FY21 RSM Mid-Year IPR >

Riprap and Scour Calculator:
Stanford Gibson (HEC), David May (CHL), Zach Morris (HEC)

BLUF: We developed and documented a Riprap and Toe Scour calculator
that computes riprap size based on HEC-RAS hydrodynamics.

File Type Edit Gradations BETA
(:) = [Riprap Examp~  Hydraulics |Channel ~ | = |Riprap Examp~  Hydraulics | Channel ~ I Natural O Angular Outside Bend DS of Concrete L~ Graphical
fpply | Riprap Reach ~ = |Riprap Reach ~ “Trapazoidal  ORounded  STaight End of Dike —+ Analytical
Defaults | \/ |3300 v \/ [3800
Riprap Scour Depth

= mgm . S - Ao e

Act I v I t I es - Upstream Reference XS Intermediate Computations Gradations Crossing XS Design XS
L]

Vaug 9735 /s Ve 13074 ftfs Keep Prev D30 Plots

Depth 7.544 ft Dss 9.532  ft 100 Legend

1. Software Release = = + ww = W%/ /// //
> Riprap Input Data . /

EM1601 2
Stability Coeff (Cs) 03
Radius of Curvature | 300 ft // / / /
Vert Vel Dist (Cv) 113 70 EM1601 3
> Scou r Side Slope Angle 4 deg g / // / / / /

i i 5.802 =

Radlius / Width

Safety Factor 1 ‘ € / / / / / / EM16015
- i [ I
2. Documentation e |
Angle of Repose 40 deg 3 / / // / / o
3 T - V' d @ D30 Side Slope
[ ] ral n I n g I eos Gradation Results o
] ! ® / / D30 Bed
D30 D100  Thickness Source Gradation Selecting }
I Bed 68444 in 15 in 15 EM16013 r 2 / / s
I side slop
Stane Size (mm)
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Riprap and Scour Calculator:

“Headline Feature” in HEC-RAS 6.1
Redesigned with Modern Look/Feel

File Type Edit Gradations BETA
(:) = |Riprap Examp~ | Hydraulics | Channel ~ || = |Riprap Examp~ | Hydraulics | Channel ~ NI Natural O Angular Outside Bend DS of Concrete L~ Graphical

apply |~ |Riprap Reach ~ == |Riprap Reach ~ \sTrapazoidal  (QRounded ~ Straight End of Dike == Analytical

Defaults  \ /3400 - \/ (3100 ~

Riprap Scour Depth

Hydraulic Data Upstream Reference XS Results Evaluation Point (Design XS) Crossing Reference
Design 4000 ofs Design Q 2000 fi/s v Bend Scour i 0035 == Legend
Design Depth 12.276 ft 11644 +| Maynord 703 ft = |
oci S TR Depth : " = N _ WS 4000
Velocit E s
Y Velacity 8.064 fi/s ) Zeller g o WS 4000
Top Width 42 ft
Ton Width a2 ft + Thorne 10.88¢  ft —a—
Energy Slope 0.001539 ap 20 Ground
0.0019 | USACE Curve 7938 ft *
Hydr Radius 9775 ft Energy Slope Bank Sta
. ¥ General Scour
Design Depth 16.289 ft Hydr Radius 5.268 ii 15 Thorne Bend
Zeller O 1798 _
Manning n-value 0.035 Depth 15.668 ft ) % Zeller Band
Neill 9.82 ft %
g
] USACE Bend
Lacey 309 ft @ 1'\\\
-. — | ™ d Bend
USER Env 7.313 ft ‘ \ / aynord Ben
Neill Bankfull Incised Data
Toe Point
Radius of Curvature | 300 USER Vel =2 B : | | | e
Bankfull Q 3200 fi/s ’t !’ .
dso 1 mm 1 /f Closest Toe Point
Bankfull Average Width a3 ft Bend Scour Visualization 1 k 1
Degree of Bend Moderate 0 “f
Bankfull Hydraulic Depth | 14 ft Toe Point X | 165
«" Use Lacey Eqn For Depth
Neill Exponent 07
5
140 150 160 170 180
— Station (ff) —
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Riprap and Scour Calculator:

Documentation

M85 HEC-RAS Users Manual HECHome RASDocs Downloads ‘ 61 v
. A

Step 5: Select Gradation to
ot " Compute Thickness Compaa s

Reference XSs

User Manual:

a:ﬁuaaﬁzl[n]gﬂtne The Maynord equation and the riprap calculator compute a stable .
Variables dsp. But you will have to select a gradation to find the dspand dyag - O n | | n e
required to compute the design riprap thickness. The riprap
%tgeepﬁ?ct;;ﬁflect Riprap calcu atorl uses an interact'\re. plot tool to selecta gradatinl)n for the _Sta n d _Al 0 n e 56
Parameters bed and side slope computations, to complete the analysis.

Step 4: Compute the
d30 of the Stable
Rock Size

= Sep5sect Select a Gradation to Compute Thickness Exam ple PrOJeCt

Gradation to
Compute
Thickness

E Pe r::ent Finer by The riprap calculator plots the computed dsgs with the selected or user-input
Weight gradations. To associate a gradation with the bed or side slope analysis, click the

Rock Size and Weight radio button under selecting, and then click on the curve or polygon associated with

Specifications the gradation.

Limitation: Why —
Doesn't the Riprap and ! = ’

Scour Calculator use
2D Results?

Scour Calculator: > et oenssts
Computing B v =T o o 2, | i P
Launchable Volume - = pr—

Ongoing Work and Wish . oo o .
List ——— = ™ ' |

Acknowledgement
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Riprap and Scour Calculator:

Validation and Verification: V&V

0]

File Type Edit Gradations BETA
(’ = Riprap Examp~ Hydraulics Channel ~ | = |Riprap Examp~ | Hydraulics Channel e W Natural Q angular Outside Bend DS of Concrete L/ Graphical
Apply  — |RiprapReach v — |Riprap Reach v “sTrapazoidal  (Rounded ~ Straight End of Dike = Analytical

Defaults  \f 3500 " \/ 3200

Riprap Scour Depth

Upstream Reference X5 Intermediate Computations I{SS R
Vavg 71 fiss | [vis 1054 s | = 1.74 — O.SZZOQ (W) = 1.484
Septh 15 ft [ Dss 12 R ]
Width 200 ft Ve / Vg 1484
pe—— [ss Corr. Factor (K1) 088 ] VS‘S = 1.484 =1.484 *7.1 - =105 ft/S
[Sl.abmty Coeff (Cs) 03 ]

Radius of Curvature 620

- [verl Vel Dist (Cv) 1185 ]
Side Slope Angle 2657 deg 2

Radius / Width 31 -

Safety Factor 11 DSS — _ 02 2 + * Sll'l(g)
Unit weight 165 Mb/ef tan (0)
Angle of Repose 40 deg

Gradation Results

2
D30 D100 Thickness Source Gradation Selecting DSS = — O_ZJ 2 _|_ (m ) * Sln(26570) —_ 12 ft
0.0

I Bed 26338 in  in 2

—> I side Slope  7.4776 in in c

2.5
Yw V.

Vs — Yw /K1 gDss EM 1 601
Example
pRLE
4 105 ft/s + Several
lb b
165F—62.4FJ0.9-32.2§‘12ft Others

ds o(ss) = + CsC,Dgs

62

7.5in « 0.623 ft = +0.3-1.185-12ft
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Riprap and Scour Calculator:

Training Videos

Fil . 3 )
" File lype Edit Gradations

r:) = Ruprap Fuamp | | ydraadics | Chanim | = Ruprap Faampw | | ydraudics Channel ~ WF Matural C]Angular Outside Bend 05 of Coner
B = Riprap Reach - = Riprap Reach - I Trapazoida O Reended Straighit End of Dike
oply
Defauits \f 300 \/ 30 -

ERRed? m

Riprap Scour Depth

Upstream Raference X5 Intermediate Computations Gradations ~ Referance x5 Design X5

Vo 2417 fiis Ve s Kaep Prev d30 Plots | Cle = -
t Fuler
- 11395 5| | g B ' L Upstream Reference
; e Path Polygan | Crdle Dpath I poabygon i Fr
width 4 fit Ve Vg - ! Measune the Croumierence or ared of & orde on the ground App rDaCh
55 Corr, Factor K1y 1 i
gt Dia WiiEE = e cana] . Cross Section
Stability Coeff (c5) 03 : z
i ilIi . l Ares A1 27| Square Miters

Werl Vel Dist (0v) e
side sloge Angle deg ]
Radius ¢ widih Fm i |
Salety Factor 1 i
i
E

== L \ Critical
Gradatian Results : “ /{ [ﬂf y kfﬁend

Ey Fi F Vi ¥
@0 4100 Thickness Source Gradation  Selecting - ﬂbz % o Radlus
I Bl in in in o d 2 =
I Side Slope in in in - 10 R 2 s
gty i “Evaluation”
W Cross Section

"Severe Bend"

« Alpha Release Quick Start Guide

* Full Release Riprap Video
« Scour Video (in progress)
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Riprap and Scour Calculator:

Live Demo

File Type Edit Gradations BETA
(:) == Riprap Exampv | Hydraulics 'Channel v | == Riprap Exampv  Hydraulics Channel v S Natural O Angular Outside Bend DS of Concrete L/ Graphical
apply =~ FRiprap Reach - -~ Riprap Reach ~ “irapazoidal  (QRounded ~ Straight End of Dike =~ Analytical
Defaults \/ 3800 P \/ 3800 7
Riprap Scour Depth
Upstream Reference XS Intermediate Computations Gradations  Crossing XS~ Design XS
Vaug 9.735 ft/s Vis 13074 fi/s Keep Prev D30 Plots | Clear Prev |
Depth 7.944 ft Dss 9532 ft 100 Legend
Width 51.71 ft - 34
' Vas/ Vaug et % EM1601 1
SS Corr. Factor (K1) 0.9
gy Dt 80 EM1601 2
Stability Coeff (Cs) 0.3
Radius of Curvature 300 ft
Vert Vel Dist (Cv) 113 gm EM1601 3
Side Slope Angle 25  deg $ _
Radius / Width 5.802 3.
Safety Factor 1 § o EM1601 5
Unit Weight 150 Ib/cf b
5 EM1601 7
Angle of Repose 40 deg c
“ D30 Side Slope
Gradation Results [o
) ! D30 Bed
D30 D100 Thickness Source Gradation Selecting
I Bed 69798 in 12 in 12 EM1601 2 c 2 T
I Side Slope 13938 in 27 in 27 EM1601 7 @ /
05 5 2
Stone Size (mm)
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District, Title

What challenges did you face to get your project to implementation and
how did you move past them?

Software Development Resources

Loss of Institutional Expertise
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District, Title

How is this project benefiting the USACE and Nation?

The USACE places millions of dollars of rock per year.

This calculator will help save money on those annual efforts in three
ways:

« Improve the efficiency of the calculations

« Improve the accuracy of the calculations and formalize an
institutional process, which will...

» Save money from costly overdesigns

» Avoid costly and embarrassing failures

7
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