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Development, Verification, and Application of a
Simplified Method to Estimate Total-Streambed
Scour at Bridge Sites in lllinois

By Robert R. Holmes, Jr. and Chad J. Dunn

Abstract

A simplified method to estimate total-
streambed scour was developed for application to
bridges in the State of Illinois. Scour envelope
curves, developed as empirical relations between
calculated total scour and bridge-site characteris-
tics for 213 State highway bridges in Illinois,
are used in the method to estimate the 500-year
flood scour. These 213 bridges, geographically
distributed throughout Illinois, had beea prev-
jously evaluated for streambed scour with the
application of conventional hydraulic and scour-
analysis methods recommended by the Federal
Highway Administration. The bridge character-
istics necessary for application of the simplified
bridge scour-analysis method can be obtained
from an office review of bridge plans, examina-
tion of topographic maps, and reconnaissance-
level site inspection. The estimates computed
with the simplified method generally resulted in
a larger value of 500-year flood total-streambed
scour than with the more detailed conventicnal
method. The simplified method was success-
fully verified with a scparate data set of 106 State
highway bridges, which are geographically
distributed throughout Yilinois, and 15 county
highway bridges.

INTRODUCTION

Bridge failures are most commonly caused by
the scouring of the streambed from around bridge

foundations during floods (Richardson and others,
1993). Al bridges over waterways in the United
States must be evaluated for the risk of failure because
of streambed scour (Thomas O. Willett, United States
Department of Transportation, Federal Highway
Administration, written commun., 1991).  Each
bridge must be rated on the basis of Item 113 of the
National Bridge Inspection Standards (Code of Fed-
eral Regulations, 1992). The Irem 113 rating is
assigned by determining the stability of the bridge
structure when the streambed is subjected to scour
resulting from a flood of either 500-year recurrence or
1.7 times the 100-year recurrence interval (1.7 times
the 100-year flood discharge is recommended in Fed-
eral Highway Administration (FEWA) Hydraulic
Engineering Circular Number 18 (HEC-18) as a rea-
sonable approximation to the 500-year flood peak dis-
charge), either case will be referred to as the 500-year
flood in this report.  For Illinois streams, the 500-year
fiood discharge regression relation detetmined by Cur-
tis (1987) essentially ranges from 1.25 to 1.3 times the
100-year flood discharge, which indicates that 1.7
times the 100-vear flood discharge is more conserva-
tive than the method outlined in Curtis (1987). The
500-year flood scour has typically been estimated con-
ventionally from equations contained in the HEC-18 -
manual (Richardson and others, 1993). The hydrau-
lic information needed in the HEC-18 equations is
determined by simulating the bridge-site hydraulic
conditions using computer models for estimating the
lateral water depths and velocity distributions for each
cross section in one or two dimensions,

The conventional hydraulic and scour-analysis
method is time consuming and expensive, requiring
field surveying and extensive office time to complete

Introduction 1



the necessary computations. The Illinois Department
- of Transportation is analyzing all State highway
bridges by applying conventional hydraulic and scour-
analysis methods {more than 500 analyses have been
completed to date (1995)). However, complete
hydraulic and scour analysis of the more than 10,000
local agency bridges (those bridges not owned and
maintained by the State of Hlinois) is not possible
because of financial and personnel constraints, The
U. S. Geological Survey (USGS), in cooperation with
the Illinois Department of Transportation (IDOT),
developed a simplified method to estimate the total-
streambed scour at local agency bridges to assist in
addressing the FHWA mandate. - Total-streambed- -
scour envelope curves are utilized in the method.
These curves relate total-streambed scour with easily
obtainable bridge-site characteristics. In this report,
total-streambed scour is the sum of the local and
contraction scour only. Very little hydraulic informa-
tion is required in the method and the analysis can be
completed in less time than the conventional method.
The method offers local agencies an economical tool
to analyze bridge sites for total-streambed scour. The
tradeoff in time saved is that the estimates from the
simplified method may be significantly more conser-
vative than scour estimates from the conventional
method.

This report describes the development, verifica-
tion, and application of a simplified method to estimate
total-streambed scour at bridge sites in [llinois. The
method was developed from 213 bridge sites for which
conventional total-streambed bridge-scour analyses
had been done by IDOT and verified from 106 and
- 15 bridge sites for which conventional total streambed
bridge-scour analyses had been done by IDOT and
county highway departments, respectively. The
method was applied to two county highway bridges in
central Illinois, which are included as examples in this

report.

SIMPLIFIED METHOD TO ESTIMATE
TOTAL-STREAMBED SCOUR

Development of the Method’

In developing the simplified method, the main
objective was to relate some combination of easily
obtainable bridge-site characteristics to an estimate of
the total-streambed scour resulting from the 500-year

flood discharge. A further constraint, at the request
of IDOT, was that no hydraulic computations would
be necessary 1o use the simplified method. The
bridge-site characteristics would be obtained from a
reconnaissance-level bridge-site visit, 7.5-minute
topographical maps, and bridge plans. The method
to estimate streambed scour was initially envisioned in
the form of a multiple regression equation or envelope
curves of total-streambed scour,

More than 500 State highway bridges that had
been analyzed by IDOT personnel using conventional
methods were screened based on the following
criteria; _

1. Sufficient site-characteristic data were available in
the bridge-site file.

2. The bridge was not part of a dual system of
bridges (being either the upstream or downstream
bridge) because the hydraulics of dual bridges
would be dissimilar to those of single bridges.
Most local agency bridges are single-span bridges.

IDOT is organized into nine geographical
districts.  To attain a good spatial distribution of data,
an attempt was made to select an equal number of
bridges from each district (approximately 30-35
per district).  On the basis of the above criteria,

319 bridges (fig. 1) were selected for developing the

method.  These data are contained in a computer file

listed in appendix 1. :

For each of the 319 bridges, characteristics of
the bridge site, easily calculated or measnred from
either the bridge plans, topographical maps, or a field
visit, were determined and compiled in a data base
along with the estimated total-streambed scour result-
ing from the 500-year flood. Of the 319 bridges,
213 were used to develop and calibrate the simplified
method to estimate total-streambed scour. The
213 bridge site data sets were divided into multi-span
and single-span categories (124 multi-span and
89 single-span). The remaining 106 bridges in the
data set were utilized to verify the applicability of the
simplified method. _

At the beginning of the development of the
method, several atternpts were made to develop a valid
multiple linear regression (MLR) model to estimate
the total-streambed scour resulting from the 500-year
flocd discharge.  After 40 MLR model trials, the
model calibrations for both multi- and single-span
bridges resulted in correlation coefficients less than
0.6 and a model fit through the center of the data,
which would mean underestimating scour calculated

2 Devalopmant, Verification, and Application of 2 Simplified Method to Estimate Total-Streambed Scour at Bridge Sites in lllinois



e

™,

W e
Yoioe, g la G 7 o
w,?FJ, R m,-za.,f?,f- x« EAS) X
= o Gl e

Y
iy -y
P I i et —~ Uy ~ -
['] S,
- _ ) . \1‘\\

\_:_\..\r\\lju ,\ﬁ \M)r

-
4

EXPLANATION

T I DAV R Se Py e e I
«ws S eyl B N AT

T LTS
A..!\.(\.ﬁ ﬂ:).v.‘ e

F

st 1!1#{H,...uu,r...ﬂ.| e &
Ww S
f-m. ™

/
-

VALIDATION BRIDGE

s

%

CALIBRATION BRIDGE

F 3

3

80 MILES

0 20 40 60KILOMETERS

central meridian -89°

action
L]

Location of bridges used in calibration and varification of the simplified method to estimate total-

streambed scour in 1llinois.

nic Proj

ital Data
Standard parallels 33" and 4

Base from U.8. Geological Survey

1:2,000.000 Dig
Albers Equal-Area Co

Figure 1.

3

Simplified Method to Estimate Total-Streambed Scour




with the conventional method on many of the bridgés,'
which is an unacceptable method to estimate scour.

Many of the bridge-site characteristics were
plotted with the total 500-year flood scour that was
estimated with the conventional method. No relation
was found between any single bridge-site characteris-
tic and total-streambed scour. A representative
example illustrating no relation among specific bridge-
site characteristics and the conventionally estimated
total-streambed scour is shown in figure 2.

By trying to represent quasi-hydraulic properties
(because actual hydraulic computations can not be
made) with combinations of various bridge-site char-
acteristics to serve as a surrogate hydraulic property, it
was thought that relations between these surrogate
hydraulic properties and the estimated 500-year total
scour may be obtained. For example, a hydraulic
property such as the flow Reynolds number, which is
the flow velocity times a characteristic depth divided
by the kinematic viscosity, could possibly be repre-
sented by a surrogate measure of velocity, estimated
as the 100-year flood discharge divided by the bridge
length times the low steel to bed distance, and a surro-
gate characteristic depth, such as the low steel to chan-
nel bed distance. Starting with combinations of
characteristics for both multi-span and single-span
bridges that represent the bridge site hydraulic proper-
ties of constriction ratio, flow Reynolds number, and
Froude number, the total scour and these hydraulic
properties were piotted as a means to envelop the data
points to provide a curve whereby scour could be
estimated. These physically meaningful prediction
variables provided no basis to envelop the data in such
a way as to not be overly conservative in the estima-
tion of total-streambed scour.  For example, a plot of
the surrogate Reynolds number for multi-span bridge
and total-streambed scour is shown in figure 3.  An
enveloping curve will result in very conservative esti-
mates of total-streambed scour. The plots of the
other “pure” surrogate variable of constriction ratio
and Froude number were very similar in appearance to
figure 3 for both single- and multi-span bridges, and as
such did not provide a useful relation. Therefore, a
trial-and-error scheme was used to add various charac-
teristics and adjust exponents to optimize the envelop-
ing of the data points for each of the six curves. After
seven iterations using the verification data set, two
curves cach for single-span and multi-span bridges are
used in the final simplified method (figs. 4-7). Some
of the 213 bridge sites are not plotted in figures 47, as

some of the bridge characteristic values required in
the predictor variable were missing from the data
files. As can be seen in the four envelope curve
{figs. 4-7), the physical significance of the predictor
variable has been lost in the trial-and-error process.
The bridge characteristics utilized in the envelope
curves (figs. 4-7) will be defined later and shown on

example bridge site drawings in figures 8 and 9.

Different envelope curves are utilized in the
simplified method depending on the type of bridge
(single- or multi-span).  For single-span bridges,
two envelope curves are utilized in the method, and
similarly, for multi-span bridges, two envelope curves
are also utilized. To estimate the total scour for a
single- or muiti-span bridge, the predictor variable for
each envelope curve must first be computed. The
predictor variable varies for each envelope curve and
consists of an equation combining some of the bridge-
site characteristics from table 1.  Once the predictor
variable is known, the total-scour estimate is deter-
mined from the envelope curve.  The final total-scour
estimate from the simplified method is determined as
the minimum of the two envelope curves for multi-
span bridges, or the minimum of the two curves for
single-span bridges. For example, if the predictor
variable for multi-span envelope curve 1 in figure 5 is
computed to be 1 and the predictor variable for multi-
span envelope curve 2 in figure 6 is computed to be
200, then the total-scour estimate from envelope
curve 1 would be 15 ft and the total-scour estimate
from envelope curve 2 would be 9 ft.  Therefore, the
final total-scour estimate would be the minimum of
9 ft and 15 ft, or 9 ft.

- One curve per type of bridge was intended to
be needed; howéver, multiple curves were found to be
necessary to make the simplified method as robust
as possible. If only one curve per type of bridge
(single- or multi-span) had been used, the total-scour
estimate at some bridge sites would have been highly
overestimated because of potential anomalies in the
combinations of the bridge characteristics. By
utilizing multiple curves and taking the minimum,
the number of anomalous total-scour estimates was
decreased.

Verification of the Method
The 106 State highway bridges not utilized

in the development and calibration of the simplified
method were used, along with 15 county highway

4  Development, Verification, and Application of a Simplified Method to Estimate Tota-Streambed Scour at Bridge Sites in lilincis
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Channel
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length upstream
FPW  Effective flood-ptain A Plan view of bridge site
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EXPLANATION
A Flow angle of attack
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angle of attack of flow
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C. End view of bridge site

Figure 8. Plan view and detail of bridge site and charactetistics for a hypothetical bridge site.
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Type I - Square Nose Type 2 - Round Nose

<

Type 3 - Cylinder T}peti-—Shmpﬂdse

Type 5 - Group of Cylinders

D. Common pier shapes {adapted from Richardson and others, 1993)
 Figure 8. Continued.
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bridges, to verify the applicability of the simplified
method. For each bridge, the bridge-site characteris-
tics were used with the applicable envelope curves to
estimate the 500-year flood total scour.  Each scour
estimate determined with the simplified method was
compared with the 500-year flood scour estimated
with the conventional scour-estimation method. A
comparison of the total 500-year flood scour estimated
~ with the simplified method and the 500-year flood
scour determined with the conventional method is
shown in figure 10. Perfect agreement of results
between methods is the 1:1 slope line through the
origin. The goal in the verification of the method was
to have the verification data plot on or just to the nght
of the line of perfect agreement.  This would indicate
that the simplified method either produced an exact
match to the conventional method or overestimated the
total scour estimated with the conventional method.
In developing the simplified method, seven
development/verification iterations were made to try to
plot the data in figure 10 as close to the line of perfect
agreement as possible, without many points plotting
to the left of the line. As shown in figure 10, the
verification of the method was successful. Total
scour was underestimated with the simplified method
in comparison to the conventional method at only six
of the bridges verification data sets. One bridge was
underestimated by more than 25 ft, but review of
the data file for that bridge indicates that the conven-
tional estimate of scour was affected by having over
70 percent of the flow apportioned to the overbank
at the approach cross section. Because HEC-18
computations are very sensitive to the amount of over-
bank discharge, the unusually high scour estimate is
because of the inappropriate flow apportionment at the
approach cross section.

Limitations of the Method

The simplified method was developed from data
at bridge sites in Tllinois where conventional scour
analysis had previously been done. The following
ranges of values for bridge characteristics were present
at the bridge sites used to develop the simplified
method.
Drainage Area: single-span: 0.29 t043.3 mi?

multi-span: 1.05 to 8,610 mi’
single-span: 66 to 5,319 /s
multi-spani 696 to 67,000 ft¥/s

100-Year Discharge:

Flood-plain width:  single-span: 14 t0 292 fi

multi-span: 54 to 3,278 ft

Basc-Flow Channel

Width at Bridge: single-span: 12 to 74 ft
multi-span: 16 to 1,000 ft

Base-Flow Channel

Width One Bridge
Length Upstream:  single-span: 10 to 184 ft
multi-span: 13 to 1,274 ft
Bridge Length: single-span: 13 to 95 ft
: multi-span: 20 to 966 ft
Low Steel To'
Bed Distance: single-span: 3.7 to 23.7 ft
multi-span: 5 to 51 ft
Channel Slope at _
Bridge: single-span: 0.00013 to 0.0148
multi-span: 0.0001 to 0.011
Angle of Attack on
Bridge Pier: multi-span: § to 35 degrees
Number of spans: multi-span: 2 to 14
Pier Width: multi-span: 1to 8 ft

In addition, the development of the method was
limited to bridge sites in the data set that satisfied the
following criteria.

+ No dual bridges were used (for example,
interstate highways).

= The ratio of base-flow channel width at the
bridge to base-flow channel width one bridge

length upstream was greater than 0.3.

« The ratio of base-flow channel width at the
bridge to flood-plain width was greater than

0.03, '

Total-streambed scour estimates from the simplified
method for bridge sites with characteristics outside of
these ranges should be used with caution.

The simplified method was developed to assist
in performing the enormous task of evaluating the
over 10,000 local agency bridges in Illinois. The
simplified method was developed in a way such that
hydraulic computations were not necessary. ~ As such
the estimates of scour are conservative. However,
in cases where the estimate of scour from the simpli-
fied method presents a borderline bridge instability
problem, a conventional analysis should be performed.
In addition, the simplified method should not be used
for design of new bridge structures.

Limitations of the Mathod 15
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Appilication of the Method

For each bridge to be evaluated with the simpli-
fied method, several bridge-site characteristics must
first be determined. The field/office data sheets that
can be used to compile the bridge-site characteristic
data needed to successfully apply the simplified
method are shown in figures 11 and 12 for single- and
multi-span bridges, respectively. After the necessary
bridge-site characteristic data have been compiled, the
user can manually determine the estimates from the
applicable total-streambed-scour envelope curves and

compute the minimum value. The computer program-

ILSCOUR (see Appendix 2}, specifically written to
estimate the total-streambed scour with the simplified
method, also can be used to determine the estimates.
For both single- and multi-span bridges, the
100-year flood discharge is required for the simplified
method. This may have been previously determined
during design of the bridge or may have to be com-
puted from methods outlined either in Curtis (1987}
for rural basins or Allen and Bejcek (1979) for
urbanized basins in northeastern Illinois. Options
to compute the 100-year discharge by either of these
two methods are contained in the ILSCOUR program.
As previously discussed, the simplified methed,
by design, is conservative in estimating the total-
streambed scour at a bridge site. Each bridge would
be analyzed with the simplified method and bridges
evaluated as stable for the total-scour estimate with
the simplified method would need no further analysis,
whereas bridges that were determined to be unstable
or borderline, could be reanalyzed on the basis of
the conventional method outlined in HEC-18.
Furthermore, the past occurrence of scour at the
bridge site during major floods should also be taken
into consideration. The years that greater than 50-
and greater than 100-year floods have occurred for
the period of record at USGS stream-gaging stations
are listed in table 2 for the gages shown in figure 13
to assist in documenting when significant floods have
occurred on various streams in [llinois.

An example of both a single- and multi-span
bridge is presented to demonstrate the application of

}The method outlined by Allen and Bejeek (1979} is rarely
used ir Minois as it bas often yielded smaller 100-year flood
discharges for urhan basins when compared with the method
outlined in Curtis (1987).  If the Allen and Bejcek {1979) method
is used, it is recommended that the larger of the two 100-year
discharge estimates from tbese two methads be used.

the simplified method. Total time to collect office
and field data and compute the total-streambed scour
estimate was approximately one-half day per bridge
site.

Single-Span Bridges

Knowledge of all the bridge-site characteristics
on the ficld data sheet shown in figure 10 is required in
the simplified method for single-span bridges. Once
the bridge-site characteristics are determined and
listed on the field data sheet, the two envelope curves
for single-span bridges should be used to determine
the estimated total scour at the bridge site.  The
collection of the necessary data from single-span
bridges and determination of the total-scour estimate
are demonstrated in the following example.

A single-span bridge over Flatville Drainage
Ditch near Flatville, linois (fig. 14) was evaluated.
Site plans, provided by the Champaign County
Engineer’s Office, and a topographic map of the .
bridge site and associated watershed were reviewed
in the office before visiting the site. For many bridge
sites, the construction plans contain such information
as the abutment type, drainage area, 100-year flood
discharge, bed-material type, or bridge length from
abutment to abutment. However, for this bridge site,
only abutment type and bridge length were readily _
determinable. From the topographic map, the drain-

‘age area was determined to be 10.8 miZ. In addition,

the elevations and thalweg distance required to com-
pute the 100-year flood discharge outlined in Curtis
(1987) were also determined from the topographic
map. The Rainfall Intersection and Geographic
Region values are determined from the graphs in
Curtis (1987). o
At the bridge site, most of the other bridge-site
characteristics were determined and listed on the field
data sheet for single-span bridges (fig: 15). For this
bridge site, flood-plain width for the 100-year flood
was taken as the distance between the top of the banks
(37 ft). This is because for flows above the banks,
the water would go over the road, as this area is very
fiat. For the simplified method, the effective flood-
plain width is that width which contains water of some
velocity greater than zero (not ponded) that goes
throngh the bridge. For cases with road overfiow,
only the part of the flood plain containing water flow-
ing at some velocity and proceeding through the
bridge opening is considered part of the effective

Application of the Method 17
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~ Data-Collection Sheet
Simplified Method for Bridge Scour Estimation

E H LE-SPAN E LY
FIELD PARTY County, Date
Structure Number Feature Crossed
Facility Carried Locatlon

TO BE COMPLETED IN THE FIELD OR

FROM TOPOGRAPHIC MAP

Flood-Plain Width For 100-Year Flood feet
(FPW)

| Base-Flow Channel Width @bridge _feet
{CWB)

' Base-Flow Channel Width 1 Bridge
 Length Upstream (CWL)

Bridge Length From (BW) ' fect
Abutment to’ Abutment

Abntment Type (AT

(Spill Through-1I, Vertical With Wingwalls—2,
Vertical Withour Wingwalls-3}

Cutbank Presence (CB)
{None—1I, Slight-2, Extensive-3)

Low Steel To Bed Distance (LSTB) feet

Bed Material (BM)

{Cobbles—I, Clay-2, Gravel-3, Sand/Gravel-4,
Silt/Clay—4, Sand/Sili—4.5, Sand—5)

Information Entered Into Computer Program On

Entered By

Hstimated Scour,

Figure 11. Field and office data:collection sheet for single-span bridge sites in lilinois.

Development, Verification, and Application of a Simplified Method to

Estimate Total-Streambad Scour at Bridge Sites in Minois



Data-Collection Sheet

Simplified Method for Bridge Scour Estimation

FOR USE

FIELD PARTY

Structure Number

TI-SPAN BRIDGES ONL

County Date

Feature Crossed

Facility Carried

Location

TO BE COMPLETED IN THE FIELD OR
FROM TOPOGRAPHIC MAP

Flood-Plain Width For 100-Year Flood
EPW)

feet

Base-Flow Channel Width @bridge
(CWB)

Base-Flow Channel Width 1 Bridge
Length Upsireamn {(CWU)

feet

— feet

Bridge Length From (BW)
Abutment to Abutment

Number of Spans (SF}

—feet

Stope Of Channel in Vicinity
of Bridge Site {S)

feet/feet

Cutbank Presence {CB)
{None-1, Slight-2, Extensive-3)

Existing Scour Near Piers/Abutment (ES)

{None—1, Slight=2, Moderaie-3, Extensive—4)

Pier Type (1.2, 3,4, §, . . . see instructions)
(PT)
Angle of Flow Attack on pier (A) .

Maximum Pier Width (PW)
Low Steel To Bed Distance (LSTB)

Bed Material (BM)

Silt/Clay—4, Sand/Silt—4.5, Sand-5)

{Cobbles—1, Clay-2, Gravel-3, Sand/Gravel-4,

Information Entered Into Computer Program On

Entered By

Estimated Scour

Figure 12. Field and office data-collection sheet for multi-span bridge sites in linois.

Application of the Method
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Figure 13. U.S. Geological Survey stream-gaging stations in lilinois corresponding to flood frequency/exceedance data.
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Figure 14. County Road 2050 East single-span bridge over Flatville Drainage Ditch noar
Flatville, ill.

fiood-plain width. For very wide flood plains, an
effective flood-plain width that is some factor times
the length is recommended (fig. 8), especially when
levees or other distinguishing laterally controlling
features (for example, a valley wall) are absent. The
magnitude of the factor can vary as based on engineer-
ing judgement.

The base-flow channel width was measured
from the left descending bank water surface to the

right descending bank water surface with an engineer’s

steel tape. The base-flow channel width was 23 ft

at the bridge and 26 ft one bridge length upstream.
The abutment type, determined from bridge plans

and verified from the site visit, was a spill through..

A “1” was coded on the field sheet as specified in the
instructions, Diagrams of spill through and other
types of bridge abutments adapted from Matthai -
(1968) are shown in figure 9. No cutbanks were
noted after examining the streambanks both upstream
and downstream in the vicinity of the bridge, and “1”
was entered onto the field sheet in the Cutbank Pres-
ence category. The distance from the low steel of
the bridge to the average streambed of the main chan-
nel was measured at 11 ft with a steel tape. The
bed-material type was determined by collecting and
inspecting a sample of the streambed. By qualitative

inspection, the material was determined to be of a
sand/silt composition and a “4.5” value was entered
into the Bed Material category as specified in th
instructions. . '
Once all necessary data were collected, an esti-
mate of total scour was made utilizing the simplified
method. The 100-year flood discharge was not
known; therefore, methods outlined in Curtis (1987)

~ were applied, resulting in a 100-year flood discharge

estimate of 2,080 ft’/s. To estimate the total scour,
the predictor variable for both single-span envelope
curves (figs. 3 and 4) was calculated and a correspond-
ing total-scour estimate was determined from each of
the two curves as 5.7 ft, and 9.8 ft, respectively. The
minimum of these two values was used as the final
estimate of the total scour at this bridge site. Asa -
final check, all the bridge characteristics for the site
were in the acceptable range of values used to develop
the simplified method (see “Limitations of the
Method” section). In addition, the ratio of base-flow
channel width at the bridge to base-flow channel width
one bridge length upstream was (.88, which is greater
than the 0.5 limiting value described in the “Limita- -
tions of the Method” section. The ratio of base-flow
channel width at the bridge to the flood-plain width
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Data-Collection Sheet
Simplified Method for Bridge Scour Estimation
FOR USE WITH SINGLE-SPAN BRIDGES ONLY.

FELDPARTY__CJD A JTM  couny pate_5-17-95
Structure Number_4357 Feature Crossed_DRAINAGE DITCH
Facility Carried___ 2HOON Location. FLATVYILLE

TO BE COMPLETED IN THE FIELD OR

FROM TOPOGRAPHIC MAP
Flood-Plain Width For 100- Year Flood 37 feet
(FP'W)
Base-Flow Channel Width @bridge 25 foet
(CWB)
Base-Flow Channel Width 1 Bridge 26 feet
Length Upstream (CWLT)
Bridge Length From (BW) 67 feet
Abutmeni to Abutment
Abutment Type (AT) S
{Spill Through-1, Vertical With Wingwalls—2,
Vertical Without Wingwalls-3)
Cuthank Presence (CB) [

(None—1, Slight-2, Extensive-3)

Low Steel To Bed Distance (LSTB) 11.05 feet

Bed Material (BM) - 4.5

(Cobbles-1, Clay=2, Gravel-3, Sand/Gravel—,
Si/Clay—4, Sand/Sili—4.5, Sand-3)

Information Enterécl Into Computer Program On |0 - 26-95

Entered By__ (¢ 2 M

Estimated Soour 5.7 101'

Figure 15. Sample of a completed single-span field and office data-collection sheet for County Road 2050 East
bridge aver Flatville Drainage Ditch near Flatviile, IH. .
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was 0.62. This is greater than the 0.03 limiting value -
also described in the “Limitations of the Method”
section.

Multi-Span Bridges

Knowledge of all the bridge-site characteristics
on the field data sheet shown in figure 12 is required in
the application of the simplified method for multi-span
bridges. Once the bridge-site characteristics are
determined and listed on the field data sheet, the two
envelope curves for multi-span bridges should be used
to determine the estimated total scour at the bridge
site. The collection of the necessary multi-span
bridge characteristic data and determination of the
total-scour estimate are described in the following
example.

A multi-span bridge over the Embarass River
(fig. 16) was evaluated for this example. As in the
single-span bridge example, a topographic map of the
bridge site and associated watershed was reviewed in
the office before visiting the site. The drainage area
was 16 miZ and the slope in the vicinity of the bridge
was 0.00039 fft. In addition, the elevations and

thalweg distance needed for the 100-year flood

discharge computation (Curtis, 1987) were deter-

mined. The Rainfall Intensity and Geographic
Region values were determined from the graphs in
Curtis (1987).

At the bridge site, most of the other bridge-site
characteristics were determined and listed on the field
data sheet for multi-span bridges (fig. 17). For this
bridge site, flood-plain width for the 100-year lood
was estimated at 375 ft, which is three times the bridge
length (a judgement based on engineering experience).
This simplified estimate of the flood-plain width was.
used because the overbank area is very fiat resulting in

' ponded water in the approach fiood plain away from

the main channel.

The base-flow channel width was measured
from the left descending bank water surface to the-
right descending bank water surface with a steel tape.
The base-flow channel width was 49 t at the bridge
and 35 ft one bridge length upstream.  The ratio of
base-flow channel width at the bridge to base-fiow
channel width one bridge length upstream was 1.4,
which meets the established criterion requiring this
value to be greater than 0.5 for the simplified method

Figure 16. County Road 300 North muti-span bridge over the Embarras River near

Pesotum, IIk.
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Data-Collection Sheet
Simplified Method for Bridge Scour Estimation
FOR USE WITH MULTI-SPAN BRIDGES ONLY

FIELD PARTY \J LY County, Date 5-3|-45
Structure Number_H18Y Feature Crossed Embatross  Rivenr
Facility Carried_County Road 300N Location County Rood 300N [HOOE
TO BE COMPLETED IN THE FIELD OR
FROM TOPOGRAPHIC MAP

Flood-Plain Width For 100-Year Flood 375 feet

(FPW)

Base-Flow Channel Width @bridge Y9 feet

(CWB)

Base-Flow Channel Width 1 Bridge feet

Length Upstream (CWU)

Bridge Length From (BW) 125 feet

Abutmoent to Abutment

Number of Spans (SP) A

Slope Of Channel in Vicinity 000039 foerfeet

of Bridge Site (S)

Cutbank Presence (CB) __..Q

(None-1, Slight-2, Extensive—3)

Existing Scour Near Picrs/Abutment (ES) 1 )
{None-1, Slight-2, Moderate—3, Extensive—4)

Pier Type (1,2,3,4,5,...see instructions) |

(FT)

Angle of Flow Attack on pier (A) 0
Maximum Pier Width (PW) 2,05  feet
Low Steel To Bed Distance (LSTB) 1.0 feet
Bed Material (BM) 4

{Cobbles—1, Clay-2, Gravel-3, Sand/Gravel4,
Silt/Clay—4, Sand/Silt—4. 5, Sand-5)

Information Entered Into Computer Program On_10 — 26-95

Entered By (%, R0, b
Bstimated Scour_ 24.793 ft

Figure 17. Sample of a completed multi-span fisld and office data-collection sheet for County Road 300 North bridge
over the Embarras River near Pesctum, lli.
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1o be valid.
nel width at the bridge to flood-plain width was 0.13,
which also meets a pre-established criterion that the .
ratio must be greater than 0.03. '

The length from abutment to abutment for the
bridge over the Embarrass River was 125 ft. The
bridge contained three spans as two piers are present.
Both piers have square noses, which are coded on the
field sheet as a type 1 pier (see fig. 8D). The angle of
attack of the flow on the bridge piers was determined
to be zero degrees as the flow lines for a flood appear
to be parallel to the length of the bridge piers. The
width of each pier was 2.25 ft. If the piers had differ-
ent widths, the larger pier would have been entered on
the field data sheet. The distance from the low steel
of the bridge to a mean streambed was measured with
a steel tape at 11.1 ft.  The location of the representa-
tive streambed is subjective, but generally should
equal the average streambed elevation for the main
channel.

Examining the streambanks both upstream and
downstream in the vicinity of the bridge, small local-
ized cutbanks were noted. A “2” was coded onto
the field sheet in the Cutbank Presence category to
indicate that slight cutbanks were present at the site.
No scour was noticeable at either the piers or the
abutments. Therefore, a “1” was coded in the
Existing Scour Near Piers/Abutments category.

The bed material type was determined by collecting
and inspecting a sample of the streambed. By quali-
tative inspection, the material was determined to be
of a silt/clay composition and a “4” value was entered
into the Bed Material category as specified in the
instructions.

Once all the necessary data were collected, an
estimate of total scour was made utilizing the simpli-
fied method. The 100-year flood discharge was not
known; therefore, to determine this value, methods
outlined in Curtis (1987) were used to compute a value
of 1,770 f/s. Examining the simplified-method
envelope curves 1 and 2 for multi-span bridges in
figures 5 and 6, the predictor variable for each enve-
lope curve was calculated and a corresponding total-
scour estimate was determined from both of these
curves at 27.8 ft and 24.8 ft; respectively. The mini-
mum of these two values (24.8 ft) is the final estimate
of the total scour at this bridge site.

In addition, the ratio of base-fiow chan-

Computer Program ILSCOUR

The computer program ILSCOUR.EXE can be
applied to compute 100-year flood discharge and for
estimating the total-streambed scour (combination of
contraction and pier scour only) resulting from the _
500-year flood at the bridge site.  If the Windows?
software package is utilized, the first data entry page
of the ILSCOUR.EXE program is shown in figure 18.
Following are instructions to use the Windows version
of ILSCOUR.EXE.

1. After invoking the program in Windows, using .
the right mouse button, click on either the Single-
Span Bridge or Multi-Span Bridge button _
(fig. 18). If Multi-Span Bridge is sclected, the
user will see the screen shown in figure 19.

2. Using the mouse, position the cursor next to each
highlighted category, click, and type in the neces-
sary data. '

3. If the 100-year discharge is known, then type in
the value, otherwise click on Calculate Discharge
and the screen shown in figure 20 will appear.
From. this screen (fig. 20) click on either Rural
Method (method from Curtis (1987) for ungaged
basins) or Urban Method (fig. 21} (methods from
Allen and Bejeek (1979) for ungaged basins in
northeastern Illinois). NOTE/WARNING:
The ILSCOUR.EXE program only computes the

- 100-year discharge based on the Site on Ungaged
Stream method in Curtis (1987). I the site is at
or near a gage location, consult Curtis (1987) for
appropriate methodology. In addition, applica--
tion of methods outlined in Allen and Bejeek
(1979) sometimes result in a smaller 100-year
discharge estimate than methods from Curtis
(1987). The Rainfall Intensity and Regional
Factor categories can be presented in a map if the
user desires by clicking on the Show Rﬁgions or
Show Intensities button.

4. Single-span bridges, click on the down arrow for
choices of Abutment Type, Cutbank Presence, and
Bed Material categories.

Multi-span bridges, click on the down arrow for
choices of Cutbank Presence, Pier Type, Existing
Scour Presence, and Bed Material categories.

2i¥s¢ of trade names in this report is for identification
purposes only and does not constitute endorsement by the
U.S. Geological Survey.
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5. After all categories have been filled in; click on
the Calculate Scour button.  The estimate of total
“scour will be near the bottom right of the window.
6. To save the input data and results to a computer
fite, click the Save Data button.  An example
output from ILSCOUR for the single-span bridge
example previously presented is shown in
figure 22. : :

If the Windows software package is not utilized,
the following are instructions for nse in the Disk Oper-
ating System (DOS) mode.

1. Type ILSCOUR at the DOS prompt. This will
invoke the ILSCOUR program.

2. 'The 100-year fiood discharge is not computed
in the DOS version of ILSCOUR,; therefore, the
100-vear fiood discharge must be computed by
another means before using the program.

3. At each prompt, enter the requested inputio -
compute the total-scour estimate.

SUMMARY AND CONCLUSIONS

A simplified scour estimation method was
developed by the U.S. Geological

Survey (USGS), in cooperation with the Hinois
Department of Transportation, for application to local
agency bridges in Illinois. Data from 213 State high-
way bridges, previously analyzed {or total-scour
estimates with conventional methods, were utilized to
empirically develop 500-year flood total-strearnbed
envelope curves. The State highway bridges were
selected on the basis of geographic distribution and
similarity to local agency bridges. A separate verifi-
cation data set of 106 State highway and 15 county
highway bridges was used to verify the simplified
method. The method consists of determining predic-
tor variables (combinations of bridge-site characteris-
tics) used to estimate the total scour from each -
applicable envelope curve for a bridge site. Two
envelope curves are applicable for single-span bridges
and two curves are applicable for multi-span bridges.
The minimum of the total-scour estimates from the
applicable envelope curves provides an estimate of the
500-year flood total scour.  Verification proved suc-
cessful with the simplified scour-estimation method,
underestimating the conventional scour-estimation
method on only five bridges in the verification data

ILSCOUR QUTPUT

Single Span Structure

Drainage Area

100-Year Discharge 2082.933 cfs

| Floodplain width 37 feet
Channel Width at Bridge 23 feet
Channel Width Upstream 26 feet
Bridge Length 67 feet
Low Steel to Bed Distance 11.05 feet
Bed Material Sand/8ilt
Cutbank Presence None

abutment Type

s1 5.695 feet
52 9.772 feet

Estimate of Teotal Scour 5,695 feet

scour Project - Illinois District, U.S. Geological Survey, WRD

Stream: Flatville Drainage Ditch near Flatville, Illinois

Bridge Number and Location: Structure 4357, County Road 2050E

10.75 square miles

~ 8pill Through

Figure 22. Sample ocutput from the comptter program ILSCOUR for estimating total-streambed scour at bridge sites in

llinois.
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Application of the simplified scour-estimation
method requires less field and office time than with the
conventional scour-estimation method. The bridge-

site characteristics needed to apply the method can -

be obtained from an office review of bridge plans,
USGS 7.5-minute topographical maps, and a brief site
inspection. The simplified method has been demon-
strated to be conservative in estimation of the 500-year
flood total scour when compared to conventional esti-
mates of total scour. The simplified method,
conservative in estimating the 500-year flood total-
streambed scour, can be utilized in estimating total
scour for a large number of bridges without perform-
ing the more complex conventional hydraulic and
scour computations. This facilitates screening of
bridge sites so that the more detailed conventional
analysis is only applied to more complex and problem
sites. A computer program (ILSCOUR) was written
to automate the application of the simplified method.
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