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Catchment hydraulics o (L9 Area (AxB) x Rainfall intensity (C) ACO Technical Services - Modelling channel hydraulics

s) = -
Calculatmg run-off 60 (mmutes) x 60 (SeCOﬂdS) To generate results from the ‘Hydro’ program, the following information is required:
The catchment run-off must be accurately

calculated to determine the correct size
of the trench drain. m Length and width of catchment area (metres).

m Length of trench run (metres).

m Pavement length (A) x width (B) = Surrounding pavement material, for example concrete, asphalt or pavers.

= Catchment area (m? = Rainfall intensity (mm/hr).

m Rainfall intensity (C) (mm/hr) = Ground fall along the trench run (%).

Once catchment run-off (Q) is calculated, m Crossfall perpendicular to the trench run (%).

other inflows can be added. m Preferred position of outlets along trench drain and any outlet size restrictions.

Factors that affect trench drain hydraulics:
= Ground fall (D)

= Pavement material as some materials
absorb liquids such as brick pavers (E)

= Any slab depth restrictions.

The electronic request form can be found at www.acodrain.com.au /technical-support.htm
Results are provided either electronically or as a printout.

= Position and size of outlet pipe (F) Hydraulic results

® The roughness of the surface of the The ‘Hydro’ program calculates the following information:
trench material. For Manning’s roughness
coefficient, see page 111 (G) Key

m Crossfall to the trench drain can affect Position and size of minimum freeboard (gap between underside of grate and top of liquid in trench).

grate hydraulics. For example steep
slopes may cause bypass in ramp
applications (H)

Hydraulic profile of liquid.
Flow velocity and flow rate at all points along the trench.
Maximum discharge capacity of trench run.
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The percentage (%) of the hydraulic utilisation of the trench drain. If the hydraulic utilisation is over 100%, ponding occurs.
The example below shows a hydraulic utilisation of 78.51%.

Results Project: Resort Facility
Discharge [s] 1458 O Consultant: Drain Systems Pty Ltd
. = Flow Velocity (] 140 ACO Ref/Project No: NSW/19/10 Clcy
Non'u n |f0rm flow Minimum Freeboard [mm] 126.63, X= 0.00m  (Freeboard Depth) Date: 2_2/01/2019 1300 765 226 (Aus)
Drain Capacity Utilised [%] :78.51 ;YSt_e m,\'ﬂ KZ?EO +61 2 4747 4000 (Export)
Non-uniform flow accounts for liquid being un: - Main Entrance 0800 448 080 (N2)
carried in a trench plus the constant addition
of liquid collected through the grates (lateral 5 5 2 / 2A2 Level of Flow Al dopths are in mm
intake) anng the trench run. This resulting dH 0 7 a Qq 9 Clear Height (mm)150 156 162 168 174 180 186 192 198 200 200
= Flow Depth (mm) lw 23 129 33 a7 140 42 Y43 143 41 131 Y4

buildup of liquid means that a trench’s run ! |
- 2 10m 2m
length will influence its hydraulic capacity. dx 7 a Q / 9 A°D [ % I % ‘ »_Gndlevel
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A characteristic of non-uniform flow is the
change of liquid velocity and height at
successive cross-sections along the trench.
Differential calculus and computer modelling
is required to simulate this. ‘Hydro’ is a
purpose written hydraulic design program
modelled on differential calculus for
non-uniform flow in open channels.

Flow Velocity and Flow Rate
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The program has been calibrated by ol o
empirical data from a series of experiments, L - - ’;‘ .
modelling lateral intake into trenches. -

Analysis on the effect of slope, run length 1 - - T
and trench cross section profiles are 081 81 - 8
included in the program. It can also model 06{ 6 -7 B e e 6
complex scenarios and optimum outlet 0l 4l - T T L,
positions along trench runs. el P // _________________________________ L,
For more information, see page 117. Non-uniform flow ) : - - - - - - - - - - to

------------ Flow Velocity (m/s) — — — — FlowRate (I/s) Copyright ACO Polycrete Pty Ltd

Unauthorised reproduction strictly prohibited.

Steady uniform flow

116 .
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Effect of slope on trench drain hydraulics
Hydraulic capacity

Slope increases the hydraulic capacity of spaced further apart or a narrower and/or the water profile in the trench. The channel
the trench drain because flow velocity is shallower trench system being specified and flows are the same in both examples
increased. This increase in capacity may that will result in product and installation except the lower image has a 1% slope

result in larger areas being drained, outlets cost savings.The drawings below highlight added. Note the difference in flow depth.

Level of Flow All depths are in mm
Clear Height (mm)‘400 ‘400 ‘400 ‘400 ‘400 ‘400 ‘400 ‘400 ‘400 ‘400 ‘400
Flow Depth (mm) 330 329 328 325 321 315 307 295 279 255 J‘ 39

[ 40m ]

0% Gnd level

Level of Flow All depths are in mm
Clear Height (mm)400 400 400 400 400 400 400 400 400 400 400
Flow Depth (mm) 72 101 121 139 155 169 182 193 202 207 1%
I 40m i
1% Gnd level

800————

Position of outlet
Trench drains connect to underground pipes and the outlet position can dramatically affect the size and length of the trench drain required.

End outlet Central outlet - two directions Double end outlet - two directions
With a single end outlet, water may build up A central outlet enables a smaller trench An outlet at either end of the trench run
along the trench and cause ponding before drain as the central outlet reduces the build  enables a smaller trench drain but requires
reaching the outlet. up of water, reducing the risk of ponding. more outlets and additional pipework.

| »| | »le | I |
bl Ll N«

Long run length Short run length Short run length Short run length Short run length

Size and type of outlet

Designers need to ensure the outlet and pipe infrastructure is not undersized restricting the outflow of the trench drain.

Horizontal end outlet Vertical end outlet In-line pit

A pipe is connected horizontally at the end A pipe is connected vertically at the bottom  The pit is the same width as the trench,

of the trench. This minimises excavation but  of the trench. This option improves the but deeper. It offers superior outlet capacity
offers the lowest outlet capacity. outlet capacity due to gravity. as large pipes can be connected and the

increased depth gives increased head of

/ water pressure.

L) Good I Better
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Temporary ponding refers to a brief Temporary ponding should only be In order to produce a ponding analysis map,
flood situation that is acceptable with an considered where buildings and property the following information is required:
undersized trench drain to enable a more are not in close proximity to the drainage m The same information required for the
cost effective drainage solution. The drain is  system to minimise risk of damage. It is ‘Hydro’ program, see page 117.
designed to work effectively under average  an ideal option for outer areas such as - e e e e g RS

weather conditions, but will be slightly large car parks and distribution yards. A '
undersized during heavy storms. risk analysis should be carried out when = Location of buildings near the drain.

temporary ponding is considered.

Level of Flow All depths are in mm

Clear Height (mm)70 85 100 115 130 145 160 175 190 205 220
Flow Depth (mm) 97 11 156 155 148 81

Gnd level

200

150

100

50

0

The ‘Hydro’ result above indicates that flooding and ponding will occur and the situation requires a re-evaluation of the drainage size (width,
depth, run length) or if temporary ponding can be tolerated, a ponding analysis, see below.

Ponding analysis results
The ponding analysis map shows the size and location of the ponding.

Key

Run-off scenario.

Catchment geometry showing width and depth of temporary ponding.
Visual map of worst ponding scenario.

Trench drain length an length of temporary ponding.

00000

Project notes.

Ponding Analysis
Based on the results from PROJECT: Resort Facility Tel. No: 04011315527
ACO's 'Hydro' hydraulic design program Contact: James Smith Fax No:
Company:  JBD Constructions email:  James.Smith@JBDConstructions.com
Runoff Scenario o Catchment Geometry (Cross Section)

Constant Lateral Runoff, q = 1.215L/s/m

N R T T =

| Maximum Ponding Width - 0.77m

2% Crossfall
S200K v e T v
Channel I I kil | r L ALLLLLE | 1 S I e et e p——

Maximum Ponding
Depth - 27mm

Internal Channel
Width = 200mm Cross-Section of
S200K Temporary Ponding

Drain Length, L = 30m @ S = 0.5 Longitudinal Groundslope Channel

Ponding Map

e Extent of Temporary

Ponding
Maximum Ponding Flow —————

e S | o e T AT =

DRAWINGS o Length of Ponding - 15m
NOT TO SCALE

Drain Length, L = 30m @ S = 0.5 Longitudinal Groundslope

General Information

ACO Pty Ltd
Date: 22/01/19 ACO Contact: Jarred Taylor Ref. No: NSW/19/10
134-140 Old Bathurst Road
Note: 1. The hydraulics of the ACO Drain System were calculated based on the assumed Runoff Scenario above. Emu Plains NSW 2750
2. The extent of ponding, depth and width, were determined from the Catchment Geometry (Cross-Section). Telephone (02) 4747 4000
Facsimile (02) 4747 4060
Copyright ACO Pty Limited Unauthorised reproduction strictly prohibited. Email: technical@acoaus.com.au C '.
All reasonable care has been taken in compiling and calculating the information issued. Website: www.acoaus.com.au
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Grate hydraulics

In typical conditions, a trench drain reaches
hydraulic capacity before the grate. When
there are concentrated flows running down
a steep slope for example, the grate may
not be capable of capturing all the flow,
even if the trench is correctly sized.

Correctly located drains position grates

in the direct path of surface runoff. A grate
has a finite capacity to capture the surface
run-off from the catchment area. When the
grate’s hydraulic capacity has exceeded,
bypass occurs.

A grate’s hydraulic performance can be
greatly influenced by subtle changes in
the design of the grate and catchment
characteristics.

When liquid moves over a grate, the
following two scenarios may occur:

m Weir occurs when liquid depths are
minimal and the speed of liquid is high.

m Drowned orifice occurs when there
is an accumulation of liquid above
the grate.

Drains positioned in sag or valley locations
allow for more liquid to accumulate. This
gives rise to higher flow rates due to the
increased pressure of the liquid depth
being pushed through the grate openings.

Types of inlet grates

Grate with longitudinal openings
When comparing grates of equal intake area
and width, grates with longitudinal openings
offer the highest water intake and the

maximum flow evacuation. See image below.

m Four bars interrupt and slow down the
flow before a weir is produced.

m Slots 1, 2 and 3 are drowned orifices.

m Slot 4 acts as a weir.

rllllll1
1

2 3 4
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Hydraulic performance is affected by the
characteristics of the grate and catchment.

1. Grate characteristics

m Intake area.

= Width of grate.

m Design features such as the direction of
bars, slots and slip resistance features.

2. Catchment characteristics

m Catchment slope determines the
liquid velocity.

m Catchment roughness determines
the liquid velocity and head of liquid.

= Flow direction — one direction requires
a barrier drain, two or more directions
requires a sag or valley drain.

= Type of liquid.
m Debris within the liquid.

Grate with transverse openings

When comparing grates of equal intake area
and width, grates with transverse openings
offer moderate water intake. The bars create
a bridge across both sides of the drain with
minimal flow interruption, this can result in
early (low volume) bypass.

No bypass

'\hqn'

100% Capture
All the liquid flows through the grate opening.

Bypass

Less than 100% Capture

Bypass occurs when not all of the liquid
flows through the grate openings.
Reasons for bypass include:

= Not enough grate open area.
= Too much runoff.
m Too much slope perpendicular to grate.

Grate with a slot opening

When comparing grates of equal intake
area and width, grates with slot openings
provide minimal flow interruption as a weir
is produced. The water intake is the lowest
and the minimal depth above the slot will
have negligable drowned orifice effect.

Note: Designers need to be aware of the trade-off between small inlets for heel safety and
large inlets for optimum grate hydraulics. For more information, see page 115.

www.acodrain.com.au
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Grate intake experiments

Due to the complex nature of fluids in relation
to grate inlet hydraulics, testing is the only way
to accurately predict how a grate will intercept
surface water run-off.

ACO commissioned the UNSW Water Research
Laboratory to research and test grate hydraulics.
Three studies were carried out in 1998, 2004
and 2016 to investigate the water intake
performance of ACO grates.

The tests were carried out under varying flow
rates and catchment approach slopes. Each
grate was tested until bypass occurred, which

is the point where liquids pass across the grate.

The hydraulic grate test results enable ACO
to accurately recommend grates for specific
projects based on their catchment hydraulics.

Grate intake calculator

Grate Intake Calculator (GIC) provides
valuable information on the performance
of a grate during design conditions.

To generate results from the ‘GIC’ program
the following information is required:

m Preferred grate type.

m Length of grate (metres).

® Length and width of catchment area
(metres).

m Position of trench in catchment area.

m Surrounding pavement material
for example concrete or asphalt.

m Rainfall intensity in (mm /hr).

m Crossfall perpendicular to the
trench drain (%).

Grate analysis results
ACQ's grate analysis program calulates
the following information.

Key

Catchment design and hydraulics.
Recommended grate information.

Total intake area per metre
of trench run.

Hydraulic utilisation of the grate —
100% indicates that all the grate
intake capacity is used.

@ O 000

Additional notes relating
to the grates performance.

For a quick result, an online version
of the ‘GIC’ program is available.

Grate (slot) Intake Calculator (GIC)

ACO Technical Services Department »

Project & Contact Details Design Details

Project Name:  Resort Facility o Ang [Ty b

Project City:  Sydney

Zip/Post Code: 2000 'l’ alr * el a

Customer Name: James Smith fricisiisEninsis] = e =

Company: JBD Constructions , w

Phone: 04011315527 T f f A

ACO Contact:  Luke Ricketts Catchment Slope A: 20%

Contact Phone: 04013 750 708 Catchment Slope B: 20%

ACO No.: NSW/19/10 Uniform Lateral Flow: 2.200 L/s/m

Date: Jan 22, 2019 Blockage Factor: 0%
Note: Intake capacity is based on the flow approaching both sides of the grate (slot)
simultaneously. The intake capacity is defined as the point at which 100% of the flow is
captured with no flow bypassing the grate (slot)

Recommended Grate (slot) 9

ACO Grate Type: 843D Part No.: 142225

Stainless 5 Star Heelsafe Anti-Slip Grate

Intake Area: 169775 mm#/m 50 % open area of grate 9
ACO Channel System: K300

Results
Grate Capacity Utilised: 8.7 %
Click here for: Grate Test Image

Grate Intake Capacity: 25.3 L/s/m
Click here for: Grate Test Video

Notes e GIC Operator: KS

General Information Forsing

The illustration on the right describe the scenarios before = e
The grate (slot) recommended must be used in a channel “. | ¥ >
that has adequate hydraulic capacity. Jx_." J L -\l

For further information on the correct sizing of channels, v - >

please contact your nearest ACO Office. 1 .

This information is generated from empirically tested data 1007% Cagturs Laas than 100°% Caphuss

at an independent source. AR bcprt oy K P af Bl sy Frang T g ate
P e e o rama ety e pong

Grate Intake Calculator (GIC) k] Lt My cap i
Every grate on the ACO Drain website m
has a link to the ‘GIC’ program. E o

Go to www.acodrain.com.au = -~

Click the symbol to go to the =

‘GIC’ input page. = —



