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Summary

Spacing of Road Gullies

Hydraulic performance of BS EN 124 gully gratings and kerb inlets

F Spaliviero
R W P May
M Escarameia

Report SR 533
September 2000

This is the final report of a sindy funded by the Highways Agency (HA) to
produce puidelines in the form of an Advice Note on the spacing of road gullies
for draimng surface water from roads. Unti} now the HA approved document for
determining gully spacing has been TRL Contractor Report 2, but this does not
cover the range of designs that is now permitted by European product standard BS
EN 124:1994.

This report describes the results of a comprehensive test programme that was
carried out at HR Wallingford on gully gratings and kerb inlets.

The test programme investigated the effects on the flow collection efficiency of
gully gratings of the following geometric factors: plan area; aspect ratio (length
parallel to the kerb to width across the flow); percentage waterway area; and
number and orientation of the bars. Tests were made on a total of 24 different
configurations of grating installed in a test rig with a cross-sectional profile
representing a triangular kerb-side channel. The following flow conditions were
studied for each grating configuration: flow widths between 0.5m and 1.5m;
longitudinal channel stopes between 1/200 and 1/15; and channel cross-falls
between 1/50 and 1/30; some additional tests at cross-falls up to 1/15 were carried
out to extend the range of the data. Analysis of the results led to the development
of a new general design method for predicting the hydraunlic performance of gully
gratings taking into account the hydraulic properties of the channel and the
geometric properties of the grating. The method was validated by comparing its
predictions with flow data for a range of manufactured gratings.

Tests were also carried out using two different configurations of kerb inlet:
straight and angled. The following flow conditions were studied for the two
configuratiens: flow widths between 0.25m and 1.0m; longitudinal channel slopes
between 1/500 and 1/50 and channel cross-falls between 1/50 and 1/30. The data
analysis revealed that a single design equation could be developed from the test
results for the estimation of the efficiency of kerb inlets, both for straight and
angled kerbs. The design equation recommended is based on the opening length of
the kerb paralle! to the carnageway.
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Summary continued

For gully gratings it was decided that the Advice Note (HA 102, DMRB 4.2)
would define five grating Types (P to T) covering the practical range of sizes and
shapes allowed by BS EN 124:1994. The design method obtained from the
experiments was therefore used to produce tables for Advice Note HA 102 giving
the maximum areas that can be drained by each grating Type for a range of flow
widths, cross-falls and longitudinal gradients. Also, the design equations were
modified for use in the Advice Note so as to make them applicable to any
configuration of bar pattern. For kerb inlets there was no need to specify different
types but tables were aiso produced for two different opening lengths giving the
maximum areas that can be drained for a range of flow widths, cross-falls and
longitudinal gradients.
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cross-sectional area of flow just upstream of gully (in’)

maximum catchment area that can be drained by a gully (mn®)
value of Ay for alternative valuesof , M ,nor L; (mz)

area of the smallest rectangle with two sides parallel to kerb that
can contain all the slots of a grating (m®)

width of flow just upstream of gully (m)
coefficient for the bar pattern of a grating

design value of C = 1.75 for gratings with transverse bars and
= 1.5 for gratings with diagonal, longitudinal or curved bars

characteristic length of the grating (m)

Froude number of flow (E = BQZ/gA3 )

dimensional coefficient of best-fit line for capacity of grating
(s/m?)

grating Type parameter (s/m°); design value of G
acceleration due to gravity (m/s%)
water depth at the kerb (m)

value of water depth measured 0.15 m upstream of the grating at
1/3 of the flow width from the kerb (mm)

value of water depth measured 0.65m upstreamn of the grating at
1/3 of the flow width from the kerb {(mm)

rainfall intensity (mm/h)

grating parameter (5/m°), taking account of overall area of grating,
Ag, and percentage waterway area, p

empirical grating coefficient (found by Li to be 0.6)

Factor for scaling valve of Ay, to allow for variation in rainfall
intensity, I, and/or maintenance factor, m

Factor for scaling value of Ay to allow for variation in length of
kerb opening L;

Factor for scaling value of Ay to allow for varation in Manning
roughness coefficient, n

vii
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Notation continued

L . length of grating parallel to the kerb; length of kerb inlet unit (m)

L . overall length of kerb opening measured along the line of the kerb
(L, = L for non-angled kerb inlets)

L; : length of the grating required to prevent carry-past flow (m)
m :  maintenance factor

N :return period of the design storm (years)

n : Manning roughness coefficient of kerb channel

Ny :  number of diagonal bars

n :  number of longitudinal bars

n :  number of transversal bars

P : wetted perimeter of channel (m)

percentage of the grating area Ag open to the flow

Q : total flow rate approaching gully (m%/s)

Qu : flow rate collected by gully allowing for possible partial blockage
by debris (m"s)

q, . carry-by flow passing between the kerb line and the first slot of

the grating (m’/s)

q2 : carry-over flow passing over the grating by jumping over the bars
(m*/s)

qa 1 carry-past flow passing round the outside edge of the grating
(m¥/s)

Jb :  flow by-passing kerb inlet

e :  tlow collected by kerb inlet

R :  hydraulic radius (= A/P, in m)

¢ : correlation coefficient

Se 1 cross-fall of kerb channel

S; . longitudinal slope of kerb channel at distance x; measured from

upstream gully

S : longitudinal slope of kerb channel just upstream of gully

A R Wallingford Vil SR 533 13409700



Notation continued

NN g ¥
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maximum allowable spacing between gullies {(m)

storm duration (minutes)

time of travel of water across widih of road (minutes)

time of travel of water along kerb channel (minutes)

effective width of catchment (m)

distance from kerb to outer edge of grating (m)

distance between two adjacent gullies (m)

distance from upstream gully measured in direction of flow (m)

coefficient of best-fit line for capacity of grating {non-
dimensional)

parameter in Equation (33)

collection efficiency of a gully with no blockage by debris
(= flow rate collected by grating divided by flow rate
approaching gully, expressed as a percentage)

angle of orientation of bar in grating, measured between the line of
the bar and the line of the kerb viewed in the upstream direction

depth of rainfall (mm) occurring at the specified location in a
duration of 2 minutes with a return period of 5 years.
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1. INTRODUCTION

1.1 Background

In November 1996 the Highways Agency (HA) commissioned HR Wallingford (HR), in association with
the Transport Research Laboratory (TRL), to carry out a study on the hydraulic performance of gully
gratings used to collect surface water run-off from roads. The primary output from the study was an HA
Advice Note giving design recommendations on the spacings at which gratings should be installed in kerb-
and-gully drainage systems, taking into account the local rainfall characteristics and the geometry of the
gratings and the road. The Advice Note superseded TRL Contractor Report 2 on gully spacing {(Ref 1),
and a key requirement for the new document was that the design information should be applicable to any
pattern of gully grating that conforms to European Standard BS EN 124 (Ref 2). For this reason it was
necessary to carry out a major programme of experimental research on different designs of grating using a
test rig that was built at HR specially for the study.

The study consisted of the following five stages:

(1) Review of literature on the hydraulic performance of gully gratings and preparation of draft outline of
Advice Note.

(2) Experimental tests on gully gratings at HR.

(3) Aualysis of data from tests.

(4) Preparation of Advice Note and final Project Report.

(5) Technical support during consultation phase of Advice Note.

The results of Stage 1 of the study were described in HR Report SR 505 (Ref 3). Stages 2 and 3 of the
work were dealt with in HR Report SR 526 (Ref 4) which covered the following aspects:

s Description of HR test rig for gully gratings

o Details of tests carried out

»  Analysis of data and development of general design method

e Examples of how the design method can be presented in the Advice Note.

The present Project Report is mainly based on HR Report SR 526 {Ref 4) with some amendments and a
simplification of the design method which arose from consultation with HA and TRL. It describes the
work carried out during the whole study, including work leading to the preparation of Advice Note 102
“Spacing of Road Gullies” (Ref 5).

In 1999 the Highways Agency commissioned a study extension to produce a design method for kerb inlets.
Kerb inlets are outside the scope of BS EN124 and their hydraulic behaviour is different from that of gully
gratings. The results of tests on kerb inlets were used to extend the scope of the draft Advice Note so that it
covers kerb inlets as well as gully gratings. This will enable the Advice Note to completely replace the
design document TRI. Contractor Report 2.

1.2 Obijectives

The principal objective of the experimental tests was to develop a consolidated design method for
determining the spacing of road gullies and kerb inlets. The method needed to take into account the overall
geometry of the road and the dimensions of the grating or kerb inlet. For gratings the waterway area,
expressed as a percentage of the area of the hole when the grating is removed and the bar pattern of the
grating were also important parameters. The new design method needs to cover all types of gully grating
that are suitable for use in UK roads, both new and old. The desigu assumptions in the method also need to
be compatible with those in other HA documents such as HA37 (dealing with road-edge surface water
channels, see Ref 6).

“ HR Wallingford 1 SR SI3 13090



1.3 Available data on gully and kerb inlet performance

The initial report of this study (HR Report SR 505, Ref 3) contains a review of literature on the hydraunlic
performance of gully gratings. Literature searches were carried out by TRL and HR Wallingford using
their own databases, and the library of the Institution of Civil Engineers was also consulted. Sixteen
relevant papers or manuals were reviewed and the results can be summarised as follows.

1) Most of the published data on the hydraulic capacity of gully gratings are specific to the particular
designs that were tested and have not been generalised. However, some of the information should be of
use in this project for checking and extending the range of new measurements that will be obtained in
the next phase of work.

2) Many of the gratings used in non-European countries are significantly larger than those available in the
UK, and they also differ in having longitudinal bars and being combined with kerb inlets.

3) Only one generalised design method for predicting the flow capacity of gully gratings has been
identified in this review. This method was developed by Li (1956) at John Hopkins University in the
USA. The method requires knowledge of three non-dimensional coefficients, and only very limited
testing has been carried out to determine their values for the types of grating used in the UK.

4) It appears to be fairly generally accepted that hydraulic testing of gratings can be carried out
satisfactorily using mode!s of reduced size. This implies that correct application of Froudian scaling
should enable results from this phase of the study to be generalised to gratings of different sizes.

5) Information from this review suggests that gratings with longitudinal slots or bars can be made safe for
cychsts provided that the length of each slot is not greater than about 100 mm measured parallel to the
kerb. The width of the slot does not appear to be a safety issue provided the above limit on its length is
not exceeded.

HR Report SR 505 also gives background information about the general requirements for gully gratings as
specified by BS EN 124 (Ref 2). Subsequent to completion of the review, contacts were made with Prof.
Manuel Gomez of UPC University - Barcelona who had investigated the hydraulic efficiency of nine types
of local grating for extreme flow conditions. Some of the data collected in Barcelona (Gémez & Gonzilez,
Ref 7) were analysed in this study to extend the experimental range and check the validity of the new
design method.

Kerb inlets can be used as alternatives to gratings installed on the road surface or in combination with
them. They are viable options to gully gratings particularly where gratings are considered to be hazardous
for pedestrians and/or cyclists, and can be effective in the drainage of highways provided the flow depth at
the kerb is sufficiently high. Depressed kerb inlets (where the pavement slope is locally increased near the
kerb} are used in some countries, namely in the USA with the aim of increasing the interception capacity
(Ref 8). Kerb inlets tend to be less susceptible to clogging and offer little interference to traffic operation.

Design data can be found in TRL Contractor Report 2 (Ref 1) on a particular type of kerb inlet
configuration (E14-19) and on a modified alignment where the kerb is angled towards the verge. However,
tables with spacings of inlets given in this publication are limited to the type of kerb inlet tested and need
therefore to be extended to other sizes.
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2. EXPERIMENTS WITH GULLY GRATINGS

2.1 Description of the test rig

2.1.1 Special features of the design

The test rig was designed to allow tests on gully gratings and kerb inlets to be carried ocut at full size (see
Figure 1}. The tilting channel is 4.9 m long and 1.5 m wide and can be inclined to a maximum longitudinal
gradient of 1:15 and a maximum cross-slope of 1:13. A cut out in the floor of the channel is located near
the downstream end so that gratings measuring up to 610mm by 6 10mm can be instalied. Plate 1 shows an
overall view of the test rig.

As mentioned previously, results from the test rig can be used for other grating sizes by applying Froudian
scaling (the application of this scaling law is discussed later in Section 3.1). This allows the range of
grating sizes to be extended to the limits of EN124.

The test rig includes some special features which make it more efficient and easier to operate than other
comparable rigs. The tilting channel is supported by a simple system of four jacks and a universal ball-
joint. The jacks are interlinked and operated by means of two handles, one for the cross-fall and one for the
longitudinal slope, so that any required combination can be set quite easily and quickly. This option was
preferred to the more conventional type of system in which a series of geared jacks is mounted aleng each
side of a tilting channel. Plate 2 shows one of the jacks on the HR test rig.

A 1.6m wide siphon conveys the water from a fixed tank at the upstream end of the test rig and distributes
it uniformly over the full width of the tilting channel, thereby minimising turbulence in the incoming flow.
The siphon also eliminates the need for a complicated flexible connection between the channel and the
fixed upstream tank into which the pumps discharge flow. Once all the air has been removed from the
siphon, it remains full of water and operates immediately after the pumps are started without any need for
further priming.

The length of channel needed to reach uniform flow was considerably reduced by installing three
adjustable control gates at the upstream end of the tilting channel. The gates are unusual in that they face
into the flow and are lifted about hinges at their downstream ends which are attached to the floor of the
channel. This arrangement enables the upstream water level to be raised so that the water can accelerate
smoothly into the channel and quickly reach the velocity corresponding to uniform flow. This helps
eliminate the problem of cross-waves which tend to form at the upstream ends of steep triangular channels
and which can make it difficult to obtain uniform flow conditions. Plate 3 shows the siphon and the three
adjustable control gates.

2.1.2 General arrangement of the test rig

Figure 1 shows a plan view of the test rig. Two pumps with flow capacities of 227 I/s and 14 /s draw water
from the main sump and discharge it into a {ixed open-topped tank (Tank A). The use of two separate
pumps enables flow rates to be controlled accurately over a wide range. The discharge from the 227 I/s
pump is measured by an electromagnetic flow meter (EM meter) with an accuracy of the order of 1% or
better; the flow rate from the 14 I/s pump is measured by a 62 mm orifice plate whose calibration was
determined volumetrically by measuring the rate of filling of Tank A. The same method was also used to
check the calibration of the EM meter.

Water from the fixed Tank A flows through the siphon under gravity and into a small tank attached to the
upstream end of the tilting channel (Tank B). The main purpose of Tank B is to keep the downstream end
of the siphon submerged but it also helps dissipate the excess energy of the flow leaving the siphon. The
water then flows down the slope formed by the adjustable control gates into the tilting channel. The water
that is collected by the gully grating drops into Channel A and retumns to the sump. The flow that by-passes
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the grating discharges from the downstream end of the rig into Channel B which contains a V-notch weir
(see Plate 4). The V-notch weir was calibrated vsing the EM meter.

2.2 Experimental conditions

2.2.1 Configurations of gratings

Previous studies (reviewed in Ref 3) have shown that the hydraulic performance of a gully grating depends
on the geometry of the grating, the geometry of the flow in the channel upstream of the grating, and the
Froude number F, of the approach tlow (see Notation for definitions). Therefore, results for different sizes
of geometrically-similar grating can be determined from tests carried out according to the Froudian scaling
law. In the present study most of the model gratings used were similar in size to typical types of
manufactured grating; however, the ability to scale the results to apply to different sizes of grating was an
important factor in the development of the general design method described later in this report. Initial tests
were carried out on geometrically-similar gratings of different size in order to confirm that Froudian
scaling could satisfactorily be applied to the results. However, the major part of the study concentrated on
assessing the effects on flow capacity of the following geomelric properties of gratings:

s waterway area of grating expressed as a percentage of its overall plan area
e aspect ratio of grating (length/width)

¢ width of grating relative to width of approach flow

* number of bars

s orientation of the bars (eg, longitudinal, transversal, angled}.

Tests with different depths of bar were not carried out because this was not considered to be a significant
factor affecting performance. Once the water drops about 10-15mm below the top of a grating, there will
be no interaction with the flow at road level. The model gratings used in the HR tests had bars that were
20mm deep; in order to achieve sufficient structural strength, most steel and cast-iron gratings used in
roads have similar depths of bar. The gratings tested at HR were either square or rectangular in plan.
Circular gratings were not studied because, as far as is known, they are not used for kerb-and-gully
systems; their geometry would make them inefficient at collecting flow close to a kerb. Gratings with
curvilinear bars (i.¢. bars curved in plan} were not tested. We do not have any knowledge of any being
manufactured at present. The efficiency of curvilinear bars is considered likely to be similar to that of
equivalent angled bars.

The test programme was mainly carried out using model gratings constructed in wood. However, some
confirmatory tests on manufactured gratings were also made, and results from earlier studies with other
types of proprietary grating were also included in the analysis. The advantages obtained from the use of
model gratings were:

+ results that were not specific to particular proprietary designs

» ability to stidy a wide range of geometries covering the full range permitted by BS EN 124 (Ref 2)

e ability to carry out systematic tests in which only one parameter at a time was varied (e.g. bar angle or
percentage waterway area)

* case of construction, installation and modification.

A total of 24 configurations of grating were studied in the HR tests and their geometric properties are
summarised in Table 1. The layouts of the model gratings are shown in Figure 2; dotted lines in the
drawings indicate an intermediate bar that was added to some of the gratings in order to reduce the slot
length to the maximum permitted by BS EN 124 (Ref 2). The hydraulic effects of the geometric factors
listed above were investigated as follows:
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. Absolute size

Two geometrically similar gratings with linear dimensions differing by a ratio of 1: 1.28 were used
to check that Froudian scaling could be applied to the results.

. Percentage waterway area
Gratings with the same overall shape and bar pattern were constructed with percentage waterway
areas of 60%, 44% and 26%. The area ratio of 44% is typical of many current UK manufactured
gratings; 60% is considered to be ciose to the maximum that can be achieved taking account of the
structural requirements for road gullies; the 26% figure extends the range of the data a little below
the minimum value of 30% permitted by BS EN 124.

. Aspect ratio
Tests were cacried out with rectangular gratings having aspect ratios (width normal to the kerb /
length parallel to the kerb) of 0.5, 1.0 and 2.0.

. Relative flow width
All the gratings were tested with flow widths between 0.5m and |.5m and a wide range of cross-
falls and longitudinal slopes (see Section 2.2.2).

. Number of bars
The number of bars was varied from a maximum of 9 to a minimum of O (i.e. an open hole having
the same overall size as the grating). For several configurations, an intermediate bar was added in
order to comply with the limits on maximum slot length specified by BS EN 124 (Ref 2).

J Angle of bars
The influence of bar angle was investigated using four configurations having bars at 8 = 0°, 45°,
90° and [35°, where 0 is the angle measured between the line of the bar and the line of the kerb
viewed in the upstream direction.

. Comparison with manufactured gratings
Three gratings kindly loaned by Glynwed Brickhouse were also tested in order to check that the
results obtained from the model gratings were also applicable to manufactured gratings.

2.2.2 Flow conditions

The specification for the project required that the design information to be provided in the Advice Note
should cover the same range of flow conditions as TRL Contractor Report 2 (Ref 1). It was decided to
measure the hydraulic performance of each grating under the following conditions:

- three flow widths : 0.5m, 1.9mand 1.5 m.
- five longitudinal slopes : 1/200, 1/100, 1/50, 1/25 and 1/15.
- three cross-falls : 1/50, 1/40 and 1/30.

It was therefore necessary to carry out a total of 45 flow tests for each of the 24 grating configurations
described in Section 2.2.1. The tests covered a relatively wide range of experimental conditions: water
depths at the kerb varying from 10mm to 50mm, and mean flow velocities varying between (.23 nmv's and
2.7 nv/s. Some of the gratings were tested with a wider range of flow conditions including cross-falls up to
1/15, in order to extend the range of data.

2.2.3 Experimental procedure

The first step in the experimental procedure involved setting the longitudinal slope and the cross-fall of the
channel to the required values using the system of jacks. The control gates were then adjusted so that the
flow was as straight and uniform as possible. The discharge was also adjusted until the required width of
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flow was reached. Once all the conditions had been set satisfactorily, the input discharge was read from the
EM meter or the orifice plate depending on which pump was being used.

Early experiments showed that, at sections upstream of a grating, the water surface normal to the kerb was
not horizontal, contrary to normal assumptions. Other researchers (see Ref 3) have also observed this
phenomenon which does not appear to be related to the entrance conditions but to be characteristic of
shallow tlows in trianguolar channels. After carrying out detailed measurements of the flow profiles, it was
decided that the best estimate of the average water depth at a cross-section could be obtained by measuring
the level of the water surface at a distance of 1/3 the flow width from the kerb. This transverse measuring
position was therefore adopted in the main tests. Values of water depth approaching the grating were
measured at two longitudinal positions upstream of the grating: depth H, at a distance of 0.15m from the
leading edge of the grating and depth H; at a distance of 0.65m.

The amount of flow by-passing a grating was normally determined by measuring the water depth upstream
of the V-notch weir in Channel B (see Figure 1}. However, if the amount of by-passing was very small, the
flow rate was measured volumetrically with a graduated bucket.

2.3 Experimental data

Appendix A, which also contains experimental data on kerb inlets, shows the table of the data collected for
each of the 24 configurations. Gratings A to C were different designs of manufactured grating (made by
Brickhouse Dudley) and gratings D to X were model gratings made at HR for the study. In the Tables, the
heading box gives information about the configuration of the grating: the waterway area expressed as a
percentage of the open hole; the open hole area; the width and length of the open hole; and the number of
longitudinal, transversal or diagonal bars. In the main Tables each row gives the characteristics and results
of a particular flow test. The first column contains the test nuimber, and the next two columns give the
water depths measured upstream of the grating (H, and H;). The fourth column shows the flow width,
whule the fifth and sixth columns give the inverse of the longitudinal slope and the cross-fall of the
channel. The seventh column lists the flow rate approaching the grating, and the eighth column gives the
flow collection efficiency, n, for the grating in that particular test ( = flow rate collected by grating / flow
rate approaching grating, expressed as a percentage).

3. ANALYSIS OF THE DATA ON GULLY GRATINGS

3.1 Applicability of Froudian scaling

Tests were carried out to determine whether Froudian scaling would allow the results for particular
patterns of grating to be generalised so as to apply to larger or smaller gratings that are geometrically
similar (and installed in channels having the same cross-sectional shape). The theory of hydraulic models
suggests that a non-dimensional quantity such as the flow collection efficiency, 7, should depend only on
the geometry of the grating and the Froude number of the approaching flow (or on an equivalent non-
dimensional quantity describing the inertial and gravitational characteristics of the flow). Other factors
such as the viscosity and the surface tension of the water are likely to have only a minor effect on the
performance of different sizes of gully grating. Two configurations of grating were tested corresponding to
Model 1 (see Figure 2) with diagonal bars at 45° and 135° with respect to the direction of the flow. The
ratio between the linear dimensions of the geometrically similar gratings was 1:1.28.

Figure 3 shows a plot of collection efficiency, 1, against discharge for the pair of geometrically similar
gratings having their bars at an angle of 6 = 45° (configurations F and G in Table 1). The data correspond
to an upstream flow width of 1.5 m at the scale of the larger grating (F). The flow rates for the smaller
grating (G) were multiplied by the factor 1.28%* = 1.854 in accordance with the Froudian scaling
relationship for discharge. The graph shows that there is a very good agreement between the
discharge/efficiency curves for the three cross-falls tested. Similar results were obtained for other flow
widths and also with grating configurations D and E (8 = 135°).
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These results provide good proof that Froudian scaling is valid for flow tests on gully gratings and that
results can be generalised to apply to different sizes of geometrically similar grating.

3.2 Theoretical approach

3.2.1 Conceptual division of the flow approaching a grating

Figure 4 shows a plan view of the general case of flow approaching a grating. The flow can by-pass a gully
grating in the following ways:

(1) between the kerb line and the first slot of the grating: the carry-by flow, q,
(2) over the grating, by water jumping over the bars: the carry-over flow, qz
(3) around the grating, by water passing round the outside edge of the grating: the carry-past flow, qs .

The division of the by-passing flow mto the three different components was first proposed by Li (Ref 9),
who used it to develop a semi-theoretical model for predicting the hydraulic performance of gully gratings.
The basic assumption of the method is that the cross-fall of a triangular channel provides a lateral
component of gravitational acceleration causing water to turn sideways into kerb inlets or towards gratings.
Three equations were developed for predicting the components of the by-passing flow (q;, qa, and q3}, but
each equation contains an empirical coefficient that needs to be evaluated from tests on gratings.

Li’s approach was initially adopted for the analysis of the results from this study because the design
method has a reasonable physical basis and has been widely used in the USA.

3.2.2 Evaluation of Li's design method

British Standard Code of Practice BS 6367 (Ref 10) covers the design of drainage systems for roofs and
paved areas, and recommends Li’s method for determining the spacing of gullies draining car parks and
access roads. BS 6367 presents the design equations in a different way than Li so as to make them easier to
use, but the theoretical basis is the same. The BS 6367 versions of the equations are used in this report.

In order to evaluate the suitability of Li’s method, a series of 90 tests was carried out in the HR test rig to
measure the amount of flow by-passing a grating with a single open hole measuring 450mmx450mm (i.e. a
grating without any bars). The carry-by flow was small and an allowance for it was made in the analysis of
the carry past flow using Li's formulae. This was done in order to ensure that any by-passing was due only
to carry-past flow (q in Figure 4) so that a direct check could be made of Li’s method for predicting this
caomponent of the flow. Li's equations for calculating the rate of carry-past flow, qa, is:

2
B-W L
.=K - [—— 1

where L is the actual length of the grating parallel to the kerb and L, is the length of grating that would be
needed to prevent any flow carrying past. L is given by:

B-W L2
L,=24E [T‘j] 2)

in which E is a characteristic length related to the flow conditions upstream of the grating and defined by:

S5/16

79 (S, 8,12 o V'
E= (3)
1000 n 1000
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Other quantities in the equations are: the cross-fall of the channel, S¢; the longitudinal slope of the channel,
Sy; the Manning roughness coefficient of the channel, n: the upstream width of flow, B; the distance from
the kerb to the outer edge of the grating, W,. The non-dimensional factor K; has to be determined
empirically; Li’s own tests suggested that it was a constant with a value of K1 =0.6.

Analysis of the HR data for the simple case of the open hole showed that K, was far from being constant
but varied significantly with the flow conditions. Attempts were made to explain the variability as a
function of factors such as the Froude number of the approaching flow, the ratio between the upstream
flow width and the width of the grating, the cross slope and others. Figure 5 shows one of the attempts to
calibrate K, as a function of the upstream Froude number, F,. It shows that K; can vary by a factor of 2 or
more, that the average value is not equal to 0.6, and that there is no significant dependence on the Froude
number or the relative flow width. Multiple regression was also attempted but did not prove very
satisfactory. It was also realised that the final design method would be complicated to apply if separate
formulae were required to predict the “constants” in Li’s equations.

3.2.3 Other methods

Since the idea of dividing the approaching flow into three components still seemed to be reasonable, other
simpler approaches along the same lines were tested. In one case, the amount of carry-past flow (q3) was
assummed to be dependent on the flow curvature caused by the lateral component of the gravitational
acceleration. An alternative approach was to assume that the grating acted as a side weir; this proved a
satisfactory model for the carry-by flow, q, , between the kerb and the grating, but not for the more
complicated case of the carry-past flow flow, g;. Multiple regression based on the parameters that would
be likely to affect the grating efficiency (such as the Froude number, the relative flow width, etc) were also
attempted but with very little success.

After making detailed measurements of velocity and water level in the channel upstream of the grating, it
was realised that the structure of the flow was very complex and that existing theories were too simplistic
1o describe it satisfactorily. Therefore, even an attempt to develop a method for estimating the proportion
of the totai flow approaching outside the width of the grating proved to be not at all straightforward.

Since it had proved impossible to find satisfactory methods for predicting the individual components of the
by-passing flow, it was decided to adopt a more empirical approach and concentrate on the overall
relationships between the total amount of by-passing, the flow conditions and the geometric properties of
the gratings.

3.3 Empirical approach

3.3.1 Parameter for flow characteristics

Previous American and Australian studies have indicated that the flow collection efficiency, 1, of a gully
grating in a triangular channel is primarily dependent on the flow rate approaching it (see Ref 3 for more
details). Figure 6 shows a plot of efficiency against discharge obtained in the HR tests for grating
configuration L (see Table 1). It shows that straight lines can be drawn for each cross-fall and for each
flow width. On each line, the highest efficiency corresponds to a flat longitudinal slope and the lowest
efficiency to a steep slope. However, it must be stressed that the flow rates for the flattest gradients are
much smaller than those with steep gradients. The same type of result was confirmed by tests with other
gratings, and suggested the idea of plotting the efficiency against the discharge, @, divided by the product
of the flow width, B, and the cross slope, S¢. The product of B and S¢ is in fact equal to the flow depth, H,
at the kerb just upstream of the grating. Figure 7 shows the effect of plotting the data in Figure 6 in this
way. All the values for different flow widths and cross-slopes have been collapsed into a single curve
which can be approximated as a straight line.

In actual tact, the curve of flow collection efficiency against the quantity Q/H is not exactly a straight line.
Goémez & Gonziles (Ref 7) tested a grating which was 800 mm wide by 900 mm long for a wide range of
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flow conditions (up to 200 I/s) with collection efficiencies as low as 10%. Figure 8 shows a plat of
efficiency against Q/H for the authors” grating. It indicates that the full curve has a reverse S-shape
becoming asymptotic to a constant value of efficiency at very high discharges or very small water depths.
However, it could be demonstrated that in most UK road drainage schemes, gully gratings would always
operate at efficiencies above 50%. Hence, it seems reasonable to focus on the prediction of the
performance of gully gratings for flow collection efficiencies between 100% and 50%.

Analysis of the data from the tests on the HR model gratings (see Section 2.3 and Table 1) showed that,
except at low values of efficiency, the results for an individual grating could be described satisfactorily by
an equation of the form:

= “—G_ 4
n=a ()

where 1) is the flow collection efficiency (expressed as a percentage), (Q is the flow rate approaching the
grating (in m'/s), H is the water depth at the kerb (in m), and G and o are two constants to be determined
for each grating.

3.3.2 Parameter for grating characteristics

Figure 9 shows the best-fit curve calculated by linear regression (least squares method} for grating
configuration L. The correlation coefficient of r* = 0.98 confirms (hat it is valid to assume a linear
relationship between the flow collection efficiency and the flow parameter Q/H. Similarly good results
were obtained for nearly all the other grating configurations that were tested.

Table 2 gives the values of the coefficients G and o found by linear regression for the 21 different types of
mode] grating that were tested (i.e. configurations D to X in Table 1). The analysis used all the results from
each test above the point at which the data began to deviate from a linear relationship; this typically
occurred at values of 1) between about 40% and 50%. Table 2 also contains data for the three manufactured
gratings that were tested at HR (i.e. configurations A to C); these results were not used in the development
of the design equations given below but were used later to check their applicability to manufactured
gratings.

Both the coefficients G and o are dependent on the geometric characteristics of a grating. However,

o varies very little and, as a simplification, it can be assumed that for all the configurations tested, the
coeflicient is equal to the average value of & = 102.7 (based on 1) being expressed as a percentage). This
introduces only a very minor error in the estimation of the best-fit line and simplifies the general
relationship to:

n:102.7—G{%] ; for n € 100% (5

The fact that ¢« is > 100 indicates that a grating will be able to collect 100% of the flow approaching it over
a certain limited range of flow conditions (until the quantity Q/H exceeds 2.7/G ). Table 2 also shows the
new values of coefficient G obtained after adopting a standard value of o = 102.7. Having fixed the value
of &, the coefficient G becomes the only parameter that is dependent on the grating characteristics since
the effect of the flow conditions are fully described by the flow parameter (/H.

The gratings characteristics which were considered likely to affect the value of G were factors such as the

grating width, length, percentage waterway area and bar pattern. Due to the way in which the test
programme had been planned. it was possible to identify the effect of each factor separately and in a
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systematic way. When looking for a method of predicting the value of G, it was also necessary to apply the
requirement that the quantity G(Q/H) should be dimensionless in order to satisfy the Froudian scaling law.

The data were split into groups having similar characteristics (e.g. gratings with longitudinal slots or
gratings with the same percentage waterway area) in order to establish the effects of the factors mentioned
above. Using dimensional analysis and multiple regression techmques, the following general equation was
developed for predicting the values of GG obtained from the tests on the HR model gratings:

G = Kaks kaz (6)
Here K, is the grating parameter defined by:

69

K = 075
A ¢ P

)

A

where A, is the area (in m®) of the smaliest rectangle having sides parallel to the kerb that contains all the
slots of the grating, and p is the percentage waterway area (i.e. the total area of the slots open to the flow as
a percentage of the area A,). The coefficient kg, takes account of the effects of any transversal and
longitudinal bars in the grating and is given by:

Ky, =(n, +1" (n, +1)% ®

where n, and 1| are, respectively, the numbers of transversal and/or longitudinal in the grating. Sirmilarly,
the coefficient kg, describes the effect of any diagonal bars and is given by:

k. =(n, +1)"" 9)

where ng is the number of diagonal bars in the grating. Some manufactured gratings have more
complicated patterns of bars than those tested in the HR study; guidance on how the numbers of
transversal, longitudinal and diagonal bars should be determined is given in Appendix B.

It can be seen from Equations (8) and (9) that increasing the number of bars in a grating (while keeping the
waterway area constant) will reduce its hydraulic capacity. Transverse bars are slightly less efficient than
diagonal bars, while longitudinal bars produce the most efficient arrangement; however, the limitation in
BS EN 124 (Ref 2) on maximum slot length normally requires that gratings with longitudinal bars also
need to have some transverse or diagonal bars. The HR tests showed that diagonal bars have the same
hydraulic capacity whether the bars are set at an angle of 45° or 135° to the upstream line of the kerb.

Table 2 shows the values of G predicted by Equation (6). The ratio between observed and predicted G
varies between 0.90 and 1.08, and the value of the correlation coefficient was 1° = 0.96; this demonstrates
that the equation provides a good fit to the data for a wide range of grating configurations. The full
equation for predicting the flow collection efficiency of a grating is obtained by combining Equations (5)
to (9) to give:

n=1027 - 69 (nt N l)o,w(n1 +l)0.07 (nd +1)0.l5 [%] (10)

Ag.?ﬁ\/ﬁ

Figures 10, 11 and 12 show how the formula fits the data in the case of three very different configurations
of grating. In each Figure, the dotted line is the best-fit line through the data points and the solid line is the
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one predicted by Equation (10). As expected fTom the good correlation achieved with the equation for G,
the degree of agreement can be seen to be very satisfactory.

3.4 Validation of the method

3.4.1 Glynwed gratings tested at HR

Equation (1(}) was obtained from analysis of the HR tests made on the 21 different configurations of model
grating (D to X in Table 1). Figures 13, 14 and 15 show the best-fit lines predicted by the equation for the
three gratings provided by Glynwed (Configurations A to C). The fit is generally guite good except for
configuration C (Glynwed reference M13) where the equation seems to under-predict the efficiency (see
Figure [5). This may be explained by the fact that the special edge details allow more efficient collection
of flow close to the kerb. The proposed design method has the merit of erring on the conservative side in
terms of the predicted performance of the grating.

3.4.2 TRL data

Figures 16 and 17 show the best-fit lines predicted by Equation (10) for tests on BS grating types D10-20
and D11-20 ceported by Russam (Ref 1 1); the test data are also included in TRL Contractor Report 2

(Ref 1). Both Figures indicate a fair degree of scatter in the data which may have been due to the difficulty
of setting the flow width (and depth) accurately to the standard values used in the tests, The predicted
values of collection efficiency are not far from the best-fit lines through the data, and are generally on the
safe side, i.e. lower than observed. Figure 16 also shows that the range of flow conditions used at TRL was
much narrower than that studied at HR in tests with a similar grating (see Figure 10, configuration D).

3.4.3 Data from Oxford Brookes University

Figures 18 to 21 show the best-fit lines predicted by Equation (10) for the four types ot BS grating tested
by Ellett & Stubbs (Ref 12); the test data are also included in TRL Contractor Report 2 (Ref 1). As in the
case of the TRL data in Section 3.4.2, it is considered that some of the scatter may be due to the difficulty
of setting the required widths of flow upstream of the gratings. All four graphs show that Equation (10)
gives a reasonable estimate of the grating efficiency.

3.4.4 Data from UPC University - Barcelona

Figures 22 and 23 show the best-fit lines predicted by Equation (10) for two types of Spanish grating. Both
graphs indicate that the predictive method gives a fair estimate of the grating efficiency for values down to
about = 40-50 %; for lower efficiencies, the linear equation is not able to predict the reversed S-shape of
the data (see Section 3.3.1).

4. EXPERIMENTS WITH KERB INLETS

4.1 Test facility

The test facility used for the study of gully gratings was also used for testing kerb inlets and only small
modifications were needed (see description of test facility in Section 2.1}. These involved partly blocking
the cut-out in the floor of the flume where the gully gratings were placed. A longitudinal wall was also
introduced along the length of the flume to simulate a kerb. Due to the presence of this kerb, the available
width in the flume was reduced by 0.5m, as can be seen on Plate 5. This reduction was necessary to allow
the construction and testing of an angled kerb inlet configuration, which is described later.

4.2 Experimental conditions
4.2.1 Configurations of kerb inlets

Although different types of kerb inlet are available in the UK, unlike gully gratings, they tend to have
fairly similar geometric characteristics. Kerb inlets are often formed in cast-iron and, when installed in the
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line of a kerb, produce a simple rectangular opening; in some cases the lids of units are stiffened on the
underside by shallow transverse ribs. Typical openings are around 0.5m in length. In systems used for
drainage of bridge decks, the kerb openings are divided by regularly spaced full-depth ribs. These are
necessary for the structural integrity of the units since they are assembled to form continuous drainage
channels. This type of system is outside the scope of this study.

In order to improve the interception of the flow, the kerb can be angled upstream of the opening. With this
arrangement the road ranoff is directed towards the opening much more efficiently because a stronger flow
velocity compenent perpendicular to the opening is created. The optimum angle upstream of the opening
is dependent on the ability of the flow to expand laterally. For channel flows with no lateral inflow, it is
known that the rate of expansion is about 1 in 4 (i.e. one unit expansion to four longitudinal units). This
corresponds to an angle of 14°, which can be considered for the present situation. Tests described in TRL
Contractor Report 2 with a modified arrangement of the kerb inlet E14-19 were carried out with an
upstream angle close to 14°. For safety reasons, when angled kerb inlets are used, they should be built so
that the direction of the traffic is opposite to the direction of the flow.

The experimental programme involved the testing of two types of kerb inlet: straight and angled (see
Figure 24). Two lengths L were tested for each configuration, 0.5m and 0.25m, to assess the validity of
Froudian scaling. For the angled kerb inlet, the angles were kept constant and only the length of the
opening was changed to achieve full similarity.

4.2.2 Flow conditions

The range of flow conditions reproduced in the tests were to some extent dictated by the capacity of the
kerb inlets. For example, at the beginning of the test programme it was realised that the efficiency of the
0.25m long straight inlet was very small for flow widths above 0.25m, with practically all the flow by-
passing the inlet. For this reason, tests were carried out with a minimum longitudinal slope of 1/500
(compared with 1/200 for the gratings) so as to cover a wider range of conditions for which the kerb inlets
would have some intercepting capacity.

In general terms the kerb inlets were tested under the following conditions:

- three flow widths: 0.25m, 0.5m and 1.0m.
- five longitudinal slopes: 1/500, 1/300, 1/200,1/100 and 1/50.
- three cross-falls: 1/30, 1/40 and 1/30.

4.2.3 Experimental procedure

As for the tests with gully gratings (see Section 2.2.3), the experimental procedure involved setting the
longitudinal slope and the cross-fall of the channel to the required values using the system of jacks. The
control gates and the flow rate were adjusted until the required width of flow was reached.

Measurements of the flow rate were taken using the EM flowmeter or the orifice plate, depending on
which pump was being used. Measurements of the flow that by-passed the inlet were either taken with the
V-notch weir in Channel B (see Figure 1} or volumetrically with a graduated bucket when the flows were
too simall to be accurately measured by the V-notch.

The value of the water depth in the cross-section was determined from measurements of the water surface
at a distance of 1/3 of the flow width from the kerb. For the tests with straight kerb inlets, the values of
water depth approaching the inlet were measured 0.15m upstream of the upstream end of the kerb opening.
The location of the measuring point had to be moved further upstream for tests with angled kerb inlets
since it was observed that the flow tended to expand outwards at the approach to the receding kerb.
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4.3 Experimental data

The data collected for kerb inlets is presented in the last four tables of Appendix A, after the data for gully
gratings. In the tables Configurations SA and SB denote straight kerb inlets and configurations AA and AB
denote angled kerb inlets. The heading box gives the length of the opening parallel to the carriageway. In
the main tables each row gives the characteristics and results of a particular flow test. The first column
contains the test number and the next column gives the water depth measured upstream of the inlet. The
third column shows the flow width and the fourth and fifth columns show the inverse of the longitudinal
slope and cross-fall of the channel, respectively. The flow rate approaching the kerb inlet is given in
column six and the efficiency of the inlet in collecting the flow is presented in the last column (the
efficiency is defined, as before, as 1) = flow rate collected by inlet / flow rate approaching the inlet.
expressed as a percentage).

5. ANALYSIS OF THE DATA ON KERB INLETS

5.1 Applicability of Froudian scaling

As in the study of gully gratings, tests were carried out to determine whether results of tests with one size
of kerb inlet could be generalised to other sizes on the basis of Froudian similarity. A discussion of this
scaling law and the factors that can affect the performance of different sizes of grating can be found in
Section 3.1. Factors such as the viscosity and surface tension of water, which were considered negligible
for gully gratings, can with more reason be neglected in the case of kerb inlets due to the lack of bars in the
kerb inlets tested.

Figure 25 illustrates the applicability of Froudian simiiarity to kerb inlets. The Figure shows a plot of the
efficiency against discharge for a pair of geometrically similar straight kerb inlets (0.5m and 0.25m long)
at a cross-fall of 1/50. The flow rates for the smaller inlet (which was half the geometric size of the larger
inlet) were multiplied by the factor 2%° = 5.657 in accordance with the Froudian scaling relationship for
discharge. As can be seen in the Figure, data for both inlet sizes fall onto the same curve, thus supporting
the assumption that Froudian scaling is also valid for kerb inlets.

5.2 Analysis of test results

The empirical approach adopted for the analysis of test results with gully gratings, which is described in
Sections 3.3 and 3.4, provided the basis for the analysis of the kerb inlets. The relationship between
discharge and flow collection efficiency (defined us flow rate coliected by inlet / tlow rate approaching the
inlet, expressed as a percentage) is shown in the graph of Figure 26. The figure shows two quite distinct
curves, corresponding to straight and angled kerb inlets, respectively. A similar pattern is apparent in
Figure 27, where the efficiency is plotted as a function of the discharge divided by the water depth
approaching the inlet.

The flow into a kerb inlet can be approximated to a weir-type flow, where the water discharges freely over
a straight weir. As well as the head of water over the weir, the length of the kerb opening is an important
parameter to take into account. Based on this reasoning, the two types of kerb inlet can be defined by their
opening lengths: for straight kerb inlets the opening length L; is equal to the length of the inlet unit and for
angled kerb inlets, L; is defined as the overall length of the opening in the kecb parallel to the carriageway
direction. The assumption of simple weir-type flow implies that the gradual reduction in flow rate along
the length of the weir, due to the collection of flow by the inlet (ie, the “side-weir elfect™), can be
neglected; this helps to simplify the design procedure.

In order to investigate the above assumption, the test data were analysed by plotting the flow collection
efficiency, 1, against the non-dimensional parameter Q/(H'* L; g°°), where the denominator is proportional
to the flow over a straight weir of length L; . As can be seen in Figure 28, this approach enabled the data
for both straight and angled kerb inlets to be collapsed onto a single, well-defined curve. Figures 29 and 30
illustrate other attempts to find a good fit for the data, using different powers for L; and H. However, it was
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considered that the non-dimensional parameter used in Figure 28 provided the best fit to the data, and had
the advantage of being based on established theory for weir-type flow.

It can be seen in Figure 28 that a significant number of data points correspond to flow conditions and/or
kerb inlet geometries which had very low efficiencies. For design purposes, these are not important and it
was decided to find a best-fit equation for data corresponding to efficiencies equal to or greater than 40%.
The linear relationship obtained is presented in Figure 31 as a solid line. Also presented in the Figure is
another solid line passing through 100% efficiency when the flow rate is equal to zero. This line provides a
safe estimate of the efficiency of kerb inlets since nearly all the data points plot above the line. The design
equation proposed for predicting the flow collection efficiency of a kerb inlet is therefore as follows:

Q
HI.S L.

1

n=100-36.]

(1)

where 1 is the flow collection efficiency (expressed as a percentage), Q is the flow rate approaching the
gully (in m'/s), H is the water depth (in m) approaching the inlet, and L, is the length of the opening in the
kerb (in m) measured along the line of the kerb. For straight kerb inlets, L; is equal to the length, L, of the
kerb unit; for units set at an angle to the kerb (see Figure 24), L; is equal to the length over which the flow
is able to turn into the inlet and is therefore greater than L.

6. DESIGN PROCEDURE IN ADVICE NOTE FOR GULLY GRATINGS

6.1 Types of grating

Figure 32 shows curves of flow collection efficiency, 1, against Q/H predicted by Equation (10) for some
of the grating configurations tested in this project and also for some typical gratings that are available
commercially. Figure 32 includes upper-band and lower-band curves that correspond to the most efficient
and inefficient gratings that are likely to be produced in accordance with BS EN 124 (Ref 2). The upper-
band line corresponds to a grating measuring Im x lm in plan with a percentage waterway area of 75%, 14
No. longitudinai bars and 4 No. transversal bars. The lower-band line corresponds to a grating measuring
0.3m x 0.3m in plan with a percentage waterway area of 30%, 5 No. longitudinal bars and | No.
transversal bar. The two extreme cases make it possible to define the practical range of variation of the
fuctor G (between 15 and 110).

The Advice Note was required to be applicable to any design of grating that conforms to BS EN 124

(Ref 2). In order to deal with the very large number of possible designs that could be produced, it was
decided to define five categornies of grating based on their hydraulic characteristics - Types P, Q, R, S and
T. An advantage of defining gratings in terms of their flow capacity is that a drainage designer is able to
specify use of a certain grating Type and be sure of achieving the required hydraulic performance whatever
make of conforming grating is chosen by the contractor. The category into which a particular grating falls
is determined by the value of the parameter G used in Equation (5). This can be calculated from Equation
(6) using measurements of the geometry of the grating. However, as will be described in Section 6.2.1, a
simpler method of allowing for the number and orientation of the bars was adopted for use in the Advice
Note. It is expected that, once the Advice Note is in general use, manufacturers themselves will determine
the Type categories of their various designs and provide this information in their brochures. However. an
Appendix in the Advice Note explains the method for determining the grating Type so independent checks
can be made by a designer or specifier if required. As an alternative to the calculation method, a
manufacturer may choose to carry out his own flow tests so as to determine directly the values of G for his
gratings.

Gratings corresponding to Type P have a value of G greater than 30, and would typically need to have an

overall grating area of at least A, = 0.5 m’and a percentage waterway area p = 50%. Gratings of Type Q
have a value of G between 30 and 45 (corresponding to a typical grating area of about A, = 0.35 m” and
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are likely to be somewhat larger than typical patterns of UK grating. Many current UK road gratings are
relatively efficient and measure about 0.45m x 0.45m (e.g. A, = 0.2m° ) so are likely to be classified as
Type R. Type S covers the smaller or less efficient UK gratings (e.g. A;=0.15 m’) having a percentage
waterway area of the order of p = 40%. Type T would allow use of small gratings (e.g. A; = 0.1 m’) with
percentage waterway areas in the range p = 30-40% that. despite their low hydraulic capacity, would still
be permitted by BS EN 124 (Ref 2); however, a brief review suggests that UK manufacturers are not
currently producing gratings for use in roads that come within this category.

6.2 Modification of the design method for the Advice Note

6.2.1 Simplifying the assessment of bar pattern

During the preparation of the Advice Note, it was realised that Equations (8) and (9) for estimating the
effect of the bar pattern could lead to uncertainties when applied to some commercial gratings with
complicated patterns contaiuing, for example, staggered bars or short stub bars. kn order to provide
unambiguous guidelines, it was therefore decided to simplify Equation {6) to the form:

G=K,C (12)

where K, is the grating parameter defined by Equation (7) and C is an overall coefficient for a particular
bar pattern. According to the results of the experimental work, Equations (8) and (9) indicate that C should
be related to the number of bars in a grating by:

Cz(nt+1)0.19(nl+l)0.07(nd +])0.15 (]3)

Based on the use of this equation and the guidelines set out in Appendix B, Table 3 gives predicted values
of C for a wide range of commercial gratings available in the UK and also for gratings tested by HR or
UPC University, Barcelona. It can be seen that, in practice, the value of C does not vary very greatly for a
given type of bar pattern.

Figure 33 shows the values of C from Table 3 for gratings with transverse bars plotted as a function of the
grating area, A, ; it can be seen that there is no clear dependency on the size of the grating. Since, in
practice, the values of C do not appear to vary greatly, it was decided for the Advice Note to recommend
use of a single design value, termed C,, for all gratings with predominantly transverse bars. The advantage
of this simpiification 1s that it eliminated the problem of correctly assessing the numbers of bars in gratings
with complex patterns. In order to err on the safe side, the design value of C,, was set equal to the average
of the relevant data in Table 3 plus one standard deviation. This resulted in a value of C, = 1.75 being
adopted in the Advice Note for gratings with predominantly transverse bars.

Values of C from Table 3 for gratings with predominantly diagonal bars and longitudinal bars are plotted
as functions of the grating area, A, in Figures 34 and 35 respectively. It can be seen that the differences
between the hydraulic efficiencies of the two types of bar pattern are relatively small. On this basis, it was
decided to adopt in the Advice Note a common design value of C,=1.5 for both types of bar pattern (with
the value being equal to the average of the data in Table 3 plus one standard deviation).

The lower value of Cy, for diagonal and longitudinal bars than for transverse bars reflects the fact that, for
the same flow conditions and values of A, and p, gratings with predominantly transverse bars are
somewhat less efficient from the hydraulic point-of-view. The limitation in BS EN 124:1994 of a
maximum slot length of 170 mm for gratings with longitudinai bars reduces their performance close to that
of equivalent gratings with diagonal bars. If this limitation did not apply, gratings with longitudinal bars
only would have the highest collection efficiency because all the slots would be aligned with the flow.
Gratings with bars curved in plan are intermediate in character between diagonal and longitudinal bars so
in the Advice Note they are also assumed to have a value of G, = 1.5.
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The Table below gives the values of C,, for different bar patterns of gratings.

Grating bar pattern C,
Transverse bars 1.75
Longitudinal, diagonal or curved bars 1.5

If a grating contains a mixture of bar orientations, the predominant bar pattern should be determined by
counting the numbers of slots in the longitudinal and transverse directions and also any slots at an angle to
the line of the kerb. If more than half the total number of slots are transverse, use a value of C, = 1.75;
otherwise use a value of C, = 1.5.

6.2.2 Distance between kerb and grating

For most of the tests carried out at HR, the distance between the kerb line and the edge of the first slot of
each grating was 35 mm. This distance was considered to be a reasonable approximation of the average
distance between kerb and first slot found in many road schemes. However, some sensitivily analysis on
the effect of varying this distance was carried out using the side-weir method developed during the initial
stages of the data analysis (see Section 3.2.3). Tt was calculated that if the distance were to be increased to
50 mm, the collection efficiency of a gully grating would decrease by about 1 to 2 %, depending on the
flow conditions, due to carry-by flow along the line of the kerb (see Section 3.2.1). To allow for some
margin of error in the positioning of gullies on site, 1t was decided to base the recommendations in the
Advice Note on the assumption that the allowable distance between the kerb line and the edge of the first
slot of a grating could be a maximum of 50mm. For this reason, it was decided to modify Equation (5),
which was obtained as a best fit to the experimental data, to the slightly more conservative form:

As aresult, the Advice Note predicts that, even for very low flows, it is not possible for a grating to collect
100% of the water approaching it. This change provides a small margin of safety in cases where gratings
are positioned closer than 50mm to the kerb, but the effect on maximum allowable spacings between
gullies will, in practice, be insignificant compared with other uncertainties in the design data. The effect of
the medification from Equation (5) to Equation (14) is to reduce all the values of collection efficiency in
Figure 32 by 2.7%.

6.2.3 Maintenance factor for effect of debris

All the HR tests and the design methods described up to this point are valid for gully gratings in a clean
condition. Leaves and silt on roads can canse gratings to become partially blocked by debris leading to a
significant reduction in their efficiency. The amount of blockage can vary considerably depending on the
location of the road, the time of year and the frequency of maintenance. For the Advice Note, it was
decided to introduce a non-dimensional maintenance factor, m ( < 1.0), to allow for the effect of a partial
blockage. Thus, for design purposes, the flow rate, Q,,, that can be assumed to be collected by a gully is
equal to m times the flow rate for a clean gully, ie:

—m|
Q, m[lOOJQ (15)

A value of m = 1.0 is equivalent to a clean grating without debris. Values of m recommended in the
Advice Note are given in the following Table:
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Situation Maintenance factor
m
Well-maintained roads 10
Roads subject to less frequent maintenance 0.9
Roads subject to substantial leaf falls or vehicle 0.8
spillages (e.g. at sharp roundabouts)
Sag points on road gradients 07

6.3 Steps in design process

The method described in Sections 3.3 and 6.2 for predicting the flow collection efficiency of gully gratings
is only part of the design procedure that needs to be followed when determining maximum allowable
spacings between gullies. Figure 36 shows the principal steps in the design procedure.

The first step 1s normally to calculate the rainfall intensity, which is dependent on the location of the road
and on the design return period and duration of the storm event for which it is required to cater. If the
geometric properties of the kerb-side channel are known (cross-fall, longitudinal slope and surface
roughness), and the maximum design width of flow is specified, the maximum flow rate approaching the
grating can be calculated using the Manning resistance equation.

Assuming that a particular grating Type has been selected, Equation (14} can then be used to determine the
flow collection efficiency of the grating. If information on the grating Type is not available, the grating
Type can be assessed from its geometric characteristics {see Section 6.2.1). If the efficiency is less than a
certain recommended figure {e.g. 50%), it is necessary either to use a higher category of grating or to
reduce the design width of flow. If the choice of grating Type is satisfactory, it is then possible to calculate
the maximum allowable spacing based on the effective catchment width of the road and the appropriate
design rainfall intensity for the scheme. As an alternative, the design procedure can be used to produce
design tables giving values of area that can be drained by particuiar grating Types depending on the
channel geometry, flow width, rainfall intensity and channel roughness {see Section 6.4.6 and

Appendix C).

6.4 Description of the design method

Figure 37 shows in more detail the steps that need to be followed by a designer in order to calculate
maximum allowable spacings for road gullies.

6.4.1 Determining the rainfall characteristics

The first step is to determine the design rainfall intensity (I, in mm/h} for the drainage system
corresponding to the geographical location of the site, the specified return period of the design storm (N, in
years) and the critical storm duration (T, in minutes), This can be done using the following formula from
HA 37 (Ref 6):

T —0.4)°%° (

1=32.7 (N -04)"* ( 2min M5) (16)

The quantity 2minMS5 is the rainfall depth in mm occurring at the site in a period of 2 minutes with an
average return period of 5 years. This quantity is a measure of the rainfall characteristics at the site and can
be obtained directly from a Meteorological Office map of the UK that is already contained in HA 37 (Ref
6).
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6.4.2 Determining the flow capacity of the channel

It is assumed that the cross-fall (S¢), the longitudinal slope (Sy), and the Manning roughness coefficient (n)
of the kerb-side channel are known. It is also necessary for the designer to decide the maximum allowable
width of flow (B, in m) in the channel upstream of the grating. The water depth (H, in m) at the kerb is
given by:

H=BS. (17

The cross-sectional area of the flow just upstream of the grating (A, in m’) is calculated as:

BH
A=——0 (18)
2
The hydraulic radius of the channel (R, in m) is given by:
A
R = (19)
H++B? +H?
and the flow rate {(Q, in m’/s) approaching the grating is calculated from Manning’s equation:
213 1/2
oo ARV'S 0
n

In the Advice Note the values of Manning roughness coefficient given for different types and condition of
channel surface are consistent with those in Advice Note HA 37 (Ref 6) for the design of road-edge surface
water channels. Therefore, the Advice Note contains Tables of drained areas for the five grating Types for
a roughness value of n = 0.017, corresponding to a black top surface in average condition.

6.4.3 Determining the grating Type

It is assumed that a drainage designer will normally make an initial choice or assumption about what
grating Type (P to T) is likely to be most suitable for a particular scheme. If the calculated gully spacings
were found to be unsatisfactory, the design procedure would need to be repeated assuming use of a
different grating Type. In most cases, it is envisaged that the work of determining in which category a
particular design of grating belongs will be carried out by the manufacturer, who will list this information
in the technical brochure for the product. However, the Advice Note includes full details of the assessment
method so that independent checks can be made in cases of dispute or where the grating Type is not
known.

The first steps in determining the grating Type are to calculate:

¢ The area A, of the smallest rectangle that just includes all the slots.
» The total waterway area of the slots as a percentage, p, of the area A,.
¢ The grating bar pattern {see Section 6.2.1).

Formulae in the flow chart of Figure 37 can then be used to find the values of the following grating
coefficients:

* K, , relating to the overall area of the grating and the waterway area.
s (,, relating to the pattern of bars in the grating (see Section 6.2.1).
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The value of the overall grating parameter, G, can then be calculated from the equation:
G=K,C, 2n

Comparison of the calculated value of G with the ranges given in the following Table defines the category
or Type (P to T) to which the grating belongs (see also Figure 37 and Section 6.1). For purposes of design,
all gratings of a particular Type are assumed to have a value of G equal to the design value G, given in the
Table. This design value corresponds to the upper limit of the range so as to ensure that any conforming
grating will have a certain minimum flow capacity for given flow conditions in the kerb channel. The
values of G and Gy are for clean gratings; in the Advice Note a separate allowance for the effect of debris
is made using the maintenance factor, m, described in Sections 6.2.3 and 6.4.5.

Type P Q R S T
Range of G G<30 0<G<45 | 45<G<60 | 60<G<80 | 80<G <110
Design value 30 45 60 80 110
Gy

Once the grating Type has been selected or is known, the drainage designer can determine the maximum
allowable gully spacing by means of design tables such as those in Appendix C (see Section 6.4.6) or by
following the calculation steps shown in Figure 37 and described in the following Sections.

6.4.4 Determining the grating efficiency

Knowing the grating Type, the corresponding design value of the grating parameter (Gy), the flow rate (Q)
approaching the grating and the water depth (H) at the kerb, it is possible to determine the flow collection
efficiency (1. in %) of the grating from:

n =100 - G, (Q/H) (22)

If the efficiency of the grating 1s found to be below 1) = 50%, it is recommended in the Advice Note either
to use a more efficient grating Type or to adopt a smaller design width of flow approaching the grating.

6.4.5 Determining the gully spacing

If the maintenance factor for the grating is m (non-dimensional) and the design rainfall intensity is I (in
mmv/h), the maximum catchment area, Ag (in m®), that can be drained by each gully in a road of constant
longitudinal gradient is given by:

Ay = 3.6x10° [@] (23)

Note that the efficiency is expressed as a percentage value.

If the effective width of the catchment is W, (in my), then the maximum allowable spacing, S, (in m),
between adjacent gullies can be calculated from the equation:

s = 36x10'| MMQ (24)
. W I

e
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If the longitudinal gradient varies significantly along the section of road being considered, it is necessary to
take account of the fact that the flow capacity of the kerb channe! will vary with distance and that the flow
collection efficiencies of two adjacent gullies may not necessarily be equal. The maximum allowable
spacing, S, , between a pair of gullies is reached when the sum of the flow rate bypassing the upstream
gully and the rate of run-off from the area of catchment between the gullies is just equal to the downstream
flow capacity, Qs , of the channel, ie:

T, M W, [SP
| - + — = 25
( 100 ]Q‘ 3.6x10° Qo

where Q is the flow rate approaching the upstream gully, i, is its collection efficiency, and the units are as
defined above. Re-arranging the equation gives:

3.6x10° N, m
== -2 26
S, w1 lin [ 100 ]Q]] (26)

If Q, = Q,, it can be seen that Equation (26) becomes equivalent to Equation (24). Calculation should
proceed from the upstream end of the drainage length being considered; for the first gully, Q; should be
put equal to zero in Equation (26).

If the longitudinal gradient of the road increases significantly with distance in the direction of flow, it is
also necessary to check that the channel has sufficient flow capacity at all points along its length. If the
actual distance between two adjacent gulilies is Z and the gradient at the downstream gully is Sy, then the
local gradient S; , at any intermediate distance 7; measured from the upstream gully, should satisfy the
following requirement:

2
S, 28, [3] @7

This result follows from Manning’s equation (20) if it is assumed that the amount of by-passing at the
upstream gully 1s small and that the flow rate in the channel increases linearly with distance. If either of
these assumptions is not satisfied, the simplest way to check that the channel has sufficient capacity is to
calculate the design rate of flow at a series of Intermediate points between adjacent gullies and compare the
values with the local flow capacity of the channel, as given by Equation (20). If there ts insufficient
capacity, an additional gnlly will need to be installed at an intermediate point.

Having determined the maximum allowable spacing from Equation (24) or (26), it may be necessary to
revise the nssumed value of storm duration. The most critical case is normally assumed to occur when the
duration, T, of the storm event is just equal to the time of concentration of the flow from the most upstream
part of the contributing catchment, ic when:

T=t +t, (28)

where t, 1s the travel time of the water across the width of the road and t, is the time taken by the flow to
travel the maximum allowable distance, S, ,between adjacent gullies. A typical value of t, is 3 minutes,
The value of t, (in minutes) can be estimated from:

AS,
{1 =
' 60Q

(29)
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where A (in m?) is the cross-sectional area of flow in the channel approaching a grating and Q (in m’/s) is
the corresponding flow rate calculated from Equation (20). If the value of storm duration, T, is revised, the
design rainfall intensity, I, should be re-calculated using Equation {16) and substituted into Equation (24)
or (26) to determine the revised value of gully spacing.

6.4.6 Use of design tables

As an alternative to using the design equations described above, the Advice Note also includes tables that
give the maximum catchment areas that can be drained by grating Types P to T for a range of different
conditions. The values in the Tables were calculated from the design equations in Sections 6.4.1 to 6.4.5
and the results are reproduced in Appendix C of this report. The following factors are assumed in the
tables:

» The longitudinal gradient and the crass-fall of the kerb channel do not vary significantly with distance
along the drainage length being considered (so that Equation (23) applies).

e The channel has a Manning roughness coefficient of n = 0.017 (average condition for blacktop surface,
see HA37, Ref 0).
The design rainfall intensity is 1 = 50 mm/h,

* There is no blockage of the gully by debris, ie the maintenance factor m = 1.0.

Table Cl in Appendix C gives the flow capacities of kerb channels, as calculated from Equation (20), for
the following conditions: longitudinal gradients between 1/300 and 1/15; cross-falls between 1/60 and
1/15; and flow widths between 0.5m and 1.5m. Corresponding values of the catchment area, Ay, , that can
be drained by an individual grating of Type P to T are provided in Tables C2 to C6 respectively; for each
combination of conditions the Tables also give (in brackets and italics) the flow collection efficiency of the
grating. Situations in which the grating would not be able to collect more than 50% of the approaching
flow are labelled in the Tables as “not efficient” (see Section 6.4.4).

VYalues of drained area for other values of design rainfall intensity (I), maintenance factor {m} and channel
roughness coefficient (n) can be found using the following procedure. First, find from Tables C2 to C6 the
catchment area, Ay , that could be drained by the grating for the appropriate values of longitudinal
gradient, cross-fall and flow width if the design conditions were | = 50 mm/h, m = 1.0 and n = 0.017. For

other values of these paramelers the maximum area, A’ , that can actually be drained is given by:
AL =k, k. A, (30)

From Equation (23) it follows that the factor ki, is given by:
50
| SE (—] (31
!
where m and I (in mm/h) are the appropriate design values.

A variation in the value of n produces two opposing effects: firstly, it reduces the flow capacity (Q) of the
kerb channel; and secondly, it reduces the approach velocity of the flow and thereby results in an increase
in the flow collection efficiency (1) of the grating. Substituting Equation (20) in Equation (22) shows that
the efficiency is given by:

ARQ.G S]l’l
n =100 - G, [—H - (32)
i

A HR Waliingford 21 SR 53 13090



This can be written as:

n=100-2% (33)
n

where the parameter % is a constant for a given channel configuration. The flow collection efficiencies of a
grating for two different values of channel roughness are therefore related by the equation:

100-m, _ ny (34)
100-n, n

Similarly, from Equation (20), the flow capacities of the kerb channe! corresponding to the two values of
roughness are related by:

Q, n,
— = (35)
Q1

It therefore follows from Equation (23) that the scaling factor, k, , in Equation (30) that allows for the
effect of varying the channel roughness, n, from the value assumed in Tables C2 to C6 is given by:

(0.017W (.o ](0.017]2
K = n ] | 100 n (36)

i (m/100)

where 1 is the value of collection efficiency (in %) obtained from the Tables for n = 0.017. If 1 is not
greatly less than 100%, Equation (36) can be approximated as:

0017

n

k

n

(37)

7. DESIGN PROCEDURE IN ADVICE NOTE FOR KERB INLETS

In general terms the design method suggested for gully gratings is also applicable to kerb inlets but it is
simplified by the fact that there is no need to define or determine a grating type. Therefore, the first step is
to determine the design rainfall characteristics and the flow capacity of the channel as described in
Sections 6.4.1 and 6.4.2. The kerb inlet efficiency is then determined using Equation (11). If the efficiency
is found to be below 1 = 50%, 1t is recommended in the Advice Note to use a kerb inlet with a longer
opening length L; or to adopt a smaller design width of flow approaching the grating. The kerb inlet
spacing is determined as described in Section 6.4.5.

In the same way as for gully gratings, the design procedure was used to produce tables for inclusion in the
Advice Note giving the maximum areas of road, Ay, , that can be drained by different sizes of kerb inlet.
Tables C7 to C9 in Appendix C of this report give values of Ay for straight kerb inlets with overall
opening lengths of 0.5m and 1.5m and for an angled inlet with L. = 0.5m as shown in Figure 24. It is
assumed that the inlets are installed in kerb channels of constant longitudinal gradient (so that Equation
(23) applies) and that the same conditions apply as for the corresponding Tables C2 to C6 for gratings, ie a
rainfall intensity I = 50 mm/h, gully maintenance factor m = 1.0 (no blockage by debris). and a channel
roughness of n = 0.017. For other values of these factors the maximum area, A’ , that can actually be

drained is given by:
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A:h = klrn ku kL Adr (38)

The factors kv and k; are given by Equations (31) and (36) respectively. The factor k; enables the results
in Tables C7 to C9 of Appendix C to be scaled for other lengths of kerb opening, L; . From Equation (11) it
follows that the flow collection efficiencies of two kerb inlets having opening lengths L;; and L;; are related

by:

1001, _ Lo o
Substituting in Equation (23) it follows that:
/
L.
L0-[10- | =0
100 J| L,
k, = - (40)

T, /100)

where 1), 1s the flow collection efficiency (in %) corresponding to the kerb opening length L;, given in
Tables C7 to C9 of Appendix C.

8. CONCLUSIONS

(1) A literature review of technical papers and reports on the hydraulic performance of gully gratings for
roads indicated that only one general design method for predicting their flow capacity had been
developed (that due to Li, Ref 9); other data and prediction methods were specific to the patterns of
grating tested. Experimental data from the present study showed that Li’s method could not easily be
applied to UK and European gratings because parameters that should have been constant in the design
equations were found to vary considerably.

(2) In the experiments carried cut by HR Wallingford for this study a total of 23 configurations of gratings
were tested by varying the:

» area of the grating

« waterway arca as a percentage of the grating area
* ratio between the length and width of the grating
* bar pattern of the grating.

Tests were also carried out on two different configurations of kerb inlet: straight and angled. All the
cxperiments were performed in a specially constructed test rig that simulated flow in triangular
channels formed by the cross-fall of a road surface and the kerb.

(3) Each gully grating or kerb inlet was tested for a wide range of flow condilions to investigate the
influence of the following parameters:

* width of flow in the channel just upstream of the gully

+ velocity of flow in the channel just upstream of the gully
= cross-fall of the channel

* longitudinal gradient of the channel.

{4} Analysis of the data for gully gratings was carried out in terms of the flow collection efficiency, i.e. the
ratio between the flow rate collected by a grating and the total flow rate approaching it in the channel
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upstream. For the range of practical applications, it was found that the efficiency of an individual
grating varied linearly with a quantity equal to the upstream flow rate divided by the depth of water at
the kerb.

(5) Dimensional analysis also demonstrated that the efficiency of a grating depended on the overall plan
area containing the slots, on the total waterway area of the slots as a percentage of the overall plan
area, and on the number and orientation of the bars making up the grating. Analysis of the data enabled
the effect of each of these factors to be determined quantitatively.

(6) Combining the results from (4) and (5} enabled a new method to be developed for predicting the flow
collection efficiency of any combination of grating and channel type coming within the general limits
investigated during the study. The validity of the model was confirmed by checking its predictions
with independent data for commercial gratings tested at HR, TRL, Oxford Brookes University and
UPC University, Barcelona.

{7) The design method developed in the study forms the basis of an Advice Note on the spacing of road
gullies that has been produced for the Highways Agency by HR Wallingford and TRL. In order to give
general guidelines on the performance of gratings conforming to BS EN [24:1994, five grating Types
(labelled P to T) were defined in terms of their hydraulic capacity. This enables designers to specify
the level of performance required for a particular scheme while allowing contractors to choose any
niake of grating that meets the hydraulic and structural requirements for the particular Type specified.
In order to make the Advice Note simple and straightforward to use, some minor modifications were
made to the design method developed from the study, in particular concerning the assessment of the
bar patterns of gratings.

(8) In the same way as for gully gratings, the data on kerb inlets was analysed in terms of the flow
collection efficiency, i.e. the ratio between the flow rate collected by a kerb inlet and the total flow rate
approaching it in the channel upstream. For the range of practical applications, it was found that the
efficiency of an individual kerb inlet (whether straight or angled) depended only on the upstream flow
rate, the depth of water at the kerb and the length of kerb opening parallel to the carriageway.

(9) Guidelines on the spacing of kerb inlets are given in the Advice Note based on the design method
developed from the test results. The procedure is similar to that for gully gratings except that the flow
capacity of both straight and angled kerb inlets is determined by only one geometric factor, the length
of the opening (measured along the line of the kerb) through which water is collected by the inlet.
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Table1  Characteristics of the grating configurations tested

Dimensions Bars with With
Q
Test code % open widthxlength | respect to the | intermediate Number of the
area (mmxmm) flow bars configuration
3 5804 B2 % 350x500 Mixed A
=
g M13 62 % 400x445 Transversal B
@
5760 56 % 440x440 Diagonal C
SD 135 44 % 440x440 Diagonal 135 D
LSD 135 44 % 330x330 Diagonal 135 E
SD 45 44 % 440x440 Diagonal 45 F
LSD 45 44 % 330x330 Diagonal 45 G
H21 100 % 440x440 Open hole H
—1
TH 60 60 % 440x440 Transversal I
SH 44 % 440x440 Transversal J
TH 26 % 440x440 Transversal K
170 TH 60 54 % 440x440 Transversal ® L
-
g 170 H 40 % 440x440 Transversal [ M
k)
é 170 TH 23 % 440x440 Transversal ® N
S |
g:: TL 60 60 % 440x440 Longitudinal O
SL 44 % 440x440 Longitudinal P
TL 26 % 440x440 Longitudinal Q
170 TL 60 54 % 440x440 Longitudinal L] R
170 L 40 % 440x440 Longitudinal L] S
170 TL 23 % 440x440 Longitudinal L T
H?o RTL 40 % 440x220 Longitudinal e U
-
170 RLH 40% 220x440 Transversal L] Vv
170 RLL 40 % 220x440 Longitudinal L W
170 RTH 40% 440x220 Transversal ® X
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CoefFicients for the best fit lines of HR’s conceptual gratings

Table 2
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Testing of the design method and simplifications

Table 3
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Testing of the design method and simplifications (continued)

Table 3
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Figure 21 Validation of the predictive method for Oxford Brookes University data (Watergate A)
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Plates
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Plate 1 View of the test rig

ZHR Wallingford SR 533 1501799
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Plate 2 View of the system of jacks (top jack for the cross-fall, bottom jack for the gradient)
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Plate 3 View of the siphon and the control gates

L HR Wallingford SR 533 150199




Plate 4 View of the channels for the by-passing flow and the collected flow

‘,‘ HR Wallingford SR 533 1501199



Plate 5 View of test rig showing kerb inlet
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Plate 6 Straight kerb inlet, 0.5m long
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Plate 7 Angled kerb inlet, 0.25m long
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CONFIGURATION A: GRATING 5804

Description: Glynwed rectangular grating with longitudinal and transversal bars

% Opening area| 62.0% Number of transversal bars 10
Area (m?) 0.175 Number of longitudinal bars 3
width {mm) 350 Number of diagonal bars 0
Length (mm) 500
Water depth at a third of the width . Inverse of Inverse of \ .
Test n¢ p"om the kerb Flow width longitudinal slops cross fall Discharge Efficiency
H, (mm) * H, (mm) * B (m) 178, 1/8¢ Q {lis) n (%)
Al 22.9 20.1 1.5 197.8 50.0 17.03 66.8
A2 26.4 244 1.5 197.8 40.0 22.89 64.5
A3 34.8 341 1.5 197.8 30.2 36.33 60.9
A4 14.7 13.4 1 197.8 50.0 4.69 90.4
A5 17.5 15.6 1 197.8 40.0 7.08 89.7
A6 23.7 20.4 1 197.8 30.2 11.11 85.9
A7 6.5 75 0.5 197.8 50.0 0.44 99.6
AB 8.3 8.8 0.5 197.8 40.0 0.81 98.9
A9 12.3 111 0.5 197.8 30.2 1.64 98.8
A.10 23.3 2289 1.5 101.2 50.0 23.56 €60.7
A1l 30.0 271 1.5 101.2 40.0 30.33 59.5
A2 37.9 37.9 1.5 101.2 30.2 42.39 56.3
A13 14.8 12.8 1 101.2 50.0 7.08 80.4
A14 18.0 16.1 1 101.2 40.0 9.81 79.9
A15 23.9 214 1 101.2 30.2 15.47 77.2
A6 6.3 6.4 0.5 101.2 50.0 0.81 98.3
A7 7.4 76 0.5 101.2 40.0 1.15 98.5
A8 9.8 10.1 0.5 101.2 30.2 1.77 98.2
A19 21.4 20.8 15 49.9 50.0 27.06 55.8
A.20 26.0 27.2 1.5 49.9 40.0 36.86 52.3
Azl 35.9 34.8 1.5 49.9 30.2 51.64 46.7
A22 14.2 13.4 1 49.9 50.0 9.53 78.5
A23 19.0 18.8 1 499 40.0 14.42 77.0
A24 23.4 24.1 1 49.9 30.2 21.25 73.4
A.25 6.9 6.5 0.5 49.9 50.0 1.15 95.8
A.26 7.9 7.5 0.5 49.9 40.0 1.52 95.9
A27 10.1 10.0 0.5 49.9 30.2 2.57 96.3
A.28 20.1 19.6 1.5 24.8 50.0 33.56 46.2
A.29 24.4 22.4 1.5 248 40.0 41.72 44.8
A30 32.4 30.4 1.5 248 30.2 58.25 39.7
A31 151 13.2 1 248 50.0 11.61 72.4
A32 17.6 15.9 1 248 40.0 15.36 69.4
A.33 226 19.6 1 24.8 30.2 22.61 66.1
A34 71 6.3 0.5 24.8 50.0 1.87 93.6
A.35 8.2 7.4 0.5 24.8 40.0 2.42 93.8
A.36 9.7 9.0 0.5 24.8 30.2 3.33 93.6
A37 19.5 17.1 1.5 14.9 50.0 36.72 41.4
A8 22.9 20.0 1.5 14.9 40.0 47.03 38.0
A39 27.6 27.8 1.5 14.9 30.2 60.39 35.0
A.40 12.3 12.0 1 14.9 50.0 12.03 68.4
A4 16.0 15.4 1 14.9 40.0 16.75 63.5
A.42 20.8 19.1 1 14.9 30.2 23.44 56.1
AA43 6.9 6.4 05 14.9 50.0 2.28 92.3
A.d4 9.1 8.0 0.5 149 40.0 3.81 90.0
A.45 12.5 11.6 0.5 14.9 30.2 5.98 85.1

#* H, and H, are measured respectively at 0.15 m and 0.65 m from the grating




CONFIGURATION B: GRATING M13

Description: Glynwed rectangular grating with mainly transversal bars

% Opening area 82.0% Number of transversal bars 7

Area (m?) 0.178 Number of longitudinal bars 4

Width (mm) 400 Number of diagonal bars 0

Length {mm) 445
Water depth at a third of the width . Inverse of longitudinal|  Inverse of . .
Testr? pfmm the kerb Flow width slopeg ernss fall Discharge Efficiency

H, (mm) * Ha {mm) * B (m) /8, /5S¢ Q (/s) n{%)
B.1 228 20.5 1.5 197.8 50.0 15.19 75.4
B.2 27.6 25.0 1.5 197.8 40.0 21.89 72.9
8.3 32.9 33.6 1.5 197.8 30.2 35.89 66.7
B.4 156.0 14.4 1 197.8 50.0 4.92 91.3
B.5 17.9 16.4 1 197.8 40.0 6.89 91.9
B.6 23.4 20.4 1 197.8 30.2 11.00 91.6
B.7 7.2 8.4 0.5 1597.8 50.0 0.44 94.4
B.8 8.7 10.0 0.5 197.8 40.0 0.81 95.7
B.9 11.2 10.7 0.5 197.8 30.2 1.33 96.5
B.10 21.8 22.2 1.5 101.2 50.0 21,39 73.4
B.1 28.0 29.4 1.5 101.2 40.0 3342 66.3
B.12 34.9 34.6 1.5 101.2 30.2 44,92 63.1
B.13 14,7 12.7 1 101.2 50.0 6.61 87.1
B.14 17.2 15.9 1 101.2 40.0 9.58 88.0
B.15 22.7 21.3 1 101.2 30.2 15.00 85.5
B.16 8.5 6.5 0.5 101.2 50.0 0.81 94.8
B.17 8.5 8.5 0.5 101.2 40.0 1.15 94.8
B.18 10.2 10.3 0.5 101.2 30.2 1.55 95.0
B.19 19.5 204 15 49.9 50.0 25.44 67.1
B.20 23.3 27.6 1.5 49.9 40.0 36.03 61.2
B.21 31.0 31.5 1.5 49.9 30.2 47.14 55.2
B.22 14.5 14.2 1 49.9 50.0 9.86 85.9
B.23 16.2 17.8 1 49.9 40.0 14.36 85.8
B.24 22.0 22.4 1 49.9 30.2 19.78 83.3
B.25 6.6 6.5 0.5 49.9 50.0 1.22 93.8
B.26 7.8 7.9 0.5 43.9 40.0 1.55 93.3
B.27 10.0 10.3 0.5 48.9 30.2 2.55 94.0
B.28 18.8 19.5 1.5 24.8 50.0 33.17 56.4
B.29 22.6 22.6 1.5 24.8 40.0 42.39 51.8
B.30 29.3 29.6 1.5 24.8 30.2 57.42 47.2
B.21 14.2 13.4 1 24.8 50.0 12.42 82.1
B.32 17.8 14.8 1 24.8 40.0 16.44 814
B.33 21.8 19.1 1 24.8 30.2 22.75 74.6
B.34 6.3 5.8 0.5 24.8 50,0 1.64 92.3
B.35 7.7 7.3 0.5 24.8 40.0 237 92.6
B.36 10.4 9.8 0.5 24.8 30.2 4,02 93.2
B.37 17.8 16.8 1.5 14.9 50.0 36.61 50.7
B.38 21.0 19.0 1.5 14.9 400 46.00 46.8
B.39 25.9 25.6 1.5 14.9 30.2 59.31 41,6
B.40 13.4 12.5 1 14.9 50.0 11.92 80.1
B.41 17.0 15.5 1 14.9 40.0 17.89 75.8
B.42 23.1 20.2 1 14.9 30.2 26.56 67.0
B.43 7.0 6.8 0.5 14.9 50.0 2.28 89.7
B.44 9.2 8.8 0.5 14.9 40.0 3.58 80.1
B.45 121 11.4 0.5 14.9 30.2 5.71 89.7

#* H, and H, are measured respectively at 0.15 m and 0.65 m from the grating




CONFIGURATION C: GRATING 5760

Description: Glynwed squared grating with diagonal bars

% Opening area| 56.0% Number of transversal bars 7
Area (m?) 0.1936 Number of longitudinal bars 1
Width {mm) 440 Number of diagonal bars 1
Length {mm) 440
Test n? Water dep::):: lahg“l::rg' the width Flow width long;irt‘:deirr?ael g:ope ’2:;‘2:?;": Discharge Efficiency
H, (mm) * H, (mm) * B (m) /5, 1/S¢ Q (s} T (%)
(o} 221 20.2 1.5 197.8 50.0 15.08 67.2
c.2 24.5 23.5 1.5 1978 40.0 20.44 63.8
C.3 302 31.4 1.5 197.8 30.2 33.31 54.8
C4 156 14.0 1 197.8 50.0 517 86.8
C.5 18.0 16.4 1 197.8 40.0 7.08 86.4
c6 22.0 20.1 1 197.8 30.2 10.50 84.2
c7 6.8 8.9 0.5 197.8 50.0 0.44 90.9
c.8 8.0 10.2 05 197.8 40.0 0.68 93.5
co 11.1 14.1 0.5 197.8 30.2 1.30 95.3
C.10 24.0 227 1.5 101.2 50.0 21.25 61.9
c.11 298 27.6 1.5 101.2 40.0 31.19 55.0
c.12 36.5 34.8 1.5 101.2 30.2 42.69 50.0
C13 12.7 12.6 1 101.2 50.0 6.67 2.9
c.14 15.6 15.9 1 101.2 40.0 9.50 81.0
C.15 20.2 20,6 1 101.2 302 14.56 76.5
C.16 6.4 6.6 0.5 101.2 50.0 0.75 88.9
c17 7.7 7.8 0.5 101.2 40.0 1.22 90.0
c.18 10.2 10.1 0.5 101.2 302 1.61 87.1
C.19 21.0 20.4 1.5 49.9 50.0 26.47 53.0
C.20 26.9 26.2 1.5 49.9 40.0 37.72 471
c21 338 328 1.5 49.9 302 52.25 39.9
c22 14.2 12.4 1 49.9 50.0 9.1 76.5
c.23 19.5 19.7 1 49.9 40.0 15.06 727
c.24 227 209 1 49.9 30.2 20.25 66.2
C.25 7.0 6.5 0.5 49.9 50.0 1.22 89.4
C.26 7.9 77 0.5 49.9 40.0 1.64 88.3
c.27 10.0 10.3 0.5 49.9 30.2 2.63 B83.3
c.28 18.9 20.1 1.5 24.8 50.0 3272 44.2
c.29 23.2 24.7 1.5 24.8 40.0 42.47 37.9
C.30 28.3 29.6 1.5 24.8 30.2 56.58 34.2
c.3 14.2 13.5 1 24.8 50.0 11.69 71.5
c.32 18.4 16.2 1 24.8 40.0 16.14 64.7
C.33 236 2t.2 1 248 302 25.06 56.2
C.34 5.9 5.4 0.5 24.8 50.0 1.39 87.3
C.35 7.2 6.8 0.5 24.8 40.0 2.05 83.7
C.36 9.2 8.8 0.5 24.8 30.2 3.19 80.7
C.37 17.2 15.7 1.5 14.9 50.0 33.47 41.6
c.38 21.2 19.3 1.5 14.9 40.0 44.06 35.2
c.39 27.3 26.4 1.5 14.9 302 60.22 29.1
C.40 13.6 12.9 1 14.9 50.0 13.08 67.3
C.41 17.5 15.9 1 14.9 40.0 17.58 60.1
Cd2 204 20.2 1 14.9 30.2 25.00 53.0
C.43 8.3 6.2 0.5 14.9 50.0 217 82.6
C.44 B.2 8.0 0.5 14.9 40.0 3.19 79.2
C.45 13.0 12.1 0.5 14.9 30.2 6.26 74.2

# H, and H; are measured respectively at 0.15 m and 0.65 m from the grating




CONFIGURATION D: GRATING SD135

Description: Wocden squared grating with diagonal bars

% Cpening area | 44.0% Number of transversal bars 0
Area () 0.19386 Number of longitudinal bars 0
Width (mm) 440 Number of diagonal bars 8
Length (mmj} 440
Tl P o the ket | FO% WM | o iicing sopo | crose tal_| DScharge | Effiency
H, (mm) * H, (mm) * B (m) 1/5, 1/S; Q (i) 1 (%)
D.1 22.3 216 1.5 197.8 50.0 14.31 74.3
D.2 25.3 255 1.5 197.8 40.0 23.25 69.1
D.3 349 358 1.5 197.8 30.2 36.11 60.8
D.4 15.0 14.4 1 197.8 50.0 5.25 942
D.5 19.1 18.6 1 197.8 40.0 8.56 911
D.6 221 21.8 1 197.8 30.2 11.33 914
D.7 8.3 8.6 0.5 197.8 50.0 0.75 98.4
D.8 9.0 8.6 0.5 197.8 40.0 0.86 97.9
D.9 12.6 12.5 0.5 197.8 30.2 0.75 93.7
D.10 23.0 24.4 1.5 100.2 50.0 24.44 66.5
D.11 26.8 27.6 1.5 100.2 40.0 31.64 60.9
D.12 34.0 37.3 1.5 100.2 30.2 48.61 51.7
D.13 14.8 13.8 1 100.2 50.0 717 85.2
D.14 19.4 17.6 1 100.2 400 10.78 829
D.15 25.8 24.8 1 100.2 30.2 17.78 79.0
D.16 6.3 71 0.5 100.2 50.0 0.81 97.1
D47 8.0 8.6 0.5 100.2 40.0 1.22 96.4
D.18 126 12.7 0.5 100.2 30.2 2.57 96.8
D.19 23.0 23.2 1.5 49.9 50.0 31.39 54.1
D.20 27.2 26.8 1.5 49.9 40.0 39.44 50.0
D.21 33.6 36.2 1.5 49.9 30.2 52.86 44.5
D.22 14.2 14.3 1 49.9 50.0 9.77 B1.9
D.23 18.5 18.9 1 49.9 40.0 14.64 80.6
D.24 25.8 25.9 1 499 30.2 22.72 73.6
b.25 7.0 6.9 0.5 49.9 50.0 1.58 96.0
D.26 8.0 8.1 0.5 49.9 40.0 1.69 94.6
D.27 10.3 10.8 0.5 49.9 30.2 2.82 95.3
D.28 19.6 19.2 1.5 25.0 50.0 34.20 47.2
D.29 23.2 22.9 1.5 25.0 40.0 43.00 43.5
D.30 29.8 296 1.5 25.0 30.2 59.03 38.9
D.31 14.7 13.9 1 25.0 50.0 12.11 75.7
D.32 18.4 16.9 1 25.0 40.0 17.75 69.9
D.33 22.3 20.8 1 25.0 30.2 24.11 64.6
D.34 6.2 6.2 0.5 25.0 50.0 1.61 927
D.35 9.6 9.2 0.5 25.0 40.0 3.30 94.5
D.36 11.2 106 0.5 25.0 30.2 4.30 947
D.a7 18.6 194 1.5 14.9 50.0 39.39 38.1
D.38 20.8 22.8 1.5 14.9 40.0 47.64 356
D.39 26.3 26.5 1.5 14.9 30.2 61.39 328
D.40 12.8 12.8 1 14.9 50.0 11.80 76.9
D.41 16.5 17.3 1 14.9 40.0 18.94 63.2
D.42 21.2 20.8 1 14.9 30.2 26.97 54.8
D.43 8.1 8.1 0.5 14.9 50.0 3.21 93.2
D.44 10.4 10.3 0.5 14.9 40.0 4.69 92.3
D.45 13.3 12.4 0.5 14.9 30.2 6.67 88.1

* H, and H, are measured respectively at 0.15 m and 0.65 m from the grating




CONFIGURATION E: GRATING LSD135

Description: Wooden squared grating with diagonal bars

% Opening area| 44.0% Number of transversal bars 0
Area (m?) 0.1089 | Number of longitudinal bars 0
Width {(mm) 330 Number of diagonal bars 8
Length (mm)} 330
. T ) .
e B 7o 0 | i | e | et | o |_ ey
H, {mm) * H, {mm) * B {m) 175, 1/S¢ Q (Is) (%)
E.1 154 13.0 1.125 197.8 50.0 6.31 76.0
€2 14,0 9.5 1.125 197.8 40.0 8.64 748
E.3 26.0 22.0 1.125 197.8 30.2 14.67 67.2
E.4 10.3 8.6 075 197.8 50.0 1.92 95.4
E5 12.1 116 0.75 197.8 40.0 3.11 94.1
E.6 16.0 15.8 0.75 197.8 30.2 517 91.9
E.7 49 51 0.375 197.8 50.0 0.31 100.0
E8 6.6 6.5 0.375 197.8 40.0 0.44 100.0
E.9 B.2 8.0 0.375 197.8 30.2 0.62 99.0
E.10 15.0 13.2 1.125 101.2 50.0 8.75 67.6
E. 11 17.0 17.0 1.125 101.2 40.0 13.81 62.6
E.12 224 24.2 1.125 101.2 30.2 22.06 54.1
E.13 9.6 8.3 Q.75 101.2 50.0 2.94 88.9
E.14 110 9.8 0.75 101.2 40.0 3.94 89.1
E.15 13.9 13.1 0.75 101.2 30.2 6.47 87.0
E.16 5.2 5.1 0.375 101.2 50.0 Q.44 98,2
E.i7 6.2 6.6 0.375 101.2 40.0 0.53 98.3
E.18 7.4 B.2 0.375 101.2 302 0.86 97.0
E.19 16.0 14.8 1.125 49.9 50.0 13.42 61.7
E.20 20.9 19.0 1.125 49.9 40.0 19.53 51.8
E.21 24.2 22.0 1.125 49.9 30.2 26.89 46.5
E.22 11.2 10.9 0.75 43.9 50.0 5.61 78.2
E.23 14.8 14.4 0.75 49.9 40.0 8.25 76.5
E.24 15.2 15.3 0.75 49.9 30.2 9.58 76.1
E.25 4.4 4.5 0.375 45.9 50.0 0.62 96.9
E.26 5.9 6.0 0.375 49.9 40.0 0.81 §6.6
E.27 8.0 81 0.375 49.9 30.2 1.30 96.0
E.28 14.1 14.0 1.125 24.8 50.0 15.11 459
E.29 18.2 18.4 1.125 248 40.0 22,11 42.3
E.30 24.2 22.2 1.125 24.8 30.2 32.61 367
E.31 10.0 12,7 0.75 24.8 50.0 6.08 793
E.32 12.5 12.3 0.75 248 40.0 8.61 734
E.33 16.7 14.9 0.75 248 30.2 12.14 63.9
E.34 4.2 4.3 0,375 248 50.0 0.68 93.9
E.35 48 5.1 0.375 24.8 40.0 0.75 93.0
E.36 6.3 6.5 0.375 24.8 0.2 1.15 92.6
E.37 14.0 13.2 1.125 14.9 50.0 18.06 41.9
E.38 17.8 17.3 1.125 14.5 40.0 25.53 35.7
E.3% 22.2 22.6 1.125 14.9 30.2 37.42 28.6
E.40 9.0 8.9 0.75 14.9 50.0 7.28 775
E.41 12.4 11.4 0.75 14.9 40.0 9.28 68.8
E.42 16.7 15.7 0.75 14.9 30.2 14.61 55.2
E.43 a7 4.1 0.375 14.9 50.0 0.92 93.2
E.44 6.4 6.4 0.375 14.9 40.0 1.69 94.2
E.45 9.8 9.1 0.375 14.9 30.2 3.27 91.9

#* H,; and H; are measured respectively at 0.15 m and 0.65 m from the grating




CONFIGURATION F: GRATING SD 45

Description: Wooden squared grating with diagonal bars

% Opening area |  44.0% Number of ransversal bars 0
Area (m°) 0.1936 Number of longitudinal bars 0
Width {(mm) 440 Number of diagonal bars 8
Length {mm} 440
Water depth at a third of the width Flow width Inverse of longitudinal| Inverse of Discharge Efficiency
Test r® from the kerb slope cross fall
Hy (mm) * H, (mm) * B (m) 1/5, 1/S¢ Q (s) (%)
F.1 11.2 113 0.5 197.8 30.2 1.52 95.4
F.2 9.4 9.5 05 197.8 40.0 0.86 96.5
F.3 8.3 8.5 0.5 197.8 50.0 0.53 97.2
F.4 22,6 21.4 1 197.8 0.2 11.66 90.3
F.5 16.8 15.8 1 197.8 40.0 7.02 92.8
F.6 14.0 13.8 1 197.8 50.0 4.85 92.7
F.7 14.0 13.4 1 197.8 50.0 4.68 94.6
F.8 39.0 37.6 15 197.8 0.2 41,12 58.1
F9 28.0 28.6 1.5 197.8 40.0 26.08 68.2
F.10 23.8 24.0 1.5 197.8 50.0 16.97 73.4
F.a1 36.8 37.6 1.5 100.2 30.2 48.54 51.3
F.12 27.8 28.2 15 100.2 40.0 32.30 60.0
F.13 23.2 25.8 1.5 100.2 50.0 26.00 63.6
F.14 14.8 14.4 1 100.2 50.0 8.10 83.5
F.15 18.8 19.2 1 100.2 40.0 11.98 B2.9
F.16 27.0 268.0 1 100.2 30.2 19.42 78.2
F.A7 11.0 11.3 0.5 100.2 30.2 2.04 91.6
F.18 8.6 9.3 0.5 100.2 40.0 1.43 95.2
F.19 7.4 17 0.5 100.2 50.0 1.06 95.4
F.20 7.0 6.9 0.5 49.9 50.0 1.39 952
F.21 8.8 8.7 0.5 49.9 40.0 2.20 96.0
F.22 101 10.5 0.5 49.9 30.2 3.10 596.9
F.23 15.8 16.0 1 499 50.0 10.98 82.3
F.24 20.2 20.8 1 49.9 40.0 16.70 79.1
F.25 25.2 26.6 1 499 30.2 25.00 69.4
F.26 342 337 1.5 49.9 30.2 55.97 43.9
F.27 26.4 258 1.5 49.9 40.0 41.40 48.5
F.28 20.6 21.4 1.5 459 50.0 27.44 59.3
F.29 19.6 20.6 1.5 25.0 50.0 43.80 57.5
F.30 23.8 24.4 1.5 25.0 40.0 43.87 42.4
F.31 28.2 29.0 15 25.0 30.2 56.90 39.0
F.32 22.2 21.2 1 25.0 30.2 24,75 62.5
F.33 18.8 17.7 1 25.0 40.0 18.89 69.6
F.34 14.6 14.2 1 25.0 50.0 13.06 76.8
F.35 7.8 7.1 0.5 25.0 50.0 2.24 94.1
F.36 89 B.5 0.5 25.0 40.0 2.97 95,2
F.37 10.0 9.7 0.5 25.0 30.2 3.85 94.9
F.38 121 12.6 1 14.9 50.0 13.23 70.1
F.39 15.6 16.2 1 14.9 40.0 17.23 63.9
F.40 21.9 20.6 1 14.9 30.2 2617 56.1
F.41 25.6 26.6 1.5 14.9 30.2 63.23 329
F.42 21.0 20.2 15 14.9 40.0 4475 37.5
F.43 171 16.4 1.5 14.9 50.0 33.67 44.1
F.44 7.2 7.3 0.5 14.9 50.0 277 92.7
F.45 8.6 8.3 0.5 14.9 40.0 3.47 91.7
F.46 13.6 12.6 0.5 14.9 30.2 6.65 B8B8.1
F.47 11.8 11.5 0.5 19.3 30.2 5.28 92.9
F.48 8.6 B.3 0.5 19.3 40.0 3.02 90.9
F.49 7.2 6.9 0.5 193 50.0 2.23 93.5
F.50 13.4 13.3 1 19.3 50.0 11.9 77.3

* H, and H, are measured respectively at 0.15 m and 0.65 m from the grating




CONFIGURATION G: GRATING LSD 45

Description: Wooden squared grating with diagonal bars

% Opening area| 44.0% Number of transversal bars 0
Area (m?) 0.108¢ | Number of longitudinal bars 0
Width {mm) 330 Number of diagonal bars 8
Length (mm) 330
Hy (com) * Hz (om) * | B{(m) 1S 1/8c Q (is) n (%)
G.1 151 12.2 1.125 197.8 50.0 6.03 78.0
G.2 18.4 15.4 1.125 197.8 40.0 8.69 741
G3 238 17.5 1.125 197.8 30.2 12.81 70.5
G.4 1.4 9.9 0.75 197.8 50.0 2.00 97.8
G.5 125 11.7 0.75 197.8 40.0 2.75 95.5
G.6 16.6 16.7 0.75 197.8 30.2 5.33 911
G7 53 5.3 0.375 1978 50.0 0.31 100.0
G.8 6.6 6.1 0.375 197.8 40.0 0.44 100.0
G.9 8.4 7.9 0.375 197.8 30.2 0.62 100.0
G.10 13.1 14.3 1.125 101.2 50.0 9.33 66.6
G.11 16.0 18.6 1.125 101.2 40.0 12.97 64.6
G2 25.2 252 1.125 101.2 30.2 21.69 54.4
G.13 9.5 6.5 075 101.2 50.0 278 90.3
G.14 12.2 10.9 0.75 101.2 40.0 4.47 88.3
G.15 14.4 13.9 0.75 101.2 30.2 6.47 875
G.16 5.0 5.1 0.375 101.2 50.0 0.44 100.0
G117 5.4 57 0.375 101.2 40.0 0.62 98.5
G.18 7.8 8.9 0.375 101.2 30.2 0.97 97.0
G.19 16.6 15.6 1.125 49.9 50.0 14.22 62.4
G.20 21.8 19.6 1.125 49.9 40.0 21.44 52.3
G.21 28.2 17.6 1.125 49.9 30.2 31.06 44.0
G.22 10.2 10.1 0.75 49.9 50.0 4.94 80.4
G.23 12.2 11.5 0.75 49.9 40.0 6.97 82.3
G.24 15.7 14.6 0.75 49.9 30.2 10.36 73.8
G.25 5.1 5.3 0.375 49.9 50.0 0.75 97.6
(G.26 6.4 6.5 0.375 49.9 40.0 0.92 96.5
G.27 5.4 7.7 0.375 49.9 30.2 1.26 96.6
G.28 15.2 15.7 1.125 24.8 50.0 17.28 49.2
G.29 18.4 19.4 1.125 248 40.0 24.47 411
G.30 22.9 242 1.125 248 30.2 34.42 35.0
G.31 11.3 10.5 075 24.8 50.0 7.14 774
G.32 13.0 12.3 075 24.8 40.0 8.64 75.2
G.33 18.0 17.4 0.75 24.8 30.2 14.14 59.7
G.34 4.4 4.7 0.375 24.8 50.0 1.22 971
G.35 5.1 5.6 0.375 24.8 40.0 1.10 87.5
G.36 7.2 7.5 0.375 24.8 30.2 1.58 95.1
G.37 15.8 13.2 1.125 14.9 50.0 20.61 38.4
G.38 18.4 16.7 1.125 14.9 40.0 26.94 34.5
G.39 23.2 209 1.125 149 30.2 38.64 27.6
G.40 8.0 8.9 0.75 14.9 50.0 6.47 79.0
G.41 10.2 12.1 0.75 14.9 40.0 10.00 66.7
G.42 17.1 18.5 0.75 14.9 30.2 17.00 47.7
G.43 54 54 0.375 14.9 50.0 1.30 941
G.44 71 6.9 0.375 14.9 40.0 1.92 941
G.45 8.5 8.2 0.375 14.9 30.2 2.74 927

# H, and H, are measured respectively at 0.15 m and 0.65 m from the grating




CONFIGURATION H: GRATING H21

Description: Open hole without grating

% Opening area | 100.0% Number of transversal bars 0

Area (m%) 0.1936 Number of longitudinal bars 0

Width {mm}) 440 Number of diagonal bars 0

Length {mm) 440
Water depth at a third of the width Fiow width Inverse of longitudinal |  Inverse of Discharge Efficiency
Test n® from the kerb slope cross fall

H, (mm) * H, {mm) * B {m) 1/S, 1/S; Q(/s) n (%)
H.1 22.9 21.4 1.5 197.8 50.0 15.83 75.3
H.2 25.7 27.3 1.5 197.8 40.0 23.67 72.4
H.3 35.9 36.6 1.5 197.8 30.2 36.67 71.0
H.4 15.1 12.8 1 197.8 50.0 547 96.7
H.5 17.9 17.4 1 197.8 40.0 8.61 93.7
H.6 25.0 22.0 1 1878 30.2 13.03 89.8
H.7 24.5 23.4 1.5 101.2 50.0 22.39 69.0
H.8 29.9 29.0 1.5 101.2 40.0 31.50 67.9
H.9 37.8 374 1.5 1012 30.2 48.22 65.5
H.10 15.8 13.8 1 101.2 50.0 8.28 85.7
H.11 20.2 18.4 1 1012 40.0 11.89 84.5
H.12 25.7 229 1 101.2 30.2 16.67 84.0
H.13 205 22.6 1.5 49.9 50.0 26.28 68.6
H.14 25.9 28.8 1.5 49.9 40.0 37.89 63.3
H.15 335 37.3 1.5 49.9 30.2 53.89 62.6
H.16 14.5 14.2 1 49.9 50.0 10.31 B85.1
H.17 178 17.4 1 49.9 40.0 13.61 85.7
H.18 23.1 22.4 1 49.9 30.2 20.44 84.4
H.19 19.3 19.4 1.5 25.0 50.0 31.36 62.6
H.20 245 233 1.5 25.0 40.0 4222 62.5
H.21 31.3 30.0 15 250 30.2 58.33 62.8
H.22 14.9 13.0 1 25.0 50.0 12,61 83.9
H.23 17.7 159 1 25.0 40.0 17.22 81.7
H.24 21.9 19.2 1 25.0 30.2 24.31 79.8
H.25 19.3 18.8 15 14.9 50.0 36.81 60.0
H.26 23.3 23.6 15 149 40.0 4472 60.5
H.27 28.5 29.4 1.5 14.9 30.2 63.89 58.5
H.28 12.0 114 1 14.5 50.0 12.92 82.1
H.29 13.1 118 1 14.9 50.0 12.92 83.5
H.30 14.3 13.9 1 14.9 40.0 17.31 79.6
H.31 20.1 18.4 1 14.9 30.2 25.08 79.1

* H; and H; are measured respsctively at 0.15 m and 0.65 m from the grating




CONFIGURATION I: GRATING TH 60

Description: Wooden squared grating with transversal bars

% Opening area| 60.0% Number of transversal bars 9
Area {m?) 0.1936 | Number of longitudina! bars 0
Width {mm) 440 Number of diagenal bars 0
Length (mm) 440
Water depth at a third of the width ) inverse of Inverse of . .
Test n® plrom the kerb Flow width longitudinal slope cross fall Discharge Efficiency
H, (mm) * H, {mm) * B (m) 115, 1/5¢ Q (is) (%)
1.1 2386 21.7 1.5 197.8 50.0 16.44 70.9
1.2 27.8 28.0 1.5 197.8 40.0 20.00 721
1.3 38.6 36.2 1.5 197.8 30.2 37.58 63.1
1.4 14.1 14.0 1 197.8 50.0 4.50 93.6
1.5 17.6 16.2 1 197.8 40.0 6.44 93.6
1.6 22.2 204 1 197.8 30.2 1031 92.3
1.7 7.5 7.2 0.5 197.8 50.0 0.44 98.1
1.8 9.4 8.8 0.5 197.8 40.0 0.92 93.4
1.9 11.6 11.0 0.5 197.8 30.2 1.30 98.0
1.10 24.0 29.7 1.5 101.2 50.0 23.33 66.8
111 28.9 38.1 1.5 101.2 40.0 35.42 60.6
.12 337 25.1 1.5 101.2 30.2 48.22 58.1
.13 14.0 13.1 1 101.2 50.0 6.53 87.7
1.14 18.4 17.4 1 101.2 40.0 10.17 B84.2
.15 252 23.0 1 101.2 30.2 16.69 80.9
1.16 7.0 7.5 0.5 101.2 50.0 0.81 97.6
117 8.5 se 0.5 101.2 40.0 1.18 97.0
.18 11.0 11.1 0.5 101.2 30.2 1.74 96.2
.19 232 22.4 1.5 49.9 50.0 27.44 60.7
1.20 28.3 28.0 1.5 49.9 40.0 37.64 57.2
.21 35.9 31.8 1.5 49.9 30.2 52.28 49.9
1.22 15.1 22.2 1 49.9 50.0 10.22 825
1.23 18.5 14.1 1 49.9 40.0 14.03 82.1
.24 24.0 17.6 1 49.9 30.2 21.75 779
.25 7.6 7.5 0.5 49.9 50.0 1.22 94.6
.26 7.3 6.9 0.5 49.9 40.0 1.36 96.3
.27 10.5 10.5 0.5 49.9 30.2 2.57 95.7
1.28 201 21.6 1.5 24.8 50.0 34.33 50.6
1.29 23.3 24.6 1.5 248 40.0 42.81 48.6
130 30.1 30.9 1.5 24.8 30.2 61.11 42.0
1.31 15.0 13.7 1 24.8 50.0 11.56 828
132 17.3 15.5 1 248 40.0 14.36 81.8
1.33 22.7 21.5 1 248 30.2 22.31 74.8
1.34 6.2 6.5 0.5 24.8 50.0 1M 93.7
1.35 9.0 B.3 0.5 24.8 40.0 2.7 95.0
1.36 10.4 9.9 0.5 24.8 30.2 3.78 95.3
1.37 19.0 18.0 1.5 14.9 50.0 38.14 47.3
1.38 20.5 20.2 t.5 14.9 40.0 45.17 444
1.39 25.0 26.4 1.5 14.9 30.2 65.47 37.3
140 11.5 121 1 14.9 50.0 10.94 80.5
i.41 14.8 17.2 1 14.9 40.0 15.56 75.8
1.42 2141 20.9 1 14.9 30.2 24.92 65.4
1.43 6.6 6.7 05 14.9 50.0 2.04 92.8
.44 9.3 9.0 0.5 14.9 40.0 35 93.2
1.45 13.0 13.7 0.5 14.9 30.2 6.42 88.9

# H, and H, aro measured respeclively at 0.15 m and 0.65 m frormn the grating




CONFIGURATION J: GRATING SH

Description. Wooden squared grating with transversal bars

% Opening area | 44.0% Number of transversal bars 7
Arga (m%) 0.1936 | Number of longiludinal bars 0
Width (mm) 440 Number of diagonal barg 0
Length {mm)} 440
W depth at a third of the wi ) Inver. Inverse of . .-
Tast n? e ep:ro?r‘l lhle 'i::rg e wdin Flow width Iongitugir?ael z:opa cross fall Discharge Efficiency
Hy (mm) * Hz {mm) * B (m) 18, 1/S¢ Q (Vs) (%)
J.a 23.7 23.6 1.5 197.8 50.0 18.33 738
J.2 258 26.5 1.5 197.8 40.0 25.28 67.7
J.3 376 376 1.5 197.8 30.2 43.33 54.6
J.4 14.4 13.0 1 197.8 50.0 5.30 94.5
J.5 18.2 16.5 1 197.8 40.0 7.69 97.7
J.6 22,0 20.8 1 197.8 30.2 11.28 95.0
J.7 6.3 6.5 0.5 197.8 50.0 0.44 97.5
J.8 8.2 8.0 0.5 197.8 40.0 0.86 97.5
J.9 11.4 11.2 0.5 197.8 30.2 1.33 96.4
J.10 231 24.3 1.5 100.2 50.0 25.58 61.3
J. 1 2786 29.3 1.5 100.2 40.0 33.28 57.5
J.12 35.8 40.4 1.5 100.2 30.2 54.56 45.1
J.13 11.8 12.1 1 100.2 50.0 9.33 82.5
J.14 14.2 13.8 1 100.2 40.0 10.83 82.1
J.15 17.0 16.5 1 100.2 30.2 14.39 81.3
J.16 6.4 71 0.5 100.2 50.0 0.81 91.2
JA7 7.0 7.7 0.5 100.2 40.0 0.97 95.3
J.18 10.0 10.6 0.5 100.2 30.2 1.80 98.7
J.19 20.5 22.2 1.5 49.9 50.0 25.83 58.5
J.20 24.5 26.6 1.5 49.9 40.0 34.44 52.7
J.21 30.3 34.0 1.5 49.9 30.2 48.33 44.2
J.22 15.2 15.1 1 49.9 50.0 9.83 81.9
J.23 206 19.8 1 49.9 40.0 14.86 79.3
J.24 26.0 24.8 1 499 30.2 20.67 72.8
J.25 6.9 6.8 0.5 49.9 50.0 1.18 93.6
J.26 8.2 8.7 0.5 49.9 40.0 1.58 97.7
J.27 10.4 10.7 0.5 49.9 30.2 2.69 95.8
J.28 19.6 20.0 1.5 25.0 50.0 33.22 46.4
J.29 236 24.6 1.5 25.0 40.0 44.72 39.9
J.30 30.4 30.3 1.5 25.0 30.2 58.42 36.3
J.31 16.2 14.8 1 250 50.0 12.97 75.1
J.3z2 19.2 18.0 1 25.0 40.0 19.56 65.5
J.33 233 22.4 1 25.0 30.2 25.83 59.9
J.34 6.6 122 0.5 250 50.0 1.82 93.6
J.35 8.8 6.7 0.5 250 40.0 2.96 94.9
J.36 10.3 6.5 0.5 25.0 30.2 3.88 94.7
J.37 19.5 17.7 1.5 14.9 50.0 39.44 36.9
J.38 218 20.2 1.5 14.9 40.0 47.17 348
J.39 27.0 27.4 15 14.8 30.2 66.94 294
J.40 13.6 13.1 1 14.9 50.0 13.00 722
J.41 18.0 17.3 1 14.9 40.0 19.44 62.1
J.42 23.6 218 1 149 30.2 27.44 51.7
J.43 7.5 7.3 0.5 14.8 50.0 2.87 93.6
J.44 105 10.3 0.5 14.9 40.0 4.96 92.6
J.45 12.4 11.5 0.5 30.2 6.06 88.3

14.9

#* H, and H, are measured respectively at 0.15 m and 0.65 m from the grating




CONFIGURATION K: GRATING TH

Description: Wooden squared grating with transversal bars

% QOpening area | 26.0% Number of transversal bars 7
Area (m%) 0.1936 | Number of longitudinal bars 0
Width (mm) 440 Nurnber of diagonal bars 0
Length {mm) 440
Testn® Water dep::):;: ?ht:ll:g;' the width Flow width Iongli'::ce!ir:.;l zrope lgr:sr:?a?lf Discharge | Efficiency
Hy {mm) * H, (mm) * B (m) 18, 1/8¢ Q (Is) M (%)
K.1 25.0 23.4 1.5 197.8 50.0 15.78 68.5
K.2 26.8 28.2 1.5 197.8 40.0 2417 56.3
K.3 36.5 J6.8 1.5 197.8 30.2 35.06 49.1
K.4 16.0 14.8 1 197.8 50.0 6.19 90.9
K.5 16.0 16.8 1 197.8 40.0 7.75 90.9
K.6 25.3 23.8 1 197.8 302 13.28 80.1
K.7 6.9 6.9 05 197.8 50.0 0.44 97.7
K.8 8.2 8.1 0.5 197.8 40.0 0.81 97.9
K.9 12.3 12.0 0.5 197.8 30.2 1.30 95.3
K.10 23.4 21.6 1.5 101.2 50.0 21.22 54.4
KA1 283 27.6 1.5 101.2 40.0 28.50 497
K12 38.0 38.3 15 101.2 30.2 44,72 40.3
K13 14.2 13.4 1 101.2 50.0 8,72 84.8
K.14 19.6 18.5 1 101.2 40.0 11.44 76.2
K.15 27.0 24.2 1 101.2 30.2 17.06 66.9
K.16 6.3 6.6 0.5 101.2 50.0 0.75 95.2
K17 8.4 8.3 0.5 101.2 40.0 1.26 96.7
K.18 10.6 10.9 0.5 101.2 30.2 1.99 94.4
K.19 204 21.8 1.5 49.9 50.0 24.86 49.1
K.20 25.3 276 1.5 49.9 40.0 35.72 41.4
K.21 34.8 376 1.5 49,9 30.2 58.61 314
K.22 14.2 14.4 1 49.9 50.0 9.97 742
K.23 176 18.9 1 49.9 40.0 14.78 65.5
K.24 27.0 18.2 1 49.9 30.2 23.94 53.3
K.25 7.7 7.6 0.5 49.9 50.0 1.64 930
K.26 8.4 8.5 0.5 49.9 40.0 1.87 93.4
K.27 10.8 11.2 a.5 49.9 30.2 2.93 93.9
K.28 19.6 18.2 1.5 25.0 50.0 29.31 396
K.29 23.5 228 1.5 25.0 40.0 38.89 34.3
K.30 30.6 28.6 1.5 25.0 30.2 55.28 29.7
K31 14.0 131 1 25.0 50.0 11.14 64.3
K32 16.8 15.2 1 25.0 40.0 15.67 57.3
K.33 216 20.4 1 25.0 30.2 2458 47.5
K.34 7.2 6.9 0.5 250 50.0 2.10 93.4
K.35 95 9.1 0.5 250 40.0 3.45 91.2
K.36 10.9 10.3 0.5 25.0 30.2 4,23 87.6
K.37 16.8 16.9 1.5 14.9 50.0 34.44 325
K.38 20.9 20.0 1.5 14.9 40.0 44,17 28.8
K.39 395 40.9 1.5 14.9 30.2 62.50 216
K40 136 13.4 1 14.8 50.0 14.06 55.2
K.41 18.1 17.1 1 14.9 40.0 20.22 48.5
K.42 219 20.8 1 149 30.2 27.06 40.9
K.43 7.2 7.3 0.5 14.9 50.0 2.72 87.6
K.44 9.3 9.0 0.5 14.9 40.0 3.93 83.5
K.45 13.7 12.8 0.5 14.9 30.2 6.97 74.4

#* H, and H, are measured respectively at 0.15 m and 0.65 m from the grating




CONFIGURATION L: GRATING 170 TH 60

Description: Wooden squared grating with transversal and longitudinal bars

% Opening area | 54.0% Number of transversal bars 9
Area (m°) 0.1936 | Number of longitudinal bars 3
Width {mm) 440 Number of diagonal bars 0
Length (mm) 440
i i . tnw of inv f . -
Tast n? et dep:ro?r: ;?;grg' the widh Flow width longitu§ir::i slope cr:sr:‘:a(ﬁ Discharge Etficiency
H, (mm) * H, (mm) * B {m) 1S, /S Q (I/s) (%)
L.1 222 22.4 1.5 197.8 50.0 15.00 72.8
L2 268.8 26.6 1.5 197.8 40.0 24.36 68.9
L3 36.8 38.0 1.5 197.8 30.2 34.31 65.6
L4 14.9 14.4 1 197.8 50.0 4.86 93.7
L.5 17.2 16.2 1 197.8 40.0 6.89 93.4
L.& 22.4 21.2 1 197.8 30.2 11.19 90.1
L7 7.0 6.7 0.5 197.8 50.0 0.44 97.7
L8 8.5 8.1 0.5 197.8 40.0 0.75 98.2
L9 1.4 10.5 0.5 197.8 30.2 1.36 98.7
L.10 23.0 22.2 1.5 101.2 50.0 23.53 64.4
L.11 27.8 27.7 1.5 101.2 40.0 30.53 62.0
L.12 35.4 34.4 1.5 101.2 30.2 45.22 55.1
L.13 14.2 13.0 1 101.2 50.0 6.64 849
L.14 17.5 16.4 1 101.2 40.0 9.72 85.3
L.15 22.5 214 1 101.2 30.2 15.50 81.6
L.16 6.6 6.9 0.5 101.2 50.0 0.75 98.0
L17 7.7 8.1 0.5 101.2 40.0 1.06 98.0
L.18 10.6 10.4 0.5 101.2 30.2 1.85 97.5
L.19 21.2 21.1 1.5 49.9 50.0 27.33 58.6
L.20 26.4 26.8 1.5 49.9 40.0 38.61 51.7
L.21 33.8 32.8 1.5 49.9 30.2 51.83 45.3
L.22 14.2 14.8 49.9 50.0 10.00 82.9
L.23 17.4 17.9 1 49.9 40.0 13.75 81.9
L.24 24.0 242 1 49.9 30.2 21.50 74.3
L.25 5.9 8.3 0.5 49.9 50.0 1.10 96.6
L.26 8.0 8.1 0.5 49.9 40.0 1.58 95.6
L.27 10.1 10.5 0.5 49.9 30.2 2.67 95.6
L.28 19.9 20.3 1.5 24.8 50.0 34.42 45.0
L.29 21.9 233 1.5 248 40.0 44,28 39.6
L.30 29.3 29.6 1.5 248 30.2 56.25 37.8
L.31 14.7 13.4 1 248 50.0 11.78 76.6
L.32 17.4 15.9 1 248 40.0 16.31 72.4
L.33 21.6 19.3 1 248 30.2 22.83 63.2
L.34 7.1 6.2 0.5 24.8 50.0 1,77 93.2
L.35 7.5 7.2 0.5 248 40.0 2.26 93.5
L.36 9.9 9.5 0.5 24.8 30.2 3.73 94.5
L.37 14.5 13.5 1.5 14.9 50.0 30.75 427
L.38 17.4 16.8 1.5 14.9 40.0 42.39 36.1
L.39 22.0 22.8 1.5 14.9 30.2 60.69 32.7
L.40 10.5 11.4 1 14.9 50.0 11.58 73.5
L.41 15.2 15.4 1 14.9 40.0 16.33 65.8
L.42 21.8 21.2 1 14.9 30.2 27.11 492
L.43 7.2 6.5 0.5 14.9 50.0 2.26 91.4
L.44 8.3 7.8 05 14.9 40.0 3.10 92.1
L.45 11.8 1.1 0.5 14.9 30.2 5.63 83.9

#* H, and H; are measured respectively at 0.15 m and 0.65 m from the grating




CONFIGURATION M: GRATING 170 H

Description: Wooden squared grating with transversal and longitudinal bars

% Opening area | 39.6% Number of transversal bars 7
Arga (mf) 0.1936 Number of longitudinal bars 3
Width (mm} 440 Number of diagonal bars 0
Length {mm) 440
Water depth at a third of the width . Inve f Inve . L
Test n® e plrom :lhe kerg Flow width Iong@ir:ael Zlope crosrss?a?l{ Discharge Efficiency
H, {mm) * H, (mm) * B (m) 118, 1/5¢ Q (is) 1 (%)
M.1 16.8 18.5 1.5 197.8 50.0 13.69 76.8
M.2 235 234 1.5 197.8 40.0 21.69 67.7
M.3 27.4 29.8 1.5 197.8 30.2 32.28 57.1
M.4 14.2 13.5 1 167.8 50.0 4.36 94.9
M.5 17.4 15.9 1 197.8 40.0 7.39 92.4
M.6 236 21.4 1 197.8 30.2 11.53 90.3
M.7 6.5 6.6 05 197.8 50.0 0.44 100.0
M.8 8.2 76 0.5 197.8 40.0 0.75 98.5
M.9 11.6 111 0.5 197.8 30.2 1.61 98.4
M.10 23.3 21.2 1.5 101.2 50.0 23.11 65.0
M.11 27.4 27.8 1.5 101.2 40.0 32.28 55.1
M.12 36.8 39.0 1.5 101.2 30.2 50.06 43.9
M.13 13.2 13.6 1 101.2 50.0 7.72 85.9
M.14 148 16.0 1 101.2 40.0 10.19 85.8
M.15 17.7 226 1 101.2 30.2 17.03 77.9
M.16 6.8 71 05 101.2 50.0 0.92 97.9
M.17 8.5 B7 0.5 101.2 40.0 1.33 97.2
M.18 11.0 10.6 0.5 101.2 30.2 1.97 97.3
M.19 23.2 231 1.5 49.9 50.0 30.47 484
M.20 26.6 27.4 1.5 49.9 40.0 39.14 433
M.21 32.6 30.3 1.5 49.9 30.2 45.47 36.5
M.22 15.0 14.0 1 49.9 50.0 10,72 78.8
M.23 17.2 16.8 1 49.9 40.0 14.94 74.0
M.24 246 21.8 1 49.9 30.2 22.83 63.0
M.25 6.4 6.3 05 49.9 50.0 1.15 95.3
M.26 76 7.5 0.5 49.9 40.0 1.55 94.9
m.27 9.3 8.3 0.5 49.9 30.2 2.46 953
M.28 19.9 19.2 1.5 248 50.0 37.78 36.7
M.29 222 22.0 15 248 40.0 45.19 335
M.30 24.0 27.0 1.5 248 30.2 48.39 34.1
M.31 14.2 145 i 248 50.0 12.61 745
M.32 17.7 17.0 1 24.8 40.0 16.83 63.4
M.33 234 222 1 248 30.2 24.33 52.3
M.34 6.8 6.5 0.5 248 50.0 1.81 931
M.35 9.8 9.3 0.5 24.8 400 3.54 94.3
M.36 8.7 11.3 0.5 248 30.2 5.19 90.5
M.37 20.0 15.8 1.5 14.9 50.0 33.56 33.0
M.38 20.8 18.0 15 14.9 40.0 46.92 26.3
M.39 28.0 27.6 1.5 14,9 30.2 61.92 26.8
M.40 11.6 13.2 1 14.9 50.0 14,64 60.3
M.41 16.1 17.6 1 14.9 40.0 22.06 48.1
M.42 21.7 22.0 1 14.9 30.2 30.33 40.5
M.43 6.0 1.9 0.5 14.9 50.0 2.01 81.2
M.44 8.6 8.0 0.5 149 40.0 3.36 M8
M.45 12,4 11.2 0.5 14.9 30.2 576 76.0

# H, and H; are measured respectively at 0,15 m and 0.65 m from the grating




CONFIGURATION N: GRATING 170 TH

Description: Wooden squared grating with transversal and longitudinal bars

% Opening area 23.4% Number of transversal bars 7
Area (mz) 0.1936 Number of longitudinal bars 3
Width {(mm) 440 Number of diagonal bars 0
Length {mm)} 440
i i . Inwvi f Inverse of | -
Tost n? water dep::‘o?nt lahg‘::l‘l‘:f the widh Flow widih Iongitudeir:ael ?.slope cross fall Discharge Efficiency
H, (mm) * H; (mm) * B (m) 1/8, 1/8¢ Q (Us) n (%)
N.1 20.8 17.9 1.5 197.8 50.0 14.25 61.0
N.2 26.2 25.86 15 197.8 40.0 23.53 42.6
N3 35.3 36.0 1.5 197.8 30.2 33.97 38.3
N.4 14.8 14.1 1 197.8 50.0 4.94 86.9
N.5 18.0 16.4 1 197.8 40.0 6.97 86.4
N.& 21.9 19.7 1 197.8 30.2 9.67 8z.8
N.7 6.8 6.9 0.5 197.8 50.0 0.44 97.7
N.8 8.7 8.1 0.5 197.8 40.0 0.68 97.6
N.g 111 10.2 0.5 197.8 30.2 1.22 97.7
N.10 22.6 221 1.5 101.2 50.0 20.94 44.0
N.11 27.2 26.8 1.5 101.2 40.0 30.42 36.1
N.12 37.8 35.3 1.5 101.2 30.2 45.11 278
N.13 14.2 13.1 1 101.2 50,0 6.47 76.4
N.14 19.3 17.6 1 101.2 40.0 10.39 69.8
N.15 23.9 21.6 1 1.2 30.2 14.42 61.4
N.16 6.6 7.0 0.5 101.2 50.0 0.75 96.7
N.17 8.0 8.4 0.5 1041.2 40.0 1.15 97.2
N.18 10.1 10.5 0.5 101.2 30.2 1.69 96.1
N.19 19.3 20.8 1.5 49.9 50.0 24.28 34.9
N.20 25.0 26.7 1.5 49.9 40.0 33.33 28.5
N.21 325 36.7 1.5 49.9 30.2 48.67 23.3
N.22 14.8 14.2 1 49.9 50.0 9.39 67.1
N.23 19.6 18.2 1 49.9 40.0 13.58 57.9
N.24 22.4 23.1 1 49.9 30.2 19.44 46.86
N.25 6.7 6.7 0.5 49.9 50.0 1.15 94.8
N.26 8.0 B.0 0.5 49.9 40.0 1.52 94.9
N.27 10.5 8.5 0.5 49.9 30.2 2,55 95.2
N.28 19.0 19.3 1.5 24.8 50.0 33.47 21.5
N.29 22.6 23.6 1.5 24.8 40.0 41.67 19.4
N.30 29.2 315 1.5 24.8 30.2 55.14 19.0
N.31 13.2 12.5 1 24.8 50.0 10.92 56.3
N.32 176 16.2 1 248 40.0 15.78 44.6
N.33 22.2 20.6 1 24.8 30.2 23.56 33.8
N.34 6.2 58 0.5 24.8 50.0 1.55 93.2
N.35 7.2 71 0.5 24.8 40.0 1.97 93.2
N.36 87 8.6 0.5 24.8 30.2 3.03 92.1
N.37 17.3 17.2 1.5 14.9 50.0 36.64 15.0
N.38 21.8 20.8 1.5 14.9 40.0 48.97 13.9
N.39 25.8 25.8 1.5 14.9 30.2 64.31 24.3
N.40 11.6 12.4 1 14.9 50.0 11.83 48.1
N.41 14.9 15.3 1 14.9 40.0 15.61 39.0
N.42 21.9 20.7 1 14.9 30.2 26.94 255
N.43 7.2 7.1 0.5 14.9 50.0 242 91.6
N.44 9.0 a8 0.5 14.9 40.0 3.78 86.5
N.45 12.6 11.9 0.5 14.9 30.2 6.25 61.6

¥ H; and H, are measured respectively at 0.15 m and 0.65 m from the grating




CONFIGURATION O: GRATING TL 60

Description: Wooden squared grating with longitudinal bars

% Opening area| 60.0% Number of transversal bars 0
Area (mY) 0.1936 Number of longitudinal bars 9
Width {mm) 440 Number of diagonal bars 0
Length (mm) 440
Hy (mm) * H, (mm) * B (m) 118 1/5¢ Q (I/s) n{(%)
0.1 204 18.3 1.5 197.8 50.0 11.28 76.2
0.2 26.0 22.0 1.5 197.8 40.0 18.50 72.5
0.3 30.6 30.8 1.5 197.8 30.2 30.36 68.1
0.4 15.2 13.9 1 197.8 50.0 4.78 93.3
Q5 18.8 16.6 1 197.8 40.0 7.14 924
0.6 22.0 22.0 1 197.8 30.2 11.06 90.9
0.7 7.9 7.5 05 197.8 50.0 0.53 98.3
0.8 9.3 8.6 0.5 197.8 40.0 0.86 98.4
0.9 1.9 11.2 0.5 197.8 302 1.36 98.1
0.10 21.6 220 1.5 101.2 50.0 21.00 67.2
[oR R 29.0 27.4 1.5 101.2 40.0 30.08 66.3
0.12 37.6 35.0 1.5 101.2 30.2 44.36 65.1
0.13 12.6 12.8 1 101.2 50.0 597 B8.4
0.14 16.6 16.3 1 101.2 40.0 8.94 86.7
Q.15 22.8 21.2 1 101.2 30.2 14.08 852
0.16 7.2 7.6 05 101.2 50.0 0.81 96.7
0.17 84 8.7 0.5 101.2 40.0 1.18 96.1
0.18 11.2 11.3 0.5 101.2 30.2 1.74 96.7
0.19 23.2 22,5 1.5 49.9 50.0 27.42 64.7
0.20 27.2 26.6 1.5 49.9 40.0 36.64 65.0
021 36.4 36.6 1.5 49.9 30.2 52.33 63.6
0.22 14.2 13.4 1 49.9 50.0 9.03 82.9
023 17.7 16.6 1 49.9 40.0 13.03 825
0.24 23.8 24.2 1 49.9 30.2 21.25 819
0.25 71 7.1 05 49.9 50.0 1.06 94.2
Q.26 8.2 8.3 0.5 499 40.0 1.43 94.5
0.27 10.5 10.9 0.5 49.9 30.2 2.55 95.9
Q.28 19.8 211 1.5 24.8 50.0 32.61 61.7
0.29 23.7 25.4 1.5 24.8 40.0 41.67 62.6
0.30 30.6 31.6 1.5 24.8 30.2 57.75 62.0
0.31 14.7 14.0 1 24.8 50.0 11.69 80.5
0.32 18.8 17.4 1 24.8 40.0 16.42 80.5
0.33 23.9 21.9 1 248 30.2 23.36 81.7
0.34 74 6.8 0.5 248 50.0 1.55 93.1
0.35 8.1 7.9 0.5 248 40.0 2.26 94.5
0.36 5.9 10.0 0.5 24.8 30.2 3.36 95.4
037 20.4 19.4 1.5 14.9 50.0 38.31 59.9
Q.38 23.0 23.2 1.5 14.9 40.0 49.50 59.2
0.39 29.8 29.1 1.5 14.9 30.2 67.83 559
0.40 12.7 13.4 1 14.9 50.0 12.67 83.1
C.41 16.8 17.4 1 14.9 40.0 18.78 81.9
0.42 222 22.0 1 14.9 30.2 26.75 822
Q.43 7.0 7.2 0.5 14.9 50.0 1.97 92.8
0.44 9.0 9.4 0.5 14.9 40.0 3.13 94.0
0.45 13.6 12.1 0.5 14.9 302 6.34 94.0

#* H; and H; are measured respectively at 0.15 m and 0.65 m from the grating




CONFIGURATION P: GRATING SL

Description: Wooden squared grating with longitudinal bars

% Opening area 44.0% Number of transversal bars 0
Area (m°) 0.1936 Number of longitudinal bars 7
Width {mm) 440 Number of diagonal bars 0
Length {(mm) 440
i ( . of Inw f . .
Test n® water dep:::)::: lah?::grgf the widh Flow width Ionglirt‘:de;:aal slope cr:sr:?a‘; Discharge Efficiency
B, (mm) * H, (mm) * B (m) 118, 1/Sc Q (is) 7 (%)
P.1 24,7 22.8 1.5 197.8 50,0 16.67 71.2
P.2 25.0 26.0 1.5 197.8 40.0 22.11 69.8
P.3 36.0 36.8 1.5 197.8 302 36.61 65.0
P.4 16.1 14.6 1 197.8 50.0 583 92.6
P.5 17.6 16.2 1 197.8 40.0 6.94 93.3
P.6 21.2 20.2 1 197.8 30.2 10.61 90.0
P.7 7.6 7.5 0.5 197.8 50.0 0.56 97.6
P.8 9.0 8.5 0.5 197.8 40.0 0.75 97.7
P.9 12.3 11.5 0.5 197.8 30.2 1.48 95.6
P.10 23.0 236 1.5 100.2 50.0 23.47 68.7
P.11 28.0 29.6 1.5 100.2 40.0 34.44 64.6
P.12 37.0 34.8 1.5 100.2 30.2 44.94 61.4
P13 14.9 13.6 1 100.2 50.0 6.86 83.7
P.14 18.0 17.7 1 100.2 40.0 10.56 83.0
P.15 22.0 217 1 100.2 30.2 14,06 82.4
P.16 6.7 7.1 0.5 100.2 50.0 0.81 93.3
P.17 9.3 9.5 0.5 100.2 40.0 1.46 94.0
P18 11.0 11.3 0.5 100.2 30.2 1.92 94.0
P.19 214 21.4 1.5 49.9 50.0 27.08 65.3
P.20 258 26.6 1.5 49.9 40.0 36.94 59.9
P.21 336 344 1.5 49.9 30.2 55.83 55.5
p.22 14.6 14.4 1 4199 50.0 10.00 80.8
P.23 17.8 18.3 1 49.9 40.0 14.17 80.5
P.24 243 244 1 49.9 30.2 21.94 79.2
P.25 74 7.0 0.5 49.9 50.0 1.18 90.1
P.26 8.3 6.7 0.5 49.9 40.0 1.77 91.9
P.27 111 11.6 05 49.9 30.2 3.19 94.5
P.28 19.9 18.7 1.5 25.0 50.0 30.83 58.5
P.29 243 228 1.5 25.0 40.0 41.39 56.4
P.30 324 29.0 1.5 25.0 30.2 58.33 54.7
P.31 14.7 14.1 1 25.0 50.0 13.00 78.2
P.32 18.0 17.2 1 25.0 40.0 17.64 76.9
P.33 216 20.2 1 25.0 30.2 23.33 72.1
P.34 7.2 6.9 0.5 25.0 50.0 1.94 88.0
P.35 8.9 8.7 0.5 25.0 40.0 3.16 89.1
P.36 10.8 10.2 0.5 25.0 302 4.30 93.2
P.37 17.0 16.0 1.5 14.9 50.0 33.89 56.5
P.38 20.5 19.4 1.5 14.9 40.0 45.28 54.8
P.39 27.0 27.2 1.5 14.9 302 61.67 50.9
P.40 12.3 12.8 1 14.9 50.0 14.50 71.3
P.41 16.3 16.2 1 14.9 40.0 19.17 711
P.42 22,6 21.4 1 14.9 30.2 28.61 70.8
P.43 8.2 8.0 0.5 14.9 50.0 382 91.8
P.44 9.9 9.8 0.5 14.9 40.0 4.44 90.7
P.45 12.8 12.0 0.5 14.9 30.2 6.29 90.1

* H, and H; are measured respectively at 0.15 m and 0.65 m from the grating




CONFIGURATION Q: GRATING TL

Description: Wooden squared grating with longitudinal bars

% Opening area 26.0% Number of transversal bars 0
Area {m?) 0.1936 Number of longitudinal bars 7
Width (mm) 440 Number of diagonal bars 0
Length (mm) 440
i he widl , . L
Test n? water dep::\o:: :'lrll:grg“ ° width Flow width Ionglil;'l‘lrgir::I (;Iope ‘groesrsssfa‘?: Discharge | Efficiancy
H; {mm) * H; (mm) * B (m) 1/, 1/S¢ Q (is) (%)
Q.1 24.0 23.2 1.5 197.8 50.0 15.64 713
Q.2 29.4 27.4 1.5 197.8 400 24.47 66.1
Q.3 35.0 36.4 1.5 197.8 30.2 39.08 58.8
Q.4 15.1 14.6 1 197.8 50.0 5.08 94.3
Qs 19.0 17.6 1 197.8 40.0 8.06 90.0
Q.6 24.1 22.6 1 197.8 30.2 12.50 86.2
Q7 7.4 8.1 0.5 197.8 50.0 0.57 98.4
Q.8 8.7 8.0 0.5 197.8 40.0 0.68 96.6
Q.9 11.9 12.0 0.5 197.8 30.2 1.49 92.7
Q.10 23.2 241 1.5 101.2 50.0 23.33 65.1
Q.11 28.2 29.7 1.5 101.2 40.0 33.47 61.4
Q.12 35.4 38.6 1.5 101.2 302 49.31 54.5
Q.13 14.2 12.8 1 101.2 50.0 6.17 84.4
Q.14 17.6 17.0 1 101.2 40.0 9.89 83.7
Q.15 16.6 17.0 1 101.2 30.2 14.08 81.8
Q.16 7.2 7.6 0.5 101.2 50.0 0.92 90.4
Q7 9.2 9.1 0.5 101.2 40.0 1.30 90.5
Q.18 121 121 0.5 101.2 302 2.35 93.1
Q.19 22.2 226 1.5 49.9 50.0 27.28 61.1
Q.20 26.8 28.6 1.5 49.9 40.0 37.92 56.5
Q.21 33.2 32.9 1.5 49.9 30.2 52.50 50.4
Q.22 14.0 12.8 1 49.9 50.0 9.28 78.3
Q.23 17.7 18.6 1 49.9 40.0 14.06 78.4
Q.24 22.4 24.3 1 49.9 30.2 20.81 757
Q.25 7.3 7.4 0.5 49.9 50.0 1.33 89.8
Q.26 B.2 8.5 0.5 49,9 40.0 1.69 90.0
Q.27 10.3 10.6 0.5 49.9 302 2.59 91.7
Q.28 188 19.6 1.5 25.0 50.0 31.11 56.4
Q.29 23.0 23.8 1.5 25.0 40.0 40.39 53.3
Q.30 30.8 32.0 1.5 25.0 30.2 62.78 43.4
Q3 14.6 13.7 1 25.0 50.0 11.78 74.1
Q.32 18.0 16.8 1 25.0 40.0 16.28 737
Q.33 23.2 23.1 1 25.0 30.2 27.14 68.9
Q.34 7.2 6.6 0.5 25.0 50.0 1.87 86.8
Q.35 9.6 9.0 0.5 25.0 40.0 3.45 87.5
Q.36 10.8 10.3 0.5 25.0 30.2 4.23 87.5
Q.37 17.8 16.4 1.5 149 50.0 34.39 49.7
Q.38 20.0 19.4 1.5 14.9 40.0 41.06 496
Q.39 32.4 29.6 1.5 14.9 30.2 58.89 426
Q.40 13.9 13.4 1 14.9 50.0 13.11 704
Q.41 18.1 17.4 1 14.9 40.0 19.78 66.7
Q.42 226 21.2 1 14.9 302 26.39 62.3
Q.43 7.5 7.4 0.5 14.9 50.0 2.67 83.1
Q.44 9.8 9.3 0.5 14.9 40.0 4,15 82.5
Q.45 12.8 12.2 0.5 14.9 30.2 8.12 80.1

#* H, and H, are measured respectively at 0.15 m and 0.65 m from ths grating




CONFIGURATION R: GRATING 170 TL 60

Pescription: Wooden squared grating with longitudinal and transversal bars

% Opening area 54.0% Number of transversal bars 3

Area (m°) 0.1936 | Number of longitudinal bars 9

Width {mm) 440 Number of diagonal bars 0

Length (mm) 440
depth at a third of the width . . .
Test n? weter pltrom the kerb “ Flow width Iong;;uvgirsn; :Iope |2:’(:35r35 ?a?li Dischargo | Efficiency

H, (mm) * H, (mm) * B (m) 1/8, 1/5c Q (Vs) n (%)
R.1 24.0 21.7 1.5 197.8 50.0 15.44 70.8
R.2 31.9 27.2 1.5 197.8 40.0 19.67 711
R.3 31.5 310 1.5 197.8 30.2 30.44 69.8
R.4 15.1 14.7 1 197.8 50.0 5.06 92.4
R.5 16.5 15.9 1 197.8 40.0 6.50 92.6
R.6 240 20.9 1 197.8 30.2 11.06 90.3
R.7 6.8 6.9 0.5 197.8 50.0 0.44 98.3
R.8 8.7 8.2 0.5 197.8 40.0 0.75 98.2
R.9 11.2 10.5 0.5 1978 30.2 1.26 97.6
R.10 24.2 25.6 1.5 101.2 50.0 23.14 65.8
R.11 296 27.0 1.5 101.2 40.0 30.58 66.3
R.12 37.4 34.6 1.5 101.2 30.2 43.81 63.6
R.13 14.0 12.9 1 101.2 50.0 6.64 86.5
R.14 17.4 16.1 1 101.2 40.0 9.69 84.6
R.15 25.0 23.4 1 101.2 30.2 17.06 81.8
R.16 6.4 6.9 0.5 101.2 50.0 0.75 97.3
RA7 7.9 8.2 0.5 101.2 40.0 1.15 97.1
R.18 10.4 10.5 0.5 101.2 30.2 1.80 97.0
R.19 229 222 1.5 49.9 50.0 28.81 63.6
R.20 27.2 26.4 1.5 49.9 40.0 36.50 61.5
R.21 33.2 33.6 1.5 49.9 30.2 51.61 51.7
R.22 15.1 15.4 1 49.9 50.0 10.67 83.2
R.23 17.0 16.9 1 49.9 40.0 13.22 84.0
R.24 227 23.3 1 49.9 30.2 20.61 g2.8
R.25 6.6 6.7 0.5 49.9 50.0 1.30 95.4
R.26 7.6 7.9 0.5 49.9 40.0 1.67 95.4
R.27 9.4 10.0 05 49.9 30.2 2.41 95.8
R.28 19.4 19.6 1.5 24.8 50.0 33.47 50.5
R.29 22.0 227 1.5 24.8 40.0 40.67 44.0
R.30 29.7 28.2 1.5 24.8 30.2 54.17 40.7
R.31 13.7 13.5 1 248 50.0 11.64 80.2
R.32 17.5 16.9 1 24.8 40.0 16.69 77.0
R.33 23.0 205 1 24.8 30.2 24.22 69.7
R.34 648 6.3 0.5 24.8 50.0 1.71 93.4
R.35 7.5 7.2 0.5 24.8 40.0 2.26 94.6
R.38 94 9.3 0.5 24.8 30.2 3.49 95.5
R.37 16.0 15.0 1.5 14.9 50.0 33.69 39.9
R.38 20.0 18.1 1.5 14.9 40.0 45.69 33.2
R.39 23.4 23.8 1.5 14,9 30.2 61.11 29.1
R.40 1.7 12.6 1 14,9 50.0 11.89 79.9
R.41 15.5 15.3 1 14.9 40.0 16.39 71.0
R.42 20.8 21.3 1 14.9 30.2 25.75 49.7
R.43 6.4 7.0 0.5 14.9 50.0 2.51 93.5
R.44 9.5 8.7 0.5 14.9 40.0 3.80 94.3
R.45 12.6 11.7 0.5 14.9 30.2 6.08 88.0

* H, and H; are measured respeclively at 0.15 m and 0.65 m from the grating




CONFIGURATION S: GRATING 170L

Description: Wooden squared grating with longitudinal and transversal bars

% Opening area | 39.6% Number of transversal bars 3
Area (m%) 0.1936 | Number of longiludinal bars 7
Width {(mm)} 440 Number of diagonal bars 0
Length (mm) 440
Testn® Water depft:;"t E?::;f the width Flow width Ionglirl]:gmmael g:ope ngsr:?a?lf Discharge | Efficiency
Hy {mm) * H, {mm) * B (m) /5, 1/S¢ Q (I's) (%)
81 19.9 19.0 1.5 197.8 50.0 11.17 76.5
8.2 272 26.9 1.5 197.8 40.0 18.86 726
8.3 39.5 35.0 1.5 197.8 30.2 31.86 67.0
S.4 13.8 13.8 1 197.8 50.0 4.56 94.3
8.5 16.6 16.2 ] 197.8 40.0 6.25 93.9
S.6 239 21.8 1 197.8 302 12.33 90.0
87 6.9 7.3 0.5 197.8 50.0 0.53 100.0
S.8 8.6 8.6 0.5 197.8 40.0 0.75 98.3
8.9 11.1 10.6 0.5 197.8 30.2 1.36 98.1
S5.10 245 222 1.5 101.2 50.0 21.64 64.3
S.11 28.8 26.2 1.5 101.2 40.0 28.56 62.9
S12 38.5 38.9 1.5 101.2 302 43.56 60.0
8.13 156 13.5 1 101.2 50.0 6.61 83.9
S.14 20.0 18.3 1 101.2 40.0 11.28 80.4
S.15 2086 19.4 1 101.2 30.2 12.69 86.5
S.16 6.3 6.7 0.5 101.2 50.0 0.81 96.6
S.17 8.3 8.5 Q.5 101.2 40.0 1.26 95.8
§.18 10.9 11.6 0.5 101.2 302 2.10 96.5
8.19 17.6 19.2 1.5 49.9 50.0 21.00 67.3
S.20 24.4 25.6 15 49.9 40.0 31.08 €62.9
S.21 34.2 34.5 1.5 499 30.2 53.11 48.5
5.22 14.0 13.7 1 49.9 50.0 10.00 80.0
8.23 154 17.0 1 49.9 40.0 13.53 80.1
5.24 216 24.7 1 49.9 30.2 20.28 78.7
8.25 5.1 4.9 0.5 49.9 50.0 1.26 96.3
8.26 7.5 7.5 0.5 49.9 40.0 1.67 94.0
5.27 9.4 9.6 0.5 49.9 30.2 2.51 94.3
5.28 17.5 18.7 1.5 248 50.0 29.44 49.8
5.29 241 25.1 15 24.8 40.0 43.72 37.2
5.30 30.8 32.4 1.5 24.8 30.2 57.08 353
8.31 12.9 12.7 1 24.8 50.0 1111 75.7
5.32 15.0 14.4 1 248 40.0 14.44 74.1
8.33 21.0 20.0 1 24.8 30.2 22.94 61.4
8.34 6.6 57 0.5 248 50.0 1.77 920
5.35 10.3 9.3 0.5 24.8 40.0 4.09 92.4
8.36 13.3 13.0 0.5 248 30.2 6.32 90.6
85.37 18.6 16.8 15 14.9 50.0 35.47 31.9
5.38 201 20.9 15 149 40.0 43.25 313
S.39 23.0 25.2 1.5 14.9 30.2 56.92 30.2
5.40 11.5 1.2 1 14.9 50.0 11.36 73.2
S.41 14.7 14.1 1 14.9 40.0 15.11 67.0
S.42 19.5 18.4 1 14.9 302 22.56 50.7
S.43 6.9 6.8 05 14.9 50.0 2.88 90.2
S5.44 96 9.5 0.5 14.9 40.0 4.70 895
S.45 12.7 12.5 0.5 14.8 30.2 6.94 78.4

#* H, and H; are measured respectively at 0.15 m and 0.65 m from the grating




CONFIGURATION T: GRATING 170 TL

Description: Wooden squared grating with longitudinal and transversal bars

% Opening area 23.4% Number of transversal bars 3
Area () 0.1936 | Number of longitudinal bars 7
Width {mm) 440 Number of diagonal bars 0
Length (mm) 440
r h i Wi . W nvi . -
Test n? Yete depf‘rof:: ?hr;::rzf the widih Flow width Iongli':u:ir::l z:ope Icrc.;;‘sr: ela(I)Ir Discharge | Efficiency
Hy (mm) * H, (mm) * B (m) /5, 1/8¢ Q (Vs) 1 (%)
TA 21.4 19.0 1.5 1978 50.0 14.61 711
T.2 254 23.0 1.5 197.8 40.0 19.06 66.8
T.3 35.8 374 1.5 197.8 30.2 34.67 53.2
T4 15.2 14.2 1 197.8 50.0 5.06 75.1
T5 21.0 17.6 1 197.8 40.0 9.28 78.8
T.6 26.4 23.4 1 197.8 30.2 14.03 795
T7 7.2 7.4 0.5 197.8 50.0 0.44 98.6
T.8 92 8.7 0.5 197.8 50.0 1.26 99.0
T.9 12.0 10.7 0.5 197.8 30.2 1.33 96.5
T.10 25.2 23.8 1.5 101.2 50.0 24.61 55.8
T.11 320 30.0 1.5 101.2 40.0 36.72 43.7
T.12 38.8 38.6 1.5 101.2 30.2 52.86 30.9
T.13 14.8 14.8 1 101.2 50.0 8.50 81.8
T4 17.8 18.8 1 101.2 40.0 11.97 789
T.15 21.8 22.6 1 101.2 30.2 16.36 74.9
T.16 6.8 7.1 05 101.2 50.0 0.75 91.8
TA7 8.2 8.7 0.5 101.2 40.0 1.18 94.6
T.18 10.6 11.4 0.5 101.2 30.2 1.82 94.5
T.19 23.4 24.6 1.5 49.9 50.0 28.69 45.9
T.20 25.2 27.4 1.5 49.9 40.0 37.83 374
T.21 28.4 39.8 1.5 49.9 30.2 55.58 259
T.22 15.4 15.2 1 49.9 50.0 11.53 70.5
T.23 22.0 21.2 1 49.9 40.0 18.53 65.9
T.24 25.0 23.8 1 49.9 30.2 22.92 61.3
T.25 7.8 7.3 0.5 49.9 50.0 1.49 92.1
T.26 8.6 8.9 0.5 49.9 40.0 1.87 92.4
T.27 11.6 11.5 0.5 49.9 30.2 3.02 94.3
T.28 18.8 20.8 1.5 24.8 50.0 30.61 34.4
T.29 23.6 25.6 1.5 24.8 40.0 42.81 27.4
T.30 28.2 32.0 15 24.8 30.2 55.75 23.3
T.3 15.4 14.2 1 24.8 50.0 11.97 64.2
T.32 16.8 15.8 1 24.8 40.0 13.94 64.3
T.33 24.6 23.0 1 24.8 30.2 25.31 40.0
T.34 7.0 6.5 0.5 24.8 50.0 1.74 92.0
T.35 9.8 9.3 0.5 24.8 40.0 3.33 88.3
T.36 12.8 12.7 0.5 24.8 30.2 5.45 90.6
T.37 17.0 17.2 15 14.9 50.0 35.42 20.0
T.38 204 21.0 1.5 14.9 40.0 45.69 18.0
T.39 248 25.6 1.5 14.9 30.2 61.56 22.4
T.40 11.8 12.2 1 14.9 50.0 11.58 551
T.41 16.0 17.0 1 14.9 40.0 17.64 425
T.42 25.2 24.2 1 14.9 30.2 30.69 27.7
T.43 9.0 7.7 0.5 14.9 50.0 3.31 85.8
T.44 108 10.1 0.5 149 40.0 4.50 84.0
T.45 15.4 14.3 0.5 14.9 30.2 6.59 49.6

#* H, and H, are measured respectively at 0.15 m and 0.65 m from the grating




CONFIGURATION U: GRATING 170 RTL

Description: Wooden rectangular grating with longitudinal bars

% Qpening area 39.6% Number of transversal bars 1

Area (m°) 0.0968 | Number of longiludinal bars 7

Width (mm) 440 Number of diagonal bars 0

Length (mm} 220
Water depth at a third of the width . Inverse of Inverse . .
Tost n® ater d I:’from the kergt the v Flow width longi!uSinal slope Cross la?l' Discharge | Efficiency

Hy {mm) * H, (mm) * B (m) 1/5, 1/S¢ Q Vs (%)
U1 224 19.7 1.5 197.8 50.0 11.41 52.1
U2z 29.6 30.1 1.5 197.8 40.0 22.19 41.6
us3 40.3 36.4 1.5 197.8 30.2 42.96 27.9
U.4 14.6 12.7 1 197.8 50.0 4.96 76.9
U.5 18.2 16.9 1 197.8 40.0 8.06 68.1
ue 22.6 231 1 197.8 30.2 12.76 578
u.z 8.0 9.4 0.5 197.8 50.0 0.44 98.5
U.8 9.4 8.7 0.5 197.8 40.0 0.75 98.8
u.g 7.0 10.5 0.5 197.8 30.2 0.75 97.8
u.10 224 20.2 1.5 101.2 50.0 21.60 343
u.11 30.2 27.8 1.5 101.2 40.0 30.51 36
U2 394 33.3 1.5 101.2 0.2 44.26 26.5
U.13 12.3 12.6 1 101.2 50.0 6.41 61.6
U.14 16.9 16.8 1 101.2 40.0 10.04 57.5
U.15 23.6 22.3 1 101.2 30.2 15.32 47.2
U.16 6.6 71 0.5 101.2 50.0 0.75 97.9
U117 8.5 86 0.5 10t.2 40.0 1.30 97.7
u.1g 10.8 1.1 0.5 101.2 30.2 212 96.7
UA1g 19.4 10.4 1.5 49.9 50.0 23.00 30.8
U.20 27.0 27.7 1.5 49.9 40.0 34.47 25.9
u.z21 30.8 N7 1.5 49.9 30.2 42.55 23.5
uU.z2 13.2 13.0 1 49.9 50.0 9.16 51.0
u.23 17.0 17.5 1 49.9 40.0 13.83 45.3
U.24 22.4 23.6 1 49.9 30.2 20.39 39.3
u.a2s 7.3 7.2 0.5 49.9 50.0 1.46 89.2
U.26 8.1 8.2 0.5 49.9 40.0 1.74 00.4
u.a27 B.9 9.4 0.5 49.9 30.2 2.42 92.8
uU.28 19.0 18.3 1.5 24.8 50.0 30.96 24.3
uU.29 23.2 231 1.5 24.8 40.0 40.41 19.6
U.30 29.9 29.9 1.5 24.8 30.2 53.90 15.8
U3 13.7 13.6 1 24.8 50.0 12.66 431
U.32 17.2 16.4 1 248 40.0 16.49 38.1
U.33 21.0 18.6 1 248 30.2 21.63 343
U.34 7.3 6.7 0.5 24.8 50.0 1.94 82.4
U.35 10.3 9.2 0.5 24.8 40.0 3.66 75.4
U.36 12.7 12.4 0.5 24.8 30.2 5.72 75.3
U.37 16.4 14.8 1.5 14.9 50.0 29.12 22.7
u.38 18.6 18.4 1.5 14.9 40.0 38.57 17.8
U.39 26.0 25.5 1.5 14.9 30.2 54,56 17.4
U.40 12.4 12.8 1 14.9 50.0 13.80 34.8
U.41 86 9.0 1 14.9 40.0 18.52 33.0
U.42 12.8 11.2 1 14.9 30.2 24.70 29.4
.43 6.1 5.8 0.5 14.9 50.0 1.82 80.6
U.44 10.5 10.0 0.5 14.9 40.0 4.81 80.3
U.45 12.3 11.6 0.5 14.9 30.2 5.66 68.3

#* H, and H, are measured respectively al 0.15 m and .65 m from the grating




CONFIGURATION V: GRATING 170 RLH

Description: Wooden rectangular grating with transversal bars

% Opening area 39.6% Number of transversal bars 7

Area (m°) 0.0968 Number of longitudinal bars 1

Width (mm) 220 Number of diagonal bars 0

Length {mm) 440
at a third of the width . Inverse of Inverse of . -
Test n¥ ater dep:::m: lhte kgrtc; fhe vt Flow widih Iongitugi::I zlope cross fall Discharge | Efficiency

H, (mm) * H; (mm}) * B (m) 115, 1/5¢ Q {I/s) n (%)
Vi 23.6 211 1.5 197.8 50.0 16.80 58.4
v.2 28.0 27.7 1.5 197.8 40.0 24.95 53.3
V.3 39.0 36.7 1.5 197.8 30.2 40.48 45.8
V4 15.7 13.5 1 197.8 50.0 6.46 77.7
V.5 19.4 18.4 1 197.8 40.0 10.04 75.8
V.6 211 23.0 1 197.8 30.2 13.97 73.6
V.7 8.2 7.6 0.5 197.8 50.0 0.53 95.2
V.8 9.3 8.1 0.5 197.8 40.0 0.86 94.4
V.9 12,2 11.2 0.5 197.8 0.2 1.49 91.7
V.10 24.6 22.4 1.5 101.2 50.0 2211 51.6
V.11 28.2 25.3 1.5 101.2 40.0 29.69 45.5
V.12 36.3 321 1.5 101.2 30.2 43.02 39.1
V.13 14.3 15.8 1 101.2 50.0 9.16 71.4
V.14 17.9 18.8 1 101.2 40.0 12.13 69.1
V.15 23.8 25.4 1 101.2 30.2 20.49 61.6
V.16 8.1 8.4 0.5 101.2 50.0 1.06 91.9
Va7 9.9 10.6 0.5 101.2 40.0 1.74 89.1
v.18 11.3 11.7 0.5 101.2 0.2 2.33 86.4
V.19 26.5 23.9 1.5 49.9 50.0 34.71 36.9
V.20 30.5 26.7 1.5 49.9 40.0 41.18 33.3
V.21 32.8 34.9 1.5 49.9 30.2 50.39 32.3
v.22 15.2 13.9 1 49.9 50.0 10.48 67.1
V.23 19.0 18.6 1 49.9 40.0 15.77 62.0
V.24 24,2 23.4 1 49.9 30.2 22.29 55.6
V.25 7.1 7.0 0.5 49.9 50.0 1.49 86.8
V.26 8.5 8.8 0.5 49.9 40.0 221 78.8
V.27 10.4 10.8 0.5 49.9 30.2 3.58 76.8
V.28 22.3 21.9 1.5 248 50.0 35.38 29.2
V.29 25.8 26.6 1.5 24.8 40.0 44.67 26.0
V.30 30.2 27.9 1.5 24.8 30.2 49.91 27.0
V.31 13.7 13.6 1 24.8 50.0 11.27 61.1
V.32 16.1 15.6 1 248 40.0 13.79 58.2
V.33 22.4 20.6 1 24.8 30.2 21.41 48.9
V.34 8.1 6.8 0.5 24.8 50.0 2.42 74.5
V.35 10.7 9.8 0.5 248 40.0 4.04 76.6
V.36 13.7 124 0.5 24.8 30.2 6.17 71.3
V.37 15.2 15.9 1.5 14.9 50.0 30.02 30.6
V.38 18.4 191 1.5 14.9 40.0 36.28 26.9
V.39 21.0 21.7 1.5 14.9 30.2 50.31 225
V.40 12.4 11.6 1 14.9 50.0 12.12 53.1
V.41 15.8 15.7 1 14.9 40.0 17.56 44.3
v.42 20.5 19.9 1 14.9 30.2 26.07 36.7
V.43 7.1 6.8 0.5 14.9 50.0 2.41 71.3
V.44 10.0 9.9 0.5 14.9 40.0 4.64 66.8
V.45 13.8 13.1 0.5 14.9 30.2 7.22 60.1

#* H; and H, are measured respectively at 0.15 m and 0.65 m from the grating




CONFIGURATION W: GRATING 170 RLL

Description: Wooden rectangular grating with longitudinal and transversal bars

% Opening area 39.6% Number of transversal bars 3
Area (m?) 0.0968 | Number of longitudinal bars 3
Width (mm) 220 Number of diagonal bars 0
Length {mm) 440
Testne | Vater dep::'of‘: ?hg‘::rgf the width | £ width Ion;i’t‘:gi’::l ‘;:Dpe 'E:Oir:?a‘l’" Discharge | Efficiency
Hy (mm) * H, (mm) * B (m) 1/S, 1/Sc Q {s) (%)
Wi 24.2 23.8 1.5 t97.8 500 17.61 69.0
w.2 291 26.9 1.5 197.8 40.0 25.78 49.7
W.3 40.2 41.1 1.5 197.8 30.2 45.72 32.2
W.4 15.7 14.3 1 197.8 50.0 572 80.0
W.5 17.6 15.4 1 197.8 40.0 6.42 £0.0
W.6 24.3 21.9 1 197.8 30.2 12.67 57.5
W.7 7.4 8.8 0.5 197.8 50.0 0.62 98.2
W.8 8.9 9.0 0.5 197.8 40.0 0.86 97.8
w.o 11.0 11.2 0.5 197.8 30.2 1.30 97.5
wW.10 25.8 25.1 1.5 101.2 50.0 24.64 42.4
wW.11 28.9 29.7 1.5 101.2 40.0 31.97 34.8
Ww.12 37.3 36.7 1.5 101.2 30.2 47.89 32.0
W.13 15.8 14.6 1 101.2 50.0 8.00 69.3
W.14 19.4 18.6 1 101.2 40.0 11.69 63.5
W.15 24.4 236 1 101.2 30.2 17.22 53.0
W.16 6.5 7.0 0.5 101.2 50.0 0.92 93.7
W.17 8.3 8.6 05 101.2 40.0 1.06 92.5
W.18 11.5 11.5 0.5 101.2 30.2 2.04 96.8
W19 23.0 217 1.5 49.9 50.0 27.58 42.3
W.20 28.1 27.2 1.5 49.9 40.0 34.25 25.5
W.21 36.8 35.3 15 49.9 30.2 52.36 37.9
W.22 14.8 15.2 1 49.9 50.0 10.36 56.7
w.23 17.8 18.0 1 49.9 40.0 13.92 52.3
W.24 25.0 24.0 1 49.9 30.2 20.81 49.1
W.25 7.2 7.2 0.5 49.9 50.0 1.30 81.8
W.26 8.5 8.9 0.5 49.9 40.0 1.87 83.8
Ww.27 10.5 10.6 0.5 49.9 30.2 2.60 87.9
Ww.28 209 19.1 15 24.8 50.0 27.87 15.3
W.29 247 225 1.5 248 40.0 34.89 6.9
W.30 31.9 289 1.5 24.8 30.2 52.03 16.9
W.31 14.9 13.4 1 24.8 50.0 1219 51.3
Ww.32 16.8 16.2 1 248 40.0 15.19 48.2
W.33 21.4 21.4 1 24.8 30.2 21.83 38.5
W.34 6.5 6.1 0.5 24.8 50.0 1.49 76.0
W.35 75 7.2 0.5 24.8 40.0 2.05 80.2
W.36 11.0 10.2 0.5 248 30.2 4,06 76.0
W.37 19.4 17.1 1.5 14.9 50.0 34.33 345
W.38 22.6 21.3 1.5 14.9 40.0 41.56 237
W.39 29.0 25.0 1.5 14.9 30.2 56.14 19.7
W.40 13.6 12.8 1 14.9 50.0 13.08 43.0
W.41 16.4 14.4 1 14.9 40.0 15.53 36.5
W.42 20.0 20.0 1 14.9 30.2 22.83 28.6
W.43 7.3 7.0 0.5 14.9 50.0 2.42 73.2
W.44 9.4 9.2 0.5 14.9 40.0 3.64 74.2
W.45 13.2 12.3 0.5 14.9 30.2 6.51 65.4

# H, and H, are measured respectively at 0.15 m and 0.65 m from the grating




CONFIGURATION X: GRATING 170 RTH

Description: Wooden rectangular grating with longitudinal and transversal bars

% Opening area 39.6% Number of transversal bars 3
Area (m’) 0.0968 | Number of longitudinal bars 3
Width {mm) 440 Number of diagonal bars 0
Length (mm) 220
ird of the width . Inv . -
Test n® weter dep:::)aml ?h:ahkerb o Flow width Iong:irt]:gir:; cS,Iope groirss?a?lf Discharge | Efficiency
H, (mm) * H, (mm) * B (m) 1S, 1/8¢ Q (Ifs) n (%)
XA 25.1 22.4 1.5 197.8 50.0 19.17 44.5
X2 32.0 28.9 1.5 197.8 40.0 27.00 374
X.3 415 38.9 1.5 197.8 30.2 41.61 N7
X4 14.5 13.9 1 197.8 50.0 472 86.3
X5 20.0 18.8 1 197.8 40.0 8.89 73.4
X.6 212 19.7 1 197.8 30.2 10.08 711
X7 7.0 7.0 0.5 197.8 50.0 0.44 97.3
X.8 9.9 9.4 0.5 197.8 40.0 0.86 96.7
X.9 12.7 12.2 0.5 197.8 30.2 1.52 95.6
X.10 250 23.7 1.5 101.2 50.0 24.50 38.2
X. 11 29.4 27.9 1.5 101.2 40.0 30.14 347
X.12 38.6 39.9 1.5 101.2 30.2 44.83 27.7
X3 14.7 13.6 1 101.2 50.0 6.53 72.0
X.14 19.0 17.7 1 101.2 40.0 10.22 61.9
X.15 25.4 24.0 1 101.2 30.2 16.39 50.2
X.16 6.1 6.4 0.5 101.2 50.0 0.62 91.7
X7 10.3 10.2 0.5 101.2 40.0 1.22 92.4
X.18 12.9 12.4 0.5 101.2 30.2 2.69 95.2
X.19 218 22.5 1.5 49.9 50.0 25.22 33.0
X.20 25.8 26.3 1.5 49.9 40.0 33,75 26.4
X.21 34.6 376 1.5 49.9 30.2 51.39 21.9
X.22 16.4 15.8 1 49.9 50.0 10.56 56.5
X.23 21.1 206 1 49.9 40.0 15.33 46.2
X.24 281 27.0 1 49.9 30.2 22.78 38.3
X.25 5.8 5.6 0.5 49.9 50.0 0.81 88.8
X.26 8.3 8.5 0.5 49.9 40.0 1.64 89.8
X.27 11.1 11.4 0.5 49.9 30.2 3.11 85.0
X.28 19.6 20.0 1.5 24.8 50.0 28.75 25.1
X.29 23.7 23.4 1.5 24.8 40.0 38.89 20.0
X.30 31.5 311 1.5 248 30.2 58.33 17.0
X.31 15.7 14.9 1 248 50.0 12.97 41.0
X.32 19.1 17.4 1 248 40.0 18.78 32.3
X.33 22.8 21.8 1 24.8 30.2 24.89 28.4
X.34 7.2 7.0 0.5 24.8 50.0 2.04 B5.6
X.35 8.4 8.0 0.5 24.8 40.0 2.63 B81.0
X.36 9.8 9.8 0.5 24.8 30.2 3.75 75.4
X.37 18.2 16.1 1.5 14.9 50.0 33.19 17.0
X.38 20.6 20.3 1.5 14.9 40.0 42.22 15.4
X.39 27.4 25.9 1.5 14.9 30.2 60.28 18.9
X.40 12.9 12.9 1 14.9 50.0 12.97 36.6
X.41 16.8 16.0 1 14.9 40.0 16.67 30.9
X.42 21.8 20.7 1 14.9 30.2 25.44 25.6
X.43 6.8 6.8 0.5 14.9 50.0 2,14 77.4
X.44 9.7 10.0 0.5 14.9 40.0 4.04 69.1
X.45 12.3 11.8 0.5 14.9 30.2 5.41 57.6

* H, and H, are measured respectively at 0.15 m and 0.65 m from the grating




CONFIGURATION SA: STRAIGHT KERB 0.5M

Description:
| Parallel Opening Length (m) | 0.5]
r de| ird of the widtl . I Vi . -

Test n® e pfl?o?r: tahg"kgrg " Flow widih iongi?:gir::I Zlfope Trtfsf?a?lf Discharge | Efficiency
Hy {mm) B(m) 115, 1/5¢ Q(¥s) n(%)
SAA1 7.8 0.5 50 50 1.44 43.0
SA.2 9.4 0.5 50 40 1.98 26.0
SA3 11.0 0.5 50 30 3.0 26.0
SA4 11.0 0.5 50 30 2.94 25.0
SAS 11.0 0.5 100 30 2.3 40.0
SAB6 9.2 0.5 100 50 1.07 68.0
SA7 8.0 0.5 100 40 1.21 66.0
SA.8 14.6 0.5 200 30 1.44 68.0
SA9 11.2 0.5 200 40 0.86 77.0
SA0 9.4 0.5 200 50 0.65 7.0
SA.11 10.4 0.5 300 40 0.91 95.0
SA.2 15.0 0.5 300 30 1.33 88.0
SA.13 8.6 0.5 300 50 0.40 89.0
SA.14 12.6 0.5 300 30 1.12 82.0
SA.15 86 05 500 50 0.46 99.0
SA.16 10.2 0.5 500 40 0.56 82.0
SA17 13.0 0.5 500 30 0.97 86.0
SA.1B 146 1 100 40 733 20.0
SA.19 18.6 1 100 30 10.88 18.0
SA.20 12.0 1 100 50 5.02 20.0
SA.21 15.6 1 200 50 3.62 32.0
SA.22 18.2 1 200 40 5.68 34.0
SA.23 20.0 1 200 30 9.12 J1.0
SA 24 23.8 1 500 30 6.58 39.0
SA.25 17.4 1 500 40 3.86 43.0
SA.26 14.0 1 500 50 2.31 41.0
SA27 17.2 0.75 500 30 3N 48.0
SA.28 11.4 0.75 500 50 1.07 73.0




CONFIGURATION SB: STRAIGHT KERB 0.25M

Description:
| Parallel Opening Length (m) | 0.25]
Water depih at a third of the width ) inverse of verse of ] -
Test n? e pfrom the kerb “ Flow width longitudinal slope lgroess ?a?l Discharge | Efficiency

Hy {rmm) B (m} 1/, 1/8¢ Q (Us) n (%)
SB.A 7.0 0.25 500 30 0.16 99.0
SB.2 4.6 0.25 300 50 0.06 1.0
SB.3 5.0 0.25 200 50 0.13 89.0
SB.4 6.4 0.25 200 30 0.21 79.0
SBS 6.2 0.25 100 50 0.50 32.0
SB.6 6.6 0.25 100 30 0.46 55.0
SBY 13.0 0.25 200 30 1.47 16.0
SB.8 10.0 0.25 100 30 1.90 8.0
5B.9 7.8 0.25 100 40 1.25 6.0




CONFIGURATION AA: ANGLED KERB 0.5M

Description:
| Paraliel Opening Length (m) | 1.68|
Water a thi he wi . i | of . -
e L | ot | e e | e | Disharse | By

Hy (mm) B (m) 118, 1/8c Q{ls) 7 (%}
AA1 8.2 0.5 300 50 0.65 100.0
AA2 11.2 05 300 30 1.98 100.0
AA3 11.6 0.5 200 30 231 100.0
AA4 7.4 0.5 200 50 0.97 100.0
AAL 7.0 0.5 100 50 1.16 100.0
AAB 10.2 0.5 100 30 2.33 100.0
AAT 12.2 0.5 50 30 4.13 86.5
AA8 8.6 0.5 50 50 2.05 80.0
AAS 17.2 1 300 50 5.01 84.0




CONFIGURATION AB: ANGLED KERB 0.25M

Description:
| Parallel Opening Length (m) | 0.94]
i width . Inverse of " -
Testn? et deplt':loer:: ?hteh:::rg' et Flow width longli?:deir:ael g:ope cross fall Discharge | Efficiency
H; (mm) B (m) 1/5, 1/5¢ Q (Vs} n (%)
AB.1 7.4 0.5 300 50 0.46 97.0
AB.2 12.0 0.5 300 30 1.40 89.0
AB.3 11.8 0.5 200 30 1.81 84.0
AB.4 7.6 0.5 200 50 0.72 89.0
AB5 7.6 0.5 100 50 1.07 75.0
AB.6 11.6 05 100 30 2.58 66.0
AB7 6.4 05 50 50 1.16 56.0
AB.8 9.2 0.5 50 30 2.60 52.0
AB.9 12.8 1 300 50 3.01 48.0
AB.10 21.3 1 300 30 7.6 52
AB.11 20.8 1 200 30 8.1 46
AB.12 13.8 1 200 50 3.91 47




Appendix B

Assessment of the number of bars in a grating

“ HR Wallingford SR 533, 0R/09/00






Appendix B Assessment of the number of bars in a grating

A key step in assessing the hydraulic capacity of a grating using Equation (5) (see main text) is the
procedure adopted when counting the number of bars. Equations (8) and (9) include the numbers of
transversal, lengitudinal and diagonal bars (n,, m; and n4 respectively) that make up the grating. Obviously
the number of bars in a grating is a somewhat simplistic measure of the pattern, and certain proprietary
gratings have complex designs (eg, with staggered bars or short stub bars) that may be less easy to
categorise than the older types of BS grating. However, the HR tests have shown that there is a good
correlation between the hydraulic performance of a grating and the numbers and types of “main” bar that it
contains. A “main” bar in this context is defined as: a structural member that spans from one side to
another of the slotted area; a series of short stub bars that are aligned, but have gaps between them and
effectively span the slotted area, should be counted as forming one main bar. In many cases, gratings have
a repetitive pattern with a combination of two types of main bar that cross each other (eg, longitudinal and
transversal bars, or longitudinal and diagonal bars).

Figure B.1 shows a typical grating with longitudinal and transversal bars. Note that the overall area, A, of
the grating is defined by the perimeter of the slots, not by the perimeter of the grating itself. In this case,
the number of transversal bars is n; = 7, the number of longitudinal bars is oy = 3, and the number of
diagonal bars is ng = 0. Figure Al.1b shows a grating with essentially diagonal bars and one longitudinal
bar. In this case, the number of transversal bars is n, = 0, the number of Jongitudinal bars is n, = 1 and the
number of diagonal bars is nq = 12.

As mentioned above, some gratings have more complicated patterns with short stub bars or with slots
around the sides of the grating. In these cases, it is necessary first to look at the pattern in terms of the slots
and then define the main bars that produce this overall pattern (using the definition of “main” bar given
above). In case of doubt, it is best to err on the safe side and overestimate the number of bars; increasing
the number of transversal bars, from say n; = 6 to n,= 7 would alter the calculated value of G by less than
3%.

“ HR Wallingford SR 533 ORAS/I00
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Table C1: Discharge at the kerb in I/s

Crossfall Gradient Flow width (m)
0.5 0.75 1 1.5
1/60 1/300 0.18 0.53 1.15 3.39
1/150 0.26 0.76 1.63 4.80
1/100 0.31 0.93 1.99 5.87
1/80 0.35 1.03 2.23 6.57
1/60 0.41 1.19 2.57 7.58
1/50 0.44 1.31 2.82 8.31
1/40 0.50 1.46 3.15 9.29
1/30 0.57 1.69 3.64 10.73
1720 0.70 2.07 4.46 13.14
1/15 0.81 2.39 5.14 15.17
1/50 1/300 0.24 0.72 1.56 4.59
1/150 0.35 1.02 2.20 6.49
1/100 0.42 1.25 2.69 7.94
1/80 0.47 1.40 3.01 8.88
1/60 0.55 1.62 3.48 10.25
1/50 0.60 1.77 3.81 11.23
1/40 0.67 1.98 4.26 12.56
1/30 0.77 2.28 4.92 14.50
1/20 0.95 2.80 6.02 17.76
1/15 1.10 3.23 6.96 20.51
1/40 1/300 0.35 1.04 2.25 6.63
1/150 (.50 1.48 3.18 9.38
1/100 0.61 1.81 3.89 11.48
1/80 0.69 2.02 4.35 12.84
1/60 0.79 2.33 5.03 14.83
1/50 0.87 2.56 5.51 16.24
1/40 0.97 2.86 6.16 18.16
1/30 1.12 3.30 7.11 20.97
1/20 1.37 4.04 8.71 25.68
1/15 1.58 4.67 10.06 29.65

Manning’s coefficient is n = 0.017.
For other values of Manning’s n, multiply the discharge by (0.017/n)




Table C1 (cont.): Discharge at the kerb in Us

Crossfall Gradient Flow width (m)
0.5 0.75 1 1.5
1/30 1/300 0.57 1.68 3.61 10.65
1/150 0.80 2.37 5.11 15.06
1/100 0.99 291 6.26 18.45
1/80 1.10 3.25 6.99 20.62
1/60 1.27 3.75 8.08 23.81
1/50 1.39 4.11 8.85 26.09
1/40 1.56 4.59 9.89 29.17
1/30 1.80 5.30 11.42 33.68
1/20 2.20 6.50 13.99 41,25
1/15 2.54 7.50 16.15 47.63
1/25 1/300 0.77 2.26 4.87 14.37
1/150 1.09 3.20 6.89 20.32
1/100 1.33 3.92 8.44 24.88
1/80 1.49 4.38 9.44 27.82
1/60 1.72 5.06 10.90 32.13
1/50 1.88 5.54 11.94 35.19
1/40 2.10 6.20 13.35 39.35
1/30 2.43 7.16 15.41 45.43
1/20 2.97 8.76 18.87 55.64
1/15 3.43 10.12 21.79 64.25
1/20 1/300 1.11 3.26 7.02 20.70
1/150 1.56 4.61 9,93 29.28
1/100 1.92 5.65 12.16 35.86
1/80 2.14 6.31 13.60 40.09
1/60 2.47 7.29 15.70 46.29
1/50 2.71 7.99 17.20 50.71
1/40 3.03 8.93 19.23 56.69
1/30 3.50 10.31 22.20 65.46
1720 4.28 12.63 27.19 80.18
1/15 4.95 14.58 31.40 92.58
1/15 1/300 1.77 5.21 11.22 33.07
1/150 2.50 7.37 15.86 46.77
1/100 3.06 9.02 19.43 57.28
1/80 3.42 10.09 21,72 64.04
1/60 395 11.65 25.08 73.94
1/50 4.33 12.76 27.47 81.00
1/40 4.84 14.26 30.72 90.56
1/30 5.59 1647 35.47 104.57
1/20 6.84 20.17 43.44 128.07
1/15 7.90 23.29 50.16 147.89

Manning’s coefficient is n = 0.017.
For other values of Manning’s n, multiply the discharge by (0.017/n)




Table C2: TYPE P
Drained area of road under a rainfall intensity of 50mmv/h in m®

and collection efficiency in % (in brackets)

Crossfall | Gradient Flow width (m)
0.5 0.75 1 1.5

1/60 1/300 13 (99) 38 (99) 81 (98) 234 (96)
1/150 18 (99) 53 (98) 114 (97) 325 (94)
1/100 22 (99) 65 (98) 138 (96) 393 {93)
1/80 25 (99) 73 (98) 154 {96) 436 (92)
1/60 29 {99) 34 {97) 177 (95) 496 {91)
1/50 31 (98) 91 (97) 193 (95) 539 (90)
1/40 35 {(98) 102 (96) 214 {94) 594 {94)
1/30 40 {98) 117 {96) 245 (93) 673 {87)
1/20 49 {97) 142 (95) 295 {(92) 797 {84)
/15 57 (97) 162 (94) 336 (91) 893 {82)

1/50 1/300 18 (99) 51 {99) 109 {98) 315 (95)
1/150 25 {99) 72 {98) 153 (97) 437 {94)
1/100 30 (99} 88 (97) 186 {96) 526 (92)
1/80 34 (99) 98 (97) 207 {95) 583 (91)
1/60 39 (98) 113 (97) 237 {95) 663 (90)
1/50 42 (98) 123 (96) 259 {94) 718 (89)
1/40 47 (98) 137 (96) 287 (94) 791 (87)
1/30 54 (98) 157 (93) 328 (93) 893 (85)
1/20 66 {97) 190 {94) 395 (91) 1052 | {82)
1/15 76 {97) 218 {94) 449 (90) 1174 | (79)

1/40 1/300 25 {99) 74 {98) 158 (97) 452 {95)
1/150 36 (99) 104 {98) 220 (96) 624 {92}
1/100 44 (99) 126 (97) 267 (95) 751 {91)
1/80 49 {98) 141 {97) 297 (95) 829 {90)
1/60 56 (98) 162 (96) 340 (94) 941 (88)
1/50 61 {98) 177 (96) 370 (93) 1017 | {87)
1/40 63 (98) 196 (95) 411 (93) 1117 | (85)
1/30 78 (97) 225 (95) 468 {91) 1256 | (83)
1/20 96 (97) 272 (94) 562 {90) 1469 | (79)
1/15 110 (96) 311 (93) 637 (88) 1628 | (76)

Manning’s coefficient is n = 0.017

For others values of rainfall intensity I, multiply the area by (5(/1)




Table C2: TYPE P
Drained area of road under a rainfall intensity of SOmm/h in m’

and collection efficiency in % (in brackets)

Crossfall Gradient Flow width (m)
0.5 0.75 1 1.5

1/30 1/300 41 (99) 118 | (98) 252 | (97) 718 | (94)
1/150 57 (99) 166 | (97) 351 (95) 986 (91)
1/100 70 {98) 202 | (97) 425 | (94) 1181 | (89)
1/80 78 {98) 225 | (96) 472 | (94) 1301 | (88)
1/60 89 (98) 258 | (95) 539 (93) 1470 | (86)
1/50 98 {97) 281 | (95) 586 (92) 1584 | (84)
1/40 109 | (97) 312 | (94) 649 (91) 1732 | (83)
1/30 125 | (97) 358 | (94) 738 (90) 1935 | (80)
1/20 152 | (96) 431 | (92) 880 [ (87} 2235 | (75)
1/15 175 | (95) 491 | (91) 994 | (85) 2449 | (71)

1/25 1/300 55 (99) 159 | (98) 338 | (96) 960 | (93)
1/150 77 (98) 223 | (97) 471 {95) 1314 | (90)
1/100 94 (98) 271 | (96) 569 | (94) 1569 | (88)
1/80 105 | (98) 302 | (96) 631 (93) 1725 | (86)
1/60 120 | (97) 346 | (95) 720 | (92) 1942 | (84)
1/50 132 | (97) 377 | (94) 782 | (91) 2088 | (82)
1/40 147 | (97) 419 | (94) 865 | (90) 2276 | (80)
1/30 168 | (96) 478 | (93) 981 (88) 2528 | (77}
1/20 204 | (96) 576 | (91) 1167 | (86) 2892 | (72)
1/15 234 | (95) 655 | (90) 1313 | (84) 3140 | (68)

1720 1/300 79 (99) 229 | (97) 484 | (96) 1367 | (92)
1/150 110 | (98) 320 | (96) 672 | (94) 1861 | (88)
1/100 135 | (98) 388 | (95) 812 |(93) 2211 | (86)
1/80 150 | (97) 432 | (93) 899 |(92) 2423 | (84)
1/60 173 | (97) 494 | (94) 1024 | (91) 2716 | (81)
1/50 189 | (97) 538 | (94) 1111 | (90) 2910 | (80)
1/40 210 | (96) 597 [ (93) 1225 | (88) 3156 | (77)
1/30 241 | (96) 681 | (92) 1386 | (87) 3479 | (74)
1/20 293 | (95) 817 | (90) 1638 | (84) 3921 | (68)
1/15 335 | (94) 927 | (88) 1835 | (81) 4197 | (63)

1/15 1/300 125 | (98) 363 | (97) 167 (95) 2145 | (90)
1/150 176 | (98) 507 | (96) 1061 | (93) 2895 | (86)
1/100 214 | (97) 614 | (95) 1276 | (91) 3415 | (83)
1/80 239 | (97) 682 | (94) 1411 | (90) 3725 | (81)
1/60 274 | (96) 780 | (93) 1602 | (89) 4143 | (78)
1/50 299 | (96) 848 | (92) 1734 | (88) 4415 | (76)
1/40) 333 | (96) 939 | (91) 1906 | (86) 4749 | (73)
1/30 382 | (95) 1069 | (90) 2146 | {(84) 5167 | (69)
1/20 462 | (94) 1276 | (88) 2516 | (80) 5678 | (62)
1/15 528 | (93) 1443 | {86) 2796 | (77) 5924 | (56))

Manning’s coefficient is n = 0.017

For other values of rainfall intensity I, multiply the area by (50/T)




Table C3: TYPE Q
Drained area of road under a rainfall intensity of SOmm/h in m”

and collection efficiency in % (in brackets)

Crossfall Gradient Flow width (m)
0.5 0.75 1 1.5

1/60 1/300 13 (99) 38 (98) 30 {97) 229 (94)
1/150 18 (99) 53 (97) 112 | (96) 316 (91)
1/100 22 (98) 64 (97) 136 | (95) 378 (89)
1/80 25 {98) 72 (96) 151 (94) 417 (88)
1/60 29 {98) 82 (96) 172 | (93) 472 (86)
1/50 31 (98) 90 (93) 187 | (92) 509 (85)
1/40 35 {97) 100 | (95) 208 | (91) 557 (83)
1/30 40 {97) 114 | (94) 236 | (90) 623 {81)
1/20 49 (96) 138 | (93) 282 | (88) 722 (76)
1/15 56 {96) 157 | (91) 319 | (86) 794 (73)

1/50 1/300 17 {99} 51 {98) 108 | (97) 307 (93)
1/150 25 (98) 71 (97) 151 {95) 422 (90)
1/100 30 {98) 87 (96) 182 | (94) 504 {88)
1/80 33 {98) 96 {96) 202 | (93) 554 (87)
1760 38 (98) 111 {95) 231 (92) 625 (85)
1/50 42 (97) 121 (95) 251 {91) 673 (83)
1/40 47 (97) 134 | (94) 277 | (90) 734 (81)
1/30 54 (97) 153 | (93) 315 | (89) 817 (78)
1/20 65 {96) 185 | (92} 375 | (86) 938 (73)
1/15 75 (95) 210 | (90) 422 | (84) 1022 (69)

1/40 1/300 25 (99) 73 {97) 155 | (96) 439 (92)
1/150 35 (98) 103 | (96) 216 | (94) 599 {89)
1/100 43 (98) 125 | (96) 261 | (93) 713 (86)
1/80 48 {98) 139 | (95) 289 [ (92) 782 {85)
1/60 55 (97) 159 | (94) 329 | (91) 878 (8§2)
1/50 61 (97) 173 | (94) 357 | (90) 941 (81)
1/40 67 (97) 192 | (93) 394 | (89) 1022 (78)
1/30 77 {96) 219 | (92) 446 | (87) 1130 (75)
1/20 94 (95) 263 | (90) 529 | (84) 1279 (69)
1115 108 | (94) 299 | (89) 593 | (82) 1375 {64)

Manning’s coefficient is n = 0.017
For other values of rainfall intensity I, multiply the area by (50/I)




Table C3 (cont.): TYPE Q
Drained area of road under a rainfall intensity of 50mm/h in m
and collection efficiency in % (in brackets)

2

Crossfall Gradient Flow width (m)
0.5 0.75 1 1.5

1/30 1/300 40 {98) 117 | {97) 247 (95) 693 {90)
1/150 57 {98) 163 | (96) 342 | (93) 937 (86)
1/100 69 {97) 198 | {95) 412 | (92) 1108 | (83)
1/80 77 (97) 220 | (94) 456 | (91) 1209 | (81)
1/60 88 (97) 252 | (93) 518 (89) 1347 | (79)
1/50 97 (96) 274 | (93) 561 {88) 1437 | (77)
1/40 107 {96) 303 (92) 617 (87) 1549 | (74)
1/30 123 {95) 345 (90) 696 | (85) 1690 | (70)
1/20 149 {94) 413 (88) 817 (81) 1867 | (63)
1715 171 (93) 467 | {86) 909 | (78) 1959 | (57)

1/25 1/300 54 {98) 157 | (97) 332 | (95) 923 (89)
1/150 76 (98) 219 | {95) 458 | (92) 1240 | (85)
1/100 93 {97) 266 | (94) 550 | (91) 1457 | (81)
1/80 103 (97) 295 {93) 607 (89) 1585 | (79)
1/60 119 | (96) 337 {92) 683 (88) 1756 | (76)
1/50 130 | (96) 366 | (92) 744 {87) 1865 | (74)
1/40 144 | (95) 405 (91) 817 {85) 1997 | (70)
1/30 165 (95) 460 | (89) 917 {83) 2157 | (66)
1720 200 | (93) 548 {87) 1070 | {79) 2334 | {58)
1/15 228 (92) 618 {85) 1184 | (75) 2397 | (52)

1/20 17300 78 {98) 226 | (96) 474 | (94) 1305 | (88)
17150 109 | (97) 314 | (94) 651 (91) 1738 | (82)
17100 133 (97) 379 | (93) 780 | (89) 2026 | (78)
1/80 148 (96) 420 | {92) 859 | (88) 2192 | (76)
1/60 170 | (96) 479 | (91) 971 {86) 2407 | (72)
1/50 186 | (95) 520 | (90) 1047 | (85) 2540 | (70)
1/40 206 | (95) 574 | (89) 1145 | (83) 2693 | (66)
1/30 236 | (94) 650 | (88) 1279 | (80) 2862 | (6])
1/20 285 (92) 771 {85) 1479 | (76) 2996 | (52)
1/15 324 | {91) 866 | (83) 1622 | (72) Not eff, (44)

1/15 1/300 124 ) (98) 357 (95) 746 | (92) 2027 | (85)
1/150 174 | (97) 496 | (93) 1020 | (89) 2659 | (79)
17100 211 (96) 597 | (92) 1215 | (87) 3061 | (74)
1/80 235 (95) 660 | (91) 1335 | (85) 3282 | (71)
1/60 269 | (95) 751 {90) 1500 | (83) 3552 | (67)
1/50 293 {(94) 813 (89) 1611 | (81) 3706 | (64)
1/40 326 | (93) 895 (87) 1753 | (79) 3863 | (59)
1/30 372 | (92) 1010 | (85) 1942 | (76) 3986 | (53)
1720 447 (91) 1189 | (82) 2211 | (71) Not eff. (42)
1/15 508 (89) 1325 | (79) 2389 | {(66) Not eff. (33)

Manning’s coefficient is n = (.017

For other values of rainfall intensity I, multiply the area by (50/T)




Table C4: TYPE R
Drained area of road under a rainfall intensity of 50mm/h in m’

and collection efficiency in % (in brackets)

Crossfall Gradient Flow width (m)
0.5 0.75 1 1.5

1/60 1/300 13 [ (99) 37 {97) 79 {96) 224 {92)
1/150 18 | (98) 52 (96) 110 {94) 306 (88)
1/100 22 | (98) 64 (96) 133 (93) 363 (86)
1/80 25 | (97) 71 (95) 148 {92) 398 (84)
1/60 28 | (97) 81 (94) 168 (91) 447 {82)
1/50 31 | (97) 88 (94) 182 (90) 479 (80)
1/40 34 | (96) 98 (93) 201 (89) 520 {78)
1/30 40 | (96) 112 | (92) 228 (87) 573 {(74)
1/20 48 | (95) 134 | (90) 269 (84) 648 (68)
1/15 55 | (94) 152 | (89) 302 (81) 695 (64)

1/50 1/300 17 [ {99) 51 (97) 107 (95) 300 (91)
1/150 24 | (98) 71 (96) 148 (93) 406 (87)
1/100 0 | (97) 86 {95) 178 (92) 481 (84)
1/80 33 | (97) 95 (94) 197 (91) 526 {82)
1/60 38 | (97) 109 | (94) 224 {90) 587 (79)
1/50 42 | (96) 118 | (93} 243 (89) 627 (78)
1/40 46 | (96) 131 | (92) 268 (87) 677 {75)
1/30 53 | (95) 149 | (91) 302 (85) 741 (71)
1720 64 | (94) 179 | (89) 355 (82) 825 (64)
1/15 74 | (93) 203 | (87) 396 {79) 871 (59)

1/40 11300 25 | (98) 73 {(97) 153 (95) 427 {89)
1/150 35 | (98) 101 | (95) 211 (92) 574 {(85)
1/100 43 | (97) 123 | (94} 254 (91) 675 {82)
1/80 48 | (97) 136 | (94) 281 (90) 735 (79)
1/60 55 | (96) 156 | {93) 318 {88) 814 (76)
1/50 60 | (96) 169 | (92) 344 (87) 865 (74)
1/40 67 | (95) 187 | (94) 378 {85) 928 (71)
1/30 76 | (95) 213 | (89) 425 (83) 1003 {66)
1/20 92 | (93) 253 | (87) 496 (79) 1089 {59)
1/15 105 | (92) 286 | (85) 549 (76) 1122 {53)

Manning’s coefficient is n = 0.017

For other values of rainfall intensity I, multiply the area by {50/T)




Table C4 (cont.): TYPE R

Drained area of road under a rainfall intensity of S50mm/h in m’
and collection efficiency in % (in brackets)

Crossfall Gradient Flow width (m)
0.5 0.75 1 1.5

1/30 1/300 40 | (98) 116 | (96) 243 | (93) 669 (87)
1/150 56 | (97) 161 | (94) 334 | (91) 888 (82)
1/100 68 | (96) 195 | (93) 400 | (89) 1034 | (78)
1/80 76 | (96) 216 | (92) 440 | (87) 1117 | (75)
1/60 87 | (95) 246 | (91) 497 | (85) 1225 | (71)
1/50 95 | (95) 267 | (90) 536 | (84) 1290 | (69)
1/40 106 | (94) 294 | (89) 585 |(82) 1365 | (65)
1/30 121 | (94) 333 | (&87) 653 | (79) 1445 | (60)
1/20 146 | (92) 395 | (84) 754 | (75) 1500 | (51)
1/15 166 | (91) 443 | (82) 825 [ (71) Not eff. (43)

1/25 1/300 54 | (98) 156 | (95) 325 | (93) 886 | (86)
1/150 76 | (97) 216 | (94) 445 | (90) 1166 | (80)
1/100 92 | (96) 260 | (92) 531 | (87) 1346 | (75)
1/80 102 | (96) 288 | (91) 583 | (86) 1446 | (72)
1/60 117 ] (95) 327 | (90) 656 | (84) 1570 | (68)
1/50 128 | (94) 355 | (89) 706 | (82) 1642 | (65)
1/40 142 | (94) 391 | (88) 769 | (80) 1718 | (61)
1/30 162 | (93) 441 | (86) 853 | (77) 1785 | (55)
1/20 195 | (91) 520 | (82) 974 | (72) Not eff. (44)
1/15 222 | (90) 581 | (80) 1056 | (67) Not eff. (36)

1/20 1/300 78 | (97) 222 | (95) 463 | (92) 1244 | (83)
1/150 108 | (96) 307 | (93) 630 | (88) 1614 | (77)
1/100 132 | (95) 370 | (91) 748 | (85) 1841 | (71)
1/80 146 | (95) 409 | (90) 819 | (84) 1961 | (68)
1/60 167 | (94) 464 | (88) 917 | (81) 2099 | (63)
1/50 182 | (93) 502 | (87) 983 | (79) 2170 | (59)
1/40 202 | (93) 551 | (86) 1065 | (77) 2231 | (55)
1/30 231 | (92) 620 | (84) 1173 | (73) Not eff. (48)
1/20 277 | (90) 725 | {80) 1319 | (67) Not eff. (36)
1/15 314 | (88) 805 | (77) 1409 | {62) Not eff. (26)

1/15 1/300 123 | (97 352 | (94) 726 | (90) 1909 | (80)
1/150 172 | (96) 483 | (91) 979 | (86) 2422 | (72)
1/100 208 | (94) 579 | (89) 1154 | (83) 2707 | (66)
1/80 231 | (94) 638 | (88) 1258 | (80) 2839 | (62)
1/60 264 | (93) 721 | {86) 1398 | (77) 2962 | (56)
1/50 287 | (92) 778 | (85) 1489 | (75) 2998 | (51)
1/40 318 | (94) 851 | (83) 1600 [ (72) Not eff. (46)
1/30 362 | (90) 951 | {80) 1739 | (68) Not eff. (37)
1/20 432 | (88) 1101 | (76) 1905 | (61) Not eff. (23)
1/15 488 | (86) 1208 | (72) 1981 | (55) Not eff. (11)

Manning’s coefficient is n = 0.017
For other values of rainfall intensity I, multiply the area by (50/T)




Table C5: TYPE S
Drained area of road under a rainfall intensity of S0mm/h in m®

and collection efficiency in % (in brackets)

Crossfall Gradient Flow width (m)
0.5 0.75 1 1.5

1/60 1/300 13 | (98) 37 | (97) 78 | (94) 218 | (89)
1/150 18 [ (98) 52 | (95) 108 | (92) 292 | (85)
1/100 22 | (97) 63 | (94) 130 | (90) 343 | (81)
1/80 24 | (97) 70 | (93) 143 | (89) 374 (79)
1/60 28 | (96) 79 | (92) 162 | (88) 414 | (76)
1/50 31 {96) 86 | (92) 175 | (86) 439 (73)
1/40 34 | (95) 95 | (91) 193 | (85) 470 | (70)
1/30 39 | (94) 108 | (89) 216 | {83) 507 | (66)
1/20 47 | (93) 129 | (87) 252 | (79) 548 | (58)
1/15 54 | (92) 146 | (85) 279 | (75) 562 | (51)

1/50 1/300 17 | (98) 50 | (96) 105 | (94) 290 | (88)
1/150 24 | (97) 70 | (95) 144 | (91) 386 | (83)
1/100 30 | (97) 84 | (93) 173 | (89) 451 | (79)
1/80 33 [ (96) 93 | (93) 191 | (88) 488 | (76)
1/60 38 | (96) 106 | (91) 216 | (86) 536 | (73)
1/50 41 | {(95) 115 | (91) 233 | (85) 567 | (70)
1/40 46 | (95) 127 | (89) 254 | {83) 601 (67)
1/30 52 | (94) 144 | (88) 284 | (80) 640 | (61)
1/20 63 | (92) 171 | (85) 329 | (76) 673 | (53)
1/15 72 | (91) 193 | (83) 361 | (72) Not eff. (45)

1/40 1/300 25 | (98) 72 | (96) 150 | (93) 410 | (86)
1/150 35 [ (97) 100 | (94) 206 | (90) 540 | (80)
1/100 42 | (96) 120 | (92) 245 | (88) 624 | (76)
1/80 47 | (96) 133 | (91) 270 | (86) 671 | (73)
1/60 54 | (95) 151 | (90) 304 | (84) 730 | (68)
1/50 59 | (94) 164 | (89) 327 | (82) 764 | (65)
1/40 65 | (94) 181 | {(88) 356 | (80) 801 | (61)
1/30 75 | (93) 204 | (86) 395 | (77) 834 | (55)
1/20 90 | (91) 241 | (83) 452 | (72) Not eff, (45)
1/15 102 | (90) 269 | (80) 491 | (68) Not eff. (37)

Manning’s coefficient is n = 0.017

For other values of rainfall intensity I, muitiply the area by (50/T)




Table C5 (cont.): TYPE S
Drained area of road under a rainfall intensity of 50mmv/h in m?
and collection efficiency in % (in brackets)

Crossfall Gradient Flow width (m)
0.5 0.75 1 1.5

1/30 1/300 40 | (97) 114 | (95) 238 | (94) 636 | (83)
1/150 56 | (96) 158 [ (92) 323 | (88) 823 | (76)
1/100 68 | (95) 190 | (91) 383 | (85) 936 | (70)
1/80 75 | (95) 210 | (90) 419 | (83) 995 | (67)
1/60 86 | (94) 238 | (88) 469 | (81) 1061 | (62)
1/50 94 | {93) 257 | (87) 502 | (79) 1094 | (58)
1/40 104 | {93) 282 | (85) 543 | (76) 1120 | (53)
1/30 118 | (91) 317 | (83) 597 | (73) Not eff. (46)
1/20 142 | (89) 370 | (79) 669 | (66) Not eff. (34)
1/15 161 | (88) 410 | (76) 712 | (61) Not eff. (24)

1/25 1/300 54 | (97) 153 | (94) 317 | (90) 836 | (81)
1/150 75 | (96) 211 | (9) 428 | (86) 1067 | (73)
1/100 91 | (95) 253 | (90) 505 | (83) 1197 | (67)
1/80 101 | (94) 279 | (88) 551 | (81) 1260 | (63)
1/60 115 | (93) 315 | (87) 614 | (78) 1322 | (57)
1/50 125 | (92) 340 | (85) 654 | (76) 1345 | (53)
1/40 139 | (92) 372 | (83) 704 | (73) Not eff. (48)
1/30 158 | (90} 417 | (81) 768 | (69) Not eff. (39)
1/20 189 | (88) 484 | (77) 846 | (62) Not eff. (26)
1/15 213 | (86) 532 | (73) 885 | (56) Not eff. (14)

1/20 1/300 77 | {96) 218 | (93) 449 | (89) 1161 | (78)
1/150 107 | {95) 299 | (90) 601 | (84) 1450 | {(69)
1/100 129 | {94) 358 | (88) 705 | (81) 1594 | (62)
1/80 144 | (93) 393 | (87) 766 | (78) 1652 | (57)
1/60 164 | (92) 443 | (84) 846 | (75) 1687 | (51)
1/50 178 | (91) 477 | (83) 898 | (72) Not eff. (46)
1/40 197 | (90) 520 | (81) 959 | (69) Not eff. (40)
1/30 224 | (89) 579 | (78) 1031 | (64) Not eff. (30)
1/20 266 | (86) 664 | (73) 1106 | (56) Not eff. (14)
1/15 300 | (84) 723 | (69) Not eff. (50) Not eff. (/)

1/15 1/300 122 | (96) 34 | (92) 699 | (87) 1751 | (74)
1/150 169 | (94) 468 | (88) 925 | (81) 2107 | (63)
1/100 204 | (93) 556 | (86) 1073 | (77) 2234 | (54)
1/80 226 | (92) 609 | (84) 1156 | (74) Not eff. (49)
1/60 257 | (91) 682 | (81) 1262 | (70) Not eff. (41)
1/50 279 | (90) 731 | {(80) 1326 | (67) Not eff. (35)
1/40 308 | (88) 793 | (77) 1396 | (63) Not eff. (28)
1/30 348 | (87) 873 | (74) 1467 | (57) Not eff. (16)
1/20 412 | (84) 984 | (68) Not eff. (48) Not eff. (()
1/15 461 | (81) 1052 [ (63) Not eff. (40) Not eff. (0)

Manning’s coefficient is n = 0.017
For other values of rainfall intensity I, multiply the area by (50/T)




Table C6: TYPET
Drained area of road under a rainfall intensity of SOmm/h in m®

and collection efficiency in % (in brackets)

Crossfall Gradient Flow width (m)
0.5 0.75 1 1.5

1/60 1/300 13 | {(98) 37 | (95) 77 | (92) 208 | (85)
1/150 18 | (97) 51 |(93) 105 | (89) 272 | (79)
1/100 22 | (96) 61 | (92) 125 | (87) 314 | (74)
1/80 24 | (95) 68 | (91) 137 | (85) 336 | (71)
1/60 28 [ (95) 77 | (89) 154 | (83) 364 | (67)
1/50 30 | (94) 83 | (88) 165 | (81) 380 | (63)
1/40 33 | (93) 92 | (87) 180 | (79) 395 | {59)
1/30 38 [ (92) 104 | (85) 199 | {76) 408 | (53)
1/20 46 | (91) 122 | (82) 226 | (71) Not eff. (42)
1/15 52 | (89) 136 | (79) 245 | (66) Not eff. (33)

1/50 1/300 17 1(97) 49 | (95) 102 | (91) 275 | (83)
1/150 24 | (96) 68 | (93) 139 | {(88) 356 | (76)
1/100 29 | (95) 82 | (9]) 165 | (85) 405 | (71)
1/80 32 [ (95) 90 | (90) 181 | (83) 431 | (67)
1/60 37 1 (94) 103 | (88) 203 | (81) 461 | (62)
1/50 40 | (93) 111 | (87) 217 | (79) 476 | (59)
1/40 45 | (93) 122 | (85) 235 | (77) 488 | (54)
1/30 51 | (9]) 137 | (83) 258 | (73) Not eff. (47)
1/20 61 | (90) 160 | (79) 290 | (67) Not eff. (35)
1/15 69 | (88) 177 | (76) 309 [ (62) Not eff. (25)

1/40 1/300 25 | (97) 71 | (94) 146 | (90) 385 | (81)
1/150 34 | (96) 97 | (91) 197 | (86) 489 | (72)
1/100 42 | (95) 116 | {89) 232 | (83) 548 | (66)
1/80 46 | (94) 128 | (88) 253 | (81) 576 | (62)
1/60 53 [ (93) 145 | (86) 282 | (78) 603 | (57)
1/50 58 | (92) 157 | (83) 300 [ (76) 612 | (52)
1/40 64 | (91) 171 | (83) 323 [ (73) Not eff. (47)
1/30 73 | (90) 192 | (81) 352 | (69) Not eff. (39)
1/20 87 | (88) 222 | (76) 387 | (62) Not eff. {25)
1/15 98 | (86) 244 | (73) 404 | (56) Not eff. (13)

Manning’s coefficient is n = 0.017

For other values of rainfall intensity 1, multiply the area by (50/1)




Table C6 (cont.): TYPE T

Drained area of road under a rainfall intensity of S0mm/h in m*
and collection efficiency in % (in brackets)

Crossfall Gradient Flow width (m)
0.5 0.75 1 1.5

1/30 1/300 39 | (96) 112 | (93) 229 | {88) 587 | (77}
1/150 55 | (95) 153 | {90) 306 | (83) 725 | (67)
1/100 66 | (93) 182 | (87) 357 | (79) 789 | (59)
1/80 74 | (93) 200 | (86) 387 | (77) 811 | (55)
1/60 84 | (92) 225 ((83) 427 | {73) Not eff. (48)
1750 91 | (91) 242 | (82) 451 | (71) Not eff. (43)
1/40 101 | {90) 264 | (80) 480 | (67) Not eff. (36)
1/30 114 | {88) 293 | (77) 512 | (62) Not eff. (26)
1/20 136 | (85) 334 | (71) 542 | (54) Not eff. (9)
1/15 152 | (83) 362 | {67) Not eff. (47) Not eff. (0)

1/25 1/300 53 | {96) 149 | (92) 304 | (87) 762 | (74)
1/150 73 | (94) 203 | (88) 402 | (81) 018 | (63)
1/100 89 | (93) 242 | (86) 467 | (77) 974 | (54)
1/80 98 | (92) 265 | (84) 503 | (74) Not eff. (49)
1/60 112 [ (91) 297 | (81) 549 | (70) Not eff. (41)
1/50 121 | (90) 318 | (80) 577 | (67) Not eff. (35)
1/40 134 | (88) 45 | (77) 608 | (63) Not eff. (28)
1/30 151 | (87) 380 | {74) 639 | (38) Not eff. (17)
1/20 179 | (84) 428 | (68) Not eff. (48) Not eff. (0}
1/15 200 | (81) 458 | (63) Not eff. (40) Not eff. (0)

1720 1/300 76 | (95) 212 [ (90) 427 | (85) 1038 | (70)
1/150 105 | (93) 287 | (86) 559 | {78) 1203 | (57)
1/100 126 | (92) 339 | (83) 641 | (73) Not eff. (47)
1/80 140 | (91) 370 [ (81) 686 | (70) Not eff. (41)
1/60 159 | (89} 413 | (79) 740 | (65) Not eff. (32)
1/50 172 | (88) 440 | (77) 770 | (62) Not eff. (26)
1/40 189 | (87) 474 | (74) 799 | (58) Not eff. (17)
1/30 213 | (85) 518 | (70) 818 | (51) Not eff. (4)
1/20 250 | (81) 572 | (63) Not eff. (40) Not eff. (0)
1/15 279 | (78) 601 | (57) Not eff. (31) Not eff. (0)

1/15 1/300 120 | (94) 332 | (89) 658 | (81) 1515 | (64)
1/150 165 | (92) 444 | (84) 843 | (74) Not eff. (49)
1/100 198 | (90) 521 | (80) 950 | (68) Not eff. (37)
1/80 218 | (89) 565 | (78) 1003 | (64) Not eff. (30)
1/60 247 | (87) 624 | (74) 1058 | (39) Not eff. (19)
1/50 267 | (86) 661 | (72) 1081 | (55) Not eff. (11)
1/40 293 | (84) 705 | {69) Not eff. (49) Not eff. (0)
1/30 328 | (82) 756 | {64) Not eff. (41) Not eff. (0)
1/20 381 | (77) 808 | (56) Not eff. {28) Not eff. (0)
1/15 420 | {(74) Not eff. (49) Not eff. {17) Not eff. {0)

Manning’s coefficient is n = 0.017
For other values of rainfall intensity I, multiply the area by (50/T)




Table C7: KERB INLET WITH OPENING LENGTH EQUAL TO 0.5m
Drained area of the road under a rainfall of 50mmvh in m?
and the collection efficiency in % (in brackets)

Crossfall Gradient Flow width (m)
0.5 0.75 1
1/60 1/300 11 | (83) 28 | (72) 51 | (61)
1/150 14 | (76) 33 | (61) Not eff. (45)
17100 16 | (70) 35 | (52)
1/80 17 | (67) Not eff. (46)
1/60 18 |[(62)
1/50 18 | (58)
1/40 19 | (53)
1/30 Not eff. (46}
1/20
1/15
1/50 1/300 15 | (82) 38 | (72) 68 | (60)
1/150 19 | (75) 44 | (60) Not eff. (44)
1/100 21 | {(69) 46 [ (51)
1/80 22 | (66) Not eff. (45)
1/60 24 | (60)
1/50 24 [ (57)
1/40 25 | (52)
1/30 Not eff. (44)
1/20
1/15
1/40 1/300 21 | (82) 53 | (7]) 95 [ (59)
1/150 27 | (74) 62 | (58) Not eff. (42)
1/100 30 | {68) Not eff. (49)
1/80 32 | (64)
1/60 34 | (59)
1/50 34 | (55)
1740 35 | (50)
1/30 Not eff. (42)
1/20
1/15

Manning’s coefficient is n = 0.017
For other values of rainfall intensity I, multiply the area by (50/1)




Table C7 (cont.): KERB INLET WITH OPENING LENGTH EQUAL TO (.5m
Drained area of the road under a rainfall of SOmm/h in m?
and the collection efficiency in % (in brackets)

Crossfall Gradient Flow width (m)
0.5 0.75 1
1/30 1/300 33 | (81) 84 {(69) 149 | (57)
1/150 42 | (73) 97 {57) Not eff. (39)
1/100 47 | (67) Not eff. (47)
1/80 50 | (63)
1/60 52 | (57)
1/50 3 | (52)
1/40 Not eff. (47)
1/30
1/20
1/15
1/25 1/300 44 | (80) 112 | (68) 196 | (56)
1/150 56 | (72) 128 | (56) Not eff. (38)
1/100 63 | (66) Not eff. (46)
1/80 66 | (02)
1/60 69 | (56)
1/50 70 | (52)
1/40 Not eff. (46)
1/30
1/20
1/15
1/20 1/300 64 | (80) 159 | (68) 276 | (55)
1/150 80 |(71) 180 | (54) Not eff. (36)
1/100 90 | (65) Not eff. (44)
1/80 94 | (61)
1/60 98 | (55)
1/50 98 | (50)
1/40 Not eff. {45)
1/30
1/20
1/15
1/15 1/300 100 | (79) 249 | {(66) 427 | (53)
1/150 126 | (70) 278 | (52) Not eff. (33)
1/100 140 | (64) Not eff. (42)
1/80 146 | (59)
1/60 151 | (53)
1/50 Not eff. (49)
1/40
1/30
1/20
1/15

Manning's coefficient is n = 0.017
For other values of rainfall intensity 1, multiply the area by (50/T)




Table C8: KERB INLET WITH OPENING LENGTH EQUAL TO 1.5m
Drained area of the road under a rainfall of 50mm/h in m*

and the collection efficiency in % (in brackets)

Crossfall Gradient Flow width (m)
0.5 0.75 1 1.5

1/60 1/300 12 [ (94) 35 | (91) 72 | (87) 194 | (79)
17150 17 | (92) 47 | (87) 96 | (82) 244 | (71)
1/100 20 | (90) 56 | (84) 111 | (78) 272 | (64)
1/80 22 | (89) 61 | (82) 121 { (75) 284 | (60)
1/60 25 | (87) 68 | (79) 132 | (71) 294 | (54)
1/50 27 | {86) 73 | (77) 139 | (68) Not eff. (49)
1/40 30 | (84) 79 | (75) 147 | (65)
1/30 34 | (82) 86 | (71) 155 [ (59)
1/20 39 | (78) 96 | (64) 161 | (50)
1/15 43 | (74) 101 | (59) Not eff. (42)

1/50 1/300 17 [ (94) 47 | (90) 97 | (87) 260 | (79)
1/150 23 | (92) 64 | (87) 129 | (81) 326 | (70)
1/100 27 | (90) 75 | (84) 149 | (77) 361 (63)
1/80 30 | (89) 82 |(82) 161 | (74) 376 | (58)
1/60 34 | (87) 92 | (79) 176 | (70) 387 | (52)
1/50 37 | (86) 98 | (77) 185 | (68) Not eff. (48)
1/40 40 | {(84) 105 | {(74) 195 | (64) |
1/30 45 | (81) 115 | (70) 206 | (58)
1720 33 [ (77) 128 | (63) Not eff. (49)
1/15 58 | (74) 134 | (58)

1/40 1/300 24 | (94) 68 | (90) 140 | (86) 372 | (78)
1/150 33 | (91) 92 | (86) 185 | (81) 465 | (69)
1/100 40 | (89) 108 | (83) 214 | (76) 512 | (62)
1/80 44 | (88} 118 | (81) 230 | (73) 531 (57)
1/60 49 | (86) 131 | {(78) 251 | (69) 540 | (51)
1/50 53 | (85) 140 | (76) 263 | (66) Not eff. (46)
1/40 58 | (83) 150 | (73) 277 | (62)
1/30 66 | (81) 164 | (69) 291 | (57)
1/20 75 | (76) 181 | (62) Not eff. {47)
1/15 83 | (73) 189 | (56)

Manning’s coefficient is n = 0.017

For other values of rainfall intensity I, multiply the area by (50/T)




Table C8 (cont.): KERB INLET WITH OPENING ILENGTH EQUAL TO 1.5m
Drained area of the road under a rainfall of 50mm/h in m?
and the collection efficiency in % (in brackets)

Crossfall Gradient Flow width (m)
0.5 0.75 1 1.5

1/30 1/300 38 | (93) 108 | (89) 223 {86) 591 {77)
1/150 53 | (91) 146 | (86) 293 {80) 732 | (68)
1/100 63 | (89) 172 | (82) 339 {(79) 800 | (60)
1/80 70 | (88) 187 | (80} 364 | (72) 825 | (56)
1/60 78 | (86) 208 | (77) 396 (68) Not eff. (49)
1/50 85 | (84) 222 | (75) 414 (65)
1/40 93 | (82) 238 | (72) 433 (61)
1/30 103 | (80) 258 | {(68) 450 | (55)
1720 120 | (75) 283 | (60) Not eff. {45)
1/15 131 | (72) 203 | (54)

1/25 1/300 51 | (93) 146 | (90) 300 {85) 791 (76)
1/150 71 | (91) 196 | (83) 393 {79) 976 | {(67)
1/100 85 |(89) 231 {82) 453 {(74) 1061 | (59)
1/80 93 | (87) 251 (80) 486 | (72) 1090 | {54)
1/60 106 | (83) 279 | (76) 529 (67) Not eff. {(47)
1/50 114 | (84) 206 | (74) 550 | (64)
1/40 124 | (82) 318 | (70) 575 {60)
1/30 138 | (79) 344 | {67) 595 (54)
1/20 158 | (74) 375 (59) Not eff. (43)
1/15 175 | (71) 387 | (53)

1/20 1/300 74 | (93) 209 | (89) 429 (85) 1129 | (76)
17150 102 | {90) 281 (85) 562 (79) 1384 | (66)
1/100 122 | (88) 330 | (81) 646 | (74) 1496 | (58)
1/80 134 | (87) 359 | (79) 692 | (71) 1529 | (53)
1/60 151 | (85) 398 | (76) 748 (66) Not eff. (46)
1/50 163 | (83) 422 | (74) 779 | (63)
1/40 178 | (82) 452 | (70) 811 (59)
1/30 198 | (79) 488 | (66) 834 (52)
1/20 228 | (74) 528 | (58) Not eff. (41)
1/15 249 | (70) 542 | (52)

1/15 1/300 118 | (93) 333 | (89) 631 {84) 1781 | (75)
1/150 162 | (90) 446 | (84) 888 {77) 2168 | (64)
1/100 194 | (88) 523 (81) 1018 | {(72) 2324 | (56)
1/80 213 | (86) 568 | (78) 1088 | (68) 2361 | (51)
1/60 240 | (84) 628 | (75) 1171 | (63) Not eff. (44)
1/50 240 | (83) 666 | (72) 1261 | (55)
1/40 282 | (81) 711 (69) 1286 | (50)
1/30 313 | (78) 765 | (64) Not eff. (39)
1/20 359 | (73) 821 (56)
1/15 391 | (69) Not eff. (49)

Manning’s coefficient is n = 0.017
For other values of rainfall intensity I, multiply the area by (50/T)




Table C9: KERB INLET WITH OPENING LENGTH EQUAL TO 1.85m
Drained area of the road under a rainfall of 50mm/h in m?

and the collection efficiency in % (in brackets)

Crossfall Gradient Flow width (m)
0.5 0.75 1 1.5

1/60 1/300 12 | (95) 36 | (92) 74 | (90) 203 (83)
1/150 17 | (93) 49 | (89) 100 | (85) 264 | (76)
1/100 21 | (92) 58 | (87) 118 | (82) 300 | (71)
1/80 23 | (91) 64 | (86) 128 | (80) 319 (68)
1/60 26 | (90) 72 | (83) 142 | (77) 341 (62)
1/50 28 | (89) 77 | (82) 151 | (74) 353 {(59)
1/40 32 | (87) 84 | (80) 162 | (71) 362 | (54)
1/30 35 | (85) 93 [ (76) 175 | (67) Not eff. (47)
1720 41 | (82) 106 | (71) 191 | (60)
1/15 46 | (79) 115 | (67) 197 | (53)

1/50 1/300 17 | (95) 48 | (92) 100 | (89) 273 (83)
1/150 23 | (93) 66 | (89) 134 | (85) 353 {76)
1/100 28 | (92) 78 | (87) 158 | (81) 402 {70)
1/80 31 | (91) 85 | (86) 172 | (79) 426 | (67)
1/60 35 | {89) 96 | (83) 190 | (76) 454 | (61)
1/50 38 | (88) 103 | (81) 202 | (74) 467 | {58)
1/40 42 | (87) 112 | (79) 216 | (70) 477 | (53)
1/30 47 | (85) 124 | {(76) 234 | (66) Not eff. (45)
1/20 56 | (8]) 142 | (70) 253 | (58)
/15 62 | (79) 153 | (66) 260 | (52)

1/40 1/300 24 | (95) 69 | (92) 144 | (89) 392 | (82)
1/150 34 | (93) 94 | (89) 193 | (84) 505 (73)
1/100 40 | (91) 112 | (86) 226 | (81) 571 (69)
1/80 45 | (90) 123 | (85) 246 | (78) 605 (65)
1/60 51 | (89) 138 | (82) 272 | (75) 642 | (60)
1/50 55 | (88) 148 | (80) 289 | (73) 658 (56)
1/40 60 | (86) 161 | (78) 308 | (70) 668 | (51)
1/30 68 | (84) 178 | {75) 332 | (65) Not eff. (44)
1720 80 | (81) 202 | (69) 357 | (60)
1/15 89 | (78) 217 | (64) 364 | (50)

Manning’s coefficient is n = 0.017

For other values of rainfall intensity I, multiply the area by (50/T)




Table C9 (cont.): KERB INLET WITH OPENING LENGTH EQUAL TO 1.85m
Drained area of the road under a rainfall of 50mmv/h in m’

and the collection efficiency in % (in brackets)

Crossfall Gradient Flow width (m)
0.5 0.75 1 1.5

1/30 1/300 39 | (95) 111 (91) 230 | (88) 624 | (81)
1/150 54 | (93) 151 (88) 308 | (84) 799 | (74)
1/100 65 | (91) 179 | (86) 360 | (80) 900 | (68)
1/80 71 | (90) 196 | (84) 390 | (76) 950 | (64)
1/60 g1 |(88) 220 | (81) 431 (74) 1001 | (58)
1/50 88 | (87) 236 | (80) 456 | (72) 1022 | (54)
1/40 96 | (86) 256 | (77) 486 | (68) Not eff. (49)
1/30 108 | (84) 282 | (74) 521 | ({63)
1/20 127 | (80) 318 | (68) 555 (55)
1/15 141 | (77) 340 | (63) Not eff. (48)

1/25 17300 52 | (95) 149 | (92) 309 | (88) 837 | (81)
1/150 72 | (92) 203 | (88) 413 | (83) 1068 | (73)
1/100 87 | (90) 241 (85) 482 | (79) 1199 | (67)
1/80 9% | (90) 264 | (84) 523 | (77) 1263 | (63)
1/60 109 | (88) 295 | (81) 576 | {73) 1326 | (57)
1/50 118 | {87) 316 | (79) 609 | (71) 1349 | (53)
1/40 129 | (85) 342 | (77) 648 | (67) Not eff (48)
1/30 145 | (83) 377 | (73) 692 | (62)
1/20 170 | (79) 423 | (67) 732 | (54)
1/15 188 | {76) 451 | (62) Not eff (47)

1/20 1/300 75 | (95) 215 | (91) 444 | (88) 1197 | (80)
1/150 104 | (92) 291 | (88) 591 | {83) 1521 | (72)
1/100 125 | (90) 345 | {85) 690 | (79) 1701 | {66)
1/80 138 | (89) 377 | {83) 746 | (76) 1786 | {62)
1/60 156 | (88) 422 | (80) 820 | (72) 1866 | (56)
1/50 169 | (87) 452 | (78) 866 | (70) 1890 | (52)
1/40 185 | (85) 488 | (76) 919 | (66) Not eff (46)
1/30 208 | (83) 536 | (72) 979 | (61)
1/20 243 | (79) 600 | (66) 1028 | (52)
1/15 269 | (76) 638 | (6{) Not eff (45)

1115 1/300 120 | (94) 341 | (91) 705 | (87) 1895 | (80)
1/150 165 | {(92) 462 | (87) 936 | (82) 2395 | (71)
1/100 199 | {90) 547 | (84) 1090 | (78) 2665 | (65)
1/80 219 | (89) 598 | (82) 1178 | (75) 2787 | (60)
1/60 248 | (87) 668 | (80) 1292 | (72) 2893 | (54)
1/50 268 | (86) 714 | (78) 1441 | (65) Not eff (44)
1/40 294 | (84) 7711 | (75) 1526 | (60)
1/30 330 | (82) 845 | (71) 1586 [ (51)
1/20 384 | (78) 941 (65) Not eff (43)
1/15 424 | (75) 995 | (59)

Manning’s coefficient is n = 0.017
For other values of rainfall intensity I, multiply the area by (50/1)






