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Beam Camber & Deflection............ccooooiiiiiiiiiini.. (dated Sept. 18, 2008)
Truss Bridge Gusset Plate Analysis ............cc.coee. (dated Oct. 20, 2008)
REMOVED

REMOVED

Interim Guidance for Installation of Temporary Barriers on Bridges
and Approach Panels..............coooiiiiiiiii, (dated December 23, 2011)
Discontinued Usage of Plain Elastomeric Bearing Pads and
Substitution with Cotton-Duck Bearing Pads ............ (dated April 12, 2012)
Transition to New

MnDOT Pile Formula 2012 (MPF12).................... (dated November 21, 2012)
Conversion from Metric to

U.S. Cust. Rebar Designations ...............ccccoceeeeieenn.. (dated April 17, 2013)

AASHTO LRFD Article 5.7.3.4 Concrete Crack Control Check

(dated August 6, 2014)

Inclusion of Informational Quantities in Bridge Plans

(dated December 23, 2014)

Concrete Mix Design Designations ......................... (dated August 10, 2015)
Single Slope Barrier (Type S) Bridge Standards(dated December 09, 2016)
Edge-of-Deck Thickness on Bridges and Wall Coping Height

(dated March 28, 2017)

Post-Installed Anchorages for Reinforcing Bars ... (dated October 19, 2017)
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1.
INTRODUCTION

1.1 Overview of
Manual 5-392

1.1.1 Material
Contained in
Manual 5-392

This section contains general information about the manual along with a
general description of the Bridge Office and its procedures.

This manual contains Mn/DOT Bridge Office policies and procedures for
the design, evaluation, and rehabilitation of bridges. Except where
noted, the design provisions herein employ the Load and Resistance
Factor Design (LRFD) methodology set forth by AASHTO.

Mn/DOT utilizes a decimal numbering system to classify documents. The
“5” before the hyphen represents a publication related to engineering.
The “300” series of documents is assigned to the Bridge Office; the “90”
series indicates that this is a “Manual”. The last digit “2” specifies that
the subject matter of the document is “Design”.

The original bridge design manual, numbered 5-392, provided guidance
for the design of highway structures in Minnesota in accordance with
allowable stress design methods. Subsequently, it has received periodic
updates as design methods have changed. This version of the Bridge
Design Manual contains significant changes. It presents Mn/DOT’s design
practices in conformance with a new design methodology, Load and
Resistance Factor Design (LRFD), and also contains fifteen
comprehensive design examples.

Use of this manual does not relieve the design engineer of responsibility
for the design of a bridge or structural component. Although Bridge
Office policy is presented here for numerous situations, content of the
manual is not intended to be exhaustive. Therefore, use of this manual
must be tempered with sound engineering judgment.

After this introductory material, the manual contains material arranged
around the following section headings. To simplify locating material,
section numbers correspond to those used in the LRFD specifications:

1) Introduction

2) General Design and Location Features

3) Loads and Load Factors

4) Structural Analysis and Evaluation

5) Concrete Structures

6) Steel Structures

7) Reserved

8) Wood Structures

9) Decks and Deck Systems

10) Foundations

11) Abutments, Piers, and Walls
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12) Buried Structures

13) Railings
14) Joints and Bearings
15) Ratings
Memos
1.1.2 Updates to This manual will be updated multiple times each year as procedures are
Manual 5-392 updated and new information becomes available. Current files for each

section of the manual are available on the Bridge Office Web site at:
http://www.dot.state.mn.us/bridge/ .

1.1.3 Format of Each section of the manual contains general information at the start of

Manual References the section. Design examples (if appropriate) are located at the end of
each section. The general content is divided into subsections that are
identified with numerical section labels in the left margin. Labels for
design example subsections are identified with alphanumeric labels in the
left hand margin. The left hand margin also contains references to LRFD
Design Specification Articles, Equations, and Tables. These references
are enclosed in square brackets.

Within the body of the text, references to other sections of this manual
are directly cited (e.g. Section 10.1). References to the LRFD
Specifications within the main body of the text contain a prefix of: LRFD.

1.2 General Bridge A bridge is defined under Minnesota Rule 8810.8000 Subp. 2 as a

Information structure “having an opening measured horizontally along the center of
the roadway of ten feet or more between undercopings of abutments,
between spring line of arches, or between extreme ends of openings for
multiple boxes. Bridge also includes multiple pipes where the clear
distance between openings is less than half of the smaller contiguous
opening.”

In accordance with Minnesota Statute 15.06 Subd. 6, the Commissioner
of Transportation has delegated approval authority for State Preliminary
Bridge Plans, and State, County and City Final Bridge Plans to the State
Bridge Engineer. Plans for all bridge construction or reconstruction
projects located on the Trunk Highway System, and plans on County or
City highways funded fully or in part by state funds shall be approved by
the State Bridge Engineer.
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1.2.1 Bridge Office

The Bridge Office is responsible for conducting all bridge and structural

design activities and for providing direction, advice, and services for all

bridge construction and maintenance activities. The responsibilities

include:

e Providing overall administrative and technical direction for the office.

e Reviewing and approving all preliminary and final bridge plans
prepared by the office and consultants.

e Representing the Department in bridge design, construction and
maintenance matters with other agencies.

The Office is under the direction of the State Bridge Engineer. It is
composed of sections and units as shown on the organizational chart
(Figure 1.2.1.1). Each of these subdivisions with their principal functions
is listed as follows:

1) Bridge Design Section
Responsible for the design, plans, and special provisions activities for
bridges and miscellaneous transportation structures.
a) Design Unit

i) Designs and drafts bridge design plans for new bridge
construction or in-place bridge repairs.

ii) Reviews bridge plans prepared by consulting engineers.

iii) Prepares special provisions for bridge plans.

iv) Designs and drafts plans for miscellaneous transportation
structures.

V) Provides technical assistance, designs, and plans for special
bridge and structural problems.

vi) Assists the Districts and other offices in solving bridge and
other structure construction issues.

b) Bridge Evaluation Unit

i) Provides review of fracture critical inspection reports and
recommends reevaluation of rating as needed.

ii) Performs design or rating for special non-bridge structures.

iii) Analyzes unusual or atypical bridge structures.

iv) Responds to and prepares plans for repairs and retrofits to
bridges damaged by bridge hits.

c) State Aid Bridge Unit

i) Assists local agencies in the planning, designing, and
construction of bridge projects.

ii) Reviews preliminary and final bridge plans for counties,
townships, and municipalities within the State of Minnesota
which receive State and/or Federal Aid Funds for bridge
construction. The bridge plan reviews are conducted to
assure they comply with AASHTO LRFD Design Specifications,
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2)

d)

e)

i)

iv)

Mn/DOT LRFD Bridge Design Manual, applicable Mn/DOT
Technical Memorandums, Mn/DOT Standard Specifications for
Construction, applicable Mn/DOT Bridge Special Provisions,
and all Mn/DOT policies.

Serves to assist in the planning and review of miscellaneous
structures for local agencies. These structures include, but
are not limited to, pedestrian bridges, boardwalks, retaining
walls, culverts, parking ramps, park buildings, skyways, and
stair towers.

Provides technical assistance to local agencies and their
consultants in the implementation of new, innovative, efficient
and cost effective bridge systems.

Provides assistance as requested by the local agencies and/or
their consultants, with the preparation, setup, and delivery of
local bridge training. The training can encompass all aspects
of local bridges, such as planning, design, construction, load
rating, and inspection.

LRFD Unit

)}
ii)

Maintains LRFD Bridge Design Manual.
Provides support to office and consulting engineers concerning
LRFD issues.

Design/Build Unit

)}
ii)

Prepares procurement documents for design/build projects.
Provides design oversight for design/build projects.

Standards, Research, and Automation Section

Responsible for development of standards and design aids, managing
research studies pertaining to bridges, and supporting computing
needs in the office.

a) Bridge Standards Unit

b)

D)

ii)

Provides design aids and standards for the office and for
consultants, counties, and cities.

Provides oversight for research projects, which involve the
Bridge Office.

Information Resource Management Unit

Coordinates the development of computer programs with data
processing systems.

Supports computer users throughout the office and manages
the local area network.

Maintains design and drafting software and provides support
to users in the office.
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3) Bridge Planning and Hydraulics Section

Responsible for program, cost estimates, preliminary bridge plan
activities for Trunk Highways and review of state aid bridges. Also,
responsible for providing statewide hydraulic engineering services
that include design, construction and maintenance activities. In
addition, the section provides leadership in the development and
implementation of hydraulic automation technology, establishes policy
pertaining to hydrology and hydraulics, prepares design aids, provides
client training, participates in research projects, and represents the
department on state and national committees.

a) Agreements and Permits Unit

i) Selects and negotiates with consulting engineers and
administers engineering agreements for the preparation of
bridge plans.

ii) Provides liaison between the Bridge Office and the consulting
engineer retained to prepare bridge plans.

iii) Coordinates public and private utility requirements for
bridges.

b) Preliminary Plans Unit

i) Conducts preliminary studies from layouts and develops
preliminary bridge plans.

ii) Provides liaison with District and Central Office road design
through the design stage.

iii) Obtains required permits from other agencies for bridges.

¢) Hydraulics Unit

i) Develops and maintains Drainage Manual, standards and
specifications related to drainage design and products for use
by Mn/DOT and other agencies.

ii) Provides technical assistance to Districts on all aspects of
drainage design.

iii) Provides bridge and culvert waterway designs for trunk
highway projects. Conducts channel surveys for requested
waterway bridges.

iv) Analyzes and evaluates bridges for scour, monitors bridges for
scour during floods, and provides training and support for
scour monitoring.

Vv) Provides technical assistance to counties and municipalities
upon request.

vi) Provides training in hydrology and hydraulics.

vii) Reviews and prorates cost of storm drains on the municipal
and county state aid system.

viii) Develops, implements, and supports a hydraulic information
system to facilitate the sharing of hydraulic data among all
users and stakeholders.
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4)

d) Programs and Estimates Unit

i) Prepares preliminary, comparative, and final cost estimates.

ii) Maintains and provides current program and plan status
records.

Bridge Construction and Maintenance Section

Responsible for bridge construction and maintenance specifications,
and bridge construction and maintenance advisory service activities to
the office and to the job site.

a) Construction and Maintenance Unit; North, Metro and South

Regions

i) Provides construction and maintenance advisory service to
bridge construction and maintenance engineers in the field.

ii) Writes bridge construction and maintenance specifications,
manuals and bulletins.

iii) Writes and maintains the file of standard current special
provisions for bridge construction and maintenance.

iv) Performs preliminary, periodic and final review of bridge
construction and maintenance projects and makes
recommendations.

Vv) Reviews bridge plans and special provisions prior to lettings
and makes constructability recommendations.

vi) Aids municipal and county engineers with bridge construction
and maintenance problems, upon request.

vii) Provides foundation design including selection of pile type,
length, design load, and foundation preparation.

viii) Reviews bridge rehabilitation, improvement, and preservation
projects and prepares recommendations for scope of work.

iX) Aids the Districts in prioritizing upcoming bridge related
projects.

X) Develops and provides bridge construction trainings for
District, county, and municipal bridge construction inspectors.

b) Bridge Ratings Unit

i) Makes bridge ratings and load postings analysis for new and
existing bridges and maintains the records.

ii) Reviews and approves special load permit requests.

¢) Structural Metals Inspection Unit

i) Provides inspection services for structural metals, fabrication
and assembly to ensure conformity with plans and
specifications.
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For

d) Fabrication Methods Unit

e)

f)

D)

ii)

i)

Reviews and approves structural metals shop drawings
submitted by fabricators.

Provides fabrication advisory service to designers, fabricators
and field construction and maintenance personnel.

Provides overhead sign design services to the Office of Traffic
Engineering, including the design of bridge-mounted sign
trusses.

Bridge Data Management Unit

D)

Maintains inventory and inspection data for the 19,600
bridges in Minnesota. Works with all agencies to make certain
appropriate data is collected.

Responsible for implementing bridge management systems to
provide information on bridges for maintenance, repair,
rehabilitation and replacement.

Bridge Inspection Unit

D)

ii)

i)

more

Provides expert assistance to the Districts in organizing and
conducting inspections of complex bridges, special features,
and fracture critical bridges.

Conducts quality assurance inspections of all agencies
responsible for bridge inspections in Minnesota.

Reviews, recommends and provides bridge inspection training
for District, county, and municipal bridge inspectors.

information, visit the Bridge Office Web site at:

http://www.dot.state.mn.us/bridge/.
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Mn/DOT Bridge Office Organization Chart
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1.2.2 Highway
Systems

1.2.3 Bridge
Numbers

Highways throughout the nation are divided into systems. These system
designations are important to know because design standards can vary
between the systems. The various highway systems are classified
according to the Agency that has responsibility for their improvement,
maintenance and traffic regulation enforcement. Listed below are the
jurisdictional divisions in Minnesota:
1) Trunk Highway System
The Trunk Highway System consists of all highways, including the
Interstate routes, under the jurisdiction of the State of Minnesota.
These routes generally are the most important in the state, carry the
greatest traffic volumes, and operate at the highest speeds.
2) County Highway System
The County Highway System is made up of those roads established
and designated under the authority of the county board. They
generally are the more important routes within a county that are not
on the Trunk Highway System.
3) Township Road System
The Township Road System is made up of the roads established under
the authority of the town board. They generally are of local
importance.
4) Municipal Street System
The Municipal Street System is all roads within a municipality not
designated as a trunk highway or county road. They are generally
of local importance.

All publicly owned bridges, either on or over a trunk highway, that are 10
feet or more in length measured along the centerline of the highway, are
assigned a number for identification and cost accounting purposes.

The numbering scheme followed in assigning bridge numbers depends on
the time of construction. With few exceptions, the numbering procedure
is as follows:

1) Prior to about 1950, all bridges were numbered consecutively from 1
to 9999 as they were constructed. The 8000 series was used for
culverts over 10 feet in length (measured along the centerline of the
highway). The 7000 series was reserved for county bridges at trunk
highway intersections. Five-digit bridge numbers beginning with L or
R designate bridges in local bridge systems.

2) Since about 1950, a five-digit nhumber has been assigned to each
bridge as it was constructed. The first two digits coincide with the
county number (01-87) in which the bridge is located (99 refers to
temporary bridges). The last three digits are assigned consecutively
using the following guidelines:
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a. 001-499 are used for regular trunk highway bridges.

b. 500-699 are used for county bridges.
700-999 are used for interstate bridges (any bridge on or over the
interstate system).

3) In 1991, additional numbers were required for bridges on the state
aid system in Hennepin County and for interstate bridges in Hennepin
County. To allocate more numbers for bridges on the local system an
alpha character is used as the third character of the bridge number.
For example, the next bridge number after Bridge No. 27699 will be
Bridge No. 27A00. Note that this happens only after 500 and 600
series have been exhausted.

To allocate more numbers on the Interstate road system, the 400
series of numbers will be used along with the 700, 800, 900's
presently used. For a bridge number XXYZZ, the following now
applies:

XX = County identification number (99 = Temporary Bridge)

Y = 0,1, 2,3,orR, T, U (for Trunk Highway Bridges)

Y = 4,7,8,9, orV, or W (for Interstate Bridges)

Y = XandY (Trunk Highway or Interstate Culverts)

Y = 5 or 6 or A through H (for non-trunk highway Bridges)

Y = Jthrough N, and P, Q (for non-trunk highway Culverts)

ZZ = Sequence number (00 through 99)

As of September, 2006, the following numbering scheme was added for:
- Bridges or culverts without a highway over or under (e.g. pedestrian
trail over stream)
- Existing bridges that have not been assigned a bridge number
- Skyways and other miscellaneous structures such as conveyors,
pipelines, or buildings

Use the format RZZZZ where:
R = A literal character
7777 = Sequence number (0000 thru 9999)

4) In cases of twin bridges, a westbound or southbound lane bridge is
generally assigned a lower number than an eastbound or northbound
lane bridge.

All bridge numbers are assigned by the Bridge Office. A complete listing
of all numbered bridges is available in computer printout form entitled
“Minnesota Trunk Highway Bridge Log- Statewide Listing”. See
Table 1.2.3.1 for a listing of the county identification numbers.



DECEMBER 2010 LRFD BRIDGE DESIGN 1-11
Table 1.2.3.1 Minnesota County Identification Numbers
County No. County Name District County No. County Name District
01 Aitkin 1&3 45 Marshall 2
02 Anoka Metro 46 Martin 7
03 Becker 4 47 Meeker 8
04 Beltrami 2 48 Mille Lacs 3
05 Benton 3 49 Morrison 3
06 Big Stone 4 50 Mower 6
o7 Blue Earth 7 51 Murray 8
08 Brown 7 52 Nicollet 7
09 Carlton 1 53 Nobles 7
10 Carver Metro 54 Norman 2
11 Cass 2&3 55 Olmsted 6
12 Chippewa 8 56 Otter Tail 4
13 Chisago Metro 57 Pennington 2
14 Clay 4 58 Pine 1
15 Clearwater 2 59 Pipestone 8
16 Cook 1 60 Polk 2
17 Cottonwood 7 61 Pope 4
18 Crow Wing 3 62 Ramsey Metro
19 Dakota Metro 63 Red Lake 2
20 Dodge 6 64 Redwood 8
21 Douglas 4 65 Renville 8
22 Faribault 7 66 Rice 6
23 Fillmore 6 67 Rock 7
24 Freeborn 6 68 Roseau 2
25 Goodhue 6 69 St. Louis 1
26 Grant 4 70 Scott Metro
27 Hennepin Metro 71 Sherburne 3
28 Houston 6 72 Sibley 7
29 Hubbard 2 73 Stearns 3
30 Isanti 3 74 Steele 6
31 Itasca 1,2&3 75 Stevens 4
32 Jackson 7 76 Swift 4
33 Kanabec 3 77 Todd 3
34 Kandiyohi 8 78 Traverse 4
35 Kittson 2 79 Wabasha 6
36 Koochiching 1&2 80 Wadena 3
37 Lac Qui Parle 8 81 Waseca 7
38 Lake 1 82 Washington Metro
39 Lake of the Woods 2 83 Watonwan
40 Le Sueur 7 84 Wilkin 4
41 Lincoln 8 85 Winona 6
42 Lyon 8 86 Wright 3
43 McLeod 8 87 Yellow Medicine 8
44 Mahnomen 2&4
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1.2.4 Limit States
to Consider in
Design

1.3 Procedures

1.3.1 Checking of
Mn/DOT Prepared
Bridge Plans

Bridge designs shall typically consider Strength, Service, Extreme Event,
and Fatigue limit states. The limit state checks will vary with the
component under consideration. Not all elements will require
consideration of all limit states. For example, the fatigue limit state need
not be considered for concrete deck slabs in multigirder applications.

This section covers the Bridge Office procedures for checking of bridge
plans, scheduling of projects, and revising or creating standards.

The general practice of most engineering offices is to require that designs
they produce be checked before they are reviewed and certified by the
“Engineer in Responsible Charge”. Although this practice has always
been required for structures designed for Mn/DOT, it is recognized that
the quality of the checking process often varies according to time
restraints, confidence in the designer, and the instructions given to the
checker. Therefore, in order to maintain a consistent design checking
process the following guidance is given for routine bridge designs.

For more complex or unusual designs, the checker is advised to discuss
additional requirements with the design unit leader. Also, the checking
process described is not meant to apply to the check or review functions
required for Mn/DOT review of consultant plans (see Section 1.3.2.) or
for construction false work reviews. (See the Bridge Construction
Manual.)

Three types of design checking will apply:

1) An independent analysis of the completed design.

2) A check of original design computations for mathematical accuracy,
application of code, and accepted engineering practice.

3) A review of drafted details for constructibility and accepted
engineering practice.

Generally, an independent analysis to confirm the adequacy of the
complete design is preferred. Significant differences should be discussed
and resolved before the plan is certified. The separate set of calculations
should be included with the design file as a record of the completed
design check.

When circumstances prevent a complete independent analysis, as a
minimum, an independent analysis shall be completed for the following:
1) Live and dead loads

2) Controlling beam lines

3) A pier cap
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1.3.2 Checking of
Consultant
Prepared Bridge
Plans

4) A pier footing
5) Main reinforcement for high abutments
6) An abutment footing

However, for the elements not independently analyzed, the original
computations should be checked for mathematical accuracy of original
design computations, applications of code, and accepted engineering
practice. Checked computations should be initialed by the checker, and
the independent analysis should be included in the design file.

When doing a separate analysis, the checker may make simplifying
assumptions to streamline the checking process. However, when major
differences are found, results must be discussed and resolved with the
designer. For instance, for normal piers, piling might be analyzed for
dead and live loads only if lateral loads appear to have been reasonably
applied in the original computations or the “AlISC Beam Diagram and
Formula Tables” may be used to approximate pier cap moment and
shear.

Whether the check is a completely independent analysis or a minimal
analysis combined with a computations check, some details, such as the
reinforcing details in a wall corner, also require review by the checker.
Often referencing old bridge plans with similar details allows the checker
to compare the current design to details that have performed well in the
past.

Consultant prepared bridge plans are created by private engineering
firms through contracts with the Department or other government
agencies. The finished plans are complete to the extent that they can be
used for construction.

The Engineer of Record is responsible for the completeness and accuracy
of the work. Final design calculations and plan sheets must be
completely checked and reconciled prior to submittal. Review comments
from the State do not relieve the Engineer of Record of the responsibility
for an accurate and complete bridge plan.

Since these plans receive the signature of the State Bridge Engineer,
there must be assurance that the plans are geometrically accurate and
buildable; structural design is adequate and design codes have been
correctly applied; proper direction is given to the construction contractor;
and all construction costs are accounted for. Plan errors may cause
costly construction delays or safety may be compromised by an
inadequate design.
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To keep consultant plan reviews consistent and timely, a procedure was
developed as a guide that assigns priority to specific items in the plans.
The overall review includes “a Thorough Check” and “Cursory Review” of
various items. The distinction between “Thorough Check” and “Cursory
Review” is as follows:

Thorough Check refers to performing complete mathematical
computations in order to identify discrepancies in the plans, or
conducting careful comparisons of known data and standards of the
Project with values given in the plan.

Cursory Review refers to a comparative analysis for agreement with
standard practice and consistency with similar structures, all with
application of engineering judgment. Mathematical analysis is not
required, but may be deemed necessary to identify the extent of a
discrepancy.

The review procedure is listed on the CONSULTANT BRIDGE PLAN
REVIEW form following this section. Headings on this list are defined as
follows:

PARTIAL PLAN: In order to assure that the consultant is proceeding in
the right direction, an early submittal of the plan is required. This
submittal usually consists of the General Plan and Elevation sheet
showing the overall geometry of the structure and the proposed beam
type and spacing; the Bridge Layout Sheet; the Framing Plan sheet; and
the Bridge Survey sheets. Errors and inconsistencies found in this phase
can be corrected before the entire plan is completed. For example, a
framing plan, including the proposed beams, must be assured as
workable on the partial plan before the consultant gets deep into the
design of the remainder of the bridge.

FINAL PLAN: A final plan should be complete in all areas to the extent
that it can be certified by the designer, although a certification signature
is not required for this phase.

THOROUGH CHECK: Items indicated for checking on the consultant’s
partial plan must be correct. Given geometry must fit the roadway
layout. Most of this information can be checked using data from the
approved preliminary plan. Approval of the partial plan will indicate that
Mn/DOT is satisfied with the geometry and proposed structure, and the
consultant may proceed with further development of the plan. For the
final plan, obvious drafting and numerical errors should be marked to
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point out the errors to the consultant; however, the reviewer should not
provide corrections to errors in the consultant’s numerical computations.
Checking on the final plan should be thorough to eliminate possible errors
that may occur, such as the pay items in the Schedule of Quantities.
Plan notes and pay items can be difficult for a consultant to anticipate
because of frequent changes by Mn/DOT. Pay items must be correct
because these are carried throughout the entire accounting system for
the Project. Plan (P) quantities must also be correctly indicated.

CURSORY REVIEW: Normally, a cursory review would not require
numerical calculations. This type of review can be conducted by reading
and observing the contents of the plan in order to assure the
completeness of the work. The reviewer should be observant to
recognize what looks right and what doesn’t look right. Obvious errors or
inconsistencies on any parts of the plan should be marked for correction.

Although structural design is usually the major focus of any plan, most
consultants are well versed in design procedures and should need only
minimal assistance from the Bridge Office. @ A comparison of the
consultant’s calculations with the plan details should be performed to
assure that the plans reflect their design and that the applicable codes
are followed. An independent design by the Bridge Office is time
consuming and is not recommended unless there is a reasonable doubt
as to the adequacy of the consultant’s design.

NO REVIEW: A thorough review of these items would be time-consuming
and may not produce corrections that are vital to construction; therefore,
it is recommended that little or no time be spent on the listed items.
Numerous errors can occur in the Bills of Reinforcement and quantity
values. However, checking this information is also time-consuming,
hence the burden of providing correct data should be placed on the
consultant.
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CONSULTANT BRIDGE PLAN REVIEW
Br. No. RTE DATE: PARTIAL PLAN REC'D. DATE FINAL PLAN REC'D.
DESIGN GROUP CONSULTANT
No. OF SHEETS IN PLAN DESCRIBE COMPLEXITY
EST. REVIEW TIME BY DESIGN GROUP (hrs.) ACTUAL REVIEW TIME (hrs)

PARTIAL PLAN

FINAL PLAN

THOROUGH CHECK

THOROUGH CHECK

Horizontal and vertical clearances

Pay items and plan quantities

Stations and elevations on survey line

Project numbers

Deck and seat elevations at working points

Design data block & Rating on GP&E sheet

Deck cross-section dimensions

Job number

Working line location and data

Certification block

Coordinates at working points and key stations

Standard plan notes

Substructure locations by station

Concrete mix numbers

Framing Plan

Construction joint locations

Conformance to preliminary plan

Prestressed beam design if inadequate design is suspected

Design loads

Bridge seat elevations at working points

Utilities on bridge

Existing major utilities near bridge

CURSORY REVIEW

Steel beam splice locations and diaphragm spacing; flange
plate thickness increments (enough to save 800+ # of
steel)

Abutment and Pier design to be checked against
consultant’s calculations

Conformance to foundation recommendations.

Pile loads and earth pressures. Check against consultant’s
calculations.

CuU

RSORY REVIEW

Rebar series increments (min. 3")

Proposed precast beams [per p.5-29]

Interior beam seat elevations

Precast conformance to industry standards

Bottom-of-footing elevations (for adequate cover)

Proposed steel beam sections

Railing lengths and metal post spacing (check for fit)

Use of B-details and standard plan sheets

Conformance to aesthetic requirements

Notes — General, construction, reference, etc.

Quantity items on tabulations

Precast beam design (Check against consultant’s
calculations)

NO CHECK OR REVIEW REQUIRED

Diagonals on layout sheet

Figures in Bills of Reinforcement

Bar shapes and dimensions

Rebar placement dimensions

Bar marks on details against listed bars

Quantity values (including total of tabulations)
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1.3.3 Peer Review
for Major or
Specialty Bridges

Major bridges are generally defined as bridges containing spans 250 feet
and greater in length. A major or specialty bridge may be determined by
its type of design, including overall size (length, width, span length, or
number and configuration of spans), cost, complexity, feature crossed,
security concerns, pier size or shape, or unusual site or foundation
conditions. Additionally, the Bridge Design Engineer may elect to require
a peer review for unique bridge types. The bridge type will be evaluated
by the Preliminary Plans Engineer and the Bridge Design Engineer to
determine if it should be considered a major or specialty bridge. Upon
concurrence with the State Bridge Engineer, a notation of “Major Bridge”
or “Specialty Bridge” will be indicated on the approved preliminary plan.
For major bridges designed by consultants, Mn/DOT will require an
independent peer review of the design by a second design firm.

Peer review requirements will be described in the Request for Proposal for
consultants.

An exception to this requirement is steel plate girder bridges, where
review will continue to be performed by in-house design units. See the
Bridge Design Engineer for consultation on these requirements.

Once the determination has been made that a particular bridge falls into
the category of “Major Bridge” or “Specialty Bridge,” an independent
design review will be required as part of the original design. This design
review may be performed by either in-house Bridge Office staff qualified
to review the particular type of design, or by a consultant. Specific
design elements for review will be detailed in each contract.

The Engineer of Record is responsible for the completeness and accuracy
of the work. Final design calculations and plan sheets must be
completely checked and reconciled prior to submittal. Review comments
from the State or Peer Reviewer does not relieve the Engineer of Record
of the responsibility for an accurate and complete bridge plan. The
Engineer of Record will cooperate with the Peer Reviewer as part of the
project team.

The Peer Reviewer will participate as part of the project team from the
beginning of design to understand the assumptions and develop a
relationship with the Engineer of Record.

The following stages of design will be reviewed by the Peer Reviewer for
concurrence:
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e Design and Load Rating Criteria: Design specifications,
construction  specifications, design loads and load
combinations, construction loads for design, materials and
allowable stresses, foundation type, factored pile resistance
and resistance factors, and permit trucks.

e Concept Design: Bridge geometrics, typical sections and
dimensions, component sizes, framing plan, location and type
of expansion joints, location and type of bearings, computer
models for girder design, construction staging, construction
sequence, river foundation report, vessel impact study, and
outline of special provisions.

e Superstructure Final Design: Independent calculations and
design; method of analysis (line girder or three dimensional);
modeling assumptions; composite and non-composite section
properties, member capacities, dead load and live load
moments, shears, and stresses at 1/10th points along girder
lines, all primary connections and other points of interest;
dead and live load deflections; deck design; deck stresses; and
deck pour sequence.

e Substructure Final Design: Independent calculations and
design, assumptions, points of fixity, cofferdam design, and
pier design and details.

e Constructability: Shipping limitations, erection sequence and
stability issues, crane sizes and boom lengths, construction
overhead clearances, interference/restrictions on construction
due to site conditions, shoring tower locations, falsework
review.

e Plan: adequacy of construction plans and specifications
provided to contractor.

e Load Rating: Independent load rating analysis, rating for
moment and shear at 1/10" points and any other points of
interest of each span.

For each of the stages of design listed above, the Peer Reviewer will submit a
Summary of Review Comments, which will be kept by the Peer Reviewer and
will verify that the design is feasible and adequately incorporates the Design
and Load Rating criteria and Concept Design parameters. The Peer Reviewer
may recommend modifications that improve cost-effectiveness or
constructability of the design along with Summaries of Review Comments for
Design and Load Rating criteria and Concept Design.

The Peer Reviewer will perform reviews at the 30% (Concept Design), 60%
(Final Design), and 95% (Plan/Constructability and Load Rating) completion
stages using independent design computations as required.
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The Peer Reviewer will conduct the final design review without the aid of the
original design calculations. The Peer Reviewer will use structural
design/analysis software different than that used in the original design—
when available—by the Engineer of Record. This will result in a separate set
of design calculations—performed by the Peer Reviewer—that will be
documented in a report that will be certified. The report will then be
compared to the original design performed by the Engineer of Record. The
Peer Reviewer will note any changes or recommendations and provide the
results to Mn/DOT for review.

The results of the peer review will determine that the design and plans are in
compliance with design standards and the established design criteria. The
Bridge Design Engineer will resolve issues with the Engineer of Record and
Peer Reviewer.
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1.3.4 Schedule for
Processing
Construction
Lettings

To meet the Department’s schedule requirements for construction
lettings, the following schedule for processing bridge plans, special
provisions and estimates must be followed. This schedule applies to all
projects: Federal Aid, State Funds and Maintenance. In general,
processing of bridge plans, special provisions, and estimates for lettings
shall be given priority over all other work, and every effort must be made
to complete the processing in advance of the times shown, which are
deadlines.

Table 1.3.4.1
Schedule and Deadlines for Bridge Project Submittal

Deadline Time Before Letting Date
Schedule and Remarks Federal Project Federal Project
State Project
(Full Oversight)
Final plan and special
provisions to 95% 14 Weeks 14 Weeks 12 Weeks
Frida Frida Frida
completion level. ( v) ( v) ( v)
Preliminary bridge pay
items, special provisions, 13 Weeks 13 Weeks 11 Weeks
and quantities to Bridge (Friday) (Friday) (Friday)
Estimates Unit
Bridge special provisions
revigw sz Ietpe (by Bridge 13 Weeks 13 Weeks 11 Weeks
mplete 1By Brdd (Friday) (Friday) (Friday)
Construction Unit)
Bridge special provisions
completed and sent to
Special Provisions & Final 12 Weeks 12 Weeks 10 Weeks
Frida Frida Frida

Processing Unit (Technical ( Y) ( Y) ( Y)
Support)
Bridge plans certified and
given to Information
Resource Management Unit 12 Weeks 12 Weeks 10 Weeks
for dating and distribution (Friday) (Friday) (Friday)
to Office of Technical
Support
Final bridge pay items and

. : 12 Weeks 12 Weeks 10 Weeks
quantities to Bridge (Friday) (Friday) (Friday)
Estimates Unit Y Y Y
Final Engineer’s estimate to
Cost Estimation Unit during 10th week during 8th week during 8th week
(Technical Support)
Latest date for final bridge
plan to Special Provisions & 9'/, weeks 8 weeks 8 weeks
Final Processing Unit (Tuesday) (Friday) (Friday)
(Technical Support)
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Table 1.3.4.1

Schedule and Deadlines for Bridge Project Submittal (Continued)

Schedule and Remarks

Deadline Time Before Letting Date

Federal Project

(Full Oversight)

Federal Project

State Project

PS&E package for

Processing Unit (Technical
Support)

o 8!/, weeks 7 weeks
authorization request to . N/A
Lo . (Tuesday) (Friday)
Division Office FHWA
. . 5 Weeks 5 Weeks 5 Weeks
Final advertisement . . .
(Friday) (Friday) (Friday)
4 Weeks 4 Weeks 4 Weeks
Sale of plans and proposals . . .
(Friday) (Friday) (Friday)
Last date for mailing letter
addendums by Special
-, ; 10 days 10 days 10 days
Provisions & Final
(Wednesday) (Wednesday) (Wednesday)
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1.3.5 Bridge
Project Tracking
System

Completing a bridge design project for contract letting is a multiple step
process that involves input from a variety of work units and personnel.
Projects are tracked by Mn/DOT using the Program and Project
Management System (PPMS). Within PPMS, projects are divided into
activities and the activities are further divided into work tasks. For
example, Activity 1260 is “Preliminary Structure Plans” and Work Task 2
of Activity 1260 is “Draft Preliminary Bridge Plan”. Progress of the work
tasks on active bridge projects is updated monthly.

Following are tables that list work tasks for the major bridge activities
within PPMS. Table 1.3.5.1 contains a listing of the PPMS work tasks for
Activity 1260, “Preliminary Structure Plans”. Tables 1.3.5.2 and 1.3.5.3
contain listings of the PPMS work tasks for Activity 1270, “Final Structure
Plans”.

For more information on activities and work tasks within PPMS, refer to
the PPMS Activity Manual located on the Mn/DOT internal web site at
http://ihub.ots/projdev/pmu/ppms/ .

Table 1.3.5.1
PPMS Work Tasks for Mn/DOT or Consultant Prepared Preliminary
Bridge Plans (Activity 1260)

Percent of
Number Work Task Activity
Completed
Receive and review information (grades, alignment,
1 surveys, layout, Hydraulics report, Project Design 15%
Memo., Environmental report)
2 Draft Preliminary Bridge Plan 60%
3 Check Preliminary Bridge Plan 75%
4 Prepare Aesthetics Recommendation 80%
5 Receive and Plot Borings 85%

6 Receive Foundation Recommendations from 8804
. . . . (o
Regional Bridge Construction Engineer

7 Obtain State Bridge Engineer’s Signature 90%

8 Distribute Signed Plans & Distribute Responses on 91%
Need for Signs, Lighting, TMC ?

9 Preliminary Estimate and District Letter 95%

10 Obtain FHWA Approval 99%

11 Turn Over and Meet with Final Design 100%
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Table 1.3.5.2
PPMS Work Tasks for Mn/DOT Prepared Final
Bridge Plans (Activity 1270)

Percent of
Number Work Task Activity
Completed *
1 Receive Preliminary Bridge Plan, Final Repair 504
Recommendation, or Special Structure Request ?
Receive District Design Information (Signal,
Lighting, Signing, TMS, etc.)
2 Receive Utility Information 10%
Receive Stage Construction Sheets
3 Establish Geometrics 20%
4 Conduct Analysis and Design, Including Check 45%
Draft and Check Plan Sheets
5 75%
Incorporate Standard Detail Sheets
6 Construction Unit Review 80%
7 Figure Quantities 85%
8 Send Informational Copies to FHWA and District 88%
9 Final Check of Plan Set by Unit Leader 90%
10 Frame Special Provisions 95%
11 Final Revisions and Check of Plan Set 99%
12 Obtain State Bridge Engineer’s Signature 100%
* May vary by job complexity.
Table 1.3.5.3
PPMS Work Tasks for Consultant Prepared Final
Bridge Plans (Activity 1270)
Percent of
Number Work Task Activity
Completed
1 Consultant Kick-Off Meeting 25%
2 Partial Plan Delivery and Review 45%
3 Final Plan Delivery and Review 85%
4 Submit for Signature 100%
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A listing of the work type codes used in PPMS is given in Table 1.3.5.4.

Table 1.3

5.4

PPMS Bridge Work Type Codes

Work Type Description
01 New Bridge
1A New Bridge (Phase 1) (Early Steel or Stage Construction)
1B New Bridge (Phase 2)
02 Culvert
2X Culvert Extension
2B Concrete Arch
03 Temporary Bridge
04 Pedestrian Bridge
05 Renovation
06 Widen w/Substructure Work
6A Widen w/Substructure Work (Phase 1) (Early Steel or Stage Constr.)
6B Widen with Substructure Work (Phase 2)
6T Temporary Widening
07 Widen without Substructure Work
08 Bridge Length/Short
09 Replace Deck
10 Deck Overlay
11 Replace Railing or Median Barrier
12 Bridge Painting
13 Substructure Repair
14 Remove Bridge
15 Miscellaneous
16 Raise Bridge
17 Replace Superstructure - No Preliminary Plan Required
18 Repair Railing or Median Barrier
19 Replace Joints
20 Deck Repair
21 Rehab or Replace
23 Widen without Substructure Work & Replace Deck
24 Widen without Substructure Work & Deck Overlay
25 Widen without Substructure Work, Deck Overlay & Paint
26 Widen without Substructure Work & Other Minor Work
27 Widen without Substructure Work & Paint
28 Replace Deck & Paint
29 Replace Deck & Other Minor Work
31 Deck Overlay & Replace Railing or Median Barrier
32 Deck Overlay, Replace Railing or Median Barrier & Paint
33 Deck Overlay & Other Minor Work
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Table 1.3.5.4
PPMS Bridge Work Type Codes (Continued)

Work Type Description
35 Deck Overlay & Paint
37 Replace Railing or Median Barrier & Paint
38 Replace Railing or Median Barrier & Other Minor Work
39 Paint & Other Minor Work
40 Repair Railing or Median Barrier & Replace Joints
41 Widen without Substructure Work, Replace Deck & Paint
42 Replace Railing or Median Barrier & Replace Joints
44 Deck Repair & Replace Joints
45 Deck Overlay & Repair Railing or Median Barrier
46 Deck Overlay, Repair Railing or Median Barrier & Replace Joints
47 Deck Repair - Rail Rehab
48 Minor Work (Deck Repair, Paint, & Repair Railing or Median Barrier)
49 Deck Overlay, Paint & Repair Railing or Median Barrier
50 Retaining Wall
51 Parking Garage
52 Repair Concrete Arch
54 Riprap
58 Paint & Replace Joints
60 Widen with Substructure Work & Replace Deck
61 Widen with Substructure Work & Deck Overlay
62 Widen with Substructure Work, Deck Overlay & Paint
63 Widen with Substructure Work & Paint
64 Widen with Substructure Work, Replace Deck
66 Widen with Substructure Work & Replace Superstructure
68 Widen with Substructure Work & Replace Railing or Median Barrier
69 Miscellaneous Major
71 Deck Overlay & Replace Joints
91 Probably Bridge
92 Probably Culvert
98 Bridge Scoping
99 Bridge Study
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1.3.6 Approval
Process for
Standards

Request for New Standards or Revision
of Existing Standards

Y
Bridge Standards Unit

Y

Make Changes

Minor Modifications to Yes
Existing Standards
No
Solicit/Receive Comments and Input from:
. R&D Committee . Consultants
. SSRC Committee . Industry
. Other Bridge Office Engineers/Staff e Cities/Counties
. Other Mn/DOT Personnel . FHWA
Y
New Standard Create or Existing P
)

Standard Revised

Y
Review by SSRC

Y
Review by R&D

Modification
Needed?

Does Revision
Affect Others
Outside of Bridge
Office?

Y

Perform
Independent
Review of
Changes

Y

Show New
Revision Date

Y

Standard Signed by State Bridge

Yellow Routing

Y
Publish on Website

Figure 1.3.6.1

v
Engineer B Process
Y
Transmittal Memo to Manual Users <

Flowchart for Revising Bridge Standards (includes B-Details and Standards)
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2. GENERAL
DESIGN AND
LOCATION
FEATURES

2.1 Geometrics

2.1.1 Bridge
Geometrics

The design of a bridge typically takes place in two major phases of work:
preliminary design and final design. During preliminary design, the
structure type, the foundation type, the aesthetics, and the primary
geometry for the bridge are determined. During final design, specific
details for all of the elements of the bridge are developed and presented
in the plan set. These details include material descriptions, quantities, and
geometric information. Final plan sets are typically assembled in an order
that roughly follows the order of construction, from the ground up.

This section of the manual contains a large amount of information useful
for the preparation and assembly of plans for a project. To facilitate the
production of plans and standardize the content of bridge plan sets, the
Bridge Office has developed special provisions, standard bridge details,
standard plans, standard plan notes, and standard pay items.

Guidance for the design of specific structural elements (e.g. beams,
abutments, piers, etc.) is provided elsewhere in the manual.

Definitions

For discussion of bridge geometrics in this section, roadways are classified
as Mainline Highways, Ramps, Local Roads, and Local Streets. Each of
these four groups is further classified under either Urban or Rural Design.

The following definitions apply:

e Mainline Highways - Roadways that carry through traffic lanes for
freeways, expressways, and primary and secondary highways.

e Local Roads - Rural roads off the state trunk highway system.

e Local Streets - Urban roads off the state trunk highway system.

e Ramps - Segments of roadway connecting two or more legs at an
interchange.

e Urban Design — Roadways with curbs on the right and/or left sides.

e Rural Design - Roadways without curbs.

e Median Width - The distance between the inside edges of opposing
through traffic lanes.

e Auxiliary Lane - A lane adjoining a through traffic lane for a purpose
supplementary to through traffic movement such as truck climbing,
weaving, speed change or turning.

General Criteria

The width of the bridge deck and the typical section at the bridge
undercrossing are determined by the classification and geometrics of the
approaching roadway, together with appropriate design considerations for
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2.1.2 Bridge Deck
Requirements

shoulder needs. The geometrics of the approaching roadway are to be
carried over and under the bridge to the maximum extent practicable.

Bridge width requirements are a function of the lane and shoulder widths
of the approaching roadway, together with assessment of pedestrian and
bicycle needs, multimodal requirements, user safety requirements,
drainage requirements, staging, and other project specific considerations
such as snow storage and emergency vehicle access. The determination
of the appropriate width for each project requires study of specific project
needs. Detailed decision documentation is required by the Roadway
Designer during the preliminary design phase, and must be coordinated
with the Preliminary Bridge Plans Engineer. Bridge shoulder and lane
widths should be included with project design element documentation in
the District project design memo, including informal design exceptions as
necessary.

The discussion of geometric details included in this section describes bridge
deck geometrics separately from bridge undercrossing geometrics.

Application of Standards

Unless stated otherwise, the geometrics discussed in the following articles
apply specifically to new work. However, use of these geometrics is also
highly desirable when upgrading or widening existing facilities and should
be incorporated in those situations also. For bridge repair projects, see
the Bridge Preservation and Improvement Guidelines, found on the MnDOT
Bridge Office web site, for more information. Bridge deck geometrics on
the local road system must comply with State Aid for Local Transportation
Operations Rules, Chapter 8820.

Responsibility

The Preliminary Bridge Plans Engineer will be responsible for assuring that
the geometric standards in this section are followed. Where a deviation
from the standard is necessary, a written description of the deviation shall
be prepared by the Preliminary Bridge Plans Engineer and submitted to the
State Bridge Engineer for approval prior to submitting the Preliminary
Bridge Plan for signature.

Bridge Width Criteria

Roadway cross sections that approach bridges will normally provide a clear
zone recovery area beside the travel lane for the benefit of out-of- control
vehicles. It is not economical or practical to carry these full clear zone
widths across bridges. Since the railing is most often located within the
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clear zone, it is considered a hazard and guardrail protection is required
in the approach area.

Roadway shoulder and bridge shoulder width standards have been revised
to allow project designers more flexibility, providing them greater latitude
to address specific project requirements. For the majority of bridges, the
bridge width will match the approach roadway width. For longer and/or
more complex bridges, a risk assessment of non-standard width options
will be performed to determine the appropriate bridge width. Refer to the
document Performance-Based Practical Design Process and Design
Guidance, found as an attachment to Technical Memorandum No. 18-09-
TS-07. Go to: http://www.dot.state.mn.us/pbpd/design-guidance.html

Detailed design decision documentation should include a checklist leading
to the selected bridge width for the project and must include consideration
of the following functions of the shoulder:

e Recovery area to regain control of a vehicle.

e Emergency parking area for stalled vehicles and escape route for
stranded motorists.

e Passageway for bicycles and pedestrians.

e Passageway for emergency vehicles.

e Parking area for bridge maintenance and inspection vehicles
(working area for under-bridge inspection vehicle and lane closure
requirements).

e Temporary traffic lane during deck repairs or overlay
construction.

e Area for deck drainage and snow storage.

e Accommodation for passing of wide oversize loads, especially
farm machinery.

e Escape area to avoid a head-on collision with an oncoming
passing vehicle on a two-lane highway.

e Designated bus shoulder lane.

e Staging needs during construction.

For local roads and streets, bridge widths are given in the State Aid
Manual, Section 5-892.210 and the State Aid Operations Rules, Chapter
8820.

Cross Slopes on Bridges

1) Use a cross slope on the bridge traffic lanes that is the same as the
approaching roadway lanes, normally 0.02 ft/ft. The shoulder on a
bridge may continue at the adjacent lane cross slope or, if better
drainage is desired, may be 0.005 ft/ft greater than the adjacent lane.
If a shoulder functions as a pedestrian access route, cross slopes must
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not exceed 0.02 ft/ft to be ADA-compliant. When the bridge deck is
superelevated, provide the same slopes for the shoulders as the
adjacent bridge traffic lanes. The 0.005 ft/ft maximum cross slope
change between adjacent lanes and shoulders is determined for
constructability by limiting the need for atypical detailing such as
special bar bends in the deck. Also note that the greater the change in
cross slope, the more difficult it is to remove snow to bare pavement.
Changes in cross slope between adjacent lanes and shoulders that are
greater than 0.005 ft/ft will be considered where steeper slopes will
reduce the number of deck drains on the bridge, but must be approved
by the Preliminary Bridge Plans Engineer. Note that the effects of a
changing cross slope are magnified on curved alignments and require
additional consideration and adjustment of stools, seat elevations, and
resulting encroachment on vertical clearances.

Keep superelevation transitions off bridges. In instances where they
are unavoidable, it is preferable for ease of deck placement to maintain
a straight line across the deck at all locations, because it allows a
straight screed between paving rails placed at both sides of the deck.
Locate begin and end points of transition breaks at piers.

2) Provide ramp cross slopes that are uniform between the bridge curbs.

Bridge Median

On divided highways with a separate bridge for each roadway, the openings
between bridges must be a minimum of 8'-0" wide if access for bridge
inspection vehicles is required.

Use longitudinal joints along the median of bridges only on bridge
roadways wider than about 100 feet or for other special cases. By
eliminating this joint on bridges with medians, simpler detailing and
simpler construction can be used.

Shared-Use Paths and Pedestrian Walkways (Sidewalks) on
Bridges

Shared-use paths are provided on bridges where both pedestrian and
bicycle traffic is expected. Bridge walkways are provided where only
pedestrian traffic is expected.

The width of bridge shared-use paths and walkways are highly dependent
on their context (i.e., factors such as land use, user type, expected volume,
state and local non-motorized plans, network connections, trip attractions,
overlooks, future growth, and bridge length).
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When including pedestrian and/or bicycle traffic on a bridge, note that
safety, accommodation, and cost must be balanced for all users throughout
the roadway cross section. This includes balancing the widths of lanes,
shoulders, shared-use paths, and walkways, particularly in constrained
cross-sections.

The AASHTO Guide for the Development of Bicycle Facilities (GDBF)
recommends a minimum two-way shared-use path paved width of 10 feet.

The Proposed Guidelines for Pedestrian Facilities in the Public Right of Way
(PROWAG) requires a continuous minimum clear public access route (PAR)
width of 4 feet and a minimum clear PAR width of 5 feet at intervals of 200
feet to allow for passing.

On bridges, MnDOT also includes a buffer width added on each side of the
shared-use path/walkway in order to protect users from vertical barriers
and edge of walkway drop-offs.

Use the following guidance for determination of bridge shared-use
path/walkway widths. For local bridges, also refer to State Aid Operation
Rules, Chapter 8820.

1) New vehicular bridges

Best practice is to provide continuity by matching the measured width
of the approach shared-use path/walkway, and adding a 1 foot buffer
width on each side. See Figure 2.1.2.1. For approach shared-use
paths/walkways that are located immediately behind a curb, the
approach width is measured to the back side of the curb. Integral brush
curbs (maximum of 2 inches wide x 6 inches high) may be included in
the clear width dimension where the total width is greater than 10 feet.
For approach shared-use paths not meeting the AASHTO GDBF
recommended minimum width of 10 feet, consult state or local plans
and/or the appropriate trail authority to identify the future intent and
feasibility of providing a greater approach path width. Consult with
functional group experts as necessary.

Total bridge shared-use path/walkway widths greater than best
practice or greater than 12 feet require consultation with the state or
local authority and/or the appropriate trail authority to identify the need
for additional width. The District and/or local authority must document
the need for and feasibility of providing this width (plan, cross section,
letter, user volume, etc.). Total widths beyond 12 feet require
concurrence from functional group experts and discussion to determine
whether municipal cost participation is necessary.
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2)

3)

The minimum total bridge shared-use path width for new vehicular
bridges is 10 feet, which is based on an 8 foot approach shared-use
path (two times the 4 foot PAR width) plus a 1 foot buffer width on
each side. Consideration may be given to a minimum total bridge
shared-use path width less than 10 feet when the approach shared-use
path width is less than 8 feet and/or there is concurrence from
functional group experts.

For new vehicular bridges that accommodate pedestrian traffic only,
the minimum total bridge walkway width is 7 feet, which is based on
the 5 foot PAR width for passing plus a buffer width of 1 foot on each
side.

The total bridge shared-use path/walkway width is defined as the
minimum clear width measured from the path/walkway side of the
curb/barrier/parapet/railing to the path/walkway side of the opposite
curb/barrier/parapet/railing. For situations where there is no
barrier/parapet on the traffic side of the shared-use path/walkway
(raised sidewalk), the measurement is to the top outside edge of the
shared-use path/walkway. There, the location of the top outside edge
of the shared-use path/walkway is defined as 1 inch from the gutter
line (based on 6 inch curb height x 0.125 slope = 0.75 inches, rounded
up to 1 inch). Integral brush curbs (maximum of 2 inches wide x 6
inches high) may be included in the clear width dimension where the
total shared-use path/walkway width exceeds 10 feet. See Figure
2.1.2.1.

New pedestrian bridges
For new pedestrian bridges that carry both pedestrians and bicycle
traffic, follow the guidance given in 1) above.

For new pedestrian bridges carrying pedestrians only (note that this is
a rare occurrence), the minimum total bridge walkway width is 8 feet
per the requirements of AASHTO’s A Policy on Geometric Design of
Highways and Streets.

Bridge repair projects
Where possible, follow the guidance given in 1) above for bridge repair
projects.

On bridge repair projects with constrained cross-sections, the minimum
total bridge shared-use path width is 8 feet.
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On bridge repair projects with constrained cross-sections that
accommodate pedestrian traffic only, the minimum total bridge
walkway width is 5 feet. Consideration may be given to a minimum
total width of no less than 4 feet where constrained bridge cross-
sections are less than 200 feet long and there is concurrence from
functional group experts. See Figure 2.1.2.1.

When the design speed on the bridge is 50 mph or greater, a concrete
barrier that meets TL-4 is required between the roadway and the shared-
use path/walkway. In addition, a pedestrian or bikeway railing is required
on the outside of the shared-use path/walkway. For design speeds of 40
mph or less, separation with a concrete barrier is not required. For a design
speed of 45 mph, consider the context when determining whether
separation is needed:

e Built up urban areas versus open suburban/rural areas.

e Proximity of approach shared-use path/walkway to roadway and
whether there is adequate cross-section width to provide and
terminate approach guardrail.

e Proximity of intersections to the bridge and whether intersection
sight distance will be affected by inclusion of barrier and guardrail.

o Volume of pedestrian/bicycle usage on the bridge.

e Actual operating speed compared to the design speed.

e Horizontal alignment and location of the shared-use
path/walkway.

The curb height for shared-use paths/walkways adjacent to the roadway is
6".

When a barrier is provided between the traffic lanes and the shared-use
path/walkway, use the bridge slab for the shared-use path/walkway (i.e.,
do not provide a raised shared-use path/walkway). Advise the road plans
designer to provide for any necessary shared-use path/walkway ramping
off the bridge.

The minimum cross slope for shared-use paths/walkways is 0.01 ft./ft.
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TOTAL BRIDGE SHARED-USE TOTAL BRIDGE SHARED-USE
PATH/WALKWAY WIDTH PATH/WALKWAY WIDTH
APPROACH SHARED-USE APPROACH SHARED-USE
1-on PATH/WALKWAY WIDTH 1-o" 10" PATH/WALKWAY WIDTH 1o
BUFFER BUFFER BUFFER BUFFER
INTEGRAL INTEGRAL INTEGRAL
BRUSH CURB BRUSH CURB TOP OUTSIDE EDGE BRUSH CURB
OF SHARED-USE
GUTTER PATH/WALKWAY
LINE
1|I

SHARED-USE PATH/WALKWAY WITH TRAFFIC BARRIER

RAISED SHARED-USE PATH/WALKWAY

@ FOR TOTAL WIDTHS > 10'-0", INTEGRAL BRUSH

CURB (MAX. 2"

WIDE x 6"

INCLUDED IN TOTAL WIDTH.

SHARED-USE PATH/PEDESTRIAN WALKWAY WIDTH FOR BRIDGES

0'-0" 8'-0" MIN. Q'-0"
BUFFER TOTAL BRIDGE BUFFER
SHARED-USE PATH
WIDTH
0'-0" 5'-0" MIN. @ Q'-0"
BUFFER TOTAL BRIDGE BUFFER

WALKWAY WIDTH
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SHARED-USE PATH
WIDTH
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m

RAISED SHARED-USE PATH/WALKWAY

CONSIDERATION MAY BE GIVEN TO A MINIMUM

TOTAL WIDTH OF 4'-0"

ON CONSTRAINED BRIDGE

CROSS-SECTIONS < 200 FT.LONG WITH CONCURRENCE
FROM FUNCTIONAL EXPERTS.

SHARED-USE PATHS/PEDESTRIAN WALKWAYS-
MINIMUM WIDTH FOR BRIDGE REPAIR PROJECTS

FOR CONSTRAINED CROSS-SECTIONS

Figure 2.1.2.1
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2.1.3 Bridge
Undercrossing
Geometrics

Protective Barriers at Bridge Approaches
The ends of bridge barriers must be protected from being impacted (except
on low speed roads such as city streets). For design speeds over 40 mph,
a crash tested guardrail transition is required.

Refer to State Aid Operation Rules, Chapter 8820 for guardrail
requirements on local bridges.

General Criteria for Lateral Clearance

Bridge undercrossing geometrics must rationalize safety requirements with
costs and physical controls such as span length and permissible depth of
structure. The following guidelines apply in establishing these geometrics:

1) Safety

Piers, abutments, side slopes and back slopes steeper than 1:3, and
guardrails can all be hazards to an out of control vehicle. It is desirable
at all bridge undercrossings to provide a clear zone recovery area
beside the roadway that is free from these hazards. This clear zone is
given in the Road Design Manual, Section 4-6.04 and is a function of
the roadway curvature, design speed, ADT, and ground slope. For the
area under bridges a practical maximum clear zone of 30 feet may be
used as permitted in the 2011 AASHTO Roadside Design Guide, Table
3.1 based on consistent use and satisfactory performance. Eliminate
side piers from the roadside area wherever possible. The “desirable”
bridge undercrossing will satisfy the above safety criteria.

For locations where it is totally impractical to provide a full clear zone
recovery area at an undercrossing (as at some railroad underpasses
and in certain urban situations), lesser side clearances are permitted.
Where the full recovery areas must be infringed upon, use the greatest
side clearances that circumstances will permit. For example: A side
clearance of 20 feet is not as desirable as 30 feet but is still better than
the absolute minimum clearance.

Where drainage must be carried adjacent to the roadway passing under
a bridge, either a culvert must be provided at the approach fill or the
ditch section must be carried through at the toe of the bridge approach
fill. The use of a culvert will often permit more desirable bridge
geometrics, but the culvert openings can also introduce a roadside
hazard, requiring guardrail. A determination regarding drainage (need
for culverts, size of a culvert, and assessment of possible hazard) will
be a controlling factor in deciding geometrics of the bridge for the site.
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2)

3)

Economics

Prestressed concrete beam spans are normally the most economical
type of construction for grade separations. In addition, there will
usually be greater economy in constructing grade separations using
two long spans rather than constructing four shorter spans.

The span lengths and overall bridge length affect the abutment heights,
which in turn affect the overall cost of the bridge. See BDM Article
2.3.2 for discussion of bridge types and their economical/typical span
ranges as well as a discussion on abutment and pier type selection.

Appearance

The use of longer spans will necessitate a deeper superstructure and
higher approach fills. Consideration should be given to the effect of the
depth of structure on the overall appearance and design of the
undercrossing.

For rough calculations during preliminary planning, the depth of
highway bridge superstructures can be assumed to be about 1/20 of
the length of the longest span. (Depth of superstructure refers to the
dimension from top of slab to bottom of beam.) Contact the Preliminary
Bridge Plans Engineer for the exact dimensions to be used in final
planning and for depth of structure on railroad bridges.

Lateral Clearance for Roadways

The desirable lateral clearance right and left from the edge of through
traffic lanes to any hazard (as described above) is the full clear zone.
Although guardrail may still be required outside of the bridge limits when
the full clear zone cannot be met, 30'-0" may be used as a practical
maximum lateral clearance in the area under bridges. Eliminate side piers
wherever possible.

Lateral Clearance for Railroads
Lateral clearances at railroads are to be determined as follows:

1)

2)

The statutory clearances diagram shown on Figure 2.1.3.1 represents
the absolute minimums that must be adhered to. For design, use a
minimum horizontal clearance of 9'-0" to a pier or abutment (8'-6" is
the legal minimum).

MnDOT and FHWA have agreed to the horizontal clearances shown in
Figure 2.1.3.1 (25'-0" minimum clearance to pier, 30'-6" to “back slope
control point”) for mainline BNSF RR tracks at sites meeting the
following conditions:
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a) When the standard will not increase the cost of the structure by
more than $50,000.

b) When sufficient vertical clearance exists between the tracks and
inplace or proposed roadway profile to accommodate the structure
depth necessary for the longer spans typically required by the
standard.

3) Back slopes shall be 1V:2H and pass through the “back slope control
point” shown on Figure 2.1.3.1 for the applicable case. The dimension
to the “back slope control point” indicates the maximum extent of
federal participation in the construction and must not be exceeded.

4) The Preliminary Bridge Plans Engineer will contact the MnDOT Office of
Freight and Commercial Vehicle Operations (OFCVO), to negotiate with
the railroad the need for provisions for a maintenance road for track
maintenance equipment and future track requirements.

Waterway Sections Under Bridges

The Waterway Analysis (hydraulics report) gives information on the
required stream cross section under the bridge including waterway area
and low member elevation. Potential flood damage, both upstream and
downstream, and permitting agencies’ requirements must be considered.

The Preliminary Bridge Plans Engineer will coordinate with the Waterway
Unit to determine when a wildlife passage bench is required under bridges
over waterways.

For bridges on the local system, go to the State Aid Bridge Web Site at
http://www.dot.state.mn.us/stateaid/bridge/resources.html and refer to
the guidance found under Hydraulics.

Vertical Clearance for Underpasses

Vertical clearance requirements are aligned with the 2011 edition of the
AASHTO book, A Policy on Geometric Design of Highways and Streets, (see
page 10-21), which recommends a minimum vertical clearance of 1'-0"
above the legal vehicle height, plus an allowance for future pavement
resurfacing and other considerations. The legal height of a truck in
Minnesota is 13'-6".

Table 2.1.3.1 lists the minimum vertical clearance requirements for trunk
highway underpasses.
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Table 2.1.3.1 Vertical Clearances for Underpass Bridges

MINIMUM VERTICAL | MINIMUM VERTICAL CLEARANCE UNDER
TYPE OF STRUCTURE CLEARANCE FOR EXISTING BRIDGES (FOR PAVEMENT
NEW BRIDGES ©®® RECONSTRUCTION PROJECTS) ®

Trunk Highway Under Roadway
or Railroad Bridge (Super Load 16'-6" 16'-6"
OSOW Corridors) @

Trunk Highway Under Roadway

16'-4" 16'-0"
or Railroad Bridge
Trunk Highway Under
17'-4" 17'-0"
Pedestrian Bridge ®
Trunk Highway Under Sign
ghway 9 L 170"
Bridge ®
Railroad Under Trunk Highway
23'-0" NA
Bridge ®
Portal Clearances on Truss or
20!_4" 201_0"
Arch @
® Additional clearance to provide for future resurfacing is desirable and should be provided where practical.

@

Traditional bituminous overlay allowances range from 3” to 6”. Un-bonded concrete overlay projects are
now well above the 6” tolerance, and can be as high as 12”. The appropriate design value will depend
on the pavement types, its initial structure type, and lifecycle strategy, and should be coordinated with

the Pavement Design Engineer.

A clearance height that includes a future resurfacing allowance may be used in place of the listed
minimums, provided the resulting clearance is at least as much as the listed minimums in this column.
Construction tolerance requirements have been reviewed and deemed adequate for new bridge
construction so long as the value shown for “Minimum Vertical Clearance for New Bridges” is used, rather
than AASHTO minimums. Adjust table values upward as required for overlay requirements exceeding
4",

The minimum vertical clearances shown are the absolute minimum clearances to be achieved after
pavement reconstruction, under an existing bridge or structure. These minimums are not to be used as
design minimums for new bridges or bridge reconstruction projects. The minimums are only acceptable
due to the known spatial location of the existing structure, thus eliminating the construction tolerance

risk of that existing element.

A minimum vertical clearance of 16’-6" is required on designated Super Load OSOW Corridors. Super

Load OSOW Corridors are designed to accommodate an envelope size of 16’ wide x 16’ high x 130’ long,
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traveling along the corridor. Contact the MnDOT Office of Freight and Commercial Vehicle Operations

(OFCVO) for specific corridor locations and requirements (http://www.dot.state.mn.us/cvo/index.html).

® The additional 12” of vertical clearance under pedestrian and sign bridges is provided because these

bridges are much less substantial and could collapse in the event of a hit.

® Vertical clearance over railroad infrastructure requires approval of the railroad. The 23'-0" clearance
above the top of the rails is the minimum clearance required by the American Railway Engineering and
Maintenance of Way Association (AREMA) manual. The maximum vertical clearance for Federal Cost
Participation is 7.1 meters (23’-4") per the Code of Federal Regulations (see CFR 646 Appendix to
Subpart B of Part 646). This is allowed where it is the railroad’s standard practice to accomodate future
ballasting of the tracks. The State of Minnesota statutory minimum vertical clearance is 22'-0". For
clearances below 22'-0", approval from the MnDOT Office of Freight and Commercial Vehicle Operations
(OFCVO) and the railroad is required. Contact the Rail Safety and Coordination Project Manager from
the OFCVO for assistance with railroad coordination, agreements, and approvals. See Figure 2.1.3.1.

@ Minimum portal clearance values were set based on historical portal heights.

The clearance over highways applies to the traffic lanes and full usable
width of shoulders.

Per Minnesota Rules, Chapter 8820, Local State-Aid Route Standards, the
minimum vertical clearance for highway underpasses (including
construction tolerance) is 16'-4" for rural-suburban designs and 14'-6" for
urban designs. For trunk highways crossing local roads or streets at a
freeway interchange, the minimum vertical clearance with construction
tolerance is 16'-4". A complete list of vertical clearances for local roads
and streets is found in the State-Aid Operations Rules, Chapter 8820.

Where bikeways pass under a bridge or through a tunnel, a vertical
clearance of 10'-0" is desirable for adequate vertical shy distance. (See
AASHTO Guide for the Development of Bicycle Facilities, 4" Edition, pages
5-6 and 5-26.) Where this is impractical to obtain, a lesser clearance down
to a minimum of 8'-0" is acceptable. Clearances below 10 feet on the local
road system will require a variance to the State-Aid Operations Rules,
Chapter 8.

Vertical Clearance over Waterways

The location and project description for all bridges over Minnesota
waterways are to be reviewed by the U.S. Coast Guard (USCG) for potential
permitting requirements.
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1)

2)

Non-Navigable Waterways

A 3'-0" minimum clearance between the 50-year flood stage and low
point on the bridge superstructure is recommended. This amount of
clearance is desired to provide for larger floods and also for the passage
of ice and/or debris. If this amount of clearance is not attainable due
to constraints relating to structure depth, roadway grades or other
factors, reduced clearance may be allowed. The Preliminary Bridge
Plans Engineer, after consultation with the Waterway Unit and the
MnDOT District Office, will determine the required clearance.

Navigable Waterways
a) Examples of waterways that require a construction permit

(generally considered to be waterways for commercial shipping)

from the USCG include:

e The Mississippi River downstream from the railroad bridge that
crosses the river south of 42" Avenue North in Minneapolis
(River Mile Point 857.6)

e The Minnesota River downstream from location just west of T.H.
101 river crossing in Shakopee (River Mile Point 25.6)

e The St. Croix River downstream from Taylors Falls

e The St. Louis River downstream from Oliver, Wisconsin.

Guide vertical clearances published by the USCG are:
e Mississippi River:

o 52.0' above 2% flowline elevation or 60.0' above normal
pool elevation, whichever is greater, for the portion
downstream of the Burlington Northern Railroad Bridge near
the University of Minnesota (River Mile Point 853.0).

o 21.4' above river stage of 40,000 c.f.s. for the river portion
upstream (River Mile Point 853.0 to 857.6).

¢ Minnesota River:

o 55.0' above normal pool elevation from the river mouth to
I-35W bridge (River Mile Point 10.8).

o 30.8" above 1881 high water elevation from I-35W bridge
(River Mile Point 10.8) to Shakopee (River Mile Point 25.6).

e St. Croix River:

o 52.0' above 2% flowline elevation or 60.0' above normal
pool elevation, whichever is greater, from the river mouth to
Stillwater.

e Lake Superior Watershed:

o Navigation clearances are determined by USCG on a case-

by-case basis.
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2.1.4 Bridge
Barriers and
Railings

2.2 Bridge
Aesthetics

Consult the Preliminary Bridge Plans Engineer when establishing
navigation clearances.

b) All Other Navigable Waterways

Bridges that cross waterways in other portions of the state may be
required to provide for local pleasure boat traffic. Vertical clearance
for these bridges will be determined on an individual basis, based
on local needs. The Preliminary Bridge Plans Engineer, after
consultation the Waterway Unit, the MnDOT District Office, and the
MnDNR, will make this determination based on specific conditions
of the waterway.

Vertical and Horizontal Alignment
Information governing vertical curves, horizontal curves, and sight
distance may be found in the Road Design Manual and Technical Manual.

When preparing preliminary bridge plans for the local road system, vertical
and horizontal alignment charts from the State Aid Manual shall be
employed.

See Section 13 of this manual for the policy on design of bridge barriers
and railings for MnDOT projects.

The aesthetic design process is initiated early in the bridge planning phase.

The Preliminary Bridge Plans Engineer, the Preliminary Bridge Architectural
Specialist, the District, and the financial stakeholders determine the
aesthetic design level with an eye on constructability and cost. Other
people, offices, agencies, etc. may also be involved. The extent of this
involvement may vary depending on the individual project. This process
leads to the development of an Aesthetic Plan for the bridge. Once the
project reaches the final stage, the Bridge Design Unit Leader implements
the Aesthetic Plan to completion with assistance from the Preliminary
Bridge Architectural Specialist as needed.

Note that constructability of aesthetic components and complexity of the
aesthetic details may affect the project schedule, and therefore must be
considered during the development process.

Section 3 of the Aesthetic Guidelines for Bridge Design Manual describes
the process of aesthetic design in more detail.
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2.3 Preliminary
Bridge Plans

2.3.1 General

Maximum levels of MNnDOT participation in aesthetic costs are given in the
Cost Participation and Maintenance Responsibilities with Local Units of
Government Manual.

Purpose

The Preliminary Bridge Plan serves to document the main features of the
bridge (type, size, location, aesthetics, etc.) and is used to obtain
approvals and coordination before final design begins. By doing this, the
time and expense of revising a completed plan will hopefully be avoided.
The plan coordinates the work between Road Design and the Bridge Office
and enables the cost and scope of the work to be estimated.

Specific users of the plan include:

e Road Designers to verify the grade, alignment and roadway widths and
to obtain the approximate limits of grading, paving and guardrail at the
bridge ends.

¢ FHWA to review and approve unusual or complex bridge projects.

e Bridge Office Consultant Agreements Unit to select and negotiate
contracts with consultants.

e Final Bridge Design Units and Consultants to prepare final plans.

e Bridge Scoping Engineer and Bridge Estimates Unit to prepare a
preliminary estimate of the bridge costs.

¢ MnDNR, U.S. Coast Guard, U.S. Corps of Engineers, and Watershed
Districts to review and issue required permits for stream crossings.

o C(Cities, Planning Agencies, and citizen groups to review and approve
projects.

e District Traffic Engineer and Regional Transportation Management
Center (RTMC) to convey their needs on the new bridge.

e MnDOT Office of Freight and Commercial Vehicle Operations (OFCVO)
for use in negotiating railroad agreements.

In preparing preliminary bridge plans, the plan users should always be kept
in mind, particularly those without bridge technical experience.

Requirements for Preliminary Bridge Plans

Preliminary bridge plans are required for all new trunk highway bridges
(including MnDOT precast concrete arch and three-sided structures and
pedestrian underpass box culverts) and all bridge widening projects where
substructure widening is required. In addition, preliminary plans signed
by the State-Aid Bridge Engineer are required for all county and local
bridges that cross a trunk highway. Preliminary bridge plans are not
required for culverts (except those used for pedestrian access), overlays,
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deck replacements, and other projects where substructures are not
widened.

The Bridge Preliminary Plans Unit normally prepares preliminary plans for
new trunk highway bridges, although consultants may also develop plans.
Preliminary plans for bridge widening projects are normally prepared by
the Bridge Design Units since significant design work is required to evaluate
the existing structure and schemes for widening and handling traffic.

Preliminary plans prepared by Consultants or Design Units are submitted
to the Bridge Preliminary Unit for review, acceptance, submittal to the
State Bridge Engineer for signature, and distribution of signed copies.

Contents

The Preliminary Bridge Plan consists of a general plan and elevation sheet,
survey sheet, and borings sheet. For complex urban structures additional
road design sheets giving alignment, superelevation diagrams, utilities,
contours, traffic staging, intersection layout, and aesthetics may be
included. The Preliminary Bridge Plan contains: plan and elevation views,
a transverse section, design data, data on the type of structure, foundation
requirements, and aesthetic treatment. When aesthetics are of special
importance, architectural type drawings showing the proposed treatment
or type of construction may also be included. For bridge widening projects,
the survey sheet may be eliminated or a copy of the survey sheet from the
existing bridge may be included.

Preparation of Preliminary Bridge Plans

The steps involved in preparing a typical preliminary plan set for a new

trunk highway bridge by the Preliminary Unit are as follows:

1) Request for Bridge Scoping and Cost Estimating Assessment — Bridge
Replacement (Form A) is completed, which provides the initial
information for the project. Form A is found at:

http://www.dot.state.mn.us/bridge/scoping.html
Consideration is given to the use of Accelerated Bridge Construction
(ABC) methods at this step in the process. Results of the ABC Stage
1 assessment is reported on Form A and, if applicable, the ABC Stage
2 assessment is completed and included as an attachment. In
addition, a bridge number is requested by the MnDOT District Project
Manager or their designee by completing the online New bridge
number request form, found at:
http://www.dot.state.mn.us/bridge/bridgereports/index.html
A new bridge number is then assigned.
2) Approved geometric layouts are received from the District.
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3) Bridge survey sheets are received from the District Surveys Section.
Copies are sent to the Foundations Unit of the Office of Materials and
Road Research requesting soil borings. For stream crossings, a copy
is sent to the Bridge Office Waterway Unit requesting a waterway
analysis.

4) A depth of structure and span arrangement are determined using the
layout and waterway analysis and are given to Road Design. This
typically involves communication between the Bridge Office, Road
Design, and Hydraulics to arrive at a structure depth and span
arrangement that produces the best overall solution. If a railroad is
involved, negotiations are held with the railroad to determine what
features should be incorporated into the plan to satisfy the railroad's
needs and also meet MnDOT standards.

5) Final grades and alignment are developed and officially received from
Road Design.

6) A CADD technician is assigned the project and drafting of the plan
begins. Clearances are checked and more exact span lengths
determined.

7) Traffic data is requested and received from the District Traffic
Engineer.

8) The extent of aesthetic treatment is determined following the process
described in BDM Article 2.2.

9) Borings are received electronically from the Foundations Unit and
plotted on the survey sheets.

10) The Preliminary Bridge Plans Unit checks the completed preliminary
package, except the foundation type.

11) The preliminary package is given to the Regional Bridge Construction
Engineer along with the foundation report for determining pile type,
lengths, and resistance. When received, the pile information is added
to the preliminary plan.

12) The completed Preliminary Bridge Plan is reviewed with the Bridge
Planning and Hydraulics Engineer and taken to the State Bridge
Engineer for signature.

Time Schedule for Preliminary Plan Preparation

The time schedule for receiving information and completing preliminary
bridge plans for normal bridges, as given in Primavera P6, is shown in Table
2.3.1.1.
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Table 2.3.1.1 Preliminary Plan Time Schedule

TIME PRIOR TO SCHEDULED

WORK ITEM
LETTING DATE
Bridge Survey 21 months
Hydraulics 18 2 months
Grades and Alignment 18 2 months
Foundations 17 months

16 months (typical bridges)
Preliminary Plan Completed

20 months (major bridges)

Additional lead-time beyond that given in the table above is required for
major bridges, bridges involving agreements with cities or railroads, and
bridges with extensive aesthetic requirements.

In addition to the work items listed above, time must be allotted for a
formal type selection study for major bridges.

Use of Preliminary Bridge Plans

The completed and signed Preliminary Bridge Plan becomes the

department’s official proposal for that structure. The following steps are

then taken:

1) The Bridge Estimating Unit in the Bridge Office prepares an estimated
contract construction cost for the structure.

2) Copies of the Preliminary Bridge Plan are distributed to the various
offices of MNnDOT and outside agencies for information, review, and
approval, as the case may be. (See Table 2.3.1.2.)

Approval by all concerned of the proposed structure dimensions, type
of construction, and geometrics before the start of final design is one
of the most important functions of the Preliminary Bridge Plan. This is
particularly true of stream crossings, railroad crossings (over and
under), and structures requiring special aesthetic treatment.

The Federal-Aid Highway Program (FAHP) provides federal-aid to State-
selected projects. The Federal Highway Administration (FHWA)
administers the FAHP on behalf of the U.S. Secretary of Transportation
under Title 23 and therefore is one of the outside agencies that reviews
bridge projects. @ The FHWA Minnesota Division and Minnesota
Department of Transportation Stewardship & Oversight Agreement
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documents the roles and responsibilities of the FHWA and MnDOT
regarding project approvals and review:

e For most bridge projects, MnDOT assumes the FHWA's Title 23
responsibilities and only a courtesy copy of the Preliminary Bridge
Plan transmittal letter is sent to FHWA (without the plans) for
informational purposes.

e For unusual or complex bridges and structures, the FHWA
Minnesota Division is responsible for the approval of the Preliminary
Bridge Plan. For the purpose of this guidance, unusual or complex
bridges and structures are defined as those that the FHWA
Minnesota Division determines to have unique foundation problems,
new or complex designs, exceptionally long spans, exceptionally
large foundations, complex hydrologic aspects, complex hydraulic
elements or scour related elements, or that are designed with
procedures that depart from currently recognized acceptable
practices. Examples of unusual or complex bridges and structures
include cable-stayed bridges, suspension bridges, arch bridges,
segmental concrete bridges, movable bridges, truss bridges,
tunnels, complex geotechnical wall systems, and complex ground
improvement systems.

When submitting preliminary documents to the FHWA, include the
Preliminary Bridge Plan and supporting information. Supporting
information includes all bridge/structures related environmental
concerns and suggested mitigation measures, studies of bridge
types and span arrangements, approach bridge span layout plans
and profile sheets, controlling vertical and horizontal clearance
requirements, roadway geometry, design specifications used,
special design criteria, special provisions (if available), and cost
estimates. In addition, submit hydraulic and scour design
studies/reports which show scour predictions and related mitigation
measures. Also submit geotechnical studies/reports along with
information on substructure and foundation types.

For unusual or complex bridge projects, the State Bridge Engineer
will submit one copy of the Preliminary Bridge Plan along with a
transmittal letter requesting approval directly to the FHWA Division
Bridge Engineer. The transmittal letter also includes the estimated
contract construction cost of the structure. The FHWA is the only
outside agency to which the Bridge Office sends a direct request for
approval. All other outside agencies are contacted through other
offices of MnDOT.
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3)

4)

Note that the FHWA Headquarters Bridge Division is available for
technical assistance on other Federal-aid and non-Federal-aid highways
when requested.

The Preliminary Bridge Plan is used as a basis for preparing permit
drawings to accompany applications to construct structures and
approaches over navigable waters of the United States within or
bordering our state. Such drawings are prepared in the Preliminary
Plans Unit in accordance with detailed instructions issued by the U.S.
Coast Guard. The Coast Guard is charged with the responsibility of
issuing permits for bridges over navigable waters of the United States
within or bordering our state. This includes all bridge spans (including
land spans) from abutment to abutment. The Corps of Engineers is
responsible for issuing permits for any other miscellaneous structures
or work to be performed in navigable waters of the United States.

There are two Coast Guard districts that have jurisdiction within the
State of Minnesota; the 9% Coast Guard District based in Cleveland has
jurisdiction over the Duluth harbor and navigable portion of the St.
Louis River, and the 8™ Coast Guard District based in St. Louis has
jurisdiction over the navigable portions of the Mississippi, Minnesota,
and St. Croix Rivers.

After receiving a permit application, the Coast Guard issues a public
notice of application with prints of the permit drawings. These are sent
to shipping interests, other agencies, displayed in post offices, etc.
Generally, if no comments are received from others within
30 days of the notice of application, and if environmental statements
have been submitted and a certification given by the Minnesota
Pollution Control Agency, a permit will be issued.

Correspondence to the Coast Guard is generally prepared for the
signature of the State Bridge Engineer.

When all approvals have been obtained, the Preliminary Bridge Plan is
used as the basis for the bridge design and for the preparation of final
detailed plans. If the design is to be by a consulting engineer, the
Preliminary Bridge Plan is typically used as the basis for negotiation of |
the consultant fee.
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Table 2.3.1.2 General Distribution of Preliminary Bridge Plans

PURPOSE
DISTRIBUTION TO INFO. & PRE- REMARKS
REVIEW APPROVAL
REQUIRED

MnDOT District Project Manager X
District Pre-Design X
District Final Design X
District Construction X
District Environmental Coordinator X
District Hydraulics Engineer X For bridges that cross waterways.
District Maintenance X
District Bridge Engineer X

Send with request for determination of need for
District Traffic Engineer X

lights, signals, conduit, and bridge mounted signs.
Office of Materials & Road Research -

X

Foundations Unit

Send with request for determination of need for
Regional Transportation Management

X conduit and mounting devices for surveillance

Center

system.
Environmental Stewardship Office X
MnDOT Office of Freight and

X For railroad crossings only.

Commercial Vehicle Operations (OFCVO)

Approval required for unusual or complex bridge
Federal Highway Administration (FHWA) X X projects only. For all other bridges, a courtesy

copy is provided.
Bridge Final Design Unit X
Bridge Estimating Unit X
Bridge Waterway Unit X For bridges that cross waterways.
Bridge Consultant Agreements Unit X For bridge projects with consultant involvement.
Bridge Consultant X For bridge projects with consultant involvement.
Other Stakeholders X As needed.
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Preliminary Plans for Local Bridges

Consult the State Aid Bridge Web site at:
http://www.dot.state.mn.us/stateaid/bridge/resources.html for the
submittal and acceptance process of State Aid Preliminary Bridge Plans.

2.3.2 Bridge Type General

Selection The type of structure and span arrangement selected will depend on cost,
depth available, geometrics, site conditions, and aesthetics. For some
bridges this may be an obvious choice. For others it may involve a great
deal of study, especially if aesthetics is a main concern. The section that
follows gives some general guidelines on the selection process.

Aesthetic Design Process
See Section 2.2 of this manual for a general discussion of the aesthetic
design process.

Structure Type

The most commonly used structure types and their characteristics are as

follows:

1) Precast Pretensioned Concrete Beam
This is the most common structure type in Minnesota. Advantages
include: low initial and future maintenance costs, high quality factory
produced product, a stiff deck, and simple spans that accommodate
tapers. Beams are limited to standard depths and straight segments,
and a maximum length of about 200 feet. Beams in excess of 150 feet
may require special shipping considerations.

2) Welded or Rolled Steel Beam

This type of structure is well suited to complex urban freeways with
limited depth, long spans, and complex geometrics. Steel beam
bridges are also well suited for areas with bad soils, such as the Red
River Valley, as steel allows the flexibility of modifying the bearing
location and adding or reducing span lengths to accommodate shifting
abutments and piers. Advantages include: a shallower depth of
structure than prestressed concrete, beams with the ability to be field
spliced to produce long span lengths, web plates that can be cut to any
depth or to a haunched shape, beams that can be curved horizontally,
and beams that can be painted a color which contrasts with the slab to
make the structure appear thinner. Disadvantages include: a typically
higher cost than other structure types, more difficult fabrication and
inspection, a longer fabrication time, the possible need for initial
painting and future maintenance painting, weathering steel staining of
supports, and rusting of weathering steel when under salt exposure.
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3)

4)

5)

6)

7)

Cast-In-Place Concrete Slab Span

This type of structure is used for shorter span bridges where depth is a
major consideration. For simple spans conventionally reinforced, spans
range up to 40 feet. Continuous spans are limited to about
60 feet. (See table in Section 5.3.1 of this manual for limits.)
Advantages include: a minimum depth superstructure, ease of design
and detailing, pleasing aesthetics, and economy for short span bridges.
Disadvantages include: span lengths are limited, falsework is required,
concrete delivery rate requirements may be a problem, a wearing
course may be required to achieve a smooth ride, and the maximum
skew angle is 45°.

Post-tensioned Concrete Box Girder |
Concrete box girders provide an attractive structure with high torsional
resistance making them especially well suited for curved structures.
The ability to accommodate an integral pier cap is an advantage since
horizontal clearance is only required to the column top and not the cap
top. Limitations and drawbacks may include the need for falsework,
the inability to redeck or widen, and the higher construction cost.

Timber

This bridge structure is used only on the local road system, for 1 or 3
spans with a maximum span length of about 25 feet. Advantages
include: timber has a natural and aesthetically pleasing appearance,
special equipment is not required for installation, and construction can
be done in virtually any weather conditions. Disadvantages include:
timber is not an economical structure type, it is limited to low-volume
roads (roads with an AADT under 750), and the asphalt wearing surface
tends to crack due to differential deck deflections.

Precast Concrete Box Culvert |
Box culverts provide a quickly constructed and economical structure for
stream crossings and pedestrian tunnels. Precast concrete box culvert
standards are available for culverts up to 16 ft. x 12 ft. in size. Use of
up to three large barrel boxes may be economical compared with a
bridge. Advantages include: standardized plans, quick installation and
low maintenance. Disadvantages include: span limitations, possible
debris build-up when multiple barrels are used, and lack of a natural
stream for fish unless the invert is lowered and riprapped.

Three-Sided Bridge Structure

Three-sided precast concrete structures offer an alternative for short
span structures up to 42 feet. Advantages include: quick installation,
and a natural stream bottom if scour protection is not required. |
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Disadvantages include: a higher cost than cast-in-place structures,
and pile foundations are typically required for stream crossings unless
founded on rock.

Not all bridge sites lend themselves to the use of the more common bridge
types listed above. For these situations, specialized bridge types may be
required, such as post-tensioned I-girder bridges, tied arch bridges, cable-
stayed bridges, or extradosed bridges.

Abutment and Pier Locations

The following guidelines aid in setting abutment and pier locations:

1) Water Crossings
For water crossings, keep the number of substructures located in the
water to the minimum practical. Piers in rivers and streams block the
natural flow of the waterway, trap ice and debris, impede navigation,
and are subject to scour. In addition, construction of a pier in the water
is expensive (especially if cofferdams are needed), and environmentally
disturbs the stream/river/lake bottom and water quality. Ideally, set
piers and abutments on shore to minimize dewatering and allow easy
access for the Contractor. Set substructures to avoid interference with
inplace substructures, including piling, wherever practical. Setting
spans and structure depth involves balancing the hydraulic
requirements of the low member elevation and waterway area with the
constraints of approach grades, structure depth, and cost.

2) Grade Separations
For grade separations fewer piers are also desirable wherever practical.
Keep piers out of the clear zone unless absolutely necessary. In
locations where ramps enter or exit a highway under a bridge, avoid
piers between the mainline and ramp, if possible, as they restrict
visibility.

When piers must be located in the median and within the clear zone,
place the pier so it is equidistant to the inside edge of traffic lanes in
both directions. This will maximize the buffer between the traffic and
the pier.

Abutment Types

Abutments can generally be classified into 3 categories: stub, semi-high,
and high abutments. A further breakdown of abutments can be made
according to the way expansion is handled - integral, semi-integral, or
parapet type.
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1)

2)

3)

Stub Abutment: This is the shortest category of abutment, located at
the top of the fill slope with generally 2 to 4 feet of stem exposure.

Integral type stub abutments are the preferred type of abutment due
to their jointless nature and simplified construction. Integral type stub
abutments have the lowest initial construction cost, are the fastest
abutment type to construct, and eliminate the future maintenance and
repair required for strip seal expansion joints. Refer to BDM Article
11.1 for length, skew, and exposure limits for integral type stub
abutments.

Semi-integral type stub abutments are the preferred type of abutment
when the requirements for integral abutments cannot be met. Semi-
integral abutments have a lower initial construction cost than parapet
type abutments, and eliminate the future maintenance and repair
required for strip seal expansion joints. Refer to BDM Article 11.1 for
length and skew limits for semi-integral type abutments.

Parapet type stub abutments use a strip seal or modular expansion
device to accommodate movement. They have the highest initial
construction cost, and will require future maintenance and repair for
the strip seal expansion joints. The move toward jointless abutments
has diminished the use of parapet type stub abutments, but this type
is still used where appropriate.

Semi-high abutment: This abutment type is located part way up the fill
slope and became more popular as two-span overpasses came into use.
A slightly higher abutment and elimination of the berm reduces the
span length and depth of beam. This allows a lesser profile grade
increase, resulting in lower grading costs. Limit the exposed height of |
abutment face to approximately 8 feet, if possible. Undertake a cost
evaluation of longer spans vs. taller abutments when considering a
semi-high abutment.

This category includes semi-integral and parapet type abutments only
(integral abutment height restrictions limit them to the stub abutment
category). Semi-integral type abutments are the preferred type
because of their lower initial construction cost and lower maintenance
requirements.

High abutment: This abutment type is located at the bottom of the fill
slope and is used primarily in congested urban design where structure
depth is difficult to obtain. Their use is discouraged since they are more
difficult to construct, expensive, require lengthy retaining walls and
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approach panels, and give a closed-in feel to the highway. Again, this
category includes semi-integral and parapet type abutments only, with
the semi-integral type preferred due to its lower initial construction cost
and lower maintenance requirements.

In locations where a high abutment would be required and use of a
mechanically stabilized earth (MSE) retaining wall is economical,
another option is a parapet type abutment supported by a pile
foundation behind an MSE retaining wall.

Things to consider when deciding on what height of abutment will best
serve a specific project include:
¢ Advantages of choosing a shorter abutment over a taller abutment:

0 Lower abutment cost.

0 Longer bridge length results in reduced grading and
pavement cost.

0 Shorter wingwall and approach panel lengths.

0 Construction of abutments farther from roadway underneath
allows for construction staging, possible future expansion
underneath for roadway widening or addition of sidewalks,
shared-use t