
Scour Guidance Packet 
 

This package provides information to help establish a framework for performing a scour analysis. 

o Scour evaluation summary sheets and computation summary worksheets were developed in 
conjunction with information contained in the National Highway Institute (NHI), Hydraulic 
Engineering Circular No. 18 (HEC-18), Fifth Edition, Dated April 2013 

 

Items included with this packet are: 

o Scour evaluation summary sheets which can be used to help provide a synopsis of the structure 
and analysis. 

o Computation worksheets that can be used to help document methods & parameters used in the 
scour analysis. They are also a useful tool to help the person doing or checking the analysis 
outline their work. 

 

o Two Sample Sites 
 

o A sample based on using the worksheets to help document how the analysis was 
prepared along with the outcome for one frequency. Exhibits and calculations are 
included which support the study. 
 A pre-worksheet & summary sheet version of the same location showing how 

results and supporting calculations were effectively presented. This was 
prepared independently from the worksheet version. The results between the 
two studies are very similar. 

 
o A sample that was prepared prior to the development of the worksheets. This example 

shows an alternative presentation of how calculations and judgement were applied to 
the relevant scour equations at the project site. Augmented with the summary sheets 
this study would be more easily reviewed. 
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Scour Summary 

Existing or Proposed Structure (circle one) 

Structure Number:   

Attach a brief narrative/summary of noting key findings such as the following: 

Design Scour Event (such as 10-yr, 50-yr or 100-yr):  

- Attach Total Scour Plot 
- Superimpose scour check onto total scour plot 

               Scour check event (typically 200-yr event) : 

- On plot identify elevation of bed before scour 
- Add any other relevant notes 
- Does the use of open abutments allow total scour to be used for design to be reduced: 

Yes or No* 
          Note:  *If Yes, then the total scour does not need to include abutment scour. 

                If Yes, does the total scour plot reflect and note this adjustment: Yes or No 

- Include a summary table of the computed scour depths 

Note: Design Scour Event and Extreme Event II are discussed in the November 7, 2014 All 
Bridge Designers (ABD) memorandum 14.2 

 

Identify critical scour depths below: (identify total scour and components such as 
contraction, pier…) 
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Scour Summary  

Existing or Proposed Structure (circle one) 

Structure Number:   

Structure Type 

□   Bridge:  Number of Spans:                        (note span length; ex 1 @ 60’ or 3 @ 60’-90’-60’)         

                          Number of Piers*:                        

                                Type and width of each pier (feet):  

                                   Note: * If number of piers is not zero then attach pier scour calculations and summary data 

                                  

                            Abutment Type:   Open*,   Closed,  Closed with Wing Walls   (Circle one) 

          Note:  *If structure has open abutments, then the total scour does not need to include                                 
abutment scour. 

□   Bottomless Culvert (Three Sided):          Width (feet): 

                                                                                 Height (feet): 

                                                                                 Wing Walls: Yes  or No   (circle one)             

 

Describe source of Median Bed Size (D50) estimate used in Phase I scour evaluation: 

 

 

 

Median Bed Size used in scour evaluation (Identify Units): D50 = 
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Blank Summary Sheets and Work Sheets 
 

Summary Sheets 

The Scour Summary Sheet consists of two pages. A brief narrative noting any items such as assumptions 
or discrepancies that had to be accounted for should accompany it. The Hydraulic Report will also 
include discussion of the scour evaluation in more detail. 

 

Work Sheets 

Work sheets were developed to help summarize parameters used in the application of different 
equations for abutment and contraction scour. It should be noted that the NCHRP 24-20 method 
includes contraction scour within the method. A worksheet for pier scour was not developed. Pier scour 
evaluation can vary depending on different pier arrangements and other circumstances, so a single 
worksheet to represent all situations seemed cumbersome. 

Three worksheets were developed: 1) Abutment Scour (HIRE & Froelich Equations), 2) Contraction Scour 
and 3) NCHRP 24-20 method. 
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DEPARTMENT OF TRANSPORTATION

STATE OF ILLINOIS

Left abutment Right abutment

=_____
L

distance SB

Set back

=_____
R

distance SB

Set back

 

ROUTE:

WATERWAY:

COUNTY:

STRUCTURE NUMBER:

          

          

          

parameters were obtained.
appropriate summary tables such as for velocity distribution.  Identify how input 
Note: Attach plot(s) that identifies and depicts the approach and constricted section,

Total Scour at an Abutment

Abutment Scour Approach,

NCHRP 24-20 

Q   =_____

  =_____
  

Y

LOB L      =_______

embankment

Projected lenght of 

ROBL        =_______

embankment

Projected lenght of 

fL
Left floodplain width, B   =_______

fR
Right floodplain width, B    =_____

= SB  /Y  =_______

Setback ratio 

L     C =SB  /Y  =_______

Setback ratio

R     C

A    =_____

Q    =_____

Y    =_____

q    =_____1L

1L

1L

1L
A    =_____

Q    =_____

Y    =_____

q    =_____1C

1C

1C

1C
A    =_____

Q    =_____

Y    =_____

q    =_____1R

1R

1R

1R

Floodplain

A    =_____

Q    =_____

   =_____
  

Y

A    =_____

Q    =_____

   =_____
  

Y

Bottomless Culvert / 3-Sided: Span _____ft

Bridge: # of Spans / Piers  _____ /_____

Structure Type:

Existing Proposed Flood Event: _______ (years)

A   =_____

2C

2C

2C

2C
V    =_____

V    =_____ V    =_____

2L

2L

2L

2L

2R

2R

2R

2R
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ChannelLeft Overbank Right Overbank

Floodplain

Right abutmentLeft abutment

          

 

 

 

DEPARTMENT OF TRANSPORTATION

STATE OF ILLINOIS  

 

ROUTE:

WATERWAY:

COUNTY:

STRUCTURE NUMBER:

Ɵ

Ɵ

< 25 HIRE Equation does not apply
1 

*If L/y

Not to be used for NCHRP 24-20 Approach

If item does not apply, write "N/A"

     HIRE Equation* Froelich's Equation

          

          

          

parameters were obtained.
appropriate summary tables such as for velocity distribution.  Identify how input 
Note: Attach plot(s) that identifies and depicts the approach and constricted section,

For Froelich's or HIRE Equations

Local Scour Data Sheet

L/y  =

y  =

V  =

L =

    1L

1L

1L

L

    1R

1R

1R

R

L/y   =

y   =

V   =

L  =

MAX

MAX

V      =

Y      =

aL

eL

eL

eL

y    =

L =

V   =

A   =

Q   =

aR

eR

eR

eR

y    =

L =

V    =

A    =

Q   =

Ɵ = 90° if embankment is perpendicular to floodplain
Ɵ > 90° if embankment points upstream
Ɵ < 90° if embankment points downstream
Direction: Upstream , Downstream or Perpendicular

Ɵ = ______° Right abutment  Direction:_________

Ɵ = ______° Left abutment    Direction:_________

Check method being used for abutment scour:

Existing Proposed Flood Event: _______ (years)

L=_____(ft)

L'=_____(ft)

L=_____(ft)

L'=_____(ft)
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Channel

Floodplain

Left abutment Right abutment

 

Contraction Scour Data SheetDEPARTMENT OF TRANSPORTATION

STATE OF ILLINOIS

Left Overbank Right Overbank

 

ROUTE:

WATERWAY:

COUNTY:

STRUCTURE NUMBER:

          

          

          

parameters were obtained.
appropriate summary tables such as for velocity distribution.  Identify how input 
Note: Attach plot(s) that identifies and depicts the approach and constricted section,

0L

piers

tot

L

Y    =

W =

W      =

W    =

Q   =

0C

2

piers

tot

2C

0R

piers

tot

R

Y     =

W =

W      =

W    =

Q   =

S  =

Y  =

W  =

Q  =

1

1

1

1

Y     =

W   =

W      =

W    =

Q     =

Existing Proposed Flood Event: _______ (years)

              Left overbank

          

     Clear water

Check bed condition for contraction scour:

                Live bed

    Clear water

                         Live bed

                Channel

    Clear water

                         Live bed

            Right overbank

N/A (No flow) N/A (No flow)
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Pre-worksheet version of US 30 over Blackberry Creek 
scour study for the 100-yr event 

 

• The summary table helps explain the results.  
 

• For abutment scour, only the applicable method was used at each 
abutment. 

 
• The spreadsheets clearly show what values were used along with 

the equations. However, the spreadsheets need to be submitted 
with the report in order to check the calculations. The values 
used/applied in each equation are identified on the model output 
or exhibits. Note the hand calculations done as part of the 
worksheet submittal yielded very similar results. Either hand 
calculations or spreadsheet calculations are acceptable. 
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SCOUR: EX 100 Yr P1

1. CONTRACTION SCOUR ‐‐ Live Bed or Clear‐Water?
Approach XS River Sta. 62926.52 Judgement: 

Clear‐water 
contraction scour 

wil Exist,  If Vc /V > 1

1). Judge: LIVE BED or CLEAR‐WATER Contraction Scour? Check: Vc/V= 0.80

Live Bed scour will exist, go 
to SHEET 
1b_Contraction_Live bed

A1)  (assuming D50 >= 0.2 mm)

(Eq. 6.1) Eq. 6.1, HEC. No. 18

Where:

Vc  =  1.60 ft/sec

V  =  2.00 ft/sec

y = 8.77 ft

D50 = 0.3 mm = 0.000984 ft

D = 0.3 mm = 0.000984 ft

Ku = 11.17
(English 
Units) = 6.19 (SI Units)

RESULTS:

Vc/V = 0.80 <= 1.0

Live Bed 
Scour Applies!

Note:

Input Data
Calculated Results
Default/Constants

(Mean Velocity of the Flow in the Main Channel or Overbank Area Upstream of the 

Bridge Opening, ft/s)

(Critical Velocity above which bed material of Size D and smllaer will be transported, ft/s)

(Average Depth of flow Upstream of the Bridge, ft)

(Particle size in a misture of which 50% are smaller, or Median diameter of bed material, 

ft) Note: a resonable lower limit of D50 = 0.2 mm can be applied to this equation. For 

smaller sizes, cohesion tends to increase Vc)

(Particle size for Critical Velocity  V c , ft); Assuming D = D50, update if different.
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SCOUR: EX 100 Yr P2

1. CONTRACTION SCOUR

B. LIVE BED CONTRACTION SCOUR

B1) 

(Eq. 6.2) Eq. 6.2, HEC. No. 18

B2)  (Eq. 6.3) Eq. 6.3, HEC. No. 18

Where:

ys  =  8.12 ft

y1  =  8.77 ft

y2  =  15.92 ft

yo  =  7.8 ft

Q1 = 1192.63 ft3/sec

Q2 = 2808 ft3/sec

W1 = 68 ft (Bottom Width of the Upstream Main Channel that is Transporting Bed Material, ft)

W2 = 83 ft (Bottom Width of Main Channel in Contracted Section LESS Pier Width(s), ft)

Exponent K1 Determination (below)

V* = 0.34 ft/s (Shear Velocity in the Upstream Section, ft/s)

T = 0.13 ft/s = 0.04 m/s
S1 = 0.000421 ft/ft (Slope of Energy Grade Line of Main Channel, ft/ft)

= 0.061282 lb/ft2 (Shear Stress on the Bed, lb/ft2)

∆ = 1.94 slugs/ft3 (Density of Water, 1.94 slugs/ft3, or 1000 kg/m3)

g = 32.2 ft/s2 (Acceleration of Gravity, 32.2 ft/s2, or 9.81 m/s2)

Calculate K1:
V*/T = 2.63

K1 = 0.69 (K1 Exponent Determination)

K1 Exponent Determination Table (below)

V*/T K1 Mode of Bed Material Transport

<0.50 0.59 Mostly contracted bed material discharge

0.50 to 2.0 0.64 Some suspended bed material discharge

> 2.0 0.69 Mostly suspended bed material discharge

CALCULATIONS

ys  =  8.12 ft
y2  =  15.92 ft

Note:

Input Data
Calculated Results
Default/Constants

(Average Contraction Scour Depth, ft)

(Flow in the Upstream channel transporting sediment, ft 3 /s)

(Average Contraction Scour Depth, ft)

(Average Depth in the Contracted Section, ft)

(Average Depth in the Upstream Main Channel, ft)

(Average Depth in the Contracted Section, ft)

(Existing Depth in the Contracted Section Before Scour, ft, See Note 7)

(Flow in the Contracted channel, ft
3 /s)

(Fall Velocity of Bed Material based on the D50, m/s (Fig. 6.8), then Multiply T in m/s by 3.28 

to convert to English Unit)
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SCOUR: EX 100 Yr P3

2. PIER SCOUR

B1)  (Eq. 7.3)
Eq. 7.3, HEC. No. 18

Where:

ys   =  4.31 ft

y1  = 9.25 ft
(Flow Dist Sta. 229.85‐

240.28) Sta. 62869.66

a = 2 ft
L = 55 ft

V1 = 4.74 ft/s
(Flow Dist Sta. 229.85‐

240.28) Sta. 62869.66 (Mean Velocity of Flow Directly Upstream of the Pier, ft/s)

Pier Nose Shape = round
K1 = 1 (Fig. 7.3, Tab 7.1) (Correction Factor for  Pier Nose Shape  from  Figure 7.3 and Table 7.1 )

Skew Angle of 
Flow = 0 o      = 0 (e.g. 0, 15, 30, 45, 90, etc. See Table 7.2 or Eqn. 7.4)

K2 = 1.00 (Tab 7.2 or Eqn 7.4) (Correction Factor for  Angle of Attack of Flow  from  Table 7.2 or Eqn. 7.4 )

Bed Condition =
Small 
Dunes

K3 = 1.1 (Tab 7.3) (Correction Factor for  Bed Condition  from  Table 7.3 )

g = 32.2 ft/s2 (Acceleration of Gravity, 32.2 ft/s2, or 9.81 m/s2)

Fr1 = 0.27 (Froude Number Directly Upstream of the Pier, Fr 1

CALCULATIONS

ys  = 4.31 ft

Fr1 = 0.27 (Froude Number Directly Upstream of the Pier, Fr 1

Note:

Input Data
Calculated Results
Default/Constants

(Scour Depth, ft)

(Flow Depth directly Upstream of the Pier, ft)

(Pier Width, ft)

(Length of Pier, ft)

Input Options:  a) square, b) round, c) circular, d) group of cylinders, e) sharp.  

INPUT e.g.,  square

Input Options:  a) Clear‐water scour; b) Plane Bed and Antidune flow; c) Small 

Dunes (10 > H >=2 ft); d) Medium Dunes  (30>H>=10 ft); e) Large Dunes (H>=30 

ft). e.g. Input:  Clear‐water scour .

(Scour Depth, ft)
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SCOUR: EX 100 Yr P4

3. LOCAL SCOUR ‐ ABUTMENTS LEFT
Constraints: 

A. Froehlich's Abutment Scour Equation Froehlich's Eqn, If L/Y1  < 25
Check: L/Y1 = 6.96 Froehlich's Eqn. Works

A1)  (Eq. 8.1)
Eq. 8.1, HEC. No. 18

WSE at bridge face = 659.43

GND Elev at toe of Left Abut = 655.35

Where: y1 = 659.43 ‐ 655.35 = 4.08

y1 = 4.08 ft

ys   =  9.43 ft

ya = 3.81 ft
L' = 105.31 ft XS 62926.52

L  = 28.39 ft XS 62869.66 (Length of Embankment Projected Normal to the Flow, ft) See L and L' Ex Sht 3 of 10

Ae = 401.02 ft2

Qe = 292.09 ft3/sec (Flow Obstructed by the Abutment and Approach Embankment, ft 3 /s)

Ve = 0.73 ft/s (= Q e /A e , ft/s)

Fr = 0.066 (Froude Number of Approach Flow Upstream Embankment, ft 3 /s; = V e /Sqrt(g*y a )

Abutment 
Shape =

K1 = 0.82 Coefficient of Abutment Shape (Table 8.1); 

Ө = 90 o

K2 = 1.00
g = 32.2 ft/s2 (Acceleration of Gravity, 32.2 ft/s2, or 9.81 m/s2)

CALCULATIONS

ys   =  9.43 ft

Note:
Input Data
Calculated Results
Default/Constants

(Depth of Flow at the Abutment on the Overbank or in the Main Channel, ft)

(Length of Active Flow Obstructed by the Embankment, ft) See L and L' Ex Sht 3 of 10

Vertical‐wall abutment 
with wing walls

(Coefficient for Angle of Embankment to Flow; See Fig 8.5 for definition of Angle Theta Ө; 

K2 = (Ө/90)^0.13)

(Scour Depth, ft)

(Scour Depth, ft)

(Average depth of flow on the floodplain (A e /L'), ft)

(Flow Area of the Approach Cross Section obstructed by the Embankment, ft2)

Input Options : a) Vertical‐wall abutment; b) Vertical‐wall abutment with wing walls; c) 

Spill‐through abutment. E.g. Vertical‐wall abutment

(Angle of Embankment to Flow, Ө in degrees;  See  Fig. 8.5:   Ө <  90
o  if embankment 

points  down stream; Ө  >   90  o  if embankment points  ups tream)  
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SCOUR: EX 100 Yr P5

3. LOCAL SCOUR ‐ ABUTMENTS RIGHT
Constraints: 

B. HIRE Equation HIRE Method, If L/Y1  > 25
Check: L/Y1 = 69.50 HIRE Eqn. Works!

B1)  (Eq. 8.2) Eq. 8.2, HEC. No. 18

WSE at bridge face = 659.43

GND Elev at toe of Right Abut = 653.90

Where: y1 = 659.43 ‐ 653.90 = 5.53

ys   =  22.11 ft

y1 = 5.53 ft

V1 = 3.97 ft/sec
L  = 384.34 ft XS 62869.66 (Length of Embankment Projected Normal to the Flow, ft) See L and L' EX sht 3 of 10

Fr = 0.30

Abutment 
Shape =

Vertical‐wall 
abutment with 
wing walls

K1 = 0.82 Coefficient of Abutment Shape (Table 8.1); 

Ө = 90 o

K2 = 1.00
g = 32.2 ft/s2 (Acceleration of Gravity, 32.2 ft/s2, or 9.81 m/s2)

CALCULATIONS

ys   =  22.11 ft

Note:

Input Data
Calculated Results
Default/Constants

(Scour Depth, ft)

(Scour Depth, ft)

(Depth of Flow at the Abutment on the Overbank or in the Main Channel, ft)

(Velocity of flow at tip of the Abutment, ft/s)

Input Options : a) Vertical‐wall abutment; b) Vertical‐wall abutment with wing walls; c) 

Spill‐through abutment. e.g. Vertical‐wall abutment

(Angle of Embankment to Flow, Ө in degrees;  See  Fig. 8.5:   Ө <  90 o  if embankment 

points  down stream; Ө  >   90  o  if embankment points  ups tream)  

(Coefficient for Angle of Embankment to Flow; See Fig 8.5 for definition of Angle Theta Ө; 

K2 = (Ө/90)^0.13)

(Froude Number based on the Veolocity and Depth adjacent to and  Upstream of the 

Abutment,= V 1 /Sqrt(g*y 1 ))
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SCOUR: EX 100 Yr P6

3. LOCAL SCOUR ‐ ABUTMENTS Judgement: 
Live‐Bed 

contraction 
scour will 

Exist, 

If L/Bf > 0.75

C. NCHRP 24‐20 Abutment Scour Approach Left L/Bf= 1.43 Live‐Bed
Right L/Bf= 1.06 Live‐Bed

C1)  (Eq. 8.5) Eq. 8.5, HEC. No. 18 for live bed conditions

C2)  Eq. 8.3, HEC No. 18

C3)  (Eq. 8.4) Eq. 8.4, HEC No. 18

Where:
ys  =  11.45 ft

LLABUT = 28.39 ft (Length of Embankment Projected Normal to the Flow, ft) See L and L' Ex Sht 3 of 10

BfLEFT = 19.89 ft Width of floodplain, Left side, RS 62869.66, See cross section exhibit

LRABUT = 384.34 ft (Length of Embankment Projected Normal to the Flow, ft) See L and L' EX sht 3 of 10

BfRIGHT = 360.97 ft Width of floodplain, Right side, RS 62869.66, See cross section exhibit

y1 = 8.77 ft (Upstream flow depth)

y0 = 7.80 ft (flow depth prior to scour)

Q1 = 1192.63 ft3/sec (Flow in the Upstream channel transporting sediment, ft 3 /s)

Q2 = 2808 ft3/sec (Flow in the Contracted channel, ft 3 /s)

W1 = 68 ft (Bottom Width of the Upstream Main Channel that is Transporting Bed Material, ft)

W2 = 83 ft (Bottom Width of Main Channel in Contracted Section LESS Pier Widths(s), ft)

q1 = 17.54 ft2/sec Q 1 /W 1

q2c = 33.83 ft2/sec Q 2 /W 2

q2c/q1 = 1.93
yc = 15.40 ft

αA = 1.25 Fig. 8‐10

HEC‐18

ymax = 19.25 ft

CALCULATIONS

ys   =  11.45 ft

Note:

Input Data

Calculated Results

Default/Constants

(Abutment Scour Depth, ft)

(Maximum flow depth resulting from Abutment Scour, ft)

(Upstream Floodplain Unit Discharge, ft 2 /s)

(Unit Discharge in the Constricted Opening Accouting for Non‐uniform flow distribution, or, 

Abutment Unit Discharge, ft 2 /s)

(Note: Used to find "Amplification Factor" for Live‐Bed Conditions in Fig. 8.9 or 8.10)

(Amplification Factor for Live BedConditions, See Fig. 8.9 (Spill‐through Abutments & Live‐

bed, or 8.10 (Wingwall Abutments & Live‐bed))

(Abutment Scour Depth, ft)

(Flow depth including Live‐Bed Contraction Scour, ft)
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Plan: EX    Blackberry Creek    Main before  A  RS: 62823.34       Profile: Q100
 E.G. US. (ft) 659.76  Element Inside BR US Inside BR DS
 W.S. US. (ft) 659.48  E.G. Elev (ft) 659.72 659.53 
 Q Total (cfs) 2808.00  W.S. Elev (ft) 659.43 659.21 
 Q Bridge (cfs) 2808.00  Crit W.S. (ft) 654.89 655.12 
 Q Weir (cfs)   Max Chl Dpth (ft) 9.25 8.98 
 Weir Sta Lft (ft)   Vel Total (ft/s) 4.34 4.51 
 Weir Sta Rgt (ft)   Flow Area (sq ft) 647.60 621.95 
 Weir Submerg    Froude # Chl  0.25 0.27 
 Weir Max Depth (ft)   Specif Force (cu ft) 2993.67 2790.61 
 Min El Weir Flow (ft) 666.71  Hydr Depth (ft) 7.80 7.23 
 Min El Prs (ft) 663.64  W.P. Total (ft) 102.64 106.82 
 Delta EG (ft) 0.30  Conv. Total (cfs) 51339.1 46735.7 
 Delta WS (ft) 0.34  Top Width (ft) 83.00 86.09 
 BR Open Area (sq ft) 973.55  Frctn Loss (ft) 0.18 0.07 
 BR Open Vel (ft/s) 4.51  C & E Loss (ft) 0.01 0.00 
 Coef of Q    Shear Total (lb/sq ft) 1.18 1.31 
 Br Sel Method  Energy only  Power Total (lb/ft s) 0.00 0.00 
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Plan: EX    Blackberry Creek    Main before  A  RS: 62926.52    Profile: Q100
 E.G. Elev (ft) 659.83  Element Left OB Channel Right OB
 Vel Head (ft) 0.03  Wt. n-Val.  0.106 0.064 0.106 
 W.S. Elev (ft) 659.80  Reach Len. (ft) 53.09 56.86 49.22 
 Crit W.S. (ft) 655.05  Flow Area (sq ft) 419.34 596.04 1735.77 
 E.G. Slope (ft/ft) 0.000426  Area (sq ft) 419.34 596.04 1735.77 
 Q Total (cfs) 2808.00  Flow (cfs) 302.40 1192.63 1312.97 
 Top Width (ft) 583.92  Top Width (ft) 106.29 68.00 409.64 
 Vel Total (ft/s) 1.02  Avg. Vel. (ft/s) 0.72 2.00 0.76 
 Max Chl Dpth (ft) 9.86  Hydr. Depth (ft) 3.95 8.77 4.24 
 Conv. Total (cfs) 136094.9  Conv. (cfs) 14656.4 57803.2 63635.4 
 Length Wtd. (ft) 54.87  Wetted Per. (ft) 106.52 69.82 410.41 
 Min Ch El (ft) 649.94  Shear (lb/sq ft) 0.10 0.23 0.11 
 Alpha  1.94  Stream Power (lb/ft s) 646.00 0.00 0.00 
 Frctn Loss (ft) 0.05  Cum Volume (acre-ft) 32.85 28.27 53.26 
 C & E Loss (ft) 0.03  Cum SA (acres) 7.78 3.94 16.25 
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Pre-worksheet calculations showing all frequencies for a 
proposed structure 

• The summary table shows the recommended values for scour for each 
frequency. 
 

• The spreadsheet would be needed to check the calculations. 
 

• The work is clearly shown along with how the variables were selected. 
However, for brevity the NCHRP supporting exhibits are not shown for 
items such as LAbut and Bf which determines Live-Bed versus Clearwater.  
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Hydraulic Report No. 2 for Outlet No. 7B 
Illinois Route 47 (US Route 14 to Reed Road) 

IL-47 over the Kishwaukee Creek (South) 
 
 
 
 
 
 
 
 
 

Scour Calculations 
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10-year 50-year 100-year 200-year

Contraction 0.37 2.43 5.18 0.78
Abutment
Left 4.25 1.62 1.94 2.46
Right 5.58 5.58 5.00 4.85
Total Left 4.62 4.05 7.12 3.24

Total Right 5.95 8.01 10.19 5.63

Summary of Scour

Type of Scour
Scour (ft)
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where:

Vc =

y =

D =

D50 =

Ku =

Ku =

From upstream cross section 168:

5.08 ft 1.94 ft/s

1 Vc= 1.273 f/s using 0.200 mm Vc < V Live-Bed

2 Vc= 0.802 f/s using 0.050 mm Vc < V Live-Bed

Figure 6.8 from HEC-18

y1 = From upstream cross section 168:

y2 = 0.16 lb/sq ft

yo = 5.08 ft

Q1 = 0.0006

Q2 = V* = (ϑo/Δ)½ = (gy1 S1)½ft/s (m/s)

W1 = V*= 0.287 = 0.312

W2 = Using figure 6.8 @ T = 20 °:

k1 = 1 using 0.200 mm ω = 0.028 m/s 0.092 ft/s

2 using 0.050 mm ω = 0.003 m/s 0.010 ft/s

V*/ω k1 1 V*/ω = 3.4 k1= 0.69

<0.50 0.59 2 V*/ω = 31.7 k1= 0.69

0.50 to 2.0 0.64

>2.0 0.69 From upstream cross section 168: From bridge cross section 166:

339.88 cfs 340.00 cfs

V* = 5.08 ft 19.27 ft

ω = 34.60 ft 7.24 ft

g = 1 y2= 7.61 ft

S1 = 2 y2= 7.61 ft

ϑo =

Δ =

1 ys= 0.37 ft w/  0.20 mm *

2 ys= 0.37 ft w/  0.05 mm

Live-Bed Contraction Scour

Depth Before Scour (y0) = 

11.17 English units

10 YR Contraction Scour Calculation

If the critical velocity of the bed material is larger than the mean velocity (Vc > V), then clear-water contraction scour will exist. If 

the critical velocity is less than the mean velocity (Vc < V), then live-bed contraction scour will exist. To calculate the critical 

velocity use the equation derived in the Appendix C.

Hydraulic Depth (y1)= Velocity Total (V)=

Critical velocity above which bed material of size D and smaller will be transported, ft/s (m/s)

Average depth of flow upstream of the bridge, ft (m)

Particle size for Vc, ft (m)

Particle size in a mixture of which 50 percent are smaller, ft (m)

6.19 SI units

Average depth in the upstream main channel, ft (m)

Average depth in the contracted section, ft (m)

Existing depth in the contracted section before scour, ft (m)

Flow in the upstream channel transporting sediment, ft3/s (m3/s)

Flow in the contracted channel, ft3/s (m3/s)

Bottom width of the upstream main channel that is transporting bed material, ft (m)

Bottom width of main channel in contracted section less pier width(s), ft (m)

Exponent determined below

Mode of Bed Material Transport

Mostly contact bed material discharge

Some suspended bed material discharge

Mostly suspended bed material discharge

(ϑo/Δ)½ = (gy1 S1)½, shear velocity in the upstream section, ft/s (m/s)

Channel Flow (Q2) = 

Top Width (W2) = 

Channel Flow (Q1) =

Hydr. Depth (y1) =

Density of water (1.94 slugs/ft3) (1000 kg/m3)

Fall velocity of bed material based on the D50, m/s (Figure 6.8)

For fall velocity in English units (ft/s) multiply ω in m/s by 3.28

Acceleration of gravity (32.2 ft/s2) (9.81 m/s2)

Slope of energy grade line of main channel, ft/ft (m/m)

Shear stress on the bed, (lb/ft2) (Pa (N/m2))

*Reasonable Lower limit for D50 used for 

comparison (HEC-18 Manual, Pg 6.2, Section 

2.2.1, Paragraph 2)

Top Width (W1) =

ys=y2-y0

Shear (ϑo) =

Hydr. Depth (y1) =

E.G. Slope (S1) =

𝑦2

𝑦1
= (

𝑄2

𝑄1
)6/7(

𝑊1

𝑊2
)𝑘1

𝐕𝐂 = 𝐊𝐮𝐲𝟏
 𝟏 𝟔𝐃  𝟏 𝟑
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Cross Section Data for bridge cross section for LT

L= 7.04 ft L/y0 = 1.0 < 25

y0= 7.24 ft Depth of flow in main channel HIRE equation is not applicable: use Froehlich's

Cross Section Data for bridge cross section for RT

L= 6.85 ft L/y0 = 0.9 < 25

y0= 7.24 ft Depth of flow in main channel HIRE equation is not applicable: use Froehlich's

K1 = Coefficient for abutment shape (Table 8.1)

K2 = Coefficient for angle of embankment to flow

K2 = (θ/90)0.13 (see Figure 8.5 for definition of θ)

θ<90° if embankment points downstream

θ>90° if embankment points upstream

L´ = Length of active flow obstructed by the embankment, ft (m) (From Flow Distribution Table)

Ae = Flow area of the approach cross section obstructed by the embankment, ft2 (m2)

Fr = Froude Number of approach flow upstream of the abutment: Ve/((g*ya)^1/2))

Ve = Qe/Ae, ft/s (m/s)

Qe = Flow obstructed by the abutment and approach embankment, ft3/s (m3/s)

ya = Average depth of flow on the floodplain (Ae/L), ft (m)

L = Length of embankment projected normal to the flow, ft (m) (From Bridge Cross Section)

ys = Scour depth, ft (m)

Table 8.1. Abutment Shape Coefficients

K1

1

0.82

0.55

K1= 0.82 ya= 2.26 ft K1= 0.82 ya= 3.25 ft

K2= 1.00 Fr= 0.13 K2= 1.00 Fr= 0.12

L= 7.04 ft Ve= 1.13 ft/s L= 6.85 ft Ve= 1.27 ft/s

L´= 7.04 ft Qe= 17.90 ft3/s L´= 6.85 ft Qe= 28.24 ft3/s

Ae= 15.88 ft2 Ae= 22.23 ft2

ys = 4.25 ft ys = 5.58 ft

Left Abutment Scour + Contraction Scour 4.62 ft

Right Abutment Scour + Contraction Scour 5.95 ft

y1= 5.08 Hydr. Depth - Upstream Section

q2c= 17.00 Total Q at BR/width of BR

q1= 9.82 Total Q at US XS / width of US XS yc= 8.13 ft

1.27 ymax= 10.32 ft

y0= 7.24 ys= 3.08 ft

10 YR  Abutment Scour Calculation

NCHRP Live-Bed Scour Calculation

Description

Abutment Length 

Abutment Length 

RIGHTLEFT

Vertical-wall abutment

Vertical-wall abutment with wing 

walls

Spill-through abutment

Combined Scour Depths

𝑦𝑠

𝑦𝑎
= 2.27 𝐾1𝐾2(

𝐿′

𝑦𝑎
)
0.43

𝐹𝑟0.61 +1

𝒚𝒄 = 𝒚𝟏(
𝒒𝟐𝒄
𝒒𝟏

)

𝟔
𝟕

𝒚𝒎𝒂𝒙 = 𝜶𝑨𝒚𝒄
𝒚𝒔 = 𝒚𝒎𝒂𝒙 − 𝒚𝟎

αA =
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L' Calculation for 10 YR

When examining the flow distribution table for cross section 168, 
there is no significant flow in the left or right overbanks to consider as 
active flow obstructed by embankment.  As seen in the flow distribution table,
there is zero flow in the embankment outside of the abutment. This judgement is 
made by utilizing the methods used in section 8.2.2 in the HEC-18 Manual
as well as Figure 8.4 shown above. The 10 yr event has a short embankment 
length, therefore the L' was set equal to the embankment length projected 
normal to the flow (L). 
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where:

Vc = Critical velocity above which bed material of size D and smaller will be transported, ft/s (m/s)

y = Average depth of flow upstream of the bridge, ft (m)

D = Particle size for Vc, ft (m)

D50 = Particle size in a mixture of which 50 percent are smaller, ft (m)

Ku = 6.19 SI units

Ku = 11.17 English units

From upstream cross section 168:

Hydraulic Depth (y1) = 6.06 ft Velocity Total (V) = 2.40 ft/s

1 Vc= 1.31 f/s using 0.200 mm Vc < V Live-Bed

2 Vc= 0.83 f/s using 0.050 mm Vc < V Live-Bed

Figure 6.8 from HEC-18

From upstream cross section 168:

y1 = 0.24 lb/sq ft

y2 = 6.06 ft

yo = 0.00074

Q1 = V* = (ϑo/Δ)½ = (gy1 S1)½ft/s (m/s)

Q2 = V*= 0.352 = 0.380

W1 =

W2 = 1 using 0.200 mm ω = 0.028 m/s 0.092 ft/s

k1 = 2 using 0.050 mm ω = 0.003 m/s 0.010 ft/s

1 V*/ω = 4.1 k1= 0.69

V*/ω k1 2 V*/ω = 38.6 k1= 0.69

<0.50 0.59

0.50 to 2.0 0.64 From upstream cross section 168: From bridge cross section 166:

>2.0 0.69 505.31 cfs 510.00 cfs

6.06 ft 14.01 ft

V* = 34.67 ft Depth Before Scour (y0) = 8.98 ft

ω =

1 y2= 11.41 ft

g = 2 y2= 11.41 ft

S1 =

ϑo =

Δ =

1 ys= 2.43 ft w/ 0.20 mm *

2 ys= 2.43 ft w/ 0.05 mm

Top Width (W2) = 

Channel Flow (Q2) = 

Density of water (1.94 slugs/ft3) (1000 kg/m3)

(ϑo/Δ)½ = (gy1 S1)½, shear velocity in the upstream section, ft/s (m/s)

Fall velocity of bed material based on the D50, m/s (Figure 6.8)

For fall velocity in English units (ft/s) multiply ω in m/s by 3.28

Acceleration of gravity (32.2 ft/s2) (9.81 m/s2)

Slope of energy grade line of main channel, ft/ft (m/m)

ys=y2-y0

Channel Flow (Q1) =

Hydr. Depth (y1) =

Top Width (W1) =

*Reasonable Lower limit for D50 used for 

comparison (HEC-18 Manual, Pg 6.2, Section 

2.2.1, Paragraph 2)

50 YR Contraction Scour Calculation

If the critical velocity of the bed material is larger than the mean velocity (Vc > V), then clear-water contraction scour will 

exist. If the critical velocity is less than the mean velocity (Vc < V), then live-bed contraction scour will exist. To calculate the 

critical velocity use the equation derived in the Appendix C.

Shear (ϑo) =

Hydr. Depth (y1) =

Shear stress on the bed, (lb/ft2) (Pa (N/m2))

Flow in the upstream channel transporting sediment, ft3/s (m3/s)

Flow in the contracted channel, ft3/s (m3/s)

Bottom width of the upstream main channel that is transporting bed material, ft (m)

Bottom width of main channel in contracted section less pier width(s), ft (m)

Exponent determined below

Average depth in the upstream main channel, ft (m)

Average depth in the contracted section, ft (m)

Existing depth in the contracted section before scour, ft (m)

Mode of Bed Material Transport

Mostly contact bed material discharge

Live-Bed Contraction Scour

Some suspended bed material discharge

Mostly suspended bed material discharge

Using figure 6.8 @ T = 20 °:

E.G. Slope (S1) =

𝑦2

𝑦1
= (

𝑄2

𝑄1
)6/7(

𝑊1

𝑊2
)𝑘1

𝐕𝐂 = 𝐊𝐮𝐲𝟏
 𝟏 𝟔𝐃  𝟏 𝟑
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Cross Section Data for bridge cross section for LT

L= 166.77 ft Abutment Length L/y0= 18.6 < 25

y0= 8.98 ft HIRE equation is not applicable: use Froehlich's

Cross Section Data for bridge cross section for RT

L= 13.39 ft Abutment Length L/y0 = 1.5 < 25

y0= 8.98 ft HIRE equation is not applicable: use Froehlich's

K1 = Coefficient for abutment shape (Table 8.1)

K2 = Coefficient for angle of embankment to flow

K2 = (θ/90)0.13 (see Figure 8.5 for definition of θ)

θ<90° if embankment points downstream

θ>90° if embankment points upstream

L´ = Length of active flow obstructed by the embankment, ft (m) (From Flow Distribution Table)

Ae = Flow area of the approach cross section obstructed by the embankment, ft2 (m2)

Fr = Froude Number of approach flow upstream of the abutment: Ve/((g*ya)^1/2))

Ve = Qe/Ae, ft/s (m/s)

Qe = Flow obstructed by the abutment and approach embankment, ft3/s (m3/s)

ya = Average depth of flow on the floodplain (Ae/L), ft (m)

L = Length of embankment projected normal to the flow, ft (m) (From Bridge Cross Section)

ys = Scour depth, ft (m)

K1

1

0.82

0.55

K1= 0.82 ya= 0.68 ft K1= 0.82 ya= 2.29 ft

K2= 1.00 Fr= 0.07 K2= 1.00 Fr= 0.19

L= 166.77 ft Ve= 0.35 ft/s L= 13.39 ft Ve= 1.62 ft/s

L´= 13.78 ft Qe= 39.12 ft3/s L´= 13.39 ft Qe= 49.61 ft3/s

Ae= 112.73 ft2 Ae= 30.65 ft2

ys = 1.62 ft ys = 5.58 ft

4.05 ft

8.01 ft

y1= 6.06 Hydr. Depth - Upstream Section

q2c= 25.50 Total Q at BR/width of BR

q1= 14.57 Total Q at US XS / width of US XS yc= 9.79 ft

1.25 ymax= 12.24 ft

y0= 8.98 ys= 3.26 ft

50 YR Abutment Scour Calculation

NCHRP Live-Bed Scour Calculation

Description

Table 8.1. Abutment Shape Coefficients

Depth of flow in main channel

Depth of flow in main channel

RIGHTLEFT

Vertical-wall abutment

Spill-through abutment

Vertical-wall abutment with wing 

Combined Scour Depths

Left Abutment Scour + Contraction Scour

Right Abutment Scour + Contraction Scour

ys

ya
= 2.27 K1K2(

L′

ya
)
0.43

Fr0.61 +1

𝒚𝒄 = 𝒚𝟏(
𝒒𝟐𝒄
𝒒𝟏

)

𝟔
𝟕

𝒚𝒎𝒂𝒙 = 𝜶𝑨𝒚𝒄
𝒚𝒔 = 𝒚𝒎𝒂𝒙 − 𝒚𝟎

𝛂𝐀 =
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L' Calculation for 50 YR

The flow distribution table for cross section 168 was used to get an approximate value 
for the L'. The column labeled "Flow" represents the volume of flow in each flow tube. 
The flow significantly increases at station 1187.10; this station was used to measure 
the left overbank. The L' for the left side would be the station at the toe of the left 
abutment 1200.88 subtracted by 1187.10 found from the flow distribution tables. 
Since the right overbank does not have a significantly wide L distance, L' for the right 
overbank equals the legnth L.  This judgement is based off of section 8.2.2 and Figure 
8.4 in the HEC-18 Manual.
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where:

Vc = Critical velocity above which bed material of size D and smaller will be transported, ft/s (m/s)

y = Average depth of flow upstream of the bridge, ft (m)

D = Particle size for Vc, ft (m)

D50 = Particle size in a mixture of which 50 percent are smaller, ft (m)

Ku = 6.19 SI units

Ku = 11.17 English units

From upstream cross section 168:

Hydraulic Depth (y1) = 6.49 ft Velocity Total (V) = 2.62 ft/s

1 Vc= 1.33 f/s using 0.200 mm Vc < V Live-Bed

2 Vc= 0.84 f/s using 0.050 mm Vc < V Live-Bed

Figure 6.8 from HEC-18

From upstream cross section 168:

0.28 lb/sq ft

6.49 ft

y1 = 0.0008

y2 = Average depth in the contracted section, ft (m) V* = (ϑo/Δ)½ = (gy1 S1)½ft/s (m/s)

yo = Existing depth in the contracted section before scour, ft (m) V*= 0.380 = 0.410

Q1 = Flow in the upstream channel transporting sediment, ft3/s (m3/s)

Q2 = Flow in the contracted channel, ft3/s (m3/s) 1 using 0.200 mm ω = 0.028 m/s 0.092 ft/s

W1 = Bottom width of the upstream main channel that is transporting bed material, ft (m) 2 using 0.050 mm ω = 0.003 m/s 0.010 ft/s

W2 = Bottom width of main channel in contracted section less pier width(s), ft (m) 1 V*/ω = 4.5 k1= 0.69

k1 = Exponent determined below 2 V*/ω = 41.6 k1= 0.69

V*/ω k1 Mode of Bed Material Transport From upstream cross section 168: From bridge cross section 166:

<0.50 0.59 Mostly contact bed material discharge 590.22 cfs 600.00 cfs

0.50 to 2.0 0.64 Some suspended bed material discharge 6.49 ft 10.97 ft

>2.0 0.69 Mostly suspended bed material discharge 34.67 ft 9.38 ft

V* = (ϑo/Δ)½ = (gy1 S1)½, shear velocity in the upstream section, ft/s (m/s) 1 y2= 14.56 ft

ω = Fall velocity of bed material based on the D50, m/s (Figure 6.8) 2 y2= 14.56 ft

For fall velocity in English units (ft/s) multiply ω in m/s by 3.28

g = Acceleration of gravity (32.2 ft/s2) (9.81 m/s2)

S1 = Slope of energy grade line of main channel, ft/ft (m/m)

ϑo = Shear stress on the bed, (lb/ft2) (Pa (N/m2)) 1 ys= 5.18 ft w/ 0.20 mm *
Δ = Density of water (1.94 slugs/ft3) (1000 kg/m3) 2 ys= 5.18 ft w/ 0.05 mm

Average depth in the upstream main channel, ft (m) E.G. Slope (S1) =

Using figure 6.8 @ T = 20 °:

Channel Flow (Q1) =

Hydr. Depth (y1) =

100 YR Contraction Scour Calculation

Live-Bed Contraction Scour

If the critical velocity of the bed material is larger than the mean velocity (Vc > V), then clear-water contraction scour will 

exist. If the critical velocity is less than the mean velocity (Vc < V), then live-bed contraction scour will exist. To calculate the 

critical velocity use the equation derived in the Appendix C.

Shear (ϑo) =

Hydr. Depth (y1) =

*Reasonable Lower limit for D50 used for comparison 

(HEC-18 Manual, Pg 6.2, Section 2.2.1, Paragraph 2)

Top Width (W1) =

ys=y2-y0

Channel Flow (Q2) = 

Top Width (W2) = 

Depth Before Scour (y0) = 

𝑦2

𝑦1
= (

𝑄2

𝑄1
)6/7(

𝑊1

𝑊2
)𝑘1

𝐕𝐂 = 𝐊𝐮𝐲𝟏
 𝟏 𝟔𝐃  𝟏 𝟑
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Cross Section Data for bridge cross section for LT

L= 185.03 ft Abutment Length L/y0 = 19.7 < 25

y0= 9.38 ft Depth of flow in main channel HIRE equation is not applicable: use Froehlich's

Cross Section Data for bridge cross section for RT

L= 20.58 ft Abutment Length L/y0 = 2.2 < 25

y0= 9.38 ft Depth of flow in main channel HIRE equation is not applicable: use Froehlich's

K1 = Coefficient for abutment shape (Table 8.1)

K2 = Coefficient for angle of embankment to flow

K2 = (θ/90)0.13 (see Figure 8.5 for definition of θ)

θ<90° if embankment points downstream

θ>90° if embankment points upstream

L´ = Length of active flow obstructed by the embankment, ft (m) (From Flow Distribution Table)

Ae = Flow area of the approach cross section obstructed by the embankment, ft2 (m2)

Fr = Froude Number of approach flow upstream of the abutment: Ve/((g*ya)^1/2))

Ve = Qe/Ae, ft/s (m/s)

Qe = Flow obstructed by the abutment and approach embankment, ft3/s (m3/s)

ya = Average depth of flow on the floodplain (Ae/L), ft (m)

L = Length of embankment projected normal to the flow, ft (m) (From Bridge Cross Section)

ys = Scour depth, ft (m)

K1

1

0.82

0.55

K1= 0.82 ya= 1.03 ft K1= 0.82 ya= 1.78 ft

K2= 1.00 Fr= 0.05 K2= 1.00 Fr= 0.23

L= 185.03 ft Ve= 0.27 ft/s L= 20.58 ft Ve= 1.72 ft/s

L´= 13.78 ft Qe= 52.03 ft3/s L´= 13.78 ft Qe= 62.74 ft3/s

Ae= 189.68 ft2 Ae= 36.55 ft2

ys = 1.94 ft ys = 5.00 ft

Left Abutment Scour + Contraction Scour 7.12 ft

Right Abutment Scour + Contraction Scour 10.19 ft

y1= 6.49 Hydr. Depth - Upstream Section

q2c= 30.00 Total Q at BR/width of BR

q1= 17.02 Total Q at US XS / width of US XS yc= 10.55 ft

1.23 ymax= 12.97 ft

y0= 9.38 ys= 3.59 ft

Table 8.1. Abutment Shape Coefficients

Description

Vertical-wall abutment with wing 

walls

100 YR Abutment Scour Calculation

NCHRP Live-Bed Scour Calculation

Combined Scour Depths

RIGHTLEFT

Vertical-wall abutment

Spill-through abutment

𝑦𝑠

𝑦𝑎
= 2.27 𝐾1𝐾2(

𝐿′

𝑦𝑎
)
0.43

𝐹𝑟0.61 +1

𝒚𝒄 = 𝒚𝟏(
𝒒𝟐𝒄
𝒒𝟏

)

𝟔
𝟕

𝒚𝒎𝒂𝒙 = 𝜶𝑨𝒚𝒄

𝒚𝒔 = 𝒚𝒎𝒂𝒙 − 𝒚𝟎
𝛂𝐀 =
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L' Calculation for 100 YR

Cross section 168 just upstream of the bridge was used to examine the flow 
distributions in the channel. The column labeled "Flow" represents the volume 
of flow in each flow tube. The flow significantly increases between stations 
1187.10 to 1200.88, therefore station 1187.10 was used to measure the L' 
for the left overbank. The L' for the left side would be the station at the toe 
of the left abutment 1200.88 subtracted by 1187.10 found from the flow 
distribution tables.  For the right overbank, stations 1234.66 to 1220.88 at the
abutment toe showed significant flow. The distance between them was used
as the L'. This judgement is based off of section 8.2.2 and Figure 8.4 in the HEC-18 Manual.
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where:

Vc = Critical velocity above which bed material of size D and smaller will be transported, ft/s (m/s)

y = Average depth of flow upstream of the bridge, ft (m)

D = Particle size for Vc, ft (m)

D50 = Particle size in a mixture of which 50 percent are smaller, ft (m)

Ku = 6.19 SI units

Ku = 11.17 English units

From upstream cross section 168:

Hydraulic Depth (y1) = 7.19 ft Velocity Total (V) = 2.80 ft/s

1 Vc= 1.35 f/s using 0.200 mm Vc < V Live-Bed

2 Vc= 0.85 f/s using 0.050 mm Vc < V Live-Bed

Figure 6.8 from HEC-18

From upstream cross section 168:

0.3 lb/sq ft

7.19 ft

y1 = 0.0008

y2 = Average depth in the contracted section, ft (m) V* = (ϑo/Δ)½ = (gy1 S1)½ft/s (m/s)

yo = Existing depth in the contracted section before scour, ft (m) V*= 0.393 = 0.430

Q1 = Flow in the upstream channel transporting sediment, ft3/s (m3/s)

Q2 = Flow in the contracted channel, ft3/s (m3/s) 1 using 0.200 mm ω = 0.028 m/s 0.092 ft/s

W1 = Bottom width of the upstream main channel that is transporting bed material, ft (m) 2 using 0.050 mm ω = 0.003 m/s 0.010 ft/s

W2 = Bottom width of main channel in contracted section less pier width(s), ft (m) 1 V*/ω = 4.7 k1= 0.69

k1 = Exponent determined below 2 V*/ω = 43.7 k1= 0.69

V*/ω k1 Mode of Bed Material Transport From upstream cross section 168: From bridge cross section 166:

<0.50 0.59 Mostly contact bed material discharge 698.87 cfs 720.00 cfs

0.50 to 2.0 0.64 Some suspended bed material discharge 7.19 ft 20.00 ft

>2.0 0.69 Mostly suspended bed material discharge 34.67 ft 10.00 ft

V* = (ϑo/Δ)½ = (gy1 S1)½, shear velocity in the upstream section, ft/s (m/s) 1 y2= 10.78 ft

ω = Fall velocity of bed material based on the D50, m/s (Figure 6.8) 2 y2= 10.78 ft

For fall velocity in English units (ft/s) multiply ω in m/s by 3.28

g = Acceleration of gravity (32.2 ft/s2) (9.81 m/s2)

S1 = Slope of energy grade line of main channel, ft/ft (m/m)

ϑo = Shear stress on the bed, (lb/ft2) (Pa (N/m2)) 1 ys= 0.78 ft w/ 0.20 mm *
Δ = Density of water (1.94 slugs/ft3) (1000 kg/m3) 2 ys= 0.78 ft w/ 0.05 mm

*Reasonable Lower limit for D50 used for 

comparison (HEC-18 Manual, Pg 6.2, Section 2.2.1, 

Paragraph 2)

Average depth in the upstream main channel, ft (m) E.G. Slope (S1) =

200 YR Contraction Scour Calculation

If the critical velocity of the bed material is larger than the mean velocity (Vc > V), then clear-water contraction scour will 

exist. If the critical velocity is less than the mean velocity (Vc < V), then live-bed contraction scour will exist. To calculate the 

critical velocity use the equation derived in the Appendix C.

Live-Bed Contraction Scour

Shear (ϑo) =

Hydr. Depth (y1) =

ys=y2-y0

Using figure 6.8 @ T = 20 °:

Channel Flow (Q1) = Channel Flow (Q2) = 

Hydr. Depth (y1) = Top Width (W2) = 

Top Width (W1) = Depth Before Scour (y0) = 

𝑦2

𝑦1
= (

𝑄2

𝑄1
)6/7(

𝑊1

𝑊2
)𝑘1

𝐕𝐂 = 𝐊𝐮𝐲𝟏
 𝟏 𝟔𝐃  𝟏 𝟑
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Cross Section Data for bridge cross section for LT

L= 212.61 ft Abutment Length L/y0 = 21.3 < 25

y0= 10.00 ft Depth of flow in main channel HIRE equation is not applicable: use Froehlich's

Cross Section Data for bridge cross section for RT

L= 30.50 ft Abutment Length L/y0 = 3.1 < 25

y0= 10.00 ft Depth of flow in main channel HIRE equation is not applicable: use Froehlich's

K1 = Coefficient for abutment shape (Table 8.1)

K2 = Coefficient for angle of embankment to flow

K2 = (θ/90)0.13 (see Figure 8.5 for definition of θ)

θ<90° if embankment points downstream

θ>90° if embankment points upstream

L´ = Length of active flow obstructed by the embankment, ft (m) (From Flow Distribution Table)

Ae = Flow area of the approach cross section obstructed by the embankment, ft2 (m2)

Fr = Froude Number of approach flow upstream of the abutment: Ve/((g*ya)^1/2))

Ve = Qe/Ae, ft/s (m/s)

Qe = Flow obstructed by the abutment and approach embankment, ft3/s (m3/s)

ya = Average depth of flow on the floodplain (Ae/L), ft (m)

L = Length of embankment projected normal to the flow, ft (m) (From Bridge Cross Section)

ys = Scour depth, ft (m)

K1

1

0.82

0.55

K1= 0.82 ya= 1.57 ft K1= 0.82 ya= 1.86 ft

K2= 1.00 Fr= 0.03 K2= 1.00 Fr= 0.19

L= 212.61 ft Ve= 0.22 ft/s L= 30.50 ft Ve= 1.48 ft/s

L´= 13.78 ft Qe= 73.16 ft3/s L´= 13.78 ft Qe= 83.99 ft3/s
Ae= 333.15 ft2 Ae= 56.79 ft2

ys = 2.46 ft ys = 4.85 ft

Left Abutment Scour + Contraction Scour 3.24 ft

Right Abutment Scour + Contraction Scour 5.63 ft

y1= 7.19 Hydr. Depth - Upstream Section

q2c= 30.00 Total Q at BR/width of BR

q1= 20.16 Total Q at US XS / width of US XS yc= 10.11 ft

1.23 ymax= 12.43 ft

y0= 10.00 ys= 2.43 ft

LEFT RIGHT

Combined Scour Depths

NCHRP Live-Bed Scour Calculation

200 YR Abutment Scour Calculation

Table 8.1. Abutment Shape Coefficients

Description
Vertical-wall abutment

Vertical-wall abutment with wing 
Spill-through abutment

𝑦𝑠

𝑦𝑎
= 2.27 𝐾1𝐾2(

𝐿′

𝑦𝑎
)
0.43

𝐹𝑟0.61 +1

𝒚𝒄 = 𝒚𝟏(
𝒒𝟐𝒄
𝒒𝟏

)

𝟔
𝟕

𝒚𝒎𝒂𝒙 = 𝜶𝑨𝒚𝒄

𝒚𝒔 = 𝒚𝒎𝒂𝒙 − 𝒚𝟎
𝛂𝐀 =
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L' Calculation for 200 YR

Cross section 168 just upstream of the bridge was used to examine the flow 
distributions in the channel. The column labeled "Flow" represents the volume 
of flow in each flow tube. The flow significantly increases between stations 
1187.10 to 1200.88 (the left abutment toe), therefore station 1187.10 was used 
to measure the L' for the left overbank. For the right overbank, there is significant
flow from station 1234.66 to the right abutment toe at 1220.88. This 
judgement is based off of section 8.2.2 and Figure 8.4 in the HEC-18 Manual.
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