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Contraction Scour Overview

 Types of contraction scour
« Summary for how to compute contraction scour

« Steps to compute contraction scour

Image Source: Casey Kramer
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Types of Contraction Scour

 Clear-water — No transport of bed material sediment from upstream. The area of
the contracted section increases until the velocity of the flow is equal to the critical
velocity of the bed material

 Live-bed — Bed material from the riverbed upstream is transported into the
crossing

Image Source: Casey Kramer
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Contraction Scour - Clear-water or Live-Bed

« Compare the average velocity (V) and the critical
velocity (V,) for bed material transport at the
approach section

« IfV, >V, = live-bed is most likely

« IfV, <V, > clear-water is most likely

« Compute clear-water scour using the bed material
gradation (D) at the water crossing

- Always compute contraction scour for live-bed and e Sare:Casy oo
clear-water scour conditions
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How to Compute Contraction Scour

« Approach Section location:

» Upstream of where overbank flow is diverted into the
main channel

» Width represents the flow that would likely transport
sediment:

— Toe to toe (of slopes) or between tops of banks

— Field observations (e.g., sediment being
mobilized, vegetation, etc.)

— Critical velocity or shear for incipient motion

« Avoid locally higher velocity locations, as they result in
underestimating contraction scour
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How to Compute Contraction Scour

« Contracted Section location:
« Where flow is most contracted through the bridge

 Width should be consistent with the approach section S -
reference (i.e., toe to toe (of slopes) or between tops  Fiae = = =) AR
of banks) e R

o
q

Co%;r cted
on |

N

« Width should exclude effective width of piers j )
.

« Width needs to be adjusted for skew I
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Main Channel vs Overbank Contraction Scour

 If the main channel can migrate to either abutment, the main
channel computed contraction scour is applied to the entire
opening width

« Main channel contraction scour is likely live-bed scour, but
clear-water scour may occur

« Overbank contraction scour is not common for most WSDOT
fish passage projects. When it does occur, it is predominantly
clear-water scour when channel is assessed to be stable and
the overbanks are vegetated (i.e., secondary and relief
structures)

Image Source: Casey Kramer

A

v» WSDOT



Contraction Scour

» The following provides an example for computing contraction scour for a PHD

« Key assumptions:
» The structure type, size and location has not been determined

« Contraction scour is determined at the selected contracted section location.
« Perthe WSDOT H_HD template other total scour tables may be
necessary to perform scour analysis at appropriate locations

» Channel profile and geometry is typical through the crossing, therefore flow
depths are assumed to be uniform.
» Applying depths of scour at locations other than the location of the
selected contraction scour arc needs to be assessed carefully
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Contraction Scour

» The hydraulic engineer of record determines appropriate total scour elevations
that are commensurate with the site and acceptable level of risk in coordination
with WSDOT

» Ultimate goal is to determine scour elevations at each infrastructure component
being designed. Coordination MUST happen with the project, geotechnical, and
bridge and structures offices to determine appropriate scour elevations to be
used for design as the design progresses

» The intent of the next series of slides is to show an example for how contraction
scour should be calculated but does not go into detail of all scenarios and
analyses required to develop total scour. Completion of NHI Course 135046 and
the FHWA scour workshop is required for more details on computing total scour
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Contraction Scour
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Contraction Scour
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Contraction Scour
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Contraction Scour
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Contraction Scour
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Contraction Scour
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Contraction Scour
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Contraction Scour
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Contraction Scour
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b. Pebble t upstream of culvent at cobble bar.

Particle Pebble Count 1\ Pebble Count 2, Pebble Count 3,
Percent Particle Diameter Particle Diameter Particle Diameter
Smaller Than (Inches)® (Inches)® {Inches)
Dis 15 13 1.6
Dsg 3.0 3.1 43
Dsa 6.9 5.9 12.8
\ Dimo 19.7 177 3.4
a Count 1 taken about 500 f am of culvert in nffle of active channel.

¢. Pebbile Count 3 taken about 300 feet downstream of culvert in active channel where alluvial cover was present.
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8.74013

Left overbank (approach; Lised for overbank contraction scour calaulations):

Left overbank station (ft):

Left overbank average flow depth (f):
L=Ft overhank average velaoty (ftjs):
Left overbank fiow width (ft):

Left overbank fiow (cfs):

Left overbank unit dscharge (cfs/ft):

17.709

1.21274
5. 22495
12.993

82.3306
6,33652

Right ovesbank (approach; Used for averbank contraction scour calaations):

Right overbank station (ft):
Right overbank average fiow depth lﬂ)

52.1215

Right overbank urst. dnscmcoe (cfeffe):

CONTRACTED SECTION HYDRAULIC PARAMETERS:
Entrre cross section:

Energy grade e slape st the contracted section (/)
Total flow in the contracted section (cfs)

Contracted section total flow ares (ft~2)

Cantracted section total wetted perimeter (ft)

Main chamel:

Conracted section left bank station ()

Contracted section right bark staton (a)

Contracted saction main charnel widsh (ft)

Contracted section main channe! adiusted width ()
{adiusted for piers and skew)

Contracted section main charne! flow (cfs)

Contracted section main channed flow area (ft~2)

Contracted section main channe! adjusted flow area (ft"2)

for piers and skew)

Contracted section main channel skew angle (degrees)

Cantracted section main channe! wetted perimeter (ft}

Contracted section main channe! hydraulic radus (ft)

Contracted section main channel hydraulic depth (ft)
{used for the depth prior o xwrnthewlnmdm)

Contracted section main channel ma th (f)

Convracted section main channel \.ﬂlmmwne (cfs/fi)

Cantracted saction main channe! average velocity (ftis)

2.123%
2.927%9
13.8618
86.1936
6.21808

0.0348463
101161
116,968

26,1455
0159
228703
28654

863.281
87.3542
87.335

Reference Network. feet



Contraction Scour
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Import

T S e

try and cross section information Main channel (approach):

i‘
i
1l
:J h Approach section main channe! width (ft) 34,4125 g

75 WSDOT

Discharge in Contracted Section

Bottom Width in Contracted Section

Depth Prior to Scour in Contracted Section
Live Bed & Clear Water Input Parameters
Temperature of Water
Slope of Energy Grade Line at Approach Section
Discharge in Contracted Section
Discharge Upstream that is Transporting Sediment
Width in Contracted Section
‘Width Upstream that is Transporting Sediment
Depth Prior to Scour in Contracted Section
Unit Weight of Water
Unit Weight of Sediment
Results of Clear Water Method

Average Depth in Contracted Section after Scour
Scour Depth

Results of Live Bed Method

ki

Shear Velocity

Fall velocty

Average Depth in Contracted Section after Scour
Scour Depth

Shear Applied to Bed by Live-Bed Scour

Shear Required for Movement of DS0 Partide
Recommendations

Recommended Scour Depth

Deameter of the smallest nontransportable partide in the b...

863.28 cfs
22.87 ft
ft

g

60.00
0.034845
863.28 (€
525,33 ofs

@ ft Removewgths occupied by .1
(a1 ft
<, r
62.40 b/ft~3
165.00 b/ft~3
95.250000 mm
3.89 ft
0.07 ft Negative values imply ‘zero”... f
0.640000
2.04 fifs
1.64 fils
4.52 ft
0.70 ft MNegative values imply ‘zero”...
2.3732 b/ft~2
1.0003 b/ft~2
0.07 ft Negative values imply ‘zera’...

Approach section left bank station (ft) 17.709
Approach section right bank station (ft) 52,1215
Proposed_100yr ~ Approach section main channel flow (cfs) 925,289
- o0 . 1 Approach section main channel flow area (ft~2) 127.097
> Approach section main channe! wetted permeter (ft] 34.612
Approach section main channe! hydraulic radius (63 3.67205
" T > Approach section main channel hydraulic dep 3.69334
Computation Method: |Clear-Water and Live-Bed Scour -] e i it e
Approach sectioa-meir e anfe! maximg depth (F) 4,04756
Parameter value Urits Notes = = IFoach section main channel Bscharge (cfs/ft) 26.8881
— _ osi Approach section main channgkverage velodty (ftis) 7.28017
Input Parameters J e - |
Average Depth Lipstream of Contraction @ ® | Anncosch sscin Ciggavelocity (ft/s) 8.74013
IR
D50 76.200000 mm 0.2 mewis i lower lmit for ... 120 /
Raserae Vekcite Urstesm 598 s :_1)453" Left overtia& (approach; Used for overbank contraction scour calculations):
Results of Scour Condition ”“ *_A€rbverbank station (ft): 17.709
- Eft overbank average flow depth (ft): 1.21274
Critical velocity above which bed material of size Dands... 8.75 fifs " Left overbank average veloaty (ftjs): 5,22495
. 5o Left overbank flow width (ft): 12.993
Contraction Scour Condition Clear Water 1_191 Lah vertark fom (chil: 82,3306
Clear Water Input Parameters B Left overbank unit discharge (cfs/ft): 6.33652

Right overbank (approach; Used for overbank confraction scour calculations):

Right overbank station (ft): 52,1215
Right overbank average flow depth (ft):
Right overbank average velodity (ft/s):
Right overbank flow width (ft):
Right overbank flow (cfs):
& Right overbank unit discharge (cfs/ft):

CONTRACTED SECTION HYDRAULIC PARAMETERS:
Entrre cross section:

ade Ine slope at the confracted section (ft/ft)
the contracted section (cfs)

total flow area (ft~2)
wetted perimeter (ft)

Tote
Bet!  Contracted

ol Conftracted sectan

catio  Pag channel:

Houw  ContracteMhgection left bank station (fty
Contracted q right bank station (ft)
ment Contracted sectiongin channel width (ft)
Contracted section maifsgannel adjusted width (ff)
ol (adjusted for piers and Sy
Contracted section main channeMigw (cfs)
Contracted section main channel fio! ga (ft~2)
Contracted section main channel adjustetigw area (ft~2)

(adjusted for piers and skew)

1 Contracted section main channel skew angle (degrieg

| Contracted section main channel wetted perimeter (ft

| Contracted section main channel hydraulic radius (f)
Contracted section main channel hydraulic depth (ft)

(used for the depth prior to scour m the contracted section)
Confracted section main channel maximum depth (ft)
Confracted section main channel unit discharge (cfs/ft)
Confracted section main channel average velodty (ft/s)

Image Source: Casey Kramer

2.12396
2.92755
13.8618
86.1936
6.21808

0.0348463
1011.61
116.968
56.1825

26,1455
49.0159
22.8703
22.8654

863.281
87.3542
87.33%

1.18339
22.6641
3.8543

3.81954

4.60188
37.7548
9.88254




Contraction Scour

Particle Bathurst Proposed
Percent Calculated 100- Streambed
Smaller Year Particle Gradation
Than Diameter {Inches) [Inches)
D 1.1 0.5
Dso 3.6 oo
s 9.1 11.8
Dioo 22.7 18.0

A

v» WSDOT

Computation Method: ‘Clear-\’u’ater and Live-Bed Scour

Input Parameters
Average Depth Upstream of Contraction
D50
Average Velodty Upstream
Results of Scour Condition
Critical velocity above which bed material of size D and s...
Contraction Scour Condition
Clear Water Input Parameters
Discharge in Contracted Section
Bottom Width in Contracted Section
Depth Prior to Scour in Contracted Section
Live Bed & Clear Water Input Parameters
Temperature of Water
Slope of Energy Grade Line at Approach Section
Discharge in Contracted Section
Discharge Upstream that is Transparting Sediment
Width in Contracted Section
Width Upstream that is Transporting Sediment
Depth Prior to Scour in Contracted Section
Unit Weight of Water
Unit Weight of Sediment
Results of Clear Water Method
Diameter of the smallest nontransportable partide in the b...
Average Depth in Contracted Section after Scour
Scour Depth
Results of Live Bed Method
k1
Shear Velocity
Fall velocity
Average Depth in Contracted Section after Scour
Scour Depth
Shear Applied to Bed by Live-Bed Scour
Shear Required for Movement of D50 Partice
Recommendations

Recommended Scour Depth

8.75

Clear Water

863.28
22.87
3.82

60.00
0.034846
863.28
925.29
22.87
34.41
3.82
62.40
165.00

95.250000
3.89
0.07

0.640000
2.04
164
4.52
0.70
2.3732
1.0003

0.07

Approach Section Pebble Count Dg,

0.2 mm s the lower limit for ...

ft Width should exdude pier wi...

o
ftfft

fs

s

ft Remove widths occupied by ...
ft

ft

Ib/ft~3

Ib/ft~3

ft Megative values imply ‘zero”...

ft Megative values imply ‘zero’...
Ibfft~2
Ibfft~2

ft Megative values imply 'zero’...

oK Cancel

Design Mix D5,

Contraction Scour

[of1 T =Y TN LSy Bl | Clear-Water and Live-Bed Scour

Input Parameters
Average Depth Upstream of Contraction
D50
Average Velodty Upstream
Results of Scour Condition
Critical velodty above which bed material of size D and s...
Contraction Scour Condition
Clear Water Input Parameters
Discharge in Contracted Section
Bottom Width in Contracted Section
Depth Prior to Scour in Contracted Section
Live Bed & Clear Water Input Parameters
Temperature of Water
Slope of Energy Grade Line at Approach Section
Discharge in Contracted Section
Discharge Upstream that is Transporting Sediment
Width in Contracted Section
Width Upstream that is Transporting Sediment
Depth Prior to Scour in Contracted Section
Unit Weight of Water
Unit Weight of Sediment
Results of Clear Water Method
Diameter of the smallest nontransportable particle in the b...
Average Depth in Contracted Section after Scour
Scour Depth
Results of Live Bed Method
k1
Shear Velodty
Fall Velocity
Average Depth in Contracted Section after Scour
Scour Depth
Shear Applied to Bed by Live-Bed Scour
Shear Required for Movement of D50 Partide
Recommendations

Recommended Scour Depth

9.21
Clear Water

863.28
22.87
3.82

60.00
0.034846
863,28
925.29
22.87
34.41
3.82
62.40
165.00

111,125000
372
-0.09

0.640000
2,04
164
4.52
0.70
2.4983
1.1671

Ib/f~3
Ib/f*3

ftfs
ftfs

ft

ft
Ib/ft~2
Ib/ft~2

ft

0.2 mm is the lower limit for ...

Width should exdude pier wi...

Remove widths occupied by ...

Negative values imply zero”...

MNegative values imply zero’...

Megative values imply zero”...

Cancel |

Slide 40




Contraction Scour

To Demonstrate Requirement of All Flows Up To Scour Design Flood and Scour Check Flood ONLY

B ' Bridge Scour Summary Table

>
Parameter F'ru|:|05E|:|_}_'1_.-'r Proposed_10yr |Proposed_25yr |Proposed_S0yr |Proposed_100yr |Proposed _500yr  |Proposed_100yr-CC W Motes
Scenario [ | | | | [ | | | | | |
Contraction Scour
Selected Contraction Computation Method Clear-Water... Clear-Water ... |Clear-Water ... Clear-Water ... |Clear-Water a...  Clear-Water an... Clear-Water and Li... Clear-Water and Live-Bed Scour
Applied Contraction Scour Depth 0.00 0.00 0.00 0.00 0.00 016 0.10 ft
Clear Water Contraction Scour Depth -0.37 -0.30 -0.24 -0.17 -0.09 016 0.10 fit Item bolded is the governing contraction scour for scenario
Live Bed Contraction Scour Depth 0.61 0.77 0.73 0.71 0.70 0. 71 0. 71 ft Item bolded is the governing contraction scour for scenario

Depths of Scour are Determined at PHD as Structure Type, Size and Location has not Been Determined

Total Scour Elevation at Each Infrastructure Component is Determined by Interdisciplinary Team as Design Progresses

A

v» WSDOT
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