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Background resources
for todayôs webinar:

surfacewater.biz/riprap/

https://www.surfacewater.biz/riprap/


ÅResearch conducted for 
Rio Tinto

ÅInitial results published 
in IMWA 2020

ÅExpanded paper
submitted to HIWE 2020

ÅHydraulics session 
added to HWRS 2021



Austroads 2013 Austroads 2018

Australian national guidance for rock sizing



ARR 2019

Australian national guidance for rock sizing



Australian Rock vs. American Rock



vs. French Rock?



Australian riprap sizing ancestry



Australian riprap sizing ancestry



Rock/riprap references in Austroads

Lined Channels Culverts

Bridges and Floodways

Natural Channels



Culverts

Spillways

Bridges

Channels

Rock/riprap references in ARR





ARR
2019

Australian Rock Sizing Ancestry:
Channel Bed and Bank Lining

Austroads 
2013

Compute bed 
shear stress
(uncited)1

1 Bed shear stress 
is "important" for 
sediment motion 

in alluvial channels 
and scour at 

bridges

QDTMR 
2010

QDTMR 
20022

USBR
1956-19843

Berry
19484

Du Buat
1786

Bouniceau
1845

Blackwell
1857

Sainjon
1871

Suchier
1874

Gilbert 
1914

QDTMR 
2019

QDTMR 
2015

2 Rock size should 
be based on 

channel velocity or 
"more accurately" 
to boundary shear 

stress

Brahms 
1753

3 USBR charts 
based on "bottom 

velocity" but 
experimental 

validation used 
average channel 

velocities

4 Berry used 
average of values 

from flume 
experiments 
conducted 

between 1786 and 
1914

1

incorrect
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Australian Rock Sizing Ancestry:
Bridge Scour Countermeasures (Piers and Abutments)

ARR
20191

Austroads 
20192

QDTMR 
2013

1 Use models to 
identify bed shear 

stress increase 
locations for scour 

protection 
(uncited)

QDTMR 
2019

FHWA
2009

MRWA 
2006

2 Use FHWA 2009 
(HEC 23) for pier 

riprap sizing, 
MRWA 2006 and 

HEC 23 for 
abutment riprap 

sizing

Austroads 
1994

CDPW
1960

Isbash
1936

USACE
19943

MRWA
2017

Airy
18853

3 Maynord cites 
Bogardi 1968, Neill 
1967, and Straub 

1953. Caltrans 
2020 dismisses 
CDPW 1960 in 

favour of USACE 
1994

4 "Airy's Law" as 
cited by Isbash was 

a response to 
Shelford 1885, 

same as developed 
by Brahms 1753 

but not cited

2



Australian Rock Sizing Ancestry:
Culvert OutletAprons

ARR
20191,2

1 Only use riprap or 
concrete apron for 
Fr<1.7 (ARR and 
Austroads) and 

V<5m/s (ARR only)

PCA
1964

2 Use PCA for 
erosive velocity 
limits of natural 
soils: "treat with 

caution"

QDTMR 
2010

VicRoads 
2003

MRWA 
2006

3 Use QDTMR 2010 
and VicRoads 2003 

for maximum 
velocity in 

"unprotected 
stream beds" only

Alderson 
20065

4 Use MRWA 2006 
for gradation, 

"refer to relevant 
jurisdiction" for 

rock size

5 Compute d50 from 
Q, S0, R, P based on 
Alderson 2006, but 
standard MRWA 
2006 rock classes  
recommended as 
"more accurate 

method"

Austroads 
20131,3,4

C&C
20117

C&C
20176

Austroads 
1994

7 Average of Bohan 
1970, OC 1989, and 

ASCE 1992 for 
single culverts, 

Isbash and  
"complex 

derivation" for 
multi-pipe

CDPW
1960

Isbash
1936

6 Maximum Isbash 
D50 sizing 

"arbitrarily 
limited" to culvert 

diameter 

USACE
19948

ASCE
1992

OC
1989

Bohan
1970

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

Caltrans 2020 
dismisses CDPW 
1960 in favour of 

USACE 1994

Airy
1885

Neill
1973

3

Superseded!



Australian Rock Sizing Ancestry: 
Floodways, Spillways, Rock Chutes,

and Dissipation Structures

ARR
20191

Austroads 
2013

NSW Govt
20043

MRWA 
2006

Austroads 
1994

CDPW
1960

Isbash
1936

Compute Bed 
Shear Stress
(uncited)2

3 NSW 2004 
values vary 
linearly (not 

exponentially) 
with velocity, 

"compiled from 
various sources"

1 For earthen 
embankments and 
overflow spillways: 

use concrete or 
riprap for V>7m/s 

based on NSW 
Govt 2004

2 Bed shear stress 
"important" for 

sediment motion 
in alluvial 

channels and 
scour at bridges

USACE
19944

Airy
1885

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

Caltrans 2020 
dismisses CDPW 
1960 in favour of 

USACE 1994

4

Superseded!





Christmas 1717



Christmas 1717



Christmas 1717



Austroads 2013


