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• WSDOT HQ staff augmentation team 

assisting State Hydraulics Engineer 
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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
 

Image Source: FHWA Image Source: Casey Kramer 
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Pier Scour
 

•	 Detailed information on pier scour can 
be found in HEC-18 

•	 HEC-18 includes pier scour equations 
for: 
– Sand bed channels 
– Coarse bed channels 
– Cohesive and erodible rock materials 
– Complex pier geometry 
– Debris accumulations 

HEC-18 Available Pier Scour Methods 
–	 HEC-18 Equation (Section 7.2) 
–	 Florida DOT Methodology (Section 7.3) 
–	 Wide Piers (Section 7.4) 
–	 Complex Pier Geometry (Section 7.5) 
–	 Multiple Columns (Section 7.6) 
–	 Debris on Piers (Section 7.7) 
–	 Coarse Bed Materials (Section 7.11) 
–	 Cohesive Materials (Section 7.12) 
–	 Erodible Rock (Section 7.13) 
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Pier Scour
 

• XXX 

Image Sources: Casey Kramer 

𝑦𝑦𝑠𝑠 ≤ 2.4 times pier diameter for 𝐹𝐹𝐹𝐹 ≤ 0.8 

𝑦𝑦𝑠𝑠 ≤ 3.0 times pier diameter for 𝐹𝐹𝐹𝐹 > 0.8 

Pier Scour − Rule of Thumb 
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Surface and Subsurface Material
 

Image Sources: Casey Kramer 
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Subsurface and Subsurface Material
 

Image Source: WSDOT 
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Subsurface and Subsurface Material
 

Surface Gradation 
(Pebble Count) 

Subsurface Gradation – Geotechnical Boring 

Image Sources: WSDOT 
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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 Layout
 

Image Source: WSDOT 
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Pier 2 and Pier 3 Layout
 

Image Source: WSDOT 
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Pier 2 Details
 

Image Sources: WSDOT 
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@ s.MS 13.2.14(64·bltJ·(ElwhaRivel'".sms) 0 X 

j File Edit Disp~ay Data Nodes Nodestrings Elements Window Help - e x 

D EHH'l 11 
!;.l 0. c;, h 
' []~ .t'oii;l • aa •t • 

Cl ~ ll l:.J -+' e Y .... ·· ~ 

0-
$-o~ -""· 

$ DC!"""'"""'°"" 
eo illl,,.,,,._,Cordt'°"' 

-{z] Z 
8 Pn;,posedCondltions_100Yr9wha_1{ 
~ 0_9reu_b_p_fl2 

Ill-
~ Vel_Mag_ft_p_s 

-(1:3 VdocityJt_p_a 

~~ W«cr_De¢i_ft 
~W«cr_Bev_ft 

ID Proc,osed Condiiom_500Yr9wna_5{ 

$-r.! ~Condltions_2Yr8wha_2Y,... 
P,,i,po,ed Condltions_5Yr9wha_SY,..­

Pn;,posed Condbons_10Yr9wha_10'! 
Pn,posed Condltions_25Yr9wha_25) 
Pn;,posed Condiiom_50Yr9wha_50, 

I!) Pn,po!led Condbons_200Yr9wha_2C 

I !il ~ d'vF\:;b 

$-lill/0 ""'""' 
' (a~ OouSections 

Ell D t::I "°"""'°""""""' $ Del °"'""' 
o::. ........ 

I I 121 Sau 

~-12] G15Dala 
-Ole Pm::t~ Data 

@0 § -o.t, 

Tme•eps· 

000:05:00 
000:10-00 
000·1S·OO 
000:20:00 
000.25.00 
000:30:00 
000.lS:OO 
000:40:00 
000:4S:00 
000-50"00 
000:55·00 
001:00:00 
001:05:00 
001:10:00 
001:15:00 
001:20:00 
oonsilO 

= ,t 
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100 150 200 250 300 350 400 
Station (ft) 

Iii 

Defne Soil Gro?ldation .. . 

Mosh, P,oposed Con<ltions 

Proposed 
Proposed 
Proposed 
Proposed 
Proposed 
Proposed 

Proposed 
Proposed 

Left Abutmen · 

Output 

Browse 

Utilities 

'6) View Values 

PIER HYDRAU..IC PARA/YE'fERS: 

P;e.-1 

Pier centenne station (ft) 
P;e.-w;dth (ft) 
p;«len:,th(ft) 
- local approac!, depth (ft) 
e;.. local approac!, volocity (ft/s) 
Pier flow anoe of attack (degrees) 

Hqlest trit discharge approa<hng pi / 
Qoc.ation based on longest pier len.;lth (o from 

Station of the ~st Int cischarge approactw-.g 
P;e.- desq, velocity (ft/s) 

(\lelocity magjtude at the riglcst L.rit disc:har~ appr 
Depth at the t#,est Int discharge appr~ piers (ft) 

The srot.r toobox defaults to ihalweg• option. 
If you wish to eviruate "local. option, note 
pier local approach ~th and velocity from above 
and enter i"lto HyQ'auic Toobox. 

244.023 
10 
10 
15.8038 
8.4145 
2.33966 

423.914 
10 
10 
12.6584 
12.1984 
4.52907 

Export HyQ'a&M: Toobox Fie Lat.Xldi HyQ'a&.Jic Toobox 

Edit Defaut Options .. Delete Generated Arcs 

X 

ft 

st.hyd 
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100 150 200 

ii 

Bridge Scour Plot (QlOO) 

Input Parameters 

p;.,-Shape 

~Condition 

Depth Upstream of Pier 

Velocity Upstream of Pier 

WldthofPier 

Angie of Attack 

Correction Factor for Bed Condition (K.3) 

Use the Pier Width as the Bottom Width of ScOl.r Hole 

GrOl.4> of Cyfnders 

10' > Dlxle Heght > 'l 

14.59 

15.40 

10.00 

2. 34 

26.00 

0.71 

1.00 

1.05 

2.60 

1. 10 

22.BO ft 

+a.oo degrees 

r,, 
10.00 ft 

16.41 ft 

Defne Soil Q"o?tdation . . . 

Mesh: Proposed Conditions 

Proposed 

Proposed 

Proposed 

Proposed 
Proposed 

Proposed 

Proposed 

Proposed 

~ View Values 

PIER HYORAlJ..IC PARAf'.£TERS: 

e;.,.1 

Pier centerline station (ft) 
e;.,. w;dth (ft) 
e;.,. i.n.,th (ft) 
p;.,- local approad1 depth (ft) 
e;.,. local approac!, volo<ity (ft/s) 
Pier flow ~ of attack (degrees) -----

244.023 
10 
10 
15.8038 
8.4145 
2.33966 

,,...,. Deck-____ _ 

Pier centerh station (ft) 
e;.,. w;dth (ft) 
""ieioth (ft) 

Select ... 

Auto, 

Output 

Uti~ties 

e;.,.1oca1 approac!, depth (ft) 
e;.,.1oca1 approac!, volo<ity (ft/s) 
Pier flow MQ!e of attack (degrees) 

423.914 
10 
10 
12.6584 
12. 1984 
4.52907 

Hig'le:st lllit s (cfs/ft) 225.656 
(location based on t rrom bndge centenne)) 

Station of the t.ghest Lllit cischar 
p;.,- de"9n volo<ity (ft/s) 

. 351.469 

(Velocity magjb.Jde at the t-q,est L.rit dischar9C 
Depth at the t#,cst unit discharge appr~ piers (ft) 

The sc0t.r toobox defaults to ihalwe~( option. 
If you wish to evaluate i..oca1· option, note 
pie' local approach d~th .vtd velocity from above 
and enter into Hydrauic Toobox. 

15. 3962 
i:»ers) 

14. 5932 

OK 

Export Hydrauic: Toobox Fie Lallld'l Hydrauic Toobox 

Edit Defaut Options ... Delete Generated Arcs 

X 

ft 

st.hyd 
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i] Pier Scour 

Computation Method: lHEC- 18 

Input Parameters 

Pier Shape 

Bed Condition 

Depth Upstream of Pier 

Velocity 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 (K 1) 

Correction Factor of Angle of Attack (K.2) 

Spacing to Pier Width (s/a) 

Correction Factor for Bed Condition (K3) 

Scour Depth 

SmurHole 

Angle of Repose 

Use the Pier Width as the Bottom Width of Scour Hole 

Scour Hole Bottom Width 

Scour Hole Top Width 

Group o f Cylinders 

Small Dunes 

14.59 

15.40 

10.00 

2.34 

26.00 

2 

0.71 

1.00 

1.05 

2.60 

1. 10 

22.80 

44.00 

p 
10.00 

46.41 

ft 

ft/s 
ft 

Degrees 

ft 

ft 

degrees 

ft 

ft 

X 

10' > Dune Height > 2' 

width for the zero skew co. ,. 

Column center to column c. .. 

OK Cancel I 
~ 

I PIER 2 

1
10·.0 • 

SHAFT 

I 

I 

f SHAFT 

I 

64 

L STA. 6 2 +60.00 

W # 18 & 2 ~ #18 
BUNDL ED (TYP.) 
(22 BUNDLES TOT AL) 

SEE "CENTRALIZ ER DETAIL" 

2 IT] #9 HOOP 
BUNVLEV<I:) 

10·-o·,, SHAFT 

ACCESS TUBES ( TY P.) SEE 
STANDARD SPECIFICATION 6 -19 
FOR NUMBER. MATERIAL. ANO 

I PIER 3 

1
10•.0 • 

SH'1Fr 

I 

I 

65 

---6 ~ L STA. 64+ 4 0 .00 

~ f0' -0 ".l!I SHAFT 
(TYP. PIERS 2 ANO 3) 

Pier Scour Inputs
 

Image Sources: WSDOT 
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II' Pier Scou r 

Computation Method: 

Input Parameters 

Pier Shape 

Bed Condition 

Depth Upstream of Pier 

Velocity Upstream of Pier 

Width of Pier 

Angle of Attack 

Spacing between Columns of Piers 

Number of Columns 

Results 

pstream Froude Number U 

Correction Factor 

Correction Factor 

Spacing to Pier W 

Correction Factor 

Scour Depth 

Smur ttole 

for Pier Nose Shape (I< 1) 

of Angle of Attack (1<2) 

idth (s/a) 

for Bed Condition (K.3) 

Angle of Repose 

Use the Pier Width as the Bottom Width of Scour Hole 

Scour Hole Bottom Width 

Scour Hole Top Width 

C 

Group of Cylinders 

Small Dunes 

14. 59 ft 
-I-------------> 

15.40 ft/s 
10.00 ft 

26.00 

2 

0 .71 

1.00 

1.05 

2.60 

1.10 

22.80 ~ 

44.00 

17 
10.00 

46.41 

Degrees 

ft 

ft 

degrees 

ft 

ft 

X 

10' > Dune Height > 2' 

width for the zero skew co ... 

Column center to column c .. . 

Cancel I 
M 

OK 

I Pier Scour X 

Computation Method: IHEC-18 

Input Parameters 

Pier Shape Group of Cylinders 3 
Bed Condition SmalDLnes 3 10' > DLne Height > 'l 
Depth Upstream of Pier 14.59 ft 

Velocity Upstream of Pier 15.40 ft/s 
Width of Pier 10.00 ft width for the zero skew co ... 

AntJe of Attadc c 10.oo~ Degrees 

Spacing between coums of Piers 26.00 ft coum center to cok.mn c ... 

Nt.rnber ofCoums 2 

Results 

Froude Nt.rnber Upstream 0.71 

Correction Factor for Pier Nose Shape (1<1) 1.00 

Correction Factor of An<Je of Attadc (1<2) 1.20 

Spacing to Pier Width (s/a) 2.60 

Correction Factor for Bed Condtion (1<3) 1.10 

ScOU' Depth ft 

Scourttole 

ANje of Repose 44.00 degees 

~ the Pier Width as the Bottom Width of ScOU' Hole 17 
ScOU' Hole Bottom ~fidth 10.00 ft 

Sc0t.r Hole Top Width 53.16 ft 

OK Cancel I 
Q. 
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I ' Pier Scour X I Pier Scour X 

Computation Method: IHEC-18 Computation Method: IHEC-18 

~ Value Units ~ 

Input Parameters Input Parameters 

Pier Shape Circular Cylinder Pier Shape Group of Cylinders 3 
Bed Condition Small Dunes 10' > Dune Heigh t > 2' Bed Condition SmalDLnes 3 10' > DLne Height > 'l 
Depth Upstream of Pier 14. 59 ft Depth Upstream of Pier 14.59 ft 

Velocity Upstream of Pier 15.40 ft/s Velocity Upstream of Pier 15.40 ft/s 

Width of Pier 10.00 ft width for the zero skew co .. . Width of Pier 10.00 ft width for the zero skew co ... 

Results AntJe of Attadc c 10.oo~ Degrees 

Froude Number Upstream 0.71 Spacing between coums o f Piers 26.00 ft coum center to cok.mn c ... 

Correction Factor for Pier Nose Shape (I< 1) 1.00 Nt.rnber of Coums 2 

Correction Factor of Angle of Attack (1<2) 1.03 Results 

Pier Length to Pier Width (J./a) 1.00 Ifl/a > 12, use 12 Froude Nt.rnber Upstream 0.71 

Correction Factor for Bed Condition (1<3) 1.10 Correction Factor for Pier Nose Shape (l<l) 1.00 

Scour Depth 22.24 ft Correction Factor of An<Je of Attadc (1<2) 1.20 

Smurttole Spacing to Pier Width (s/a) 2.60 

Angle of Repose 44.00 degrees Correction Factor for Bed Condtion (1<3) 1.10 

Use the Pier Width as the Bottom Width of Scour Hole P' ScOU' Depth ft 

Scour Hole Bottom Width 10.00 ft Scourttole 

Scour Hole Top Width 45.26 ft Ar,(je of Repose 44.00 degees 

Use the Pier Width as the Bottom Width of 5cOU' Hole P' 
ScOU' Hole Bottom ~f,dth 10.00 ft 

Sc0t.r Hole Top Width 53.16 ft 

OK Cancel I 
M 

OK Cancel I 
Q. 
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26() 

'"" 

200 

180 

160 

1 .. 

120 

SMO l LINE 

EXISTING GROUND LINE 
ALONG LEFT CURB LINE 

H-19-17 

_ ll0.59~:1 EF _ ESU 1 

. 
IIIJ 

TEST HOLE LEGENO 
H-1P-17 
100+50 
25ft Rt. 

TEST HOU MIMBER 
TEST H0:E STArJCW 
TES'TI-IOt.EClffSET 

MTAU.ATJCWOCTAI.S 
AS OCFJN£1) ON 90R\'IG lOG 23 Sf"""lWE PEHETRAOON 11:ST 

(IN.~ PER FOOT) 

REF- S1MlM,CIO ~new lEST 

31- ~~~~,,mr 

U,0Snfllfl0 SAAHU 

SOIIA'KICKSl'RA,TAAS 
Off .. 'EO ON DORING lOG 

-.MltlCA1t$ CORC SA.l,lpL£ TiW:N 
ROD )) ROCK Q4JNJ1Y 0£$,ISNATI(W fH S 

'2-00 

MIN, VRT, CLR. • 23,ZTO 
100 YR. M.RJ. W.S. ELEV. 

,1111111 

'2• SO 63-00 63'SO 

100 YR. M.R.L 
W.S. ELEV, 202.3 
0 • <M,890 CFS 

64• 00 6'•SO 

.• 1~ ESU 2 

:gg ~!i esu s 
;, REF 
,'I, REF ROO 0 

ROO 0 
ROD 0 
ROO 0 
ROD 0 
ROD~ 
ROD 2!1 
ROO 0 
ROD 20 
ROD 0 
ROD :n 
ROO '° 
ROD 7S 
ROOM 
ROO 0, 
aoo., 
ROO .. 

ROO '° 
ROD 60 
ROO 0 

ESU 2 

ESU 5 

1• REF 
ttOO 8 
ROD 8 
ROD 7 
ROD 7 

ROD So4 
ROD 67 
ROD 68 
ROD 18 
fl OD 8 
ROD 11 
ROD 20 

ROD 26 
ROD 80 

REF i:SU S 

llOD 8 
ROD 11 

ROD ti 
ROD 11 
RO!> 1-4 
ROO 18 

ROD 14 
ROD 52 
ROD 18 

ROD 15 

ESU 1 -=~ng,~11t~Ef~ ~w~~r!Jr1::~Wuti;6f;1~~~~ndpri~~:r~~· ~~~-!o~~~~ ~~r'r~~he g:=H,~%.~~n!J sand 
with gravel, slty und wtth gravel, and sllt)i gravel with sand. 

ESU 2-Delta ~b: ESU 2 was observed In botlngs H-S-17, H-7-17 , H-8-17EH-9-17 and H-10-17 from the existing ground surface Ol' mudl~ In tne river to a ~:h 

: 
1
~ loose~~ ~~ks~n w:,,i:.so we~= 1~ra~:~lh~; ~fy gr~ 1sa~;a:~1y01s!~1e:::'~ve'riJm'°riJ~f~19 ~: ~~~r=~~ic:slmar y 

are also Pfesem ltvoughout ESU 2. 

ESU 3-0lder AIWum: ESU 3 w8$ ob5ef¥ed In borings H-1 1-17 and H-12P-17, H-1&-17, and H-19-17 from the ground surface to a depth of11 lo 27.S !eetto the 
contactwlth ESU s. ESU l was also obsorvcd In borings H-16p-17, to a doplh of 19 roctatthc comactwlth ESU -4, and In H-17-17 oo tho fhaldcp'tl of 

i::.!~ ~1if; g':~~~ :a~.'i:~:r~rer~mr~;sbem:~u: r:n~ru '~ ~~a2,~ ~ig~~~~= 9~~:, 
9~1!;:~:r:· T~tytt!"':,~1

~ 

ESU -4 -Weathered Bedrock and Coluvh.-n: ESU 4 was obserwd in borings H-1S-17 and H- 16J>e;17 below the exising ~h o a ~:h of 15.5 to 25.5 loot at the contact 

:r v!:~~~U~ 4,;~s ~ =~(~s~!revc'!"~~ ~rock~ ~~J D1\~1~). ~h a~~1~:~~r= 1':r1t1~:' (~~ 4 
I~ =~~:iP-m~arly 

ESU 
5 -:a=:u~~o:~E~a~ 1~ 8

1~ ~l~~Jr ~~~~ri~iHl~~re ~~~Uspi·= a~~n 4,.~~~:~~fi~~les~~~~~I: :o:a~a:kSely 
spaced and In po()( to good condition. 

NOTE: 500 YR M,RJ, 
W.S. ELEV. 203.4 
0 • 56,795 CFS 

6,-00 ... so 66-00 66• SO 

26() 

''° 
220 

ROO t6 200 
ROO 16 
ROO IS 
RQO 0 
RCO 6 180 
ROD 0 
RQO 0 
ROD 0 
ROD 0 100 
ROD 0 
ROD 0 
ROD 0 
ROD 0 1'() 
ROD 0 
ROD 0 
ROD 0 
ROD 0 120 

!88 8 
ROD 0 
ROD 26 100 
ROD 20 
ROD U .. 

60 

25 SO 
SCALE IN FEET 

JOS. Xl-6373 STATE ROUTE 101 MILEPOST{S) 239,42-239, 

FIGURE 7: 
BRIDGE PROFILE 

US 101/ELWHA RIVER BRIDGE -
BRIDGE REPLACEMENT 

e wsoor GEOTECHNICAL OFFICE 

PREPARED BY Wllam Montgomery OATE March, 2019 

Subsurface and Subsurface Material
 

Image Sources: WSDOT 

Slide 29
 



Pier 2 Details
 

Image Sources: WSDOT 
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Pier 3 Details 

Image Sources: WSDOT 
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Tsunami Scour
 
• BDM 3.16.8 

• Tsunami Guide Specs 8.1 

• Wave direction, velocity and depth from DNR 
Image Source: AASHTO 
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