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Principal River Engineer
Natural Waters, LLC

« Owner of Natural Waters, LLC
« WSDOT HQ staff augmentation team
assisting State Hydraulics Engineer

Current Duties

* Previous WSDOT State Hydraulic
Engineer

* Private sector hydraulics and river
engineering consultant

* Research River Engineer

Background and
Experience

« B.S. Civil Engineering (Washington State

University) « Spending time with family
 M.S. River Engineering (University of lowa * Rivers o .
Education — lowa Institute of Hydraulic Research) Personal . Dirt biking, Fishing, Camping, and
Iniesgstas Coaching/Watching Sports
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Pier Scour Overview

« Pier scour processes and alignment of appropriate analysis
» Factors that influence pier scour
 Importance of surface and subsurface material data

« Bridge hydraulics and pier design

. Pier Scour calculations and evaluation

Image Source: Casey Kramer
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Pier Scour Processes

Horseshoe and Wake Vortices around a Cylindrical Element Top View
Surface Wakes
/]

Side View

“““““

—+ Horsashoe Vorex
-+ Wake Vortex

Image Source: FHWA Image Source: Casey Kramer
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Pier Scour

« Detailed information on pier scour can HEC-18 Available Pier Scour Methods
be found in HEC-18 — HEC-18 Equation (Section 7.2)
— Florida DOT Methodology (Section 7.3)
 HEC-18 includes pier scour equations — Wide Piers (Section 7.4)
for:

— Complex Pier Geometry (Section 7.5)
— Sand bed channels — Multiple Columns (Section 7.6)

— Coars§ bed channéls | — Debris on Piers (Section 7.7)
— Cohesive and erodible rock materials Coarse Bed Materials (Section 7.11)

— Complex pier geometry — Cohesive Materials (Section 7.12)

— Debris accumulations — Erodible Rock (Section 7.13)
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Pier Scour

Image Sources: Casey Kramer

Pier Scour — Rule of Thumb
Yy, < 2.4 times pier diameter for Fr < 0.8

. < 3.0 times pier diameter for Fr > 0.8
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Surface and Subsurface Material

Image Sources: Casey Kramer




Surface and Subsurface Material
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Subsurface and Subsurface Material
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Subsurface and Subsurface Material
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Debris Potential

Image Source: Casey Kramer
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Debris Potential

Image Sources: Casey Kramer
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Bridge Hydraulics
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Bridge Hydraulics
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Pier 2 and Pier 3 Layout
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Bridge Hydraulics
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Bridge Hydraulics
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ridge Hydraulics
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Bridge Hydraulics
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Bridge Hydraulics
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Bridge Hydraulics
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Bridge Hydraulics
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Depth at the highest unit discharge approaching piers (ft) 14.5932
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Bridge Hydra
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- 1 o Proposed
= | Proposed|  PIER HYDRAULIC PARAMETERS:
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0 T = T T t | Bed Condition Small Dunes :‘l 10' > Dune Height > 2
100 1 50 200 Depth Upstream of Pier 14.55 ft i
= - = | Pier centerline station (ft)
Velocity Upstream of Pier 15.40 fiis Select... Pier width (f)
i i . - T . Pier length (R)
N Width of Pier 10.00 X flor the zero skew co... J | Pier local approach depth (F9)
- Angle of Attack 234 Degrees Pier local approach velocity (ft/s)
T Pier fi f attack (de
Arc 1 5 Water_De pth_ft Spading between Columns of Piers 26,00 ft Column center to column c... feion s ckar (egrees)
Number of Columns 2
Results
(From contraci B 225.656
Froude Number Upstream 0.71 o idge centerline))
Correction Factor for Pier Nose Shape (K1) 1.00 Mode! Specificc e 2 S 351.469
: Pier design velodity (ft/s) 15.3962
Correction Factor of Angle of Attack (K2) 105 contrachontd (Velocity magnitude at the highest unit discharge appTEmekig
Spacing to Pier Width (s/2) 2.60 Depth at the highest unit discharge approaching piers (ft) 14.5932
Correction Factor for Bed Condition (K3) 1.10 NCHRP Abutm The scour toolbox defaults to “Thalweg” option.
s Depth 22.80 f If you wish to evaluate "Local” option, note
el s = | Left Abutment  pier lacal approach depth and velodity from above
Scour Hole and enter into Hydraulic Toolbox.
Angle of Repose 44,00 degrees Output
Use the Pier Width as the Bottom Width of Scour Hole v Browse... LK est.hyd
Scour Hole Bottom Width 10.00 ft _
Export Hydraulic Toolbox File Launch Hydraulic Toalbox
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Edit Default Options... Delete Generated Arcs

oK Cancel er oK

|Arc info: 1 selected: id = 1; XY Length = 567.119476 ft; Not ubéerved; Num segments = 1.
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ier Scour Inputs

"
i Computation Method: |HEC-18 L] }\
Input Parameters
Pier Shape Group of Cylinders Ll
Bed Condition Small Dunes LI 10' > Dune Height > 2
Depth Upstream of Pier 14,59 ft
Velocity Upstream of Pier 15.40
Width of Pier 10,00 ft width for the zero skew co...
Angle of Attack 2.34 Degrees
Spacing between Columns of Piers 26.00 ft Column center to column c...
Number of Columns 2
Results
Froude Number Upstream 0.71
Correction Factor for Pier Nose Shape (K1) 1.00
Correction Factor of Angle of Attack (K2) 1.05
Spacing to Pier Width (s/a) 2,60
Correction Factor for Bed Condition (K3) 1.10
Scour Depth 22,80
Scour Hole
Angle of Repose 44,00 degrees
Use the Pier Width as the Bottom Width of Scour Hole Iv
Scour Hole Bottom Width 10,00 ft -
Scour Hole Top Width 46,41 ft A 6.'4' A 6;7
L 5TA. 62+60.00 L STA. 64+40.00
oK Cancel
l ) / 10'-0"8 SHAFT

[TYP. FIERS 2

Image Sources: WSDOT
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B ' Pier Scour

Computation Method:  |[g5e]
Parameter
Input Parameters
Pier Shape Group of Cylinders
Bed Condition Small Dunes
Depth Upstream of Pier 14,59
Velocity Upstream of Pier 15.40
Width of Pier 10.00
Angle of Attack
Spacing between Columns of Piers 126.00 '
Mumber of Columns 2
Results
Froude Number Upstream 0.71
Correction Factor for Pier Nose Shape (K1) 1.00
Correction Factor of Angle of Attack (K2) 1.05
Spading to Pier Width (s/a) 2.60
Correction Factor for Bed Condition (K3) 1.10
Scour Depth
Angle of Repose 44,00
Use the Pier Width as the Bottom Width of Scour Hole v
Scour Hole Bottom Width 10.00
Scour Hole Top Width 46.41

[}
=)

ft
ft/s
ft

Degrees

ft

degrees

Bridge Hydraulics

10' > Dune Height > 2'

Value Units Notes '

width for the zero skew co...

Column center to column c...

Cancel

Computation Method: IHEC-IS

I Parameter Value | Units

Input Parameters

Pier Shape

Bed Condition

Depth Upstream of Pier

Velodty Upstream of Pier

Width of Pier

Angle of Attack

Spacing between Columns of Piers
Number of Columns

Results

Froude Number Upstream

Correction Factor for Pier Nose Shape (K1)
Correction Factor of Angle of Attack (K2)
Spading to Pier Width (s/a)

Correction Factor for Bed Condition (K3)
Scour Depth

Scour Hole

Angle of Repose

Use the Pier Width as the Bottom Width of Scour Hole
Scour Hole Bottom Width

Scour Hole Top Width

Group of Cylinders
Small Dunes

14.59

15.40

10.00

26.00

0.71
1.00
1.20
2.60
1.10

44.00
v

10.00
53.16

ft
ftfs
ft

Degrees
ft

degrees

10" > Dune Height > 2'

width for the zero skew co...

Column center to column c...

OK Cancel

v» WSDOT
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Bridge Hydraulics

| B Pier Scour *

| Computation Method: IHEC—lS LI

Aer shape
Bed Condition Small Dunes ﬂ 10" > Dune Height > 2'
| Depth Upstream of Pier 14,59 .Pc ‘
; Velocity Upstream of Pier 15.40 ft/s
|| Width of Pier 10.00 ft width for the zero skew co...
| |Resuits
| | Froude Number Upstream 0.71
Correction Factor for Pier Nose Shape (K1) 1.00
Correction Factor of Angle of Attack (K2) 1.03
Pier Length to Pier Width (L/a) - 1.00 IfLfa > 12, use 12
Correction Factor for Bed Condition (K3) 1.10
Scour Depth ft
Angle of Repose 44.00 degrees
Use the Pier Width as the Bottom Width of Scour Hole v
Scour Hole Bottom Width 10.00 ft
Scour Hole Top Width

@ % Pier Scour

Computation Method: |HEC-18

Pier Shape

Bed Condition

Depth Upstream of Pier

Velodity Upstream of Pier

Width of Pier

Angle of Attack

Spading between Columns of Piers
Number of Columns

Froude Number Upstream
Correction Factor for Pier Nose Shape (K1)
Correction Factor of Angle of Attack (K2)
Spading to Pier Width (s/a)

Correction Factor for Bed Condition (K3)
Scour Depth

Angle of Repose

Scour Hole Bottom Width
Scour Hole Top Width

Parameter Value Units
Input Parameters

Use the Pier Width as the Bottom Width of Scour Hole

Group of Cylinders ;‘
Smal Dunes ~|
14.59 ft
15.40 ftjs
10.00 ft

10" > Dune Height > 2'

Degrees

26.00 ft
2

Column center to column c...

0.71
1.00
1,20
2.60
1.10

:

44.00 degrees
v
10.00 ft

Notes

width for the zero skew co...

v» WSDOT
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Subsurface and Subsurface Material

75 WSDOT
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3+50
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TEST HOLE LEGEND
ST HOLE NUMBER
100450  7EST HoLE STATION
25RRt.  TEST HOLE OF

NI

REED SAMPLE

oo ¥ OCK STRATA AS

nc'! 33 ROCK QUALITY DESIGN!

60+00 60+

FINED ON BORING LOG

L STA. 60+80,00
GR. ELEV. 232,69

DICATES CORE SAMPLE TAKEN

"

| | | I I
61+00 61+30 62+00 62450 63400 83430 64+00 64250 as‘voa

; —NORMAL HIGH WATER
3.0'MIN, \ WS, ELEV, 197 8
MIN, VRT, CLR,

100" YR, MR,

EXISTING GROUND LINE

g ESU 2
: g
a 0 0
o 0
o 0
40 2
r-] 0 0
3 0
20 h
¢ E
5 )
40 0
] gt
64 1
o )
@ s
@ 00
40 0 0
€0 o
e > 0

ESU 1 - Existing FIll: ESU 1 was observed |n dillled borings H-5o-17, H-13-17, and H-14p-17, H-15-17, H-16p=17, and H-17p-17 from the current ground surface to a
depth of 6 fo 47 feetbelow the ground surface. ESU 1 is characterized primarily as very loose to medium dense wellgraded gravelwith sand, well graced sand
with gravel, slity sand with gravel. and slity gravel with sand,

ESU 2 7Della Deguslls:F.Su 2 was observed In borlngs H-5-17, H-7-1 IT H-8-17, H9-17, and H-10-17 "mm the exlsting ground sur?ac.e or mu!llre In the riverte a F
ESU 2 was also observed In borlng H-6p=17 below ESU 1 to a depth of 41 feet below the ground surface, ESU 2 Is characterized orimar ¥
as ve loose to mediumn dense well graded g'avelvﬂlh sand, poorly graded sand, and sllty sand wun gravel, \mennlileﬂ com:k: and bomﬂer slzed particles
o Bi0 present throughout ESU 2.

ALONG RIGHT CURB LINE

| T
65+50 E5+00 66+50

BK, OF PAVT SEAT
PIER 4

L STA 65+E23
GR, ELEV, 246,13

260—
240—
220—|

200—

140 —

120—

80—

—_—

0 25 50
SCALE IN FEET

ESU 3 - o\aer A\\uwngsasu ésﬁasauusemeu In borings H-11-17 and H-12p-17, H-18-17, and H-19-17 from the ground survace to a depth of 11 to 27.5 festto the JoB# XL-5373 STATE ROUTE 101
ob

MILEPOST(S) 239.42-239,50

itn /as also cbserved In borings H-16p-17,t0 a deptn of 19 fect atthe contactwith ESU 4, and In He17:17 to t'lc ﬂnal depth of
T boring a157 feet, ESU 3 o characierired Zmstly o5 medun dense to dense sl with var ¥ sang contenl, well graded gravel with sand, slity sand with
gravel, and silty gravelwith sand. In general, ESU 3 can be distinguished from ESU 2 based on a higher percentage of fines content retained n the sainples,

ESU 4 - Wesathered Bedrock and Colluvium: ESU 4 was observed in borings H-15-17 and H-16p-17 below the existing fillto & depth of 15.5 to 25.5 feetatthe contact
with ESU 5 ESU 4 was also observed In borlng H-13-17 below lhe exlsting fllte a denn’ of 61 feet at the contact with ESU 5 ESU 4 |s characterlzed prdmarlly
as very dense slly sand and sandy slit (resldualweathered bedrock In beorng H-13-17), and as wellgraded gravelwith cobbles (colluvium In boring H-16p-17).

ESU 5 - Basalt Bedrock: ESU 5 was observed In all borings except H-17p17 below ESU 2 ESU 3,and ESU 4 to the finaldepth of the bordngs. ESU 5 Is characterlzed
primarlly as very weak to moderately strong basalt rack.. Discontinulties are moderately spaced and In falr condition, Discontinultles are gana'aw close o very widely
spaced and In poor to good condltion,

FIGURE 7:
BRIDGE PROFILE

US 101/ELWHA RIVER BRIDGE -
BRIDGE REPLACEMENT

™ NOTE! 500 YR MR/
W

S. ELEV. 203.4

% WSDOT GEOTECHNICAL OFFICE

= 35,795 CF§

PREPARED BY W[llam Montgomery

DATE March, 2019

Image Sources: WSDOT
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Pier 2 Details

S SHAFT ELEVATIONS
i
S SHAFT ELEVATION FOINT —
e " "R" s "T "y

. A 137.8 148.8 168.0 173.8 1£68.0 198.80
E B 157.86 148.8 165.0 173.8 1£68.0 199.60
R mage Sources: WSDOT
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Pier 3 Details
R SHAFT ELEVATIONS

ELEVATION POINT g
HFH HQH HRH ”5” UTH HUH
A 143.8 157.0 174.0 177.0 189.0 199.80
B 143.5 157.0 174.0 177.0 189.0 J| 199.60
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Image Sources: WSDOT
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Tsunami Scour

- BDM 3.16.8
Bridges Subjected to Tsunami Effects

The AASHTO Guide Specifications for Bridges Subject to Tsunami Effects are intended for the
design and construction of conventional bridges to resist the effects of tsunami waves.

. . GUIDE SPECIFICA.TIONS FOR
« Tsunami Guide Specs 8.1 Bridges Subject to

CI11EeClS

8.1.1—Expected Scour

The tsunami-induced scour, y_ (ft), shall be taken

.y.'; :R!ys _ (811'])

FiRsoN
L
EoiTIc

January 2022

« Wave direction, velocity and depth from DNR

Image Source: AASHTO
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