT0000°  <WILLND 4 MIDNIT LINA ¥3d 9GTA
sieeetn: ¥5220* = PLLIYIO®  7eel0T  TRCTCt zs200° oge sz
wtysilor s6LT0° »  EHE6EDCT 149197 BLIL0N 1s59p0° G000z
9cszeca £9610° »  £25CH50°  24E10°  GL600* 2y506" secee1
Tolttidu SHIT6" & BIGLOSLT  H13Iat L1i0D* ¥1n00* 2ot *0T
7 =°Ch AGEIVIS AV SLOIIVEILI 0% MILSY BORVOYIAROD NOH
bes9266" £7500° «  121€203°  Soemo- | 120t £6100° ooctE
vIv o HEGTS 608+ ¥IW  Hlc3 XVI S4MA MIIG XIU3 HLSNYD B31(AT
SS/HTRI Us0UCO®  SWELING 4B HISNIT IILA ¥ld OB
5525020° 9YCEO »  TLSHIIES  GLLCGT  5L3ZG° ctosz
czvsile: $2L2CT & ySZEIOT  TyszLt  SLPIDT £0mTz
Slestis: £5223 « 1202118 19610°  16%10° oL a1
§553510° 52710t = weLL00T 269130 BETIO” 6eseoT
179560 RGO »  BIFERCD®  ICLT  L1IE0* £56°5
£e615cS €BILDT 4 GSYSLLDT  aesCDe  LISGTt cést
vaav 238 HEdEO G % VAN KESIH 4¥3d  SdDA HIdIC 1183 hIEA3T BALINS
TS/ANY GYIZ60T  SESINY 40 MIDNIT RIUh I¢ MOEGT
- *
= 4 3099%  HLOIY 3S¥A 40 BILIAD WWMISNVLINY

.

ST€T 3411 12yD~42) BLIZ/YT DAL

7153y 32

93 IIAID 40 1430 € L20% 314




198

ovsso1e” €LU10° w  ZZSTLOOS  2ysI0T  5€6DOC 29506° 00052 25001
0Ev2865* 45710~ ¢ oZavigas (9710 OlEdct 195507 oae"0z  2400°T
. $903300* €6110° «  SETos3o  92600%  29900° 95006* 066°5T - 9y00°3
€e62a00° SBLZ0° »  S59THD0C  weOGCT  GISOO" y6z00° a6o-91 20073
6£59235° Ce¥L3t & T21€200°  S8ECO  12660° ©2100° 80045 54007
. 2 =*O8 uG1IYAS Lv SHOILYMILI O% ALV ZINVIUIANUD HON €906°7
zv601
“SAUTAI O(0000%  =WELING 90 HISHAT LIEN %34 hOIAN 251
o¥6or1
a£co*7
acop>1
£320E0" €696 »  1960£¢0° 91850t 09540° a1sz0t Bog-s2 28067
BLizZLE* = 6900200 H99D'  BoifCt #9120° 037702 9€60°1
Be4T5T0 *  D8£1223*  ObifOT 20120t oeiT0" ocg st sEace1
9763610” +  fhesvl0t  49MZ0%  forzo® $9c10° U661 #6071
SL5y110° = 2290L60°  9991GT  1&y10° couco: caoes €€ism
RE29250" «  SziuSCDe  ZITION  I8LIET Zzocct rooe€ 282323
1c08°1
vy oou Rid6 62 » Vi w1430 AVIE Samh #1dle 119 HI9NIT %ilths OLCoT
TS/NRT $OLI00%  =YILIAG M HLOKIT 11ED B3¢ KO
0eeSzt TOLYPCIT BaCZET eR202° euyt1e sgeo52
GE917* »  EHRTITLS  yoETS 90T 6202
81017 = 19YhiRgt  EHYSIC WLt cLeent
ITEU10 e SCORLIDT  LHIITY g egcont
BRLLT s 20215CY  WTEBT oeeds enas
2HLGs +  mTiat 15180 et 15626° siact
Hid3 AT . WY RIAER W¥EA  LAAA  MLedB 1163 HMIfARY ¥3ii6D
SS7aThE GLSEIC  TaILIAE Ao miSRFD FING MZe LR
= .
w K L399 SHIBER BS9G 30 MILIOY BYIWOLTION =
= -
S1°C1 i (593543 5LITFY1 AL a3 93 TLAID 98 1430 € 13V B




199

SETE180* ZEEHOT & 50Z9veD  Lfyld  LIT9E Lestar 006+<2
311856 9IEEILET  4p7IC  Zw2SET aveg® co0*0z
S31enEp” T#0LEG BIGGET (94t a14z0e €20°5T
SueigEnt yo24zegr  GIBEGT  BZCSLT £2612% cuenl
feceatne £163110%  0Tteo-  Wriik oT2t0* 36348
R BeuLITE" SL1Ta™ = I9€s00* 39510 146" G9EGL cLeet
¥auy 03¢ H1r3 ohy ¢ WEEY  HE420 W34 SARA___ NIAIE LT¥D 36133 B3NS
creps B ovene
S$7d4*13 LHRLICT  *EBLAAD 25 MIEND1 11N Wid MO1dND
Frot 60 L ke M L M T o 21956° 06sZ
Seévicor £eteCe B 32505
nt BEE Seies
ien0n Tizect £v2 0"
et eieet czere
weyzEe  puEIes At

areenns -213:7?3 .:2-:2!.:.&!:4\ Axrdgr o s h v ey 459551 L Erm A

S

150071

Vi i Wee | hlaie a¥aé | Genh w243 LIMD hrin3l zarins
. v saran
26021 Pl Cha el
. sengee neresz
M e peas
X o st
- comere o
Tt s P
. et R
nrosa
M sena N A Y
EoseEtia Metu1 05T mre 3t
O,
PO aMIgle NS @ AELE0S PYUS -
. .
£10e1 211 1893-521 $272/4T 041 19T 3ug G, A3 46 L3 € 199V e




200

3 7 =*ON HOLLV1S 1V SNOILvMzll Oy W3Lsv 3DLVOUIALDD VON 8500771
z =gk 1Y SKMILvEILD O% L4V AIVIUSALDD HOM 230073
. z =ror IF SWOIIVESLD Cb TILOY 3/NNEINMOD KOS 93007
7 <eon 1Y SKOILYADLL L5 ¥3439 AFYOUIMGD NON 540G
T =-0l uOIIVIS LV SKGINY)GI1 Gb 513V JOLVEASAFDD HOR 49001
2 =*OF LEILVIS 1V SKGLIVE3Al O %3140 SIGVI4I/ADD 80N €50971
290073
SSARD GS000T®  =¥I1103 4G MISNRY 1IRM Y34 FOLANT 190343
94061
58373
062"
T =N AOILVIS 1T SRLISVMBI) O% ¥PLIY SNVSIAOD NON 115071
¥ e wnirwes T 5 noN 950071
9298997 2380777 sueifes” 904387 e
EoLhe0s ziese” 9e085Y LdbzL” 096°01  sizovy
150518 65525 & €£568227 Esan I
scctezzn SSTLET a4 GEXCHIC  GLEZET  IELLC” s1coTe co6“E 20663
nprs Teaay
vauy a%u HLA3G Gty % VIO HLe3U AV3d  SOBa NI4IG 1IND RISKEY LELIRS  GEILeT

TS/HtID CUGREGT  ePMIAY G MISNIT L1GE 2o vCUND
Tenrre 61645" BiSL%EIT  03WAT 7aEsY” o3e52°
43923+ Wiyt ETelEe sguze
£59¢e77 " siiifY g2iee “euL1t
[t ez 116320
TupLonit 2lalt  ewesic
54352145 CYITIS 2RIt
€3 6oy aLe3n pvid Sefs

=ealars #2 HICEEY ANR 134 2T

-
SHIEIE £SYS 4D H2LIAD YeMIRCLIIN «
-

Yer2T Buis 19%3-913 . VLIZIST 18

s223%  INy

03 TDATS OB K430 £ 430¥ L1%)




201

PROGRAMME TO DETERMINE THE DESIGN DEPTH IN
TRAPEZOIDAL GUTTERS WITH EQUAL SIDE SLOPES

NAME TRAP

OBJECT: To determine the design depth in trapezoidal gutisrs
with equal side slopes for various gutter lengths and
inflow rates.

Checks: A side slepe value of 90° was used and the results of

the programme were checked ngoinst the outputs of the rectengular

gutter programme, CRECTI.  The comparison is seen jn Table 32

Inputs:
Gutter base breadth B
Gutter side slope in degrees S5
Number of stations NT
Output code K
Inflow per unit length to gutter INF
Gutter length X

Outline of Programme:

For particular inflow and length values the eritical
depth at the outlet is first calculated. This is done hy an
iterative process as follows; An estimate of criticel depth is made,
and  the expressions ch/g and Yo (see discussionon GUT 2)
are caloulated and compared. If these axpressions
do not agrea to the required accuracy the critical depth is re-
estimated and the expression recolculated. In this manner the

eriticel depth is determined. This is then used as the starting
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depth in the Hinds onalysis and the woter surface profile is
determined in the monner outlined as for GUT 3.  The peck depth
is abstracted from the profile and the freebvard elded to obtain
the design depth and hence design area of gutter.
Qutputs:
Code, K = 1 - values of all varicbles ofter every
iteration at every station are given
Code, K = 2 - finul velves of variables dnd flow depths
are given aut ecch station. These flow
depths define the water surface profile.
Code, K> 2 - the values at the last upstreom station

axe given. These include;

length X

critical depth ot outlet YCRIT R
peak depth Y(NT, ) :
peak areo A(NT,J) :
design depth YFIN

design orec AFIN i

Limits placed on progromme:

The maximum number of iteration ot the outlet when
determining the flow depth is .lity

The maximum number of iterations at any particular station i !
is forty.
Problems associated with programme: ' |

Some problems as for GUT 3 and CRECTI and in addition it i
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was found thet convergence on the criticul depth ot the outlet
was slow.  [hus it wo necessary to allow ot least sixty iterations
at the outlet when determining the critical depth.
The values of accuraey limit and depth increment that
guve best resulis were:
DEL = 0,00Zm
ACG = 0,00l
It was found that 21 stations were odegquate, i.e, NT = 21

Geometry

$S is in degrees, while SSR is the value of SS in radians.

TAJLE 82 COMPARISON BETWEEN OUTPUTS OF
fRAP  AND CRECTI

BASE BREADTH  INFLOW RATE  LENGTH PEAK DEPTH  PEAK DEPTH

in metres in wd/§ in metres FROM ™'AP  FROM CRECTI
in metres in metres
0,3 0,01 10 0, 4046 0, 4062
0,3 0,005 20 0,4206 0,4192
0,2 . 0,0003 25 0,113 0,11133

0,2 0,003 5 0,1511 0,15108
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PROGRAMME TG DETERMINE THE FLOW CAPACITY OF
TRUE HALF-ROUND GUTTERS

NAME:: HR

OBJECT: To determine the flow capecity of true half-round
gutters of various lengths

Checks: The validity of the programme wus checked by comporing

the peak depths os calculated by the programme with the Marsh

experimental peanks. This comparison is made in Table 33.

Inputs:
Gutter diometer D
Number of stotions NT
Output code K
Gutter length X
Initiol estimote of moximum INF

inflow rote per unit length
Qutline of progrumme:

An estimote of the moximum inflow per unit length that
the gutter can cater for is made. The critical depth at outlet
is found in on iterative fashion and this is employed as the
starting depth in the Hinds analysis.  The water surface profile
is detexmined as explained for GUT 3 and the peok flow depth is
abstructed.  The freeboard allowonce is added to the peok flow
depth.  This depth is compared with the gutter radius ond if the
two values do not agree to a specified accuracy another estimate

of the maximum inflow rate is mude und the process repeated until

s
5
1
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the required uccuracy is obtained.
Qutputs:

Code, K = 1 - values of oll variables after every
iteration ot every station for every
estimgted inflow rate valuve.

Code, K = 2 - final values of variables and flow depths
are glven at each stotion for every
estimated flow depth value

Code, K> 2 and p = 1 ~ the volues of voriables
ot the last upstream section are given for
avery estimoted flow depth value

Code, K> 2 and pgl - the values of variables
gt the last upstreom section ore given only
for the moximum permissible flow depth.
These voriables include:

Maximom inflow rate per unit length INF

Critical depth at outlet YCRIT

Paak depth Y(NT,3)

Peck area of flow A(NT, J)

Design depth YFIN

Design areu of flow AFIN

Limits placed on programme:

Maximum number of iterstions when determining critical

depth ot outlet equals forty
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Problems associated with programme:
As for previcus programmes
Geometry:
As for GUT 2

TABLE 33: COMPARISON OF MARSH RESULTS WITH OUTPUT FROM HR

Dischorge Inflow per Marsh Peak 'HR' Peak
rate unit length Depth Depth
in ma/s in mz/S in metres in metres
0,0004546 0,0000745 0,0318 0,03076
0,0009092 0,000149 0,0446 0,04366
0, 001364 0,000224 0,0519 0,05270
0,001818 0,000298 0,0584 0,06104
0,002273 0,000373 0, 0660 0,06870

0,002387 0,000392 0,0728 0,07078
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APPENDIX D

THE ANALYSIS OF THE RESULTS OF THE MATHEMATICAL MODEL

Analysis of the Rectangular gutier results
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Graph 11: Plot of loglnf) vs log(y) for = O1m
for rectangular gutters
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eraphiz Pof of log(fnﬂ vs logly) for b=02m
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Graph13: Plot of log (inf) ve log(gfer o= O4m
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O,(?m

Graph15: Plot of log(inf) ve log(yifor b
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DETERMINATION OF THE EQUATION OF THE DESIGM CURVE
FOR RECTANGULAR GUTTERS

The equatiun of the curve us seen in graph 4 has the form

tag (inf.x2 %)« n 1og () 4 c
or inF.xl’05 = (yb0'67)'" LK
where K = log C
and the slope m - log (inf.r 90 o 1og (nf.xt %2
log (ybo'67)l ~ log (th,67)2

To determine the values of m ond K accurately o large

1,05 0,67

number of velues of inf.x and yb lying on the curve were

abstracted from graph 4.These valves ore listed in Toble 34

1,05 0,67

Pairs of inf.x and yb values were then used to determine

the slope m by means of the ubove formula. The results are in
Table 34,  The meon volue of m is 1,6144 and this value of m is
used to determine K from the formule

K = inf.x'r%
07T

The values of K thus determined ure listed in Table 35.  The
mean volue is then determined and is K = 1, 4794,

Thus the equation of the curve is given by

infod1 % o1 404 (yp0r67)1 614

This equation is checked by calculating the values of

.05 0,67

inf.xl using given velves of yb '~ ond the chove equaotion.

The results are listed in Table35 and it is seen that the equation

gives excellent agreement with tne abstraocted values of inf.xl'os'
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TABLE 34: DETERMINATION OF THE SLOPE OF GRAPH 4

inf.xl'o5 yb0’67 slopa,m
0,0007 0,0089

1,61294
0,08 0,1680
0,0009 0,0106

1,62099
0,10 0,1920
0,007 0,0368

1,60959
0,30 0,3800
0,01 0,0465

1,62377
0,10 0,1920
0,001 0,0111

1,6074
0,01 0,0465
0,002 0,0171

1,6176
0,10 0,1920
0,004 0,0262

1,6157
0,20 0,2950
0,02 0,0705

1,6019
0,15 0,2480
6,01 0,0465

1,6188
0,08 0,1680
0,03 0,0910

1,6130
0,20 0,2950

Meon slope m = 1,614369

I
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VALUES ABSTRACTED FROM GRAPH 4 AND CHECK ON

VALIDITY OF DESIGN EQUATION

Infl 2 b0 .0,67,1,614

as aobstracted from K 1,4294(yb "y
graph 4

0,0007 0,0089 1,43088 0,000700

0,0009 0,0105 1,40875

0,001 0,0111 1,43007 0,001001

0,002 0,0171 1,42456

0,004 0,0262 1,43072 0, 004002

0,007 0,0368 1,44675

0,01 0,0465 1,41605 0,010L

0,02 0,0705 1,447

0,08 0,0910 1,43762 0,02986

0,05 0,1260 1,41687

0,08 0,1680 1,42478 0,00803

¢, 1 0,1920 1,43502 0,09963

0,15 0,2480 1,42458

0,20 0,2950 1,43533 0,1993

0,30 0,3800 1,43060 0,29996

Mean K = 1,42940

]
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DETERMINATION OF THE EQUATION OF THE CURVE FOR
RECTANGULAR GUTTERS AS SEEN 1N GRAPH 3

The equation of the curve alsa has the form
log (infox) = mlog (%) 4 c
or inf. x = (yb0’67)m.K¢

Valuves of inf.x and yb0’67

were chstracted from graph 3
and gre listed in Teble 36. These values were then used to
determine the slope values. Results are in Table -36.

The mean of ull of these m values is 1,6287. It is seen
thot the m values marked with an asterisk differ considerably from
the mean value. This is dus to the difficulty in cccurately
abstrocting the yb°’67 values from graph 3. If these = values
are neglected, the mean m value is equal to 1,62513.

The valve of K is found using both of these values
Results are listed in Table 36. The mean values are
(1) for m = 1,629, R = 1,20833
(id) - form = 1,625 R = 1,18541
To check which of these gives the best results the value of inf.x
is calculated using the formulg

0’67)N.K and the 2 sets of m and K values

infox = (yb
Results ure listed in Table 37.

It is seen that inf.x = 7,1854 (yb%67)1625

gives slightly
better agreement with the actual values.  Thus this is the

squation of the curve in graph 3.




TABLE: 36: VALUES USED IN DETERMINING THE

EQUATION OF GRAFH 3

inf.x b0,67 " K foxr K for

inwdfs ¥ SIOPe M 21,629 m o= 1,625

0,1 0,218 1,19579 1,18852
1,62321

0,08 0,190 1,19674 1,18882
1,62372

0,07 0,175 1,19726 1,18895
1,61023

0,05 0,142 1,20197 1,17909
1,74966%

0,04 0,125 1,18357 1,17378
1,56414%

0,03 0,104 1,19777 1,18697
1,62224

0,02 0,081 1,19980 1,18780
1,64882

0,01 0,0632 1,18984 1,17596
1,58837%

0,007 0,0425 1,20075 1,18568
1,16343

0,008 0,0345 1,20465 1,18854
1,62624

0,003 0,0252 1,20670 1,18809
1,64672

0,002 0,0197 1,20045 1,18174
1,60758

0,001 0,0128 1,21159 1,19066
1,63252

0,0069  0,0120 1,21131 1,19008
1,64513

0,0007  0,0108 1,20833 1,18642

MEANS 1,20087 1,18541

268
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TABLE 37: CHECK ON CALCULATED EQUATION OF GRAPH 3
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v 1,1854(v® 67y 1625 ) onogr(v67)1i62? <23§u2)1
0,218 0,0997 1,00383 01
0,175 0,06979 0,070182 0,07
0,125 0,04039 0,04056 0,04
0,081 0,019959 0, 0200095 0,02
0,052 £,01008 0,01008 0,01
0,052 0,002993 0,002986 0,003
0,0128  0,0009956 0,00099074 0,001
0,0108  0,0006994 0, 0006953 0,0007




270

PROGRAMME TO ANALYSE DATA FOR RECTANGULAR GUTTERS

NAME ; YA

OBJECT: To analyse the data for rectanguler gutters

Inputs:
Gutter length .
Number of depth inputs o
Inflow rate i
busa b owdth .
design depth i

Method of Computation:

The progromms cclculates

4067

db = yfin . for o specified number of design depth

values
Qutputs:
The outputs are inflow rate, base breadth, design depth

(required depth) and db = y.bo’67.
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ANALYSIS OF THE TRAPEZOIDAL GUTTER
RESULTS

0,25

Valves of inf.ox and = Adeg were calculated for

various bass-breadths using the ou!ﬁg;(‘z?datu fron TRAP in Appendix
€. These volues are shown in tables 38 to 41.
DETERMINATION OF THE EQUATION OF THE DESIGN CURVE FOR
TRAPEZOIDAL GUTTERS (GRAPH 9);
The onalysis proceeded in exactly the same monner as outlined
for rectangular yuttexs. The mean slope is determined in table 42,
and is given by @ = 1,337971. The meon K value is determined in
table 43 and is given by K = 0,69687. The equation of graph 9 is

0,25 1,338

thus  dinf.x = 0,6969 [ Adeg
20,08

This equation is then checked by calculating inf.x using the
above formule and comparing the value so obtained with the actual
value of inf.x obstracted from graph 9.  Excellent agreement is

obtained os seen in table 43.
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TABLE 3 97 VALUES OF inf.x AND # = Adoa¥'?% FOR b = 0,2 metres
0,09
by

1

ng ngx
x in 8 for 9 for g for
in /S metres inn’/8  Dog = 30 Dog = 45 Deg = 6o ¥ mean
0,0008 10 0,008 0,03087% 0.03176 0,03194  ©0,03152
5 9,012 0,044599 0,04493 0,04379 0,0444
20 +016 ©,05633 ©0,05658 ©0,05604 ©,08835
25 ©,0208 (LBE835  0,06B04  0,06657 0,06715
30 0024 0,081009 007374 0,07852 0.,07976
as 0,028 ©0,092101 0,09179 0,08835 0,09075%
©,0008 s »005 0,0221%0 Q,02236 ©0,02281 Q,02245
15 Q,0075 0,0309267 0,03082 402113 ©,03096
20 401 0,040143  0,03965 0,01966 ©,03982
25 0125 ©0,048464  0,04772 0,04847 0,04822
30 a,0ls 0,057066  0,05805 0,0852 0,055LL
35 Q.,0178 ©,0643607 0,08465 0.,06376 0,06426
0,0003 lo 0,003 0,01495  0,01513 0,01622 ©,01543
15 0,0045 0,021078 ©,02139 ©0,02194 ©,02147
20 #0086 ©,026486 0,02794  0,02777 ©0,02740
25 0,0075 0,0332¢0 ,0338L 0,033 0,03360
30 009 ©0,039149 0,02985 Q,03894 ©,03033
35 00,0105 0,045247 0,04504 ©0,04425 ©,04485
0,005 2 0,015 ©0,04B367 ©,Q4BH0 0,04742 ©,04820
s 0,025 ©,072896 0,07446  0,07165 0,07207
10 0,08 ©0,130074 0,1294 0,1254 00,1283
15 0,073 0,182527 ©0,1796 0,1716 0,1779
20 W1 ©,233031 0,2290 0,2212 0,2277
25 0,125 ©,280704 ©,2745 02648 00,2731
0,003 El 0,009 ©,0318479 0,026 0,03181 0,03127
5 0,015 0,0483076 ¢,04880  ©,04841 0,04853
10 0,03 4087375 0,08641 ©,08398 0,08592
15 0,045 ©,120946 0,1220 0,1180 p,1203
20 2,06 0,165270  ©0,1536 ©,1508 0,1532
25 0,075 0,187792 0,1838 0,766 0,1827
0,001 3 0,003 ©0,0132619 0,01381 ©0,01408 0,01365
5 0,005 ©,0211964 0,02149 0,02127  0,02132
10 W01 0,03616% 0,03752  ©,03761  0,03123
15 0,015 0,052036 0,05237  0,05243  ©,05248
3 02 0.6y 006070  0.08346  ©,06500
23 ©,02% 0012317 0,08017 0,67887 Q08079

276




0,28

TABLE 3f VALUES OF inf.x AND ¢ = Adug FOR b = 0,30metres
I s X g ogr g ger g ogor
in m2/8 metres in m/S Dey = 30 Dag = 45 Deg ® 60 # mean
©,0008 1o 0,008 ©,030117 0,03240 0,03272 ©0,03175
15 ©,0177 ©,04362 0,04446 0,04482 0,04431
20 ©.016 ©,08498 0,05876 0,05712 0,05595
25 0,0208 ©0,06676 0,06872 0,06727 0,06758
kL 0,024 ©,0772 ©,07766 0,07883 0,077
35 ©,028 0,08164 0,08981 va795  0,08980
0,005 10 0,008 0,02244 0,02318 0,02313 0,02292
15 Q,0075 0,03045 ©,03168 0,03300 0,03171
20 Q9,01 0,0400° 0.04019  ©,04089 0,04038
25 0,0128 0,04733  2,04780  ©,0488' 0,04
30 0,015 0,05628 ©,05556 0,05694 0,05626
35 00,0075 €,06325 ©0,06348 0,06396 0,0630¢
0,0003 10 0.u03 0,01883  0,01573 0,01690 0,015
15 0,0045 0,02151  ©,02232 0,04327 0,02237
20 0,006 0,02771 ©0,03802 0,02865 0,02813
25 ©,0075 ©,03292 003383 0,03507 ©0,03394
30 0,609 0.,0395% 0,03977 0,04052 40
38 0,005 0,043 ©,04463  D,04601  0,04476
©,008 3 0,015 ©.04733  ©0,04780 0,04887  0,04800
5 0,025 0,07026 ©,071714 0,0724 ©,07147
10 405 0,1259 0,1252 0,1219 0,1243
15 0,075 0,1782 0,1744 1796 0,2737
20 1 ©,2228 0,231 0,2142 ©0,2194
25 0,125 ©,2673 0,259 02551 0,2607
@,002 2 0,009 0,03384 0,03286 0,03313 0,03261
5 Q,018 0,04733  ©0,04%7 0,08001  ©,0486
. 0 ©,03 ©,08394 0,06488 0,08508 (,08463
15 0,045 0,1174 O, 1 0,1160 ©,117%
20 408 0,1524 0,148% ©,1463 0,492
25 9,075 ©,1813 G.r786 ©,2758 0,179%
0,001 3 0,003 001359 0,01388 0,01508 ©,0l402
5 0,005 0,02018 ©0,02117 0,02217 0,02117
0 £,01 0,03810 0,036(B ©0,23875 0,03718
1% 0,018 0,05173 ©,05282  0,05330  0,082i0
£ 0,02 ©.06511  0,00568  0,06C04 <065
25 0,025 0,07998 0,07515 0073l 0,07887




WABLE40! VALUES OF inf.x AND % = 2gec®'2S FOR b = 0.4 metres
10:08

B wqn X g ocor g g 4 for

inn?/5 metres in m'/8 Do = 30 Dag = 45 Deg = 60 @ mean

9,003 5 0,005 0,0120  0,01374 0,0l43)  0,01335
10 01005 0.02207 ©0.02378 0,02432 0,023)8
15 o075 0,00137 0,03261 0,03285 0.,03226
20 oo 103932 ©0,04156 0,0426  0,04120
25 o.0625 0,04773 ©0,06928 ©0,05118 0,04942
30 0,015 0.05641 0.05705 0.,05043 0,08730

0,001 5 0,005 002086 0,02144 0,027 0,02102
0 gl 003658 ©0,038%0 0,04012 0,03851
15 o015 O/C31E3  ©,05275 0.05443  0,08294
20 ) Q06402  0,06533 0.06742  G,06558
25 G.025  0,0767  0,0814 008048 0,07953
E ©6,08168 ©0.09123 0,08216 ©0.08170

0,005 5 0,025  0,0732 007183 ©0,07331  0,072i5
0 0,08 0.1220  0,1233 0,128  0.1237
15 ooy 02703  0,1695 o, /1684
20 g0l 09,2143 0,2175  0.2108 0,241
25 0,018  0.2895  ©0,2575  0,2559  0,2876
30 0.005  0,3026 0,009 0,291  0,2084

0,01 5 0,05 0,214 0,202 0,225  0,1214
el 0,200  0,2092  0,2074  0,2087
15 oils 02916  0.2891 0,284 0,268
20 o2 0,369) 0,363  0.3568 0,363z
25 025 0,4487  0.4375  0,4266  0,4376
B o3 ©,5173  ©0,5131 04826  0,5077

0,08 5 0.5 04251 0,4247  Q.4ll1 0,203
0 05 07436 0,738 0,771  0.7350
5 o 1,004 00,9920 1,013

0.t 5 05 07458 0,731 0,709  0,7304
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aps2"?% For b = 0,5 matres

TABLE4}: VALUE OF inf.x AND § = A

40 #f Q9
iRfs o in “fz“ 9 for u for @ for
in wl/s metras /s Dog = 30 = 45 Deg = 60 ¢ mean
0,005 5 0,025 ©,06971  ©,07312 0,0763% 0,07279
10 Q,123c ©,1245 0,1258
15 ©,1704 ©,1720 0,1715
20 ©,2144 09,2142 0,2141
25 o,25¢9 0,2575 0,2555
30 ©0,3005 ©,2938 ©,2030
0,003 £ ©,04827  0,04990 0,05183
10 ©,08355  ©,08574 0,09713
15 ol168 0,117z  o.lied
20 0,1446 0,5475 0,1481
25 ©,1730 0,1742 0,31754
30 0,022 0.2038 02,2023
0,001 5 ©,02098 ©0,02335 O, 02426
1o 1
15
20
25 408084
k3 0,08952 O, 09474 ©,09538  0,09322
Q.01 5 0,1207 0,226 0,223  0,1219
© 0,2088 0,2084  0,2100  0,2004
15 0,2837 0,2857 ©0,286L ©,2852
20 0.3655 0,3620  0,3548  0,3608
25 0,4386 0,4314 00,4228 0,4308
ES 015091  0.5024 0,485  0,4992
0,05 5 0,490  0,4153 0,406  0,4136
10 0,73861 90,7243 0,721 20!
15 1,015 1,007 0,974 ©,3987
2 0,203% ©,2038
0,1 5 97310 ©0,7204  0,6988  0,7167
10 1,257 1,212 1,235
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TABLE 42: DETERMINATION OF THE SLOPE OF GRAPHO

inf.x
in _A_.__deso’25 m

ma/s 130,09
0,003 0,0171

1,34106
0,09 0,216
0,004 0,0211

1,337615
0,04 0,118
0,005 0,025

1,303612
0,5 0,79
0,007 0,0822

1,341819
0,09 0,216
0,0L 0,0422

1,336528
0,8 1,12
0,02 0,07

1,330674
0,2 0,895
0,04 0,118

346137

0,15 0,317
0,008 0,025

1,342385
0,15 0,315
0,07 c,178

1,326923
0,3 0,533
0,01 0,0422

1,342958
0,15 0,317

Mean m = 1,337971




TABLE _43: VALUES ABSTRACTED FROM PLOT OF inf.x

VERSUS_ A. deg0r 20750, 09

e 0,25 K 0 25) 1,338
3 Adeg”’ using 0,6969 [Adeq. ' :
n /S 0,09 m=1,338 10,09

0,008 0,0171 0,69402 ,003009

0,004 0,0211 0, 698506 0,003986

0,005 0,025 0,695867 0, 005001

0,007 0,0322 0,694363 0,007016

0,01 0,0420 0,695172 ,01001

0,02 0,07 0,701922 0,01983

0,04 0,118 0,8980425 0,03988

0,05 0,139 0,700836 0,04965

0,07 0,178 0,704752 0,06913

0,09 0,216 0,699429 0,08956

0,15 0,315 0,703642 0, 14837

0,20 0,395 0,693079 0,20084

0,3 0,533 0,696242 ©,2999

0,5 0,79 0,6854014 0,50773

0,8 1,12 0,6874423 0, 80996

Mean K = 0,69687

Thus inf.x = 0,6969

Ade

b

0,2
0,09

5 1,388
(Adeg
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