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Scour Analysis

The HEC-RAS program was also used to analyze the theoretical scour depth for the
streambank restabilization retaining wall structure. With the results of the hydraulic
analysis, HEC-RAS utilizes the methods referenced in Hydraﬁlic Eﬁgineering Circular
No.18 to calculate the scour depth for the storm frequenci‘es”deﬁned. Our analysis

focuses on the 100-yr event. Theoretical scour dep@h&w#gs calculated using a soil

classification representative of medium sand ' o

report.

To obtaln the Y1 and Fr# for the prop‘Ss le fstructure‘;ﬂe model v;‘% rL*n with the wall.

entered as-a bridge only subjected to abutment flows i thf} area of th@s‘*W‘aIl

Summary

The listed depth was calculated assuming that impermeable material (i.e. bedrock) would
not be encountered.

The estimated scour depth for the retaining was structure for the 100 year storm was

10.62 ft.



ASHBOROUGH VILLAGE SCOUR CALCS FOR 100 YR STORM

To calculate scour along the face of the creek bank stabilization wall referénce HEC-23,
Section 4.3.4 (shown below).

Equation 4.3 was applied with the following results:
(Note: y; and F, are obtained from the HEC-RAS model)

ys = y1(0.73+0.14*pi*Fr2) EQ 4.3 from HEC-23
y1for100yr= 13.85 ft
Frfor 100 yr = 0.29
ys for 100 yr = 10.62 ft
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4.3.4 Scour at Longitudinal Structures

Varations in bed slevation during flow events or after bank hardening can result In the
undermining of bank proteciion structures including longitudingl structures.  Therefore,
methods are nesded for estimating maximum scour in order to design stable bank protection.
The following seclions provide methods for estimafing scour along longitudinal
countermeasures such as bulkheads and vertical walls.

Seour with Flow Parallel to 3 Vertical Wall. The probable mechanism causing scour along a
vertical wall when the flow 8 paraliel fo the wall is an increase in boundary shear siress
producad by locally increased velocity gradients that result from the reduced roughness of
the vertical wall, a3 compared fo the natural channel, It is reasonable to conciude that this
seour will contirue until the local flow area has increased enough to reduce the local velocity,
and hence the local boundary shear stress, 1o values typical of the rest of the channel cross
section

Yardica
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The distribution of boundary shear stress around the perimeter of a channel is not constant.
In channels of uniform roughness, the boundary shear stress has a maximum value near the
channel centerline, and a secondary peak about one-third of the way up the sideslope. On
average, the maximum on the bottom is about 0.97 times the average boundary shear siress
{e.g., as defined by yRS] for the cross section and the maximum on the side is about 0.76
times the average boundary shear stress. However, experimental data indicate a range of
values, with maximum shear stresses as much as 1.6 times the average. In general, the
boundary shear stress distribution is more uniform as the width to depth ratio increases.

Similar information is not available for channel cross seclions of nonuniform roughness;
however, reasonable conclusions can be drawn from intuitive arguments. For a straight
charnel with a vertical wall with smoother roughness than the rest of the channel along one
side, the boundary shear stress distribution would be skewed towards the wall side of the
charnel. The sideslope peak value would be larger and could possibly be greater than the
peak along the channel bed, which would also be shifted off the centerline location. These
sffocts would be more pronounced in namow channels andior channels with steep
sidesiopes. As the channel gets wider, or the sideslope flattens, these effects would be

Insight on the magnitude of these effects can be obtained by considering local velocity
condiions as determined by conveyance weighting concepts (see HEC-18%% and HEC-
204%. The analysis assumes that the boundary roughness within the channel can be
divided into two distinct regions: one region defining the roughness of the channel and the
other defining the roughness of the channel bottom {note that this division of roughness,
while logical, is not always analytically useful as R can create numerical problems leading to
etrors in the computation of commyance for the entire cross section}.

Ear purposes of illustration, a wide, shallow natural channel has a uniform roughness with a
Manning's n value of 0.03, but with a concrete vertical wall the n value of the bank region
is reduced by a factor of two, to 0.015. Evaluation of the distribution of discharge by
convevance weighting shows that this reduction of " nearly doubles the conveyance,
discharge, and velocity adjacent to the bank (Le, next to the walll. Recognizing that
boundary shear stress is proportional to velocity squared; this increase in velocity increases
the boundary shear stress by a factor of 4.

Based on the experimental results for a uniform roughness channel, the maximum boundary
shear stress along the vertical wall could be as much as 3 imes the average boundary shear
stress. However, this is not totally accurate given the simplistic assumptions made and the
likely changes in the distribution pattern that would result under condtions produced by a
vertical wall. Nonetheless, this simplified analysis ﬁzﬁ‘%@asf@ that significant increases in the
boundary shear stress are possible adjacent to the wall

To apply this concept, it is appropriate to define a shear stress multiplier that can be appled
fo the average boundary shear stress to define the locally increased boundary shear siress
adiacent to a vertical wall. Based on the above argument, a shear stress factor of 3 is
sungested. Recognizing that boundary shear stress is proportional to velocity squared, the
reduction in velocily necessary fo lower the shear stress o an acceptable value is defined by
the inverse of the square root of the shear straas mulfiplier {3.577 ) for the shear stress factor
of 3. For the reduction in velocity to occur, the flow area must then be increased by the
irvverse of this factor (10577 = 1.73). For 2 vertical wall, this calculaion simplifies to a unit
width basis and the scour depth is a mulliplier of the average flow depth (073 v}

it is important to understand that this provides a first approximation of the potential scour
along a vertical wall due to flow parallel to the wall. Using this refation, the total scour along
the wall due to parallel flow can be approximated as the sum of the sbove relation, which
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results from a differential in shear stress, plus scour associated with the passage of
antidunes (see HDS 691 This results in the following relationship:™%

Ye 073+ 014 %F? 43)
¥ ,
whers:
ye = Equilibrium depth of scour {measured from the mean bed level to the bottom
of the scour hole}, m {{t} v
yy = Average upstream flow depth in the main channel, m {ft
Fr = Upstream Froude Number

This equation is applicable only where paraflel flow can be assured {e.g.. vertical walls along
both banks).

Seour with Flow Impinging at 5 & Vertical Wall, When an obstruction such as an
abutment or verlical wall fiow, the depth of scour at the nose or face of the

obstruction can be estim from Equation 4.1,  Considering the physical configuration of
the chanrels for which the data on which this relation is based, this can reasonably be
assumed to be the upper limit of the scour that could be expected for flow glong a vertical
wall when the flow impinges on the wall at an approximately 90° angle. The total scour
along a vertical wall, thus, will vary as a proportion of that given by Equations 4.1 and 4.3
Assuming that the relative Z?gféfim‘zm of the two scour mechanisms is related to the change
in momentum associated with the change in flow direction from some angle € relative to the
wall, the two relations can be combined using a weighting factor based on the sine or cosine,
F&%@ﬁﬂiﬁ?ﬁ? of the angle of the flow to the wall (0° 10°90°). The resulting relationship is
given by

%w{&?ﬁ%ﬂ?ﬁ%ﬁ % F?) Cos8+4F ™ Sing (4.4}
1
where:

8 = Angle between the impinging flow direction and the vertical wall

Scour Along a Vertical Wall Relative to Unconstiained Valley Width, The potential scour that
could oceur along a vertical wall due to changes in planform as the channel evolves can be

estimated by combining Equation 4.4 with the relationships for ideal meander geometry {see
HEC-20°"). Using these relationships, it can be shown that the maximum angle will vary
from zero, when the width of the valley is constrained to the width of the channel, to
approximately 71°, when the unconstrained valley width is approximately 3.5 fimes the width
of the channél. These values are based on the assumption that the meander wavelength is
14 fimes the channel width. The resulting dimensioniess scour depth as & function of the
unconstrained valley width is plotted in Figure 4.2 for a range of Froude Numbers ().

it is possille for the channel to impinge perpendicular to the wall due to ioegl flow deflection
or other local factors. For this case, the angle of impingement is no longer related to the
valley width, and the maximum scour depth can best be estimated based strictly on Equation
4.1.
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FIGURE 1: SITE AND TEST LOCATION PLAN (BUILDING #1189) By




