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Figure 24. Cross-sectional view of riprap placement on the graded slope of a
Streambank.

C3.2.2.7 Scour

Introduction

The most common cause of bridge failures in the nation is flooding, with bridge scour being the most common type
of flood damage. Bridge scour is a complicated process and provides challenges to engineering analysis. Because of
public safety and high replacement and repair costs, the need exists to evaluate or improve current design and
maintenance practices concerning bridge foundations.

The objective in this document is to detail three items:
1. Factors that affect scour.

2. Recommendations to reduce or prevent scour effects on existing and proposed bridges.
3. Methods to estimate scour for existing and proposed structures.
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Definition

A basic definition of scour is the result of erosive action of moving water as it excavates and carries away material
from a streambed and banks. There are two types of scour:

1. General scour - the loss of material from most or all the bed and banks, usually caused by the road
embankment encroaching onto the flood plain with resulting contraction of the flood flow (often called
contraction scour).

2. Local scour — the loss of material around piers, abutments, spur dikes and embankments.

There are two conditions for contraction and local scour: clear-water and live-bed. Clear-water scour occurs when
there is little to no movement of the bed material of the stream upstream of the crossing. Typical situations include
most overflow bridges, coarse bed material streams, and flat gradient streams during low flow. Live-bed scour
occurs when velocities are high enough to move the bed material upstream of the crossing. Most lowa streams and
rivers experience live-bed scour.

Streambed degradation, such as in the Western lowa loess region, is considered in some documents to be scour.
Even though degradation can affect structural stability like local or general scour does, the causes of degradation are
of a different nature, and it will not be discussed in detail in this document.

The effects of scour are a complex problem involving geotechnical, hydraulic, and structural concerns, so decisions
concerning scour should involve engineers in each of these disciplines.

Design guidelines and considerations

Numerous factors affect the stability of the bed and banks of a stream and are discussed below with some guidelines
and considerations.

1. Soils

Soils with any combination of sand or silt have greater potential for scour: sand, silt, sandy silt, sandy silty clay, etc.
As a general rule, according to IDOT's Soils Design Unit, soils which have a blow count of ten or less are
particularly susceptible.

Excessive loss of pile bearing due to scour is one cause for bridge damage or failure. However, perhaps a more
common cause of failure is soil instability associated with the road embankment and bridge berm. Often a bridge
berm or fill behind a high abutment has minimal factor of safety for stability. If this safety factor is reduced due to
scour at the toe of the embankment, the soil may become unstable resulting in a slip failure. Damage to an abutment,
pier or approach fill is a possible outcome.

For replacement structures, designing flatter berm slopes and/or placing the abutments farther from the channel will
provide a greater safety factor. Then, when scour does occur, the embankment will more likely remain stable. For
existing structures, protection of the berm, especially the toe, may be necessary.
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2. Substructure

Generally, wider and longer piers have greater scour potential. Deeper footings and longer piles are more stable at
greater scour depths. Spread footings should be used only on material highly resistant to scour such as limestone
and some shales.

To maintain the integrity of the structure, do not allow scour to reduce pile bearing below a desirable safety factor
that is selected by the structural or geotechnical engineer. Designing for this minimum safety factor may require
designing longer piles for new bridges. For existing structures, protection of the piles may be necessary to maintain
the safety factor.

New bridges should have sufficient length so that the abutments do not encroach on the channel but placed as far
back from the streambank as practical. Vertical wall abutments (high abutments) have a greater potential for general
and local scour as compared to the spill-through type (integral or stub abutments).

3. Flood discharge

In the publication “Evaluating Scour at Bridges, Fifth Edition”, Hydraulic Engineering Circular No. 18 (HEC-18),
the FHWA recommends using scour flood frequencies that are larger than the hydraulic design flood frequencies.
The rationale for this is that hydraulic design involves backwater and ensures that the bridge size will be adequate
under normal flood conditions. In scour design, a higher discharge is used to ensure that the bridge will remain
stable and will not fail or suffer severe damage during extreme flood events. Also, there is a reasonably high
likelihood that the hydraulic design flood will be exceeded during the service life of the bridge.

lowa DOT recommends using the Qzoo0r lesser discharge for scour analysis, depending on which results in the most
severe scour conditions. Usually the overtopping flood results in the worst scour, so check this flood (if less than
the ono) and the Qzoo.

FHWA also recommends checking scour conditions for a superflood, such as a Qseo. If Qsoo data is not available,
HEC-18 recommends using 1.7 X Qio. The safety factors for the bridge should remain above 1.0 under this flood
condition. Similar to that mentioned above, Qovertopping May be the worst-case flood and should be used if it is less
than Qsoo.

4. Interaction between road and flood plain

A highly skewed river crossing provides a less hydraulically efficient bridge opening and therefore has a greater
contraction scour potential. Also, a high ratio of overbank flow to main channel flow will result in a greater
contraction scour potential. For these situations, scour can be reduced by using wing dikes and/or riprap.

Road grade overflow or overflow structures may provide relief and reduce scour potential for the main channel
bridge.

5. Interaction between piers and flood flow

The width, length and type of pier (e.g., pile bents, “tee” piers) all have an effect on local scour. Closely spaced piles
in a pile bent pier can act similar to a solid wall. The angle of attack of flood flow to the pier can also significantly
increase scour if this angle changes due to channel meandering during the life of the bridge. For example, if the
angle of attack changes from 0° to 15°, the pier scour approximately doubles. The stream’s history of and future
potential for meandering should be examined.
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6. Debris and ice

Visual observation can be made and maintenance records can be checked to determine the history of debris and ice
on the stream. Debris and ice can snag on the piers or superstructure, placing additional stresses on the bridge as
well as promoting local scour. This scour can sometimes be quite significant although difficult to estimate.
Therefore, for new designs, give consideration to raising the low superstructure above the low road grade elevation.
This will allow hydraulic relief if the bridge opening becomes clogged.

Estimating scour

Procedures for estimating scour have been researched in the past 40 years in an attempt to develop reliable
prediction equations. Some of these equations give reliable results, others do not. The Federal Highway
Administration has attempted to find the best equations and published them in HEC-18.

HEC-18 contains equations for contraction scour, abutment scour and pier scour. The contraction scour equations
are the best available equations of their type and sometimes provide reliable estimates, although these estimates still
need to be evaluated considering soil types, site scour history, etc. The abutment scour equations frequently give
questionable estimates. Because of comments similar to this from various states, FHWA is conducting additional
research to develop new methods. At this time, IDOT recommends not using FHWA's abutment scour equations or,
at most, use them with caution. However, be aware that abutment scour can occur.

Concerning pier scour, the equation in HEC-18 generally gives reliable results. However, a much simpler method
that gives very similar results is found in lowa Highway Research Board's Bulletin No. 4, “Scour Around Bridge
Piers and Abutments,” by Emmett M. Laursen and Arthur Toch, May 1956. This method for estimating pier scour
can be used in most cases instead of the methods in HEC-18.

1. Contraction scour estimation

See Chapter 4 of HEC-18 for detailed instructions on how to calculate contraction scour. To help explain this
chapter, there are two determinations that must be made when estimating contraction scour:

e The appropriate case of contraction scour that depends on the flow interaction of the bridge to the channel and
floodplain. There are four of these cases. See the figures later in this document for graphical illustrations of
these cases.

o The appropriate sediment transport condition. There are two of these conditions and equations (live-bed and
clear-water) that can occur in any of the four cases mentioned above.

Both determinations are explained below.

Four cases of contraction scour

Case 1 is overbank flow being forced back into the main channel due to the road fill. The majority of bridges in
lowa will be Case 1. There are three variations to Case 1, depending on the location of the abutments or abutment
berms compared to the channel:

Case 1a is normally used when the river channel width becomes narrower due to the bridge abutments (or
berms) projecting into the channel.

Case 1b does not involve any contraction of the channel itself, but the overbank flow area is completely
obstructed by the embankment. In other words, the abutments or abutment berms are on the channel bank.

Case 1c is when the abutments or abutment berms are set back from the channel. This case is more complex
because there is both main channel flow and overbank flow in the bridge opening. Therefore, refer to
discussion in Section 4.3.4 of HEC-18. More hydraulic analysis may be needed than in Cases 1a and 1b (such
as WSPRO) to determine the distribution of flow in the bridge opening, i.e., what is the discharge in the main
channel (Q2) and the discharge in the overbank under the bridge (Qoverbank2).

JULY 2020



IOWA DOT ~ BRIDGES AND STRUCTURES BUREAU ~ LRFD BRIDGE DESIGN MANUAL COMMENTARY ~ C3: 9

Most Case 1 streams in lowa will have live-bed scour. However, if the streambed material has particles larger than a
sand classification, calculate V. (see below) to determine if clear-water scour will occur instead of live-bed scour.

Case 2 is when the stream has no overbank flow. This case will be common in Western lowa streams that are
severely degraded.

Case 3 is an overflow (relief) bridge with no bed material transport, so use the clear-water scour equations.
Hydraulic analysis (e.g., using WSPRO) is needed to determine the flood plain width associated with the relief
opening and to determine the total flow going through the relief bridge.

Case 4 is an overflow (relief) bridge similar to Case 3 except it does have sediment transport (live-bed scour), such
as over a secondary channel on the flood plain of a larger stream. Hydraulically this case is no different than Case 1
except that analysis (e.g., using WSPRO) is needed to determine the flood plain width associated with the relief
opening and the portion of the total flow going through the relief bridge.

Sediment transport conditions: Live-bed scour versus clear-water scour

Before an equation is selected to estimate contraction scour, it is necessary to determine if the flow is transporting
bed material. If it is, the flow will create live-bed scour. If it is not, the flow will create clear-water scour. There are
different scour equations for each of these sediment transport conditions.

Most lowa stream channels will be live-bed. In other words, the velocities in the channel will be high enough to
cause movement of the soil particles in the streambed. In order to be sure if the channel is live-bed, Chapter 2 in
HEC-18 gives a simple equation to calculate the velocity needed to cause movement of the soil:

Vc - 1095 y0.167 (D 50) 0.33

where V. = critical velocity which will transport bed materials of size Dso and smaller, ft/sec.
y = depth of upstream flow, feet
Dso = median diameter of the bed material, feet

If the velocity in the channel is greater than V¢, then the particles will move and the stream will have live-bed scour.
If the velocity in the channel is less than V¢, then the particles will not move and the stream will have clear-water
scour.

Most lowa streambeds have sand or silt which results in a very low V.. This means that even a low flood velocity
will move the particles. Therefore, most lowa streams will have live-bed scour. For example, for a medium sand
with a Dsp of 0.0012 feet and a flow depth of 12 feet, V. is 1.8 ft/sec. Any flood with a channel velocity higher than
this will cause sediment transport and therefore create live-bed scour. Even a medium gravel streambed with Dsg of
0.039 feet and depth of 12 feet results in V. of 5.7 ft/sec. Again, most lowa streams will have a channel velocity
higher than this.

In summary, as a rule of thumb, if the streambed material is larger than sand, calculate V¢ and compare to expected
channel velocities to determine if live-bed or clear-water scour occurs. If the material is sand or smaller, assume
live-bed scour occurs.

Live-bed scour
From HEC-18, the equation for live-bed scour is as follows:

0.86 k1
Ya| Q [ﬂ}
yl Ql W2

and ys= y2- y1= average scour depth, ft

where y, = average depth in the upstream main channel, ft
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y» = average depth in the contracted section (i.e., in the bridge opening), ft

W, = top width of water in the upstream main channel, ft

W, = top width of water in the main channel in the contracted section (i.e., in the bridge opening), ft

Q1 = discharge in the upstream main channel transporting sediment, cfs.
(Q1 does not include upstream overbank flow)

Q2 = discharge in the contracted channel (i.e., bridge opening), cfs
(For Cases 1a and 1b, Q. may be the total flow going through the bridge opening. For Case 1c, Q is
not the total flow through the bridge since there is also some overbank Q adjacent to the channel
under the bridge.)

ki = exponent. Assume ki = 0.64 to simplify the calculations since the range for k; in HEC-18 Section
4.3.4 makes very little difference on calculated scour depths.

This results in the live-bed scour equation of:

L{&TTMTM
yl Ql WZ

Simply stated, the ratio W1/W- reflects contraction or expansion in the channel. The ratio Q./Qs reflects the effect of
forcing overbank flow through the bridge opening.

This equation is generally used for Case 1 (when streambed consists of sand-size particles or smaller) and Cases 2
and 4. In Case 1c, the live-bed scour equation is used for the main channel contraction scour and the clear-water
scour equation is used for the contraction scour near the abutment on the overbank.

Clear-water scour
From HEC-18, the equation for clear-water scour is as follows:

QZ
139 (Do) **" (W2)°
and  ys =Y -Yy1 = average scour depth, feet

0.43

Yo =

where y, = depth in the bridge opening, ft
Q = discharge through the bridge opening or on the overbank portion of the bridge opening, cfs
Dso= median diameter of material in overbank, feet (see attached sediment size table from HEC-20)
W,= top width of water in bridge opening or overbank width in bridge opening (set-back distance),
feet
y1 = upstream depth, ft

The average depths y1 and y2 are measured either in the channel for channel scour calculations or on the overbank
for overbank/abutment-area scour calculations.

The clear-water scour equation is used for a few Case 1 bridges (when streambed particles are larger and, in Case
1c, when the abutment is set back a distance from the channel) and for all Case 3 bridges.

Summary of estimating contraction scour

Determine which “case” is appropriate

Determine if the channel has live-bed or clear-water scour
Analyze the hydraulics

Using the correct equation, estimate scour

Evaluate the reasonableness of estimated scour

JULY 2020



IOWA DOT ~ BRIDGES AND STRUCTURES BUREAU ~ LRFD BRIDGE DESIGN MANUAL COMMENTARY ~ C3: 11

2. Abutment scour estimation

The equation given in Section 4.3.6 of HEC-18 is for the worst-case conditions. The equation will predict the
maximum scour that could occur for an abutment projecting into a stream with velocities and depths upstream of the
abutment similar to those in the main channel. In most cases, the equation will over-predict scour, especially the
farther the abutment is from the channel. Do not calculate abutment scour at this time due to this questionable
equation. Be aware, however, that scour at the abutments can occur. Site experience is very important in the
engineering analysis, including known scour occurrences and settlement of approach pavement which indicates soil
stability problems. It is important to note that high abutments may have up to twice the scour depths as spill-through
abutments.

A conservative approach in determining effects of scour on the abutments is to assume that contraction scour is
added to abutment scour when the abutment is near the channel.

Several questions should be considered for abutment stability. Is the soil scourable? What is the effect on berm
stability? Are flatter berm slopes or a longer bridge needed? What is the effect on pile bearing? Are longer piles
needed? Should riprap or wing dikes be used?

3. Pier scour estimation

Use “Scour Around Bridge Piers and Abutments”, Emmett M. Laursen and Arthur Toch, lowa Highway Research
Board, Bulletin No. 4, 1956, for most cases.

Figure 39 in Bulletin No. 4 is the basic design curve for pier scour. IDOT determined an equation from this curve:

0.314

s |2 1.485 N Equation 1

where
y's, unfactored depth of scour, ft
y1, unscoured depth of flow, ft
wp , width of pier column, ft

Equation 1 is then substituted into the basic equation, resulting in Equation 2 below:

o= (K) (ys) = () (wp) | 2=
Wp
0.314
ys = 1.485 (K) (wp)| Y1 Equation 2

Wp
where y;s is depth of scour, ft
K, a pier coefficient (either K, or Ks),
Ks, coefficient for pier nose shape (see below). Use only if angle of attack = 0.
Ka, coefficient for angle of attack if angle is not zero (see table below).
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Equation 2 should be used to calculate pier scour.

\ el /

<]

\ /
N\ FARR?
\\ ///

If angle of attack is zero, use one of the following values for Ks, the coefficient for the shape of the upstream nose of
the pier (adapted from Bulletin No. 4). Use this K value in Equation 2 in place of K. These values show that the
better the “rounding” of the pier nose, the lower the pier scour.

«—>
Rectangular 1.0 | | wp
Semicircular 0.9 (—L——| Wp
Elliptic 0.8 1] Wp

If angle of attack is not zero, use the following table adapted from Figure 39 in Bulletin No. 4 to determine Ka. In
this table, L = length of pier, and w, = width of pier. Use this K, value in Equation 2 in place of K. The values in the
table show that as the angle of attack increases, the pier scour increases dramatically. For example, for a pier L/ wp
of 8, if the angle of attack changes from 0° to 15°, the factor K, changes from 1.0 to 2.0, doubling the calculated pier
scour.

Design Factors (Ka ) for Piers Not Aligned With Flow

Liw, 4 6 8 10 12 14
Angle
of Attack
0° 1.0 1.0 1.0 1.0 1.0 1.0
5° 1.2 1.3 1.3 15 1.6 1.6
10° 1.4 15 1.7 1.9 2.1 2.3
15° 15 1.8 2.0 2.2 2.5 2.7
20° 1.7 2.0 2.3 25 2.8 3.0
25° 1.8 2.2 2.5 2.8 3.1 3.5
30° 1.9 2.4 2.7 3.1 3.4 3.8
35° 2.0 2.5 2.9 3.3 3.7 4.0
40° 2.1 2.7 3.1 3.6 4.0 4.3
45° 2.2 2.8 3.3 3.8 4.2 4.6

See Scour Calculation Sheet to assist in pier scour estimation. Other subjects concerning pier scour discussed in
more detail are found in Section 4.3.5 of HEC-18:

o Pier scour for exposed footings and exposed pile groups under a footing

o Pier footings that are above normal streambed
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Multiple columns in a pier (e.g., a pile bent pier)
Pressure flow scour

Scour from debris

Width of pier scour holes

Summary of estimating pier scour:

Analyze hydraulics

Estimate scour

Evaluate the reasonableness of the estimated scour

Add pier scour to contraction scour to obtain total scour

Determine action steps such as countermeasures or design features of the bridge

Coding for the Structure Inventory and Appraisal (SI&A)

See the attached pages from FHWA'’s “Recording and Coding Guide for the Structure Inventory and Appraisal of
the Nation’s Bridges” to determine what rating should be given to each bridge. All countermeasures (SI&A Item
113 coded as "7") should be monitored in future years by bridge inspectors.

Countermeasures: reducing the effects of scour

Generally, a new bridge should be designed to withstand scour without countermeasures, especially when the
countermeasures cannot be easily inspected. For example, riprap protecting a pier in the channel is difficult to
inspect, but a wing dike in the overbank is easily inspected and repaired. Countermeasures will be used most

commonly on existing bridges that are scour critical. See HEC-18, Chapter 7, for an in-depth discussion of when and
how to use countermeasures.

In summary, listed below are common considerations to reduce scour on the bridges. Some items may be relevant
only to existing bridges; others may be relevant only in the design phase of a structure.

More
[ ]

Use longer piles.

Set the pier or abutment footings lower. However, lengthening piles is generally preferred due to lesser
cost.

Place riprap around the pier, abutment, berm slope, or spur dike or across the entire streambed. Riprap is an
easy and often inexpensive way to protect a bridge.

Build abutments as far from the streambank as possible.

Remove debris from piers.

Wing dikes (a.k.a., spur dikes, guide banks) provide for a more hydraulically efficient bridge opening and
force the scour to occur on the dike, which is expendable, rather than on the bridge itself.

expensive solutions can be considered in some instances:
Place sheet piling to protect existing piers or abutments.
Underpin the foundation.
Replace with a new bridge.
Construct an additional span.
Overflow (relief) bridges can be used on flood plains that have substantial overbank flow. This provides
relief for the main channel bridge. However, be aware that these overflow structures are particularly
susceptible to deep scour. Twenty to thirty feet of scour is not uncommon.
Provide for road grade overflow which is a “relief valve” to the bridge opening during extreme flood events
and can prevent or minimize damage to the bridge. A disadvantage to road grade overflow is potential
hazard to the traveling public when water is over the road. These factors need to be weighed by the
engineer when considering other factors such as traffic volumes, traffic speeds and costs.
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Following are some design guidelines for sizing riprap and placing wing dikes as countermeasures. The
recommendations concerning riprap are not intended to determine if it is needed, rather only how to properly size

riprap.
1. Riprap at abutments.

Section 7.5.1 in HEC-18 gives several equations for sizing riprap at abutments. Considering these equations and past
experience, IDOT recommends simplifying riprap design to the following:

When riprap is needed for countermeasure and the toe of the abutment berm or the vertical abutment is
approximately 75 feet or less from the top of the bank, use the average velocity through the entire bridge opening to
size the riprap. When the toe of the abutment berm or the vertical abutment is approximately 75 feet or more from
the top of the streambank, use the average velocity in the overbank portion of the bridge opening.

When riprap is needed and the determined average velocity is less than approximately 8 feet per second, use IDOT’s
Class E riprap (Dso of 90 pounds). When the determined average velocity is greater than approximately 8 feet per
second, use the Class B gradation which is heavier than Class E (Dso of 275 pounds).

2. Riprap at piers.

From Section 7.5.1 in HEC-18, the equation for sizing riprap at piers reduces to the following (assuming specific
gravity of 2.65 for riprap):

_(KVY

153.6

where  Dsp = median stone diameter, feet
K = coefficient for pier shape (1.5 for round-nose pier, 1.7 for square-nose pier)
V = average velocity approaching pier, ft/sec

Dso

To determine V, multiply the average channel velocity (Q/A) by a coefficient that ranges from 0.9 for a pier near the
bank in a straight uniform reach of the stream to 1.7 for a pier in the main current of flow around a bend.

The Dso for IDOT's Class E riprap is 90 pounds or approximately 1.0-foot diameter and will be adequate for many
situations. From the above equation, this diameter will tolerate a velocity of 8.3 ft/sec for round-nose piers and 7.3
ft/sec for square-nose piers.

When the adjusted velocity exceeds this and riprap is needed as a countermeasure, consider using Class B riprap.
This has a Dsg of 275 pounds which is approximately 1.5 feet in diameter and will tolerate a velocity of
approximately 10 ft/sec for round-nose piers and 9 ft/sec for square-nose piers. This gradation should be adequate in
almost all situations where the standard gradation is not adequate.

According to HEC-18, the width of the riprap around the pier should at least twice the pier column width. However,
on several countermeasure projects, IDOT has placed a much wider layer (25”) around the entire pier. The riprap
should be placed at or below the streambed so as not to create a greater obstruction to flow. HEC-18 recommends a
thickness for the pier scour protection layer of 3 x Dsp or greater. IDOT has used thicknesses of three and four feet
on previous projects. Either guideline seems reasonable.

3. Wing dikes

Use the Design Bureau’s Standard Road Plan EW-210. See C3.2.2.7.5.3 for a table to determine the length of wing
dikes. See also HEC-20 or HDS No. 1 for further guidance.
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SCOUR CALCULATION SHEET

LOCATION
County Hwy. No. Des. No.
Maint. No. FHWA No.
Stream Drain. Area sg. mi.
Twp Range Section
Prepared by Date
BRIDGE DESCRIPTION
Size and Type
Pier
Type Width ft Shape Coeff (Ks)
Angle of Attack Coeff (Kai)
Pile Type Pile Length below Str.Bed Pile Tip Elev.
Abutment
Type Pile Type Pile Length
Pile Tip Elev. Berm Slope (proposed or existing)
STREAM INFORMATION
Exist. Streambed Elev. Stream Slope ft/mi
n-values: LOB Channel ROB
Soils: Type Depth* Dso ft
Type Depth*
Type Depth*
Type Depth* *below streambed
Streambed Degradation
At this site feet since year
At other known sites feet since year
Estimated future degradation feet

Low road elev.

Methodology used to determine: Q

Discharge (Q), cfs
Water surface elev.

y1, depth in main channel, ft

Vel. in main channel, fps

HYDROLOGIC/ HYDRAULIC INFORMATION

Water surface elev.

200 Qs00.0r Qovertopping
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CONTRACTION SCOUR

Ve = 10.95 y0-167 Dga0-33 = ft/sec. If Vc < average channel velocity, use live-bed scour
equation. If Vc > average channel velocity, use clear-water scour equation.

Live-bed scour

Generally, used for Cases 1a, 1b, 2, and 4, and also for the main channel scour portion of
Case 1c. See Section 4.3.4 in HEC-18.

0.86 0.64
Ya_ { Q } { Wi }
yl Ql W2 J@_ QSOO or Qovertogging
Q2, discharge in the contracted channel, cfs
Qq, discharge in the upstream main channel, cfs
W1, top width of the upstream main channel, ft
W2, top width of the main channel in contracted
section (i.e., bridge opening), ft
y1, ave. depth in upstream main channel, ft
y2, ave. depth in contracted section, ft
Ys = Y2 - y1 = ave. scour depth, ft

Clear-water scour

For Case 3 and the overbank area of the bridge opening for Case 1c. Occasionally used for Cases 1a, 1b, 1c
(main channel portion), and 2.
See Section 4.3.4 in HEC-18. 0.43

QZ
139 (Ds0) " (W2) ?

Y,=

200 Qs00 OF Qovertopping
y2, depth in bridge opening, ft
Q, discharge through bridge opening or on overbank
portion of bridge opening, cfs
Dso, median diameter of material in overbank, ft
W2, top width of bridge opening or overbank width
in bridge opening, ft
y1, upstream depth, ft
Ys = y2 - y1 = ave. scour depth, ft

Is this contraction scour depth realistic?

Is the soil scourable?

What is the effect on berm stability (including any abutment scour)?
Are longer abutment piles or a flatter abutment berm needed?
Should riprap or wing dikes be used?

Other comments?
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PIER SCOUR

Use “Scour Around Bridge Piers and Abutments”, Emmett M. Laursen and Arthur Toch, lowa Highway
Research Board Bulletin No. 4, 1956, for most cases. Use Equation 2 below and previous discussion in
the text. Also, see Section 4.3.5 in HEC-18 for more discussion on estimating pier scour.

0.314

ys = 1.485 (K) (wWp) L Equation 2
Wp

where ys, depth of scour, ft
y1, unscoured depth of flow, ft
Wp, width of pier column, ft
K, a pier coefficient (either Ks or Ka),
Ks, coefficient for pier nose shape (see values in text). Use only if angle of attack = 0.
Ka, coefficient for angle of attack if angle is not zero (see table in text).

200 Qs00 0r Qovertopping
y1, ft
Wp, ft
K (either Ka or Ks)
ys, ft (from Equation 2)

TOTAL SCOUR AT PIER = pier scour (ys) + contraction scour (ys)
ys, ft - (pier)
ys, ft  (contraction)
Total scour, ft
Normal streambed elev.
Scour elevation

Is ys or the total scour depth at the pier realistic?
Is the soil scourable?

What is the effect on pile stability?

Should riprap or other countermeasures be used?
What is the rating for SI&A Item 1137

Other comments?
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Sediment Grade Scale, from “Stream Stability at Highway Structures”, Hydraulic Engineering Circular No. 20,
Federal Highway Administration, Fourth Edition, April 2012.

SEDIMENT GRADE SCALE
Approximate Sieve Mesh
Size Openings (per inch) Class
Millimeters Microns Inches Tyler U.S. Standard
4000-2000 --- 180-160 Very Large Boulders
2000-1000 --- 80-40 Large Boulders
1000-500 --- 40-20 Medium Boulders
500-250 --- 20-10 Small Boulders
250-130 10-5 Large Cobbles
130-64 5-2.5 Small Cobbles
64-32 2.5-1.3 Very Coarse Gravel
32-16 1.3-0.6 Coarse Gravel
16-8 0.6-0.3 2.5 Medium Gravel
8-4 0.3-0.16 5 5 Fine Gravel
4-2 --- 0.16-0.08 9 10 Very Fine Gravel
2.00-1.00 2000-1000 16 18 Very Coarse Sand
1.00-0.50 1000-500 32 35 Coarse Sand
0.50-0.25 500-250 60 60 Medium Sand
0.25-0.125 250-125 115 120 Fine Sand
0.125-0.062 125-62 250 230 Very Fine sand
0.062-0.031 62-31 Coarse Silt
0.031-0.016 31-16 Medium Silt
0.016-0.008 16-8 Fine Silt
0.008-0.004 8-4 Very Fine Silt
0.004-0.0020 4-2 Coarse Clay
0.0020- 2-1 Medium Clay
0.0010
0.0010- 1-0.5 Fine Clay
0.0005
0.0005- 0.5-0.24 Very Fine Clay
0.0002
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Case 1 Contraction Scour, from Appendix H, “Evaluating Scour at Bridges”, Hydraulic Engineering Circular No.
18, Federal Highway Administration, Second Edition, April 1993.

['utoam’MT f“_g:uo,m‘m“m
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Case 1A: Abutments project into Case 1B: Abutments at edge of
channel channel
./J—mml"nﬂ'rl SET BACK —4
11 11
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T1 >~ \(LLE
& % &
5
manyey g
OIS 3 T,
| ST —
_CAGSE-SECTION AT BAGE

Case 1C: Abutments set back from
channel
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Cases 2, 3 and 4 Contraction Scour, from Appendix H, “Evaluating Scour at Bridges”, Hydraulic Engineering
Circular No. 18, Federal Highway Administration, Second Edition, April 1993.

CROSS-SECTION DOWNSTREAM.
\| I/ N Y
# g
g‘
=l PLAN VIEW
LAN VIEW
SROSS-SECTION UPSTREAM. ~SECTION
Case 2A: River narrows Case 2B: Bridge abutments

constrict flow

/— ABUTMENTS i /—MWTMENTB AT—]
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Case 3: Relief bridge over flood plain Case 4: Relief bridge over secondary

stream
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From “Recording and Coding Guide for the Structure Inventory and Appraisal of the Nation’s Bridges”, Federal
Highway Administration, December 1995.

ITEM 113--SCOUR CRITICAL BRIDGES

Use a single-digit code as indicated below to identify the current status of the bridge regarding its vulnerability to
scour. Scour analyses shall be made by hydraulic/geotechnical/structural engineers. Details on conducting a scour
analysis are included in the FHWA Technical Advisory 5140.23 titled, “Evaluating Scour at Bridges”. Whenever a
rating factor of 4 or below is determined for this item, the rating factor for “Item 60 — Substructure” may need to be
revised to reflect the severity of actual scour and resultant damage to the bridge. A scour critical bridge is one with
abutment or pier foundations which are rated as unstable due to (1) observed scour at the bridge site or (2) a scour
potential as determined from a scour evaluation study.

Code | Description

N Bridge not over waterway.

U Bridge with “unknown” foundation that has not been evaluated for scour. Since risk
cannot be determined, flag for monitoring during flood events and, if appropriate,
closure.

T Bridge over “tidal” waters....

9 Bridge foundations (including piles) on dry land well above floodwater elevations.

8 Bridge foundations determined to be stable for assessed or calculated scour
conditions; calculated scour is above top of footing. (Example A)

7 Countermeasures have been installed to correct a previously existing problem with
scour. Bridge is no longer scour critical

6 Scour calculation/evaluation has not been made. (Use only to describe cases where
bridge has not yet been evaluated for scour potential.)

5 Bridge foundations determined to be stable for calculated scour conditions; scour
within limits of footing or piles. (Example B)

4 Bridge foundations determined to be stable for calculated scour conditions; field review

indicates action is required to protect exposed foundations from effects of additional
erosion and corrosion.

3 Bridge is scour critical; bridge foundations determined to be unstable for calculated
scour conditions:

--Scour within limits of footing or piles. (Example B)

--Scour below spread-footing base or pile tips. (Example C)

2 Bridge is scour critical; field review indicates that extensive scour has occurred at
bridge foundations. Immediate action is required to provide scour countermeasures.

1 Bridge is scour critical; field review indicates that failure of piers/abutments is imminent.
Bridge is closed to traffic.

0 Bridge is scour critical. Bridge has failed and is closed to traffic.
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ITEM 113--SCOUR CRITICAL BRIDGES (CONT'D)

Example Calculated Scour Depth Action Needed
Spread Footing Pile Footing
(not founded in rock)

A. Above top None--indicate
of footing rating of 8 for this
item
B. Within Conduct
limits of foundation
footing or piles structural analysis
C. Below pile Provide for

tips or spread monitoring and
footing base scour
countermeasures
as necessary.

Calculated Scour Depth = =ssssssssssssnnns
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Fig. 88. Basic design curve for depth of scour.
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Fig. 39. Design factors for piers not aligned with flow.

, TABLE V
Shape coefficients K, for nose forms
(To be used only for piers aligned with flow})

Nose form " Langth width ratlo K.,
Rectangular : [} 1.00
Semicircular C} 0.90 .
Elliptic Foul G 0.80
- 21 (3 0.75
Lenticular 2:1 G ¢.80

3:1 <} 070
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C3.2.2.7.1 Types

C3.2.2.7.2 Design conditions

C3.2.2.7.3 Evaluating existing structures
C3.2.2.7.4 Depth estimates

C3.2.2.7.5 Countermeasures
C3.2.2.7.5.1 Riprap at abutments
C3.2.2.7.5.2 Riprap at piers

C3.2.2.7.5.3 Wing dikes

Determining Wing Dike Lengths

The use of wing dikes (also called spur dikes or guide banks) shall be considered at any bridge site that has
appreciable overbank discharge. Wing dikes help minimize backwater and scour effects. Refer to IDOT’s Design
Bureau Standard EW-210 for specific details on slopes, dimensions and other notes. Items that need to be specified
for EW-210 include Length and Station Location.

Generally, the top of dike elevation will be the same as the abutment berm elevation. However, if this berm
elevation is much higher than the Qso or Q100 elevations, a lower wing dike elevation may be specified.

The following guidelines provide assistance in determining appropriate wing dike lengths. “Long” and “Short” refer
to the longer and shorter wing dikes necessary on skewed bridges as shown onEW-210. If obtaining right of way for
the recommended length is a problem at a bridge site, a shortened wing dike is preferred over no dike.
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Wing Dike Lengths, in feet (meters)
Bridge Skew
Bridge Length,
feet (meters) 0 deg. 15 deg. 30 deg. 45 deg.
Equal Long Short Long Short Long Short
<150 40 45 40 60 40 85 40
(45) (12) (14) (12) (18) (12) (26) (12)
150-180 50 60 50 80 50 120 50
(45-55) (16) (29) (16) (24) (16) (36) (16)
180-210 65 75 65 100 65 150 65
(55-65) (20) (23) (20) (30) (20) (45) (20)
210-240 80 95 80 120 80 180 80
(65-75) (24) (28) (24) (36) (24) (54) (24)
> 240 95 105 95 140 95 205 95
(75) (28) (32) (28) (42) (28) (63) (28)

C3.2.2.7.6 Coding

C3.3
C3.3.1
C3.3.2
C3.4
C34.1
C34.1.1
C3.4.1.2
C3.4.1.3
C3.4.14
C3.4.15

C3.4.1.6

Highway crossings

Clearances

Ditch drainage

Railroad crossings

BNSF and UP overhead structures
Vertical clearance

Horizontal clearance

Piers

Bridge berms

Drainage

Barrier rails and fencing
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C3.4.2 Non-BNSF and -UP overhead structures
C3.4.2.1 Vertical clearance

C3.4.2.2 Horizontal clearance

C3.4.2.3 Piers

C3.4.2.4 Bridge berms

C3.4.2.5 Drainage

C3.4.2.6 Barrier rails and fencing

C3.4.3 Underpass structures

C3.4.4 Submittals

1 December 2008

In discussions with the BNSF and UP railroads, the bureau has agreed to provide the new
standard sheet 1067 and the information listed below. This information will be provided
by Preliminary Design Unit on the Plan View and Elevation View on the TS & L sheet
of all bridge projects that involve BNSF and UP railroad except the items noted with an
asterisk (*). These items will be provided by the Final Design Units. Final Design

Units should review the list to make sure all information is provided.

Plan View

1. Centerline of bridge and/or centerline of project.

2. Track layout and limits of railroad right-of-way with respect to centerline of main
lines.

3. Future tracks, access roadways and existing tracks as main line, siding, spur, etc.
4. Horizontal clearance at right angle from centerline of nearest existing or future
track to the face of obstruction such as substructure above grade.

* 5. Horizontal clearance at right angle from centerline of nearest existing or future
track to the face of nearest foundation below grade.

6. Horizontal spacing at right angle between centerlines of existing and/or future
tracks.

* 7. Limits of shoring and minimum distance at right angle from centerline of nearest
track.

8. All existing facilities and utilities.

9. Existing ground shots and proposed grading.

10. Railroad Milepost and direction of increasing Milepost (Provided by Railroad).
11. Direction of flow for all drainage systems within project limits.

* 12. Limits of barrier rail and fence with respect to centerline of track.

*13. Location of deck drains (Note drains shall not be located over the railroad right-ofway).
* 14, Total width of superstructure.

15. Width of shoulder and/or sidewalk.

16. North arrow
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17. Footprint of proposed superstructure and substructure including existing structure if
Applicable

Elevation View

1. Future tracks, access roadways and existing tracks as main line, siding, spur, etc.
2. Point of minimum vertical clearance and distance within the vertical clearance
envelope, measured perpendicular from the centerline of nearest track.

* 3. Limits of shoring and minimum distance at right angle from centerline of nearest
track.

4. Toe of slope and/or limits of retaining wall.

* 5. Limits of barrier rail and fence with respect to centerline of track.

6. Depth of foundation from top of tie / base of rail.

* 7. Top and bottom of pier protection wall elevation relative to top of rail elevation.
8. Controlling dimensions of drainage ditches and/or drainage structures.

9. Top of rail elevations for all tracks.

10. Minimum permanent vertical clearance above the top of high rail to the lowest
point under the bridge.

11. Existing and proposed groundline and roadway profile.

12. Show slope and specify type of slope paving. Toe of slope shall be shown relative
to drainage ditch and top of subgrade.

Note: Items denoted with an asterisk shall be provided by Final Design.

The new 1067 CADD standard shows details of:

1. Railroad General Notes

2. General Shoring Notes

3. General Excavation Zones detail

4. Minimum Construction Clearance Envelope detail
5. Top of Rail Elevations chart.

For additional information, see BNSF Railway — Union Pacific Railroad, Guidelines for
Railroad Grade Separation Projects.

C3.5 Pedestrian and shared use path crossings
C3.6 Superstructures

C3.6.1 Type and span

C3.6.1.1 CCS J-series

C3.6.1.2 Single-span PPCB HSI-series

C3.6.1.3 Two-span BT-series

C3.6.1.4 Three-span PPCB H-series

C3.6.1.5 Three-span RSB-series
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C3.6.1.6 PPCB

Preliminary haunch for all Prestressed Beam Bridges

Note: The calculations provide a haunch thickness estimate (X) value, which does not include

the nominal haunch thickness.

S.:=1115-ft Longest Span (feet)

£,:=0.02 Superelevation (feet/feet)

Gy = -1.68 Grade 1 vertical curve [+ increasing, - decreasing] (%)

Gy =210 Grade 2 vertical curve [+ increasing, - decreasing] (%)

A-—Gz_Gl A =0.038

MW 100 o

L= 984-ft Length vertical curve (feet)

D, = 1.75deg Degree of Horizontal Curvature (degree)

C;=0.337-ft Final Beam Camber (feet) - From prestressed concrete beam standards

D = 0.19-ft Dead load deflection - Elastic + 1/2 Plastic (feet) - From prestressed concrete beam
standards

T = 1667-ft Top flange width (feet)

X = Haunch estimate along the centerline of the beam.

Se 1 1

2
X=(C-D)+—- - + (Ej .A.I_‘
) )
Sin tan

T-e =0.6-in

IfT*e<1lthenX<4in. IfT*e>1then X< 3in.

Also check maximum offset for horizontal curve < or = 9 in.

X = 0.219-ft X = 66.894-mn
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C3.6.1.7 CWPG

The table below extracted from the AASHTO LRFD Specifications [AASHTO-LRFD 2.5.2.6.3] can be used as a
guide to establish minimum girder depths, when 1/25 of the span is not possible due to vertical clearance or profile
grade issues.

Traditional Minimum Depths for Constant Depth Superstructures

Minimum Depth (Including Deck)

Superstructure When variable depth members are used, values may be
adjusted to account for changes in relative stiffness of
positive and negative moment sections.

Material Type Simple Spans Continuous Spans
Steel Overall Depth of Composite 1-Beam 0.040L 0.032L
Depth of_ I-Beam Portion of 0.033L 0.027L
Composite I-Beam
Trusses 0.100L 0.100L

From AASHTO LRFD Bridge Design Specifications, 7t Edition, Copyright 2014, by the American
Association of State Highway and Transportation Officials, Washington, DC. Used by permission.

C3.6.1.8 Cable/Arch/Truss
C3.6.2 Width
C3.6.2.1 Highway

C3.6.2.2 Sidewalk, separated path, and bicycle lane

When placing sidewalks on bridges, the following policy should be used for determining whether to use raised
sidewalks or sidewalks at grade.

1. Raised sidewalks, which allow water to drain through slots in the separation barrier curb to the bridge gutterline,
shall be used on highway and railroad overpasses.

2. All other situations may use an at grade sidewalk which allows the water to drain over the slab edge.

At grade sidewalks, which drain the water back towards the gutter line, shall not be used. The reason the bureau
would like to avoid this condition is that it would require the exterior girder to be placed higher than the adjacent
interior girder. In addition, in situations of excessive rainfall the sidewalks may be temporarily flooded because of
water from the roadway. Superelevated bridges may require special considerations. Check with your unit leader in
this case.

Regardless of the sidewalk type, the top of the slab where the chain link fence is attached shall be made level and
drip grooves shall be used on the underside of the slab.

C3.6.3 Horizontal curve
C3.6.3.1 Spiral curve
C3.6.4  Alignment and profile grade

For situations where the profile grade line is not at the centerline of approach roadway, elevations for the bridge
deck will be established taking the bridge deck crown into account. The elevations will be noted on the TS&L as
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“TOP OF BRIDGE DECK AT CENTERLINE ROADWAY IS ‘X’ ABOVE (OR BELOW) THE PROFILE
GRADE TO ACCOUNT FOR DECK CROSS SLOPE AND PARABOLIC CROWN.

For situations where the profile grade line is at the centerline of approach roadway, elevations for the bridge deck
will be established in accordance with BDM 1.7.1.

C3.6.5 Cross slope drainage
C3.6.6 Deck drainage
C3.6.7 Bridge inspection/maintenance accessibility

C3.6.8 Barrier rails
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Flow Chart for determining Bridge Barrier Rail
Height for New Bridges on Interstate and Primary
Highways

Revised 5 December 2016

Interstate Bridge >
Yes
No
v
Bridge over Yes
BNSF or UP RR
No
A
Coordnate with ||| Daly Truck Yes
Planni ; .
Systems Planning Traffic for Design Year
No
Fracture Critical Elements Yes
within the zone of intrusion
for truck roll
No
r Yes
Fly over Bridge >
No
A\ 4
Coordinate With Unfavorable site Yes
Design conditions - see
guidelines below
No
A4
Coordinate With Frequent_Tr_ansmons Yes
Design between_ Mamllm_e roadw_ay
44" Rail and Bridge Rail
No |
Coordinate . . Yes
with Assistant | | Based on past maintenance experience and current
District snow removal policies
Engineer Is snow pile up a concern?
No
A4
CO(Xg;n;;en\tNlth Have special concerns been raised Yes
Disltrict about headlight glare or ramping due >
: i ?
Engineer to snow pile up?
No
A\ 4
.Ct:r?OArd".]‘ite ; Is plowed snow spilling over Yes
wi Di Sis.'st an roadways, Railroad track or
Istric waterways below, a concern?
Engineer
No
A4 A 4
Design for TL-4 Barrier Design for TL-5 Barrier
Rail (34") Rail (44")
JULY 2020
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Guidelines for unfavorable site conditions (see flow chart above):
e Reduced radius of curvature
e  Steep downgrades on curvature
e Variable cross slopes
e  Adverse weather conditions
C3.6.9 Staging
C3.7 Substructures
C3.7.1 Skew
C3.7.2  Abutments
C3.7.3 Berms
C3.7.3.1 Slope
C3.7.3.2 Toe offset

C3.7.3.3 Berm slope location table
See also the RBLT example C3.2.7.3.4.
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SLOPE PROTECTION LOCATION FOR
BSLT GRADING SURFACES

3° TYP.
et
T0P OF BERM

GRADING SURFACE

CONC, GR MACADAM
SL. PROTECTION

NOTES:
i. BSLT POINTS GIVER AT THE GRADING SURFACE = TOF OF SLOPE FROTECTION.

2. THE GRADING SURFACE 1S DEFINED 8Y THE BRIDGE OFFICE SLOPE PROTECTHON
STAMDARD,

3. WING ARMORING DETAILS ARE DEFENED BY THE BRIDGE OFFICE WING ARMORING
STANDARDS.

4. SLOPE PROTECTION AND WING ARMORING QUAMITIES WILL BE CALCULATEDR IN
FiNAL DESIGN. .

CONCETE OR MACADAM SLOPE PROTECTION

3 TVP,
TOP OF BERM

TOP OF REVETMENT ELEV.

;TOE OF BERM
7

NOTES:

I BSLT POINTS GIVEN AT GRADING SURFACE = TOF OF EROSION STONE
AND TOP OF EMBEDDED REVETMENT.

2. THE GRADING SURFACE SHALL BE LABELED CN YHE TSL REVETMENT
TYPICAL SECTION. TOP GF REVETMENT ELEVATION SHALL BE DEFINED.

3. ADDITIONAL FROSION STONE DETAILS ARE COVERED BY THE BRIDGE OFFICE
SLOPE PROTECTION STANDARD.

4. REVETMENT AND ERQSION STONE BERM ARMORING ARE PLACED

BELOW THE GRADING SURFACE AND Wil REQUIRE "CORE OUT*. DEFINE

LIMITS OF THE CORE OUT iN THE PLANS. THE BERM ARMORING

QUANTITIES TABLE SHALL INCLUDE {AS APPLICABLE)CLASS IO

EXCAVATION, ENGINEERING FABRIC, EROSION STONE AND REVETMENT. BERM
ARMORING GENERALLY [NCLUDES QUANTITIES TO THE FACE OF THE ABUTMENT.

5. WING ARMORING DETANS ARE DEFINER BY THE BRIDSE GFFICE WING
ARMORING STANDARD. FINAL DESIGN WILL CALCULATE QUANTITIES
RELATED TD THE WING ARMORING,

EMBEDDED REVETMENT

3 {1YP)
—TOP OF BERM

$" DEPTH EROSION STONE
TOP OF REVETMENT ELEV.

GRADING SURFACE

NOTES:

i- BSLT POINTS GIVEN AT GRADING SURFACE = BASE CF EROSION STONE
AND BASE OF NON-EMBEDDED REVETMENT.

2. THE GRADING SURFACE SHALL BE LABELED ON THE TSL REVETMEI\ZT‘
TYPICAL SECTION. TOP OF REVETMENT ELEVATION SHALL BE DEFINED.

3. ADDITIONAL ERCSION STONE DETAILS ARE COVERED BY THE BRIDGE OFFICE
SLOPE PROTECTION STANDARD,

4. THE BERM ARMORING QUANTITIES TABLE SHALL INCLUDE ENGINEERING FARRIE,
ERGSION STONE AND REVETMENT. BERM ARMORING QUANTITIES GENERALLY WiLL
INCLUDE ARMORING WORK UP TG THE FACE OF ABUTMENT.

5. WING ARMORING DETAILS ARE DEFINED BY THE BRIDGE OFFICE WING
ARMORING STANDARD. FINAL DESIGN WILL CALCULATE QUANTITIES
RELATED TO THE WING ARMORING.

REVETMENT (NOT EMBEDDED) 42412
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BERM GRADING
CONTIGUOUS LINE -

CONSTANT ELEVATION

. pay
e BERM SLOPE
- OR FLATTER

-~

- - s
>

~ MINIMAL SEPARATION

i OR FLATTER

]

i

N } E
VaZ B—

E

Ty EONTICU00S LINE Y.
< NCONS ELEVATION S

N\ BERM SLOPE
i OR FLATTER

]
h BERM CRADING \
i CONTROL LINE /S  rPfby

’: A M
Ty E

DUAL BRIDGES - TYPICAL SEPARATION

e

BERM SLOPE LOCATION TABLE
BOINTS WEST ABUTMENT EAST ABUTMENT
STATION QEESET | ELEV. STATION QrFSET | ELEV.
Al B9I+04.80 |23.40° LT | 1200.80] 895+34.10 |23.40°LT | 1200.80
AZ 890+95.60 72,50 LT | 1200.80] 895+39.50 |72.507LT [1200.80
Dt 889+57.40 |23.40°L7 | 124%.28] 8%6+70.50 [23.40'LT |i245.70
D2 B89+50.00 | 72,507 1.7 | 1249.28] 826+78.00 |72.50' LT |1245.70
Bt 889+52.25 123,40 1.7 | 1250.28] B86+76.00 |23.40°LT |1246.70
B2 B89+46.67 |T2.50 LT | 1750.28] 896+81.56 [72.50°LT | 1246.70
wt BB9+32.20 123.40° LT | 1257.T4} #36+96.05 [23.40° LT | 1254.17
W2 AR8+27.25 172.50° 1T I207.R4E BAT+OL0O0 17250 LT | |254.27

BERM SLOPE ELEVATIONS REFLECT THE GRADING SURFACE. BERM GRADING
BELOW BERM GRADING CONTROL LINE DEFINED BY CONTROL LINE.

BERM GRADING CONTYROL LINE IS OEFINED BY ‘D’ POINTS IN ABOVE TABLE.
CALTERNATE NOTE FOR ABOVE WHEN ‘D’ POINTS NOT REQUIRED - SEE NOTES]T
BERM GRADING CONTROL LIME S DEFINED BY '8 POINTS IN ABOVE TABLE.

NOTES:

FOR DUAL BRIDGES A BERM GRADING CONTROL LINE
WH.L BE PROVIDED.

THE BERM GRADING CONTROL LINE 1S A CONTIGUQOUS LINE
FROM 3 FT.BEYOND THE OUTSIDE BRIDGE FASCIA'S SET

AT A CONSTANT ELEVATION. THE GRADING CONTROL LING
WHLL RESULT IN A PLANAR BERM SURFACE BETWEEN AND
UNDER THE BRIDGES.

FOR DUAL BRIDGES WHERE BOTH BERMS HAVE THE SAME
ELEVATION AND THE EDGE OF THE 3 FT.BRIDGE BERM FORMS
A CONTEGUOUS LINE OUT-OUT THE ‘B’ POINTS DEFINE THE
BERM GRADING CONTROL LINE. FOR MOST DUAL BRIDGE
SITES THIS CAN BE ACCOMPLISHED BY ADJUSTMENT OF THE
LOW BRIDGE BERM AND/OR ELIMINATION OF A SLOPING
BERM.

TO ATTAIN LEVEL/EQUAL BERM ELEVATIONS THE BERM CAN
BE ELEVATED UP TO THE FOLLOWING LIMITS {ELEVATED

FROM THE 2 FT. TYPICAL FROM BTM.FTG.:

INTEGRAL - 8.5 FT.
STUB - 05 FT.

THE PROVISIONS OF ARTICLE 3.2.7.2 (SLOPING OF ABUT.
FOOTING/BERM) SHOULD BE REVIEWED FOR APPLICABILITY.
THE PROVISIONS OF THE ABOVE ARTICLE SHALL GOVERM.

FOR SITES WHERE THE 'B' PCINTS CANNCT BE ADJUSTED TO
FORM A CONTIGUOUS LINE AT A CONSTANT ELEVATION, D’
POINTS WILL BE UTILIZED TO DEFINE THE BERM GRADING
CONTROE LINE.

THE CONTROL LINE WILL BE SET AT AN FLEVATION | FT.
BELOW THE LOW BERM ELEVATION. THE ALIGNMENT WILL BE
SET SUCH THAT THE SLOPE BETWEEN ADJACENT B/ AND ‘D
POINTS MATCHES OR IS FLATTER THAN THE BERM SLOPE
BELOW THE GRADING CONTROL LINE.

DUAL BRIDGES
BERM SLOPE DEFINITION

REV. DATE: 5-01-13
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C3.7.3.4 Recoverable berm location table

See also the BSLT example in C3.2.7.3.3.
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C3.7.3.5 Slope protection
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C3.7.3.6 Grading control points

\ R = AN 3 .
v “E W ABUT.BRGY, G PIER 1ot S . G PIER 2 € E. ABUT. BRG.
) . 874+06.00 ML.\ke.  BT4+61.50 ML, Jn, <[875+10.50 M.L. 875+56.00 M.L., \
L SKEW 30° RS SKEW 30 RNy SKEW 30° R.A. CSKEW 30° R
- . R R 2N W LW I53S) OUT TO OUT OF SLAB -« . NN
PROPO RIDGE == TR o S 2 2 DR
i . RCES TN W0, 0l5070 € - & ABUTMENTS N P L

DESIGN NO. 0110

T T
YO WNas o6 I

/— 3 us 6 ()

L}

1
O

I
T =
- i =
- L]
- |
1

e i \ ' N K erseaaza i, 3
B74+21.59 M.L., 38.0' R1, Ll \ g i § WING DIKE ~
§ WING DIKE ) R 15 I TOP EL. 782,35
TOP EL. 784.76 ‘B . | L=80"

L=50_" L

e

7y
/

2y

=

o

27

BENCH
ELTITO ™,

i

. 1 . 1 \ v L.

' ' b \ \ Y ' N 'llEXISTING BRIDGE  ~ 7= -

' ' L " 1 i Y % «T0°-0 ¥ 30°-0 DECK GDR.
Voo %% STABTS+09.3

Y [ [} ' [ B ) b DESIGN ND. 955

GRADING CONTROL/REVETMENT LAYOUT:

BERM/DIKE SLOPE

Sl TYR.
(GI) 874+28.1, 70.0° LT., END GRADING CONTROL LINE 5 SRADING CONTROL
LI
&74+37.9, 30.0° LT., BRE. GRADING CONTROL LINE e 1 10°-6
@ END REVETMENT T T el S REuETENT
. 25,
874+72.5, 30.0° RT,, BRK. GRADING CONTROL LINE h@* 2 ., EMGR. FABRIC
END REVETMENT i THALWEG
EL. 768.0 EXISTING _ff:"
(9 #75+16.9,30.0° AT, END GRADING CONTROL LINE GROLUND
(68 874+50.9, 70.0° LT, END GRADING CONTROL LINE SECTION THROUGH
(GE) §74+94.8, 30.0° LT., BAK, GRADING CONTROL LINE <
® END REVETMENT STONE TOE

(67 875+29.6, 30.0° RT., BRK. GRADING CONTROL LINE
875+47.2, 90.0° RT., END GRADING CONTROL LINE

REVETMENT LAYOUT:

875+35,5, 50,0 RT., END REVETMENT

GRADING CONTROL POINTS

REV. DATE: 12-05-13
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C3.7.3.7 Mechanically Stabilized Earth (MSE) Walls adjacent to abutments

C3.7.4 Piers and pier footings
Ref: 2013 AASHTO LRFD Intermediate Revisions
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SECTION 3: LOADS AND LOAD FACTORS

3-35

3.6.5—Vehicular Coltision Force: CT
3.6.5.1—Protection of Structures

Unless the Owner determines that site conditions
indicate otherwise, abutments and piers located within a
distance of 30.0 ft to the edge of roadway shall be
investigated for collision. Collision shall be addressed by
either providing structural resistance or by redirecting
or absorbing the collision load. The provisions of
Article 2.3.2.2.1 shall apply as appropriate.

Where the design choice is to provide structural
resistance, the pier or abutment shall be designed for an
equivalent static force of 600 kip, which is assumed to act
in a direction of zero to 15 degrees with the edge of the
pavement in a horizontal plane, at a distance of 5.0 ft
above ground.

Where the design choice is to redirect or absorb the
collision load, protection shall consist of one of the
following:

*  An embankment;
e A structurally independent, crashworthy ground-

mounted 54.0-in. high barrier, located within 10.0 ft
from the component being protected; or

e A 42.0-in. high barrier located at more than 10.0 f
from the component being protected.

Such barrier shall be structurally and geometrically
capable of surviving the crash test for Test Level 5, as
specified in Section 13.

cases where substructures are found to be inadequate to
resist the increased longitudinal forces, consideration
should be given to design and detailing strategies which
distribute the braking force to additional substructure units
during a braking event.

C3.6.5.1

‘Where an Owner chooses to make an assessment of
site conditions for the purpose of implementing this
provision, input from highway or safety engineers and
structural engineers should be part of that assessment.

The equivalent static force of 600 kip is based on the
information from full-scale crash tests of rigid columns
impacted by 80.0-kip tractor trailers at 50 mph. For
individual cohumnn shafts, the 600-kip load should be
considered a point lead. Field observations indicate shear
failures are the primary mode of faiture for individual
columns and columns that are 30.0 in. in diameter and
smaller are the most vulnerable. For wall piers, the load
may be considered fo be a point load or may be distributed
over and area deemed suitable for the size of the structure
and the anticipated impacting vehicle, but not greater than
50 £ wide by 2.0 ft high. These dimensions were
determined by considering the size of a truck frame.

Requirements for train collision load found in
previous editions have been removed. Designers are
encouraged to consult the AREMA Manual for Railway
Engineering or local railroad company guidelines for train
collision requirements.

For the purpese of this Asticle, a barrier may be
considered structurally independent if it does not transmit
loads to the bridge.

Full-scale crash tests have shown that some vehicles
have a greater tendency to lean over or partially cross over
a 42.0-in. high barrier than a 54.0-in. high bamrier. This
behavior would allow a significant collision of the vehicle
with the cormmponent being protected if the component is
located within a few ft of the bartier. If the component is
meore than about 10.0 & behind the barrier, the difference
between the two barrier heights is no longer important.

One way to determine whether site conditions qualify
for exemption from protection is to evaluate the annual
frequency of impact from heavy vehicles. With the
approval of the Owner, the annual frequency for a bridge
pier to be hit by 2 heavy vehicle, 4Fgpp, can be calculated
by:

AFgzp = 2(ADTT) (Przr)365 (C3651-1)

where:

[SEUAT R Eak SN

REf apsHTo LEFD
i

TERMEDIATE
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3-36 AASHTQ LRFD BRIDGE DESIGN SPECIFICATIONS

Table €3.6.1.4.2-1 may be used to detenmnine ADTT
from available ADT data.

Pge=13.457 x 107" for undivided roadways in tangent and
horizontally curved sections

1.090 x 10 for divided roadways in tangent sections
2.184 x 107 for divided roadways in horizontally curved
sections

Design for vehicular collision force Is not required if
AFzpp 18 tess than 0.0001 for critical or essential bridges or
0.001 for typical bridges.

The determination of the annual frequency for a
bridge pier to be hit by a heavy vehicle, 4Fgpg, is derived
from limited statistical studies performed by the Texas
Transportation Instifute. Due to limited data, no distinction
has been made between tangent sections and horizontally
curved sections for undivided roadways. The target values
for AFyzp mirror those for vessel collision force found in

Article 3.14.5.
Table C3.6.5.1-1 provides typical resulting values for
A-FHBP‘
Table C3.6.5.1-1--Typical Values of 4Fyzp
Divided Divided
Undivided Curved Tangent
ADT ADTT* Pypp=3.457E-09 Prpp=2.184E-09 Pygp=1.09E-09
(Both Directions} (One Way) AFypg =2 ¥ ADTT x 365 X Pugp

1600 50 0.000% 0.0001 0.0000
2000 100 0.0003 0.0002 0.0001
3000 150 0.0004 0.0002 0.0001
4000 200 0.0005 0.0003 0.0002
6000 300 0.0008 0.0005 0.0002
8000 400 0.0010 0.0006 0.0003
12000 600 0.00135 0.0010 0.0005
14000 700 0.0018 0.0011 0.0006
16000 800 0.0620 0.0013 0.0006
18000 900 0.0023 0.0024 0.0007
20000 1000 0.0025 0.0016 0.0008
22000 1100 0.0028 0.0018 0.0009
24000 1200 0.0030 0.0019 0.0010
26000 1300 0.0033 0.0021 0.0010
28000 1400 0.0035 0.6022 0.0011

*Assumes ten percent of ADT is truck traffic.

3.6.5.2—Vakiole Collision with Barviers

The provisions of Section 13 shall apply.

From AASHTO LRFD Bridge Design Specifications, 6t Edition with Interm Revisions, Copyright 2012-
2013, by the American Association of State Highway and Transportation Officials, Washington, DC. Used
by permission.
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C3.8 Cost estimates

C3.9 Type, Size, and Location (TS&L) plans

PRELIMINARY BRIDGE DESIGN
TS&L PLAN SHEET(S) LAYOUT GUIDELINES

Refer to the PLAN REVIEW CHECKLIST or PRELIMINARY DESIGN GUIDELINES available on the
Bridge Web Site which include required information for the TS&L Plan sheet(s). The following guidelines
are intended to provide consistency for placing information when additional plan sheet(s) are needed.

The first sheet shall show a typical bridge layout per guidelines and be labeled SITUATION PLAN below
the plan view and in the title block.

Bridge sites typically have areas of interest such as stream meanders, interchanges, etc. which do not fit
on a single Situation Plan sheet. To show these areas, a SITE PLAN sheet shall be created. This second
plan sheet shall be labeled as SITE PLAN below the plan layout and the title block shall be labeled as
SITUATION PLAN - SITE. The scale of the site plan layout may be changed (labeled with a Scale
Legend) to adequately show conditions outside of the proposed structure area. Typically, the SITE PLAN
shall be shown on one sheet. The SITE PLAN sheet may also be used to place information when
insufficient room remains on the SITUATION PLAN sheet.

Any additional sheet(s) showing details or other preliminary information shall be labeled as
MISCELLANEOUS DETAILS and the title block(s) should be labeled as SITUATION PLAN - MISC.

In general, additional plan sheets shall be created except for relatively small bridges where limited
additional information is needed.

All items required by the PLAN REVIEW CHECKLIST or PRELIMINARY DESIGN GUIDELINES which
are not listed in the mandatory or preferred item guidelines shall be placed at the designer’s discretion.
The designer shall follow the guidelines of the mandatory and preferred items listed for both situation plan
layout and site plan layout sheets when placing information.

Topography is defined as information typically obtained from the project survey such as ground features
and utilities, excluding ground shots and contours.

The mandatory items listed below shall be shown on the situation plan layout sheet(s).

Mandatory Items for the Situation Plan layout sheet(s)

1. Situation Plan
0 SITUATION PLAN heading under plan view layout
Dimensions of Proposed Structure(s)
North Arrow
Centerline Roadway Alignments and labels
Centerline Stationing labels
Profile Grade Line labels
Existing Structure(s) (A)
Proposed Grading Slope Lines (not proposed contours) (A)
Revetment (A)
Slope Protection Note (A)
Guardrail Indicated
Topography (A)

OO0OO0OO0OO0OO0OO0O0OOO0OO
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o0 Minimum Vertical Clearance Location (overhead bridges)
0 Scale Legend
0 Horizontal Clearance to Piers (overhead bridges)
Longitudinal Section
Typical Approach Section
Location Data
Bench Mark

akrwd

(A) These items to be edited as required prioritizing clarity of other mandatory items or text. More
comprehensive treatment of these items can be made on the site plan sheet in cases where
extensive editing is required on the situation plan layout sheet(s).

The preferred items listed are expected to be shown on the situation plan layout sheet(s) but due to
space restrictions may be shown on the site plan layout sheet.

Preferred Items for the Situation Plan layout sheet(s) (In order of preference)

Proposed Grade

Hydraulic Data

Traffic Estimate

Utilities Legend

Spiral Curve Data

Horizontal Curve Data

Minimum Vertical Clearance note
Staging Widths

ONoA~WONE

The mandatory items listed below shall be shown on the site plan layout sheet. Some duplication is
necessary for references between the multiple SITUATION PLAN sheets.
Mandatory Items for the Site Plan layout sheet
1. Site Plan
0 SITE PLAN heading under plan view layout
North Arrow
Centerline Roadway Alignments and labels
Centerline Stationing labels
Proposed Structure(s) (B)
Existing Structure(s) (B)
Proposed Grading Slope Lines (not proposed contours) (B)
Revetment (B)
Guardrail Indicated
Topography (B)
Scale Legend
Beginning & End Bridge Stations at Centerline Abutment Bearings

O0OO0OO0OO0OO0OOOOOO

(B) These items should not be edited extensively on the site plan layout sheet and a more
comprehensive treatment of these items should be shown on this sheet where extensive editing may
have been necessary on the situation plan layout sheet(s).

The preferred items listed are expected to be shown on the site plan layout sheet but due to space
restrictions may be shown on the situation plan layout sheet(s).

Preferred Items for the Site Plan layout sheet

1. Berm Slope Location Table & Associated Point I.D. Labels (Show together on the sheet)

2. Revetment Limits & Typical Section Details

3. Survey Ground Shots or Contours of existing ground supplemented with Ground Shots (not
proposed contours)
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C3.10 Permits and approvals

C3.10.1 Waterway

Department of Natural Resources List of Meandered Streams
22 December 2006

lowa Department of Natural Resources Sovereign Lands Construction Permits are required for work on or
over meandered streams. (This is a different permit than a Floodplain Development Permit.) The term
“meandered stream” for this permit is a legal description where the State of lowa owns the stream bed and
banks of certain reaches of rivers. A meandered stream is one which at the time of the original government
survey was so surveyed as to mark, plat and compute acreage of adjacent fractional sections. DNR is
responsible for this state-owned land and therefore issues a Construction Permit. The following is a list of
the descriptions of the limits of these rivers in the state of lowa.

1.

10.

11.

12.

Des Moines River. From Mississippi River to the junction of the east and west branches. The west
branch to west line T95N, R32W, Palo Alto County, due south of Emmetsburg. The east branch to
north line T95N, R29W, Kossuth County, near the north edge of Algona.

lowa River. From Mississippi River to west line T81N, R11W, lowa County, due north of Ladora.

Cedar River. From lowa River to west line T89N, R13W, Black Hawk County, at the east edge of
Cedar Falls.

Raccoon River. From Des Moines River to west line of Polk County.

Wapsipinicon River. From Mississippi River to west line T86N, R6W, Linn County northwest of
Central City.

Magquoketa River. From Mississippi River to west line T84N, R3E Jackson County, due north of
Magquoketa.

Skunk River. From Mississippi River to north line of Jefferson County, at the southwest edge of
Coppock.

Turkey River. From Mississippi River to west line T95N, R7W, Fayette County, northwest of
Clermont.

Nishnabotna River. From Missouri River to north line T67N, R42W, Fremont County, northeast
of Hamburg.

Upper lowa River. From Mississippi River to west line Section 28, T100N, R4W, Allamakee
County, about two and one-half miles upstream from its mouth.

Little Maquoketa River. From Mississippi River to west line Section 35, T90N, R2E, Dubuque
County, about one mile upstream from its mouth.

Mississippi River, Missouri River, Big Sioux River.
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C3.10.2 Railroad
C3.10.3 Highway

C3.11 Forms
Examples of forms to follow:
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Bridge Cost Estimate for Concept Statement

Location:

County: Lucas Proj. No.: BRF-014-2(34)~38-59
Des. No.: 1054 Pin No,: 09-59-014-010

Maint. No.: 5927.35014 FHWA No.: 34460

Oon IA 14 over English Creek Sta.: 502+19.1

Section 13,T73N,R21W

Functional Class: ADT: 2580 vpd

By: D. Claman Date: 5/17/2010

Existing Bridge:

Type: I-Beam Length x Width: 60" x 30
Pier Type: N/A Bbut. Type: 8tub

8pans: 60 Approach Pavement Width: 30
Skew: © Design Loading:

Drainage Area: 7.8 sg. mi.

Existing Bridge Width Acceptable: No
New/Reconstructed Roadway Width: 44.0¢
Repair/Remodel by Staging Traffic: Yes

General Comments: Existing bridge is a 4-beam single span structure that could
be staged. Stage 1 lane width would bs 15' wide and Stage 2 lane width would
be approximately 12 feet wide with an additional 2’ wide bridge. Staging a
slab bridge may create constructability issues due to deflection and false-
work.

Opticon A - Btage 110‘ x 46¢ CCS Bridge

Type: CCS Length x Width: 110° x 4§&'

Pier Type: Pile Bent Abutment Type: Integral

Spans: 1 @ 35, 2@27.5°' Skew: 0.0

S8tage Traffic: Yes, One 15’ Lane - Stage 1, One 12/ Lane - Stage 2

Costs:

Bridge - 110’ x 46' @ $75/sf = & 379,500
Remove Exist. Bridge -60' x 3¢’ @ $7.00/sf =85 12,600
Riprap Berms = § 50,000
Staged Construction (10%) = % 44,210
Mobilization (10%) = ¢ 44,210
Contingency (15%) = 3% €6,315
Total Option A $ 596,835

Comments: Staged CCS bridges way have constructability igsues depending upon
the contractor.

Page 1 of 2
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Bridge Concept Statement

Lucas County
BRF-014-2(34)—38-59

Option B - 110’ x 44’ CCS Bridge - Detour

Type: CCS Length x Width:
Pier Type: Pile Bent Abutment Type:
Spans: 1@35.0, 2@ 27.5' Skew: 0.0
Stage Traffic: No

Costa:

Bridge - 110’ x 44' @ $75/sf

Remove Exist. Bridge 607 x 30' @ $7.00/sf
Riprap Berms

Mocbilization (10%)

Contingency (15%)

Total Option B

4/12/2011
110’ x 44’
Integral
= § 363,000
= $% 12,600
= § 50,000
= § 42,580
= § 63,840
$ 532,000

Comments: Detour reduces construction time and eliminates constructability

issues staging slab bridges.

Revigions:

None

Page 2 of 2
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Bridge Office Attachment for Concept Statement

Date: October 12, 2017
By: John Q. Engineer
Location: U.S. 65 over East Branch Beaverdam Creek

County: Cerro Gordo
Project No.: BRFN-065-8(68)—39-17
Pin No.: 17-17-065-010

1. Regulatory/Coordination
a. Iowa DNR Flood Plain permit = No
b. Iowa DNR Sovereign Lands permit = No
c. Local Record of Coordination = Yes
d. Flood Insurance Study = Yes. Zone A Panel 19033C0275C, May 16, 2012
e. Drainage District = No (March 2012 D.D. Map prepared by Cerro Gordo

County Auditor’s Office)

£. Corps of Engineers Section 408 = No
2. Hydrologic/Hydraulic Analysis/RIDB Dataset
a. Design discharges determined = Yes (USGS 13-5086)
b. Hydraulic analysis done = No (2D model recommended)
c. Riverine Infrastructure Database (RIDB) = Yes, an RIDB dataset will

be developed as part of this project. The RIDB network location is
BeaverdamC_EB Cer 9.9.

d. Project development hydraulic analysis will comply with the RIDB
Guidelines at a minimum.

3. Structure/Roadway Layout Considerations

a. A grade raise of 0.3-0.6’ will keep low beam at the same level as
existing. Recommend the maximum possible roadway profile grade
raise that can be obtained within the approach roadway.

b. A slight channel shift is considered to center the channel within
the bridge.
4. Special construction issues
a. Shallow bedrock may require consideration of wall piers with spread
footing on rock in lieu of pile bent piers.
b. It is desirable for new structure foundations to avoid existing

foundations when possible.

5. Special survey = Yes. See below.
6. Aesthetic enhancements = No.
7. Other
a. The roadway will be closed during construction with traffic placed
on an off-site detour.
b. Use of wing dikes on the north side was reviewed and not carried

forward due to ground geometry upstream of the bridge.

Special Survey:
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Concept Statement - Bridge Office Attachment

We request the following in addition to the routine survey data-

A. Lowest ground and floor elevations for the 3 agricultural structures
located on the north side of 170" Street and west of U.S. 65 (upstream of
the project). A description of the contents within the buildings is also
requested to determine level of damage potential.

Link to KMZ =

Survey 3 Ag Buildings Upstream of U.S. 65 MP86.3 Bridge Replacement.kmz

B. Survey of the quad culvert downstream of the bridge on Pheasant Ave. (For
each barrel:

rise and span

structure headwall inlet and outlet flowlines

obvert

if silted record silted thalweg in addition to structure flowline.
Observation top of parapet at facia.

o 000w

Link to KMZ =
Survey County Quad RCB.kmz

C. Roadway centerline profile on U.S. 65 between B55 (170%® Street) and the

project location capturing the low roadway overtopping elevation at the
low point.

D. Roadway centerline profile on B55 (170" Street) between the 3
Agricultural buildings and proceeding to the intersection with U.S. 65.

E. For the purpose of determining any needed LiDAR bias correction to the
project datum, follow RIDB data guidelines, Part 6B.3). The recommended
procedure includes collection of XYZ observations for 20+ points divided
between at least 2 discrete locations.

F. Project development data collection will comply with the RIDB Guidelines
at a minimum.
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Form 621004wd

’%‘ lowa Department of Transportation

m

10.

12,
13,

. Grade elev. 868.0 Date buil 2000 I0OT Dasign Mo, SP-624-0(5)-

. Condition of superstructure Damaged beyond repair

FIELD NOTES FOR BRIDGES AND LARGE GULVERTS (20’ SPAN}
PRIMARY ROAD SYSTEM

LOCATION
Counly Boone Civil Twp. Worth Sec. 21 Twp. 83N Range 26W
Ovar (ORiver, ®Cr., [J0r. Ditehy Peese Creek Highway iNo. Oriole Road
Proj. No. ER-624-0(8)--28-08 Sta. Pres. Struct.  8+28.00 Agrial Map No.
Sta. Prop. Struct. 8+28.00

GENERAL DATA (FTELD}
Drainage Area 8.75 sg-mi Character Hilly to flat Approx. length and width 4.8 mi. x 2.8 mi
Exlreme highwater: Date of occurrence 1993 ion from  Ledges State Park Flood Pole
{Elev.nearsite 8925 Logation  STA GH7.21, RT 152.27' ) (Elev, Upstream
Location } (Elev. c Location }

Typleal Elev. 863.5 Occurs every 2 Years, Dale of last occurrence Unknown
Average low waler: (Elev. atsite 86247 Average streambed 862,27 ) (Waterelev. 80247  ondateofsurvey  12/10/2010 )
(Waterslev. 865.52 upstroam 582 Ft.) {Water elov. 858.3] 494 Ft.) Fall in stream 35.38 Ft.fmi.

List buildings in flood plaln None Lacation Floor Elev,

Upsiream Land Use State Park Anticipate any Change? No

Is stream deepening or filing? Filling Approx. amaunt per year Unknown

Is straam widening? No Show direction, rale and amount)

Dogs siream carmy appreciable amount of Ice? No Elev. Of high ive
Does stream sarry appraciable amount of large driftwood? Yes

- Bench Mark No. BM503 RR Spike in West Face of Flood Pale Northwest of GO0 STA 0+47.21, RT. 152.27"

PRESENT OR OLD STRUCTURE

- Supershucture: Type Dual 20,5'x 7.25' Alvminum Box Culvert Skew angle 27.42° LA,
- Substructure: Type N/A
- Span lengihs N/JA Roadway width 22’ Typs of floor N/A

Cuivert: Span 20.5" Ht 7,25 Length B-B Ppts. 59' Flowline Lt. 839.0 Rt 859.0
06

- Condition of substructure
- Remarks: Hxisting dual culverts damaged beyond repaii from August 2010 flood,

PROPOSED STRUCTURE {QFFICE)

- Superstructure: Type 120" x 30" Continuous Concrete Slab Rridge Skew angle  30° LA,

Type PILOL, Integral Abutments

- Spanlengths (Bridge):  36.5', 47.0,36.5' Culvert B-8 Ppts.

- Culverl: Span Ht. Flowline LL Rt Length Lt Rt
- Roadway width 30' Type of foor Concrele Class of leading HL-93

. Type of rafling TL-4, Open Rail Option Type of curb
- Gradeelev. 87196 AbuL. Footing elev. $03.66 Pler footing alev. 858.25

- Lengih and type of pilings: Abuts, [IP10x42 - 45' Piers 1IP10x42 - 50" (F1), 55' (P2)

- Deslgn highwatar: Elev. 867.00 Frequency 50 Year Area  8.75 sq-mi Pischarge 2,272 efs

What proviston is made for overflow? None

- Can channel be cleared to provide more waterway? No Are wing dikes 1o be provided?  No

+ s excessive local scour probable? No Probable max. depth of scour belaw streambed 4.40 it

- Disposition of exlsting slructure  Remove
- 2007 ADT= 330 VPD

+ Remarks:

County Boone Field Notes by  Adam Bullerman, P.E. Date. 2-25-11

Project. No.  ER-624-0(8)--28-08

File No. 30586 PIN 11-08-624-010 Titte Project Engineer

Deslgn No. 211 Malnt. No. 0800.35624

fover)
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VALLEY CROSS SECTION DATA

The submittal of a bridgs type structure will include a right angle valley section. This section should be taken downsiream from the crossing. it
shall be noted whether it is an average section or a cantrol section, Enough ground shots will be taken to outline the valley to an glevation well
above exlreme highwaler, Special care will be taken to accurately gutline the main channel, Each shot should he ldentified; that Is (FP} flood
plain, (TB) top of hank, (ES) edge of stream, etc. Mannings equaticn rcughness factors will be asslgned each shot. Include site photos with this

Information.
Remarks: Refer to HEC-RAS model for valley cross section data
Ny N}
Distance Elavalion Retnarks Distance Elgvation Remarks
PLAT OF DRAINAGE AREA

The drainage area is to be platted as complately and accurataly as possibla and to tha largest praclicable scale on a separata shest. Usa a definits scale, as
1" aquals %, 4, 1 or 2 miles, and indicate what scale has been used. In addillon to the outlines of tha watershed, indlata the poslions of the skreams and,
roughly, the character of the soll and the relalive locations of the steep and fiat portions. Whenevar practicable, the above informalion should be secured by
geing over the area either on feot or ina car. For mest watersheds the information may be secured from the best existing data, soil maps, U.8.G.S. maps and
Bullefin No. 7-1.H.R.B. No plat is necessary if the area is listed in Bulielin Number 7.

Remarks:

Give additional fnformation by reference fo marginal number on reversa side of lhis sheet.

Marginal
NO.
5 Hxireme highwater due to backwater from Saylorville Lake
10 Excessive silt deposition at this sitc is duc to backwater from Saylorvillc Lake
18 Culvert flowline datz based on construction plans since flow-line data could aot be obtained due 1o culvert damage

IMPORTANT NOTE

Tha Infermation given en this form musl in all cases be supplemenled by complete plat and profile of the site, drawn o a convenlent scale on a separate
sheet.

Tha information as shawn on Inls form is esseatial and must be supplied In detail before the plans can be prepared or approved, | will be necessary o return
this form for comection unless the data supplied s complete.
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C3.12 Noise walls

Excerpts from AASHTO LRFD Bridge Design Specifications, 8" Edition, Section 15: Design of Sound Barriers,
Copyright 2017, by the American Association of State Highway and Transportation Officials, Washington, DC.

Used by permission:

BeCrioN E5: DESIGN or SoUND BARRIERS

154

15.8.3—Farth Load

The provigions of Article 3.11 shall apply.

The possibility of difference between the actual
fintshed prade and that shown on the contract documents
should be considered in the design,

15.8.4—Vehicular Collision Forces

Sound barrier systems consisting of a traffic railing
and & souund barrier that have been successfully crash-
tested may be used with no forther analysis,

The depth of aesthetic treatments into the traffic face
of sound barrier that may be subjected to vehicular
collision shall be kept to a minimum,

Sound barrier materiais shatl be setected to limit
shattering of the sound barrier duting vehicular collision,

In lien of crash-festing, the resistance of components
and connections to Extremme Bvent Il force affects may be
determined based on a controlled failure scenario with a
load path and sacrificial clements selected to ensure
desirable performance of a structurai system containing
the soundwall, Vehicular collision forces shall be applied
to sound barters located within the clear zone as
foliows;

Cage 1: For sound barriers on a crashworthy traffic
railing and for sound barriers mounted behind a
crashworthy traffic railing with 2 sound barrier
setback no more than 1.0 ft: vehicunlar collision
forces specified in Section 13 shall be applied to
the sound bartier at a point 4.0 ft above the
surface of the pavement in front of the traffic
railing for Test Levels 3 and lower and 6.0 f
above the surface of the pavement in front of the
traffic railing for Test Levels 4 and higher,

Case 2: For sound barriers behind a crashworthy traffic
railing with & sound bartler setback of 4.0 fir
vehicular collision force of 440 kips shall be

C15.83

Artiele 3,11.510 containg specific tequirements for
the determination of earth pressure on sound barrer
foundation components.

Soil build-up against sound barriers has been
observed in some locations. Owners may determine the
carih loads for the worst load case assuming an
aliowance in the {inished grade elevation.

C15.84

Minimizing the depth of aesthetic treatment into the
traffic face of sound barriers that may be in contact with
# vehicle during 8 collision reduces the possibility of
vehicle snagging.

Sound barrier systems may condain  sacrificial
components of components that could need repair after
vehicular collision, Limiting shatiering of sound barriers
is particularly important for sound barriers motnted on
bridges erossing over other traffic, When reinforced
concrete panels are utilized for structure-mounted sound
barrfers, it is recommended that two mats of
reinforcement are used to reduce the possibility of the
concrote shattering during vehicolar collision. Restraint
cables placed in the middle of concrete panels may be
used to reduce shattering while avoiding the inercased
panel thickness required to accommodate two layers of
reinforcement,

The bridge overhang or moment slabs need not to
be designed for more force effects than the resistance of
the base connection of the sound barrier.

The design strategy involving a controlled failure
scenario is similar in coscept fo the use of capacity
protected design to resist seismic forces, Some damage
to the soundwall, traffic barrier, or coanections is often
preferable te designing an overhang or moment slab for
force offects due fo vehicylar collision, The bridge
overhang or moment slabs need not be desighed for more
fore offets than the resistance of the base connection of
the sound barriers.

Soe guidance on desirable structural perforsance
of sound barriers can be found in BEuropean Standard
EN1794-2 (2003).

Very limited information is available on crash-
testing of sound barrier systems, The requirements of this
Article, including the magnitude of collision forces, are
mostly bascd on engincering judpment and cbservations
made during crash-testing of traffic railings without
sound barriers.

In the absence of crash tes( resuits for sound barrier
systems, sound bartiers that have not been crash-tested
are often used in conjunction with vehicular railings that
have beon crash-tested s stend-alone railings, Le.
without sound bartiers, The coflision forces specified

© 2014 by the Amerisan Assoaintion of State Highway and Transportation Officials,
All rights reserved. Duplication is a violation of applicable law.,

JULY 2020



IOWA DOT ~ BRIDGES AND STRUCTURES BUREAU ~ LRFD BRIDGE DESIGN MANUAL COMMENTARY ~ C3: 61

15-10

AASHTGLRED BRInGE DESIGN SPECIFCATIONS, SEVENTH EpsTion, 2014

applied. The collision force ahall be assumed to
act at a point 4.0 R above the surface of the
pavement in front of the traffic railing for Test
Levels 3 and lower and 14,0 ft above the surface
of the pavement in front of the traffic railing for
Test Levels 4 and higher,
Case 3: For sound barriers behind a crashworthy traffic
railing with a sound barrier setback between
1.0 &t and 4.0 ft: vehicnlar collision forees and
the point of application of the force shall vary
linearly between their values and locations
specified in Case 1 and Case 2 abave.
Case 4: For sound barriers behind 2 crashworthy traffic
rafling with a sound barrier sethack more than
4.0 R: vehicular coilision forces need not be
considered.

The setback of the sound barrler, S, shall be taken as
shown in Figure 15.84-1,

herein ate meant to be applied to the sound barriers
portion of such systems,

Crash Test Levels 3 and lower are performed nsing
sinall automobiles and pick-up érucks, Crash Test Levels
4 gud higher include single unit, tractor trailer trucks, or
both. The difference in height of the two groups of
vehieles is the reason the location of the collision force Is
different for the twoe groups of sound harriers.

Tor crash Test Levels 3 and lower, the poiat of
application of the colliston force on the sound barriers is
assumed fo be always 4,0 ft above the pavement,

During crash-testing of traffic railings for crash Test
Levet 4 and higher, trucks fend to tilt above the top of the
railing and the top of the truck cargo box may reach
approximately 4.0 ft behind the teaffic face of the traffic
railing, For such systems, the point of application of the
collision force is expected to be as high as the height of
the cargo box of a truck, assumed (o be 14,0 ft above the
pavement surface.

For sound barriers mounted on crashworthy traffic
barriess or with a smail setback assumed to be less than
1.0 R, the full crash foree is expected to act on the sound
barrier, The point of application of this force is assumed
o be at the level of the cargo bed, taken as 6.0 ft above
the surface of the pavement.

For a sound barrier mousted with a setback more
than 1.0 ft behind the traffic face of the traffic railing, it
is expected that the truck cargo box, not the cargo bed,
will impact the sound barrder. It is expected that the top
of the cargo box will touch the sound barrier first. Due to
the soft cosstruction of cargo boxas, it is assumed that
they will be erushed and will soflen the collision with the
sound barrier. The depth of the crushed area will increase
with the increase of the colliston force, thus lowering the
location of the resultant of the collision forge, The
magnitude of the collision foree and the degree to which
the cargo box is crushed are expected to decrease as the
setback of the sound barrier increases.

In the absence of test results, it is assumed that a
collision force of 4.0 kips will develop at the top of the
carge box when it impacts sound batriers mounted with a
setback of 4.0 fi,

The collision force and the point of application are
assumed to vary linearly as the sound barrier setback
varies befween 1.0 frand 4.0 1,

© 2014 by the American Associstion of State Highway and Transpostation Officlals.
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C3.13

SeCTIoN 15: Desion or Sound BARRIERS

15-11

Bound Barrier
Jf?\wm

1

{a) Scund Barrler {b) Sound Barrier {c) Sound
ona Behind a Barrler Behind
Conorate Railing Gongrete Ralfing & Metat Ralling

Figure 15.8.4-1—Sound Barrier Setback Distance

Collision forces on sound bayriers shall be applied as
a linc load with a length equal to the longitudinal length
of distribution of coliision forces, I, specified in
Appendix A3,

For sound barriers prone to vehicaular collision
forces, the wall panels and posts and the post connections
to the supporting fraffic barriers or footings shall be
designed to resist the vehioular collision forces af the
Extreme Bveat 11 limit state.

For post-and-panel construetion, the design collision
force for the wall panels shatl be the full specified
coliision force placed on one panel between two posts at
the location that maximizes the load effect being
checked. For posts and post commections fo the
supporting components, the design coltision force shall
be the full specified collision force applied ot the point of
application speoified in Cases | through 3 above.

The vehicular ratting part of the sound barrier/railing
system does not need fo satisly any additional
requirements beyond the requirements specified in
Section 13 of the Specifications for the stand-alone
raifings, including the  heiglt  and  resistance
requirements.

Unless otherwise specified by the Owner, vehicular
collision forces shall be considered in the design of
sound barriers,

In some cases, the wall panel s divided inte a seres
of horizontal elements. In these sitaations, each
hotizontal strip should be designed for the full design
force.

Owners may select o ignore vehicular collision
forees in the design of sound barriers at locations where
the coltapse of the sound barrier or portions of thercof
has minimal safety consequences.

© 2014 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication s o violation of applicable law.
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C3.14 Zone of Intrusion
Figures adapted from AASHTO Roadside Design Guide,4" Edition.

80" (6.67") |
Y
(34" (2.83") Cargo Box
Zone
A
X Truck CabX
X  Zone X
o
S
3 ;.9, 9
5
I
o
S
T
2]

3.14C, FIGURE |: GUIDELINE FOR DESIRED CLEARANCE
(ADAPTED FROM ZONE OF INTRUSION FOR TL-4 BARRIERS PER
NCHRP REPORT 350, REF. AASHTO RDG FIGURE 5-31)

18"

78" (6.5')

34" OR 44"

3.14C, FIGURE 2: GUIDELINE FOR MINIMUM CLEARANCE
(ADAPTED FROM ZONE OF INTRUSION GUIDELINES FOR TL-3
CONCRETE BARRIERS REF. AASHTO RDG FIGURE 5-28)

NOTE: THE 34 INCH TALL AND 44 INCH TALL IOWA STANDARD F-SHAPE BARRIER RAILS MEET
NATIONAL COORPERATIVE HIGHWAY RESEARCH PROGRAM (NCHRP)REPORT 350 TEST LEVEL 4 (TL-4)
AND TEST LEVEL 5 (TL-5) RESPECTIVELY. NOTE THAT THE {OWA STANDARD F-SHAPE BARRIER
RAILS ARE 2 INCHES TALLER THAN THE MINIMUM HEIGHTS REQUIRED FOR TL-4 AND TL-5 BARRIER
RAILS IN ORDER TO ACCOUNT FOR THE POSSIBILITY OF A 2 INCH THICK FUTURE OVERLAY.
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