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CONVERSION FACTORS AND VERTICAL DATUM

Multiply By To obtain

inch (in.) 25.4 millimeter

foot (ft) 0.3048 meter

mile (mi) 1.609 kilometer

square mile (m?) 2.590 square kilometer

cubic foot (ft%) 0.02832 cubic meter

cubic foot per second (ft¥/s) 0.02832 cubic meter per second
foot per mile (ft/mi) 0.1894 meter per kilometer

Sea level: In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929 (NGVD of
1929)--a geodetic datum derived from a general adjustment of the first-order level nets of both the

United States and Canada, formerly called Sea Level Datum of 1929.

CONVERSION FACTORS AND VERTICAL DATUM ix



SYMBOLS

a--A coefficient based on the ratio of the shear velocity (u«) to the fall velocity (w) in the uncontracted
channel.

a U/ ® Mode of bed-material transport

0.25 <0.5 Mostly contact bed-material discharge
1.00 0.5-2.0 Some suspended bed-material discharge
2.25 >2.0 Mostly suspended bed-material discharge

Ae--Cross-sectional area of the flow obstructed by the embankment.
b--Width of the bridge pier.

b'--Width of the bridge pier projected normal to the approach flow.
b' = beos (a) + Lsin (a) .

B --Bottom width of the contracted section.
B u--Bottom width of the uncontracted or approach section.

dm--Mean grain size of the bed material.

dgo--Median grain size of the bed material. (Qe)
A

F o --Froude number of the flow defined as F = ¢
gy,

F o~-Froude number of the flow just upstream from the pier or abutment.

1%
F_--Pier Froude number, defined as, ——.
P 0 Jgb

fb --Bed factor, defined as, —)7
g--Acceleration of gravity.

K--A coefficient that is a function of boundary geometry, abutment shape, width of the piers, shape of
the piers, and the angle of the approach flow. On the basis of numerous model studies, Ahmad
(1962) suggested that, for calculation of scour at piers and abutments, the coefficient should
be in the range of 1.7 to 2.0. For this investigation, it was assumed to be 1.8.

K_,-A coefficient based on the geometry of the abutment (1.0 for a vertical abutment that has square
or rounded corners and a vertical embankment, 0.82 for a vertical abutment that has
wingwalls and a sloped embankment, and 0.55 for a spill-through abutment and a sloped
embankment).

Kg,-A coefficient based on the shape of the pier nose (table 2).

Kgo—-A coefficient based on the shape of the pier nose; 1.0 for cylindrical piers and 1.4 for rectangular
piers.

x HISTORICAL AND POTENTIAL SCOUR AROUND BRIDGE PIERS AND ABUTMENTS OF STREAM CROSSINGS IN INDIANA



K --A coefficient based on the shape of the pier nose; 1.1 for square-nosed piers, 1.0 for circular- or
round-nosed piers, 0.9 for sharp-nosed piers, and 1.0 for a group of piers.

K,--A coefficient based on the ratio of the pier length (L) to pier width (b) and the angle of the
approach flow referenced to the bridge pier.

Angle L/b=4 L/b=8 L/b=12

0 1.0 1.0 1.0
15 1.5 2.0 2.5
30 2.0 2.5 3.5
45 2.3 3.3 4.3
90 2.5 3.9 5.0

Kg--A coefficient based on the inclination of an approach roadway embankment to the direction of the

flow,
0.13
K, = (—).
g = ( 90)

K ; —A coefficient based on the angle of the approach flow referenced to the bridge pier (fig. 25).
L--Length of the bridge pier.
[--Length of an abutment, defined as, A e/ Yoa:
l,.-Effective length of an abutment.
l,,--Abutment and embankment length measured at the top of the water surface and normal to the

side of the channel from where the top of the design flood hits the bank to the other edge of the

abutment (Richardson and others, 1991, p. B-7).

n --Manning’s roughness coefficient for the part of the contracted channel represented by the
specified bottom width.

n u--Manning’ s roughness coefficient for the part of the uncontracted or approach channel represented
by the specified bottom width.

g--Discharge per unit width just upstream from the pier.

a, .—-Discharge per unit width in the main channel.

@ —Discharge.

Q,--Discharge in the part of the contracted channel represented by the specified bottom width.

Qe --Discharge obstructed by the embankment.

SYMBOLS xi



@, --Discharge in the part of the uncontracted or approach channel represented by the specified
bottom width.

r--A coefficient used to relate scour in a long contraction to scour at an abutment or pier.
Vb

R » --Pier Reynolds number, defined as, -;;.

S--Dimensionless slope of the energy grade line near the bridge.

u 4 --Shear velocity, defined as, m .

V--Average velocity of the section.

V,--Velocity of the approach flow just upstream from the bridge pier or abutment.

y--Average depth of the section.

¥y -Average depth of flow at the bridge.

y.--Average depth of flow in the contracted channel.

¥ .o ~-Depth of abutment scour, including contraction scour.

¥ ,--Depth of flow just upstream from the bridge pier or abutment, excluding local scour.

¥ ,q--Depth of flow at the abutment.

yp--Depth of flow at the bridge pier, including local pier scour.

2 1/3
¥ ,--Regime depth of flow, defined as, (q_) .

T
¥¢q --Depth of abutment scour below the ambient bed.
¥¢.--Depth of contraction scour below the reference bed level.
Ysp --Depth of pier scour below the ambient bed.
y,-—-Average depth of flow in the uncontracted channel.
T, --Critical shear stress.
10’ --Boundary shear stress of the approach flow associated with the sediment particles.
w--Fall velocity of the median grain size of the bed material.

v--Kinematic viscosity of water.

o--Angle of the approach flow referenced to the bridge pier, in degrees.
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0--Angle of inclination of an embankment to the flow, in degrees; 6 < 90° if the embankment points
downstream.

0--A coefficient based on the shape of the pier nose; 1.3 for square-nosed piers, 1.0 for round-nosed
piers, 0.7 for sharp-nosed piers.

SYMBOLS xiii
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HISTORICAL AND POTENTIAL SCOUR AROUND
BRIDGE PIERS AND ABUTMENTS
OF SELECTED STREAM CROSSINGS IN INDIANA

By David S. Mueller, Robert L. Miller, and John T. Wilson

ABSTRACT

Historical scour data were collected by means
of geophysical techniques and used to evaluate the
scour-computation procedures recommended by
the U.S. Federal Highway Administration and 12
other published pier-scour equations. Geophysical
datawere collected with a ground-penetrating radar
system and a tuned transducer at 10 bridges in
Indiana. Data obtained from soil-boring logs from
the bridge-construction plans and by probing with a
steel pipe were used to support the geophysical
data. The approximate location and depth of
subsurface interfaces indicating possible scour
holes were identified at nine sites. These
geophysical data were used to evaluate 13
pier-scour equations. For this comparison, it was
assumed that the historical scour measured by use
of geophysical techniques was associated with the
peak historical discharge. The hydraulic conditions
for the peak historical discharge were estimated by
use of the Water-Surface Profile (WSPRQ)
computation model. Because the geophysical data
were not sufficient to map the lateral extent of the
refilled scour hole, local scour could not be
separated from contraction scour. For the
evaluation, the results of the contraction and
pier-scour equations were combined to determine a
computed bed elevation, which was compared to
the minimum historical bed elevation at the
upstream end of the piers estimated from the
geophysical data. None of the pier-scour equations
accurately represented the historical scour at all of
the study sites. Only 3 of the 13 pier-scour
equations commonly produced results that were
grossly different from the historical data. On the
basis of the limited data presented, the Federal
Highway Administration procedures provided a
combination of accuracy and safety, required by
design equations, equal to or better than the other
equations evaluated.

The potential scour resulting from the
100-year and 500-year peak discharges was
computed according to the procedures
recommended by the Federal Highway

Administration. At two bridges, the procedures
overpredicted historical scour by more than 10 feet,
and at two other bridges, the procedure
underpredicted historical scour by more than 5 feet;
therefore, the potential-scour computations need to
be verified by additional data and sediment-
transport modeling. Computed abutment scour
appeared to be excessive at about half of the sites;
however, current Federal Highway Administration
guidance suggests protection of abutments by
riprap and, where appropriate protection is
provided, abutment scour need not be computed.

INTRODUCTION

Scour of the streambed in the vicinity of
bridge piers and abutments during floods has
resulted in more bridge failures than all other
causes in recent history (Murillo, 1987). The 1-29
bridge over the Big Sioux River in Iowa failed
because of scour in 1962, as did the 1-64 bridge
over the John Day River in Oregon in 1964. In
1985, 73 bridges were destroyed or damaged by
scour resulting from floods in Pennsylvania,
Virginia, and West Virginia. In 1987, 17 bridges
in New York and New England were damaged or
destroyed by scour, including the New York State
Thruway bridge spanning Schoharie Creek that
resulted in the loss of 10 lives (Harrison and
Morris, 1991, p. 210). In 1989, eight people were
killed when the U.S. Route 51 bridge over the
Hatchie River in Tennessee failed because of a
lateral shift of the stream. In 1990, the Troy
Avenue bridge over Buck Creek near
Indianapolis, Ind., failed because of scour of the
streambed. Consequently, damage to bridges
resulting from scour of the streambed is a serious
problem of national concern.

The U.S. Federal Highway Administration
(1988) recommended that, “Every bridge over an
alluvial stream, whether existing or under
design, should be evaluated as to its vulnerability
to floods in order to determine the prudent
measures to be taken for its protection.” More
than 35 equations for the prediction of scour

INTRODUCTION 1



around bridge piers, a significant number of
abutment-scour  equations, and  several
contraction-scour equations are published in the
literature. Nearly all of these equations are
empirical and are based on laboratory data
collected by use of flumes with uniform
cohesionless bed materials under steady-flow
conditions. Minimal data have been collected to
verify the applicability and accuracy of these
equations for the range of soil conditions,
streamflow conditions, and bridge designs that
exist throughout the United States (Richardson
and others, 1991). Anderson (1974) showed that,
for identical conditions, the scour predicted by
different pier-scour equations can vary by a
factor of 6 or greater. The U.S. Federal Highway
Administration (FHWA) has published two
Hydraulic Engineering Circulars (Richardson
and others, 1991; Lagasse and others, 1991) that
provide guidance for evaluating scour and stream
instabilities at highway stream crossings.
Richardson and others (1991, p. 23) recommend
that--

Adequate consideration must be given
to the limitations and gaps in existing
knowledge when wusing currently
available formulas for estimating
scour. The designer needs to apply
engineering judgment in comparing
results obtained from scour computa-
tions with available hydrologic and
hydraulic data to achieve a reasonable
and prudent design. Such data should
include:

a. Performance of existing structures
during past floods,

b. Effects of regulation and control of
flood discharges,

c. Hydrologic characteristics and flood
history of the stream and similar
streams, and

d. Whether the bridge is structurally
continuous.

Therefore, to improve the accuracy of scour
computations at a site, existing equations need to
be evaluated and the results compared to field
measurements at sites with similar hydraulic
and geotechnical conditions. Before this study, no
published data were available to assess the
applicability of existing scour equations to
hydraulic and geotechnical conditions at bridge
sites in Indiana. Because scour holes often refill

after the passage of a flood, simple bed surveys
are not sufficient to determine the depth of scour
holes that formed during previous floods.
Geophysical techniques such as ground-
penetrating radar and continuous high-
resolution subbottom seismic profiling must be
used to delineate the scour hole formed by a
previous flood. To verify the FHWA procedures
for use in Indiana, the U.S. Geological Survey, in
cooperation with the Indiana Department of
Transportation, evaluated the existing published
equations to provide information on 10 bridge
sites.

Purpose and Scope

This report provides an evaluation of
techniques for measuring historical scour,
assesses the ability of selected published
scour-computation procedures to duplicate the
measured historical scour, and presents
estimates of potential scour resulting from the
100- and 500-year floods. This information will
assist the Indiana Department of Transportation
(INDOT) and the FHWA in making decisions
about the safety of the selected bridges and
determining if the procedures used in this study
are efficient and reliable for future bridge-scour
investigations in Indiana.

Acknowledgments

The technical assistance and review
provided by John Pangallo of INDOT is greatly
appreciated.

DESCRIPTION OF SITES

Ten sites were selected from a list of
potential sites provided by INDOT. The sites
were selected to represent different geographic
regions and a wide range of drainage areas
within Indiana (fig. 1). The description of bed
material is based on the sediment grade scale
shown in table 1.

Bridge 24-91-3731A, U.S. Route 24
over Tippecanoe River at
Monticello, Ind.

This study site (fig. 2), which drains
1,768 mi?, is in White County, approximately 75
mi northwest of Indianapolis (fig. 1). The site is

2 HISTORICAL AND POTENTIAL SCOUR AROUND BRIDGE PIERS AND ABUTMENTS OF STREAM CROSSINGS IN INDIANA
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Figure 1. Location of study sites.
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Table 1. Sediment grade scale
[Modified from Lagasse and others, 1991, p. 11]

Size Sieve number
US. #

Millimeters Micrometers Inches Tyler  standard Class
4,100 -2,000 - 160 -80 - - Very large boulders
2,000 -1,000 - 80 -40 - -- Large boulders
1,000 - 500 - 40 -20 -- - Medium boulders

500 - 250 - 20 -10 - -- Small boulders
250 - 130 - 10 -5 - -- Large cobbles
130 - 64 - 5 -25 - - Small cobbles
64 - 32 - 25 -13 - - Very coarse gravel
32 - 16 - 13 - .6 -- - Coarse gravel
16 - 8 - 6 -.3 2.5 - Medium gravel
8 - 4 - 3 -.16 5 5 Fine gravel
4 - 2 - .16 - .08 9 10 Very fine gravel
200 - 1.00 2,000 -1,000 - 16 18 Very coarse sand
1.00 - 50 1,000 - 500 - 32 35 Coarse sand
.50 - 25 500 - 250 -- 60 60 Medium sand
25 - 125 250 - 125 -- 115 120 Fine sand

125 - 062 125 - 62 -- 250 230 Very fine sand

062 - .031 62 - 31 -- Coarse silt

031 - .016 31 - 16 -- Medium silt

.016 - .008 16 - 8 -- Fine silt

.008 - .004 8§ - 4 -- Very fine silt

004 - .0020 4 - 2 - Coarse clay

.0020 - .0010 2 -1 - Medium clay

.0010 - .0005 1 - 5 - Fine clay

.0005 - .0002 5 - 24 - Very fine clay
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in a commercially developed urban area; the
topography of the basin is gently rolling, and
land use is predominantly farmland. The
channel at the study site is deeply entrenched in
a narrow valley. The bridge is between Lake

Shafer (upstream) and Lake Freeman
(downstream). Both lakes are operated solely for
water supply and recreation with no

flood-control objectives; however, peak flows may
be partially attenuated.

The channel approaching the bridge is
fairly straight and directs flow through the
bridge parallel to the piers. The approach is well
developed; a retaining wall and boat docks are
along the left bank. The overbank is a gravel
parking lot and boat-storage area. The right
bank is protected with large boulders, and the
overbank consists of mowed grass and paved
parking lots. The downstream right bank is
natural, with trees and brush on the overbank.
Boat docks have been built along the
downstream left bank, which is unprotected; the
overbank is mowed grass. All the banks appear
to be stable. The bed material was not visible;
however, soil-boring logs from the bridge plans
indicate that the bed material is mostly sand
and gravel (fig. 3).

Bridge 32-18-5441A, S.R. 32 over
Buck Creek at Yorktown, Ind.

This study site (fig. 4), which drains
100 mi?, is in Delaware County, approximately
45 mi northeast of Indianapolis (fig. 1). The site
1s in an urban area consisting of commercial
structures and residences. The basin is gently
rolling and drains cultivated and urban areas.

The channel in the vicinity of the bridge is
dredged. The flood plain just upstream from the
bridge is approximately the same width as the
bridge opening; therefore, a constriction does not
exist at the bridge. Below the bridge, the widen-
ing valley allows some expansion. The channel
approach to the bridge is straight; however, the
channel curves approximately 30° to the left 500
ft downstream from the bridge. The low-water
control is a series of gravel riffles; the medium
and high-water control is the channel. The
channel slope measured from the USGS Muncie
West quadrangle map is 0.0024 ft/ft.

The banks upstream are covered with
small trees and brush. The banks downstream
are covered with grass and weeds. All banks
appear to be stable. The highway plans did not
provide soil-boring logs at this site but, based on
observation, the bed material is sand, gravel,
and small boulders.

Bridge 41-26-3917C, U.S. Route 41
over White River near Hazleton, Ind.

This study site (fig. 5), which drains
11,305 mi?, is on the Knox and Gibson County
line, approximately 120 mi southwest of
Indianapolis (fig. 1). The topography at the site
is hilly with a wide flood plain, and land use is
predominantly agricultural. The basin drains
parts of central and east-central Indiana and
much of southern Indiana, where the topography
and land use range from rolling farmland to hilly
forested areas. Several metropolitan areas are
within the basin, including Indianapolis,
Anderson, Bloomington, Columbus, and Bedford.
Two flood-control reservoirs are within the basin:
Cagles Mill Reservoir, draining 293 mi? and
Monroe Reservoir, draining 432 miZ.

The channel is fairly straight 0.5 mi
upstream and downstream from the bridge, and
flow through the bridge is parallel to the piers.
The right bank is stable. The left bank, a vertical
clay bank devoid of vegetation in many places,
has slumped into the channel. Both banks are
tree lined. The overbanks are cultivated fields.
The channel slope measured from the USGS
Iona, Union, Patoka, and Decker quadrangle
maps is 0.00014 ft/ft. Although the bed material
was not visible, soil-boring logs from the bridge
plans indicate that the bed material is most
likely sand (fig. 6).

Bridges 1-74-114-4192B Eastbound
and Westbound, I-74 over Big Blue
River near Shelbyville, Ind.

This study site (fig. 7), which drains
314 mi2, is in Shelby County, approximately 25
mi southeast of Indianapolis (fig. 1). Two bridges
are at this site, a westbound bridge upstream
from an eastbound bridge. The basin and the site
are best characterized as gently rolling
farmland.

DESCRIPTION OF SITES &
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Boring No 2- Boring No 4 -
Station 14+09 Station 17+05
Offset 35° Lt Offset 27" Rt
Surface Elevation 610.2 Surface Elevation 6102
NUMBER NUMBER
ELEVATION DEPTH| OF DESCRIPTION ELEVATION DEPTH} OF DESCRIPTION
BLOWS BLOWS
610.5 0 Water Surface 6105 0 Water Surface
2 2
4 4
6 Sand and Gravel 6
Sand and Gravel
8 8
10 10
598.5 12 598.2 12

Figure 3. Soil-boring logs, U.S. Route 24 over Tippecanoe River at Monticello, Indiana (taken from Indiana
State Highway Commission, 1947, Bridge plans, sheet 4).

The low-water channel curves sharply to
the left 400 ft upstream from the upstream
bridge and flows through the bridge openings at
a skew of 30°. A low-water island has formed
between the bridges. The channel makes a
gradual curve to the left just downstream from
the downstream bridge. Along the downstream
right bank is an earth levee that is parallel to
the right abutment.

The upstream banks, which are steep and
partly bare of vegetation, have slumped into the
channel. Both upstream banks are unstable. The
low-water control is a series of gravel riffles. The
high-water control is the channel and levee on
the right bank. The upstream overbanks are
predominantly cultivated with a wooded area
along the channel. Both downstream banks are
wooded and appear to be stable. The area behind
the levee consists of a cultivated field and a
gravel pit. The channel slope measured from the
USGS Shelbyville quadrangle map is 0.0012
ft/ft. On the basis of observation, the bed
material is predominantly sand to coarse gravel,
with occasional cobbles or boulders. Soil-boring
logs from the highway plans are shown in

figure 8.

Bridges 1-74-170-4684A and
1-74-170-4684JA, 1-74 over
Whitewater River near
Harrison, Oh.

This study site (fig. 9), which drains 1,344
mi2, is in Dearborn County, approximately 80 mi
southeast of Indianapolis (fig. 1). Two bridges
are at this site, a westbound bridge upstream
from an eastbound bridge. The banks are steep,
and surrounding land is hilly and predominantly
forested. The Whitewater River valley is
approximately 0.75 mi wide, and the flood plain
is cultivated in most areas. The basin is
characterized by hilly forests to rolling
farmlands. A large multipurpose reservoir,
Brookville Reservoir (operated since January
1974), drains 389 mi? of the basin.

The low-water channel is near the left
bank; pier 6 of the downstream bridge and pier
15 of the upstream bridge are in this channel
(fig. 9). Pier 5 of the downstream bridge and pier
14 of the upstream bridge are on a gravel bar
above the low-water channel. Logan Creek,
which drains 13.2 mi2, flows into the Whitewater
River from the right bank between the study
bridges. Logan Creek approaches at a 30° angle,
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Boring No 3 Boring No 4

Station 515+17.75 Station 516+73.50
Offset 25’ Lt Offset 25’ Rt
Surface Elevation 390.0 Surface Elevation 380.0
NUMBER NUMBER
ELEVATION |DEPTH OF DESCRIPTION ELEVATION |DEPTH OF DESCRIPTION
BLOWS BLOWS
390.0 0 Water Surface 390.0 0 Water Surface
2 2
4 4
6 6 10° Water
8 8
10 380.0 10
14’ Soft sandy
12 Clayey silt 12
376.0 14 1 o
5" very dense well 10’ Fine to coarse
16 graded sand trace 16 sand, traces of
of silt and fine gme gravel,
18 gravel 18 ense
371.0 370
20 20
22 22
2 42’ Very dense well 2 21’ Medium to coarse
26 graded sand, trace 26 sand, traces of fine
of fine gravel gravel, dense
28 28
30 30
32 32
34 34
36 36
38 38
40 349.0 40
42
44
46
48
50
52
54
56
58
329.0 60

Figure 6(a). Soil-boring logs, U.S. Route 41 over White River
near Hazleton, Indiana (taken from Indiana State Highway
Commission, 1958, Bridge plans, sheet 10).

10 HISTORICAL AND POTENTIAL SCOUR AROUND BRIDGE PIERS AND ABUTMENTS OF STREAM CROSSINGS IN INDIANA



Boring No § Boring No 6

Station 518+29.25 Station 519+85.00
Offset 25° Lt Offset 25’ Rt
Surface Elevation 379.0 Surface Elevation 389.0
NUMBER NUMBER
ELEVATION [DEPTH OF DESCRIPTION ELEVATION DEPTH OF DESCRIPTION
BLOWS BLOWS
390.0 0 Water Surface 390.0 0 Water Surface
1" Water
2 387.0 2 2° Bm moist silt traces of clay
4 4
6 6
11’ Water
8 8 8 Loose fine to med
sand little silt
379.0 10 379.0 10
12 12
14 10’ Fine to medium 14
dense sand
16 16
18 18
369.0 20 20
22 22
24 24
26 26 22" Well graded medium
dense sand with
28 28 traces of small
vel
30 30 -
32 357.0 32
34 34
36 36
31’ Fine to medium
38 sand, trace of 38
fine gravel,
40 dense 40
42 42
44 44
46 46
48 48
50 50
338.0
52 52
54 54 29’ Well graded
dense sand
56 10" Blue shale 56
very soft,
58 decomposed 58
60 60
328 3280

Figure 6(b). Soil-boring logs, U.S. Route 41 over White River near Hazleton, Indiana
(taken from Indiana State Highway Commission, 1958, Bridge plans, sheet 10).
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and most high flow appears to enter the bridge
opening between pier 14 on the upstream bridge
and pier 4 on the downstream bridge.

The low-water control is a cobble riffle
approximately 200 ft downstream from the
downstream bridge. The high-water control is
the channel. The channel slope measured from
the USGS Harrison, Ohio-Indiana quadrangle
map is 0.0020 ft/ft. The channel is fairly straight
upstream from the bridge opening but bends
gradually to the left downstream from the
bridge. The banks are covered with trees and
brush and appear to be stable. The left bank in
the vicinity of the bridge is protected by large
limestone blocks. On the basis of observation,
the bed material is predominantly small cobbles
with sand and gravel. Soil-boring logs from the
highway plans are shown in figure 10.

Bridge 231-37-4980, U.S. Route 231
over Kankakee River near
Hebron, Ind.

This study site (fig. 11), which drains
1,646 mi2 (of which 201 mi? are noncontri-
buting), is on the Porter and Jasper County line,
approximately 110 mi northwest of Indianapolis
(fig. 1). The study site is characterized by flat
farmland. The basin is flat to gently rolling and
is predominantly cultivated.

The channel is dredged and straight; spoil
banks function as levees along both sides. Both
banks are covered with trees and brush. The
bridge spans from levee to levee; therefore, the
bridge does not contract the flow. The channel
slope measured from the USGS Kouts, Hebron,
Demotte, and Shelby quadrangle maps is
0.00019 ft/ft. On the basis of observation, the bed
material is predominantly sand; however, some
construction debris (broken concrete with
reinforcing steel) is visible along the right side of
the,upstream nose of pier 3 (fig. 11). Soil-boring
logs from the highway plans are shown in
figure 12,

Bridge 45-19-995D, U.S. Route 231
over East Fork White River near
Haysville, Ind.

This study site (fig. 13), which drains
5,558 mi?, is on the Dubois and Martin County
line approximately 110 mi southwest of
Indianapolis (fig. 1). The banks are steep, the
flat flood plain is approximately 0.5 mi wide, and
the surrounding topography is hilly. The banks
and hills are mostly forested, and the flood plain
is cultivated.

The basin drains the east-central part of
Indiana, where the topography and land use
range from rolling farmland to hilly forested
areas. Monroe Reservoir, operated as a multi-
purpose facility for water supply, recreation, and
flood control, is within the basin. Monroe
Reservoir regulates the flow from 432 mi? of the
drainage basin.

The channel curves to the right as it enters
the bridge opening and flows through the
opening at a 25° skew to the bridge and piers.
Both banks are covered with trees and brush
and appear to be stable. The channel slope
measured from the USGS Rusk, Alfordsville,
Jasper, Glendale, and Sandy Hook quadrangle
maps is 0.000097 ft/ft. On the basis of observa-
tion, the bed material is sand to medium gravel.
Soil-boring logs were not available for the main
channel.

Bridge 258-36-4912, S.R. 258 over
East Fork White River near
Seymour, Ind.

This study site (fig. 14), which drains
2,347 mi?, is in Jackson County, approximately
60 mi south of Indianapolis (fig. 1). The study
site is characterized by rolling farmland and a
flat flood plain approximately 5 mi wide. The
basin drains the east-central part of Indiana,
where topography and land use range from
rolling farmland to hilly forested areas.

Within the valley, two relief bridges are in
swales in the left overbank. In the right
overbank, a relief bridge is in a swale, and the
Indian Creek bridge also functions as a relief
bridge. If the flow is high enough, water can
escape through Beatty Walker Ditch and White
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Boring No 10D

Boring No 10E

Station 40+92

Station 42+72

Offset 42" Lt

Offset 42" Lt

Surface Elevation 511.5

Surface Elevation 533.2

| ‘NUMBER ' NUMBER ‘
ELEVATION DEPTH, OF DESCRIPTION |ELEVATION |DEPTH OF i DESCRIPTION
| ! BLOWS ; BLOWS |
[ . i
\ 535 0 Water Surface 335 0 ‘ . Water Surface
i 533.2 ! 1.8 Water
2 2 ‘
| w 531.2 ‘ 2" Black organic top soil:
4 a 4
; 6 ! ! 6 6
| ‘ ¢ 5.5" Brown moist soft
8 i r 325.7 8 sandy silt
1
10 10
26
12 !
12 235
14 10.5" Brown moist medium ;
14 . dense fine to coarse |
U1 sand with some tine !
16 I to medium gravel
59
18 w P18
a 515.2 o ! :
20 t i 20 ;
e 22 |
22
5115 r o
2% %
5 E 26 ‘ - 9.0" Brown wet medium|
L dense fine to medium
( P18 28 26 gravel with some
28 506.2 coarse sand
1
1 © 30 . . 30 i
i h 10" Light brown fine to
! 3 j coarse sand to med. 32
C 5015 50  gravel 38
34 ' o
36 36 |
i 55 |
| 38 5
L8y |
40 i 40 15" Brown wet fine to
| 1 61 i coarse sand with a
42 | 4512 = l trace of fine gravel
33 11" Light brown very | : a4 .
490.5 a4 fine sand . i 45 Brown wet dense fine
= T T 46 o coarse sand with
46 | ! 64 some fine gravel and
k 60 486.7 48 trace of silt
48
} 50 NOTE: Number of blows indicate
57 ' blows required to drive a 2"
52 O.D. split spoon sampler
| to a depth of 6" by a 140 Ib.
54 hammer falling 30 inches.
i
56
84
58 :
60 ']9’ Light brown fine to ,
coarse sand and fine
& to medium gravel
4715 51 with trace of silt
64
68
70 80
; | 11’ Light brown fine to
T2 coarse sand and fine
| ! 0 to medium gravel, trace
460.5 | 74 [ ' of silt

Figure 10(a). Soil-borings logs, I-74 over Whitewater River near Harrison, Ohio
(taken from indiana State Highway Commission, 1960, Bridge plans, sheet 11).
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Boring No 10M Boring No 10L

[ Station 42+72 ' Station 40+92
! Offset 42° Rt Offset 42” Rt
Surface Elevation 533.6 Surface Elevation 509.7
NUMBER NUMBER |
ELEVATION |DEPTH OF DESCRIPTION ELEVATION |DEPTH OF DESCRIPTIO<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>