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Background resources
for today’s webinar:

surfacewater.biz/riprap/

13BH numbsr for HWR S 2021 I8 575-1-525627-53-4

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references that serve ar @ basiz for Aworalion riprap siing guidance have been superseded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

C & surfacewater.biz/riprap/
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Rock sizing resources

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:

Watch on (8 Youlube
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https://www.surfacewater.biz/riprap/
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Research conducted for

: ) HIWE 2020
Rio Tinto
16 - 19 NOVEMBER 2020

——AUCKLAND
Key Dates Registration Sponsorship Call For Abstracts Plan Your Stay Committees Programme Contact Us

Initial results published
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!

Hydraulics session
added to HWRS 2021

HIWE 2020

16 -19 NOVEMBER 2020

——AUCKLAND ———
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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




1 Australian Rock Sizing Ancestry:
Channel Bed and Bank Lining

Austroads
2013

T, = pth.S'f

Compute bed
shear stress
(uncited)?

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

1956-19843

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

NOTE

should be of the sizs hdicoted by
curve. Riprap thoud ba Hoced in

1050]  lorgest st

be composed of o wel

goded matwe but most of the stones

the

a ayer
I'3 times { or more ) oy Thick os the
one  diometer.

80 mm min.

DIAMETER,

STONE
3
8

H500

- Lwooo

NOTES

Gurve shows minimum slzw
stones necessery te resist
movyemen?

fo cnange os o rasut of
further ftasts or operating
REDEFiONCA R

07 fimes M cuercge channel
valocity,

Curve s tenfotive and subject [~

Bottorm velocily is uppmximoialy-—

i 2

BOTTCM

r .5 6.

m/is

26

KILOGRAMS SPECIFIC GRAVITY

IN

SPHERICAL STONES

OF

MASS




1 Australian Rock Sizing Ancestry:
Channel Bed and Bank Lining

Austroads
2013

Compute bed
shear stress
(uncited)?

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

USBR
1956-19843

3 USBR charts
based on "bottom
velocity" but

experimental
validation used
average channel
velocities

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

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

T
H

p
5
3
KILOGRAMS ~ SPECIFIC  GRAVITY 2§

§ Ebtgissd

ONES IN

T
8

T
3 B

V]
SPHERICAL

Gilbert
1914

Blackwell
1857

Brahms
1753

Sainjon
1871

Bouniceau
1845




Velocity Class of rock protection Section thickness, T

2 Australian Rock Sizing Ancestry: (m/s) (tonne) (m)
. . <2 None -

Bridge Scour Countermeasures (Piers and Abutments) b 026 Facing 050

26-29 Light 075

29-39 % 1.00

Austroads 3945 Y 125

2 4551 10 1.60

2019 51-5.7 2.0 2.00

57-6.4 40 250
f Q f f >6.4 Special -

Austroads 2013 Rock Sizing

MRWA
2006

RS  FHWA
2009

4 tonne p—®
1400 .

1200
2tonne g——g

=«

E 1000
2 g 1tonne -——#
1 Use models to Use FHWA 2009 Austroads 800 . .
identify bed shear HI2E 2] e [l f2tomne =——4
600 .
stresZincrease riprap sizing, 1994 1/atonne s ——@
. MRWA 2006 and 400 _ Light =—e
locations for scour Facing ,
rotection IS 2 el 200 Ble— 8
P . abutment riprap A (estimated) s—@
(uncited) o 1 2 3 5 6

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

sizing

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

Isbash
1936

=

Airy
18853

4
Velocity {(m/s)




10nly useriprap or

concrete apron for
Fr<1.7 (ARR and
Austroads) and

V<5m/s (ARR only)

3> Compute dg, from

Q, Sy, R, P based on

Alderson 2006, but
standard MRWA
2006 rock classes
recommended as

"more accurate
method"

Alderson
2006°

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

caution"

5 Maximum Isbash
Ds, sizing
"arbitrarily
limited" to culvert
diameter

Australian Rock Sizing Ancestry:
Culvert Outlet Aprons

/lf!\

2
Neill
1973

3Use QDTMR 2010
and VicRoads 2003
for maximum
velocity in
"unprotected
stream beds" only

7 Average of Bohan
1970, OC 1989, and
ASCE 1992 for
single culverts,
Isbash and
"complex
derivation" for
multi-pipe

Austroads
2013134

VicRoads
2003

Austroads
1994

Superseded! A  ®&

4Use MRWA 2006
for gradation,
"refer to relevant
jurisdiction" for
rock size

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

Caltrans 2020
dismisses CDPW
1960 in favour of

USACE 1994

CDPW
1960

=

Isbash
1936

=

Airy
1885

6.0

&
=

L = 6D (12D)

W s aua v smn =Sl
Consider an alternative energy dissipater design

5.0 AN SIS NS

EEEEE:L rm\\\\

d =600 mm

Trecommended
length. The
valug in
brackets

3.0 Lapplies if the

N L =5D (10D)

~—_

dg, = 500 mm

autiet is
drowned and
jetting is a
2'0 concern.

L = 3D (6D)

Qutlet flow welocity (m/s)

L = 3D (4D)
dg; =100mm

m=s . m‘mm
- \ L=4D(6D) .
dgo = 200mm --.__\K

- . ! d_, =300 mm

=
=]
&

Design pﬁmn{eters apply to ihe regions befween the lines

=
n
=

= =
= = = =4 =
= i = =} o«
) 4 & - -

1350

2250
2400

Carchmonts & Croaks Pry Lid

T T
500 1000

o J1s00

Single pipe diameter (mm)

2.0

Qutlet flow velocity (m/s)
w
(=]

_
o

// / Consider an alternative energy dissipater design /////
: NAN 4 LYV /ST
Rock pad
Ienglhp[L} L=5D
h
:ﬂemsi:lst e L-5D ] dﬁﬂ =600 mm
“Trecommended
length. It does L=4D | I_I_.—
not account
for the eflects I I dgo =500 mm
. ._oul_letcf 1 1
jetting. s
| L | d,=400mm
|
L=3D d 300 mm (3
Tm ] :
d5g = 100 | d. -200mm |
Design parameters apply to the regions between the lines 1 :
T T T T
0 500 1000 1500 2000

Pipe diameter or culvert cell height (mm)

[=]
(=]




Floodways, Spillways, Rock Chutes,

4 Australian Rock Sizing Ancestry:

and Dissipation Structures Mabarial 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 5.0
0.30 70-120 42
0.25 70-100 36
. N 0.17 70-100 35
S?:Z::JSt TG NSW Govt Weight each (kg) Turbulent flow Normal flow
. 5 20043 Loose rock {asgume 1,000 48 6.6
(uncited) 100 percent soil cover) 500 42 5.7
100 33 45
50 28 38
10 2.3 3.0

1For earthen
embankments and

overflow spillways:

use concrete or
riprap for V>7m/s
based on NSW
Govt 2004

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

Austroads

1994

Superseded! 45 M

2Bed shear stress
"important" for
sediment motion
in alluvial
channels and
scour at bridges

4 Cites 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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THE ALBERT SHIELDS STORY

American West

By John F. Kennedy,' Member, ASCE

AssTRACT: In the vast literature on sediment transport, rivers, and related topics, few if any names are more
frequently cited than Albert F. Shields (1908-1974). Yet all of these citations are to a single publication: his
doctoral thesis submitted to the Technischen Hochschule Berlin in 1936 in which he developed his ideas on
Aenlichkeitsmechanik (similarity mechanics) for application to riverine sediment transport, ripple formation,
and initiation of motion. Shields’ most famous results are his graph for critical tractive foree (initiation of
particle motion), and HED[]TIdd]'Il}" his sedimep psport formula Presented here is the story of the many

difficulties Shields encountered in@@qducting hlS resear::h in Nazi Germagyhis inability to find employment

in hydraulics following his return to his pative Unfted th. the chance encounter with and pmrnu]gdtlun of

his work by Rouse; and his eventual relinquishment of hydraulucs for a long and successful career in machine
design.

—

hields 1936). In fact, it was notiuntil a few years before hi®
death that he learned that his name and work had become
Qqous in engineering hydraulics.

tory of Shields’ sediment rese
abdication of hydraufics Esign.

SHIELDS' HYDRAULICS INTERLUDE

Albert Frank Shields was born in Cleveland, Ohio, on June
26, 1908, the son of Frank Shields, a machinist. Following
graduation from high school, he worked for 1 year to earn
money to support his further education. In 1927 he enrolled
at Cornell University and remained there for two semesters
before transferring to Stevens Institute of Technology, where
he obtained his bachelor’s and master’s degrees, both in me-
chanical engineering, in 1931 and 1933, respectively. In 1933
he was named a Stipendiat (fellowship recipient) of the
Deutschen Akademischen Austauschdienstes E. V. (German
Academic Exchange Service) of the Technischen Hochschule
Berlin (TH Berlin). His plans included pursuit of research at
the Preussischen Veruschsanstalt fiir Wasserban und Schiffhau
{Prussian Research Institute for Hydraulic Engineering and

. Shipbuilding; herein, PRI} that would serve as the basis for
ShlEIds his dissertation, which would be submitted to TH Berlin for

the degree Dokior-Ingenieurs (Doctor of Engineering).

In 1933 the world economy was wracked by the Great
Depression. Shields had no personal resources, nor was his
family in a position to assist him financially. Moreover, his
sti
punumg several other possibilities, he finally gained passa
rmany by working on a freighter.

Fortier &

Scobey 1926




American West Trial and Error:

_ = 1921-22: California Floods
19203 303 °=‘< 1922-27:. Bank protection installed

e i+ 1927: Floods, bank protection failed

« 1928-37: Withycombe studies failures,
Improvements implemented

1937 NoCal floods, 1938 SoCal floods:
better results, but some problems with rigid
solutions

LB - 1937-49: Riprap widely implemented

« 1949: California Joint Bank Protection
Committee organised

California Bank and Shore Protection
Vianuatublished (CABS)

« 1970: Errata~and revisions published

« 2000: CABS updated by CPDW

« 2006: NCHRP review ot~ CABS vs. USACE
» 2020: Caltrans recommend<USACED
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STONE DIAMETER — INGHES

30

28

20

1o

TIII:!I 5_ v--llllllil'r'rl
1
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RIPRAF SIZE DETERMINATION

' A suggested minimum size for riprap is given by the curve in
. " Figure 11.  The curve. indicltes, over most of its range, that daubling
venten. Jer. 'the flow welos . = o : a_nrovide

ap about b times l.u.rger in nnminal dimter or 15 times larger

} < e _or weight. -Wrong by a factor of 4!

fie Lower portion of .the curve is an aversge of 5
1r Du Buat in 1786, Bouniceau in 1845, Blackwell in 1857, Sa.in,}un in
s — Suchier in 187k, and Gilbert in 191h It checks wel
T eorer il R —— 402 of tests made ot IheRTEY n by Tty Ho, Tun-ﬂheng ™,

e e R, LSRR 4 ! Te Yun Liu, dnd Edward Soucek. '.Iﬂ:ﬁ.- data were aaseuhled and discussed in
r o , : a paper "A Reappraisal of the Beginnings of Bed Movement-Competent
== : ——t\ Veloeity" by F. T. Mavis and L. M. Laushey, for the International Associ-
e = | ation for Hydraulie Structures Research, 1948, Stockholm, Sweden, In a
B Sl SN thesis by N. K. Berry, University of Colorado, 1948, an identical curve
d . vas determined and an equation for it presented.

gz, TN | Vp =257V a

g ’ vhere - D=40V2 Matches Austroads

Vp = bott.om veloeity in channel in feet per second
- _ d = d.!.nmeter of particle in inches

T ——
}

In this case the apuciric gmvity Ir.':r:f_'l.:l:u‘s particle is 2.65.

Mavis and Lsushey proposed an idenbienl equation for use with
particles of any specific gravity _

= : ': 3T ?b = 1!2 -lfT, TFB -1
= where : D=26V2 - Unstable!

L e B =8 ciﬂc vity of the particle
e %' o, = po-trbe ;ﬂﬂ._:mpm-ﬂ} ellomelon V,

curve may be directly applicable for the determinatiod of riprap sizes,
the North Dam

experience, Until more data and e.xper:l.e nee : are avail-

; : able, the veloeity, determined 'l: : arei>at the
AL : end sill, may be used. Up g i rock pleces
bg:30. can be determined,d hould consist of the size

- indicated by the curve. undeflned gradation
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1 Australian Rock Sizing Ancestry:
Channel Bed and Bank Lining

Compute bed
shear stress
(uncited)?!

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

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

Austroads
2013

USBR
1956-19843

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

4Berry used
average of values

from flume

experiments

conducted
hetween 1786 and




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

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

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

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

4"Ajry's Law" as
cited by Isbash was
aresponse to
Shelford 1885,
same as developed
by Brahms 1753
but not cited

Austroads
20192

Austroads

1994




10nly use riprap or

concrete apron for
Fr<1.7 (ARR and
Austroads) and

V<5m/s (ARR only)

5 Compute ds, from

Q, Sy, R, P based on

Alderson 2006, but
standard MRWA
2006 rock classes
recommended as

"more accurate
method"

Alderson
2006°

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

caution"

5 Maximum Isbash
D5, sizing
"arbitrarily
limited" to culvert
diameter

/‘f‘\

3Use QDTMR 2010
and VicRoads 2003
for maximum
velocity in
"unprotected
stream beds" only

7 Average of Bohan
1970, OC 1989, and
ASCE 1992 for
single culverts,
Isbash and
"complex
derivation" for
multi-pipe

Australian Rock Sizing Ancestry:
Culvert Outlet Aprons

Austroads
2013134

VicRoads
2003

Austroads
1994

4Use MRWA 2006
for gradation,
"refer to relevant
jurisdiction" for
rock size

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

Caltrans 2020
dismisses CDPW
1960 in favour of

USACE 1994




Floodways, Spillways, Rock Chutes,

4 Australian Rock Sizing Ancestry:

and Dissipation Structures

AV
2019 2013

L 2

Compute Bed
Shear Stress
(uncited)?

1For 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
20043

Austroads

» =
MRWA

Austroads
1994

2Bed shear stress
"important" for
sediment motion
in alluvial
channels and
scour at bridges

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

Caltrans 2020
dismisses CDPW
1960 in favour of

USACE 1994




Riprap design considerations and discrepaneies

* Velocity distribution
* Shape

* Angle of repose
* Gradation —

Minimum freeboard 2 ft (0.6 m)

Design high water

Geotextile or
granular filter

A

Riprap mound height =
desired toe down depth

Riprap mound thickness =

2x layer thickness on slope Ambient bed elevation A\ i‘ ) ‘ ‘i




Velocity Distribution

" 0.00002Vv* s9q cse’ (p - a)
(SQR s ‘)J

L 3
"

Weight of critical stone
in pounds; two thirds of
stone should be heovier.

70° constant for broken
rock.

©
"

Basic data and assumptions: velocity ratios

required on face; T = 14 v/W,, plus 25% for Method B.

. 2 X 1075 V¢ sg, .00002 V*-2.65

= - = 6
(sgr - 1)3 sin? (p —_ a) 1.653 5923 .000057 V

: apk is exposed, ft/s
4/3 the average stream velocit) for impinging
veloC me=mwterde-t-Dends in line with the

C )1 oS
{2/3 the average velocityfo)mgem (parallel)
veloCity, s

A
/3

Tons

.

1

\l
oL\ .

-

-
-~

1)
w
=S
g

g

= Specific gravity of rock
~

R
W - Weight of rock N\
g 8

—
o

o

4:V:Vp = 2:3:4;ppecific gravity of rock is sg, = 2.65; face slope of
revetment is 1.5:1; stones grade uniformly betweerspesified=rrrifiima for class with two thirds heavier than minimum

rock

)N

N

|

E \\ 1.25~

€ N

5 Sl .

& N 3

> N »

HE *% 3

dE

> o - N

i e e o TP 15

 NoO provision

P 28 d
for using V,,,
all mean -
velocities d
factored prior |
to applying 2

v 64x Weight! 2s-

Va =10, find W = 57 1b
.20, find W « 1.8T

Design high water

e b1

& 0.00002v# 59, esc’ o —a)
(39, = 1)°

W = Weight of criticol stone
in pounds, two thirds of
stone should be heovier.

p = 70" constant for broken

equation
| 7+ 2/3vs 43 =

3
Velocity adjustments not
included in Austroads




Rip Rap Sizing for 3H:1V or flatter side slope (SLA 1988)

| l V
“ &
1500 & £ @‘?
&’ v Ry &
) S &
S 3 S ¥
1250~ - 7 :/ o &/
hJ / / &/
1000— & / » P 74 "
< Q. >
.{‘7/ / A
S 7 c®
750— S / S
/V/ 5\‘9';/
500 / p ///
/ /z/) ///
250 L) * Bend increases dia 5%
,/,/ L 3 12bx weight |Increase
/ P
F’/
0 _‘%l I [ ! T T e | p=

0 0.5 1.0 1.5 2.0 25 3.0 3.5 40 45 5.0 55 6.0
Velocity (m/s)




Rip Rap Sizing for 3H:1V or flatter side slope (SLA 1988)
: : - —

» Facing Class
vs 4-tonne!

1500

L~ * Average velocity:
‘ 7 Don’t double count
) ~ adjustment with

< localised 2D results!

55 6.0 A
&

Velocity (m/s




Culvert Aprons

4
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Max scour depth

* Single barrel
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Catchments & Creeks
(cited In Austroads 2013)

www.catchmentsandcreeks.com.au
. (atchments & (reeks

About Us Field Guides Fact Sheets

Training

Drawings

Fact Sheets: Rock Sizing

Background to Rock Roughness Equation 3

> pages o |
185.75 KB

Background to Rock Sizing Equations N/A 3

52 pages
99240 KB

Qutlet flow welocity (m/s)

Qutlet flow velocity (m/s)
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// mc/onsider an alternative energy dlsslpater deslgn / // /
Rock pad
Fock pad N |_ an (12D)
reprasents the ) : I.‘.| = 600 mm
minimum ) ) ' S0
Jrecommended ] ] |
length. The “ L =5D(10D) | \‘\-\
value in ' ' i
| . ' d_. =500 mm
brackets
-a;rpllas if the i ..L =4D (8D i -~
autiet is — |
drownad and =30 (80) d.. =400 mm
jetting Is a d. -2 y L=4D(8D) -
COMNCEMN. 50 ~ 00 mp1 — !
L = 3D (4D) ' | dgy=300mm|3
; " &
d, =100 mm ’ _g
Design pﬂrﬂﬂ'l:EtBI’S apply o ih& regions bEf.\reen the lines -__________‘__-———- E
' | - 5
s = | 8 = o B 2 & 8 8 28 3|2 8 =2 |5
&= o | 2 o = IE o = - = = = | y o & k]
500 1000 1500 2500
v
//I/////////////
/ Consider an alternative energy dl55lpater design
Rock pad
length (L) L=5D
is th -
:ra'.ill;l'hrifnsl.?f:s ¢ L=5D |_| dw e
T recommended
length. It does L=4D l-_l_
not account
for the effects dSD = 500 mm
Joutlet of
jetting. L=4D
1:l5,;l =400 mm
L=3D d‘.iﬂ =300mm |3
L=3D £
- 2
dg =100 mm 3= 200 i
Design parameters apply to the regions between the lines pe
0 500 1000 1500 2000 2500

Pipe diameter or culvert cell

height (mm)



Material Critical velocity

Type Thickness (m) Aggr?rg:t'? o Assecrn
N SW 2 O 04 Gabions and reno 0.50 120-250 6.4
mattresses 0.50 100-200 5.8
. . 0.30 100-150 5.0
CI e I n 0.30 70-120 4.2
0.25 70-100 3.6
0.17 70-100 35
. . . Weight each (kg) Turbulent flow Normal flow |

* No citations, compiled from  oose rock assume 7,000 18 56

« ] 0 100 percent soil cover) ?gg gg 3;

various sources 50 28 3.8

10 23 3.0

[ ) For D:a*vb, N SW 2004 NSW 2004 Maximum Design Flow Velocities in Waterways vs Ausigfads 2013
1200

shows linear relationship 1 o
between D and V with b=1 ‘

b varies between 2 and 3
(based on 200+ sources)

* biIs never 1! 8 1o

200

A

y=281.68x-470.67 4 y=198.28x - 426.33~
d -

s
z
s
N .-
b

Z .

z

7
”

\¢)

_-~"7 Dy, off the charts !

800
700 '\
600 7 N

500

Dia. each loose rock (mm)

7 7-tonne rock!

The following treatments are recommended as a guide (NSW Government, 2004): 100

= V £ 2 m/s a dense well-knit turf cover using for example kikuyu; Tu rf . N O p e .
0 1 2 3 4 5 6
Critical Velocity (m/s)

Ld -] i i i i i
V 2 7 m/s hard surfacing with concrete, riprap or similar. o— NSW 2004 Turbulent Flow NSW 2004 Normal Flow

Linear (NSW 2004 Normal Flow) — «oeeeees Linear (NSW 2004 Turbulent Flow)

Austroads 2013



4 tonne

. . 1500
VicRoads 2003, DTMR 2010, Neill 1973
(Cited in ARR 2019)

Table Pl.4 Erosive Velocities in Natural Streams Table 2.3: Erosive velocities in natural sireams
Stream Bed Type Velocity (m/s) Siream bed type Velocity {més) 1200
Silt less than 0.3 =it less than 0.3
Sand fine less than 0.3 Sand Fine less than 0.3
coarse 04t00.6 Coarse less than 0.3
Gravel  6mm 0.6 t0 0.9 & e 0608 reso
25 mm 13t0o15 Gravel 25 mm 13015
100 mm 20t03.0 100 mm 20430
Clay soft 03t006 okt 0206
stiff 1.0t0 1.2 Ciay Siiff 10112 bocic
hard 1.5t020 Hard 15020
Rocks 150 mm 25t03.0 450 mm 25530
300 mm 3.5104.0 Rocks 300 mm SIS
€ 750
©
Table 3.10: Desirable maximum flow velocities in culverts or unprotected stream be -
. Maximum advisable Maximum allowable s
Stream bed soil type culvert velocity (m/s) stream velocity (m/s) =
Silt 1.0-15 =03 -
S
Clay, soft 1.0-15 03086 5 aso
Clay, sfiff 1.2-20 1.0-1.2
Clay, hard 1.2-20 1.5-20
Sand, fine 10-15 <03 _—
Sand, coarse 1015 04-086
Gravel, & mm 1.0-15 0609
Gravel, 25 mm 12-20 13-15 —
Gravel, 100 mm 25 /2,941\/7
Rocks, 150 mm 35 7/*’—25407
Rocks, 300 mm 35 4.0-5.0 ol

Source: Derived from DTMR (2010b) and VicRoads (2003).
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Assumed spherical for
diameter-volume-weight calculations
Shape e

Assumed angular for calculations

-. prvel .'. .. A -t : 4 L L — ’ ',‘: ; v . : - 5 - : % - N 3 3
i e y S 1’ | o 4.“0;':' -l u/: 1-.\""}.‘-0“ . v ' 1/: . : - r;‘w
FIG. 6. Large Sediment Particle Found on Streambed after , I I
Sizable Flood of Santa Clara River in California (Courtesy of VOIUme Of Sphere IS apprOXImately half the VOIume Of a

Margaret Petersen, Honorary Member, ASCE) cube with edges equal to sphere diameter

« Some methods recommend using a mid-way value of
75%-85% of the volume of an equivalent cube

« Austroads assumes spherical conversion and specific
gravity of 2.65; some methods allow variation in s.g.




California Department of Transportation RSP
This technigque was developed by the California De-
partment of Transportation (CALTRANS) for designing

A n I e Of R e O S e rock slope protection (RSP) for streams and river-
banks. Unlike most of the other available techniques,
it results in a recommended minimum weight of the
stone. The equation is:

STATE OF [CAUFORNIA 0.00002 VM x "rs b Gq
DEPARTMENT OF PUBLIC WORKS m W= AP = (eq. TS14C-18)
DIVISION OF HIGHWAYS (GS - ]_} Eln {I' - a}

where:

W = minimum rock weight (1b)
V = velocity (ft/s)

VM = 0.67 if parallel flow

VM = 1.33 1f 1mp1ng1ng flow

BANK AND SHORE PROTECTION IN
CALIFORNIA HIGHWAY PRACTICE

November 1960

«3941111..r a maximum Gf 33 )

NOV 27 1981 }

LIBRARY
UNIVERSITY OF CALIFORNIA

EDMUND G. BROWN
Governor

ROBERT B. BRADFORD
Diractor of Public Works

The definition of r equals 70° (for randomly placed rubble,
a constant). Neither the 1960 manual nor the 2000 manual
discusses why the value of r is 70°. However, Blodgett and
McConaughy (1986) refer to notes assembled by R.M. Carmany
of Caltrans that discuss laboratory experiments conducted by
the University of California to determine the minimum force to
dislodge a stone from the bank. The University of California
constructed a model streambank wj anged as
riprap and underlying stoneg he
side slope was increased until theTt arsp aced.
A maximum angle of 65° to 70° was attamed before the first
stone fell out. It is assumed that the value of r equals 70° is based
on these tests.

J. €. WOMACK
State Highway Engineer
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iv a 30
=
.8 B g 29
2 x 10 S
1 0 o i et i i (7.109) 2 28
(5 1)? sin” (70° ) oY
s <
N “hi‘:hmlc of repose of the @ W is the o 96
minimum weig = e of the outeide stong.—nrd™ U is the ?ﬁ
average stream velocity. If we assume S_ = 2.65 and that E 25
3 » Incorrect: Should be design 24
s s angle of the riprap 93
=g .
- 5 S -
: « W is infinite if angle of 22
then Eq. 7.109 reduces to I’epOse IS I’eaChed 21
Ao 20
AL sin (70° - @) (7.110) 0.1 02 03 0405 1.0 2.0 3.0 4(

©, - D, " ° b
- DTE particle size (in)



Gradation

" 0.00002V*® s9q cse’ (p - a)

(SQR = l)J

W = Weight of critical stone
ne should be heovi

p = 70° constant for broken
rock.

WATERWAY
DESIGN

A Guide to the Hydraulic Design
of Bridges, Culverts and Floodways

MNote that the mass by which the Class of rock protection,
W is designated does not correspond to the mass W. The

Class of rock protection, W should be graded so that at
lea W the Class have a greater mass than
W.




Rock

o 0-00002V¢ sgg esc? (p - a)
(sgp - )3

W = Weight of critical stone
ne should be heovi

P = 70° constant for broken
rock.

WATERWAY
DESIGN

A Guide to the Hydraulic Design
of Bridges, Culverts and Floodways

MNote that the mass by which the Class of rock protection,
W is designated does not correspond to the mass W. The

Class of rock protection, W should be graded so that at
lea W the Class have a greater mass than
W.




Rock

- 0.00002Vv* s9q csc’ (p - a)

(SQR = I)J

W = Weight of critical stone
ne should be heovi

p = 70° constant for broken
rock.

VS rocks

MNote that the mass by which the Class of rock protection,
W is designated does not correspond to the mass W. The

Class of_rock protection, W should be graded so that at
lea w the Class have a greater mass than
W.




Gradation
NCHRP

REPORT 568

NATIONAL
COOPERATIVE
HIGHWAY
RESEARCH
PROGRAM

Riprap Design Criteria,
Recommended Specifications,
and Quality Control

TRANSPORTATION RESEARCH BOARD
OF THE NATIOMAL ACADERRES

CEN provides standard gradation classes for aggregates
(five classes by size), light riprap (five classes by weight up
to 300 kg), and heavy riprap (5 classes by weight up to
15,000 kg) (CEN, 2002). Particles with a length to thickness
ratio A/C greater than 3 O Lan]OT be more than 20% by
weight for aggregates ¢ for heavy riprap, the
limit is 5% based o i
documenting the design, production, dellvery, and place-
ment of riprap are provided, as is guidance for general
record-keeping procedures.

Size. Riprap design methods typically vield a required size
of stone that will result in stable performance under the design
loadings. Because stone is produced and delivered in a range
of sizes and shapes, the required size of stone is often stated in
terms of a minimum allowable representative size. For exam-
ple the demgner may specify a minimum ds, or ds, for the rock

' 111d1c.a‘[1ng the size for whu.h 50%

the use of an equivalent spherial or Luboldal partu,le shape,
and the known (or assumed) dépsity of the particle.

Order of magnitude\difference in Wg,
The desired particle dimensipon or weight is typically
expressed in the form of a size distibution curve. Such curves
usually indicate the percentage of stoNes that are smaller than the
indicated size, although the CABS (Ra\in etal., 2000) gradations
are based on the percentage larger thar\the indicated size.
Whether expressed as a “larger than\ or “smaller than” gra-
dation, a size distribution curve represefts the cuamulative dis-
tribution function of the sample population of the various
rocks that compose the matrix of particl

value represents the size for whiclChalf the partu.les are larger

and half are smaller (i.e., the median size). The steepness of the
distribution curve is a measure of the standard deviation of
the particle sizes about the median and is referred to as the
uniformity of the gradation. The probability function is not
necessarily a normal (“bell-shaped” or Gaussian) distribution.

Once 100 particles have been measure frequency
curve is developed by counting th¢number of particles)ess

Gradation Specifications

General. Gradation specifications for riprap prescribe a
range of allowable sizes for a given riprap class. Sizes can be
defined by weight or by a length dimension. Practical specifica-
tion guidance must allow producers to supply rock with a range
of sizes that allows reasonable, but not excessive, deviation from
the “ideal” particle size distribution curve. The underlying
principle in this regard is to achieve economy through stan-
dardization w1thout SdLrthan, hydraulic stability. From this
perspective, the ation should result in a matrix of rocks
that hag hat are equal to, or larger than,
the size required Tor stability at the design hydraulic loading. A
certain amount of particles that are smaller than the stable size
can be tolerated, but in much smaller proportion.

A specification that allows an excessive amount of under-
sized stones can result in failure by particle displacement. On
the other hand, a specification that requires a large proportion
of particles significantly greater than the stable stone size will
result in unnecessarily high cost, both for the material itself,
and for the transportation and placement of that material.
Thus, there is a very real need to strike a balance between “too
many small particles” on the one hand, versus “too many large
particles” on the other.

“Number of
particles” implies
“by weight”
count at regular
Intervals




What is the D,; and the Dg,?




150 mm 150 mm100 mm
. 5kg 5 i 2 kg
D5,=250 mm D33=200 mm
W;,=20 kg W35=12 kg
2 stones, total mass 60 kg 7 sftones, total mass 60 kg

“2/3 of stone should be
heavier” than D,
(CPDW 1960)

“2/3 of all a
B greater mass” than D,
\ - (Austroads 1994)



150 mm 150 mm 120 120 100

[ DS .-‘ ocoso«uv-v .

4 kg 4kg 3Kkg 3 kg 2 kg each i 1 kg each

D5,=250 mm D33=150 mm
Ws,=20 kg W33=4 kg

“2/3 of stone should be
heavier” than D,
(CPDW 1960)

“2/3 of all a
greater mass” than D,
(Austroads 1994)



Cube Model e

] - SRt

o 60 Sl tad a0

[y by o .'.‘:-" : -

T o elofefealelefs " L Te]e - A3

52 40333 333 33 3 Fr R a2

4 MR T MERN oo o g oo R ¥

E o 1.\\\{u\ i\‘;ﬁ";\\\\.‘? L K . ~ - e -

3 W ol W i \\\.\R\ oo - oo

Z \\\\ -\1\&%?}\_‘_ wle -

> DI R LR =y ol £

o o A vty SR I e 4= e

32 2 4 - 5l FER
Size kit B :r: 3 6 /

b) Grid- by-Number

98l 6 Particle |Linear Size |Weight| TotalNo. in Total No. in
D W |Sample Volume|Sample Surface

0
i | 4608 192

50 —
2 8 576 48

) o
1.0
0 r b \&\\

| 2 o
Size
d) Grid-by-Weight

% by Weight of Toial
Sample




radation



Table 4.2: Standard classes of rock slope protection Table 3.12: Standard classes of rock slope protection

Rock size Minimum centage
Rock class (m}) Rock mass %than Rock el Rock sizel’ Rock mass (Mi nimum Bernentage
0.4 100 < 0 ) class {m) (kg) 0 arger than
Facing 03 (.:{.3 0.40 100 0
0.15 25 90 -
055 - 0 Facing 0.30 35
Light 0.40 0 50 0.15 25
= e Error| % T2 D
075 500 0 0.55 250 0
Y tonne 0.55 250 50 Light 0.40 ® E r1ﬁlo r 50
0.30 39 a0 0.20 10 a0
0.90 1000 0 -
4 tonne 0.70 450 50 0.75 500 0
0.40 100 90 14 tonne 0.55 250 50
- 2000 0
1 tonne 50 0.30 3 90
vx ( 500 ) a0 0.50 1008 0
Do 1 :g 000 500 14 tonne 0.70 450 50
ne . {
= * Error . 04 10 %
1.80 8000 0 1.15 2000 0
4 tonne 145 4000 50
0.80 1000 a0 1 tonne 1000 0
S N ) %
Rock Class Rock Size Rock mass C Minlmuﬁs —1EUI 4000 0
(m) (kg) Fe"ie Rock 2 tonne 1.15 2000 50
ACos fan
Facing 0.40 100 0 J 0.7 00 X
g'?g C 25 90 1.80 8000 0
Light 0:55 \Eﬁﬁ/ 0 4 fonne 145 A000 a0
0.40 100 50 0.90 100 a0
0.20 e Frror 00
4 tonne 0.75 %o~ " 0 o atonne s———o *
0.55 250 50
% tonne ggg 1?}30 gﬂﬂ _ o 2tonne »——o - Mlnlmum Zero percent
0.70 450 50 £ 1w 1 larger is not helpful!
0.40 100 90 & onne =——— _
1tonne =T 2000 0 . V2tome s » Better to specify Dgg Or Dy,
K;% gg 600 1/4tonne »— @
2 tonne 1.45 mooT 0 00 o light =—e
1.15 2000 50 . S G
0.75 500 90 A [estimated) »— @
4 tonne 1.80 8000 0 o Lo
1'45 40{]0 5“ ! ! ’ ’ Velocity (m/s) ! ° ‘
0.90 1000 90

Table 5.2 — Standard Classes of Rock Slope Protection



Velocity-based rock sizing

Austroads 2013 Rock Sizing

++++++ D.,=35%V? ® Maximum Allowable Average Channel Velocity =il Yelocity Range for Standard Rock Class
1800

1600

dtonne p— @
1400

1200 =

1000

Dsg (mm)

1 tonne l—-.
800 e

1/2 tonne -—.
600

1/4 tonne = i

400 Light =—e
Facing »——@ .-
200 Blo—®@ ..
A (estimated) g—@....-"
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Velocity (m/s)




Shear-based rock sizing

Austroads 2013 Rock Sizing

++++++ D.,=35%V? ® Maximum Allowable Average Channel Velocity =il Yelocity Range for Standard Rock Class
1800
1600
4tonne @
1400
1200 =
1000

Dsg (mm)

1 tonne -—-.

1/2tonne »—@

1/4 tonne = i

400
200 SR
\A {estimated}T_i._“”____.
D “11-1-4-1--..---111'"
0 . i 4 5 |

Velocity (m/s)




Shear-based rock sizing

Austroads 2013 Rock Sizing
—D=35""2

Velocity (myfs)

1800

Dsg (mm)




Shear-based rock sizing

gm/m?
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Rock dl Particle Angle of Critical  Critical shear| Particle Critical Critical shear 20 ' 10 100
ock class diameter repose shear stress  velocity diameter shear stress velocity
Class name d, (in) #(deg)  w(bsh) Vo (s)  (mm) ) (m/s) 60 60
Boulder 1.0 Y/
Very large >80 42 374 4.36 1791 1.33 4 - 40 40
Large >40 42 18.7 3.08 896 0.94 é\
Medium >20 42 9.3 2.20 445 0.67 0.6 "“ 7
Small >10 42 4.7 1.54 225 0.47 20
Cobble 04 44420
Large >5 42 23 1.08 110 0.33 Shields (mean sediment size) /
Small >2.5 41 1.1 0.75 53 0.23 # 5
S Lane, clear water
Very coarse 513 40 054 052 33 26 ois |§ o2 s 4\-. G d 10 g 10
Coarse >0.6 38 025 0.36 15 12 011 |® Y g L
Medium >0.3 36 0.12 0.24 8 6 0.07 S L R, =400 E
Fine >0.16 35 0.06 0.17 4 3 005 |& Lane, clear W'*L/ / R, =400 06 & 6
Very fine >0.08 33 003 0.2 2 1 o0 |§ 01 — |_£ £
Sands " % 04 o 4
Very coarse >0.04 32 001 0.070 1.0 0.5 0.021 |8 L E
Coarse >0.02 31 0.006 0.055 0.5 0.3 0.017 § 0.06 —%70 )
Medium >0.01 30 0.004 0.045 0.3 0.2 0.014 & 7N =
Fine >0.005 30 0.003 0.040 0.13 0.1 0.012 y, 004 o 02 ¢ 2
Very fine >0.003 30 0.002 0.035 0.08 0.1 o.o;1 | ‘ 1] V4 - R, =100 &
Silts g i = — y =
e s A
Coarse >0.002 30 0.001 0.030 0.05 0.05 0.009 & $ 5
Medium >0.001 30 0001 0025 003 0.5 0008 |o 002 | 01 &
Relationship between shear stress and median rock size -§ w)f‘ 32°F 5 & E
. - 0.6
e g Temperature, in °F| 0.06 %
180 £ 0.01 0 3
o £ 04
160 ;32 70 0.04 Q
T 140 pa 40 Vs
£ 0.006 77 50 TN
2 0 0.004 P R, =10 002 02
g B0 R.- 4
= 60 =
0 0.002 R, '.‘I - 001 01
o| | Shear|charts stopl at 100mm,
| .
200 400 &00 800 1000 1200 1400 1600 1800 2000 [ I elatlolnshlp‘D ?)‘t[ﬁpplateq for b DU I(:ie r

Shear (Pa) O.WI
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CRC for catchment hydrology
riprap spreadsheet riprap &)

Catchment Modelling Toolkit - RIPRAP

|Guidelines for the Design of
River Bank Stabllity and
Protection using RIP-RAP

Prepared by
Associate Professor R. J. Keller

catchment %
MODELLINGTOOLKIT

The Catchment Modelling Toolkit is a suite of software designed to improve
the standard and efficiency of catchment modelling. www.toolkit.net.au

CATCHMINT HYDROLOOY

C
N
m
e
@
=
>,
m


https://toolkit.ewater.org.au/Tools/RIPRAP

RIPRAP - Input Table

A design program for stabilisation of river banks with rip- rap

Input Table
Variable Name Allowed Range Value Units
Energy Slope 2.10E-03 -
Bank Angle 22 degrees
Rock Specific Gravity >1 2.65 -
Rock Angle of Repose 1-46 46 degrees
Maximum Depth 10 m
Depth of Interest 8 m
Factor of Safety 1-5 1.2 -
Maximum Safe Bank Angle Calculated 40.7922861 degrees
Output Table
QOutput Table D50 (mm)
Bank Angles
0 10 15 20 22 25 30 35 40 406
1 32 25 27 29 30 32 38 51 136 280
2 63 51 53 57 59 64 76 102 270 550
3 95 76 80 86 89 9% 114 153 410 830
- 41 126 101 106 114 119 128 151 204 550 1100
E 5 158 126 133 143 149 160 189 250 680 1400
< 6] 189 152 159 172 178 192 227 310 820 1650
& 7l 221 177 186 200 208 224 270 360 950 1950
o 8| 250 202 212 229 238 260 300 410 1100 2200
9| 280 228 239 260 270 290 340 460 1250 2500
10 320 250 270 290 300 320 380 510 1350 2750

Shields [ 0.75y5 tan ¢
coefficient

Dscr —

Riprap size increases with depth
(for constant energy slope)
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Recommended Dso(mm)
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 From Price and Westwater, IMWA 2020




Recommended Dsq (mm)

Comparison of rock sizes based on average vs maximum velocity and shear stress
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* From Price and Westwater, IMWA 2020




Velocity vs. Shear: Depth sensitivity
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USACE 1994: Experimental Flume

Limitations:

s<2%

F<0.8

4<d:D4,<30
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USACE 1994: D,, varies with depth
: 0.5 2.3
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Riprap size is inversely proportional to depth:

[)oc d\@

Velocity exponent differs from Austroads, AN
supersedes source material



USACE 1994: D,, varies with depth
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USACE 1994: D30 varies with depth
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USACE 1994: Applicable range
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Variation of size with depth
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Distribution of tractive forces: shear increasing with depth



Variation of size with depth
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Horizontal and vertical variation
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Distributed

Horizontal variation
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Advancements: 2D Modelling Guidance
* Dgp=4m, W, = 40 tonne

* Dgy= 6mM, W;,=150 tonne

Publication No. FHWA-HIF-19-061

October 2019
iy % P 2% W TR o
Two-Dimensional Hydraulic Modeling for s
Highways in the River Environment
Reference Document -

US. Department of Transportation
Federal Highway Administration




Advancements: 2D Modelling Guidance
* D= 4m, W,= 40 tonne

* Dgy= 6mM, W;,=150 tonne
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Recommendations

* Check using at least 3 methods:

13.2 Sizing Riprap

The basis of designing a riprap revetment 1s sizing the rock. Methods presented
here are applicable to all bank hardening methods presented in succeeding
chapters. There are many methods available and this presentation is not all-
inclusive, however a sensitivity analy&la has been prov ided on the presented
methods to aid i selecting an a = =quation for the site. The
¢ o detine the range
in values. Selection of the riprap size could de on an average value from the
range, or 1t may be a high or low value depending on site specific characteristics
such as the geomorphic factors. There are spreadsheets and software available for
computing riprap size. but the designer should be familiar with the individual
riprap sizing methods to ensure they are applied correctly.

RECLAMATION

Managing Water in the West

Bank Stabilization Design
Guidelines

Report No. SRH-2015-25

Albuquerque Area Office

Science and Technology

Policy and Administration (Manuals and Standards)
Yuma Area Office

U.S. Department of the Interior
Bureau of Reclamation
Technical Service Center
Denver, Colorado

June 2015




Recommendations

1500

. . — tonne
* Check using at least 3 methods: .. omrov
* Velocity D ,=a*V/? -
* Shear Do =S*t ., | EEEAE T
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Recommendations

* Check using at least 3 methods:
* Velocity D, =a*V?
* Shear D, =5*1
* Velocity & Depth py-siec,cd

 Clarifications needed:
« Application:
Channels vs. Structures

« Gradation:
Do, Dsg, Do, by total weight

 Velocity Adjustments:
1D vs 2D vs 3D

* How to apply the USACE method

05 25
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\/Kl ed
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2

STONE  DIAMETER,
MASS ~ OF  SPHERICAL  STONES IN  KILOGRAMS  SPECIFIC GRAVITY 26

AVERAGE CHANNEL VELOCITY (m/s)



Recommendations

ODTMR 2019

26

, an@ill remain, one of the primary scour countermeasures D resist local scour forces at
Jverrfients of typica = ' " pensive and requires no special equipment,

but proper design and placement is still essential. An adequate hydraulic opening must be maintained when
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MASS ~ OF

BOTTOM VELOCITY, m/s
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Conclusions:



Conclusions:
» Appropriate sizing approach \/
* Design parameters \/

» Construction methods ¢~

IZ\

Minimum freeboard 2 ft (0.6 m)

Design high water

S

’ o

== 5. Geotextile or
W granular filter

A

Riprap mound height =
desired toe down depth

- T AN N
)
Riprap mound thickness = LA SNy ﬁ
2x layer thickness on slope Ambient bed elevation /A<




Conclusions:
* Remediation /
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Pop Quiz

* Doubling the velocity increases the required rock weight
by a factor of:



Pop Quiz

* Doubling the velocity increases the required rock weight
by a factor of:

.o * V=3 m/s Dgy=300mm _W,=/ 40 kg
. -1;/:6 m/s Dg,= 1250mm W, 3\3000 kg

4t [ .
Y 8 1400 .
1200 2t :
] 6 T '
£ 1000
g ltonne @
. 32 -
1/2 tonne s—-—@
1/4 tonne mofy _
Light
""""""" Facing e~
Bl =——@ g
A (estimated) p——a



Additional Resources

www.catchmentsandcreeks.com.au

. (atchments & (reeks

# About Us Training Field Guides Fact Sheets

Fact Sheets: Rock Sizing

Background to Rock Roughness Equation
5 pages

Background to Rock Sizing Equations
52 pages

N/A

Drawings

185.75 KB

A
Lo

99240 KB

www.surfacewater.biz/riprap/

&« c & surfacewater.biz/riprap/ QA e N =J @ Paused
2 Apps G Gmail @B YouTube 9 Maps eHostlogin Iy Bing G Google @ Yahoo @ Apple @ Home -- Spatial Ref.. » Readi
7~
£ A

Home Services v Cours

e Locations v Registration v Articles v AboutUs v Contact v

Home > Rock sizing resources

Rock sizing resources

We recently hosted the Australian Water School’s 100th webinar, “Rocking It!” which covered using hydraul

ic modelling results for rock
sizing. Watch the recording here:

Watch on £ YouTube



http://www.catchmentsandcreeks.com.au/
http://www.surfacewater.biz/riprap/

Additional Resources

FHWA Hydraulic Toolbox: www.fhwa.dot.gov/engineering/hydraulics/software/toolbox404.cfm

|0 38 0 |[fumme ]

[[FwAPcloimotory) =] i0G|

FRo=z20En:FRAaET4 . QCTEE —
|57 File Display Colculators Profiles Units Mep Help =18 x]
oixd | [ Hydrauic Toobox Project |

=-3 Project - Untitied
= Riprap Analysis # ' Riprap Analysis X
Channel Analysis

Structure type: [Revemt (channel slopes 2% o less) 3 Geotextiie /Granular Fiter Desgn... I

Culvert Outiet Protection
Open-Bottom Culvert Protection
DesignFlow  [Wave Attack

1.285 m
0.001 mj/m
3.088 m
2.000 m/m
2.000 m/m
7.215 m~2
8.186 m
8.793 m

0.821 m

Transfer Values From Channel Calcu...l

natural channe! ~|

1.285 m

angular rock ;I

0.300 This value s updated by the selected Riprap Shape

1.000
Channel Cross-sectional Average Velodty 1.386 m/s
Centeriine Radius of Curvature of Channel Bend 304800000 m Infinite Radius for straight channels are approximated by using a large number
Width of Water Surface at Upstream End of Channel Bend 8.185 m
Bank Angle 2.000 H:V (1) .966 <Bank Angle < 4.011
Bank Angle 26.6 _deg'es 14 <Bank Angle < 46 v
< >



http://www.fhwa.dot.gov/engineering/hydraulics/software/toolbox404.cfm
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