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Advancing Australian Riprap Sizing Approaches
Firey Price
Surface Water Solutions
ABSTRACT

The placement of riprap s the most I scour n
Australia Natiomeide guidmncs for viprap sizing i provided in Austroads and Australian
Rainfall and Rungff (ARR) docwmenss. ARR guidmice gensrally defers o Qusensiand
Deperrmenr of Transporr and Main Roads (QDTMR) publicarions thay i tuen, defer o
Austroad: guidancs for riprap siing. Awstreads ripeap siEing procedures fiil hack on
methods developed by the United States Bureau of Reclamation (USBR), the U5, 4rmy Corps
of Engingers (USACE), and the Federal Highways Administration (FEWA). The cited
procedures generally relate the recomomended riprap size o flow velocily because alternaive
parameters such as shear stress have historically beem difffcult to visualite, compute. and
measure.

Austroads and ARR guidance manuals cite different methods jor sizing viprap associated
with bridges, cufverts, floodeqys, emevgy disiparion strucrures, and chawnsl lining
applications, in some cases, the cited methods provids conflicting guidance. Some of the
references that serve ar @ basiz for Aworalion riprap siing guidance have been superseded
by more recent publicarions thar should be incorporated into fizure editions of Ausmralion
guidancs documents.

Both Aurtroads and ARR manuals vecomemend computing shear stress to detsming the
potencial for mairj.lxmg mmerial, bur no gumacs' Jor @pﬂrmg shear-based mk mmg

design criteria iz presemted Recemt advances m sthods allow B
analysss to be more readily o npracti et Jaadl.qgm!ln
potential i qf: ised, shear-based, ian riprap d.

The i f 2D and 3D flood HMWJDMJWWH

reappraisai of previousiy adopied riprap sizing critria that have traditionally been based on
1D gpproaches. 2D MED resulis wsed for riprap soing are mmm the proper selection
of gvid sizes, and other modslling
paramsters. A vecommended inerim approach for estmating stable design ripap size i
presemied wsing Wydraulic modelling resulzs for velocity, depeh, and shear stres:.

BACKGROUND
The Use of Riprap in Australia
Relative to other sconr coumtermeasures, the installation of riprap in Australia is a primary scour
protection option becruse it is “zbundant, inexpensive, and requires me special eguipment” (ARR

2015). Mativawide guidmee for the agplicetion of hydraulic modelling results o scou protection
desigus is provided by mmmmmmms 2 liserature review of the souces tat

serve as a basis for Australian riprap 2pproaches and recommends selectad adyustments to those

approaches. &ndmmmwdbylocnlmmmmuunh mchuded i this review where referenced

in the national guidelines

Velocity vs Shear

BmAmmmmmmm cite velocity-based criteria for sizing ripmp. In

simuplest terms, Sow velocities are exracted from mezsuremerts or hydreulic models and canvenied
into 2 recommerded stone size. [n general, the velocity refers to a depth-averaged chamnel

velocity, and the stone size refers to the median diameter (D) of an individual riprap stone bazed on

tofal waight of the rock classes Fimure | shows an sxampls of 2 rigrap sizing chart based on tzbulated

values in Austroads (20132 and 2013k).

. ®
e —

Fizure 1. Riprap sizing chart (based on Austroads 2013s, 2013b).

Velnal\%azednmpnmgmmds:mgmually summarised by stating the required rock
diameter in terms of a coefficient “a” Lhuumu]uphedhthevelncm raized to an exponent b7
D.=2*V*  (Equation 1)
The coefficient “2" can vary with side slope, bend angle, density, . safety factor, and other
elements. The sxpenent “b" gzmﬂymgabeweennmlugnf2md3mug&gmusmmb
methods. The zpplicatle velocity ranze: asseciated with standard Australian rock claase: are shown in
Figure | agamst a reltionzhip curve with 2 value of 35 for “2" and 2 for “b”, where the median rock
size (measured in milimetres) is 33 times the square of the velocity (measured in metres per sacond).
Figure I shows am altersative relationship where the velocity on the X axis is taken 23 the bottom
velocity rather than a depth-averazed velocity (Austroads 2013b). The maximum allowable average
charme] velocities fram Figura 1 are shown in rad for comperison The effactive 2" values range
from 20 to 35 for average chamnel velocities, and from 40 to 70 for bottom velocites, with the
exponent “b” held constant 2t 2 for both curves.

Increasing the applied velocity kzs an expenential sffact o the camputed stone weight Becauss the
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We recently hosted the Australian Water School's 100th webinar, “Rocking It!" which covered using hydraulic modelling results for
rock sizing. Watch the recording here:
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Rio Tinto
16 - 19 NOVEMBER 2020

Alnitial results published KoyDues  Reginion _ Spossip _ Clor s PenYourSay_ Canmitees  Poganme _ Corol
in IMWA 2020 HIWE 2020 HAS BEEN POSTPONED

Considering ongoing travel restrictions with Australia, the Local Organising Committee has made the difficult decision
EX an d e d a e r to postpone the HIWE Conference. New dates will be set when there is more clarity around the trans-Tasman bubble
arrangements. We are looking forward to you joining us when we can hold the conference in Auckland in future!

AHydraulics session
added to HWRS 2021

HIWE 2020
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SPONSORSHIP - CALL FOR ABSTRACTS i PROGRAMME
This Proposal outlines various The Scientific Committee of the 14th :  In addition to three days of podium
levels of involvement to suit s Conference on Hydraulics in papers and field trip, workshops
IR Bt every budget and marketing & Water Engineering is inviting before and during the Conference
e o i pees objective, we encourage you to ! Authors to submit oral and poster = are offered to discuss and upskill for

explore the benefits of participating = abstracts. Call for Abstracts are still emerging and updated hydraulic

as a sponsor. open. methods.



Australian national guidance for rock sizing

Guide to Bridge Technology Part 8 3 —
5

Hydraulic Design of Waterway Structures 1 ¥
Austroads

Austroads



Australian national guidance for rock sizing

Areiey,

Australian Rainfall & Runoff

AGUIDE TO
FERIODEESTIMATION

ENGINEERS
AUSTRALIA

Australian Government ’

ARR 2019

Australian Rainfall and Runoff

A Guide to Flood Estimation
The Australian Rainfall and Funoff: A guide to flood estimation (ARR) is licensed under the

Creative Commons Attribution 4 0 International Licence, unless otherwise indicated or
marked.

Please give attribution to: © Commonwealth of Austraba (Geoscience Australia) 2019.

Third-Party Material

The Commonwealth of Australia and the ARR’s contributing authors (through Engineers
Australia) have taken steps to both identify third-party material and secure permission for its
reproduction and reuse. However, please note that where these matenials are not licensed
under a Creative Commons licence or similar terms of use, you should obtain permission
from the relevant third-party te reuse their material beyond the ways you are legally
permitted to use them under the fair dealing provisions of the Copyright Act 1968.

If you have any questions about the copyright of the ARR., please contact:
arr_admin@am org.au

c/o 11 Mational Circuit,

Barton, ACT

[SBN 978-1-923848-36-6

How to reference this book:

Ball I, Babister M, Nathan F, Weeks W, Wemmann E, Retallick M, Testoni L, (Editors)
Australian Rainfall and Eunoff: A Guide to Flood Estimation, © Commonwealth of Australia
(Geoszcience Australia), 2019,

How to reference Book 2: Funoff in Urban Areas:

Coombes, P, and Roso, 8. (Editors). 2019 Runoff in Urban Areas, Book 9 in Australian
Fainfall and Funoff - A Guide to Flood Estimation, Commeonwealth of Australia, ©
Commonwealth of Australia (Geoscience Australia), 2019,
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Rock/riprap references in Austroads

Bridges and Floodways

Velocity Class of rock protection Section thickness, T

(mfs) (tonne) (m)

<2 None -
20-26 Facing 0.50
26-29 Light 0.75
29-39 Ya 1.00
3945 Y 1.25
45-5.1 1.0 1.60
51-5.7 20 2.00
57-64 40 2.50

>64 Special -

Culverts Natural Channels

6.0
SN ST :
"% //&énsider an alternative energy dIsstaler deslgn / / Stream bed type Veloclty (ITI;"S)
oo 2 5.0 /X/)’/N//
Lo Rock pad L= BD (12D) .
2 length (L)
2 g s ve : d 600 Silt less than 0.3
o0 Looo o 4.0, 4
Looo & - S L =5D (10D) ° .
=3 = |em \\\\(’\::“‘;: Sand Fine less than 0.3
{700 @ ' = mm
- o g g 30 Les e LoD @0~ 7 Coarse less than 0.3
E autlat is '
: i B N N il
w -400 J il I = ' "
E e 5 20 mmen. N\ %o=200mm L | 6mm 061009
3 = 3 =3D{ ; © 1 d., =300 2
N 3 L=3D14D) \ \'-*mm e Gravel 25 mm 131015
H 4 d.. =100 mm s ' - H
: : 101 Go= 10 - - - : Oto3.
e @ Design pamn{atars apply lnihe regions beiween the lines —-"“'--..__'____——-‘——-__ ' ‘; 100 mm 2 0 to 3 0
' B
2 s ol g & o B &8 8 g B8 8 8B8|2 8 8 |5
H 0 2 ¢ s ® 5 = 5 ¢ A ¢ 2 ols 8 3 Soft 031006
= H 0 500 1000 1500 2000 25000 .
“ o Clay Stiff 1.0t01.2
% Single pipe diameter (mm) Hard 151020
° ar 2102
Rocks 150 mm 251030
gomon sty S8 300 mm 35t04.0




Rock/riprap references in ARR

Channels

Equation (6.2.21) applies to uniform flow, but it can be generalised to include gradually
varying flow by replacing the slope, S by the friction slope, Sf. For gradually varying flow, the

A ﬁ Mfm bed shear stress is given by:

Australian Rainfall & Runoff

T, = pth.S'f (6.2.25)

A GUIDE TO Th€ bed shear stress is impnr@hen considering the flow velocities necessary for scour
FLOOD ESTIMATION

Spillways

The surfaces of an earthen embankment and overflow spillway must be protected against
damage by scour. The degree of protection required is subject to the calculated flow velocity.

The following treatments are recommended as a guid€ (NSW Government, @

* V £ 2 m/s a dense well-knit turf cover using for example kikuyu;

» 2m/s <V < 7 m/s a dense well-knit turf cover incorporating a turf reinforcement system;
and

» V 2 7 m/s hard surfacing with concrete, riprap or similar.

Bridges Culverts

Riprap is one of the primary scour countermeasures to resist local scour forces at abutments  If outlet velocities exceed the acceptable limits, it may be necessary to check for potential
of typical bridges. Riprap is generally abundant, inexpensive and requires no special bed scour problems. Where the outlet flows have a Froude Number (Fr) less or equal to 1.7

equipment. However, proper design and placementi jal. Guidelines for proper and outlet velocities less than 5.0 m/s, an extended concrete apron or rock pad (commonly
grading and placement methods are included in(QDTMR (2013)) used) protection is recommended.
v

iptions of scour repair and protection for existing bridges is included in  Design details are provided b Austroads (2013




Australian Rock Sizing Ancestry
Applications:

1. Channel Bed and Bank Lining

2. Bridge Scour Countermeasures
(Piers and Abutments)

3. Culvert Outlet Aprons

4. Floodways, Spillways, Rock Chutes,
and Dissipation Structures




Australian Rock Sizing Ancestry:
Channel Bed and Bank | ining

Austroads
2013

Compute bed
shear stress
(uncited)t

1Bed shear stress
is "important" for
sediment motion
in alluvial channels
and scour at
bridges

3USBR charts
based on "bottom
velocity" but
experimental
validation used
average channel
velocities

19561984

2Rock size should
be based on
channel velocity or
"more accurately"
to boundary shear
stress

4Berry used
average of values
from flume
experiments
conducted
between 1786 and
1914

1200

1050

should be of the siza ndicated by the
curva Riprap thoud ba pocad in a .ayer
I'S times { or more ) oy ihick os the
lorgest stane oiomater.

DIAMETER,

STONE
3
8

§ E

80 mm min.

H500

- fwooo

NOTES

Gurve shows minimum slzw
stones necessery te resist
movyemen?

Curve s tenfotive and subject
fo cnange os o rasut of
further ftasts or operating
REDEFiONCA R

07 fimes M cuercge channel
valocity,

Bottorm velocily is uppmximoialy-—

i z 3 N —3 —
BOTTOM  VELOCITY, m/e

26

KILOGRAMS SPECIFIC GRAVITY

IN

SPHERICAL STONES

OF

MASS




1 Australian Rock Sizing Ancestry:
Channel Bed and Bank Lining

Compute bed
shear stress
(uncited)t

1Bed shear stress
is "important" for
sediment motion
in alluvial channels
and scour at
bridges

3USBR charts
based on "bottom
velocity" but
experimental
validation used
average channel
velocities

Austroads
2013

2Rock size should
be based on
channel velocity or
"more accurately"
to boundary shear
stress

USBR
19561984

4Berry used
averzge of values
from flume

experiments
conducted
between 1786 and
1914

T
H

p
a
3

Ity

§ Ebtgissd

T
8

T
3 B

]

Gilbert
1914

Blackwell
1857

Suchier
1874

Du Buat
1786

=

Brahms
1753

Sainjon
1871

Bouniceau
1845




2

=

1 Use models to
identify bed shear
stress increase
locations for scour
protection
(uncited)

3Maynord cites
Bogardi 1968, Neil
1967, and Straub
1953. Caltrans
2020 dismisses
CDPW 1960 in
favour of USACE
1994

Australian Rock Sizing Ancestry:

FHWA
_

2 Use FHWA 2009
(HEC 23) for pier
riprap sizing,
MRWA 2006 and
HEC 23 for
abutment riprap
sizing

4"Airy's Law" as
cited by Isbash way
a response to
Shelford 1885,
same as develope(
by Brahms 1753
but not cited

Bridge Scour Countermeasures (Piers and Abutments)

Austroads
201

Ishash
1936

=

= *

MRWA
2006

Velocity Class of rock protection Section thickness, T
(m/s) (tonne) (m)
<2 None -
20-26 Facing 0.50
26-29 Light 075
29-39 a 1.00
3.9-45 2 125
45-51 1.0 1.60
5.1-5.7 20 2.00
5.7-6.4 40 2.50
>6.4 Special -

Austroads
1994

1800

1600

1400

1200

1000

Dso (mm)

800

600

400

200

Dy =35"V7

Austroads 2013 Rock Sizing

®  Maximum Allowable Average Channel Velocity

=== \/elocity Range for Standard Rock Class

4 tonne p—®

2tonne g9

1tonne m—Fm—@

1/2tonne w—4@

1/4tonne »— @

Light =—=®

Facing @
Bl #——®

A (estimated) »——a@

0 1

2 3 4
Velocity {(m/s)
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J Consider an alternative energy dissipater design

5.0 : AN SIS NS S - /
; ‘ S~ L=6D(12D0) | ———

Rock pad
lengthiL)
reprasents the ) )
minimum | ‘

Australian Rock Sizing Ancestry:
Culvert OutletAprons

g || dg, =600 mm
4.0
= ° e ' 1 ~L=50(10D) | ——___
8 [ N T S0
ARR Austroads g 30 fmiue L= 0 @~
2019 20133 T sojmmet g = 200mm Lo
3 L=3D(4D) N j

=

length (L) L=5D
2 40_;?“.’.’;"3;'“"” L=5D L %=600mm
Austroads = commondes o || 1]
3 ?Olﬁow:em - d 500 mm
r i 1 =
1994 $ a0 Sma ! | %
jet -
3 | | L | d,=400mm
‘ T 20 |
Superseded! A ; 3 ﬁ-"m L=3D dyy =300 mm
1.0 dsg =100 mm | d. =200 mm
L . ) 3US€ QDTMR 201 A CDPW Design parameters apply to the regions between the lines 1
Only use riprap ot Use PCA for . Use MRWA 200¢€ s glsg g ¢ |2 8 % § 8 8 g/8 8§ 8
. . and VicRoads 200 . 1960 0 8 2 8 p § & & 8 @ & & 2 5 § &
concrete apron for erosive velocity for maximum for gradation, o 500 1000 1500 2000
Fr<1.7 (ARR and limits of natural "refer to relevant Pipe diameter or culvert cell height (mm)

Austroads) and
V<6m/s (ARR only

5Compute d,from

Q, 9 R, P based ol

Alderson 2006, but
standard MRWA
2006 rock classes
recommended as
"more accurate

method"

Alderson
200e

soils: "treat with
caution"

6 Maximum Isbash
D5, sizing
“arbitrarily

limited" to culvert
diameter

QDTMR
2010

=

velocity in
"unprotected
stream beds" only

”Average of Bohar|
1970, OC 1989, an
ASCE 1992 for
single culverts,
Isbash and
"complex
derivation" for
multi-pipe

jurisdiction” for
rock size

8Cites Bogardi
1968, Neill 1967,
and Straub 1953.

Caltrans 2020
dismisses CDPW
1960 in favour of

USACE 1994

 \ = 2 3 ‘h.....l..

VicRoads
2003

MRWA
2006

=

=

Isbash
1936

=

Airy
1885

dg; =100mm

' dg, =300 mm

=
=]
&

Design pﬁmn{eters apply to ihe regions befween the lines

=
n
=

=
= = = =4
= i = =}
) 4 &

1200
1350

o J1s00

2250
2400

Carchmonts & Croaks Pry Lid

T I‘_
500 1000
Single pipe diameter (mm)

n
<]
=

N\

//I////////////

Consider an alternative energy dissipater design

NN L LSS

Rock pad

7




Australian Rock Sizing Ancestry:
Floodways, Spillways, Rock Chutes,
and Dissipation Structures

Compute Bed
Shear Stress
(uncited@

LFor earthen
embankments and
overflow spillways:

use concrete or

riprap for V>7m/s

based on NSW
Govt 2004

3NSW 2004
values vary
linearly (not
exponentially)
with velocity,
"compiled from
various sources"

NSW Govt
2004

Austroads
1994

mmesien Critical velocity
Type Thickness (m) Aggr{e"g:nt? size (m/second)
Gabions and reno 0.50 120-250 6.4
matiresses 0.50 100-200 58
0.30 100-150 50
0.30 70-120 4.2
0.25 70-100 36
0.17 70-100 35
Weight each (kg) Turbulent flow Normal flow
Loose rock (assume 1.000 48 6.6
100 percent soil cover) 500 4.2 57
100 33 45
50 28 3.8
10 2.3 3.0

Superseded! 45 M

2Bed shear stres:!

“important” for
sediment motion
in alluvial
channels and
scour at bridges

4Cites Bogardi
1968, Neill 1967,
and Straub 1953.

Caltrans 2020
dismisses CDPW
1960 in favour of

USACE 1994

CDPW
1960

=

Isbash
1936

=

Airy
1885

Velocity Class of rock protection Section thickness, T
(m/s) (tonne) (m)
<2 None -
2.0-26 Facing 0.50
26-29 Light 0.75
29-39 i/ 1.00
3945 V2 1.25
4.5-5.1 1.0 1.60
51-57 20 2.00
5.7-6.4 40 2.50
>6.4 Special -
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