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Foreword

This Malaysian Standard was developed by the Technical Committee on Planning and Design
of Urban Stormwater Management Facilities under the authority of the Industry Standards
Committee on Building, Construction and Civil Engineering. Development of this standard
was carried out by Department of Irrigation and Drainage Malaysia which is the Standards-
Writing Organisation (SWO) appointed by SIRIM Berhad to develop standards for urban
stormwater management.

This Malaysian Standard on Urban stormwater management is part of a series of standards
developed for stormwater management design practices in Malaysia. The series from Parts 1
to 20 cover the majority of stormwater facilities, from quantity design to erosion and sediment
control. However, Parts 1 to 3 of these standards set the general criteria, common to all
facilities, needed to design for either stormwater quantity or quality control. Parts 4 to 20 set
the specific criteria for the design of the individual facility or Best Management Practices
(BMP).

These standards are derived mainly from the Urban Stormwater Management Manual for
Malaysia, 2nd Edition (MSMA 2nd Edition), which already contains extensive explanatory
material as well as detailed technical guides, including work examples. As such, these
standards do not replicate the design manual. Rather, they summarise the pertinent aspects
of the manual which the user shall comply with as minimum requirements in designing
stormwater facilities.

It is hoped that with these standards, stormwater management in the country can be properly
implemented and regulated in minimising the present haphazard flash floods as well as
deterioration in water quality resulting from developing and developed catchment areas.

A Malaysian Standard does not purport to include all the necessary provisions of a contract.
Users of Malaysian Standards are responsible for their correct application.

MS 2526 consists of the following parts, under the general title Urban stormwater
management:

Part 1: Design acceptance criteria
Part 2: Quantity design fundamentals
Part 3: Quality design fundamentals
Part 4: Roof and property drainage
Part 5: On-site detention

Part 6: Rainwater harvesting

Part 7: Detention ponds

Part 8: Infiltration facilities
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Foreword (continued)

Part 9: Bioretention systems

Part 10: Gross pollutant traps

Part 11: Water quality ponds and wetlands
Part 12: Erosion and sediment control
Part 13: Pavement drainage

Part 14: Drains and swales

Part 15: Pipe drains

Part 16: Engineered channels

Part 17: Bioengineered channels

Part 18: Culverts

Part 19: Gate and pump

Part 20: Hydraulic structures

Compliance with a Malaysian Standard does not of itself confer immunity from legal
obligations.
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Introduction

Conventional urban drainage engineering practice follows what is termed as ‘rapid disposal’
concept where stormwater is rapidly conveyed to the nearest waterway through a system of
lined drainage system. As urban areas rapidly grow throughout the country, this approach to
drainage not only creates more flash floods but also does not take into account the increasing
pollution being carried by stormwater as it flows through developing and developed areas.

The new approach, based on sustainable practices, addresses both quantity and quality
management of the stormwater. Quantity is managed through a system of detention and
storages which aims to reduce the peak discharges arising from new and redevelopments to
that of pre development. Quality control is managed through a system of treatment facilities
for sediments and dissolved pollutants as well as floatables.

This part of the standards series, addresses criteria needed for the requirements and the
guidance for the selection of hydraulic structures. The guidance is provided within the
descriptions and design criteria for particular project that may be followed for new site
developments and significant redevelopments.

© STANDARDS MALAYSIA 2014 - All rights reserved v
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Urban stormwater management -
Part 20: Hydraulic structures

1 Scope
This Malaysian Standard specifies guidelines for the selection of hydraulic structures used to
positively control water flow velocities, directions and depths, the elevation and slope of the

stream bed, and the general configuration of a channel including its stability and maintenance
characteristics.

2 Terms and definitions

For the purposes of this standard, the following terms and definitions apply.

2.1 drop structure

An open channel hydraulic structure specifically designed to allow water to fall rapidly. The
structure usually incorporates an energy dissipater, however, energy dissipation may also
occur within the immediate downstream channel.

2.2 energy dissipater

A structure used to absorb excess kinetic energy in flowing water typically incorporated into
the outlets of hydraulics structures to reduce outlet flow velocities and downstream erosion.

2.3 flow splitter

A structure constructed to control runoff or other water flows by providing diversion directions
of the various flow rates.

2.4 flow spreader

An excavated depression constructed at zero percent grades across a slope which changes
concentrated flow into sheet flow and then outlets it onto stable areas without causing
erosion.

2.5 Froude number

The Froude number is an important dimensionless parameter in open-channel flow. It
represents the ratio of inertia forces to gravity forces acting on the water.

2.6 gates
Gates are control device at drainage outlet to avoid backflow during high tides or high flood

levels at the receiving water bodies. They are normally opened during low water levels and
closed during higher water levels at the receiving water bodies.

© STANDARDS MALAYSIA 2014 - All rights reserved 1
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2.7 hydraulic jump

An abrupt, turbulent rise in the water surface of open channel flow resulting from the transition
of superecritical flow into subcritical flow.

2.8 hydraulic structure

A conduit or open channel used to contain or transport water, or a component of such a
conduit or open channel that controls or alters the flow conditions.

2.9 side-overflow weir

Structure to facilitate overflow and diversion of stormwater by directing the discharge away
from the original channel.

2.10 stormwater drain outfalls

Outlet where flow from the local drainage system is discharged. The discharge point, or
outfall, can be either a natural river or stream, or an existing or proposed stormwater drain or
channel.

2.11  subcritical flow

A free-surface flow condition which has a Froude number less than one (1), a depth greater
than the critical depth, and a velocity less than the critical velocity. During subcritical flow, flow
conditions at a given location are primarily controlled by flow conditions immediately
downstream of that location.

2.12  supercritical flow

A free-surface flow condition which has a Froude number greater than one (1), a depth less
than the critical depth, and a velocity greater than the critical velocity. During supercritical
flow, flow conditions at a given location are primarily controlled by flow conditions immediately
upstream of that location.

2.13 tailwater

The water level located immediately downstream of a given structure such as culvert.

2.14 valve

Device to control the pressure of fluids identified by names that indicate their general function,
such as thermostatic recirculating valve.

2 © STANDARDS MALAYSIA 2014 - All rights reserved
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3 Design considerations
3.1 Energy dissipaters

The following considerations that should be included in designing hydraulic jumps and stilling
basins:

a) Jump position: There are three positions or alternative patterns that allow a hydraulic
jump to form downstream of the transition in the channel. These positions are controlled
by tailwater.

b) Tailwater conditions: Tailwater fluctuations due to changes in discharge complicate the
design procedure. They should be taken into account by classification of tailwater
conditions using tailwater and hydraulic jump rating curves.

c) Jump types: Oscillating jumps in a Froude number range of 2.5 to 4.5 are best avoided
unless specially designed wave suppressers are used to reduce wave impact.

The greater the Froude number, the higher is the effect of tailwater on the jump. Therefore,
for a Froude number as low as 8, the tailwater depth should be greater than the sequent
depth downstream of the jump so that the jump will stay on the apron. When the Froude
number is greater than 10, the common stilling basin dissipater may not be as cost-effective
as a special bucket type dissipater.

3.2 Stormwater drain outfalls

Several aspects of outfall design shall be given serious consideration. These include the
flowline or invert (inside bottom) elevation of the proposed stormwater drain outlet, tailwater
elevations, energy dissipation, and the orientation of the outlet structure.

3.3 Transition and constriction

The following design consideration for transition and constriction shall be made structures that
may be required for engineered channel.

3.3.1 Transition analysis
3.3.1.1 Subocritical transition

Transitions for subcritical flow frequently involve localised or bank lining configurations which
allow change in the cross section and produce a water surface profile based on gradually
varied flow. The energy lost through a transition is a function of the friction, eddy currents, and
turbulence. The intent is to minimise friction losses and/or erosion tendencies. Standard water
surface profile analysis is applied, with the addition of an energy loss at the transition. The
loss is expressed as a function of the change in velocity head occurring across the
contraction or expansion transition (from upstream to downstream locations).

3.3.1.2 Supercritical transition analysis
The configuration of a supercritical transition is entirely different from subcritical transitions.

Improperly designed and configured supercritical transitions can produce shock wave
patterns which result in channel overtopping and other hydraulic and structural problems.

© STANDARDS MALAYSIA 2014 - All rights reserved 3
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3.3.2 Constrictions analysis
3.3.2.1 Constriction with upstream subcritical flow

There are a variety of structures that are constrictions. They can include bridges, culverts,
drop structures, and flow measurement devices. Constrictions of various types are used
intentionally to control bed stability and upstream water surface profiles.

The hydraulic distinction of constrictions is that they can cause rapidly varied flow. Significant
eddies can form upstream and downstream of the constriction depending upon the geometry.
Flow separation will start at the upstream edge of the constriction, then the flow contracts to
be narrower than the opening width. Typically, the width of contraction is 10 % of the depth at
the constriction for each side boundary.

3.3.2.2 Constriction with upstream supercritical flow

Possible shock waves or choked flow causing high upstream backwater or a hydraulic jump
are major concerns. The situation is to be avoided in urban drainage because of inherent
instabilities.

3.4 Bend and confluences
3.4.1 Subdcritical bends

Superelevation refers to a rise in the water surface on the outer side of the bend. Effectively,
the bend can behave like a contraction, causing backwater upstream and in accelerated
velocity zones, with high possibility of erosion on the outside of the bend and other locations.
Significant eddy currents, scour, sedimentation, and loss of effective conveyance can occur
on the inside of the bend.

Concrete lined channels can be significantly affected by superelevation of the water surface.
The designer shall always add superelevation to the design freeboard of the channel.

3.4.2 Supercritical bends

Supercritical channels are generally not desirable in urban drainage. However, special
situations may occur where supercritical flows enters a curved channel, for example:

a) at confluences where one channel is largely empty, and the entering flow expands and
becomes supercritical;

b) at asharp bend in a conduit whose slope inherently leads to supercritical conditions; or

c) atachannel drops that unavoidably ends up on a curve.

The key phenomenon to be aware of is shock waves, of which there are two types, positive
and negative. On the outside of an angular bend, a positive shock wave will occur which
results in a rise in the water surface. The wave is stationary and crosses to the inside of the
channel, and then can continue to reflect back and forth. Where the flow passes the inside
angular bend, a separation will occur and a negative shock wave or drop in the water surface
will occur. This stationary negative shock wave will cross to the outside of the channel. Both
shock waves will continue to reflect off the walls, resulting in a very disturbed flow pattern.

4 © STANDARDS MALAYSIA 2014 - All rights reserved



MS 2526-20:2014

A basic control technique is to set up bend geometry to cause the positive shock wave to
intersect the point where the negative wave is propagated. A bend usually requires two
deflections on the outside and one bend on the inside.

3.4.3 Subcritical flow in confluences

The following assumptions are made for combining subcritical flows:

a) the side channel cross-section is the same shape as the main channel cross-section;
b) the bottom slopes are equal for the main channel and side channel;

c) flows are parallel to the channel walls immediately above and below the junction;

d) the depths are equal immediately above the junction in both the side and main channel;
and

e) the velocity is uniform over the cross-sections immediately above and below the junction.

Assumption c) implies that hydrostatic pressure distributions can be assumed, and
assumption €) suggests that the momentum correction factors be equal to each other at the
reference sections.

3.4.4 Supercritical flow in confluences

Supercritical flows with changes in boundary alignments is generally complicated by standing
waves. In subcritical flow, backwater effects are propagated upstream thereby tending to
equalise the flow depths in the main and side channels. However, backwater cannot be
propagated upstream in supercritical flow and flow depths in the main and side channels
cannot generally be expected to be equal. Junctions for rapid flows and very small junction
angles are designed assuming equal water surface elevations in the side and main channels.

Standing waves in supercritical flow at open channel junctions complicate flow conditions.
These waves may necessitate increased wall heights in the vicinity of the junction. Wave
conditions that may be produced by rapid flow in and downstream of a typical junction. One
area of maximum wave height can occur on the side channel wall opposite the junction point
and another on the main channel right wall downstream from the junction. Supercritical flow
may unavoidably occur in certain confluences.

3.5 Side-overflow weirs

The design of side-overflow weirs is based on empirical equations which quantify the
relationship between the discharge over the weir and geometric parameters at the weir,
including the length of the weir and head. The following three head or water surface profile
conditions can prevail at a side-overflow weir:

a) Condition 1 - The channel bed slopes steeply, producing supercritical flow. Under this
condition, the weir has no effect upstream and along the weir there is a gradual reduction
in depth. Downstream of the weir, the flow depth in the original channel increases,
tending asymptotically to the normal depth corresponding to the remaining discharge.

© STANDARDS MALAYSIA 2014 - All rights reserved 5
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b) Condition 2 - The channel bed slopes mildly. Under this condition, subcritical flow
prevails and the weir impact is noticed upstream of the weir only. The water surface
profile downstream of the weir corresponds to the normal depth of the remaining
discharge. Along the weir there is a gradual increase in depth and upstream of the weir
the flow depth tends asymptotically to the normal depth for the initial discharge.

c) Condition 3 - The channel bed slopes mildly, but the weir crest is below the critical depth
corresponding to the initial flow, and the flow at the weir is supercritical.

The most common condition that a designer will encounter is condition 3, where the weir
elevation is below the critical depth. When only a relatively small amount of the flow is
diverted, a rising water surface profile occurs.

3.6 Flow splitter

The following shall be considered in designing flow-splitting devices

a) Head loss - Hydraulic disturbances at the point of flow division result in unavoidable head
losses. These losses, however, may be reduced by the inclusion of proper flow
deflectors in the design of the structure. Deflectors minimise flow separation by providing
a gradual transition for the flow, rather than by forcing abrupt changes inflow direction.

b) Debris - In all transitions from large to smaller pipes, debris accumulation is a potential
problem. Tree limbs and other debris that flow freely in the larger pipe may not fit in the
smaller pipe(s) and may restrict flow. In addition, flow splitters cause major flow
disturbances resulting in the regions of decreased velocity. This reduction causes
material suspended in the stormwater flow to settle in the splitter box.

Although the deflector design should minimise velocity reduction as much as possible, total

elimination of the problem is unlikely. Therefore, positive maintenance access shall be

provided. Because flow splitting devices are maintenance-intensive, their use should be
judiciously controlled by the engineer.

3.7 Flow spreader

The following shall be considered in designing flow spreaders:

a) where flow enters the spreader through a pipe, the pipe shall be submerged to practically
dissipate energy; and

b) rock protection shall be required at outfalls.

4 Design criteria

4.1 Energy dissipaters

Design for energy dissipaters shall consider the following:

a) Erosion problems at culvert, pipe and engineered channel outlets are common.

Determination of the flow conditions, scour potential, and channel erosion resistance
shall be standard procedure for all designs.

6 © STANDARDS MALAYSIA 2014 - All rights reserved
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Energy dissipaters shall be employed whenever the velocity of flows leaving a
stormwater management facility exceeds the erosion velocity of the downstream area
channel system.

Energy dissipater designs will vary based on discharge specifics and tailwater conditions.
Outlet structures shall provide uniform redistribution or spreading of the flow without
excessive separation and turbulence.

Energy dissipaters shall be designed to return flows to non-erosive velocities to protect
downstream channels.

Care shall be taken during construction so that design criteria are followed exactly. Each part
of the criteria is important to their proper function

4.2

Drop structures

Design for drop structures shall consider the following:

section (length) of the crease of the box inlet;

opening of the headwalls;

discharge, discharge coefficients, and flow regime changes;
box inlet length and depth; and

minimum length and width of stilling basin.

4.3 Stormwater drain outfalls

Design for stormwater drain outfalls shall consider the following:

a)

b)

c)

d)

The flowline or invert elevation of the proposed outlet shall be equal to or higher than the
flowline of the outfall.

Evaluation of the hydraulic grade line for a storm drainage system begins at the system
outfall with the tailwater elevation.

If the outfall channel is a river or stream, it may be necessary to consider the joint or
coincidental probability of two hydrologic events occurring at the same time.

Energy dissipation may be required to protect the storm drain outlet. Riprap aprons or
energy dissipaters shall be provided if high velocities are expected.

4.4 Side overflow weirs

The computation of weir length for falling water surface profile shall use a weir discharge
formula combined with Bernoulli’s theorem. Estimation of weir length for rising water surface
profile shall be based on the theoretical equations.

© STANDARDS MALAYSIA 2014 - All rights reserved 7
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Flow splitter

Design of flow splitter shall consider the following:

a)

4.6

4.6.1

the top of the weir shall be located at the water surface for the 40 mm rainfall depth for
water quality design storm;

the maximum head over the weir shall be minimised for flow in excess of the water
quality design flows;

outlets shall must discharge to stable areas;

splitter structures shall be designed to sustain anticipated dead and live loads;
splitters shall be in accessible locations; and
no minimum or maximum drainage area.
Flow spreader
Option A - Anchored plate
The spreader shall be preceded by a sump having a minimum depth of 200 mm and
minimum width of 600 mm. The sump area shall be lined with steps to reduce erosion

and to provide energy dissipation.

The top of the flow spreader plate shall be leveled, projecting a minimum of 50 mm
above the final grade of the invert of the water quality facility.

The plate shall extend horizontally beyond the bottom width of the facility to prevent
water from eroding the side slope.

The plate shall be securely fixed in place.

The flow spreader plate may be either wood, metal, fibreglass reinforced plastic, or other
durable material.

4.6.2 Option B - Concrete sump box

a)

b)

This alternative uses a rectangular concrete sump. The wall of the downstream side of
the concrete sump shall extend a minimum of 50 mm above the invert of the treatment
bed.

The downstream wall of the box shall have “returns” at both ends. Side walls and returns
shall be slightly higher than the weir so that erosion of the side slope is minimised.

4.6.3 Option C - Flat-topped notched curb spreader

The

spreader sections shall be made of extruded concrete laid side by side and level.

Typically four “teeth” per 1.25 m section provide good spacing. The space between adjacent
“teeth” forms a V-notch.

© STANDARDS MALAYSIA 2014 - All rights reserved
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4.6.4 Option D - Through-curb ports

Unconcentrated flows from paved areas entering filter strips or continuous flow biofiltration
swales can use curb ports to allow flows to enter the strip or swale. The curb ports use
prefabricated openings that allow concrete curbing to be poured or extruded continuously
while still providing an opening through the curb to admit water to the water quality facility.
Openings in the curbing shall be at regular intervals but at least every 2 m (minimum). The
width of each curb port opening shall be 275 mm (minimum). Approximately 15 % or more of
the curb section length shall be in open ports, and no port shall discharge more than 10 % of
flow.

4.7 Gates
Operational requirements based on types of gates shall consider the following:
4.7.1 Radial gates

Radial gates are usually constructed as portals with cross-bars and arms (straight, radial, or
inclined), but could also be cantilevered over the arms. Their support hinges are usually
downstream but (for low heads) could also be upstream, resulting in shorter piers. The gate is
usually hoisted by cables fixed to each end to prevent it from twisting and jamming. If the
cables are connected to the bottom of the gate its top can be raised above the level of the
hoist itself, if the layout of the machinery allows it.

4.7.2 Drum and sector gates

Drum and sector gates are circular sectors in cross-section. Drum gates are hinged upstream
and sector gates downstream. Gates on dam crests are usually of the upstream hinge type.
Drum gates float on the lower face of the drum, whereas sector gates are usually enclosed
only on the upstream and downstream surfaces.

4.7.3 Flap gates

Flap gates are one of the simplest and most frequently used types of regulating gates used
mainly on weirs and barrages (rarely on dam crests), either on their own or in conjunction with
plain lift gates. They were developed as a replacement for wooden flash-boards, originally as
a steel-edged girder flap, which was later replaced by a torsion-rigid pipe; further
development was achieved by placing the pipe along the axis of the flap bearing, with the skin
plate transmitting the water pressure to cantilevered ribs fixed to the pipe. Next in use were
torsion-rigid gate bodies with curved downstream sides (fish-belly gates), with torsion-rigid
structures using prism-shaped sections being the latest development in flap gates.

4.7.4 Roller gates

A roller gate consists of a hollow steel cylinder, usually of a diameter somewhat smaller than
the damming height; the difference is covered by a steel attachment, most frequently located
at the bottom of the cylinder (in the closed position). The gate is operated by rolling it on an
inclined track. Because of the great stiffness of the gate, large spans may be used, but roller
gates require substantial piers with large recesses. New roller gate installations are not being
used nowadays partly because large units of this type are very vulnerable to single point
failure.

© STANDARDS MALAYSIA 2014 - All rights reserved 9
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4.7.5 Fabric gates

Inflatable rubber or fabric gates can be pressurised by air, water or both. They usually have
an inner shell and an outer casing, and can be used to close very large spans.

4.7.6 \Vertical lift gates

Vertical lift gates designed as a lattice, box girder, a grid of horizontal and vertical beams and
stiffeners, or a single slab steel plate, may consist of single or double section (or even more
parts can be involved in the closure of very high openings); in the case of flow over the top of
the gate it may be provided with an additional flap gate. The gates can have slide or wheeled
support. In the latter case fixed wheels (most frequent type), caterpillar or a roller train
(Stoney gate) may be used; for fixed wheels their spacing is reduced near the bottom. The
gate seals are of specially formed rubber.

4.8 Valves
Operational requirements based on types of valves shall consider the following:
4.8.1 Check valve

The check valve can be used to provide flow in one direction only through a culvert for
floodplain drainage and flood and saline intrusion mitigation purposes. The check valve is
constructed from an elastomer with a vertical slot that is flexible yet quite stiff and closed in its
relaxed position. This elastomer material is resistant to the corrosive effects of marine and
highly acidic waters, a significant issue associated with most metallic structures. The check
valve can be mounted flush on a flat or curved headwall, or be clamped to culverts of varying
shape, size or material. During backflow, the check valve seals shut.

4.8.2 Cone dispersion valve

The cone dispersion valve is probably the most frequently used type of regulating valve
installed at the end of outlets discharging into the atmosphere. It consists of a fixed 90° cone
disperser, upstream of which is the opening covered by a sliding cylindrical sleeve. The fine
spray associated with the operation of the valve may be undesirable, particularly in cold
weather; sometimes, therefore, a fixed large hollow cylinder is placed at the end of the valve
downstream of the cone, resulting in a ring jet valve.

4.8.3 Needle valve

The needle valve, (and its variation, i.e. the tube valve), has a bulb-shaped fixed steel jacket,
with the valve closing against the casing in the downstream direction. When open, the valves
produce solid circular jets and can also be used in submerged conditions. The valves may
suffer from cavitation damage and produce unstable jets at small openings, and are
expensive as they have to withstand full reservoir pressures.

4.8.4 Hollow-jet valve
Most of those disadvantages are overcome in the hollow-jet valve, which closes in the

upstream direction (when closed the valve body is at atmospheric pressure); because of this
the valve is, of course, not suitable for use in submerged conditions.
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