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NextScour: Case Studies Evaluating Scour

Presentation agenda

 FHWA NextScour Initiative

* Hydraulic design parameters

« Geotechnical resistance to erosion
 Current practice: HEC-18

* Implementation: Case histories
* Pooled fund
- MI — Saginaw River Bridge
* NC - 1-6064/1-95 Bridge

* Opportunities for collaboration
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NextScour — Hydraulic and Geotech

Hydraulic parameters —

* Flow rate

* Velocity

* Depth

- Site conditions
Geotechnical resistance —

- Material type and properties

» Geotechnical profile

- Depth and thickness of layers
 Continuity

3 Office of Innovation Implementation
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Hydraulic Parameters from Hydraulic Model

Velocities
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Bed shear stresses

tau (pa)
0.0=+00 4 6 8 10 12 14 16 2.0e+01

Source: FHWA
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Hydraulic forces impacting scour — Decay Function

Tau (pa)
0.0e+00 0.5 1 1.5 2.0e+00
— | — \ —

Sh eér Stress

0.78 ft+---30.31 pa

Source: FHWA e oo .
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Geotechnical Resistance to Erosion

Chapter 4 of HEC-18 discusses the source: FHIWA HECS . .
iImpact of soil type/gradation when | o] (o] (5] [owm)] (@] mﬁﬁ:si;mJ
predicting scour depth ‘ I

10000 ! \\ U3 Army Corps of
Englneers EM 1&01‘\\%{
100000 7 very High High Medium Source: FHWA HEC-18 Critical 1000 0.006 (D12 }/
Erodibility Erodibility Erodibility Shear = 0.006 (D) ey
I I [l Stress, 100 '
10000 ‘ . -Jointed Rock L S
-Fine Sand -Medium Sand : ow Te ,
(Spacing < 30 mm)
-Non-plastic Sit | L ow Plasticity Si E;Fine Gr;VEId Eroc:\ilbility (Nim?) iy [ & \ '
- -Coarse cani
. 1000 -High Plasticity Sif 1 - e 2 1. = Dy,
Erosion -Low Plasticity Clay/ E -
All fissured -Jointed Rock )
Rate 100 1 == = Clays -COLi?;SO mm Spacing) 0.1 Curve proposed by
(m m/h r) - Increase in Compaction Coarse Gravel Verv L 1, =0.05 {|:p5|}}":"4 Shields (1936)
(well graded soils) -High Plasticity Clay E er: bTw 0.01 i i f f {
- Increase in Density ibili
10 1 - Increase in Water Salinity \ /inted Rock ro \If ity 0.0001 Q001 001 0A 1 14a 100 1000 1000
Sp (clay) (150-1500 mm Spacing) —
Riprep Mean Grain Size, D (mm) s
11 Non-Erosive i Den Jointed Roc
S M M L CMI_ H C H \ -Intact Rock VI
o1 ock o te00 ) Figure 4.6. Critical shear stress vs. particle grain size (Briaud et al. 2011).
. I 1 1
0.1 1.0 10.0 100.0
Velocity (m/s)
Figure 4.7. Erosion rate vs. velocity for a wide range of geomaterials (Briaud et al. 2011). e
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Table 4-2 Descriptive terms for soil particle size ranges.

Soil Particle Size Ranges Descriptive Term
=12 . (305 mm) Boulders

Grain Size Distribution oo e

Coarse Yan, — 3 . (19 mm - 75 mum) Coarse Gravel
qrse-

. No. 4 Steve — 35 (4.75 mm — 19 mim) Fine Gravel
Grained No, 10— No 4 Sieve (2.00 nun — 4.75 numn) Coarse Sand
Mo, 40 —No. 10 Sieve ( 0.0425 nun — 2.00 mmn) Mednum Sand
H No. 200 — No. 40 Sieve (0,073 — L0425 ) Fine Sand
Silt and clay | Sand and Gravel — R o mm) ===
Grained < (L0022 nun Clay
100 5 T Source: FHWA-NHI-16-072
80 3 When a material with a D¢y < 0.2-mm is encountered
70 3 £ : : :
e ;ﬂ ] | E ;{," * Itis common practice to use 0.2-mm to calculate
I I S| | L scour depth. (Since HEC-18 equation 6.4 is not
% 40 f ¥ appropriate for use with a Dg, < 0.2-mm))
oW 30 3 M & NCDOT-157LT-3 i .
N /' % NCDOT-IT2RT 11 - This can generate overly conservative results
20 3 j‘-—+Nf:m;}'1'-1711{1'-15-
] - - NCDOT-174RT-23 I .
IE 2l [elee it Alternatively:
0.00001 00001 0001 001 0l .+ Use a critical shear stress corresponding to this

Particle Size (in) material based on erosion testing.
Sagirce: MEHWA

« Use equation in HEC-18 for ultimate scour based
on critical shear (HEC-18 section 6.7)
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Geotechnical Site Characterization

The primary objectives of geotechnical site characterization:

- Obtain information on subsurface stratigraphy and
soil/rock behavior

+ ldentify and address risks associated with subsurface
conditions

« Define conditions that impact performance

Scour:

* needs geotechnical data to determine the behavior of
the materials

* IS a risk that needs to be considered for the site

Consider discussion with Hydraulics to understand needs.
Adjust site investigation to identify and characterize erosion

resistant layers. e
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Pooled Fund Case Histories

Lafayette Ave bridge over Saginaw River 1-6064/1-95 Bridge over Lumber River
Bay City, Ml Lumberton, NC

s and
A ,’ . e A . Source: Google Earth Image © 2022 Maxar Technologies

Image ©2022 Maxar Technologies

Google Earth

Imagery Date: 10/16/2016 34°38'01.22" N 79°01'44.57" W elev. 111ft eyealt 3900 ft
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Latayette Ave bridge over Saginaw River

Source: FHWA
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Lafayette Ave bridge over Saginaw River
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Lafayette Ave bridge over Saginaw River

Velocity (ft's)
00 25 5 7.5 10,0

Qo 42,785 580.9 4.4 865.7
Qs 54,510 581.3 5.5 875.7 12.1 11.6
Q00 59,360 581.5 5.9 880.5 14.5 14.1
Qg0 70,130 582.0 6.8 893.2 20.2 19.7
Q000 79,295 582.3 7.5 899.3 26.2 24.5

Decay Function Update

< Left half bridge - test 1
* Left half bridge - test 2
© Right half bridge - test 1 -
° » Right half bridge - test 2| | Design

—Best-fit decay function T 4.51%
—Design decay function - 8.78e proj

3 : Source: FHWA (all images)
L Best-fit
4 T —0.51 25—
—="714e aproj
Ta
2
0
SRH-2D Single-Phase 0.0 02 04 06 08 10
Vs/pro
Source: FHWA
Note: 1 Pa=0.021 pounds per square ft (psf) e
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Lafayette Ave bridge over Saginaw River

Bootstrapping

o T A statistical technique that uses random
o T i sampling with replacement to estimate the
e [ \ |l | mean, COV and confidence interval, etc.

& s ! LOOSE SAND AND SILTY SAND
|: S0 1 : i B | g T
:":C:_ o ; | fii Bootstrapping Size = 40, Total Sample # = 50,000 e ) )
0 f o 10 — - : T ) Mean = 20.5 Pa
m 310 At | MEDIUM TO HARD LEAN CLAY ; _ A | e oo =032
S e | | T | . oo 200
448 Ty i -L:; i
i = B
SHALE £ e
A = = 3 2 3 mar
45 - C o e
. - __ S 400
S
Source: © 2020 MDOT. S 60 06 ol
Modifications by FHWA. E 4 Erosion rate = _
o 0.1mm/hr | " in o an 40 50
Shear Syess Pal
" 2 3 : 5 Far deterministic scour analysis:
In{Shear Stress (Pa)) T mmne = Mean - standard deviation = 13.9 Pa
Source: FHWA Source: FHWA
() o
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Lafayette Ave bridge over Saginaw River

Deterministic NextScour Analysis for Total Pier Scour

Shear stress (Pa)

0 Taygg, design = 17.9 Pa Tagyg. design = 24.8 Pa 40
550 Q ?
: = Qgqp
545
£ i — Q0
c i
) 540 : Q0 42,785 580.9 4.4 865.7
©
> 1
<@ 1
w 535 E Qs 54,510 581.3 5.5 875.7 12.1 11.6 14.9
I P—
I Q00 59,360 581.5 5.9 880.5 14.5 14.1 17.8
530 1
Qs 70,130 582.0 6.8 893.2 20.2 19.7 24.8
Uiren 79,295 582.3 7.5 899.3 26.2 24.5 32.2
520 @, O

Tc,design = 13.9 Pa T¢, nominal = 20.5 Pa
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Lafayette Ave bridge over Saginaw River

600 MBI Shelby tube samples
00 SETTCS BB101 BB102 EIESTD tested samples
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; 4\ =
n . o
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560
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L
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Source: © 2020 MDOT.
Modifications by FHWA.
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Latayette Ave bridge over Saginaw River

Probabilistic Scour Analysis - Concept

ﬂ £ ] Load and Resistance Distributions Scour Depth Exceedance
; é ¢ Combined @y, Probabilities

N R TR TR PDF
: . mean mean

] i N 5 : 5 5;] “ :
¥ . ‘w —
o ' '—-l r 1-! 4 '-( )
|
S |
) .\ ) |
| 2 i $ gy 1 } 1
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Shear Stress

Load and Resistance Distributions
Combined @y,,

ROE | [ Y1 Vez

K | mean
Shear Stress i
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Lafayette Ave bridge over Saginaw River

Comparing Exceedance Probabillities

100 Total Pier Scour
- Combined (HEC-18 & Flood Exceedance
o ¥ NextScour) Exceedance Frequency Probability : HEC-18 | NextScour
£ e in 75-year Elevation (ft) Sand ci
i Probabilities (Sand) (Clay)
-g &0
= 1]
E Q100 53% 530 94% 3.3%
= 40 (Clay Layer)
g Q 14% 514
L% 19.8 m 500 ° (HEC-18 Q,40) 19.8% 0.3%
. B9 ” 509
SIS S O L LT Q1000 L (HEC-18 Qapo) S —
550 540 530 520 514 510509 500 490 480 = __________

Elevation (it}
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[-6064/1-95 Bridge over Lumber River

Source: Google Earth Image © 2022 Maxar Technologies

Image ©2022 Maxar Technologies

Google Earth

Imagery Date: 10/16/2016  34°38'01.22" N 79°01'44.57" W elev. 111ft eyealt 3900 ft
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[-6064/1-95 Bridge over Lumber River
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[-6064/1-95 Bridge over Lumber River

ear Stress Distribution: Q100

CFD Nominal Shear Stresses

4 -
-

CFD Sh

RV o | o
Projected  Nominal shear  Projected Nominal shear
area (m2) stress (Pa) area (m?) stress (Pa)

Pier 88 4.0 109 4.2
Left abutment 47.9 17.8 65.8 16.5
Right abutment 48.1 14.9 65.8 16.0

Shear Stress (Pa)
0 4.8 9.6 14.5 19.3 241

e oo ..

Source: FHWA (all images) LS. Department of Transportation O HESOUIiﬁJE'*EEJﬁ?I"UEﬁ
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[-6064/1-95 Bridge over Lumber River
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[-6064/1-95 Bridge over Lumber River

EFA Test Results

157LT-3 172RT-15 174RT-29 10000
Very High  © Tligh /' Moderate
Erodibility  Erodibility ©  FErodibility
I - ;

~ 1000 1T SN | . U

= = NCDOT-157LT-3 -

= 2 NCDOT-172RT-11

= 100 1 ©NCDOT-172RT-15 S Low

~ - NCDOT-174RT-23 . El'Od'tflh'f!r’

%" >NCDOT-174RT-29 , Iv

e 10 EC boundaries A

L2 . Vory Low

= 1 " Erodibility
= v

157013 St 367‘% | a4 NorEros “
SP SLI 1 0 4 59 D]_ I T T T T TTI0 . T 1 = Er =T Un ru 1""'3
_ 72RT-15 @3 48 100.56
TR e 0.1 1 10 100 IUUD IUOD{]
CL >58 >13297 Shear Stress (N/m?)
- 0 00 .
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[-6064/1-95 Bridge over Lumber River

10 T Bootstrapping Sizey=40, Sample #1000 ; Bootstrapping Size = 100, Total Sample # = 5,000 _
¥l = T T T T
8t ] 8 a Mean = 38.5 Pa
'_
C { ‘E: & ﬂ i COV = 0,34

= o" s £ 4 ] - _
= £ |
E 5 2 =]
E *% B . EE| . i
o o of ) i & B L |
& E -2 . ) > " A
& R I— L ]
g |I| -4 [+ [+ 5] [sXeTu s
o = . :
< = -6 Erosion rate = -
o)
- 4 0.1mm/hr - hW

-Iur_. 1 a 3 _; 5 1] 20 ) 40 G0 80 100 140 140 160 180

Shear Slress (Pa)
For deterministic scour analysis:
Tp1mmiby = Mean - standard deviation = 25.4 Pa

In{Shear Stress (Pa))

Shear Stress (Pa)
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Source: FHWA (all images _— i
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[-6064/1-95 Bridge over Lumber River

Deterministic Total Pier Scour Analysis: Qs I -

g2 2 5“53!' stress Q:'Eﬂ . " Projected  Nominal shear  Projected Nominal shear

o _ area (m?) stress (Pa) area (m?) stress (Pa)
= Pier 88 4.0 109 4.2
o
E Teodal pier scour shear decay with HEC- LEft abUtment 479 1 78 658 1 65
T ™ 18 decay ‘unction
-~ —I'I'-.TAdal:piEIur 5?:.1ur IEEBEF cha:‘..-1}-.-l1h design Right abutment 48.1 14.9 65.8 16.0
o QEd AnNc generdl decay Tuncucn
ﬁ BE

§3.3H

T remen = 25,4 PO
o . Q100 Qso0
Deterministic Abutment Scour Analysis: Q4
2 HEC-18  MNexiScour HEC-18 NextScour
hear stress (Pa)

o 5 : . 3 3 Pier scour 1.4 12.1
E g5 Contraction scour  29.1 38.3
c
.0
g w2 Total pier scour 40.5 16.7 50.4 16.7
% ‘ —Abutment scour shear decay
§ 85 Abutment scour N/A 16.7 N/A 16.7
O 833 ¢
) _

. / T, pecin = 25.4 Pa |

FHWA ” . ODD Fordwtss Wl =y Aot @l Pl
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Opportunity for Collaboration

* These example projects demonstrate the benefits of collaboration between
the disciplines

* We already invest in geotechnical site investigation to manage design,
construction, and performance risk

« Consider -

« discussions between disciplines to better understand the needs for hydraulics to
Improve predictions on scour depth

+ developing specific geotechnical recommendations for hydraulics

- May need —
- additional investigation and samples at locations different than typically considered
- different types of in-situ tests and samples

* Include early discussions between disciplines

0 0 D Fordwtss Wl =y Aot @l Pl
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Disclaimers

27

Except for any statutes or regulations cited, the contents of this document do not
have the force and effect of law and are not meant to bind the public in any way.
This document is intended only to provide information regarding existing
requirements under the law or agency policies.

The approaches and methods discussed in the presentations are not Federal
requirements unless otherwise stated. Some items may be required by State
policy or specification.

The U.S. Government does not endorse products, manufacturers, or outside
entities. Trademarks, names, or logos appear in this presentation only because
they are considered essential to the objective of the document. They are included
for informational purposes only and are not intended to reflect a preference,
approval, or endorsement of any one product or entity.
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Transportation Pooled Fund — TPF-5(461)

Encourages collaboration between the
geotechnical and hydraulic disciplines to include
the hydraulic component as well as the erosion
resistance of soils for prediction of scour depth.

TOF - Studdy Detai x4+
& @ @ hips//www.pooledfund.org, 2 H - "
Archery ng Entertainment HWA sites Financisl ealh propert Tavel @ GoogleMaps M Gmail- Inbox -dan.. €§ US.DOTSLFTS 4§ iCloud e 140.and Meteor Cit. 8 Microsoft OneDrive [ll Denver, CO Fare]
v Studies v Tools ¥ v

Transportation Pooled Fund - Study Detail

Home > Studies » Soil and Erosian Testing Services for Bridge Scour Evaluations.

.............

Last Updated:

Source: Transportation Pooled Fund website e
. |
https://www.pooledfund.org/Details/Study/688

29 Office of Innovation Implementation

Scope of work:

1.

Soil Erosion Test in the TFHRC
Hydraulics and/or Geotechnical Lab for
various bridge projects

Soil Erosion Test in the field for various
bridge projects

Laboratory and In-situ Soil Testing

Fabrication of an Erosion Testing
Device

Soil Erosion Tests Support conducted
by DOT

Laboratory and In-situ Soil Testing
Support conducted by DOT

e oo ..
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NCDOT’s Scour Evaluation

Procedure is Unique compared
to other DOT’s



The procedure...

* Is highly dependent on field visual classification...no specialized
testing as recommended by FHWA is done...does not follow current
FHWA HEC 18 procedures

* Has been in place a long time and places a lot of responsibility on the
Geotechnical Unit



NCDOT and NextScour Research
Relationship...

* Thanks to Matt Lauffer in our Hydraulics...understood importance of
improving/confirming current methods/procedures

* Results presented by Daniel, corroborate our adjustment to the Theoretical
Scour for the Lumber River case history he discussed

* We still have items to address...lab testing, internal roles and
responsibilities, validity of use without specific specialized testing (EFA,
ESTD, etc.), would following FHWA recommended procedures more closely
negate the need to adjust Theoretical Scour via current methods



We look forward to continuing
our relationship with NextScour
Research Project



Hydraulics Unit Computes Live Bed
Contraction Scour — Equation 6.2, HEC 18

- Equation 6.4 — Clear-Water Contraction Scour is Ignored
- D, <= 0.2 mm is assumed — No lab testing to verify



Bridge Scour Report (BSR) created

Hydraulics Unit’s Effort Complete at
approximately 30% Bridge Plans



Geotechnical Unit then...

Evaluates Scour Resistance of Soils and reduces
Theoretical Scour depth

Basis of evaluation is generally via visual classification
in the field by a field geologist

Geotechnical Investigation and Recommendations
Manual — Pages 47 — 52 — See Section 5.1.3.4



Kaane Scour Raduction Chart

Jim

Ratlo of Actual to Maximum Theoretical Scour
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Ratio #Ff Actual to Maximum Theoretical Scour
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