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Disclaimer

Significant effort has been taken to ensure that this document is representative of current best
practice bridge design and waterway control; however, the author cannot and does not claim
that the document is without error, or that the recommendations presented within this document
will not be subject to future amendment.

To be effective, bridge scour control measures must be investigated, planned, and designed in
a manner appropriate for the expected site conditions, including those site conditions relating to
the waterway morphology, site soils and bed rock, vegetation, catchment hydraulics, and bridge
maintenance.

No warranty or guarantee, express, implied, or statutory is made as to the accuracy, reliability,
suitability, or results of the methods or recommendations.

The author shall have no liability or responsibility to the user or any other person or entity with
respect to any liability, loss, or damage caused, or alleged to be caused, directly or indirectly, by
the adoption and use of any part of the document, including, but not limited to, any interruption
of service, loss of business or anticipatory profits, or consequential damages resulting from the
use of the document.

Specifically, adoption of the recommendations and procedures presented within this field guide
will not guarantee:

(i) compliance with any statutory obligations

(i) minimisation of damage to bridge structures

(i) avoidance of environmental harm.
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Purpose of field guide
The purpose of this field guide is to:
1 provide a general overview of scour control around waterway bridges

T introduce readers to the Austroadsd 2018
guidelines on bridge scour control

1 provide general information on the management soil scour around low-risk, minor bridges
that are likely to be found in private property and along minor council roads.

This is not a design manual, and it is not a replacement for the Austroads guidelines on bridge
scour or the various state and regional guidelines.

The photos presented within this document are intended to represent the current topic being
discussed. These photos are presented for the purpose of depicting either a preferred or
discouraged outcome (as the case may be). In some cases the photo may not represent current
best practice, but is simply the best photo available to the author at the time.

The caption and/or associated discussion should not imply that the actual site shown within the
photograph represents either good or bad engineering practice. The site conditions and history
of each site are not known, and thus the actual conditions of the site may not align perfectly with
the current discussion. This means that there may be a completely valid reason why the
designer chose the design presented within the photo.

About the author

Grant Witheridge is a civil engineer with both Bachelor and Masters degrees from the University
of NSW (UNSW). He has 40 years experience in the fields of hydraulics, stormwater
management, creek engineering, and erosion & sediment control, during which time he has
worked for a variety of federal, state and local governments, and private organisations.

Grant commenced his career at the UNSW Water Research Laboratory constructing and
operating physical models of river floodplains. He later worked for Brisbane City Council on
creek engineering and stormwater management issues. He currently works through his own
company Catchments & Creeks Pty Ltd.

Grant is the principal editor of the 2007, 2013 and 2016 editions of the Queensland Urban
Drainage Manual , as wel | Nagiral EhannelbDesiga an@ iCtegk
Erosion guidelines, the 2002 engineering guidelines on the Fish Passage Requirements for
Waterway Crossings, and the IECA (2008) Best Practice Erosion and Sediment Control
documents.

Introduction

I n aeronauti cal engineering, i f your desi
engineering, i f your design does not mo v gign
either flies or moves, youbre sacked. And i
issuedt he problems that occur when you build s

that is certainly capable of moving.

This is where the world of structural engineering meets the world of fluvial geomorphology.
Understanding the behaviour of major waterways goes beyond the application of simple
mathematical equations, it requires the input of an experienced river geomorphologist.

Soil scour around the foundations of a bridge can be a result of the impacts the bridge is having
on the waterway, or just a outcome of the natural movement of the waterway that would have
occurred with or without the bridge being in place.

As with almost every problem we face, there are four types of solutions that we can explore
when looking for ways to manage the problem of bridge scour:

1 remove yourself from the problem

1 remove the problem from yourself

1 change the outcome of the problem

1 change your response to the problem.

and th
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With respect to bridge scour, the first response can be achieved by altering the alignment of
the road or driveway to minimise the number of waterway crossings, while also avoiding highly
unstable sections of the waterway.

The second response may be achieved through the use of hard engineering measures that
aim to prevent the erosion problems from occurring, but this is a rare outcome. The alternative
is to design the bridge so that it spans the waterway in a manner that prevents any channel
erosion from impacting on the bridge.

The third response can be achieved by accepting that some degree of soil scour will occur
during flood events, but taking steps to ensure that the soil scour either:

9 occurs at locations that do not adversely affect the structural integrity of the bridge (this
outcome overlaps the second response), or

1 occurs to such a limited degree (i.e. depth and width) that it will not adversely affect the
structural integrity of the bridge.

If erosion were to occur without causing harm to the bridge, then there may still be an adverse
impact on the aesthetics of the bridge and/or waterway, and thus there could still be a need for
postf |l ood repairs (depending on the community@s respo

The aim of this third approach is to accept some degree of scour during severe floods, but to:

1 design the scour control measures such that affordable repairs can occur after each flood
(this is a strategy that is adopted in some clay-based waterways), or

T design the bridgeds f oun dnaheii reqonired ssructardl integhtpat Jt hey c a
even if significant flood scour were to occur (this is the strategy that usually needs to be
adopted in most alluvial waterways (i.e. sand-based and gravel-based waterways).

The benefits of this approach is that it allows the usage of soft engineering scour control
measures, such as rock and vegetation. The disadvantage of this method is the likely increased
frequency and cost of post-flood maintenance. However, it is noted that the use of soft
engineering measures does not mean that flood damage will always occur; and that the use of
hard engineering measures does not mean that flood damage will never occur.

The final response can also be achieved by accepting that soil scour will occur around the
bridge, but then using a cost:benefit analysis to determine what level of risk you are willing to
accept. This does not mean that you leave the bridge to simply fail during the each flood event.
What it means is you implement a measured (i.e. cost-effective) approach to scour control.

It also means:

1 bridge designers have a bit more flexibility to implement soft engineering scour control
measures that may have a higher risk of failure, but integrate better with the needs of the
waterway, including the needs of fauna associated with the waterway corridor; and

f bridge designers can pay greater attentionl to the
and the frequency of flood damage to similar bridges in the region; and

9 the cost of the scour control measures can be appropriate for the value and importance of
the bridged this can be particularly relevant for low-risk private bridges.

It is this final approach that is likely to be of most relevance to privately owned bridges, such as
bridges on driveways and on rural tracks. Unfortunately for local governments and state
authorities, this approach may not gain community acceptance. For some members of the
community, any damage to public infrastructure is looked upon as an example of poor
engineering design and/or inadequate bridge maintenance.

The benefit of considering at least one outcome within each of these four types of solutions
listed above is that it can prompt the bridge design team to explore a bit of lateral thinking that
may guide them to a better final outcomed better for the bridge, better for the waterway, better
for the community, and of course better for the bridge owner.

© Catchments & Creeks P/L V1, July 2020 Page 7



Layout of this field guide

£

Bridge scour (Qld)

J’

Guide to Bridge Technology Part 8 Austroads

Hydraulic Design of Waterway Structures

Minor bridge (USA

i

Photo supplied by Catchments & Creeks Pty Ltd

Fractured rock

Introduction to bridge scour

1 Sections 1 contains an overview of the
different types of bridge scour and the
factors affecting bridge scour.

1 Section 2 contains an overview of general
design considerations, including:

- the likely interaction between bridges
and different types of waterways

- fauna considerations with regards to
managing bridge scour.

Scour control on major bridges

1 Section 3 contains an overview of the
2018 Austroads guidelines for bridge
scour prediction and control.

1 Section 4 contains an overview of the
2019 Queensland Main Roads guidelines
for bridge scour prediction and control.

1 Section 4 has been presented as an
example of how individual states can
develop local guidelines that supplement
the national Austroads guidelines.

Scour control on minor bridges

1 Section 5 contains an overview of rock
sizing and placement on minor bridges.

9 This section has been provided as a guide
to scour control on minor bridges, such as
those found on private property.

1 An alternative equation is presented for
the sizing of rock placed adjacent low-risk,
minor bridgesd this equation is not
considered appropriate for the sizing of
rock on major bridges.

Scour control measures

1 Section 6 provides an overview of rock
placement around waterway bridges.

9 Section 7 provides an overview of rock
riprap characteristics, including Mannin g 6
roughness of rock, and rock grading.

1 Section 8 provides an overview of other
types of scour control measures.

Section 9 discusses pavement scour.

1 Section 10 presents several case studies
of bridge flood damage and scour control.
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Types of bridge crossings

Photo supplied, by-Catehmenfs &Greeks Pty i g

Minor bridge crossing (Tas)

Major bridge crossing (SA)
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M

Low-risk minor bridges

1 Alow-risk minor bridge crossing may be
defined as a bridge crossing where:

- flow velocities within the drain or
waterway are unlikely to cause erosion

- the cost of repairing any channel
erosion is minor, and

- the bridge does not represent critical
infrastructure (e.g. a bypass exists).

1 Typically these are single-lane bridges
spanning low-velocity stormwater drains or
minor waterways.

High-risk minor bridges
1 A high-risk minor bridge crossing may be
defined as a bridge crossing where:

- flow velocities within the drain or
waterway are likely to cause erosion

- the cost of repairing any channel
erosion is considered significant, or

- the bridge is considered critical
infrastructure, even if a bypass exists.

1 Typically these are single-lane bridges
spanning high-velocity stormwater drains
or minor waterways (creeks).

Footbridges

1 Design procedures for scour control
around footbridges should follow the same
rules as for road bridges.

1 This means footbridges should be
assessed as either
structures.

1 Also, the design procedure should reflect
the design guidelines adopted by the
authority responsible for approving the
footbridge, as well as the authority
responsible managing the waterway.

Major bridges

1 A major bridge crossing may be defined
as:

- a bridge that is not a minor bridge; or

- a bridge that represents critical public
infrastructure, even if a bypass exists;
or

- abridge that is a part of a State-
controlled transport corridor.

0
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Related design guidelines

Guide to Bridge Technology Part 8

Hydraulic Design of Waterway Structures.

Austroads, 2018

e

Bridge Scour Manval

Supplement to Austroads Guide to Bridge Technology
Part 8, Chapter 5: Bridge Scour (2018)

Jaewsary 2019

CONSTRUCTING
{“WATERWAY CROSSINGS

Catchments & Creeks, 2020

Major road or rail bridges

1 lrrespective of the ownership of the
waterway crossing,
responsibility to be aware of best practice
engineering design recommendations.

1 Inthe absence of a local design code (i.e.
a design code supported by the relevant
approving authority), best practice bridge
scour design is presented within the latest
Austroads guidelines.

1 The application of this guideline is not
limited to road bridges.

State-owned bridges

I Each state may have a local design
manual/guideline for:

- State-owned roads bridges
- State-owned or managed rail bridges

1 In some case these local state guidelines
may be written as a supplement to the
latest Austroads guidelines, in other cases
the guidelines will act as a stand-alone
document.

Bridges over waterways owned or
managed by a local authority

9 For minor bridge crossings that are
located within private property, the
relevant design guideline depends on:

- the owner or responsible authority
acting for the waterway

- whether or not the structure requires
design approval from the local
government (refer to the local
gover nme ningdSsheRd).a n n

Privately owned bridges

1 Subject to the requirements of the local
government and/or the waterway
authority, this field guide provides general
design information on the management
soil scour around privately-owned minor
bridges.

1 The use of this field guide requires
appropriate experience and training.

91 This field guide has not been developed
as a general public guide.

© Catchments & Creeks P/L

V1, July 2020 Page 10




1. Types of Bridge Scour
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Surface scour

T Sometimes referred t
scourd, this form of
direct removal of surface material by
flowing water.

1 This term is used to describe scour that
originates from this smooth, orderly flow
that is largely absent of large-scale
turbulence.

9 Soil scour that is the direct result of
turbulent flows generated by the bridge
structure is commonl
scour 6.

Structure-induced scour (local scour)

1 Rough turbulent flow can originate from
obstructions associated with the bridge,
such as abutments and piers, or from
channel irregularities upstream of the
bridge.

9 Soil scour is commonly found around the
base of bridge piers, which is caused by
changes in flow velocity and turbulence as
floodwaters pass around the pier.

Debris-induced scour

9 Debris wrapped around bridge piers can
cause a local increase in flow velocity and
turbulence resulting in bed scour.

1 Trapped debris rafts can also increase the
average flow velocity under a bridge by
reducing the effective flow area.

B e Ao € X N - i
E'poto supplied by Catchiients & Creeks Pty Ltd e
Johnson Road, Forestdale, Qld

Deep bed-substrate migration

1T Waterways can be eit
O6moving bedd systems

1 Fixed bed waterways are rock-based or
clay-based systems that have little or no
loose bed sediment.

1 Moving bed waterways have a deep
substrate layer, and are typically sand or
gravel-based waterways.

9 This deep substrate typically moves
(migrates) during major floods, which may
yttd result in short-term or long-term changes

ueensland in bed level.
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Types of bridge scour

Head-cut bed erosion

T A 6hewtdd i s an wunst a
the waterway bed that usually:

- migrates up the waterway during flood
events; and

- often acts like a mini waterfall during
periods of low flow.

' X 4 i ; 1  This form of waterway scour is normally

P < Ty 5 initiated by downstream actions/events,
) < ' ' which cause the head-cut to migrate
upstream to the bridge.

Photo supplied by Catchments &

Small head-cut migrating towards a road

-3 o8 B RERATSETTT] -

Waterway migration

1 Waterway migration is where the low-flow
channel moves laterally across the bed of
a wide channel, or the whole channel
moves laterally across a floodplain.

1 Bridge piers, abutments and foundations
can be exposed as a result of channel
migration.

9 Historical aerial photography can often be
used to identify past phases of channel
migration.

A i e r% B i
Logan Motorway, Oxley Creek, Qld
Long-term lowering of bed levels

1 Bridge piers, abutments and foundations
can be exposed as a result of long-term
changes to waterway bed levels.

1 Long-term changes in bed levels can be
the result of:

- head-cut erosion

- changes in annual river flow (e.qg.
climate change or changes in dam
operation)

- changes in sediment flow along the
waterway.

-siipp! \ i
Princes Highway, Murray Bridge, S

Scour due to overtopping floods

1 Overtopping flows can cause damage to
the approach roads as well as the bridge.

1 The head-cut scour visible to the left of
this timber bridge is an example of erosion
caused by overtopping flows.

1 Atthis site, head-cut erosion attacked the
approach roads each side of the bridge,
but the erosion occurring on the right-hand
side broke through the roadway first,
which is why that side of the road was

Photo supplied by Brisbane City Coul i o washed away.

Brookbent Road, Willawong, Qld
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Examples of bridge crossings over meandering waterways

Iy R s fa A
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Pacific Highway, Serpentine Channel Pacific Highway, Wallamba River

Pacific Highway, Warrell Creek Pacific Highway, Blackadder Gully

W
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Factors affecting soil erosion around bridges

The type of water flow

1 Factors that can influence the degree of
soil erosion include:

- flow velocity
- depth of flow
- degree of turbulence

- degree of entrained sediment (clean
water or dirty water)

1 The strength of vegetation can be

influenced by the recent frequency of
‘ atc ' ty Ltd major flows, which inturn can influence
Overtopping flood flows (Qld) adjacent soil erosion.

ol

Impact of waterway type on scour control

1 Flood-induced channel erosion varies with
the type of waterway.

1 Different types of waterways react
differently to flood events.

1 The design of scour protection measures
must reflect the type of bed materiald for
example, the placement of rock within a
sand-based waterway is different from its
placement within a clay-based waterway.

M‘ 354 Rock-basd
Types of waterways
; 3 ; The size of the waterway

Y ET Rl

1 Small waterways, such as creeks and
constructed channels (drains), are less
likely to experience significant channel
migration.

1 Large waterways, such as rivers, are more
likely to have a deep layer of loose
substrate (bed sediment) that migrates
downstream during flood events.

Impacts of waterway alignment on scour
control

1 Scour control measures will be influence
by the location of the bridge with respect
to the waterway alignment.

1 Different degrees of scour control are
required for bridges located on a:

- straight channels
- meandering channels

- channel bends.
Bridge crossing

Bridge built across a migrating channel
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Factors affecting soil erosion around bridges
The type and depth of bed substrate

1 Assessing the deep the loose substrate
(sand or gravel beds) can be critical in
determining the potential depth of bed
scour during severe floods.

1 The depth of the bed substrate may be
determined by reviewing bore hole data.

1 Itis noted that the maximum depth of bed
scour may not be limited to just the depth
of this loose bed material.

Photo supplied by Catchment td-

Bowen River, Queensland

The degree of vegetation cover
1 There are two issues here:

- the degree of vegetation cover over the
channel upstream and downstream of
the bridge

- the health and coverage of vegetation
under the bridge deck.

1 The stability of this vegetation is also
dependent on the stability of the bed and
bank material in which the plants are
growing, and on the size of the waterway.

Consideration of debris blockage

1 The effects of debris blockage on flow
velocities and the potential scour risk must
be considered.

1 Debris deflection systems can be used to:

- capture and hold debris upstream of the
bridge, thus moving any associated bed
scour upstream of the bridge, and

- reduce lateral forces placed on the
bridge piers by large debris rafts.

oA X s AR 5
Pt ST Gt oot S B
Debris raft trapped on a bridge pier

Location of bridge piers relative to
waterway banks

1 ldeally, bridge piers should not be located
near waterway banks because this inturn
results in an increase in potential damage
to the bank.

1 The existence of a waterway bank near a
bridge pier can influence local flow
velocities and turbulence, and thus the
resulting flood scour.

Photo supplied by Catchments & Creeks Pty Ltd

Airport Link, Schulz Canal, Brisbane
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Predicting potential river migration

=

Braided waterway, Queensland

Api2012
Pubication No, FHWA-HF-12-004

Mydrauo Enpneening Creular o, 20

Stream Stability at Highway Structures
Fourth Edition

US. Departmant of Transportation '
Federal Highway Administration

Lagasse et al. 2012

Progress in Physical Geography 19,1 (1995) pp. 35-60

The geomorphology of Australia’s
fluvial systems: retrospect, perspect
and prospect

Stephen Tooth and Gerald C. Nanson

D of G hy, University of

P BONg

Abstract: This article provides a review of the study and geomorphology of Australia’s fluvial
systems i ject. Trendsin the
tralia are traced from the observations and comments of
s through to the emergence and growth of fluvial

Subsequent development of the idea of a distinctive
tems that often contrast with Anglo-American obscrvations
icular reference to fluvial studies in south-cast Australia. Key

gecomorphology of Australian fi
is outlined and illustrated with

Tooth and Nanson, 1995

po—

River Engineering
and Management

Edited by Colin R. Thorne
Richard D. Hey
Malcolm D. Newson

B WILEY

Thorne, Hey and Newson, 1997

Reference documents

Austroads presents the following publications
as useful guides in river morphology:

1 Fluvial Geomorphology in Australia,
Warner, 1988 (a collection of specialist
papers providing background into the
geomorphology of rivers and related
phenomena in Australia).

Stream Stability at Highway Structures

1 Stream Stability at Highway Structures,
Fourth Edition, P.F. Lagasse, L.W.
Zevenbergen, W.J. Spitz, L.A. Arneson,
2012, US Department of Transport,
Federal Highway Administration,
Publication FHWA-HIF-12-004.

The geomorphol ogy of
systems: retrospect, perspect and
prospect

1 The geomorphology of Aust r al i a6s
systems: retrospect, perspect and
prospect, Stephen Tooth and gerald C.
Nanson, 1995, Progress in Physical
Geography 19.1 pp. 351 60 (Edward
Arnold, 1995).

Applied Fluvial Geomorphology for River
Engineering and Management

1 Applied Fluvial Geomorphology for River
Engineering and Management, C.R.
Thorne, R.D. Hey and M.D. Newson,
1997, Wiley.
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Predicting the depth of scour

. Austroadso6 Guide to Br
= Part 8

\ 3o
Guide to Bridge Technology Part 8 Austroads
Hydraulic Design of Waterway Structures

1 Austroads (2018) provides guidance on
methods for predicting scour depths
adjacent to bridges.

1 Refer to section 3 of this field guide for an
overview of the 2018 Austroads
guidelines.

Austroads, 2018

| Queenslandso6 Bridge Sc

1 The Queensland Department of Transport
and Mai nBriBge Scbws Blanual
provides commentary on the Austroads
(2018) guidelines, as well as making
further recommendations on the of
prediction scour depths.

9 Bridge designers should refer to their local
s o state guidelines.

Supplement to Austroads Guide to Bridge Technology
Part 8, Chapter 5: Bridge Scour (2018)

sy 1 Refer to section 4 for an overview of the
Queensl and Main Road

Qld Transport and Main Roads, 2019
iaf§ Sl U TE e River morphology

1 Predicting the maximum possible depth of
bed scour at a bridge site can a very
simple or very complex exercise.

1 In simple cases the maximum depth of
scour can be limited by the existence of
bed rock.

1 In complex cases the investigation may
involve a study of t
power and geological history.

S PR 1 Obtaining advice from a river morphologist
£ is highly recommended.

Scour predictions based on bore hole
information

1 The depth of the bed substrate may be
determined by reviewing bore hole data.

=

Bore hole data may also provide
information of past river migration and

flood damaged this usually requires input
*Lrsoo from fluvial geomorphology experts.

Hoight above datum ()

I RN EXERETEA

11.500

E peat

XD silty sand

nate: te horizental anc
vertizal scales may dife”
Qrouncwatar level for eese of prasentaion

sandstore and shzle bedrocks

=
P2 stiff bouder clay
=
¥

Bore hole data
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2. General Design Considerations
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Types of waterways

Major waterways

1 Major waterways are most commonly
referred to as o6rive

1 In some regions of Australia, as well as
within the upper regions of most rivers,
these waterways can be so narrow that
their behaviour is more closely aligned
with the behaviour of minor waterways.

1 In major waterways, bank vegetation can
play a major role in providing post-flood
bank stability, but during a flood, it is the
floodwater that usually dominates over the
vegetation.

Minor waterways

T Within this field gu
wat erway6 i s usedbedo
waterways where vegetation type and
density is a dominant factor in determining
the size and stability of the channel.

T 6Springsd, Obrooksbd
waterways most likely to be referred to as
minor waterways.

1 These waterways normally have a low (1,
2, 3, etc.) O6stream

Mmor urban waterway (Brlsbane Qld)
Arid and semi-arid waterways

1 Arid and semi-arid waterways are often
treated as a separate waterway category
due to the reduced influence of vegetation
on the channel form and stability.

1 In arid regions it can be difficult to
di stinguish between
6drainage |l inebd.

1 These waterways can, however, share
many characteristics with coastal
waterways, including the wide flat channel
bed found in most sand and gravel-based
waterways.

Drainage lines

T A 6drainage | inebd6 is
pathway (or overland flow path) that
carries concentrated flow (not sheet flow).

1 These drains are likely to flow only while
rain is falling, and for short periods (hours)
after rainfall has stopped.

91 Drainage lines are generally not
considered to be oOwa

1 The classification of waterways is usually
a matter for state governments, while the
mapping of drainage lines is more
commonly done by local governments.
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Types of waterways (the following is just one of many classification systems)

7 ¥ @ Clay-based waterways

1 The bed and banks of clay-based
waterways are primarily formed from
clayey soils that are not covered by loose
(natural) sediments.

T These ar e aferivaygtthatb ed
typically have minimal natural sediment
flow or bed movementd this allows mature
woody vegetation to establish close to, or
even on, the channel bed.

1 Typically these waterways have a U-
shaped or V-shaped channel profile.

Sand-based waterways

1 Deep, loose sand dominates the make-up
of the bed of sand-based waterways.

1 The depth of the sand can exceed the
depth of the root systems of much of the
bed and lower bank vegetation.

1 These are alluvial waterways that
experience significant bed movement
(sand flow) during both minor and major
stream flows.

1 Bed vegetation (if any) typically consists of
quick-response, short-lived, non-woody
species.

Gravel-based waterways

1 Bed material is made-up mostly of well-
rounded gravels, cobbles or boulders.

1 These are alluvial waterways that often
feature pools and riffles, which can
completely reform during floods.

1 The movement of the bed material during
major floods means the channel bed is
usually flat (similar to sand-based rivers).

: : 1 Woody vegetation can struggle to form on
o= : the channel bed if the bed movement is
significantd which may not be the case in

the upper reaches of the waterway.

iw -
Photo SUppi&d by Caumms & Creekg Rty Ltd

Gravel-based waterway (Tas)

Rock-based waterways

1 The bed material of rock-based waterways
is made-up of exposed rock outcrops often
separated by sections of clay, sand or
gravel-based channels.

1 Thesearefixed-bed, Ospillir
usually containing waterfalls or riffles
followed by deep pools within which
energy dissipation occurs.

1 These waterways are sometimes referred
to as-spridcdkyngd -Dal b
waterways.

Rock-based waterway (Tas)
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