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Minnesota Department of Transportation

Memo

Bridge Office ~ Office Tel: 651/366-4501
Mail Stop 610 ‘ Fax: 651/366-4497
3485 Hadley Avenue North '

Oakdale, MN 55128-3307

April 17, 2008

TO: Robert McFarlin, Acting Commissioner
Lisa Freese, Deputy Commissioner

FROM: Dan Dorgan /457 / A
State Bridge Engineer N

- SUBJECT: Recent Mi/DOT Actions Affecting BrIdge Design,

Maintenance and Inspection

The purpose of this memorandum is to provide an update on actions that have or are
being taken in regards to bridge design, maintenance or inspection. These actions are in
response to various Federal Highway Administration (FHWA) Technical Advisories,
National Transportation Safety Board (NTSB) Safety Recommendations, Office of

-Leglslanve Auditor (OLA) Recommendations, learning’s from the Wakota Bridge design

issues, and Mn/DOT evaluation of desired improvements to processes/policies.

As additional information or recommendations are released by the FHWA or NTSB, we
shall implement any necessary changes.

Peer Review of Consultant Designs for Major Bridees

Additional language has been recently added to our Mn/DOT LRFD Bridge Design
Manual in Section 1.3.2 regarding consultant design reviews. For major bridges designed

by consultants, Mn/DOT will require an independent peer review of the design by a

second design firm. This process was described in legislative hearings last fall. The
purpose of these requirements is specifically to reduce the potential for a design error in
the contract plans. Routine bridge designs will continue to be reviewed by our in-house
staff according to the existing language in our Bridge Design Manual.
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Review of Gusset Plate Adequacy of Existing Truss Bridges

On January 15, 2008, the NTSB released information citing an error in the original design
of the gusset plates at joints U10 and L.11 of the I35W Bridge. Mn/DOT developed a
procedure for performing engineering review of gusset plates in the Fall of 2007 and had
begun reviews of several trusses at the time of the NTSB announcement. In J anuary we
set of goal of completing all of those reviews in June for the twenty-five truss bridges on
the state system. We currently have seven consultants and five Mn/DOT bridge design
engineers conducting those reviews concurrently. That involves a complete load rating
of the truss, utilizing the loads from the rating and inspection information to perform a
design check of the gussets, and for some bridges an additional field review to
supplement inspection report information,

Consultants are also being retained for local bridges in the county and township systems.
The advertisement for that work is currently published. The State Aid Office is funding

those contracts with federal fund sources.

Statewide Bridge Inspections

The accelerated inspection of all Mo/DOT bridges was completed in December 2007, as
directed by Governor Pawlenty following the collapse of the 135W Bridge.
Information from those inspections is being utilized by Mn/DOT Districts in planning

7 _ their maintenance work for 2008. There were only two findings from Mn/DOT bridges

that required immediate action. The TH 11 bridge over the Red River was closed for
several days in August for steel repairs and a TH 10 bridge near Little Falls was closed
briefly to repair damage attributed to a truck hit.

PB Americas will be completing shortly their report -assessin'g Mn/DOTSs compliance
with National Bridge Inspection Standards.

Documentation of Post Inspection Bridge Maintenance Decisions

The OLA recommended Mn/DOT evaluate District procedures for documenting post
inspection bridge maintenance decisions and implement standard practices. While our
Districts already had informal processes in place to follow-up inspection results with
maintenance actions, we are developing a standard practice for adoption. PB Americas,
Inc. is assisting Mn/DOT in a quality improvement review involving District and Bridge
Office personnel. We anticipate a policy for implementation will be ready in June of
2008. :
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Bridge Maintenance Staffing

The OLA recommended Mn/DOT assess the sufficiency of District bridge maintenance
staffing. Mn/DOT is committed to meeting bridge preventive maintenance needs and our
bridge workers are key in accomplishing that work. Information has been provided to the
Operations Division regarding past levels of bridge maintenance workers and studies of
this issue. That information is currently being considered by a working group developing
FY 2009 maintenance budget recommendations. Revisions to current staffing levels will
be recommended by that effort.

Fracture Critical Bridge Inspections

The OLA recommend operating funds be provided to meet inspection frequencies Tor
Fracture Critical Bridges that were revised by the FHWA and implemented in 2006,
Mn/DOT performs fracture critical inspections for both State and local bridges. We have
estimated eight inspection FTEs plus three FTEs for traffic control are needed along with
an additional snooper inspection vehicle. That information has been provided to the
Division Directors for Operations and Engineering Services for inclusion in FY 2009
budgeting. Several of those positions have been posted for applicants, thus beginning the
process to increase Fracture Critical inspection staffing.

Construction Loads

Mn/DOT Standard Specifications for Construction 1513 restricts the movement of heavy
loads and equipment on a highway project for many years. We have added language to
construction specifications to limit the contractor’s storage of materials on a bridge. The
weights allowed basically limit loading from construction materials to levels similar to
typical traffic live loads expected on a bridge.

We believe the above bridge mltlatlves are responsive to the information and
investigative results to date. Although we do not know what the Gray Plant Mooty study
will yield, we believe these steps should largely address those outcomes.

'~ Should you desire anymore detail on the above items please let me know,

Ce: .
Richard Arnebeck
Robert Winter
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Department of Transportation

Agency: Department of Transportation
Date: 2006



Recipient: Highway 61

Award: 2006 Perpetual Pavement Award

Award Sponsor: Asphalt Pavement Alliance

Description: An eight-mile section of Hwy 61 between Wabasha and Kellogg in
District 6 received the award for overall pavement structure stability,

- which is given for highways with pavement at least 35 years old that
demonstrate the qualities of excellence in design, quality in construction,
and value to the traveling public. Construction on this segment of Hwy
61 began in 1969.

Agency: Department of Transportation

Date: 2006

Recipient: Michael Ritchie, hazardous materials specialist, Office of Freight and
Commercial Vehicle Operations

Award: National Recognition Award _

Award Sponsor: Institute of Electrical and Electronics Engineers

Description: Awarded for efforts to improve electronic communications during
hazardous materials incidents.

Agency: Department of Transportation

Date: 2006

Recipient: Mn/DOT

Award: Environmental Awards

Award Sponsor: Federal Highway Administration
Description: Three Mn/DOT initiatives received the awards.

Agency: Department of Transportation

Date: 2006 '

Recipient: Mn/DOT

Award: Honors

Award Sponsor: Preservation Alliance of Minnesota

Description: Honored for the restoration of the historic Hwy 61 bridge over the
Lester River in Duluth and for plan to preserve other historic bridges in
the state.

Agency: Department of Transportation

Date: 2006 :

Recipient: Highway “ROC” 52 reconstruction project
Award: Merit Award

Award Sponsor: Design Build Institute of America



Description: Received for “breaking new ground” in the area of project delivery.

Agency: Department of Transportation

Date: 2006 _

Recipient: Fiwy 38 reconstruction project in District 1; Metro District Interstate
394 MnPASS high occupancy toll lane project.

Award: Excellent Awards _

Award Sponsor: Federal Highway Administration

Description: The awards were for projects, facilities and processes that were the
best in highway design.

Agency: Department of Transportation

Date: 2006

Recipient: Hwy 23 reconstruction pro;ect in District 8; Hwy 371 Brainerd Lakes
Area Welcome Center and Rest Area in District 3; Visual Quality
Management project development process

Award: Merit Award

Award Sponsor: Federal Highway Administration

Description: The awards were for projects, facilities and processes that were the
best in highway design.

Agency: Department of Transportahon

Date: 2006 :

Recipient: Hwy 100 reconstruction in the Metro District; Hwy 53 Piedmont
Avenue reconstructon project in District 1/Duluth; I-35W/66th St.
interchange/gateway construction project in the Metro District: Hwy 61
Lester River bridge reconstruction in District 1/Duluth; Loring bikeway
and bridge construction

Award: Honorable Mention

Award Sponsor: Federal Highway Administration

Description: The awards were for projects, facilities and processes that were the
best in highway design.

Agency: Department of Transportation

Date: March 16, 2006

Recipient: Six Mn/DOT concrete paving project

Award: Awards for Excellence

Award Sponsor: Minnesota Concrete Pavers Association



Description: The awards were judged on criteria that included pavement
stnoothness, appearance, level of project difficulty and whether they met
designed strength and density levels. '

Agency: Department of Transportation

Date: April 13, 2006

Recipient: Lisa Freese

Award: 2006 Woman of the Year 7

Award Sponsor: Women in Transportation Studies

Description: Freese received the award for her leadership, hard work, and
extensive knowledge.

Agency: Department of Transportation

Date: April 18, 2006

Recipient: Mn/DOT

Award: Research Parinership Award

Award Sponsor: Center for Transportation Studies

Description: Award received for their Metro Evacuation Traffic Management
Plan. '

Agency: Department of Transportation

Date: May 1, 2006

Recipient: Mn/DOT '

Award: Excellence in Utility Relocation and Accommodation Award

Award Sponsor: FHWA

Description: The award recognized a joint effort to develop a new utility
coordination process that will minimize project delays, construction costs
and contractor claims while increasing the number of utility relocations
that can be done before construction work begins,

Agency: Department of Transportation

Date: May 1, 2006

Recipient: Mn/DOT

Award: Excellence in Right-of-Way Stewardship Award

Award Sponsor: FHWA

Description: Received for the 2005 Right-of-Way Professionals Workshop.

Agency: Department of Transportation
Date: July 2006
Recipient: Mn/DOT



Award:

Award Sponsor:

Description: The award recognizes the department’s statewide and district long-
range transportation plans.

Agency: Department of Transportation

Date: july 2006

Recipient: Mn/DOT

Award:

Award Sponsor: Federal Highway Administration; Federal Transit
Administration '

Description: Received for the Statewide Freight Plan, cited for its comprehensive
scope to identify issues and trends and its development of policies needed
to address them. '

Agency: Department of Transportation

Date: September 18, 2006

Recipient: Aeronautics’ Aviation Education Section

Award: Honors

Award Sponsor: National Association of State Aviation Officials

Description: Received for its Aviation Career Curriculum and Education
Program.

Agency: Department of Transportation

Date: October 5, 2006

Recipient: Joella Givens, Metro District GIS manager

Award: Polaris Leadership Award

Award Sponsor: Minnesota GIS/LIS Consortium

Description: The award is presented to mid-career professionals who have
shown leadership and provided inspiration to others in the geographic
and land information systems field.
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MINNESOTA DEPARTMENT OF TRANSPORTATION
Enginesring Services Division
Technical Memorandum No. 08-02-B-02
Febuary 26, 2008

To: Distribution 57, 612, 618, and 650

RN/

From: Rick Arriebeck /i

Director, Engmeermg Services Division]
Subject: “Crifical Deficiensies" found during bridge inspections
Expiration

Thisinew Technical Memorandunm supersedes TM-05-02-B-02 and it will expire
February 26, 2013 unless-superseded:prior to this date,

Implementation
This policy and its instructions are effective lrnmedlately for state and local bridges.

Introduction
This Technical Memorandum establishes a formal procedure for responding, reporting, and
documenting "Gritical Deficiencies” fourid dufing scheduled bridge nspections:

Purpose

The Federal Highway Administration requires that all states develop a process to- monitar critical
deficiencies found during bridge inspections. This Technical Memorandun is intended to provide
the necessary guidelines to fulfill the FHWA requirements. The guidelines described inthis.
document-are based on the "Critical Deticlancy Procedures” as-outlined i Section 3.8.1.4 of
the' AASHTO Manual for Gondition Evatuation of Bridges which states:

Critical structural and safety related deficiencies found during the field inspsction andlor
evaiuatmn ofa bndge shouid be broughi to the atfention of the Bridge Owner mmediateiy

_addﬁressmg s_u_ch d,e_f‘_ci_en;;i_eﬁs, ;nciud;_ng__

mmisdiate critical deficiency reporting steps

Emergency nofification 6 police and public

‘Rapid-evaluation of the deficiencies found

Rapid implementaticn of corrective'or protective actions

Atracking system to ensure adequate follow-Up actions

Provisions:for identifying other bridges with similar structural details with- follow-
up inspections

o e .

{tis recognizéd nationally that some past bridge failurés may have been prevented if prompt
attention had been given to concerns noted on bridge inspection reports. To-ensure public safety,
it is essential that "Critical Deficlencies” not only be brought to-the attenticn of those responsible-
but that these findings are reviewed to confirm that all nécessary corréctive actions have beer
completed.

..:MORE.



Technical Memorandum No: 08-02-B-02

“Critical Deficiencies” found during bridge inspections
February 26, 2008

Page 2

Guidelines

For the purpose of this Technical Memaorandum, the following definitions shall apply.

Critical Deficiency: A “Critical Deficiency” is defined as any condition discovered during
a scheduled bridge inspection that threatens public safety and, if not promptly corrected,
could result in collapse or partial collapse of a bridge. Critical findings include structural
conditions and scour or hydraulic conditions that are found to be critical during the
inspection or that are likely to become critical to the stahility of the bridge before the next
regularly scheduled inspection.

Hazardous Deficiency: A Hazardous Deficiency is defined as an element level condition
found during a regularly scheduled bridge inspection that may be hazardous fo public
safety, but 1S NOT expected to lead to collapse or partial collapse of the bridge. While
any “Hazardous Deficiency” found during a bridge inspection should immediately
reported to the bridge owner (or appropriate authority), the Mrn/DOT Bridge Office
requires no subsequent documentation.

Bridge: A "bridge” is defined as any bridge, culvert, funnel, or other structure listed on
the Mn/DOT Bridge Inventory.

Bridge Inspection: A "bridge inspection” includes any routine inspection, special
inspection, hands-on Fracture Critical inspection, or underwater inspection performed on
a bridge.

Bridge inspector: A “Bridge Inspector” is defined as the inspection team leader which is
a certified Level 2, Levet N or Level E inspector - this includes inspectors employed by
Mn/DOT, Counties, Cities, or by private consultants.

Engineer: The “Engineer” is defined as the supervising registered Professional Engineer
of the entity listed on the Mn/DOT Bridge Inventory as having “report jurisdiction” for the
bridge. In most cases, this will be the Mn/DOT District Bridge Engineer, the County
Engineer, or the City Engineer.

Bridge Owner; The “Bridge Owner” is defined as the entity listed on the Mn/DOT Bridge
Inventory as the Owner of the bridge.

Mn/DOT Bridge Inspections Engineer: The "Mn/DOT Bridge Inspection Engineer”
refers to the State Bridge Inspection Engineer who is the primary statewide contact for
reporting Critical Bridge Deficiencies.

Mn/DOT Bridge Inspection Engineer
3485 Hadley Ave. North

Oakdale, MN 55128

(651) 366-4567

Critical Deficiency Process: The following guidelines outline and describe the
procedures to be followed if a Critical Deficiency is observed during a bridge inspection.
These guidelines are divided info three parts, Responsibilities of the Bridge Inspector,
Responsibilities of the Engineer with Reporting Jurisdiction, and Responsibilities of the
Mn/DCT Bridge Inspection Engineer.

-MORE-
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“Critical Deficiencies” found during bridge inspections
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Part 1 - Responsibilities of the Bridge Inspector: Upon discovery of a “Critical
Deficiency”; the Bridge Inspector is responsible for the following:

1)

2)

3)

Emergency Bridge Closure: If the observed condition is severe enough
to warrant immediate closure of the bridge (or immediate restriction of
traffic above or below the bridge), the Bridge Inspactor shall immediately
take any actions necessary to ensure public safety.

Prompt Notification of the Engineer: Upon discovery of a Critical
Deficiency, the Bridge Inspector shalt promptly notify the Engineer. The
inspector should identify the bridge number, bridge location, and cleariy
and accurately describe the critical condition,

Inspection Report: In addition to the prompt verbal notification, the
following wriften documentation must be completed:

a) if the Critical Deficiency is observed during a routine (NBI/PONTIS)
inspection, the inspector should rate the “Criticat Finding Smait Flag”
{PONTIS element #964) as “Condition State 27, and briefly describe
the critical finding (if necessary, supplemental notes, sketches,
photos, and measurements should be included to fully describe the
situation) and submit the inspection to the Enginger.

b) Ifthe Critical Deficiency is chserved during a hands-on Fracture
Critical inspection, underwater inspection, or other special
inspection, the inspector must submit a brief written statement or
report describing the condition (as described in step 2 above} to the
Engineer within 48 hours after finding the Critical Deficiency.

Part 2 - Responsibilities of the Engineer: Upon being notified of a Critical Deficiency,
the Engineer is responsible for the following...

1)

2)

3)

Rapid Evaluation: The Engineer is required to quickly assess the
situation 1o confirm or refute the finding, and to initiate necessary traffic
restrictions to safeguard the public. i in doubt, the Engineer should
temporarily close or restrict fraffic on the bridge, then contact a
cansulting bridge engineer, the Mn/DOT Bridge Inspection Engineer, or
the Mn/DOT Bridge Office (651) 366-4500 for assistance. If the Engineer
determines that the condition reported is not a Critical Deficiency, the
“Critical Finding Smart Flag” (PONTIS element #964) can be changed
back to "Condition State 1" after discussing with the inspector (the
Mn/DOT Bridge Office requires no subsequent documentation).

Traffic Control & Public Notification: The Engineer shall be
responsible for coordinating all necessary traffic confrol (such as load
restrictions, lane or bridge closures, or detours). The Engineer shall also
be respensible for the public notification of any traffic restrictions.

Immediate Notification of the Bridge Owner: If the bridge owner (as
listed on the Mn/DOT Inventory) is different than the entity with “report
jurisdiction”, the Engineer shall be responsible for informing the Bridge
Owner that a Critical Deficiency has been found.

-MORE-
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4)

5)

6)

7

Submittal of Inspection Report to the Mn/DOT Bridge Inspection
Engineer: Within 7 days after a Critical Deficiency has been reported,
the Engineer must notify Mn/DOT's Bridge Inspections Engineer of the
finding and must submit a copy of the inspection report.

Rapid Implementation of Corrective Action: The Engineer is
responsible for promptly scheduling repairs to the bridge. If the bridge
remains open to traffic, the Engineer is responsible for determining the
proper load rating for the bridge, and ensuring that the rating is
adequately posted.

Resolution of Deficient Status: After repairs have been completed, the
Engineer should change the “Critical Finding Smart Flag” (PONTIS
element #964) rating to “Condition State 17, and add a brief description of
the corrective actions taken in the inspection notes for that smart flag. A
copy of the revised inspection report must then be submitted to the
Mn/DOT Bridge Inspection Engineer.

Updating of the Bridge Inventory: If the bridge load rating is
permanently reduced, the Engineer must submit a new load rating to the
Mn/DOT Bridge Inspection Engineer. If the bridge is closed to traffic, the
Engineer must notify the Mn/DOT Bridge inspection Engineer.

Part 3 - Responsibilities of the Mn/DOT Bridge Office:

1)

2)

3}

Provide Immediate Assistance: Requests for assistance in evaluating
a Critical Deficiency should be directed to the Mn/DOT Bridge inspection
Engineer (or, if not available, to other available resources within the
Mn/DOT Bridge Office) - such requests will be given priority over other
work. If a Critical Deficiency is confirmed, a brief written report should be
filed with the Mn/DOT Bridge Inspections Engineer. Requests for
assistance with follow-up inspections should be directed to the Mn/DOT
Bridge Office Bridge Inspection Unit. Requests for repair
recommendations should be directed to the Mn/DOT Regional Bridge
Construction Engineer (651) 366-4500.

Recording the Critical Finding: Upon receipt of a written or oral report
or the Bridge Inspection Report describing the Critical Deficiency from
the Engineer, the Mn/DOT Bridge Inspection Engineer will enter the
bridge number and date of the inspection in a Critical Deficiency L.og, will
create a separate file for the bridge to track resolution of the problem,
and will require the critica! finding to be entered promptly into the
PONTIiS Bridge Management System. The Critical Deficiency Log will
be available upon request.

Follow-up: The Mn/DOT Bridge Inspection Engineer shall monitor the
situation as necessary until the situation has been resolved and written
notification of corrective action has been received. If notification is not
received within 30 days, the Bridge Inspections Engineer shall contact
the Engineer (or Bridge Owner) for further information.

-MORE-
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4) Documenting the Resolution of the Deficiency: After the notification of
corrective action has been received from the Engineer, the Mn/DOT Bridge
Inspection Engineer shall enter the date of resolution in the Critical Finding
Log and shall file ali related documents.

5) Updating of the Bridge Inventory: Upon notification that a bridge has been
closed, or that a bridge load rating has been permanently reduced, or that
repairs have been completed, the Mn/DOT Bridge Inspection Engineer will
forward the information to the Bridge Management Unit so the bridge
inventory can be properly updated.

6) Annual Reporting of Critical Bridge Deficiency Status: Prior to May 1% of
each year (which coincides with the annual submittal of the bridge inspection
data to the FWHA), the Mn/DOT Bridge Inspeciions Engineer will report the
status of Critical Bridge Deficiencies to the State Bridge Engineer. The siatus
of Critical Deficiencies that have been logged during the past year, and any
additional bridges in the PONTIS database with Element #964 in Condition
State 2 will be included in the report.

Questions

Any questions regarding this Technical Memorandum should be directed to Todd Niemann,
Mn/DOT Bridge Inspection Engineer, 3485 Hadley Ave. North, Oakdale, MN 55128,
{651) 366-4567.

Any questions regarding the publication of this Technical Memorandum should be directed fo
designstandards@dot.state.mn.us. A link to all active Memoranda and a list of historical Technical
Memoranda can be found at: hitp:/;Avww.dot.state.mn.us/atoz. hitml.

-END-
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PROJECT IDENTIFICATION

"INTRODUCTORY SUMMARY

Purpose. of Report

Furpose of Project

Posaible Tmpact

PROJECT DEVELOPMENT PATH

Path Selected

The proposed project consists of bridge

restoration and minor related construction
on Bridgga'§34ﬁ'andk9349Kjover'thefﬁisgis-
sippi River and 2nd Street in Hinmmeapolis,

Hennepin County.

the process used to seleet the project
development path. It also contains studies
and other considerations ﬁ'se‘d in dererndlna—
tibn*nf'the-praférreﬁ-lacaﬁioniand design,

aid the considération of socil, économic

and environmental effects.

The purpose of the proposed project Is the
restoration of the bridge deck and the
standardization of the south bouid entrance
wedlan (see layout, page 22 ).

This project will have no significant impact:

*

on the surrounding environnent..

The development ‘path for: this project will
‘be mintmal as defined in the Action Plan for
- the following reasons?: m

== This project will not require

additional xightfoffway@'

9340 F070_018.pdf



 Federal Action
~Determination:

Time Schedule

Project Manager

extension 115.

~=  This project present® no threat to
extating wildlife or vegetation.
effect on the human population.or
abutting real property:
-~ Thig projéct will not caute a permanent
| change, in the surrounding environment.
The propos e;i{ Amprovemant Has been evaluated

apnd 1t has been deteimined that this project

is a non~major action. Therefore, to

Eliinvirunmen-tal Impact Statement will be pre-

paréd.

Design Approval February 1977
Letting. March 25, 1977
Construction Completion Fall 1977

s

Federal funding is anticipated under the

interstate program. Total cost of the pror -

ject is estimated to be $900;000.

The designated project manager for this pro-

ject 1s Mg, Clint Rud, District 5, Mindesota

Department. of Transpertation. He can be con-

tacted at 2055 North Lilac Drive, Golden Valley,

| Minnesota 55422 or-by ealling (612)545-3761

- © 9340_F070_018.pdf
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PROJECT DISCUSSION

Implace Facility

Objective of Project

Bridges 9340 and 9340A qualify for a deck
protective aystem becauvse of age; current
- deck condition, traffic volumes ‘aind

geomettics,

A temporary entrance median (ramp nose)} was

‘constructed to provide room for a pedestrian

Y

crossing in the original construction, This
crossing was needed ar that time bacause

Bridge 2796 (10th Avenue Bridge) was under

‘repair. This bridge iz now in service so a

pedestrian crossing s no longet needed on

Bridge 9340,

TE 16 the objective of ¢his bridge restoration
project to extend the service life of the
bridges and to obtaln the 16West posdible cost

per year maintenance on the bridges, Bridge

deck protective systems réduce salt penetration

into the bridge deck. -Improved rideabiliity

and gafe usage of the bridges will also be

accomplished by the bridge improvement program,

It 18 the ﬁﬁiéctiv3=of*the entrance median

coustruction to replace the tempuorary inplace

medfan with the; standard entrance median

originally designed for this roadway (see

standard plate wumher 7106D on page 21 ).

9340_F070_018.pdf




Proposed Construction

Public Hearing

projects ast

‘The proposed construction consists of surface
preparation of the biidge deck which includes

scarifying 1/4 inch the whole deck, removal

‘to top of rebars, removal ‘to below top of

xebars and full depth removal. The deck will

be resurfaced with a low slump or latex

modified conerete, Also; a misplaced relief
.cﬁtiabuth"bf:Briﬂgéf93£Q:muét be repatired,

‘Updating of the: inplace median guardrail will
be included along with other related improve-

ments, (See pages 7 to 20 for details.)

An exit medisn Qose&(Standard;Elaﬁe 7106D)

will be constructed at the entrance raiip on

tﬁe:ﬁeStsend'uf'thezﬁridgéa This type median
note is being used becaise of the nearness

of the bridge and the bridge approach panel
CSEQ'?agew21;£ér standard plate and page 22

for layoub)Y.

»

Public hearings are not vequired For these

Y

—— AIL’WbIkrwili bE‘dﬁﬁeadn.gxiécing'right
of way.

== Adjacent property will not be adversely
effected.

-~ There will be no change in dccess,

- > : S ' 9340 _F070_018.pdt




A-95 Clearinghouse and 3-C Planning Requiremients

. In accordance with the Mémorandum of Under=
‘standing with the Metropolitan Council, this
project 1s exempt from further A-95 Clear-

inghouse and 3—c-Piauqingsaeqﬁirements.

Alternates

Preferved alternate The preferred. alternate wﬂige‘xtend' the
service life of the bridge, obtait the
lowest cost-per-year mainterance For the
bridge and provide for safe usage of the

bridge.

D6 nothing The d6- nothing alrernate :does mot provide
dltetaate. _
for protection against bridge deck deterior-
" ation or standardize the aress of need at the

project location,

FNVIHOIMENTAL ASSESSUENT -
Setting | Br162¢r93402&n519340A &re Tocated on I3SW
o :  over the Mississippi River, Property in the
four quadrants consists of commerecial, Ifght

industrial and vesidential.
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Gerr 4?0 o

BS9340.KB

MINNESOTA DEPARTMENT OF TRANSPORTATION

OFFICE OF BRIDGES AND STRUCTURES

RDWY. AREA
(SQ.FT.) 183,930

Length 1907 Span Lngths 53%74
Other Features South 3
Tentative Letting Date _QLZZBIQB

 Year Built_1967

Bridge Designer ,A.,_Q,Lmn
Appr, Pavement _ :

Appr. Shoulder

Scope of Work

Type of System Recommended

a) 2" I,.om slgmg concrg;e

_ . <) QL.Q'.Y (Seg COomm antﬂ

Slab Preparauan

Railing M_c'_)diﬁcatians
a) Replace.

b)B.QM

d) See comments).

Widening
a}) Widgn on existing besims

b) Widen substructures

PRELIMINARY RECOMMENDATIONS FOR BRIDGE IMPROVEMENT

BRIDGE NO. 9340

. St {(Mpls} DIST. NO: Mefro
8-47-58-30' Rdwy. Wldth @ 52! Type 01

" Corrent ADT 120, 000119921

.. Inventory Ratings: Existing HS 20 0.
_ After Reconstruction

Prefiminary Retommendations

By Bridge Engineer

Yes No omment
X
b4 B-1
R X
. X
_ X
X B-2
X B3
X B-4
- X
— X
X B-5
- X

9340_F061_001.pdf




' - BRIDGE NO, 9340
Recommendations
. Scope of Work By Bridge Engineer
Yes No_ Cominent
Substructure Repair )
a) Bearings R X B
b Oher X | B-7

Drainage Modifications
a) Onbridge o ] & _ X B-8

b) Offbridee X
Approach Modifications

a} Tapers . X

b)  New panels X

¢) Treatments . X

d) Rehiefjomts X

¢) Guard Rails: X

fy  Slope Protection X
Loop Detection Systems _

a) Areanvvisibleonthebridpe? X
‘ b) Are any visible on the approach panels? X

Traffic Control (District to indicate
method with recommendation by Bridge
Engineer only if traffic should not
be cartied during reconstruction)

a) Bypass ordetour

Based on a recent field review of this bridge, the above restoration procedures are recommended. A recemt deck
condition survey is not available at this time and final detailed recommendations will be made at the time the survey is
completed. Copies of final recommendations will be furnished to the FHWA for attachment to the Design Study
Report (if appropriate). Bridge Office comments:

 Approved CF ¥

/ . Metro Region Br, Engr. Date: _ h!h!ﬁﬂhﬂ b lﬂ ‘4
n L 7 A/
\o /Jll oy’ State Bridge Engr. vate: 18/

The District concurs in all Bridge Offich prelirminary recommendations except as noted on this form, District
comments: _. C : oted o orm. ©

/Mv;ro D‘.*V-’S"""”'} ref""‘e"h' #e} J:f’e‘c-ta.,ll Proize redvy pﬂfw‘z% ~% 00 el
. ‘ﬁ&q {‘W.‘,asf “AU a,(-ecr‘l-—l Mﬂ/ﬂdf Z'Mdf"f"v’( % S_m ’Z{Z{ 7 le .
IIPW' dz&ﬂnaﬁﬂ” w&a.fa*:&day 5 cf,&,.;ed —k; S e »

Approved __ ristrict Engineer Date: ///2 4;/ 95

9340 _F061_001.pdf
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) Preliminary Recommendations for Bridge Improvement .
Bridge No. 9340
Page3

?ese-repair recommendations are for renovations that are needed to extend the life of this structure until major
rehabilitation is initiated. It is anticipated that a major rehabilitation, including deck replacement, will happen in a 10-
15 year time frame.

B-1) A 2inchthick low slump concrete overlay was placed on this bridge in 1977/78. Any cracks in the overlay
should be sealed to prevent salt & water from reaching the uncoated steel reinforcing bars in the structural slab,

B-2) The bottom side of the concrete deck averhang along the median and the outside of the bridge has spalled and
exposed marny remfercmg bars in the bottom mat of reinforcing steél. These areas should be sandblasted clean
and covered with shotcrete.

B-3) The existing stecl post and guardrail system that runs aleng the median should be removed and be replaced with
back-td-back "J" type barriers or short vertical ¢oncrete barrier walls:

B-4) Considerable areas of the existing concrete railing along the sides of the bridge are unsound. A 9" concrete
face should be added along each side of the bridge.

B-5) Replace the rubber gland in the joints at the south abutment, pier 11, and the north abutment,

B-6) The hinge joint near pier 2 has closed completely. This condition has existed for at least 10 years, and possibly
~ much longer. To properly correct this problem all the beams in the southern most span would need to be
. repositioned. Since no major side effects have developed from this condition over the past 10 years, the work
to reposition the beams will be postponed until the deck is replaced in 10-15 years,

B-7) Several columns and pier:caps on the north end of the bridge were repaired using shotcrete 5-10 years ago by
the city of Minneapolis in a demonstration for Mn/DOT. A small area (50SF) of the cap at pier 11 has '
delaminated, This drea should be repaired with shotcrete as part of this repair contract.

B-8) The existing trough drainage system at the ends of the truss spans will be removed. A redesigned system
should be installed.

dditional Revommendations/Notes

B-9) The paint condition of the existing steel superstructure framing below the median joint is deteriorating rapidly,
A separate recommendation will be issued to cover painting needs. The original design plan indicates that the
existing prime coat is lead based (Mn/DOT 3509, Dull Orange), afirst field coat of lead based pamt(Mn/DOT
3515}, a second field coat of lead based paint (Mn/DOT-3517), and a top coat of dark green lead based paint
(Mn/DOT 3524). The required painting will be included in this repair contract.

B-10) The truss chords and diagonals are comprised of fabricated box members that have many 6* x 12" and 6" x 24"
perfo'rations (holes). To prevent pigeons from riesting inside the chord members, the holes should be covered.
The covering system should have small ventilation holes and should be designed such the covers can be

. removed and reattached during future bridge inspections. Prier to placing the covers the entire length of the
inside of the truss chords and diagonals should be power washed clean.

9340_F061_001.pdf
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Preliminary Recommendations for Bridge Imiprovement
Bridge No. 9340
Page 4

~11)- Inspections aver the last several years indicate that the bearings at the forth end of the truss spans may be
"fraze" or have limited movement. The Mn/DOT Design Section will immediately be contacted to devise a
system for measuring the actual movement of the bearings. It is intended that the movement momtonng system
be installed in the fall’winter of 1996/97. Depending on the amount of movement measured, repalrs may be
added to remedy the problem.

B-12) Inspection reporisfrom 1995 and 1994 indicate that several of the bolts that connect the stringers to the floot

beams in the truss spans have loosened or are broken. The affected bolts should be réplaced as part of this
gontract.

9340_F061_001.pdf




Minutes on meeting regarding scope of remedial repair to Bridge 9340,
‘Date: 02/12/97, Room 220 Bridge Office, from 9;00 to 11:00

Attendees:  Jack Pirkl, Roger Schultz, Paul Rowekamp, Donovan Hoff, Terry Moravec, Arlen
Ottman, Erik Wolhowe, Don Peterson; and Bob Fiereck, Minutes by E Wolhowe

1. Drain System
A Concerns were expressed regarding the access. Bob is to arrange a meeting at the
site to determine if work ¢an be done from below the deck.
B. If access from below.is too limited, then removing the finger joints and working

from above is an acceptable alternative. This would provide a means for tying the
workers to a safety fine and for removing the trough with equipment from above
and for installing the ‘curtain”.. . #Hece ﬂ:%’w P

C. Concern was expressed about not directing the runoff to the sgwage system as %
shown on the original plans. It was noted that because the current trough is ;
plugged, the drainage simply splashes off the trough, then off the structural
members and then down to the ground below. It was also noted that in order to
azke the current system operational, it would need to be cleaned and then cleaned
weekly. The weekly cleaning explains why this is not done. The ‘curtain’ plan
will not direct the driinage to the s d_ewag@system but: merely protect the stmctural s
members as the water cascades past. [ sz

D.  Discussed installing another type of joint but none seem any better Roger Schultz
recalled a similar project in Duluth and:suggested contact be made with Don

Stanley. 2"
E. This work would include painting the inside of the End beams.
2. Median Repair

A, Questioned thie need for two decks as it appears on the plan that the joint could be

eliminated, Bridge is to investigate, - e e
B. Alternatives suggested:
a. As shown on sketch showing vertical walls constructed on existing curbs
and covered by a connecting panel with a sloped top.
b. Remove deck between floor beams and replace with a single deck (no
joint) and a J-rail,
¢ Remove curbs and constryct J-rail across joint.

C. Decided to have Bridge do further study.
3. Bird Guards _
A Need to limit size of opening to 1 inch to keep birds from nésting inside members,
B. Wire mesh or wire grid preferred over plastic plates.
C. The cost of similar work done on the East Grand Forks bridge was $9.00 per hole.
If this cost can be used again, then consider doing all the holes on all the members,
not just the upper and Jower chords, . -
D, Metro Matntenance said ihey- could do. the installing, — Mfié’b nee 55 b d ﬁ‘?’l”"
4.  Painting il wll ke 4, MLl pv o Coig P~
A Painting of truss members damaged by the water coming thru the center joint will

9340_F061_001.pdf




be done by a separate contract let in"1999,
B. The exgeption to this would be the painting dong by the contractor doing the
trou g?Z*epair.-

« -
*"éfw 6 {;ut-ﬁ?'“

Comments (by E Wolhowe}: sl e i
1. Drain System _ b bl
A The drainage system should be repairéd and modified so that the drainage is cnge tlgpe
‘again carried to the sewage system. This can be done by relocating the trough to 4 Lhe]

below the End Beams and sloping it adequately to make it self cleaning.”
B.  Allof the finger joints should be modified to prevent water damage z%ume:} _"2

S

members. The joints on the end spans should also be included in the work.

2. Median Repair _ gTraveqesy : N
A Since the deck is in such poor conditionshear the Joint, perhaps it would be best
to replace the portion between the floet-beams. This has several advantages:
a, Eliminating the need to shotcrete the under side of the deck
b. The drainage problem could be more easily addressed.
c. The new J-barriers would take less room than the curbs,
d It would involve more standard construction methods. The barriers could
be slip formed.
e The question of‘pne deck versus two decks needs may not need to be
answered, ’ A s
3, Bird Guard NG stecl o

A. A wire grid using 0,125 inch diameter wires on one inch spacings cut to a
rectangular shape of 12 inches by 24 inchgs would be relatively inexpensive to
fabricate. Combining the grid with bent+wire shapes similar to what was proposed
by the fabricator would allow the grids to be snapped into place. Galvanizing
would ensure longevity.

B. These could be manufactured and installed by eithér Maintenance or by private
contractor. The grids can be manufactured by a number of Minnesota companies,

4, General

A.  Isensed from the comments that the repairs should be more long term solutions as
opposed to temporary fixes meant to last untif the main repair tentatively
scheduled in ten years.

B.  Interrupting traffic is something that may be necessary in order to properly
compiete the project.

C. Adequate dollars are probably available for any of the options suggested.

9340_F061_001.pdf
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é(ﬁ} Minnesota Department of Transportation

Memo
Office of Bridges and Structures . Office Tel: 582-1100
Mail Stop 610 Fax: 582-1110

Waters Edge

. 1500 W. Co. Rd. B2

Date:  September 16, 1998

To: Gary Workman
Metro Divisien Office of Operations

From:  Donald J. Flemming i o M
State Bridge Engineer ¢ 3/ +/°

BR9340-Ciacks in Approach Span Girders

Bridge number 9340 carries TH 35W over the Mississippi River in Minneapolis. The bridge consists
of a steel deck truss main span and continuous steel girder approach spans anid was constructed in 1967,
During the 1998 bridge safety inspection on September 7 - 14, 1998, Metro bridge inspectors noticed
13 crack locations 1" to 1,5" long in the 48" deep approach span girders at the top of the
stiffener/diaphtagm connection near Piers #3 and #4 at the south end of the bridge. The cracks are at
the web toe of the web to top flange weld in the base metal and in 3 cases are tariiing down slightly into
the web. This location is in a negative moment region and thus this location is in tension, See the
attached plan sheet for a detailed locdtion of the crdcks,

After review in this office, it is recommended that Metro Bridge Maintenance drill out the ends of the
cracks with a 1 1/2" core drill. The core samples should be submitted to Todd Nierhann for analysis
of the steel. During drilling it is recommended that tltrasonic testing be completed such that you are
certain the end of the crack has been arrested. If the enids of the eracks can not be drilled out, we will
recommend additional procedures or repairs to undertake.

It appears that these Iocations have potential for further cracking. We recommend that you perform
close in-depth inspections of these areas on a six month interval, and keep a detailed weld/crack
inspection log for these areas.

co: D. J. Blemming J. R, Allen
G. D. Peterson P. Kivisto
R. Noreen T. Moravec
E. Evans T. Niemann
J. Pirkl M. Pribula
R:-Sehultz - D. Hoff
File Br 9340

p;\wp‘\mems\ﬂ}tm__crk.wpd
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EXECUTIVE SUMMARY

Bridge 9340 1s a deck truss with steel multi-girder approach spans built in 1967 across
the Mississippi River just east of downtown Minneapolis. The approach spans have exhibited
several fatigue problems; primarily due to unanticipated out-of-plane distortion of the girders.
Although fatigue cracking has not occurred in the deck truss, it has many poor fatigue details on
the main truss and floor truss systems. Concern about fatigue cracking in the deck truss is
heightened by a lack of redundancy in the main truss system. The detailed fatigue assessment in
this report shows that fatigue cracking of the deck truss is not likely. Therefore, replacement of
this bridge, and the associated very high cost, may be deferred.

Strain gages were installed on both the main trusses and the floor truss to measure the
live-load stress ranges. The strain gages were monitored while trucks with known axle weights
crossed the bridge and under normal fraffic. Two- and three-dimensional finite-element models
of the bridge were developed and calibrated based on the measured stress ranges. These finite-
element models were used to calculate the stress ranges throughout the deck truss.

The peak stress ranges are less than the fatigue thresholds at all details. . Therefore,
fatigne cracking is not expected during the remaining useful life of the bridge. The most critical
details, i.e. the details with the greatest ratios of peak stress range to the fatigue threshold, were
in the floor trusses. Therefore, if fatigue problems were to develop due to a future increase in
loading, the cracking would manifest in a floor truss first. Cracks in the floor trusses should be
readily detectable since the floor trusses are easy to inspect from the catwalk. In the event that
the cracks propagate undetected, the bridge could most likely tolerate the loss of a floor truss
without collapse, whereas the failure of one of the two main trusscs would be more critical.

This research has implications for bridges other than 9340. The research verified that the
behavior of this type of bridge can be deduced with a modest number of strain gages at key
locations combined with detailed analyses. This instrumentation plan can be used in other
similar bridges. Guidelines for service-load-level analyses of similar bridges are given to
estimate typical fatigue stress ranges. Bridges may now be rated for fatigue in accordance with
the new Looad and Resistance Factor Rating procedures. Fatigue rating should be based on
service-load-level analyses conducted according to these guidelines. If the résults of preliminary
assessment indicate that there is still concern about fatigue, the analyses shouid be calibrated

with limited strain-gage testing.
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CHAPTER 1

INTRODUCTION

PROBLEM STATEMENT

Bridge 9340 supports four lanes in- each direction (eight lanes total) of I-35W across the
Mississippi River just east of downtown Minneapolis. The Average Daily Traffic (ADT) is
given as 15,000 in cach direction, with ten percent trucks. Bridge 9340 consists of a deck truss
and steel multi-girder approach spans built in 1967. The deck truss, shown in Figure 1, has a
center span of 139 meters, north and south spans of 80.8 meters and cantilever spans of 11.6 and
10.9 meters. The bridge was designed using the 1961 American Association of State Highway
Officials (AASHO) Standard Specifications [1], At that time, unconservative fatigne design
* provisions were nsed, The American Association of State Highway and Transportation Officials
‘. (AASHTO) ifa'tig‘uf_: design rules were f;ubstai]:;ially 7imp'rov.edr as a result of research at Lehigh

University in the 1970°s [2,3].

The approach spans have exhibited several fatigue problems; primarily due to unanticipated out-
of-plane distortion of the girders. Although fatigue cracking has not occurred in the deck truss, it

has many poor fatigue details on the main truss and floor truss systems.

Stress ranges calculated using the lane load as live load are greater than fatigue thresholds for
many of the details. The poor fatigue details in the deck truss include intermittent fillet welds,
welded longitudinal stiffeners and welded attachments at diaphragms inside tension members.
These details are classified as Category D and E with threshold stress ranges 48 and 31 MPa,

respectively.



Figure 1: Bridge 9340

The design analysis, using the AASHTO lane load in all lanes, shows design-live-load stress
ranges in the truss members much higher than these thresholds. Design-live-load stress fanges
were greatest, up to 138 MPa, in members that experience load reversal as trucks pass from the
outside spans onto the center span. The predicted average life at that stress range is between
20,000 and 40,000 cycles. With 15,000 trucks per day crossing the bridge in cach direction,

these details should have cracked soon after opening if the stress ranges were really this high.

The actual stress ranges can be determined by instrumenting the bridge with strain gages and
monitoring strains under both a known load and open traffic. Fortunately, the actual stress
ranges are much Jower than these design live-load stress ranges, Consequently, the fatigue life is

far longer than would be predicted based on the design-live-load stress ranges. The difference



between actual and predicted stress ranges is the result of conservative assumptions made in the
design process. The primary reason is that the traffic on the bridge is 90 percent cars and weighs
a lot less than the lane loading, (9.34 kN/m). The lane loading is approximately equivalent to

maximum legal 356 kN trucks spaced at about 38 meters apart.

The lane load may be appropriate for a few occurrences during the life when there are bumper-
to-bumper trucks in all lanes, and the bridge should be designed to have sufficient strength to
withstand this Ioad. However, a few occurrences of loading of this magnitude would not have a
significant effect on fatigue cracking. In fact, it has been shown that essentially infinite fatigue
life is achieved in tests when fewer than 0.01 percent of stress ranges exceed the fatigue
threshold [4]. Therefore, only loads that occur more frequently than 0.01 percent of the time
have an effect on fatigue. If there are 15,000 significant load cycles (trucks) per day, any load
that happeps less frequently than daily is trrelevant as far as fatigue is concerned. In observing
this bridge closely over the period of more than a year, the authors have never seen a condition

where there were closely spaced trucks in each lane.

Other reasons that the actnal live-load stress ranges are lower than design stress ranges include
unanticipated structural behavior at service load levels. This unanticipated behavior includes
composite action of the slab and the floor trusses and unintended partial fixity at the piers due to

bearings that do not respond to live loads.

Concern about fatigue cracking in the deck truss is heightened by & lack of redundancy in the

main truss system. Only two planes of the main trusses support the eight lanes of traffic. The



truss is determinate and the joints are theoretically pinned. Therefore, if one member were

severed by a fatigne crack, that plane of the main truss would, theoretically, collapse.

However, it is possible that collépse may not occur if this happened. Loads may be redistributed
and joints may resist rotation and develop bending moments. If the fractured | main {russ
deflected significantly the slab could prevent the complete collapse through catenary action. In
any event, a fracture in one of the main trusses would require prolonged closure of the bridge and

a major disruption.



OBJECTIVE OF RESEARCH
This research was conducted to:
1) characterize the actual statistical distribution of the stress ranges;
2} evaluate the potential for fatigue cracking in the deck truss and, if there is the potentiai
for cracking, to estimate the remaining life;

3) recommend increased inspection or retrofitting, if necessary.

SCOPE OF REPORT
This report covers a literature review, inspection of the deck truss, field-testing and analysis of
the deck truss, and discussion of the results. There is a brief discussion of previous problems

with the approach spans, otherwise the approach spans are not discussed in detail.

The bridge was instrumented with strain gages, load tested with dump trucks with known axle
weights in early October of 1999, and monitored on and off from March to August of 2000 to
characterize the statistical distribution of the stress ranges. The measured strains were used to
calibrate two and three-dimensional finite-element models of the bridge. These finite-element
models were used to célculatc the stress ranges throughout the deck truss. These stress ranges
were compared to the thresholds for the particular details at each critical location. The most
critical details, i.e. the details with the greatest ratios of peak stress range to the fatigue threshold,

were identified. Recommendations are made for focused visual inspection.



CHAPTER 2

BACKGROUND

FATIGUE RESISTANCE

The American Association of State ﬁighway and Transportation Officials (AASHTO) bridge
design specifications (both the Standard Specifications anid the Load and Resistance Factor
Design (LRFD) Specifications) contain similar provisions for the fatigue design of welded
details on steel bridges [5,6]. Welded and bolted details are designed based on the nominal stress
range rather than the local "concentrated" stress at the weld detail. The nominal stress is usually
obtained from standard design equations for bending and axial stress and does not include the effect
of stress concentrations of welds and attachments, Since fatigue is typically only a serviceability
problem, fatigue design 1s carried out using service loads. Although cracks can form in structures
cycled in compression, they arrest and are not structurally significant. Therefore, only members or

commections for which the stress cycle is af least partially in tension need to be assessed.

Both AASHTO bridge specifications are based on the same set of fatigue-resistance curvés (S-N
curves). The relationship used to represent the S-N curve is an exponential equation of the form:
N=AS? (Eg. 1)
or logN=IogA -3*logS
where: N = number of cycles to failure,
A = constant dependent on detail category
and S = applied constant amplitude stress range.
In design, the S-N curves give the allowable stress range for particular details for the specified

life or number of cycles. In evaluation of existing bridges, these S-N cirves can be used to



estimate of the total number of cycles to fatigue failure for the actual measured stress range at a
particular detail. The remaining life can be estimated by subtracting from the total cycles the

cycles experienced in the past.

Each S-N curve represents a category of details. The AASHTO specifications present seven S-N
curves for seven categories of weld details, Although E', in order of decreasing fatigue sirength.
Figure 2 shows the S-N curves for the detail categories C, D, E, and E’. (The categories A, B, and
B’ are usually not severe enough to cause cracking in service and therefore will not be discussed.)
The S-N curves are based on a lower bound to a large number of full-scale fatigue test data with a
97.5 percent survival limit. Therefore, a detail optimally designed with these S-N curves and
actually exposed to the stress ranges :asspmed in design has a 2.5 percent probability of cracking

during the sp'cciﬁed lifetime.

Figure 2 shows the fatigue threshold or constant amplitude fatigue limits (CAFL) for each
category as horizontal dashed lines. When constant-amplitude tests are performed at stress
ranges below the CAFL, noticeable cracking does not occur. For bridges in service, if almost all
the stress ranges are below the CAFL, the fatigue life is considered essentially infinite. The

CAFL for Category C, D and E is 69, 48, and 31 MPa, respectively.
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Figure 2: AASHTO Fatigue Resistance Curves

The critical details on Bridge 9340 are classified as non-load-bearing attachment details, i.e.
attachments to structural members that do not carry significant load. With the exception of some
special cases, these type of attachments are rated Category C if less than 51 mm long in the
direction of the primary siress range, D if between 51 and 101 mm long, and E if greater than

101 mm long.



STRUCTURAL REDUNDANCY

In any structural system, loads are carried along a variety of simultaneous paths. The existence
of these redundant load paths in a bridge ensures reliable structural behavior in instances of
damage to some of the structural elements [7]. However, is there is no redundancy, failure of

one member may cause the entire structure to collapse,

The Committee on Redundancy of Flexural Systems conducted a survey of steel highway and
railroad bridges reported suffering distress in main load carrying members. Twenty-nine states
and six railroad companies responded. A total of 96 structures were reported as suffering some
distréss. The survey found that most failures were related to connections, nearly all of which
: were welded. The data collected on bridges that suffered damage indicate that few steel bridges
collapse if redundancy is present. The reported collapses involved trusses with essentially no

redundancy [7].

In another study, Ressler and Daniels [8] found that the number of fatigue-sensitive details
present in the structure significantly affected the system reliability of a nonredundant bridge. For
example, the reliability of a span with 20 Category E’ details was found to be substantially lower

than the reliability associated with a single B’ detail.
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CALCULATED AND ACTUAL BRIDGE RESPONSE

Many studies have shown that the simplified calculations used to predict stresses in bridge
members are inherently conservative [9,10,11,12,13,14,15,16]. As a result, the calculated
stresses are often much higher than the actual service stresses and the fatigue assessment is
unnecessarily pessimistic. From the form of Equation 1, it is clear that a small change in the
cstimate of the stress range results in a much larger change in the life, i.e. the effect is cubed.
For example, if the stress range is conservative by only 20 percent, the computed life will be 42

percent too low.

The design calculations, load models, and the level of conservatisin are appropriate for strength
design where there is great uncertainty in the maximum lifetime loads. However, for fatigue
evaluation of an existing bridge, an accurate estimate of the typical everyday stress ranges is
required. Therefore, for fatigue evaluation of existing bridges, a more appropriate set of analysis
assumptions is required and it is best if the analysis is “calibrated” relative to measured strain

data.

In a large bridge, service live-load stress ranges typically do not exceed 20 MPa [10]. The stress
ranges are small because the dimensions of the members of a large bridge are typically governed
by dead loads and strenéth design considerations, Since the strength design must account for a
single worst-case loading scenario over the life of the bridge, conservative load models are used

(large factors of safety).
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In addition to conservative load models, assumptions in analysis can also ofien lead to actual
stresses being far lower than predicted stresses. An example of the effect of these assumptions is
illustrated in a study of U.S. Highway 69 in Oklahoma crossing the South Canadian River [11].
Concems of fatigue damage arose when poor welding techniques had been used in the widening
of the bridge. Preliminary analyses had shown that stress ranges could exceed allowable stress
ranges at over 100 locations on the bridge. However, when the bridge was instrumented with-
strain gages and monitored under known loads and normal traffic the largest measured stress

range was found to be 27 percent of the allowable stress range, {ar below predicied.

In ‘another study, fatigue concerns arose due to a comsiderable -amount of corrosion on the
floorbeams of Bridge 4654 in Minnesota [12]. The bridge was instrumented with strain gages
- and monitored under known loads and normal traffic,” Here, measured stress ranges ranged from

. 65 to 85 percent of those predicted by analysis. .

These disparities are duc to the fact that analytical models often use assumptions that .
conservatively neglect ways in which the structure resists load. Sometimes the structural
behavior could never have been predicted in design. For example, Dexter and Fisher [13]
discuss the results of field tests on an adjacent pair of railroad bridges. [t was found that ballast
had fallen in the narrow space between the girders forcing the adjacent bridges to deflect
together as if joined. This behavior distributed load from the bridge with the {rain on it to the
other bridge, resulting is stress ranges less than half of predicted, especially in the exterior girder

nearest the adjacent bridge.
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In a study performed by Brudette et al. [14], more than 50 years of bridge test data were
collected and examined to determine specific load-resisting mechanisms that are typically
ignored in design or evaluation. The study revealed that lower stress ranges in a structure can be
attributed to unintended composite action, contributions from non-structural elements such as
parapets, unintended partial end fixity at abutments, and direct transfer of load through the stab

to the supports.

» Composite Action: Bridges with shear connectors at the slab-girder interface typically
display full composite action. However, some composite action is scen in the absence of
shear connectors, resulting in lower stresses in the structure. At service load levels,

composite action is even effective in resisting negative moment.

» Partial End Fixity: Often, bridges and bridge members are designed to behave as if they
are simply supported. However, these supports usually do not behave as intended.
Partial fixity in the end connections on beams causes a lower positive moment that would
be obtained from the simply supported.beam model. Bearings that are meant to be a
roller boundary condition, or fixing the displacement in the vertical direction while
allowing longitudinal movement, can become frozen due to corrosion, extremely cold
weather or poor design. This can change the response of a bridge subjected to loading by

imtroducing horizontal resistance where it was not infended.

e Transfer of Load Through Slab: Load distribution refers to the lateral distribution of

load to longitudinal supporting elements. The slab typically does a much better job of

13



spreading the load than anticipated in design. The lateral distribution is more favorable
than assumed, and there is significant spreading of the load longitudinally, which is not
even counted on in design. Often, part of the load is distributed directly to the supports

bypassing the longitudinal stririgers or girders,

In a similar study, the Ministry of Transportation of Ontario conducted a program of bridge
testing that included more than 225 bridges over a period of many years [15]. The study
revealed that in every bridge test there were surprising results that were not expected the most
common of which was a bridge’s ability to sustain much larger loads that their estimated

capacities,

Specificaily, the following observations were made in the testing of sieel truss bridges.

* The stringers of the floor system sustained a large share of the tensile force thus

reducing the strains felt by the chord in contact with the floor system.

o Again, composite action in non-composite systems was shown to exist. However,
subsequent tests showed that this composite action breaks down completely as the failure

limit state for the girder is approached {16].
Although these unintended structural behaviors are nearly impossible to model, they ofien

combine to produce actual stresses well below those calculated by simplified design calculations

or even finite-element analysis of the idealized structure [10].
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To calibrate the analysis, the results are compared to the measured response and changes are
made in the model until the results agree reasonably well with the measurements. Strain gage
data are typically acquired on several bridge members where maximum stress ranges are
expected to occur. Measurements are typically made while a truck or multiple trucks of known
weight and configuration traverse the bridge in the absence of other traffic. The results from this
test eliminate uncertainty in the load and isolate the part of the error due to the analysis. The
analysis is linear, so once it is calibrated it can be used to predict the stress ranges from the

maximum legal load, permit loads, or groups of trucks as appropriate for the fatigue analysis.

Often, some measurements are also made in open fraffic for several days to characterize the
statistical distribution of the topical stress ranges, which is. proportional to the statistical -
distribution of the truck axle weights or total gross weights. Some members (e.g. floorbeams) are
loaded by each truck axle. The members of a large trusses such as bridge 9340 do not respond to
each axle load separately but rather respond with one cycle associated with the gross vehicle
weight.) In highway bridges, a two or three day period seems to be satisfactory to capture a
realistic representation of stress ranges and their respective frequencies [17]. 1t is best if the data
collectioﬁ system is left running continuously to capture both day and night traffic with both full
and empty trucks. It may also be wise to capture seasonal changes in traffic and the response of

the bridge by taking data in two or three day periods at various times of the year,

Once strain data at known locations has been accumuliated, a finite element model of the bridge

1s generated. The model must be created with as much accuracy as possible before calibration

15



begins. The model is then calibrated by adjusting: 1) the amount of composite action in
members near the deck; 2) the fixity of the supports; and, 3) the distribution of loads on the deck;
until calculated strains match measured strains. Once the model is calibrated by a limited

number of measurements, it can be used to calculate strains throughout the bridge.

FATIGUE EVALUATION PROCEDURES

An actual service load history is likely to consist of cycles with a variety of different load ranges,
i.e., variable-amplitude loading [4]. However, the $-N curves shown in Figure 2 are based on
constant-amplitude loading. There is an accepted procedure for converting variable stress ranges
to an equivalent constant-amplitude stress range with the same number of cycles. This procedure
is based on the damage summation rule jointly credited to Palmgren and Miner (referred to as
Miner’s rule) [18]. If the slope of the S-N curve is equal to three, then the relative damage of
stress ranges is proportional to the cube of stress range. Therefore, the effective stress range is

equal to the cube root of the mean cube of the stress ranges [19].

Se=(2Zpi Sri3)”3 . (Eq. 2)

The effective stress range is used the same way as the constant amplitude stress range, i.e. the S-N
curve is entered with the value of the effective stress range and the intersection with the S-N curve
defines the number of cycles in the total life, assuming that the effective stress range is relatively
constant over the life.  This procedure works fairly well in the shorter life regime where the

effective stress range is much larger than the fatigue threshold.



When the effective stress range is on the order of the fatigue threshold or less, dealing with
variable stress ranges becomes more complicated. Figure 3 shows the lower part of an S-N
curve with three possible variable stress-range distributions superposed [20]. The effective stress
range is shown as S, in this figure and is used the same way as a constant-amplitude stress range

with the S-N curves in the finite-life regime (Case 1 and Case 2).

For Case 3 in Figure 3, essentially all the siress ranges are less than the CAFL. In this case,
long-life variable-amplitude fatigue tests on full-scale girders with welded details show that if
less than one in 10,000 cycles exceed the CAFL, then essentially infinite life is obtained [4].
This phenomenon is the basis of what is called the “infinite-life” approach, which is incorporated

in the AASHTO LRFD specifications [5].

Case 1 Crousbngd Ampliioile 5-M Cieve

Cose 2 Cunslant Amphitde
Fptipee Limit —

STRESS RANGE, 5

.*“
Stroigll Line Fxlension .,/
of SN Corve ——— i

CYCLES TO FAILAIRE

Figure 3: Possible Cases of S;eAand Smax 10 Relation to the CAFL
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Guide Specifications for the Fatigue Evaluation of Existing Bridges

Fatigue evaluation procedures for existing steel bridges were developed in a project sponsored
by the National Cooperative Highway Research Program (NCHRP) that resulted in Report 299
{10]. This study was done to develop practical procedures that accurately reflect the actual
fatigne conditions in steel bridges, which could be applied for evaluation of existing bridges or
design of new bridges. The procedures utilized information gaine& from several years of
research on variable-amplitude fatigue behavior, high-cycle, long-life fatigue behavior, actual
traffic loadings, load distribution, and assessment of material properties and structural

conditions.

In NCHRP 299, it is stated that fatigue checks should be based on typical conditions that occur in
the structure, rather then the worst conditions expected to occur as in a strength design. The
procedure begins with determination of a nominal stress range for the truck traffic crossing the
bridge. This stress range is then compared to the S-N curve for the type of detail found on the
structure to deterrnine the number of cycles to failure. Then the life of the detail can be
calculated using current estimated truck volume, the present age of the bridge, and the number of

load cycles for each truck passage.

NCHRP report 299 provides the following equation to calculate fatigue life for an estimated

lifetime average daily truck volume based on stress range measurements taken at the bridge site.
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Yr=[(fK x 10% 7 (T, C (Rs $r)®)] - a (Eq. 3)

where,

Y =remaining fatigue life in years

Sre = effective stress range

R = reliability factor

C = stress cycles per truck passage

K, b, and f= fatigue curve constants '

T, = estimated lifetime average daily truck volume

a = present age of bridge in years

‘Further discussion of these variables follows.

Effective Stress Range

The effective stress range is calculated from Equation 2 using stress-range histograms obtained
from field measurements on the bridge under normal traffic. The stress range may be computed
from an analysis where the loading is the cube root of the mean cube of the gross-vehicle-weight
histogram. Alternatively, an HS-15 truck (HS-20 loading multiplied by 0.75) may be used to

calculate the effective stress range if measurements are not available.
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Reliability Factor (R.)

The rehability 1s used when calculating the remaining safe life. It is used to ensure that the
actual life will exceed the safe life to a desired probability. When calculating the remaining
mean life, the reliability factor is 1.0: When calculating the remaining safe life, multiply the

computed stress range S by a reliability factor:

R¢= Rso (Fs]) (FSZ) (Fs3} (Fq 4)

where,
R, = reliability factor associated with calculation of stress range
R = basic reliability factor
= 1.35 forredundant members
= 1.75 for nonredundant members
F; = 0.85 if effective stress range calculated from stress range
histogramé obtained from field measurements
= 1.0 if effective stress range calculated by other methods
Fgr = 0.95 if loads used mm computations are for site-specific
weigh-in-motion measurements
= 1.0 if the AASHTO fatigue truck is used
Fg3 = 0.96 if rigorous analytical method is used to determine load
distribution
= 1,0 if approximate method based on parametric studies is

used
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Stress Cycles Per Truck Passage (C)

A single truck traveling over a bridge can often have a complex response resulting in more than
one stress cycle per truck passage. Whereas most main members feel just one cycle per truck,
transverse members near the deck may feel each axle load as it passes. The number of stress
cycles per truck passage, C, has been determined for various types of bridge members. The

number of stress cycles per passage for Bridge 9340, a deck truss bridge, is 1.0.

Fatigue Curve Constants (i, b and f)
The equation for the S-N curves was given in Equation 1. The parameter b is the exponent and is
3.0 for the AASHTO S-N curves. For convenience in calculating the remaining life in years, the

detail constant K 1s used (Eqg. 5).

K=A/][365x 109 (Eq. 5)
Where A was defined for Equation 1. There is considerable scatter in the fatigue data on which
Eq. 4 is based. It is normally assumed that the scatter in stress range values follows a log-normal
statistical distribution for a given N. Consequently, allowable nominal stress ranges are usually
defined two-standard deviations below the mean stress ranges. Since the mean and allowable S-
N curves for a given detail arc assumed to be parallel on a log-log plot, the ratio of stress ranges

for the two curves is the same at all cyclic lives [10].

The constant f is used to modify the constant K to reflect the mean remaining life rather that the

safe remaining life. The constant f equals the ratio of the mean-life curve intercept, A’, to the

safe-life curve intercept, A. For categories B through E’, the ratio of mean to allowable stress
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range does not vary greatly and averages 1.243. Because of the power of 3 in the S-N curve, the
corresponding ratio of mean to safe lives is equal to 1.243 cubed, or 1.92. Thus, the value of fis

taken as 2.0 while calculating mean life. If the safe life is being calculated, { equals 1.0 [10}.

Lifetime Average Daily Truck Volume (T,)
The present average daily truck volume in the outer lane, T, can be calculated from the ADT at
the site as follows:
T =(ADT)Fr F, (Eq. 6)

where

ADT = present average daily traffic volume in both directions

Fr = fraction of trucks in the traffic

Fr = fraction of trucks i the outer lane
The ADT can be determined by doing a traffic count or may be obtained from Department of
Transportation data for the location of interest. The fraction of trucks in the traffic is suggested
to be 0.20 for rural interstate highways, 0.15 for rural highways and urban interstate highways,
and 0.10 for urban highways. ’fhe fraction of trucks in the outer lane may be determined from

Table 1.

Table 1: Fraction of Trucks in Quter Lane [10]
Number of Lanes  2-Way Traffic  1-Way Traffic

1 - 1.00
2 0.60 0.85
3 0.50 0.80
4 0.45 0.80
5 0.45 0.80
6 or more 0,40 0.80
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Using the calculated present average daily truck volume in the outer lane, T, the annual growth
rate, g, the present age of the bridge, a, and Figure 4, the lifetime average daily truck volume in
the outer lane can be determined. The annual growth rate can be determined from Table 2. This
table lists annual growth rates estimated from Annual Average Daily Traffic (AADT) data taken

at counting stations throughout the United States between the years 1938 and 1985,

Table 2: Observed Average Daily Traffic Growth Rates [10]

Type of Highway Rural or Urban Growth Rate %

Interstate Rural 4.45
Urban 4,98
U.S Route Rural 2.87
. Urban 4,19
State Route Rural _ 3.77
Urban oo 3,27
3.0
g ] th fat
R \\ \N grpwih rute, g
2 ™S . o b 8%
Q
o : \ e,
e 20 ~3=°
,g [ e I
x 1.5 =753 ——
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Figure 4: Truck Volume Ratio (T, / T) [10]
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CHAPTER 3

DESCRIPTION, DESIGN, AND HISTORY OF BRIDGE 9340

DESCRIPTION OF BRIDGE

Bridge 9340 carries 1-35W over the. Mississippi River just east of downtown Minneapolis.
Constructed m 1967, the 581 meter long bridge has 14 spans. The south approach spans (Spans
#1-#5) are steel multi-beam. The main spans (Spans #6-8) consist of a steel deck truss. The
notth approach spans include both steel multi-beam (Spans #9-#11) and concrete slab span

(Spans #12-14).

There are two steel deck trusses. Most of the truss members are comprised of built-up plates
(riveted) while some of the diagonal and vertical members are rolled I-beams. The connections
include both rivets and bolts. The truss members have numerous poor welding details. Recent
mspection reports have noted corrosion at the floorbeam and sway brace connections, and pack

rust forming between connection plates [21].

The bridge deck above the deck truss is 32.9 meters wide from gutter to gutter. Three
continuous spans cross the river, the north and south span measuring 80.8 meters and central
span measuring 139 meters. Three of the four piers supporting the river crossing have two huge
geared rollernest bearing assemblies while the second pier from the north is 2 fixed connection.

These truss bearings have moderate corrosion [21].

The two main trusses have an 11.6-meter cantilever at the north and south ends. There are also

27 floor trusses, spaced at 11.6 meters. These floor trusses frame into the vertical members of
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the main truss. The floor trusses consist of WF-shape members and have a 4.97-meter cantilever

at each end.

The built-up box sections have attachments measuring 8.9 cm square welded to diaphragms at
the interior of all tension members (Figure 5). There are also intermittent fillet welds at the
interior of all box sections. These are both Category D details. The floor truss members have
longitudinal stiffeners measuring 30.5 cm, which would be considered a Category E detail

(Figure 6).

Figure 5: Welded Attachment at Interior of Box Section of Main Truss

26



Figure 6: Longitudinal Stiffeners at Floor Truss Connections

BRIDGE DESIGN

Bridge 9340 was desig-ned using the 1961 AASHO specifications {1]. This code utilizes a
uniform lane load and a truck for live load. The uniform live load consists of a 9.34 kN per
linear meter of load lane and a concentrated load of 11.6 kN for shear. The truck load uses HS-20
truck which has a front axle load of 35.6 kN followed 4.27 meters behind by a 142.3 kN axle
followed anywhere from 4.27 to 9.14 meters behind by another 142.3 kN axle. The wheels of
the HS-20 truck are spaced 1.83 metérs apart. All loads are patterned for maximum effect.
Resulting load effects are reduced by ten percent if the maximum load effect is produced by

loading three lanes, and by 25 percent if four or more lanes are loaded.
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The design of the main trusses utilized the uniform lane loads. All four lanes above the truss
being designed and the three nearest lanes opposite the centerline were loaded. Using a tributary
length of 11.6 meters for each panel point of the truss, this loading results in a concentrated load
of 367 kN and a uniform load of 343.8 kN. The south cantilever of the main truss has a tributary
length of 16.6 meters and thus a uniform design load of 489.3 kN. The north cantilever of the
main truss is designed using four loaded Janes and a tributary length of 25.5 meters and does not
consider the effect of the floor truss cantilever as most of the tribﬁtary length is outside of the

truss region. This results in a uniform design load for the north cantilever of 716.2 kN.

Load is distributed from the floor system to the floor truss through the stringers. The stringers
are continuous over four spans from panel points 0 to 8 and 8’ to 0’ and continuous over six
spans from panel points 8§ to 8’. The int:arnal reactions of the four span continuous stringers were
found under a HS-20 truck loading and applied to the floor truss in design. Each axie is spaced
at 4.27 meters in the design. The HS-20 trucks were then placed in the lanes either shifted
toward the curb or the centerline of the roadway to get the maximum load possible on each
stringer anq to each node in the floor truss. An impact factor of 30 percent was included in the

design.

HISTORY OF BRIDGE

Bridge 9340 was built in 1967. While therc have been no structural problems with the deck
truss, there have been recent problems with the approach spans on both ends of the bridge. In
1997, cracks were discovered in the cross girder at the end of the approach spans. A small

section of the end of each main truss is attached to bearings at reinforced openings in the cross
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girder. It appeared that resistance to movement of the bearings was causing significant out-of-
plane forces and associated distortion on the cross girder, leading to cracks forming at the
termination of the stiffeners reinforcing the opening. The cross-girder was retrofit by drilling
holes at the tips of the cracks and adding struts from the reinforcing stiffeners back to the girders
to reduce the distortion. This retrofit has been successful so far in preventing further crack

propagation,

One year later, web gap cracking was discovered at the top of diaphragm attachment plates
where they were not welded to the top flange in negative moment areas of the continuous
girders. One _cragl; had grown nearly the full depth of one of the girders. This girder was retrofit
by drilling a large hole at the crack tips and boiting large web doubler plates to reinforce the
cracked arga.. Other smaller cracks discovered at that time had holes drilled at their ends.
Additional holes were drilled in the connection plates and the diaphragms in the negative
moment areas.were ﬁlaced much lower to increase the flexibility. The bolts were replaced with
the next size lower and were only tightened to a snug condition to allow some slip. Strain gages
were placed in the web gap regions of the girder webs to read the values of strain before and
after the retrofit. Before the retrofif, stress ranges were large enough to explain the cracking.
These stress ranges were reduced by more than 50 percent by the retrofit to levels that would not

be expected to cause firther cracking [22].
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The presence of birds has caused some concern for the deck truss. The main truss is constructed
of built-up box sections that in the past have housed many pigeons. It is known that guano can
have highly corrosive effects on steel and that extreme corrosion can lead to fatigue problems.
Therefore, in the summer of 1999 when the bridge was painted, the access holes of the box

sections wete fitted with covers to prevent birds from entering the truss members.
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CHAPTER 4

FIELD TEST PROCEDURES
LOCATION OF STRAIN GAGES
Due to the ease of access provided by the transverse catwalk, panel point 10 was chosen for the
placement of strain gages. This is located in the negative moment region of the continuous three
span truss, therefore the lower chord would be expected to be in compression and the upper

chord would be in tension under loading.

Six gages were put on each of the east and west main trusses and the floor truss. On the main
trusses, a gage was placed on the interior and exterior of the members at mid-depth, to avoid any
bending effects. An upper chord (U8-U10), a diagonal (1.9-U10), and a lower chord (L9-L11)
were instrumented. These members are identified in Figure 7 as the bold members next to panel
point 10. The gages were placed at least one section depth away from the connection to avoid

stress concentrations.

The floor truss has gages on the east side of the centerline. A gage was placed on the upper and
lower flanges of an upper chord (U5-U6), a diagonal (U5-17), and a lower chord (L4-L7)
(Figure 8). These gages were also placed af least one section depth away from the connection to
avoid stress concentrations. Figure 9 shows the gages in place on the exterior of the east truss on

the upper chord and the diagonal.
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Figure 7: Gaged Locations on the Main Truss

Figure 8: Gaged Locations on the Floor Truss
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Figure 9: Gaged Upper Chord and Diagonal on Exterior of East Truss

A reversal member (U4-U6) was instrumented, i.e. a member that expericnces stress in one
direction from approaching trucks and stress in the other direction when the trucks pass over the
pier. A member with very high design stress ranges in tension (L3-U4) was also instrumented.
These members were located on the soﬁth side of the west truss and are designated in bold in
Figure 7. (Gages were attached to the interior and exterior of these members at mid-depth, also at

least one section depth away from the connection.
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The wires leading from the gages ran to a central point on the transverse catwalk where they
were wired into a data acquisition system housed in a locked electrical box. The box was

attached to the catwalk railing using U-boits. This set up is shown in Figurel0.

Figure 10: Data Recording Station on Catwalk of Bridge

34



TEST DESCRIPTIONS

Controlled Load Tests

Over the course of two days, four types of tests were conducted. All tests took place after
midnight to minimize interference with traffic. Nine Minnesota Department of Transportation
(Mn/DOT) tandem-axle dump trucks, each with a gross vehicle weight 227 kN, were used.
Strains for this test were recorded for the gages at panel point 10 nnly, not at the reversal and

high-tension-stress members.

Test 1 consisted of two gfoups of three trucks, with each set driving in a single file line in the left
lane in each direction of traffic. This test required that the left lanes were closed. This was done
with signing and traffic control provided by Mn/DOT. To represent static conditions each line of
| trucks were traveling at a crawling speed. The tmcks"weré to follow each other as closely. as
possible. Optimally, the middle trucks iﬁ each group were to meet simultancously at panel point

10, directly above the instrumented floor truss (Figure 11a).

Test 2 consisted of running all nine trucks in a 3 x 3 formation. The trucks were to travel as
close as possible to each other while maintaining highway speeds. Three round trips were made,
1.e. three trips in the southbound direction and three in the northbound direction. No lane

closures were required for this test. This test set up 1s shown in Figurellb.
Test 3 consisted of using all nine trucks and running them in a single file line as close as possible

to each other (Figure 11¢). This was done in the third lane from the centerline as it was the lane

most directly over the main truss. The test was run at highway speeds with no lane closures.
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In Test 4, the trucks ran side-by-side in groups of three. All nine trucks were used with each
group of three following the preceding group by no less than one-half mile. This was done to
ensure that only one group of three would be on the bridge at a time. This test was also run at

highway speeds. No lane closures were required for this test. The set-up is shown in Figure 11d.
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Open Traffic Tests

Data were also collected during a period of several months on the main and floor trusses to
determine typical bridge stress ranges. Both triggered and constant data collection was used.
However, triggered data collection was used most to avoid collecting hundreds of megabytes of

data that did not show any stress events. This was done for all the gages at panel point 10.

Triggered data collection refers to a method in which the data acquisition system is constantly
scanning the gages but does not record anything until strain in a chosen gage exceeds a
predetermined limit. The data collection software limited the number of gages one could usc as
a trigger to three, therefore, one gage on each of the trusses was used as a trigger. In both of the
~main trusses and in the floor truss, the lower chord was chosen for triggering. This is due to the .

fact that these chords typically display the highest stress ranges. .

The gages on the reversal and the high;tension members were monitored using constant data
collection on two separate occasions for about two hours each time. Since these members were
such a great distance from the electrical enclosure, taking sample data separately from the gages
at panel point 10 proved to be more practical, Therefore a temporary data collection station was
set up in a vehicle parked on the walkway below these members. Lead wires were simply

dropped to this vehicle during data collection.
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Data Collection System

For the truck tesis conducted, data were collected using a Campbell Scientific CR9000 data
logger. This system is a high-speed ‘multi-channel digital data acquisition system with 16-bit
resolution. During these tests, data were collected on between 4 and 18 strain gages at sampling
rates of 50 Hz. Running the CR9000 off of its battery gave a cleaner signal than with electrical
power. All data were temporarily stored on PCMCIA cards installed on the logger. The data

were subsequently copied to a laptop at the end of each test for processing and back-up.

Daia were also collected during the long-term monitoring of the bridge using the CR9000 logger.

- Since the logger was left running for more than a week before the PCMCIA cards were retrieved -
for data conversion, running off the logger’s battery was impossible. Therefore, a temporary
power supply running off the bridge’s navigational lights was installed and supplied by
Mn/DOT. Using external power produced noise in the signal, therefore, to reduce the noise

levels in the data a surge protector with a line filter was used.
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CHAPTER 5

SUMMARY OF RESULTS

TEST 1 RESULTS

The goal of the first test was to get t};e greatest response possible under static conditions in the
floor truss. Figure 12 shows a time history of the lower chord in the floor truss during this test.
There was a discontinuity in the recording before and after the trucks were in position, making it
appear as though the load is applied instantly instead of slowly increasing as the trucks neared
the gages: The measured strains show that the Iowér chord goes into tension as expected. The
peak stress range is 28 MPa, which is actually the largest stress range recorded in any member in

any test,

TEST 2 RESULYS

The goal ;ﬁf ihe second test was to get the greatest‘response possible in the main truss. The
trucks were driven in the three by three pattern to get a very dense distributed load in all lanes.
The measured strains show that the lower chord goes into compression as expected. The greatest
stress ranges from this formation of trucks took place in the lower chord and measured 13 MPa,

The time history of the response in the lower chord 1s shown in Figure 13a.
Figures 13b and 13c show the stress ranges in the diagonal and upper chord from the truss during

the same event. The stress ranges in the diagonal and upper chord during this test were 10 and 8

MPa, respectively.
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Figure 12: Time History of the Response During Test 1
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Figure 13: Time Histonies of the Response During Test 2
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TEST 3 RESULTS

The goal of the third test was to load one of the main trusses directly with a line of trucks.
However, the trucks were unable to follow any closer than 30.5 meters, resulting in the inability
to achieve the desired effect. Instead; the truss responded to the loading of only one truck at a
time. The effect of one truck on the truss is barely discernible, and the resulting stress ranges
were less than 3.5 MPa. As a result of these low stress ranges, this test will not be discussed

further.

TEST 4 RESULTS

This test was another attempt at creating large stress ranges in the floor truss, as well as a means
to determine how the load was distributed across the width of the bridge. The maximum stress
range for this test occurred in the lower chord of the floor truss and measured 14 MPa. The
diagonal and upper chord of the ‘ﬂoor fruss experienced a maximum siress range of 9 and 7 MPa,
respectively. The maximum stress range in the main truss was in the lower chord of the west
truss and measured 8 MPa. The maximum stress ranges in the upper chord and diagonal
measured 5 and 6 MPa, respectively. The time histories for all gaged members of the floor truss

and west truss are shown in Figures 14a-f.

OPEN TRAFFIC RESULTS
Open traffic was monitored during a four-month duration. Continuous data were collected for a
limited time and during most of the time data were only recorded when triggered. During this
time, the maximum stress ranges in cach truss were 13 MPa in the lower chord of the east truss,

12 MPa in the lower chord of the west truss and 26 MPa in the diagonal of the floor truss.
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Figure 14: Time Histories of the Response During Test 4
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Note that these peak stress ranges are comparable o the stress ranges measured during the

controlled load tests.

The largest floor truss stress history-is presented in Figure 15. .The diagonal member is in
compression when a load is traveling i‘n the northbound direction, directly over the gaged
members, and is in tension when a load is traveling in the southbound direction. Therefore it can
be assumed that this large event occurred when two large trucks, cach fraveling in opposite

directions, passed the gaged location within seconds of each other.

Large Stress Event In Diagonal of Floor Truss

15

10

Stress, MPa

Time, sec

Figure 15: Largest Stress Event Recorded in Open Traffic Conditions
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~ All data collected were imported into an Excel spreadsheet and cycles were counted using an
algorithm programmed in Visual Basic in Excel. The algorithm is based on the “level-crossing”
cycle counting method. This method counts a new cycle every time the stress crosses from

below the mean to above a designated threshold.

To avoid counting thousands of small insignificant fluctuations as stress cycles, cycles were not
counted until the stress increased above a threshold stress, which was set at 4.5 MPa, which is
less than 15 percent of the smallest fatigue limit (31 MPa for Category E). The stress range
associated with a cycle is the algebraic difference between the maximum peak of the stress value

between incidenis of crossing the cut-off stress and the minirmum stress.

This method ignores the fluctuations that occur in a cycle. For example, if one were to apply this
method to the main truss, the cycle in Figure' 13b would be counted as one cycle with a range of
10 MPa. Note that after the peak, the stress declined to about 5.5 MPa and then increased again
to about 8,75 MPa. This intermediate stress range of 3.25 MPa (from 5.5 to 8.75 MPa) is
ignored. The level crossing method is the most appropriate for this type of loading as it gives a
better correspondence between cycles and trucks. Since, as it turns out, none of the stress ranges
exceed the thresholds for the details, the effect of ignoring the smaller intermediate stress ranges

1s inconsequential.

Each stress range over the cut-off stress of 4.5 MPa was tabulated. These stress ranges were

sorted into discrete bins of 3.5 MPa intervals for cach member in the floor truss. The
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distributions of the stress range data for continuous periods of monitoring are presented in Tables

3-5.

Table 3: Stress Range Percentages During Constant Data Collection For the East Truss

Stress Range (MPa)  Upper Chord Diagonal Lower Chord

0-3.5 36.4 16.6 4.1

3.5-7 43.6 80.7 42.7
7-10.5 0.0 2.7 48.5
10.5-14 0.0 0.0 4.7

Table 4: Stress Range Percentages During Constant Data Collection For the West Truss

Stress Range (MPa) Upper Chord Diagonal Lower Chord
0-3.5 65.0 49.4 9.1
3.5-7 35.0 49.8 78.4
7-10:5. 0.0 - B - 0.8 ' 11.9
10.5-14 0.0 0.0 0.6

Table 5: Stress Range Percentages During Constant Data Collection For the Floor Truss

Stress Range (MPa) Upper Chord Diagonal Lower Chord
0-3.5 38 23 1.9
3.5-7 76.4 48.7 40.5
7-10.5 19.2 , 36.0 34.1
10.5-14 0.6 10.6 18.3
14-17.5 0.0 2.0 4.3
17.5-21 0.0 0.3 0.9
21-24.5 0.0 0.06 0.1
24.5-28 0.0 0.03 0.0
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From the above tables it can be seen that the percentage of siress ranges in each bin for the east
truss is very similar to that of the west truss, with slightly greater stress ranges in the east truss
{under the northbound traffic). It is also notable that less than one in 1000 stress events in the
diagonal of the floor truss exceeds 21 MPa and less than one in 3300 stress events in this
member exceed 24.5 MPa. Not a single stress event recorded in any truss during constant data

collection exceeded its fatigue threshold or CAFL for the details.

These histograms were then used to determine an effective stress range for each member using
Equation 1. The fatigue damage caused by a given number of cycles of the effective stress Tange
is the samé as the damage caused by an equal number of the different stress ranges defined by
the histograms. The effective siress ranges for the east, west and floor trusses are shown in

Table 6. Again, the east truss scems to have shghtly greater effective siress ranges.

Table 6: Effective Stress Ranges From Constant Data Collection

Member East Truss West Truss Floor Truss
Upper Chord 4.04 MPa 3.78 MPa 6.89 MPa
Diagonal 5.14 4.31 13.91

Lower Chord 10,27 6.51 17.03
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The gages in the east truss displayed excessive noise during triggered data collection and
therefore are not included in the following discussion. The stress distributions displayed as
percentages of all stress ranges recorded during triggered data collection are presented in Tables

7 and 8 and the effective stress ranges for each member of each truss are presented in Table 9.

Table 7: Stress Range Percentages During Triggered Data Collection For the West Truss

Stress Range (MPa) Upper Chord Diagonal Lower Chord
0-3.5 58.5 38.6 30.0
3.5-7 414 61.0 43.2
7-10.5 0.0 0.4 264
10.5-14 0.0 - 0.0 0.4

Table 8: Stress Range Percentages During Triggered Data Collection For the Floor Truss -

Stress Range (MPa) Upper Chord Diagonal Lower Chord

©0-35 133 36.8 3.0 -
3.5-7 51.1. 309 24.5
7-10.5 34.2 25.5 55.0
10.5-14 1.4 5.5 14.6
14-17.5 0.0 1.0 2.7
17.5-21 0.0 0.2 0.3
21-24.5 0.0 0.04 0.01

Table 9: Effective Stress Ranges From Triggered Data Collection

Member West Truss Floor Truss
Upper Chord 3.83 MPa 6.6 MPa

Diagonal 4.53 7.06
Lower Chord 7.37 7.26
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These distributtons of triggered data are not directly comparable to the distributions shown in
Tables 3-5, because a substantial number of the stress ranges are not recorded during the
triggered-data periods. The triggering was based on large stress ranges in the lower chords of the
trusses, therefore the distributions and effective stress ranges for the triggered data in the
diagonal and upper chord of the main truss and floor truss show a larger percéntage of smaller

stress ranges. However, the peaks of the distributions look similar.
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REVERSAL AND HIGH-TENSION-STRESS MEMBER TEST RESULTS

A limited amount of continuous open-traffic data was also taken for the reversal and high-
tension-stress members of the main truss. The data were reduced in the same manner as in the
open traffic tests using the algorithmi programmed in Visual Basic in Excel. The individual
stress events were separated into bins, and the resulting percentages of all stress events in each

bin are presented in Table 10.

The effective siress range members L3U4 and U4U6 are 7.9 and 5.7 MPa, respectively. The
largest stress range recorded was 22 MPa in the high-tension-stress member, 1.3U4. The time
history of this event is presented in Figure 16. The stress ranges recorded for the reversal

member, U416, never exceeded 13 MPa.

Table 10: Stress Range Percentages During Contimuous Data Collection

for the Reversal Member (U4U6) and High-Tension-Stress Members (L3U4)

Stress Range (MPa) L3U4 U4Ub
0-3.5 5.2 1.0
3.5-7 63.3 92.4
7-10.5 219 6.3
10.5-14 - 6.9 03
14-17.5 23 0.0
17.5-21 0.1 0.0
21-24.5 0.3 0.0
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Figure 16: Largest Stress Event in High-Tension-Stress Member L3U4
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CHAPTER 6

RESULTS OF ANALYSES

2-D ANALYSIS OF MAIN TRUSS

The computer program Visual Anaiys.iswas used to model the main truss and analyze the loads
apphed during Tests 2 and 4. VFirst, a two-dimensional model of the main truss was created
based on the plan dimensions (Figure 17). Influence lines were then calculated for the frusses
across the width of the bridge and between panel points along the length of the bridge to

determine how the loads would be distributed.

NZN/NZNNANZRZN NN

Figure 17: 2-D Visual Analysis Model of Main Truss
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To apply the loads, 227 kN Mn/DOT tandem axle trucks were modeled as having only a front
and rear axle spaced at 4.88 meters. We did not have measurements of each axle weight, so we
assumed one third of the truck weight was placed on the front axle, and two-thirds was placed on
the rear axle. This weight distribution was estimated from independent axle weigh tickets of

trucks used in the study of Bridge 4654 [12].

Test 2

The load distribution across the bridge deck was first checked by plotting the time histories for
an east truss and west truss member during Test 2. The percentage of the west truss member
stress felt by the east truss was then compared to the percentage predicted by an influence line.
The data presented in Figure 18 shows that the east truss recorded 30 percent of the stress
recorded in the west truss during Test 2. Calculations from a simple influence line yield a

percentage of 28, suggesting good agreement between theoretical and actual distribution.

To analyze the results of Test 2, trucks were centered in their lanes as shown in Figure 11b. By
measuring the time between peaks in the stress history and estimating the trucks travel speed at
88 kph, it was determined that the following distances for the three rows of trucks was 30.5 and
39.6 meters. Loads were applied to the mode! with appropriate distances between them and were

moved across the length of the bridge.
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Figure 18: Distribution of Load Across the Bridge Deck

As discussed in Chapter 2, the disparity between actual and predicted stress ranges can often be
attributed to unexpected partial end fixity at abutments. Therefore, the bridge was first modeled
as designed with three of the four bearings defined as roller connections, allowing displacement
along the length of the bridge. A second model was then made where all bearings were pin
connections, restricting any longitudinal displacement. The effect of restraining the movement
from the live load is to make the truss behave more like an arch, which increases the compressive

force in the lower diagonal but reduces the forces in the diagonal and upper chord.
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From the plots of the analytical results versus the actual time histories for Test 2 in Figure 19a-c,
one can see that for the upper and lower chord, the actual stress lies somewhere in between the
roller support and pinned support analyses. This is to be expected, as it is unlikely that the

support neither totally restrains movement nor is completely free.

Test Data vs VA Results For Test 2; Upper Chord of West Truss
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Figure 19: Comparison of 2-D Analysis and Test Data
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The resulting ratios of actual to predicted siress ranges for each member are presented in Table
11. The agreement of the upper chord and diagonal members is better with the pinned model.
For the lower chord, the roller model gives a stress range that is in better agreement with the
actual measured stress range. However, Figure 19¢ shows that the shape of the stress history is

much closer to the pinned model.

Table 11: Ratio of Actual to Predicted Stresses in Main Truss for 2-D Analysis of Test 2

Member Roller Bearings Pinned Bearings
Upper Chord 68% 113%

Diagonal 38% 82%
Lower Chord 78% 53%

The upper chord recorded a stress range of 8 MPa during Test 2. Comparatively, analysis-
predicted stress ranges of 11.7 and 7.1 MPa for roller and pinned bearings, respectively.
Likewise for the diagonai, the recorded stress fange was 9.5 MPa and predicted stress fanges
were 16.4 and 11.6 MPa for roller and pinned bearings. Lastly, for the lower chord, the recorded
stress range was 12.5 MPa while the predicted stress ranges were 16.1 and 23.4 for roller and

pinned bearings.

In conjunction with the unknown amount of fixity at the bearings, many other assumptions made

in analysis could have led to the variance between actual and predicted stress ranges.
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Test 4

Test 4 was analyzed with the same model used to analyze Test 2. The bridge pier supports were
also again modeled using roller bearings and pinned bearings. Influence lines were used to
determine how loads were to be applied to the model. It was assumed that the trucks were
centered in each lane and aligned as shown in Figure 11d. The results of the analyses arc shown

m Figures 20a-c.

Test Data vs VA Results For Test 4; Upper Chord of West Truss
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Test Data vs VA Results For Test 4; Diagonal of West Truss
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Figure 20: Comparison of 2-D Analysis and Test Data for Main Truss in Test 4
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The results of the analyses again show that for the upper and lower chords, the actual response
fall between the predictions for roller and pinned bearings. The predicted response of the
diagonal also shows that the bearing type has little effect on the internal stress. This is in good

agreement with the analyses for Test 2.

During Test 4 the upper chord of the main truss recorded a stress range of 5 MPa,
Comparatively, analysis predicted stress ranges of 9 and 8 MPa for roller and pinned bearings,
respeclively. The diagonal recorded a stress range of 6 MPa and predicted stress ranges were 9
and 8 MPa for roller and pinned bearings. Finally, the lower chord recorded a stress range of 8
MPa while the predicted stress ranges were 16 and 14 for roller and pinned bearings. The

resulting ratios of actual to predicted stress ranges for each member are presented in Table 12.

Table 12: Ratio of Actual fo Predicted Stresses in Main Truss for 2-D Analysis of Test 4

Member Rolier Bearings Pinned Bearings
Upper Chord 58% 63%

Diagonal - % 78%
Lower Chord 50% 56%

The ratios of actual to predicted stresses are much more consistent for Test 4 than for Test 2,
This 1s most likely due to the fact that the formation for Test 4 was easier to maintain than the
Test 2 formation. Here the analyses with pinned bearings were consistently more accurate than

that with roller bearings.
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3-D ANALYSIS OF TRUSS SYSTEM

As discussed in Chapter 2, unexpected composite action between the deck and stringers in
bridges ofien. occurs, resulting in different values for actual and predicted siresses. To try and
refine the analyses conducted on the 'main truss, a three-dimensional model incorporating the
concrete deck was constructed using SAPZOOO. For simplicity, the deck was modeled as a beamn
running transverse to the roadway with a thickness of 16.5 cm (the actnal thickness of the deck)
and a width of 8.0 m, the effective width given the span length as defined by ACI [23]. Instead
of sitting atop stringers, short, stiff stub columns were used. W27x539 shapes were selected for
the columns for maximum stiffness and placed at the nodes of the upper chords of the floor truss

(Figure 21).

Since the 3-D analysis is meant to vefine the current analyses, it was only applied to Test 4 as it -
was the most accurate and consistent under 2-D analysis. The bearings were again modeled as

both roller and pinned supports. The results of the analyses are presented in Figure 22a-c.

The stress ranges were more accurate for the upper chord and diagonal, but the stress ranges in
the lower chord ranged from worse when the bearings were modeled as rollers to only slightly
better with pinned bearings. In the upper chord, the predicted stresses for roller and pinned
bearings were 5.2 and 5.4 MPa, respectively, compared to an actual stress range of 5 MPa. The
diagonal recorded a stress range of 6 MPa while the analyses predicted 11.4 and 11.7 MPa for
the roller and pinned bearings. Lastly, the lower chord recorded a stress range of 8 MPa and
analyses predicted 16 and 11.7 MPa for the roller and pinned bearings. The ratio of actual to

predicted stress ranges is presented in Table 13.
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Figure 21: 3-D SAP2000 Model
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Test Data vs SAP Resulis for Test 4; Lower Chord of West Truss
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Figure 22: Comparison of 3-D Analysis and Test Data for Main Truss in Test 4

Table 13: Ratio of Actual to Predicted Stresses in Main Truss for 3-D Analysis of Test 4

Member Roller Bearings Pinned Bearings
Upper Chord 96% 93%

Diagonal 80% 78%
Lower Chord 50% 75%
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The type of bearing used in analysis had minor effects on the results for the upper chord and
diagonal, however, the predicted response of the lower éhord changed drastically. The total
stress range of the lower chord was 75 percent of the actual stress range using pinned bearings in
the model, however, once the row of trucks passed over the pier to the south of the lower chord,
the predicted stresses went to zero, When the bearing to the south of the lower chord is pinned,
it prevents any horizontal load from being transferred to the lower chord. The fact that the lower
chord did fecl load after the trucks passed the bearing to the south of it again confirms the

assumption that the bearings are neither fully restrained nor free to displace.

The ratio of actual to predicted siresses in the diagonal were the same as in the 2-D analysis
when pinned bearings were used, howc;ver, the ratio mcreased by unine percent from the 2-I
analysis when roller bearings were used. Still, the predipt§d response for the diagonai changed
the least under 3-D analysis. This follows that there are not any alternative Joad paths for the

flow of shear force in the truss regardiess of changes made at the upper or lower chords.

The upper chord predictions changed the most from the 2-D to 3-D analysis. By adding the
concrete deck, the effective depth of the truss was slightly increased thus lowering the predicted
stresses in the upper chord. This confirms that the concrete deck confributes a significant

amount of stiffness to the truss system and should be included in any model of the bridge.
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POSSIBLE PROBLEM MEMBERS AND REMAINING LIFE IN MAIN TRUSS

Based on the completed analysis and recorded stress ranges in open traffic conditions, members
that may exceed the fatigue limit can be identified. The largest stresses recorded in testing
occurred during Test 2. The results from a Visual Analysis model using this loading and both

pinmed and roller bearings are shown in Table 14,

‘Table 14: Predicted Stresses Exceeding Fatigue Limit During Test 2

Member Roller Bearings Pinned Bearings
U2L3 54 MPa 42 MPa
L3U4 49 47

U4U6 56 40

When the roller bearings are assumed, the analysiz predicts that members U213, L.3U4, and
U4U6- could éxperience stress ranges slightly larger ‘thar the 48 MPa CAIl?L for the Category D .
“details (the shori clips on the diaphragms). However, when the bearings are assumed pinned,
which was shown to be the more accurate assumption, the predicted stress ranges do not exceed
the CAFL. Even with the pinned assumption, however, the analysis still over-predicts the stress
ranges significantly. Therefore the actual stress ranges due to this loading would be even less

than the stress ranges in Table 14,

The first two of these members are diagonals while the last is an upper chord. The ratio of actual
to predicted stresses for diagonals and upper chords was consistently between 58 and 78 percent
for the 2-D analysis of Test 4. If the largest ratio were applied to the predicted stress ranges in

Table 14, the resulting stress ranges would all fall well below the CAFL (Table 15). Therefore,
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all stress ranges for all members in the main truss fall below the fatigue limit for a Category D

detail and remaining life for this structure is infinite.

Table 15: Corrected Predicted Stresses For Problem Members During Test 2

Member Roller Bearings Pinned Bearings
U2L3 - 42.1 MPa 32.8 MPa
L3U4 38.2 36.7
U4U6 43.7 31.2

2-D ANALYSIS OF FLOOR TRUSS
Visual Analysis was also used to create a two-dimensional model of the floor truss to analyze
Tests 1 and 4 (Figure 23). A concrete deck was incorporated into the model to account for added

strength from unexpected composite action. As in the 3-D analysis, the deck was modeled as a

16.5 cm by .8 m beam resting atop stiff stub W27x539 columns.

Tesf 1

To get analytical resu.lts for the first test, the front axle of a truck was assumed to be 4.57 meters
away from the rear axle of the truck directly in front of it. An influence line for the floor truss
showed that the load on the truss would be largest when the rear axle of the center truck was
directly on the truss. For simplicity, a siﬂgle load for each axle was applied at the center of each -
interior lane. The maximum stress range during this test occurred in the lower chord and
measurcd 28 MPa. 'The analysis yielded a maximum sfress fér the same member of 36.7 MPa,
yielding an actual to predicted stress range ratio of 76 percent. If the distance between the front
and rear axles was reduced to 3.05 meters, the analysis yielded a maximum stress in the lower

chord of 42.8 MPa, a ratio of 65 percent.

72



p—y
p—a
b—a
bl

ot

Figure 23: 2-D Visual Analysis Model of Floor Truss with Concrete Deck
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Test 4

Analyses of the floor truss results for the fourth test were done in much the same way. Truck
loads were applied to an Influence line, which was used to determine the load distribution
between neighboring floor trusses as the line of trucks moved across the bridge. Analysis was
done with and without the concrete deck in place. Later, these results were averages. The time

histories for each member of the floor truss versus the analysis results are shown in Figures

24a-c.
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Figure 24: Comparison of 2-D Analysis and Test Data for Floor Truss in Test 4
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From these figures, it can be seen that the analysis results from the upper chord and lower chord
without the concrete deck in place are much higher than the recorded stresses. Including the
deck lowers the stresses too much so the two separate predicted responses were averaged to
estimate the contribution of the concrete deck. This averaged predicted response shows the best
correlation fo the actual response. The ratio of actual to predicted stress ranges is shown in Table

ie.

Table 16: Ratio of Actual to Predicted Stresses in Floor Truss for 2-D Analysis of Test 4

Member VA Results - VA w/ Concrete Average
Upper Chord 33% n/a 69.5%

Diagonal 91% 106% 98%
Lower Chord 49.5% 154.4 74.7%

The stress ranges felt in the diagonal are only slightly affected by the concrete deck. . This
follows the results of diagonals in the other analyses. There are no alternative load paths at the

diagonals, therefore a change in supports or the addition of a concrete deck have little effect.

REMAINING LIFE OF THE FLOOR TRUSS

Thé predicted stress ranges in the floor truss never exceed the CAFL of 31 MPa for the Category
E (stiffener) detail, therefore the remaining life of the floor truss is considered to be infinite. The
latgest predicted stress range for Test 4 occurs in member L1U4 and is 22.2 MPa when the
results of the models with and with-out the concrete deck are averaged. Since this member is a
diagonal, one can assume that the actual stress range in the member correlated well with the

predicted stress range.
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CHAPTER 7

SUMMARY AND CONCLUSIONS

Field tests and analyses were conduct;td on Bridge 9340 crossing the Mississippi River just east
of downtown Minneapolis. Field tests were conducted in two parts. The first part involved
measuring strains while trucks of known weights crossed the bridge. The second part involved
monitoring the strains and counling strain cycles under open traffic conditions over a pertod of
several. months. Results of the first part were used to calibrate two and three-dimensional
numerical models. Results of the second part were used to characterize the statistical distribution

of the stress ranges and estimate the remaining fatigue life. The main conclusions were: -

1. Inspection of the bridge revealed Category D details on the main truss members and "
A Catégory E members on the floor truss. No fatigue cracks were found by visual

inspection of those members.

2. The largest stress range measured in the main truss during the controlled tests was 12.5
MPa fn the lower chord, from three rows of three trucks. The analyses show that member
U416 would have the largest stress range from this loading, 46 MPa, This is less than
the fatigue threshold for the most critical details on these members, which is 48 MPa for

Category D.

3. The largest stress range in the main truss during the open-traffic monitoring was 22 MPa

and this was in another member, L3U4.
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The agreement of the analyses with the measured stress ranges was best when a three-
dimensional model of the whole bridge was analyzed. In both the two-dimensional and
three-dimensional analyses, the agreement was best if the roller bearings at the piers were

assumed to be pinned so that a horizontal reaction developed and arching action occurred.

The largest stress range measured in the floor truss during the controlled tests was 28
MPa in the lower chord, from three rows of trucks in the lefimost lane {closest to the
center) in each direction. This is less than the fatigue threshold of 31 MPa for 2 Category

E detail.

The largest stress range in the {loor truss during the open-traffic monitoring was 25 MPa .

and this was in a diagonal.

Two-dimensional analyses were adequate for the floor truss, Very poor agreement with
the measured results was obtained unless some composite action with the deck was
assumed. Full composite action was too much, and optimal results were obtained by

averaging the results from the non-composite case and the fully composite case.

Since the measured and calculated stress ranges were less than the fatigue threshold, it is

concluded that fatigue cracking is not expected in the deck truss of this bridge.
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9. Live-load stress ranges greater than the fatigne threshold can be calculated if the
AASHTO lane loads are assumed. The actual measured stress ranges are far less
primarily becanse the loading does not frequently approach this magnitude. While the
lane loads are appropriate fof a strength limit state (the loading could approach this
magnitude a few times during the life of the bridge), only loads that occur more
frequently than 0.01% of occurrences are relevant for fatigue. For this bridge with 15,000
trucks per day in each direction, only loads that occur on a daily basis are important for

fatigue,

The following actions are recommended:

1. The mémbers of the main truss with the highest stress ranges are U2L3, 1.3U4 and U4U6.
These members should be inspected thoroughly, especially at the ends of the “clips” on
the diaphragms in the tension members and at any intermittent fillet welds. These

members should be inspected every two years as is presently done.

2. The lower chords and diagonals of all the floor frusses also have high stress ranges. The
ends of the “fin” attachments reinforcing the splice welds are the most critical ocations.
Since these can be inspected easily from the catwalk, they could be inspected every 6

months.
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bob.miller@dot.state.mn.us

March 7, 2003

To: Consultants _
FY 02/03 Bridge Design List
Category 4- Bridge Studies

From:  RobertJ. Miller |
Bridge Agreements Engineer

Subject: Fatigue Evahiation Bridge 9340
: TH 35W over Mississippi River; in Minneapolis
Request for Interest-(RFD)

The Minnesota Department of Transpertation’s (Mn/DOT) Office of Bridges and Structures.is soliciting
expressions of interést from qualified engineering firms to undertake a special study to evaluate the
fatigue charactétistios of vatious fracture critical members of the truss-arch superstructure for Bndgs
9340. The bridge's three imairn spans consist of & nion-redundant deck truss-arch system. The appfoach
spans are primarily welded steel girders. The truss-arches cautilever over Piers & and 810 an expansion
joint where the approach girders are framed into end floor beams. The study-will focus on the triss-
arch spans.

The study's primary objective is as follows:

1. Identify the main superstructure members of the truss-arch spans that are most susceptible to
fatigie crackmg and evaluate the structural consequences should one of those members fail.

2. Determine repair rethods for fatigue cracks.

3. Identify preferred staging of deck replaceme_nt_fa-miriimi;zerstre‘s‘S.e:sr in the bridge:

All firms qualified to perfortn Category 4, Bridge Studies, on M/DOT's list of Bridge Design
Contractors for Fiscal Years 2002/2003 will receive this slicitation.

PROJECT OVERVIEW

The project goal is to identify structural members of the-truss-arch:spans that dre most susceptible to
cracking, iden(ify the most eritical members, and evaluate how the bridge would perform if any one of
those critical members were removed. The proj et will evaliiate how dead and Hve loads are yedistributed
inthe ’bndge when failute ocours inthe critical- members and iffliow’ adjacent menmbers will-fail when the
loads are redistributed. The project:will identify repairs to-critical members and identify a preferred deck
replacement staging in the trusg-arch spans, The analysis will concenirate on the tmss—arcxh portion of the
bridge.
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Under a previous agreement Dr. Robert Dexter of the University of Minnesota conducted a fatiguie
analysis study tided Fatigue Evaluation Qf Thé Deck: Truss Of Bridge 9340. The. study was 1o determine
the aetual live load stresses the: bridge-experiences. The SAP 2000 program was utifized for the cmalysrs
Results of that work will be incorporated into this study. During final coniract negotiations between
Mn/DOT and the-successfil respondeny it will be mutually determined whether a subconsultant
agreement with the University.is required or if a simple fransfer of datd, model, ete is adequate.

ANTICIPATED WORK TASKS
The following minimum work tasks are: anticipated. Final tasks will be determined during contract
negotiations with the successful respondent,

TASK 1 DATACOLLECTION
1.1 Consultant will assemble bridge inventory data and history mciudmg bridge plans, bridge
stitctiral fiembers sizes and cormection detaﬂs, piling reports, shop deawings, material
records; traffic history; and condition history from bridge inspection repotts. Mn/DOT
will arrange for consultant to review records from the Mi/DOT Records Center and

Bridge Office files but-consultant will be responsible for assembling necessary materials.

TASK 2 THREE-DIMENSIONAL MODEL - DEVELOP AND CALIBRATE
2,1 Consultant will develop a three-dimensional space frame model of the bridge ormodify the
University’s model. The model will include-all truss-arch members, floor-beams, stringers, .
lateral bracing, sway bracing, coiicrete deck, and othier elements which may be-acting as part of
the overall structural system;, 1nc]udmg the approach span girders and diaphragms.

2.2 Consultant will survey and.monitor the thermal movement of the bridge at bearings, joints, and
‘piers.

23 Ccnsultant will calibrate - its three—dxmenswnal model wxih results of data obtained from-the
University of Minnesota’s study..

TASK 3 STRUCTURAL EVALUATION
3.1 ‘Consultant willutilize the calibrated three-dimensional model to gvaluate structural members
of the truss-arch spans under dead, live, and thermall foad cendlhons The live loads will be
based on up to five vehicles identified by Mn/DOT;

32 The evaluation will identify critical structural members b the truss-arch spans with high
likelihood of fatigue failure. Ma/DOT assumes a minimum of vight critical members to be
identified. Consultant will determine the most hkely locations for cracks to'initiate for each
critical member identified. Consultant will.design contingency repair sketches for: each critical
member to be utilized by Mw/DOT iffwhen such cracks are discovered.

33 Consultant will re-analyze the arch-truss spans arider member failure conditions. A re-analysis
will be performed with each identified eritical member individually removed. Mn/DOT

assumes nio-more than one member failure will occur in any single event. The re-analyses will
éeiermim ii"tbe bndgf, will ccmpleteiy1faiifwhen--an_ element fails and isremoved or if strésses
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TASK 4 DECK REPAIR STAGING PLAN
4.1 Consultant will identify apxeferred staging scheme to be used iffwhen the bridge is
redecked. The scheme will minimize the siresses:in the critical members. The scheme will be
based o current deck geomelry.

TASK 5 FINAL REPORT
51  Consultant to prepare a final report detailing the following:
» Observed thermal mevements of the bridge.
s Brief discussion of existing bearing and joint performance,
» Recommendation on necessity of beating revisions and methods of accomplishing
repairs.. .
Brief discussion of data gleened from U of M study that impacts the analysis.
Live load configurations used i the evaluation.
'I'd emt'i ﬁ'cation of at iéast sight Cﬁtica'}'mﬁmbers a‘nd rea“sa‘ns.‘;far their criticality.

- " . 5 .

Fatl gua repair sketches
Remaining fatigue life of truss-arch span members.
Deck replacement staging,

Paul Kivisto of the Office of Bridges and Structures-will be Project Manager. Bob Miller will be
Consultant Coordinator.

PROJECTED DELIVERABLES AND TIMELINE

Three: copies of the final report and one copy of the structural assessment calculations. Interim project
status meetings will be held to discuss preliminary findings and to discuss project assumptions. It is
assumed an-agreement will be executed and work started in May 2003. All-'werk will be completed
within 16 months.of contract execution.

INSTRUCTIONS TO RESPONDERS

If interested, please-respond by fax; e-mail, orin writing no later thar 3:00 PM, March 28, 2003, to
Bob Miller at th -address or fax number shown in the letferhead, Responses to-include aone:page
transmittal fetter, a one page resume: for each key personriel, and no more than Tour additional pages (i.¢.
if thiee key: perscmlei are identified the total ‘proposal can be seven pages plus a transmittal letter). A
positive response of interest is autornatic-confirmation that qualified personnel are-available and are
capable Qf dehvenng the requued servmes and meetmg tha tlmeﬁ"ame d@ﬁmd ab(we The pTG_] ect

to fhree pmj ects for whmh your ﬁrm and key personnei has recent relevant bridg& znalysxs expex‘ience
Preference will be given fo firms that identify a team with sitoilar stiuctural analysis experience on-
complex bridge projects.

THIS RFLIS NOT A REQUEST FOR PROPOSAL:
Mi/DOT will seleet from among the firms: that respand to this. RFL and will request a complete financial
proposal froni the selected firm. Mn/DOT reserves the right tointerview responding firms.

:For techmcai qut::stmns piease coritact Bab M:Her ai (65 1) 74%2105 of Paul K.iwsto, at (651) 747-2130.

9340_¥098_026.pdf
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Suite 600

Minneapolis,

March 28, 2003 Minnesota 55425
(95.2) 9204668

Mr. Robert 1. Miller, P. E. FAX (952) 920.0173

e il com

Bridge Agreements Engineer

Office of Bridges and Structures
Minnesota Department of Transportation
3485 Hadley Avenue North

Oakdale, MN 55128-2108

Re: Fatigue Evaluation Bridge 9340 - TH 35W over Mississippi River, in Minneapolis
Response to Request for Interest

Dear Mr. Miller:

HNTB is excited about the opportunity to provide professional services for the fatigue evaluation of
Bridge 9340. This is exactly the type of project that HNTB excels at — resolving a complex bridge
analysis into practical solutions. As you read our response, you will see that HNTB offers extensive
and complementary experience with projects similar to yours. Please consider this submittal as
HNTRB’s affirmative response to your March 7 Request for Interest.

* HNTB has the complex bridge analysis experience and tools required for this project.
Mike Speedling and Rich Johnson have completed complex, three-dimensional, large
defection (failure) analyses on the Lake Strect Steel Alternate as well as the Hennepin
Avenue Suspension Bridge utilizing HNTB’s proprietary bridge analysis software. Don
Kruse, who authored this program, will provide review and consultation throughout the
project.

e The HNTB team has the required fatigue/fracture expertise needed to evaluate Bridge
9340. Robert Dexter and Stan Rolfe provide Mo/DOT with national experts in fatigue design
and fracture mechanics.

¢ HNTB offers a unique combination of experience ranging from research professionals to
practicing bridge engineers. Maury Miller brings more than 35 years of bridge design
experience. Steve Olson’s research experience, coupled with his design and inspection
expertise, uniquely qualify him for this project. Qur team will provide Mo/DOT meaningful
conclusions and viable solutions derived from complex theoretical models.

* TINTB will develop constructible and cost-effective solutions. Repair concepts and deck
replacement strategies will be evaluated by Jack Sehlin. Jack brings practical application to
the project that can only be gained through his 50 years of bridge construction experience,
including construction of Bridge 9340.

As you know, we have been thinking about this project for more than two years. We understand that
this bridge is not only a fracture critical bridge, but also a critical link in the Metro transportation
. system. HNTB offers the most qualified team to address Bridge 9340. g

Sincerely,
HNTB Corporation

Richard M. Johnson, P, E.
Associate Vice President

The HNTB Compdaniecs

SIFFICES. ALENANDRIAL VA ANNAPOUS. ME: ATLANTL GA: AUSTIN, TN: BATON ROUGE. LA BOSTON. Ma: CHARLEATON, 5G: CHARLESTON, WY CHICAGO, 1L CLEVELAND, OR.

COLUMBUS. O DALLAS, TX: DERVER, CO: DETROIT. Miz ELEINS. WV: FT, WORTH, TX: HARTFORD. CT: HICKSVILLE, NY: FOQUSTON, TXN: INDLANAPOLIS, 1N KANSAS CITY. MO;
KNONVILLE, TXN: LANSING. Mi: 08 ANGELES, CA: LOUISVILLE. Ky MADIRON, W MUAME FLe MICKAUKER. W1; MINNEAPOLS, MN: NASHVILLE. TN NEW YORK. NY: GAKLAND, CAL
CIANGE COUNTY, CA: ORLANDO. I'L: GVERLANIY PARK. Ko HHILADELPHEA, BAr PORTLANIL ME PORTLAND, OR: RALEIGH, NG OSTDLOUTS MG: SALT LAKE CITY. UT: 5AN ANTONIO. TX:

SAN BERNARDING. CA: SAN FRANCISCO. CA: 83AN JOSE, CA; SEATTLE, WA: TAMPA. FL: TOLEIX). OH: WAYNE, NE WASHINGTOXN, D,



Fatigue Evaluation Bridge 9340 - TH 35W Over Mississippi River, in Minneapolis

Project Understanding

Bridge 9340 is a fracture critical truss-arch carrying I-35W over the Mississippi River in
Minneapolis, Minnesota. Approach spans are primarily welded steel plate girders. A
preceding study by Dr. Robert Dexter and Heather O’Connell, Fatigue Evaluation of the
Deck Truss of Bridge 9340 (August 2000), will be incorporated into this study.

The objectives of this project are to identify superstructure members most susceptible to
fatigue, evaluate alternate load paths in the event of a failure of a susceptible member,
develop repair concepts for repair of fatigue cracks and identify preferred staging of deck
replacement.

Qualifications

Rich Johnson will serve as project manager. Rich has served as project manager/director
for several large multidiscipline projects including the Hiawatha LRT Tunnel, the
Wakota Bridge and the Hell Canyon Bridge. Rich brings an extensive background in
Mn/DOT bridge design and structural analysis. '

Robert Dexter and Stan Rolfe bring the best bridge fatigue/fracture expertise available in
the United States. Robert is, of course, thoroughly familiar with Bridge 9340 from prior
studies conducted for Mn/DOT. Stan Rolfe brings more than 33 years of experimental
and analytical fracture mechanics research.

Steve Olson has worked on multiple steel truss bridges, including both new designs and
rehabilitations. He developed software to perform second order analysis for suspension
bridges similar to the analysis required for the failure analysis for Bridge 9340. Steve
currently directs the MAST Laboratory at the University of Minnesota,

Maury Miller, with more than 40 years of complex bridge design experience, will serve
as project advisor. Tony Shkurti will conduct a QC review. Tony recently completed a
non-linear, three-dimensional modeling, analysis and fatigue/fracture evaluation for the
Menomonee Valley Bridge in Milwaukee.

Mike Speedling and Sara Lauher will conduct the modeling and analysis with assistance
from Tony Shkurti and Don Kruse. In addition to extensive experience with conventional
analysis, Mike Speedling has performed complex analysis on five bridges, including truss
and arch bridge types. Mike conducted the large deflection analysis for the Lake
Street/Marshall Avenue Steel Alternate. This is very similar to the analysis required for
Bridge 9340. Sara conducted the time-dependent analysis for the Wakota Bridge
utilizing HNTB analysis software. :

Don Kruse will provide guidance on modeling and analysis. In addition to authoring
HNTB’s in-house structural analysis software for bridges, Don has taught Matrix
Structural Analysis and Advanced Numerical Methods at the University of Kansas and
the University of Missouri.

| HNTEB|



Fatigue Evaluation Bridge 9340 — TH 35W Over Mississippi River, in Minneapolis

Jack Sehlin will evaluate proposed retrofit details for constructibility and provide
construction input regarding deck staging. Jack offers 50 years of bridge construction
experience, including construction of Bridge 9340. If requested, Jack is also available to
~ develop construction cost estimates for proposed details.

More detailed resumes follow this section.

Mu/DOT Office of
Bridges and Structures

Project Manager

Rich Johnson, PE

Project Advisor

Maurice Miller, PE, SE

Technical Advisory
Panel
Robert Dexter, PhD, PE

Stan Rolfe, PhD, PE
Steve Olson, PhD, PR

Touy Shkurti, PhD, PE, SE

Modeling/Analysis

Structural Evaluation Crack Repair Details

Fatigue Evaluation

Data Collection
Deck Repair Staging

Leonid Trodtski
Tom Brake

Sara Lavher, PE

Mile Speedling, PE
Sara Lacher, PR
Jack Sehlin

Mike Speedling, PE

Sara Lavher, PE
Mike Specdling, PE
Don Kruse, PhD, PE

Complex Bridge Analysis Experience

Menomonee Valley Bridge Investigation, Milwaukee

A non-linear, three-dimensional analysis was conducted to assess fatigue and fracture for
a 3,400-foot plate girder bridge in Milwaukee, Wisconsin. This state-of-the-art study was
undertaken to detect and document current vulnerability of the structure, and develop
short-term and long-term rehabilitation plans. Tony Shkurti was responsible for this work
while employed with another firm.

Hell Canyon Bridge, South Dakota .

A three-span deck truss (552 feet, 760 feet, 552 feet), with girder approaches will carry
US 16 over a deep canyon near Custer, South Dakota. A three-dimensional model was

2 HNTB|



Fatigue Evaluation Bridge 9340 — TH 35W Over Mississippi River, in Minneapolis

used to analyze and design the fracture critical truss. The flexibility of the tall piers was
incorporated into the superstructure model. Rich J ohnson, Maury Miller and Steve Olson
were involved in this project.

Lake Street/Marshall Avenue Steel Alternate, Minneapolis/St. Paul

A three-dimensional, non-linear (large deflection) model was developed to evaluate
global stability of the long-span steel arch. Stability was evaluated for multiple erection
configurations and the final condition. Stringers, bracing, spandrel columns, diaphragms
and flexible support conditions were incorporated into the model. The interaction of the
concrete deck was also considered for the evaluation of the completed structure.
Eigenvalue solutions were also determined to compare to the large deflection results.
Stress levels of secondary members were also evaluated. Mike Speedling conducted this
analysis with assistance from Don Kruse and review by Maury Miller.

Project Approach

The type of analysis required to assess the performance of Bridge 9340 in the event of a
member failure is very different from the conventional small displacement (first order)
analysis, Large deflection analysis is performed by incrementally loading the structure
and reassembling the stiffness matrix for each time step in the deformed position to
account for geometric non-linearity. At each iteration of the analysis, the structure may
reach equilibrium, where displacements are within the first order threshold, or become
unstable (singular stiffness matrix). Because the process is iterative and errors are
cumulative with each time step, numerical methods and precision become far more
significant than for single step solutions. If stress levels are high enough, non-linear
material properties may also need to be included in the model. The validity of boundary
conditions, member end conditions, composite action and other factors all become far
more critical for second order analysis. '

HNTB will collect and review existing informatjon for Bridge 9340, including inventory
data, bridge plans, shop drawings, traffic history and inspection reports. All of the
available material will be considered to assess structural significance.

The bridge will be instrumented and monitored for thermal movements. Results of the
thermal monitoring will be used to input appropriate boundary conditions into the
structural model at the supports. Substructure and superstructure thermal displacements
will be measured at pier locations. Both the truss displacement and the approach girder
displacement will be measured at the Joint locations. Rotation and translation spring
constants at support locations will be determined from measured thermal movements.
Highly qualified survey personnel and high precision survey equipment will be utilized
for these measurements. '

A three-dimensional model will be developed and calibrated to live load stresses from the

Dexter study and the observed thermal movements. The model will include all truss-arch
members, floor beams, stringers, lateral bracing, sway bracing, concrete deck, approach

3 HNTB
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Fatigue Evaluation Bridge 9340 - TH 35W Over Mississippi River, in Minneapolis

girder and diaphragms and other elements that may be acting as part of the overall
structural system.

HNTB analysis software (T187) will be utilized for structura] analysis. This program may
be used to model and analyze any structure that consists of a stable combination of cable,
frame or truss-type members. Dynamic, large deflection, seismic and stability analysis
can all be performed with the program. An automatic live load generator is included in
the program. The T'187 was developed by Don Kruse in 1980 and has been in used on
hundreds of HNTB projects throughout the world. SAP 2000 input files may be
conveniently translated into T187 input data.

Results of the calibrated model will be used to identify high-stress members. Critical
locations will be determined by considering stress levels in combination with the fatigue
susceptibility of the member detail. At least eight critical members will be individually
removed from the model to assess the capacity of the bridge in the event of a failure of
these members. The boundary conditions determined from service loads may change
after a member failure. Support conditions will be re-evaluated for the failure analysis.

Contingency repair sketches will be prepared for each critical member, If requested,
HNTB will estimate construction costs associated with the repair schemes based on the
work analysis method.

HNTB will estimate the remaining fatigue life of the primary members. NCHRP Report
299 will be used for the fatigue evaluation. Nominal stress ranges, based on the
calibrated model, will be compared to the S-N curve for the type of detail found at a
particular location to determine the number of cycles to failure. The constant amplitude
stress range will be derived from the measured service load stress history using Miner’s
Rule. Both the derived constant amplitude stress range and the measured stress range
from the known test live load will be compared to the constant amplitude fatigue limit,

Remaining life may be calculated based on estimated future truck volume and estimates
for previous load cycles.

Deck replacement will be considered to determine a staging scheme that minimizes -
stresses in critical members.
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RICHARD M. JOHNSON, PE

Firm
HNTB

Education

BS, Civil Engineering, University of Minnesota

Registrations
Professional Engineer: Minnesota, Wisconsin, South Dakota

Years of Experience
22

Experience

Rich joined HNTB in 1982 and presently heads the Bridges and Structures Design Department in the FINTB
Minneapolis office. He has served as project manager on several multi-million dolar projects that required
coordination of disciplines, historic properties and environmental documentation. Rich presently serves on
Committee 15 (Steel Structures) of the American Railway Engineering and Maintenance-of-Way Association
(AREMA). Some of Rich’s project experience includes:

Hell Canyon Bridge, Custer, SD

Project manager for this bridge type study, preliminary and final design of a 2,000-foot-long fracture-critical steel
deck truss bridge within the Black Hills of South Dakota. Estimated construction cost is $31 million. This bridge
includes an 760-foot main span and was designed to address fatigue concerns associated with zone 3 fracture-
critical structures.

Soo Line Bridge 424-A, Somerset, W

Rich served as the design engineer on the inspection, rating, fatigue analysis and structural evaluation of a 2,700-
foot long steel trussed arch railroad bridge built in 1910 and listed on the National Register of Historic Places.

Hennepin Ave. Suspension Bridge Failure Analysis, Mpls. MN

Rich served as the project manager and design engineer to evaluate the effects of alternative loading (sabotage) on
this fracture-critical highly indeterminate structure. The failure analysis included modeling time-dependent, non-
linear geometry and material properties, as well as modeling “tension-only” members, through incremental failure
analysis as individual members were removed to predict the effects on the stability of the structure. The failure
analysis was completed with HINTB's T-187 structural analysis software.

Burlington Northern Bridge No. 9, Minneapolis, MN

Rich served as project engineer for the above and inspection, structural and fatigue analysis, rating and
development of remedial measures to place this 950-foot, two-span steel deck truss bridge back into service, Rich
conducted the underwater inspection of the bridge.

Stillwater Lift Bridge, Stillwater, MN

Rich is serving as project manager for the inspection and evaluation of a historic movable lift bridge, including
condition rating and load ratings and implementation of renovation plans.

Duluth Aerial Lift Bridge, Duluth, MN

Served as design engineer for structural inspection, analysis, rating and plan development for the bridge
rehabilitation. The bridge is a regional landmark and listed on the National Register of Historic Places.

Glen Park Suspension Bridge, River Falls, W

Rich served as project manager on the inspection and development of rehabilitation plans and construction
services for a 65-year old suspension bridge for the City of River Falls.
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MAURICE D. MILLER, PE, SE

Firm
HNTB

Education

MS, Structural Engineering, University of Kansas
BS, Civil Engineering, lowa State University

Registrations

Professional Engineer: Minnesota, Iowa, Michigan, Colorado, Washington, California, Missouri, Florida,
Texas, Tennessee
Structural Engineer: Iilinois, Arizona

Years of Experience
45

Exparience

Mr. Miller, an HNTB Vice President who joined the Kansas City Office in 1958, is Chief of Bridge Design and
Special Projects. His current or recent assignments have included the following;:

Mississippi River Bridge, Washington County (Greenville), Mississippi - Chicot County, AR

Responsible for preliminary design and plans for steel and concrete cable-stayed alternates for a new
Mississippi River Bridge.

Mississippl River Bridge, Cape Girardeau, MO

Project manager responsible for type studies, preliminary plans, and final design and plans (steel and
concrete cable-stayed alternates) for a new 1,150-foot span over the Mississippi River,

Fuller Warren Bridge, Jacksonville, FL

Responsible for development of the preliminary engineering report for a study that evaluated multiple
alternatives for repair/replacement of the 1-95 bridge over the St. John's River,

Eads Mississippi River Bridge, St. Louis, MO

Provided quality assurance and construction engineering review for rehabilitation of the historic bridge to
accommodate light rail transit.

Alsea Bay Bridge, Waldport, OR

Conceptual and preliminary design and plans for $42.4 million, 2,910-foot replacement bridge in an
environmentally-sensitive area. Lead designer for selected steel arch alternate. Original bridge is an ,
historically-significant structure which is the focal point in the scenic backdrop of the Waldport Community.

Hennepin Avenue Mississippi River Bridge, Minneapolis, MN

Structural design for a $25.6 million, 625-foot suspension bridge connecting the Central Business District to
Nicollet Island, within the St. Anthony Falls Historic District. :

Roosevelt Lake Bridge, Gila County, AZ

Design of the 2,000-foot steel alternate for a new bridge in extremely rugged terrain.

Mississippi River Bridge, Marquette, IA to Prairie du Chien, Wi
Design of plans for emergency repairs to fracture-critical tie girders.
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DONALD KRUSE, PHD, PE

Firm

HNTB

Education

PhD, Mathematics; University of Kansas
MS, Engineering; University of Kansas
Registration

Professional Engineer: Kansas

Years of Experience
24

Experience

Dr. Kruse joined HNTB in 1978 and worked for 10 years as a bridge designer before transferring to the firm's
Technology Office (formerly Technical Computer Systems) in 1988, He is responsible for dynamic structural
analysis of major projects and serves as a liaison engineer between the structural engineering and computer
departments on the development of in-house programs for complex structural design and analysis. Dr. Kruse
taught an advanced numerical methods course for the University of Kansas engineering department and taught a
Matrix Structural Analysis course at the University of Missouri in Kansas City. Prior to joining HNTB, Dr. Kruse
taught mathematics at the University of Kansas for 10 years. '

Since joining the firm's Technology Office, Dr. Kruse has been instrumental in the development of several
applications, including the following:

T187 — T187 is a matrix structural analysis program based on the direct stiffness method. This program is used
for erection analysis of concrete and steel structures, including creep and shrinkage of the concrete. Dr. Kruse also
added dynamic time history analysis for earthquake analysis to this program.

Bridge Design System ~-Designed software system for design, analysis, and graphics generation of bridge details.

While wotking as an engineer, Dr. Kruse gained extensive bridge experience from projects including:

Roosevelt Lake Bridge, Gila County AZ
Aerodynamic analysis for a 2,000-foot steel arch bridge (1,200-foot main span) in rugged terrain.

Lake Street/Marshall Avenue Mississippi River Bridge, Minneapolis, MN
Erection analysis of arch, spandrels and deck.

Alsea Bay Bridge, Waldport, OR

Computer analysis of erection of arches and delta piers.

Neches River Bridge, Port Arthur, TX
Design check involving computer modeling for analysis of aerodynamic stability of concrete cable-stayed bridge.

Mississippi River Bridge; Natchez, Mississippi-Vidalia, LA

Computer modeling for a cantilevered truss bridge with five river spans, including a 798-foot center span.

Mississippi River Bridge, Sioux City, IA

Involved in developing an analysis of repair procedures for a tied arch bridge.
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TONY F. SHKURTI, PHD, SE, PE

Firm
HNTB

Education

PhD, Civil Engineering, University of Iilinois at Urbana-Champaign
MS, Civil Engineering, Wayne State University
BS, Civil Engineering, University of Tirana, Albania

Registrations

Professional Engineer: Hlinois
Structural Engineer: Hlinois

Years of Experience
15

Experience

Menomanee Valley Bridge Investigation, Wisconsin Department of Transportation, Milwaukee, WI

Structural engineer responsible for the non-linear 3-D modeling, analysis, and fatigue and fracture evaluation
of the typical connection framing using ABAQUS. The bridge comprises 3,400 foot of multiple continuous
welded girder spans, and possesses framing and lower-lateral bracing details typical to the era of its design
which have since been revealed as potential concerns for both fatigue and fracture. This state of the art study
was undertaken to detect and document the current vulnerability of the structure, and to compile near-ferm
and long-term plans for maintenance and rehabilitation actions to extend the life of the structure. Finite
element modeling, sub-modeling, and field instrumentation data were combined and compared with
available literature and the collected experience of the bridge community in the subject. Conclusions and
recommendations are being summarized in a detailed report to WisDOT,

Torrence Avenue SPUDI, Composite Steel Girder Alternate, Iltinois Department of Transportation

Structural project engineer responsible for the design and plan preparation for these composite steel girder
structures. Responsibilities included preliminary conceptual design, fatigue and strength analysis and design
for the girders framing into each other and the respective connections. Responsibilities also included
preparation of life-cycle estimates for the different alternates, estimate of the hours needed to complete
analysis, design and plan preparation. The SPUDI comprises five bridges separated by expansion joints.
Mainline Torrence Avenue structure includes very complex geometry that has flaring ramps framing into the
main structure. Four more structures make up the four ramps bringing traffic to Torrence Avenue.

Kernville Viaduct (S.R. 0056), Pennsyivania Department of Transportation

Senior structural engineer for the final design of the reinforced concrete substructure and steel straight and
curved girder superstructure for the rehabilitation/ replacement of a 27-span, curved multi-girder steel
viaduct. A thorough fatigue evaluation of the proposed curved girders was carried out.
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MIKE SPEEDLING, PE

Firm
HNTB

Education
BS, Civil Engineering, University of Minnesota

Registration

Professional Engineer: Minnesota

Years of Experience
18

Experience

Mike is a registered professional engineer with more than 18 years of experience on a variety of projects including
bridges, tunnels and other structures. This experience includes highway, railroad, aircraft and pedestrian
structures. Bridge types include prestressed concrete girders, steel plate girders, steel trusses, post-tensioned
concrete slabs, steel box girders, steel and concrete arches, suspension and segmental concrete box girders. Some of
his most recent project experience includes:

Ramp D over 1-275, Tampa, FL

Lead design engineer for this project. Ramp D is a three-unit, steel plate girder bridge. This eight-span bridge is
more than 1,200 feet in length. A curved alignment and highly skewed supports required finite element analysis.
Mike designed the superstructure and a post-tensioned concrete straddle bent.

Ramp G-4, Tampa, FL

This bridge is a curved, four-span, steel plate girder structure with highly skewed supports and unbalanced span
lengths. Mike served as lead design engineer and designed superstructure and piers. Finite element analysis was
used to determine live load distribution and forces in secondary members. The Florida Department of
Transportation was the client for this project.

8t. Croix River Bridge, Stillwater, MN

During the Type Study phase, Mike evaluated steel and concrete arches and participated in the public involvement

process. During final design, Mike designed curved shell concrete pier columns for the segmental concrete
alternate.

A new bridge was required over the St. Croix River near Stillwater, Minnesota. Alternate foundations were
designed for drilled piers and cast-in-place piles. The foundations were evaluated for multiple load cases for
balanced cantilever construction. This project was completed for the Minnesota Department of Transportation.

Mn/DOT Bridge No. 27789, St. Louis Park, MN

This eleven-span bridge provides a connection between 1-394 eastbound to TH 100 southbound. Bridge geometry
is complex because the deck widens and bifurcates, Integral steel, outrigger type pier caps were required to
straddle the frontage road below. Mike designed superstructure and pier columns for this Minnesota Department
of Transportation project.

Lake Street/Marshall Avenue Steel Alternate, Minneapolis-St. Paul, MN

This twin, 550-foot arch bridge over the Mississippi River was designed for the Minnesota Department of
Transportation. Mike performed a three-dimensional, large deflection analysis and a stability analtysis. The model
included arch ribs, lateral bracing members, spandrel columns, stringers, diaphragms and the concrete deck. In
addition to analysis of the completed bridge, multiple configurations for different erection steps were evaluated.



SARA L. LAUHER, PE

Firm
HNTB

Education
MS, Civil Engineering, Purdue University, West Lafayette, Indiana

BS, Civil Engineering, Purdue University, West Lafayette, Indiana
BS, Mathematics, University of Florida, Gainesville, Florida

Registration
Professional Engineer: Minnesota

Years of Experience
4

Experience

Sara is a structural engineer with four years of experience in design and a master’s degree in Civil
Engineering. Prior to embarking on a career in engineering, she spent about two years as an actuary,
consulting directly with clients on a regular basis and managing pension plans. Her relevant experience
encompasses a variety of assignments ranging from development of detailed designs and plan production to
participation in construction services and supervision of engineers and technicians. Ms. Lauher also has
experience in evaluation of structure types and structure configurations based on technical as well as
economic considerations.

Wakota Bridges Nos. 82855, 82856, St. Paul, MN

Sara served as design engineer on these two segmental concrete box girder bridges for the Minnesota
Department of Transportation. These bridges are each five spans and will replace the existing crossing of
Interstate 494 over the Mississippi River. Her responsibilities included design of the parapet type abutments
and the design of the transverse post-tensioning of the superstructure. She used T-187 for the transverse
post-tensioning design which was complicated by an asymmetrical constant width deck overhang and flared
geometry at the abutments. Sara’s duties on the Wakota Bridges included supervision of the plan production
and coordination with sub-consultants,

Experience Prior to HNTB:

Railroad Bridge over Highway 100, Hennepin County, MN

Sara performed preliminary design on this 4-span bridge. She optimized the steel plate girder design and
designed a through-plate girder for CP Rail.

SR 594 and SR 693 interchange, Pinellas County, FL

Sara designed a steel monotube signalization structure for the Florida Department of Transportation. This 32-
inch diameter tube spans 224-feet diagonally across an intersection.

Graduate School, Purdue University, IN

Sara attended a Finite Flements class which included modeling of both 2-D and 3-D elements by hand and
with SAP 2000. Sara also attended a Behavior of Metal Structures class that included topics on fracture
mechanics, fatigue mechanisms and testing and fatigue crack propagation.
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LEONID (LEO) S. TROITSKI

Fim
HNTB

Education
St. Petersburg Marine Academy, Russia

MS, Survey, Hydrography and Navigation, St. Petersburg Marine Academy, Russia

Years of Experience
22

Experience

Leo has more than 20 years of worldwide expertise in construction works, tunneling, land survey, oil and gas

prospecting, geological survey, prospecting and mining of mineral raw materials. Some of his experience
includes:

LRT Tunnels and Station, Minneapolis, MN

Leo is providing quality assurance (QA) oversight inspection of excavation, concrete work and finishing of a
system of two open cut and cut & cover portals, mining (EPBM) of two tunnels (soft rock), and underground
station with two ventilation shafts and access to the airport terminal.

The project consists of the construction of two tunnels under the airport for future Light Rail. This included
obstruction analysis of at and above grade features, construction staging and coordination with other airport
construction activities.

In addition to daily QA inspection, position require: reviewing of submittals pertaining to survey and settlement
manitoring activities, participation in meetings related to these issues with contractor’s representatives. His
responsibilities also included: developing and maintaining the survey part of QA program, performing:
verification survey (field and office work) of contractor’s vertical and horizontal survey monuments, settlement
monitoring data collection, processing, interpretation and record keeping. Leo also participated in setting up the
project database for variety of construction data collection, statistical analysis and graphical representation in
form of Excel spreadsheets and graphs.

Tren Urbano Project, Rio Piedras, Puerto Rico

While with Kiewit-Kenny-Zachry AJV, Leo served as survey manager and provided direct oversight to the
project survey department. His duties included supervising daily activities of four survey crews, including
mining and concrete work of two TBM and four NATM tunnels, two cut and cover structures and two subway
stations (One cut and cover and one underground). Maintaining and developing of existing survey monuments
network (2 miles) for the project (Survey software "Cogo PC, StarNet adjustment software). Leo supervised
extensive settlement monitoring program (Project located at and under downtown San-Juan). He also provided
project drawing and documentation review and coordination, alignment data verification, as-built of tunnels and
structures, using unique Profiler-4000 equipment set and “Prowin” software.

DART Light Rail Project, Dallas, TX

While with 5.A. Healy Co., Leo served as survey party chief responsible for survey pre-calculations, layout and
as-built survey ("Wild" profiler) for tunneling and open cut excavation. Settlement monitoring during the
tunneling and excavation. He provided the survey support of the concrete work for the underground station and
also for the excavation and concrete work for the parking lot and a pedestrian bridge.



THOMAS E. BRAKE

Firm
HNTB

Education

Municipal Engineering, St. Cloud Technical College, St. Cloud, Minnesota
General Courses, University of Minnesota, Morris, Minnesota

Years of Experience
21 ‘

Experience

As HNTB Minneapolis” senior survey crew chief, Tom has more than 20 years experience and has worked on a
wide variety of assignments including bridges, tunnels, airports, subdivisions and other construction and design
related projects. He also has more than seven years of CADD experience. Tom has done photo control surveys
using GP’S equipment and used metric micrometers for tenth of a millimeter accuracy on elevation surveys. Tom
works with the contractors to perform the construction survey coordination. Tom also has performed quantity
calculations for many of the projects. Representative project experience includes:

ALSF-2 Light Support Bridge over 1-494, Bloomington, MN

Tom was involved with the design surveys as well as the alignment and construction staking for the ALSF-2

Light Support Bridge over I-494 in Bloomington. The bridge supports the runway landing lights for the new RWY
17-35 at Minneapolis-St Paul International Airport.

TH 212 Design-Build Preliminary Engineering Design, Eden Prairie, MN

Tom was one of two crews that performed utility and design surveys for all of the existing streets and roads
where they cross the proposed new alignment of TH 212, He was also in charge of downloading and reducing the
15,000 or so survey points to a Microstation drawing so the base maps could be updated to existing conditions.

LRT Tunnel, MSP International Airport, Minneapolis, MN

Tom and his crew did extensive surveys on the alignment corridor to verify locations of topographic features and
underground utilities, He also used GPS to set up the horizontal and vertical control for the project. A Robotic
Geodimeter Total Station was used to survey the runways and aprons at night. During construction, Tom and his
crew are responsible for monitoring settlement in critical areas with tenth of a millimeter accuracy. He is also
involved with checking the contractor’s survey for accuracy.

Glen Park Suspension Bridge, River Falls, Wi

Tom was responsible for the condition survey and CADD operation on a 65-year old suspension bridge for the
City of River Falls.
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STEVEN A. OLSON, PHD, PE

Firm
HNTB

Education

PhD, Civil Engineering, University of Minnesota - Twin Cities, Minnesota
MS, Civil Engineering, University of Minnesota - T'win Cities, Minnesota
BS, Civil Engineering, University of Minnesota - Twin Cities, Minnesota

Registration
Professional Engineer: Minnesota, Ohio

Years of Experience
16

Experience

Steve is a registered professional engineer with more than 15 years of structural engineering experience as a
designer, inspector, analyst, researcher, manager, and educator. This experience includes full scale structural
testing, the development of structural analysis software, and a variety of bridge related projects on both a system
and individual project level. Some of his most recent project experience includes:

Hell Canyon Bridge, Custer County, SD

Designed the substructure units and performed an independent review of the superstructure. A winding canyon
road on US 16 will be bypassed when the Hell Canyon Bridge is completed. The structure will have two short
girder spans flanking a three-span continuous deck truss (spans of 66, 552, 760, 552 and 66 feet). Steve is designed
the substructure units and performing an independent review of the superstructure. The client for this project is
the South Dakota Department of Transportation.

12t Avenue Bridge, Fargo, ND

Steve is project manager for a project evaluating the current condition of the 12t Avenue Bridge over multiple sets
of BNSF railroad tracks in Fargo, North Dakota. The 29 span structure was constructed in 1978. It has 22 spans
supported on prestressed I-beams and 7 spans supported on steel plate girders. After the current condition is
assessed, multiple rehabilitation schemes will be developed for the client to consider. This project involves railroad
coordination and the management of three subconsultants. Client: North Dakota Department of Transportation.

1¢t Street South Bridge, Minneapolis, MN

The replacement structure for the 1% Street South Bridge in the St. Anthony Falls National Historic District of
Minneapolis is a steel through-girder bridge. The new simple span bridge reused floor beams and one of the
abutments from the prior structure, An abutment with extensive architectural treatments and an ornamental
railing were incorporated into the new structure. Steve performed construction engineering services. The client for
this project was the City of Minneapolis.

Kwang An Grand Bridge, Pusan, Korea

Steve was the analysis coordinator for a team of engineers evaluating the towers, stiffening truss and anchorages
of a 900-meter (2,953-foot) suspension bridge, The three-span, double decked structure has a main span of 500
meters (1,640 feet). The client for this project was the Dong Ah Construction Industrial Company.

Programs LDA-TRUS and LDA-LOAD (software development)

To accurately load rate suspension bridges, Steve developed in-house software. The programs perform second-
order (geometrically nonlinear) analyses based on the stiffness method. The initial strain offsets between members,
thermal loadings and a truck load generator were incorporated into the software. The programs were used on four
suspension bridges with main spans over 600 feet.
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JACK SEHLIN

Firm
Sehlin Consultants

Education
BS, Civil Engineering, University of Minnesota

Years of Experience
50

Experience

Jack has 50 years of experience in all facets of bridge construction including estimating, scheduling and other
aspects of construction management. From 1981 through 1997, Jack worked as project manager, vice
president and bridge division manager, and senior vice president for Johnson Brothers Corporation in
Litchfield, responsible for leading bridge construction, rehabilitation and removal; earthwork for highways,
site development, sewer and water lines, and treatment plants; substructures for power plants, steel mills and
material handling facilities; dam rehabilitation; pile driving; construction of wharves, floodwalls and sector
gates; and canal lining. HNTB has worked successfully with Jack on muitiple projects over the past several
years including the Hell Canyon Bridge and the tunnel projects at the MSP International Airport.

Helt Canyon Bridge, Custer, SD

Jack served a construction estimator and the constructability reviewer for this bridge type study, preliminary
and final design of a 2,000-foot-Iong deck truss bridge within the Black Hills of South Dakota. This bridge was
designed by HNTB.

I-35W Bridge over Mississippi River, Bridge 9340

Served as construction project manager for Industrial Construction Company. In that capacity, he was
responsible for the substructure and construction of the superstructure for this bridge, including the steel
erection of deck truss, deck placement and painting.

1-80 Bridge over Mississippi River, Dreshach, MN

Jack served as project manager on the construction of this new bridge consisting of plate girder spans.

US Hwy 63 over Mississippi River, Red Wing, MN

As project manager, Jack was responsible for the construction of this new bridge over the Mississippi River.
The bridge is a through three-span truss with girder approaches.

Minnesota Approach to the Blattnick Bridge over St. Louis Bay, Duluth, MN

As manager of general construction, Jack supervised the construction of the superstructure for the Blattnick
Bridge.

1-494 Bridge over Mississippi River, South St. Paul, MN

Jack participated in the construction of this new bridge, which included steel approach girders and a tied arch
main span.

I-35W Bridge over Minnesota River, Bloomington, MN

Jack served as project manager for the construction of this plate girder span bridge over the Mississippi River.

Hennepin Avenue Suspension Bridge over Mississippi River, Minneapolis, MN

As manager of structures, Jack was responsible for the construction of this unique bridge in downtown
Minneapolis. The Hennepin Avenue bridge is the only suspension bridge built in recent times in Minnesota
and was design by HNTB. Jack designed the erection system for the suspension cables. The project inchuded
removal of the existing bridge.
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ROBERT J. DEXTER, PHD, PE

Firm
University of Minnesota

Education

PhD, Civil Engineering, The University of Texas at Austin, Dissertation Title; "Investigation of Criteria for Ductle
Fracture under Fully-Plastic Conditions", Advisor: Karl H. Frank.

MS, Civil Engineering, The University of Texas at Austin, Thesis Title; "Underwater Wet Welds: Mechanical
Properties and Design Guidelines", Advisor: Karl H. Frank.

BS, Civil Engineering, The University of Texas at Austin, with Highest Honors

Registrations

Professional Engineer: Minnesota, Missouri, Permsylvania, Idaho

Years of Experisnce
21

Research Intarests

Fatigue and fracture of structures
Design, fabrication, and behavior of bolted and welded connections
Repair of damaged and deteriorated structures

Professional Activities

American Society of Civil Engineers (ASCE), Committee on Fatigue and Fracture
Transportation Research Board (TRB), Fabrication Committee, Steel Bridge Committee, General Structures
American Institute of Steel Construction (AISC), Task Committee 6, Connections

Experience

University of Minnesota, Assaciate Professer, Department of Civil Engineering, 1997-present

Experimentation and development of predictive models for the behavior and durability of structural components;
primarily bolted and welded steel connections. Fatigue and fracture of steel structures and the associated
problems of random dynamic loading from wind, truck traffic, etc. for seismic-load resisting frames, ships,
bridges, bridge expansion joints and highway sign, signal, and light support structures. Developed specifications
for testing, design, fabrication, and installation of modular bridge expansion joints that were adopted by the
American Association of State Highway and Transportation Officials (AASHTO). Conducting research on various
repair and retrofit methods for cracks in various types of structures, including development of a manual for
repair of fatigue cracks in bridges for the Federal Highway Administration (FHWA).

Recent Publications

Corwin, E. and RJ. Dexter, (2002). “Analysis of Multi-beam Stecl Bridges for Fatigue”, Structural Engineering
International, Vol, 12, No. 4, pp. 249-254.

O'Connell, H.M. and R.J. Dexter (2001). “Response and Analysis of Steel Trusses for Fatigue Truck Loading”,
Journal of Bridge Engineering, Vol. 6, No. 6, Nov/Dec, pp. 628-638.

Dexter, RJ. and ].W. Fisher (1999). “Fatigue and Fracture”, Chapter 53, Handbook of Bridge Engincering, W.F. Chen
ed., CRC Press Inc,

Dexter, RJ. and J.W. Fisher (1997). “Fatigue and Fracture”, Section 20, The Structural Engineering Handbook,
W.F. Chen, ed., CRC Press Inc. (80%)
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STANLEY T. ROLFE, PHD, PE

Firm

University of Kansas

Education

PhD, Civil Engineering with Structural Major, University of Tllinois
MS, Civil Engineering with Structural Major, University of Illinois
BS, Civil Engineering, University of Illinois

Registrations
Professional Engineer: Minnesota, Missouri, Pennsylvania, Idaho, Kansas

Years of Experience
40

Honors

ASTM Fracture Mechanics Medal
Shared ASCE State-of-the-Art of Civil Engineering Award as a Member of Committee on Fatigue and

- Fracture Reliability

Professional Activities

Chairman, AASHTO Technical Committee T-14, Weathering Steel Study Group
American Society of Civil Engineers Technical Committee on Fracture and Structural Fatigue
Member, American Society of Testing and Materials Committee E-08 on Fracture Testing of Metals

Experience

interim Chair, Civil, Environental and Architectural Engineering, Albert P. Learned Professor, Department of Civil,
Environmental and Architectural Engineering

Dr. Rolfe has been involved in a comprehensive experimental and analytical research program in fracture
mechanics at the University of Kansas for 33 years. Prior to that time, he was Division Chief of the Material
Behavior Division at U S. Steel's Applied Research Laboratory in Monroeville, Pa. He has an extensive
research background and considerable practical experience in the application of fracture mechanics to various
fracture and fatigue problems. His research for the Pressure Vessel Research Committee and the American
Iron and Steel Institute has focused on elastic-plastic fracture mechanics test development as well as fatigue
and fracture control in steel structures. He has published extensively in the fields of fracture control, test
development, correlations, CTOD test development, and applications of fracture mechanics.

He has written a textbook on Fracture and Fatigue Control in Structures co-authored by John Barsom of U.S.

- Steel. The Third Edition was published in 1999. He has consulted widely on structural failures in the field of

fatigue and fracture control in structures. He has worked on a special assignment for the U.S. Coast Guard on
Fracture Mechanics Methodology for Fracture Control in Oil Tankers and also for ORNL regarding fracture
issues, particularly regarding the effect of shallow cracks.

Recent Publications

Barsom, J. M. and Rolfe, S. T. “Fracture and Fatigue Control in Structures - Applications of Fracture
Mechanics, Third Edition, ASTM, 1999,

Rolfe, S., “Practure Mechanics Testing for Structural Steels,” Cement, Concrete, and A ggregates, CCAGDP,
Vol. 19, No. 2, Dec. 1997, pp- 92-102, .

W. H. Munse and S. T. Rolfe, “Fatigue, Brittle Fracture, and Lamellar Tearing,” Chapter in Structural
Engincering Handbook, McGraw-Hill, 1997.

J. M. Barsom and S. T. Rolfe, "Fracture Mecharnics in Failure Analysis," ASTM 5TP 945, 1988.
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March 28, 2003

Mr. Robert 1odiHer

Bridee Agrecmonts bnginecr

Mennesota Depariment of Transporiaiion
{HTices of Brdees and Stroctures

3455 Hodiey Ave. North

Chehdule, MIN 55128331

HE:  Heguestfor Interesi (RFD
Fatigue valoation for Bridge 9340: 'TH 35W aver Mississipni River

Broar My, Midler:

We are pleused 1o respond to this Reguest for Interest i prepaning a scope of work for the

TH 35 W Bridge Panigue Evalnation Project. URS has an exceptionally well qualified team that is
experienced on simdar projects, understands the history of the bridge, and is able to deliver a
quality engueening study 1o the Minnesota Department of Trssponiation.

Fhas response of aterest bas baen prepared 1o specifioally addiess the Tollowing steims as
reguesied moyour BEFE

= Project Objectives

= Progect Approach/Werk Plan
= Progect Staff

= Project Deliverables/ Timehine
= Relevant Projocts

The TH 35W bridee presents 2 umigue opportumily for URS and the Depastment o evaluate the
fatigoe and fractre characteristios of this structure and develop necessary retrofit and ropair
measures 1o best zerve the public. As an older steel bridge with non-redundant main spans,
fatigue problems and bridge deck deterioration, i reguires experienced enginecring mdgement 1o
evaluate fracture critical bridge members and 1o develop retrofit and repalir measures. Our URS
team will provade Mo/DOT with the oxpenence and expertise needed to complete this project ina
professional, tumely, and cost-offective manner that exaceeds expeciations,

Thank you for the opportunity woresponst 1o this RE and we Jook foraard to working with you
un s project,

Smcerely
VRS Corporation

Dronald §. Plesnaifip, PE
Froject Manager

QIAN TWAQ0 N7 edAF



PROJECT QRJECTIVES

The foliowing 15 our undersianding of the primary project objectives for a fatigue/fracture evaluation of the deck
trass-arch spans of Bridge 9340, 55 outhined i the Mw/DOT RFL

1. Mdentify crtical superstruciore members thal are most susceptible to fat gusfiraciure failures, Evaluate their
fatigue strengths. or remaining fatigue lives, under the cyelic stresses due to service loads,

Evaluate structural consequences for the loss of any one of the critical members {redundancy analyses)
Determine the necessity for repairs and establish most suitable repair methods and details as needed
Develop preferred schemes of deck replacement to minbmize member siresses

Lo Led P

PROJECT APPROACH/WORR PLAN

Bata Collection: URS will begin the project with assembling all necgssary information and materials from the
Mn/DOT Hecords Coenter and Badge Office files. The wmformation 1o be collected will include. bui not limiied 10,
bridge plans, piling reports, shop drawings. matenal records, traffic history, inspection reports, as well as the study
reports and sirain measwrement records of the University of Minnesota,

Cooperation with the University of Minnesota: URS will use the results of field strain measurements of the
Unsversity of Minnesota in calibrating the computer model and in delermining the stress range histogram in cenain
truss membaers. I we determine the needs for additional processing of existing data or additional feld
instrumentation as the project develops, we will discuss different options with Mo/DOT regarding whether URS or
the University wonld provide any additional work. We will willingly cooperate with the University in all aspecis of
the project as directed by Mn/DOT,

Development of a 3-D Computer Model: URS has cxtensive experience in 3-D finite element analyses of complex
bridge structures. including trusses and arches. We will develop a 3-1 space frame model of the bridee including all
structural steel members and the conerete deck. All truss/bracing members will be ngidly connected at the joins 1o
resemble the reality and 10 be able 1o evaluaie the effects of secondary bending. Bridge piers will also be included in
the model for the effects of their stiffness 1o bridge responses under live and temperature loads. The composiie
actions between various superstructure elements, e.g. the deek, stringers. floorbeams and trusses, will be prapesly
simulated. Connections al the end expansion juints 1o the approach spans will alse be considered in the model.
Support conditions of the superstracture at expansion bearings will have the capabilities of being adjusted for
stmuiating an ideal expansion bearing (a roller), a frozen expansion bearing {a pin or a rigid connection). or a partial
expansion beanng (a hocar or noolinear spang) based on field-determined suffness.

Condition Assessment of Bridge Bearings, Joints and Piers through Field Measurements: URS will perform
necessary measurements to assess the actnal performances of all bridge bearings and the expansion joints to the
approach spans for evaluating their impact to truss member forces. We will measure bridge movements al the
bearings/ioints, as well as the movemant of the piers. with temperature changes and/or under the live load, These
measurements will provide basis for setting proper support/restraint conditions of the computer model under thermal
and five loads. Although frozen expansion bearings bring a benefnt of reducing live load forces in cerlain fruss
members due 1o the frame/arch effect, adverse tensile forces are indaced in truss members during temperature drops.
This may potentially raise the risk ol fracture in combination with lowered material toughness in cold temperatures.
URS engineers are highly experienced in measuring structural strains and displacements using various instruments.
We will diseuss different options and lnalize an effective instrumentation plan with Ma/DOT. Measurements of
hearing movement and rotation and pier top movement with temperature changes. daily andior seasonally. can be
made with commercially available high-precision laser survey cquipment with carefully selected/installed stationary
taryels as references. Bearing/pier rotation may also be directly measured with an inclinometer. Relative movemenis
between the bridge superstructure and the top of piers as well as at end expansion joints can be measured with
displacement ransducers. Our experience indicates that the restrint/stiffness of old expansion bearings may be
highly non-linear and highly vaniable. Conditions of expansion bearings can also be assessed in a short test by using
strazn gages under the lve load. Readings of average axial strain from truss members framed 1nto the joint at a
bearing can be used to determine whether equilibrivm of force is maintained in the longitudinal direction. Any
unbalance of the longiwsdinal force components at the joim represents the vestraint from the bearing.

Calibration of the Computer Model: Using the bridee bearing/iomvpier measurements and available siris
measurement results from the Umversity of Mmnesota. URS engineers will calibrate and adjust our computer model
for houndary conditions. including the stiffness of expansion bearings, piers and expansion joints 10 the approach
spans. After the calibration. the model should be able 10 generate member forces and support movements in
reasonable agreement with the measurerneni results.

Strength Evaluation/Ratings of Superstructure Members: Alter the calibration, we will use the computer model
10 perform struciural analysis for dead. live and thermal loads, Critical loading combinations will be determined in
accordance with the AASHTO load groups. The live load will be based on up 1o five vehicles identified by Mao/DOT,
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Stsength ratings for the five vehicles will be performed per AASHTO Manual for Condition Evaluation of Badges.
2" Edinon, 2000, with interim revisions through 2003, For the effects of terperature and live loads. two extreme
support conditions will he considered for expansion bearings (1.e. rollers and rigid connections) and the strength
rating of each member will be governed by the condition that results in a hmher force.

identification and Tabulation of Tension Members with Fatigue Details and Loading Stresses: URS will first
rdeatily tension truss members that are potentially subject to fatigue/fracture failures, Truss members that remam in
compression throughout their service life can be omitied for fatigue/fracture evaluation, A review of avarable
information has indicated that mest truss members of Bridge 9340 are welded buil-up box sections while some
diagonals and verticals are welded H-sections. The connections are both fiveted and bolted. The truss members bave
nuemerous poor welded details, including intermittent fillet welds. welded loagimdinal sriffeners and welded
attuchments at diaphragms inside tension members. These details are classified as Categories D and E per current
AASHTO fatigue provisions, Stegl corrosion and pack rusting ?umz also been noted in recent inspections. Upoen
completion of data collection and review, URS will abulate al identified tension truss members with descriptions of
existing fatigue susceptible detals, their AASHTO fatigue categorics, and loading stresses {axial stresses due 1o dead
load, Bive Ioad, temperature load if any, respectively, and their combinations). The most critical fatigue/fracture
members will be identified with the consideration of both the ive load stress range for Tatigue and the total tensile
siress for fraciure.

identification of Fracture Critical Members and Design of Contingency Repairs: URS 15 nghly experienced i
redundancy analysis of steel truss bridges, for both new designs and existing struciure evaluation. We will use the
catibrated computer model to identily fracture critical members in the superstructure. Under the dead and live loads,
zach tension truss member will be removed Irom the model and a stiffness analysis will be made, Under the influence
of load redistnibution, ali remaining members will be checked for possible tension or compression failure. If oae or
more member(s) is overstressed o futlure. the faded member(s) will be removed from the model in addition 1o the
member initially removed. After o stiffness analysis in this condition, i any additional member failure 15 possible or
the structure is :;iat;mﬁ} unstable, then the 1;3111;11%\ removed member is identfied as a fracture eritical member. This
prm,uiufe will be repeated for alf tension members. The effect of temperature changes and dysfunctional bearings
will also be considered in the analysis, with artention paid 1o the tmpact of a suddm release of partially {rozen
expansion bearings. The criteria for member failure will include the member sections as well as connections/joints,
We will consider all possible faiture modes. including compression failures due 1o buckling/vielding and tension
failures due w {atigue/fracture/vielding. URS will identify at least eipht fracture critical members that contain critical
futigue susceptible details and design contingeney repairs for each member ta be utilized by Mn/DOT iffwhen
cracking is discovered. The repair schemes will improve the structural redundancy by adding load-carrying elemenis
1o the member (¢.g. plates. tendons, etc.) and/or by aliering global load paths in the superstructure (e.g. making
VATHILS aupwstmciur“ clements L0 COMPOSItE systems, elc.),

Assessment of Remaining Fatigne Life: Based on the cyelic siresses determined from the compuier model and the
University of Minnesota’s field sicain messuresments, URS will evaluate the fatigue strength and remaining fangue
e of ali identified 1ension members, The effects of secondary bending in truss members and section loss due to
carrosion will also be considered depending on the type of fatigue delall and its location with féspect 10 the member.
For each fatigue detail on the bridge, we will select the most suitable fatigue strength, or the §-M curye with 4
constant imphiide Tatigue limit, based on the most recent research results, We will also determine the most suitable
yei safe method for calculating the effective stress range from the measured stress range histogram as well as the
vorrelation between the histogram and the traffic count. We will then perform the fatizue evaluation and present the
resilis in terms of the remaining life for cach tension member, with a guantified factor of safery based on the actual
fatigue strepgih (5-N curve) of the detail. Additonally, we will assess the fatigue strength, or remaining Tatigue life,
m accordance with the AASHTO specifications. In our opinion, the following three AASHTO specifications are most
applicable to this project: (1) Guide Specifications fur Farigue Evalyation rrf ﬁ:s!mg Streel Bridges. 19890, with
intenim revisions through 1995, (20 LRFD Bridge Design Specificutions, 2" Edition, 1998, with interim revisions
through 2003 and (3) Manual Jor Condition Evaluation and Load Resistance Factor Runing of Highway Bndges
(LRFR), 10 be issued in spring 2003, The Fatizue Guide Specifications and the LRFR Manual have provisions for

-using hield sirain measurenients as an alternative method for determining live load siress ranges. URS will summarize
our {indings of the latigue evaluation following the requirements of each of these AASHTO specifications as well as
the probability of fatigue cracking based on the actual 5-N curve.

Development of Bedecking Schemes for Minimizing Member Stresses: URS has extensive experience designing
bridge deck Rp]t&(:l,mﬂﬁl prajects that satisly varous needs, such as reducing critical member siresses anid
mamntaining taffic capacity during construciion, We will develop at least four staging and sequencing alternatives for
deck removal and replacement over the truss spans. Our schemes will satis{y the is‘aiﬁc needs as specified by
M/DOT. Key issues include: (1) the potential for significant unsymimetrical loadings to the truss spans; (2) the
extent of slab reraoval prior to placement of the new deck: (3 ywereht difference between the current deck and the
new deck; and (43 the positon and woight of temporary traffic hdmux and Joadings from construction eguipment.
RS 2 Adw /DA
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We will develop conceptual replacernent decks based on cast-in-place and precast, pos{-tensionad construction
methods and we will evaluate use of lightweight concrete to reduce the deck’s weight and increase the truss’s live
loud capacity. Composite construction. replacement or modification of siringers, and chminagon of intermediate
deck joints wili be assessed for potential improvement of critical momber redundancy and {or stiffening the global
behavior of the truss spans. A new deck incorporating stiffening girders detailed to furnish composite behavior with
the truss could prove to be an effective method for substantially lowering maximum stresses and stress ranges by
altering the truss structure’s basie response te loading, This approach could akso {omn reliable aliernative load paths
for many critical truss members. We will utilize the 3-D compuier model 1o determine the stresses and manges of
stress imposed on the structure duting each redecking slternative. The alternatives will then be further refined to keep
truss member stresses during construction within acceptable levels, Advantages and disadvantages and comparative
estimated costs Tor each dock replacement allernalive will also be assessed,

Final Report: URS will prepare a final report for submission 10 Mr/DOT. The repont will summanize our procedure.
results and findings of all the project tasks described above. In the report we will present our recommendations on the
necessity and methods of repairs to address bridge bearings, fatigue susceptible details. and fracture critical members,
We will also recommend preferred schemes of deck replacement for minimizing member stresses.

PROJECT TEAMMANAGEMENT
Project Koy Ball: The URS project key slalt members are 1dentilied as foliows:

¢  Donakl ], Flewmming, PE - Project Manager

¢ Y. Edward Zhou, Phid. PE - Project Enginesr

¢ David D Long, PE - Assistant Project Engineer

#  Thomas D. Jerkins, PE ~ Quality Assurance and Quality Control Officer

These key sialf members will be avarlable throughout the project dl’)(i their resumes are attached. Mr. Flemming has
over 40 years of bridge eagineering/management experience and is highly familiar with the requirements, policies
and procedures of M/DOT. He will be mspxm&z%ie for rranaging the URS project team and coordinating with the
Mr/DBOT. D, Zhow specializes and has exienstve experience in Lﬂaguu evaluation of steef bridges. Me will iead the
engineertng oflons iy structurad analyses, field measurements and ftigue/racture evaluation and will be the primary
wrier of the final report. He has performed fatugue/fracture evaluanon and retrofit design of several steel truss
bridges which are very similar to Bridge 9340, Dr. Zhou was just elected as chairman of the ASCE commitiee on
fatigue and fracture and also teaches graduate course “Fatigue and Fracture in Steel Bridges™ at Johns Hopkins
Umiversity as an adjunct professor. Mr. Long is experienced in structural analysis, design and inspection of various
bridge types and will assist Dr, Zhou in execuunyg the project tasks, Mr. Jenkins is the chief bridge engineer and has
extensive expenence in bridge design, evaluation and rehabilitation of ali structural iypes. He has been the lead
designer of several bridge projects that won national awards for excelience and innovation in design and/or deck

re ‘*lau,mz,?i Being one of the largest engineering consultants. URS s able 1o provide highly qualified eagincers for
completing il lasks in time u.nde:r the directions of the Key stafi

Communication/Coordination with Ma/DOT: Mr. Flemming, the URS Project Manager. will serve as the primary
haison between Mn/DOT and the URS project team. Mr. Flemming, assisted by Dr. Zhou as needed, will mamtain
proper and necessary commumcations with Mr. Paul Kivisto, the Project Manager of Ma/DOT Office of Brdees and
Structures. Mr, Hunmmv will report project progress (o Mr. Kivisto on a regular basis. URS will also inform
Mn/DOT for any new fmdme_s or unexpecied issues as the project develops 1n a tmely manner,

Luality Assurance/Quality Control {Qﬁu’(}{"’} URS i3 commitied to pfmidim guality and timely service to
Mr/DOT. To ensure that this commitment is achieved, we have established a QA/QC program. The Project Manager
and the Project Engineer will develop a detailed work plan for cach assignment. including a detailed scope of work
and bnéwdulzs This work pian will be distributed to all siaff working on the USSIZAMEn:. Deiailed checking wili he
performed {or all analysis, design. and contract documents. The final documents/report will go through a therough
ndependent technical review h*y Mr. Jenkins, the URS QA/QC officer, before submittal 1o Mp/DOT.

PROJECT DELIVERABLES AND TIMELINE

{15 assumed that an agreement will be execuied and work will start in May 2003, URS will deliver three copies of
the final report and one copy of the structursl assessment caleutations o Ma/DOT within 16 months of contract
execution, We will attend all interim project status meetings and submit all interim reporis as required by Mr/DOT.

A Mu ¥y
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& RECENT RELEVANT PROJECTS

Three recem URS projects relevant to the fatigue/fracture evaluation of My/DOT Bridge 9340 are shown below:

Cleveland Ceniral Viaduct {1.88 over Cuyahoga River), Cleveland, Ohio

& Chent/Year:  Ohio Department of Transportation/2001
Bridge Type: Deck Trusses with Welded Steel Girder Approaches
URE Scope: Birength Ratings, Faligue Evaluation and Repair Recommendations

Constructed in 1959, the B-lane, nveted steel structure consists of nine-span
continuous cantileverad deck trusses Hlanked by conninuous span girder
approaches. URS pm‘wmaé in-depth structural analyses using several space frame Lmn;m{er mﬂdds 1w identity
critical members Tor steength and fatipue. Al members were tabuiated for AASHTO strength ratings and iension

i members wdentified (or fatigue assessment after critical fangue details were identified. An aﬂal tical fatigue
evalualion using the its.Lsg:uﬁ truck following the procedure in AASHTO Guide Specifications ﬁ;r Fatigue };1 cuation
of Existing Steel Bridges indicated insufficient Tatigue strength {or the continuing service. Consequently, URS
performed field measurements of strains m denubied fatigue-critical members under controlled test vehicle and
aormal iraffic. Secondary stresses i truss members due to Joint Dxity and faterally framed members, as well as stress
sireases al corroded sections were also evalupied in the test program, Based on the stress range histograms
measured over a two-week period, URS determined the effective stress ranges Tor the critical members. In
accordance with applicable provisions in the AASHTO Fatigoe Ouide Spu;hunmm VRS determined the remaiming
B fntigue ife of the structure and made recommendations for repairs,

US RBoute 522 oyer Potomac River, Hanceck, Maryland
Chent/Year, Maryland State Highway Admamstration/2002
B Bridae Type: Wichert Deck Trusses and Wichen Girders
VRS Scope:  Fatigue Evaluation and Retrofit Design

The 2.577-11 long stecl structure consists of continuous Wichert truss spans and
B continuous Wichen girder spans. Constracied in 1939, the steel supersiruciure is

made of nveted built-up members, fveted and bolted connections. as well as some welds, The structure has a history
of fatigue problems with cracks in the gusser plate around the top pin of rhomboids, stringer-to-floorbeam
connections, and most recently, in the web of floorbeams bebween the stringer connection plaie and the bottom
flange. URS conducied an emergency field inspection after long Tatigue cracks were found in a steel floorheam and
directed on-site hole-drilling for crack arrest. Subsequently, URS performed in-depth structural analyses with a space
frame computer model 10 assess stress variations in the cnitieal fatigue details due o live load. Tt was concluded that
the fatigue problems were primarily caused by the unintended compesite action between the floor system and the
main trusses/girders in combination with the low stiffaess of many connections. The general retroft scheme was o
strengthen the connection for longiudinal shear between the floor system and the maln trusses/girders and 1o
strengthen the connections between the stringers and the floorbeams. URS developed contract drawing g5 and part of
the retrofil construction was completed in 2002,

Route 33 over Lehigh River, Easton, Pennsylvania

Chient/Year: Peansylvania Department of Transponation/2002

Brodge Type: Steel Deck Trusses

URS Seope: Preliminary and Final Designs with Redundancy Analysis

URS performed preliminary and final designs of the four-span contipuous stee]
deck truss brdge with 2 main span of 394 1. Structural redundancy was given special consideration for this two-truss
swsiem. A 3-D space frame model was developed o determine struciural consequences when each teasion member
was removed individually under the dead and Lve loads. Member design forces under these cirpumstances were
determined and ertical members for mainiaining structural mif:::».,fii‘,’ under redistributed loads were identified. The
design maximized structural redundancy by taking some specinl measures, The top chord was made composite with
the deck 1o obiain the redundancy. The deck reinforcement was increased and mechanically spliced 10 provide

B required tension capacity. The stringers and floorbeams were made composite 10 the deck 10 increase the integrity of
the floor system. Internal redundancy was provided for fracture ¢ritical bottom cherd members by adding steel plates
& on each side of the welded H-section. The elements were designed for extireme event loading assuming any one of

the three clemems failed. These special consaderations \wmh{_amh mereased the ru*iundaﬂu of the struciure.
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URS

Donald J. Flemming, PE
Senior Bridge Engineer

Experience

Donald Flemming is a Senior Bridge Engineer in URS’” Minneapolis office.
s responsibilities include coordination of bridge engineering projects for
Central Region One. He has 42 years” ransportation and bridge engineering
experience including 14 years as State Bridge Engineer for che Minnesota
Department of Transportation (Mn/DOT),

-Bridge Design and Rehabilitation

Major bridge projects which Mr. Flemming has been involved with include:

s | 35w Bridge over the Mississippi River repairs and rebabilitation,
Minneapolis, MN
+  HMigh Brdge over the Mississippi River, 5S¢, Paul, MN
s Lake Street Bridge over the Mississippt River berween St. Paul and
Minneapolis, MN

« 194 Dartmouth Avenue Bridgre over the Mississippi River berween
St. Paud and Minneapolis, MN

*  Blamnik Bridge rchabilitation over the Duluth harbor, Duluth, MN
v 1-90 Dreshach Bridge over the Mississippi River, Dreshach, MN
¢ North Star Bridge over the Minnesota River, Mankato, MN

«  Mendota Bridge rehabilitation over the Minnesota River in
Mendota, MN

»  Bong Bridge over the Duluth harbor, Duluth, MN

Education

Bachelor of Science in Civil Engineering, University of Minnesota, 1961

Professional Registrations/
Affiliations

Registered Professional Engineer - Minnesota and North Dakota
American Society of Civil Engineers

National Society of Professtonal Engineer

Minnesota Surveyors and Engincers Society

TREB Steel Bridge Commiuee

TRB Stecl Fabrication Commatice

TREB General Structures Commaittee

TRB Concrete Commtttee

Work History

Mernming.dac ~ (3/03)

URS Corporation, Director of Bridge Engineering (2001 1o Present)
Mu/DOT: State Bridee Engineer (1986 o 2000}

Various Bridge Engineering Positions (1961 1o 1986)
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Y. Edward Zhou, PhD, PE

Structural Engineer

Experience Summary

Dr. Zhou has 17 years, including 9 years with URS, he has extensive
experience in bridge evaluation through combined finite element analysis and
field strain/displacement measurement. He has exceptional expertise in
fatigue/fracture analysis of stecl bridges. His experience also includes analysis,
design, inspection, evaluation and repairs of all types of bridges.

Key Projects

Cleveland Central Viaduct (1-90 over Cuyahoga River), Ohio. Performed
space frame structeral analysis for strength ratings and fatigue/fracture
evaluation of the 50-year old 9-span continuous riveted stee] deck truss
bridge. Conducted ficld strain measurements in critical members for stress
range histograms under normal traffic. Determined remaining fatigue life of

the structure and made repair recommendations,

US Route 522 Bridge over Potomac River, Huancock, Maryland. Conducted
emergency inspection after long fatigue cracks were found and directed on-
site hole-dnilling for crack arrest. Performed fatigue evalvation of the 60-year
old steel bridge consisting of continuous Wichert deck truss and Wichert
girder spans. Performed space frame structural analysis and designed retrofic

for correcting various fatigue problems.

Millard E. Tydings Memorial Bridge (I-95 over Susquehanna River),
Maryland, Performed fatigue investigation for various cracks observed in the
welded steel floor system of the 11-span cantilevered deck truss bridge built in
carly 1960°s. Designed repaits, bearing replacement at expansion joints above
hangers, temporary support system and jacking for fatigue retrofit

Great Bridpe, Chesapeake, Virginia. Performed 3-D finite element analysis of
the highly skewed 250-ft span steel truss double-leaf rolling lift bridge with
unsymmetrical live foad bents. The model included all truss members, portal
frame members, lateral braces, segmental girders, and a floor system made of
floorbeans, stringers and orthotropical concrete-filled steel grid deck. Tt
produced design forces for all members/connections under dead load at

various open positions and live foad at the closed position.

Education

BS 7/ 1982 / Civil Engineering / Northern Jiaotong University, China
M35 7 1990 / Civil Engineering / Lehigh University
PhD» 7 1994 / Structural Engineering / Lehigh University

Professional Registrations/
Affiliations

Thoudva, ~ (12767

1995 / Professional Engincer / Maryland, No. 21330

1995 / Professional Engineer / Delaware, No. 10086

1999 / Protessional Engineer 7 Virginta, No. 0402 033413
Chairman-Elect of ASCE Committec on Fatigue and Fracure
Member of ASCE Committee on Monitoring Structural Perfonmance

Adjunct Professor of Johns Hopkins Umversity
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David D. Long, PE
Senior Structural Engineer

Experience Mr. Long is 2 Senior Structural Engineer in URS' Minneapolis oflice. He is
experienced in bridge design, inspection and evaluation studies.

Bridge Design and Studies Mr. Long has experience in preliminary and final design for a variety of
bridge projects including highway, railroad and pedestrian bridges. He has
experience in bridge studies, evaluations, inspections, rehabilitation, bridge
ratings and has used various modeling techniques including three dimensional
space frame modeling. He has experience in the following bridge types:
curved and straight welded stee] plate girders, pin and hanger welded steel
plate girders, rolled steel beam, thru-girder steel railroad bridges, timber trestle
railroad bridge, concrete tlat slab, and prestressed concrete pirder. He has
experience with complex bridge layouts requiring high degrees of curvature,
sharply skewed substructures and/or kinked girder geometry. Some of these
projects include:

®  Penn Avenue Bridge No. 27V45. Penn Avenue TS A H. 32 over [-
494 (Four Span Single Point Diamond Bridge) in Richfield. Highly
complex steel framed bridge with high degrees of curvatare and a
sharply skewed Superstructure.

*  Annual bridge mspections for the Cities of Coon Rapids and Arden
Hills. |

*  Anoka County bridge inspection and repair (involved inspection of
two existing prestressed concrete beam bridges and preparation of
repatr plans and special provisions) in Coon Rapids, MN

*  Dartmouth Bridge (bridge inspection, superstructure replacement and
widening of a 1000" steel plate girder bridge, 194 over Mississippi
River) in Minneapohis, MN

* 1-535 Blatnik Bridge (bridge inspection, rehabilitaton and widening
of an 8000 bridge) conecting Duluth, Mn to Supenior, WI.

Education Bachelor of Seience m Civil Engincering, University of Minncsota, 1990
Professional Registrations/ Professional Engaoeer in the State of Minnesota (243847 1996)
Aftiliations Minnesota Conerete Council (MTC)

American Concrete Institute (ACH)

Work History URS Corporation Senior Structural Engineer (1998 to Present)
RCM Associates Inc., Structural Project Engineer (1995 1o 1998}
Parsons Brinkerholl Quade & Douglss, Inc., Structural Engineer
{1990 to 1995)
Bladholm Bros. Prestress, Struerural Engineer (1990 1o 1990)

Diong doc ~ (3703}
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Thomas D. Jenkins, PE
Chief Bridge Engineer

Experience Sumumary Mr, Jenkins has 30 years experience, all with URS. He corrently serves as
Vice President and Chief Bridge Engincer responsible for structural design
and direction of bridge projects. His expertisc is in bridge analysis and design
in structural steel, reinforced concrete, and prestressed concerete, including
long-span steel truss bridges. He has extensive experience in evaluation of and
retrofit design for existing structures exhibiting distress.

Key Projects Cleveland Central Viaduct Bridge (I-90 over Cuyahoga River), Ghio. Load
rating analysis, fatigue evaluation, strain gauge testing, and rehabilitation and
widening studics for a ninc-span continuous steel cantilever deck teuss {2,720
feet long).

US Route 522 Bridge over Potomac River, Hancock, Marpland. Tatipue
evatuation of steel bridge consisting of continuous Wichert deck truss and
Wichert girder spans including space frame structural analysis and preparation
of retrofit plans for correcting fatigue-related cracking.

Lehigh River Bridge, Easton, Pennsylvania, Preliminary and final design
development for this 1,800-foot-long, four-span composite steel truss with 2
main river span length of 594 feet. Design included a complete structure
three~-dimensional analysis vsed for identification of non-redundant tension
members which were then detailed to provide redundant elements.

Fracture Critical Bridges, Statewide, Michigan. Development of an inspection
gaide for the Michigan Department of Transportation's fracture critical
bridges. Included evaluadon of all welded and fatigue-sensitive details on the
bridges.

Fracture Review for Hoan-Like Details, Maryland. Performed detail review
and provided renofic recommendations for steel girder fracture critical bridges
potentially having tri-axial constraint at bracing connections similar 1o
conditions responsible for brittle fracture of the Hoan Bridge.

1-95 over James River, Richmond, Virginia. Superstructure rehabilitation and
replacement for two parallel 4,185-foot-long bridges over James River. Pre-
constructed composite units were used for nighttime superstructure
replacement. Precast filled prid deck panels were used for nighttime deck

replacement.
Education BS 7/ 1972 / Civil Engineering / University of Virginia
ME / 1974 / Civil Engincering / University of Virginia
Professional Registrations/ 1978 / Professional Engineer / Marvland, No., 11219
Aftiliations 1979 / Swuctural Engineer 7 Hlinots, No, 4261

1991 / Civil Engineer / California, No. C47439
1996 / Professional Engineer / Michigan, No. 41762

Thowdoc - {12462}
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MnfDOl Ameemcnt NO.B2 LD
- C CFMS Cuntract No M gg“
. STATE OF MINNESOTA
PROFESSIONAL AND TECHNICAJ.. SERV!CES CONTRACT

' jProject Idenuﬁcntion it ‘40 13 Wov Masmssmm River)
'State Project Number (SP) ,N‘A\ . Tnmk nghway {THD): __‘ﬂ '

. o 'Thm Contract is betwesn ﬂae State of Mmesota actmg ﬂ'n'nugh its Con'mnss:onsr of Transpm‘taton (Statc) nnd o
. URS ]nc Add:ess Tirashar Square, 700 'I'h::rd Sﬁ:eet South aneapohs, Minnesota 55415 (Contrantor)

Recitals ) BN .

R T Undez ancsota Statutes §15 061 the Comnussmncr of) Transportahon is empowered. fo engage such L
‘ _assistance as deemied necessary. - B
.2, The State is in need of the Contractor's parnu:pat:on and assmtanr:.c dunng the State & annual mspcchou .
.. .of Bridge No. 9340 (I-35W oyer the Mississippi River). The Contractor's participation during annual
inspections will Rllow prelimihary sssensment of the bridge’s structural condition. Under a future -
. agresrient, to be executed after completion of the séheduled mspechons, the Contmctor 810 perfcm‘n 2
ST _ structural evaluation of the bndgt. g fachire eritical goshiponents.
.3, .. The Contractor represents that it is duly quahﬁed and agrees to pcrfozm all scmcas desonbed in ﬂns :
U cnnimct w the sausfaction of the State, - . . '
e . Contract Spemsi Terms -

e '. 'Artiele 1 Termi of Cnn%ract' ' _ _ ‘
- 11 - Effective date: - . " The date hat all reqmred signatures are btained by the State pu:suant;"--

T - -to Minnegots Statutes ‘Sect:on 16C.05, subdivision 2.
1.2 "Wurk Complehon date: . August 31, 2003 '

'13 . Expiration date . . Deotsuber 31, 2003, &5 until ail obllganons bave been “PP“’"*’d Wh“’h" |
A . everocoms first, :
L4 - Survivalterms:  : Thefollowing clascs survive the expiration or; termination of ﬂlls

contract: 11; Governing Eaw; Jurisdiction, and Vienue; 22. Andits and

Inspcctmns,:l?a Government Data Practices and Tntelleotual Property, o

R * 24, Liability; 29. Publicity and Endorsement; and 36. Dats Disclosure. " ¥
Eﬂubxts o - Exhibits A through D are attached and incorporated mtq juhm Contreet.-.

Article 2 Scope of Wark

o210 .Thc services fo be pmvadcd for unée;- ﬂns Cvnhactby the Cumtracter are; '
- . The Contractor will participate with the State’s personnel during their annual inspection of Bndge
© No. 9340, This primarily includes’ stcompanying the State's inspectors in & moopcr basket to
" assess thc exi 1sting sm:ctural cond:tmn of kcy supcrsﬁ‘ucturc components. .

o220 Deliverablcs mre dcﬁned as the work pmduct created or supphcd by the Conh'actor pursuant tothe
Col L s of th;s Comract ‘The bnef summary of the dclwerablcs of this Contraat azc a8 foﬁlows ‘

" Items : - ' : Date Due ™
Contact repost sunnnanzmg the f'mdmgs of tha inspection. 21 calendar days after
(2 copies — Heavy Bond Pape.r mcludmg appropnate pBotesy - completion of Annual -

I , _ R ' Inspcchon N :

S 23 The State's ngect Managar has tha authonty to upda‘:e a.nd adjust all prt)}ec't schedules when
Do : ncccssary a8t progress meetmgs mthm the tesmne of the Comtract, ,

24, See E:ghlb;t_A for d¢’cazls on scopcmd deliversbles.
. Page ] of3
R URS 0000370
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Artm!e 3 Items Provuied and Cnmpieted by the State' .

w31 After authorizing the Conactor to begin work, the State will furmuh any data or matcnal init’s

Mujus Agreamant mo.g,y,gz

possession relating to the project that may be of use to the Contractor in performing the work, All.
such data firnished to the Contrastor, will remain the property of the State and will bé promptly
returned upon the State’s request or upon the expiration er termination of this. contract.-

The Contractor will analyze all such data fornished by the State, If the Contrector finds any such

"+, datato bé incorrect or inconplete, the Contractor will bring fhie facts to'the attention of the. Statg” -

before proceeding with the part of the project affected. The State will investigate the inatter, and o

. if it finds that such data is incorrect or incomplete, it will promptly determiine = misthod for .
' faryishing corrected deta, Delay in ﬁmshmg data wﬂl bof be considered ;ustsﬁcatmn forf @

. adjustment in compcnsatxon

B . 3.3 5 See Exhlblt A fora deta:lad hstmg of res;;onaihhnes 10 be campie:tcd o mmrs 10 be prowded by '
R thz Stata ' ) . .

Artmle 4 Consxdzrutmn of Payment

"-;41"

U4 “The ovechead rate of 130.26% of digect Salary Costs wm be uszd one prowsmnal basis -

’Ihe Cont:actur wﬂl be paid on & Cost Plus F:xed Fee (proﬁt) bams L i‘ollows '

1. Labor: AR ' $256600,_..
2. Oyerhead: ~ ~+ . . $ 3,342.47
. 3:Fixed Pesi T § 00,02
A Dirthxpenses: o ' $ 20240 - -
SRR -' ' TQMIConu-actAmomtSGSli? 89-‘

e The Contractor witl be ﬁ‘clmbursed for tnwe.l and aubmstcnce cxpenses in the SEme mamm and in’
1o greater amount than provided in. fhe current. *Mifmesota Department of 'I‘ransportauon Trave)
" 'Régulations”. The Contractor will not be reimibursed for travel and subsistence expénses mnun-ad

outside fhe Stats of Minnesota uriless it has received prior written apptoval from the State for

such pvt of state travel, The State oF anesots, will be' conmdemd the home basa fm dctenmrdng_- L
whethe.-r travel is “out of | state”, ) : .

detemainad by the State 8 Aucht Smtlon

- Allowablc direct costs mclude prn] e,ct spee:ﬁc costs listed in Exhibit B, Any othar du'ac’c costs
. mot listed in Exhibit B must be appraved in wn'qng, by the State’s Authonzed Agent pm:u- tﬂ :

L mcunmg costs.

45

. .See B)dnbtt B for Budget Deta:ls on the Cmntraoter

“The State’s total obhgatmn for alf compensanon and rctmburscmcmis to tha Contractor lel not
. exceed § 6,819.89. ’ . :

Article 5 "Ternis of Payment

R

'-slz' A

The Ccntfactcr will e t‘nc fonnat set forrth in Exh:b:t C when submittin '3 Invomes

The Contractm will subm;t the monthly pmgn‘.ss report set forth in Fxhibit D ShOWm g the
" progress of work in work hours atcordmg to the tagks hsted in Am::la 2 Scope of Wcrk

., Articie 6 Contractor s Authonzed Agent and Project Team' '

T ‘

£0°d

12:ST so0z b oune

Th¢ Contracfor's Authunzed Agam wﬁl be :

Nan'm Donald 1. Flemmmg,PE
. Titler Pro;eczManagcr .

| 'I:"agallm"3.:l:‘ - URS 0000371
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- Mn/DOT Agreement No.83162 -
' Address: Thrcs}'xer Square S o
700 Third Street South -

- Minneapolis, Mimesota 55415
: Pherte: (612) 370-00700

f the Conuamor § Auﬂlonzed Agmt or ProJ act Manager changes at any txme during this
Conb:act, the Contractor WJll be respons:blc to fo]luw conditions lmd out vnthm Article 16 of thc ‘

- :_ : Gene:al Terms,

Arﬂcle 7 Stnte 5 Authorized Agent nnd Projett Managerﬂ. .

L

73

‘?1

The Btate’s Authcmzc& Agent wxll be

Name Robartl Mﬂ!zr P. E

. " Title;  Bridge Agreement Engmee:r "
' 'Addrﬁss 3485 Hadley Avenue North

Oakdale Minnesots 551983307
“Phone:  (651) 7472105 .

. The State’s Authorized Agent or his/her sncoessor, has the responmbﬂxty fo mommr the

Contractor’s performance and the authority to accept the sérvices provxded under this contract, If -
the services.are satisfactory, the S‘fa’rﬁ's Au’rhonzed Agent will cmlfy acceptance on cach mvome -
‘ submlttc& for pnyment ' . , .

L The Statc’ 8 Progect Mamger for ﬂns COntmct W111 'bc

" Mame: RobertJ. Miller, B.E:

Title: . Bridge Agreement Eng;méer ‘
Address: 3485 Hadley Avenue North -
Qakdale anesom 55128 3307 '

- ,’Phéné (65 472105

' "I'he Btate's PIO_] ect Manage.r of baslhm- sruccesser, has the responsah!hty 1o monitor the

Contractor's performance and progress, the Project Manager will sign progress reports, review C

.. billing statements, make recommendations to the State’s Authorized Agent for aceeptance of the )
. - Contractor's goods or services, and make recommendations 1o the State’s Authomcd Agent fnr
. certification for payment 6f cach Invo:ca su'bmltted for payment ‘ .

T '. Arﬁcle 8 Modlﬁcnﬁan of the. General Terms: -
-8.1

!"

Dcletc Article 15.3 “Retainage” pursuant to Mimmesota Swmtcs Secuons 16C 08, subﬂwasmn 5,

" which states that retalnage paragraph-does not apply to contiacts for profe.sswnal services as

deﬁned in Minnesota Stamtcs Sechuns 326. 02 425} 326 15,

Articla 9 Additlonal Prov:smns
' Nonc :

"+ THE BALANCE OF TEIS PAGE HAS BEEN INTENTIONALLY LEFT BLANK. .

yod
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“Mn/DOT Agrecrnent No, 85169 -
s .Genera;l ’I'_emis L .
Terti of Contract :

- This Contract will be effective Upon the date set in the Special Tc'mmv. end will remain in sffect

o  until the Expiration Date set in the Special Terms, or until all obligations set forth in this Cortract
“ . have been fulfilled fo the satisfaction of Statc, or untﬂ tenmnated undcr Arhclc 31, wh:chever,
' .-.avent uccurs, ﬁrst . . - .

. ;.'For dclays encountercd hit are- beyond Contractor g control B,nd upon wtttm reque:st frorn '

-+ Coritractor, State's Authorized Agent may extend thé Work Completion Date, as set forth in'the .
i, 8pecial Terms of this Contract. The length of such time extensien will be determined by Sia'tes '
C -Authonzed Age.nt and wﬂl not excecd the Expxranon Date of Conﬂact ' L o

R ~10.3

; .It wﬂlbe Contractcr 8 responmbﬁﬂy £ notify Statc B P roJect M anagcr ‘and S tate’y Authonzad R
Agent, in writing, if the project will not be completed 2s scheduled. State's Project. Managcr will -

. L . have thc au‘momy to adgust thc schedtﬂe, in wm.ng, within the term of Contract,
. Article 18
11

_ Govembxg Law, Jurisdiction, smd mee ) ' :
. This Contract will be interpreted pursuant to Minnesota law. Any cifation to fadwal or swe Iaw

incorporates the lsngunge of that law into this Comm:t as if fully set forth herein. Venye for al}

*legal proceedings arising aut of this Confract, orits braach willbeinthe applmabla statc or" '

T fedcral court with competmt Junsdactwn in Ramsey County, anesoia

Arﬁcle 12 v

121

L "f.‘;l:,(;z’ |

' Arhcle 13
RO £

132

Terms ‘of General Terms .

'_.Any and all prov;s;ons of thésc General Terms wil] remain in force unless they are spemﬁcally; '
. mod;ﬁed in wntmg, by the Spema] Terms of t}ns Cmtract

To the exfent Df any msoﬁsmtencxes between. the Specml Tenns and ‘Lhesc General Tm‘ms, the -

. Special Terms, will control. anescta law supersedcs any of the Spedial. 'I‘e:xns or Gencral'
. Tﬁrms sct forth n this. Contraot )

TermsofPayment S

- Subject to the provisions of thc Spemal nnd General Tc:m’:s, all services pexformnd arrdfor goods '

satisfactorily supplied by . Contractor pursuant to this Confract will be peid by State. '
'Compensahon will be i in accordancc mththe Speczal Tcn‘ns Art‘.tcle 4 Cnnsxdcranon of Pa:,rmenr

- Af appears atany time that Contractm wﬂ} exceed the T otal Conmt Amount stated in the"

.. Special Terms of this Contract, Contractor must notify State’s Anthorized Agent in writing in a

timely manner, Contractor will not be cornpensated for work performed in excess of the Tata) . e

" . Contract Amount without a written, and fully éxecuted, amendment to this Contrast. Any work
-, performed beyond that which is provided for in this Contract without & prioy written amendrhent

. signed by State, will be deemed voluntary and Contractor wﬁl not be entitled !o comPensa.hon for .

the e:xtra wozk

133"
o+ under this Contract, Contractor must make a written notice for any extra cost incurred within 10

504

If Conn‘aato:' claims any instructions, latent: conditions, or conditions exist that cauge extra ost

days after such instruction or obasrvance of vonditions, Latent conditions are conditions not

- anticipated by the Special Terms of this Contract. Any claims made without a written notice will
“be refused and no ¢laim will be valid unless 8o made. Ariy work performed under an amendment
" to this' Contract thal has not beep-properly zpproved and executed by the parties will be
© performed et Contractor's own Tigk. State’s ‘Authorized Agent will have the sole anthority to

determine whether any claimed extra costs are- reascmable wnder the cirbumnstances and whether

. State wﬂi approve the extea eOsts,
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Mn/'DOT Agrcemem No §5 162

State will nnt pay ovemme rates for any overnmc wuﬂc Of SEEViCes pcrformcd by Contractor or &

"+ subcontractor unless State’s Authorized Agent has specifically requested Contractor to'do so in
" writing, thn specifically ruthorized hy State’s Authorized Agent, overtime premium pay will
_ be reimbursed as a direct cost for the overtunc partion of the houﬂy rate and 15 not eligible for
.(werhead costs of pmﬂt . : .

Reun&urscmeut for travel and subswtmcc EXpenses actually ‘and neoessmly mcurre& by-
.. Contractor as'a result of performance of this Contract will not exceed the amount defined in the

. " Special Terms.. Contractor will be rezmbursed for travel and subsistence expenses in the same ‘

- menner and in’'no gréater amount than provided in the current "Minmesota Departmenit of

3 * "Transportation Travel Regulations.” Contracsor will not be reimibursed for travel and subsistence’

expenses i nourred o uside the state o f M innesots unless it has received prior written approval °

" fror State for such out of state travel, " The state of Minnesota will be considered thie home hase

L fer detenmnmg whether tra*vel is “out of state.” :

. “The final payment due Comractor wm bc based on aoma! acoapmbxe vosty as det-m-rmsd by un

audit conducted by State. " The. audit will be conducted using the Cost Principles and Procedures
set-forth in tha Federal Acguisition Regulations, 48 Code of Federal Regulations Section 31; s - .

. ' modified by state policies and procedures. Based upon final audit, the final payme.nt to

Arnc]e &
14

' :_ N Confrscmr may exteed thc Total Contract A:nnunt without amending thxs Contmct

‘Prncedure for Paymem _ T : s |
. Payments will be made by State w1thm 30 days of Contrastor's presmtmon of invoioes and |

progress reports for services performed and the acceptance of such serv:ces 'by State’ s Authonzed -

. :'. Agem‘. 85 1dcnhﬁed in Minncsota Sfaﬁ:tes Sactmn 16A.124, -

142
" . .the-form prescribed by State. Invoices must identify the cost for the services performed and/or - '

Invmces for paymcnt inust be subm;ttcd by Contractor monthly to Starte’s Authcnzed Agent in

goads dehvered for the bﬂhng pmud and smast satmfy the requuements listed below: .

, 14 21 Each invoice. must contain the foliowmg mfonnatmn Mn/DOT Agreement Num‘cer,‘

T Mr/DOT ¢ ontract invoice number (sequentialiy n umbered), bitling 2 ddress if different

from business address, and Contractor's original signature attesting that the invéiced -
_services-and costs -are new and that no- prewuus eharge for those’ services and/or gaods
‘has been included in any prior invoice.. :

14;':!.2 Direct nonsalary oosts allocable to the work under this Contract, and daﬁned m theil

Special Terms of this Contract, must be itemnized and supported with invoices or billing .-
documents to show that such ¢osts ate properly allocabie to the work, Direct nonsalary
costs are any costa that are not the selaried costs’ directly related to'the work of

. Confractor, Supportmg documcntat:on must be provided in a thanmer that c.orrespcmds io
sach direct cost,

T 14.‘23 The original of each i 1nvomc and pro gress rc'poﬂ must be sent 1o Statz’s Authonzad Agcnt

for review end payment, -

404 Contractor mmust prowdc upon request of State’s - Authorized Agcnt, the follewmg

90°d

-supporting documentation: -
B, Ditect salary.costy of empiuyees time directly chargeablc for the services . .
. performed. under this Contract,. This must include a payroll cost breakdown |
" identifying the name of the empioyec clagsification, actual rate of 3y, hours
- .. warked, and total payment for eack invoice perind; and :
‘b, . Signed time sheets of payfoll cost breakdown for each employee hstmg dafes End
* hours worked. Computer generated printouts of labor costs for the project mmust
contain the project number, tach employee's name, hourly rete, regular and
" pverlime hom*s, and tha dolia: nmount charged to the project for each pay: pznod
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Mu/DOT Agreement No 85169 .

143 " M Contractor is authorized by State to 3 Or uses any subcontrectors, Céntractor must maludc all
- the above supperting documentation in any subcontraotors contract, and Conftractor mus’; makz
tamely paymants to'its subcomractors

S 144 .Conu'actw musi Teruire subcontractors mvomes to fcllow the same form and contam f}sc same '
= o mfomnation as set forth in tlus Aruclcld. -

- Article 15 Conditions of Paymem ' o
"7 1507 - Al services and/or goods provided by Contractor pursuant to this Cﬂntract must'be pexfarrncd to
. _ the satisfaction of State, and in accordance with the following: - :
© 1541 Applicable federsl, state, and lodel laws, ordinances, ru]:s, and Iegulntmns
- 15 12 Apphcable state. standards polunes and pncucns .

152 "Contractor w;ll nat recewe payment for WOrX dzm‘mincd by State’s Aumonzed Aganf to. b;' ‘

e , .. unsatisfactory, or performed in wulahon of fedm.l state, or local ]aws, urdmances, mlss,
regu]auoris . .

(153 Ratamage Pursuant to anesota Statutcs Scchon 16C. 08, subdmswn S(b), ag enacted, 10 more - -
7 than 90-percent of tlie compensation due under fhis Contract may be paid until the fital produet(s). .
" of this Cortiract have been reviewed by the hcad of the Mimesota- Departnmnt of Transportation -~
© O (“Mp/DOT™). The balance due and owing wﬂl ‘e paid af the time that the head of MnIDOT o
. detmmnss that Conb:actor has satxsfac’wnly fulﬁ}lcd all t‘ne terms of this Coniract L

- _15.'.4' .A_'il scrvmas andfor goods novered by progrcss paymmts made by State’ wxll become the sole'
.. 7 property of State, This provision imust not be construed as velieving Contractor from sole‘ ‘
‘responsibility for a1l meterial and work upon which. payments have been made or the testoration.

- _ " of any.damaged work or as wa;wng the ngh‘t of State to requn'e the ﬁﬁﬁllmmt of a11 of tha terms
L ofth:sConb'act A . :

o 155 -:'._:Nothang in this Contmct tmust be cénstroed in any Way to operste to relieve Comractor from 1t3' _
- cbligation to complete the services and/or deliver my goods described in this, Commct for 2 sum'
7 not fo exceed that set fo:th in the Specml Tem:s '

Artxc[e 16 . ContractorsKey Personnel o

- 161 ‘Contractor's key personnel specified by neEme and title in the Specml Tenns wﬂi be’ cons1dcred a
s esae.utml o the wm-k bemg pcrfonncd ' . '

"16.2. l AIf for any rf:ﬁ.stm substltuhan of a kcy person bccornes necessary, Conw:actor must p:owde two .
. weeks® advance writien notification of the substmt;on to State’s Authorized Agent, The writfen
 potification must include the proposed sugcessor's name ‘and 4 resume of his/her quatifications,

‘State’s Authonzed Agent wxll have .the nght fo reject the proposcd successor based upen '
o -reasonab‘ie grounds .. '

Articie 17 - Asslgnment

17.1  Confractor may neifaer assign nor transfer :my r1ghts or obligations under this Cnm:mct without
" -uthorization from State’s Authorized Agent and a fully executed a.ss1gnmcm agreement. The

written authority will in no way relieve Contractor- from . the primary responsibility for
parfcrmancc of the services and/for dehvery of the goods specified in thiz Contract,

TN

Artlcié-l_s Subcontracts ' ' o
181 | Contractor must require all subcontractor cuntrﬂcts 1 contain al} approprmte terrns and mndmons
.. of this Contraet, including Articles 10, 11, 13, 14, 16, 18 through 34 and 36, as they epply to the

sub confractor, The use. of subcontractors doss not rehr:ve Contrastor from perfonmng and
del.vcnng the work stated in thas Contract
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Mn/DOT Ag:reement No, 85 162

182 State’s Authunzcd Agent nmst review, and accept for compliance w:th the Gcncral and Specxa!
“ 7 Terms of this Contract, ali subcontractor contracts exceeding $10,000.00 prior to the execution of
-any sush subcontractor countract, State’s Authorized Agenmt has the authority to reject any .
' subconuactor cnntract that does not compiy w:th the Genera! and Speasal Terrr;s of th:s Contract

R : 183 A copy ofany andau subcontmntor nontmcﬂa mustbe sent to State’ sAuthonmd Agcmtafter _
.t exetution of the subcontractor contract and pnor to. work smrtmg under the Wbcf’nﬁ'“mf
L contract, . . . -

Artncle 19 o A.mendments, Change Orders. Merger, and aner L -
7 "19.1 . Amendments to this Contract will be considered only for. unforeseen work or services, fhat were
" excluded in the Scope of Work of the.Special Terins and that ate gonsidered essential to the work,
* Any writien claim made by Contractor for extra work or coate under this Contract that has been . -
approved by State’s Authotized Agent rhust be evidenced by an amendment 4o this Contract,
" Amendments must be in writing and executed and approved by the same parties and officials who
 oxeouted and approved the originel Contract, o7 their successors in office. Contractor must notify -
- State’s Project Manager in writing if Contractar w111 be delayed in any way from cumphhng the .
- proje.ct under this Contract : .

o192 The ‘Work to be done in conmection w:th this Contact Ty be cha;nged nt thc request of State. '
7. ... with the mutual concurrence of Contractor. ' Anty: change will be clearly snd, fully'defimed in. .
-writing, and approved by both parnes Changc orders must be cansistent with the basic pirpose -
i of this Contract and within the general Scope of Work identified in the Special Terms. Changes -
cim thc Total Conb:act Amount or Contract Exp:ration Date are not pemntbed in  change order,

193 . Thts Contract, mc:ludmg a'ﬂ mcoxpomted 1tenas contains zd] ncgot:atmm; and agrcements belwe.en
-1, Contractor and State. No othér \.mderatand.ng, wheﬂm' written oy oral mgardmg thw Contract :
may be used %o bind eather party : e : .

194 Bailwre of a perty o enforée an'y prov:tsmn of shi:Contract will not conshtute, or be construed as, -
Ce 2 wajver of such prov1s1on of of the nght to. cn,foree such prcv:sxon

Axtlclez 20 f, . Afﬁrmatlve Action

<+ .30,1  For contracts in excess of 5100.000 04, Comractor cta*uf'acs that 1t 18 m comphance w;th :
P anc:snta Statutes Section 363. 073 . . o :

202" Cuntractox certifies fhat it is an eqmﬂ opportumty emp}oyer s.nd comphes w:th Tit]e. VI of the
-~ CivilRights Aot of 1964, and the F resident’s E xecutive. Order Nurnber 11246 as amended by

.| . Bxecutive Qrdef Number 11375, "Accordingly, 49 Code of Federal Regulations Section 21
: ‘_th:wgh Appendix € and 23 Code of Federal Regulations Section Part 200 wﬂl be apphcable ,

. 203 i Conn'actor has more than. 40 full-tzme em;ﬂoyc:s within the State of Minnssota'on 2 single
" ... 'working day during the previous tweive months Contractor must comply Wlth ‘the followmg
g Af‘in‘natwe Action requirements for disabled workers: . : :

. .20 3] " Contracter must not dzscnnnnato~ agamst-aﬁy employes: or apphcant for. employment
: . “becduse of physical or mental disability in regard to.any position for which the employee |
ot applicant for cmploymcnt 1§ qualified. Contractor agrees to take sffirmative action 1o
employ, advance in ermployment, and otherwise treat qualified disebled persons without .
discrinnination based upon their physical ¢r mental disability in all employment practices
-such as. the following: Employment, upgrading, demotion or transfer, recruitment,

. X advertising, layoff or termination, tates of pay or ofhcr forms of ccmpensauon, and,
sclectmn for training, 1n¢1udmg apprcnmccsmp
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Mn{DOT Agreemcnt No 85

2032 Contractor will comply thh tha ru!es and relevant orders of the ane:sow Dcpartment
o of Human Rights issued pursuant to the Minnesotd Humsn Rights Aet, ~ _
. -+ 2033 In the event of Contractor’s noncomplmncc with the requirements of this clause, actions
.- for noncomplisnce may be-taken. in accordénoé may be taken in acoordance with
- Minnesota' Statutes Section 363.073, and the twles of relevant orders of the Minnesota
. . Departrent of Hurnan Rights issusd pursuant to the Minnesota Human .'R;gh'm Act,
20,34 Contractor will-post in: conspicuous places, - available to empluyeas and, applicants for
... .- employmént, notices in'a form to be prescribed by the commuissioner of the Minnesota
.- Department of Human Right¥. Such notices must state Contractor’s obligatiori under the
" Jaw 10 take sffirmative action t6, employ and advance in employment qualified disabled
employees and applicants for emp]oymant and the rights of applicants and cmployees '
" 2035 Contractor yust notify each labor-union. or representative of workers with which it ha a
eollective bargammg agreemmt or other comtract vpderstanding, that, Contractor is
" bound by the terms of Minnesota Statutes Section 363.073, or the Minnesota Human-

. Rights Act and is committed to take affirodative action to empley and advance i’
' employmc.nt physwa]ly und memally dtsablcd persons, »

e Article 21 l" ; Cumpllance w1th I;:censes, Permlts and Other Regulatxons - " T :
o 2}21 Contractor must procure all 11cmscs, permitg, or gther rights necessary 10 fulﬁl! Rs obhganms~.:
Lo undez this Contact in comphance w:th aj] npphcablc fedem] and gtate laws. .

Article 22 Audlts an