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DISCLAIMER

THIS EMERGENCY RESPONSE MANUAL FOR RESPONDING
TO OVER HEIGHT COLLISIONS TO BRIDGES IS PUBLISHED
TO PROVIDE INFORMATION AND GUIDANCE TO IOWA DOT
PERSONNEL WHO ARE EITHER DIRECTLY OR INDIRECTLY
RESPONDING TO AN EMERGENCY SITUATION INVOLVING
IMPACT DAMAGE TO A BRIDGE ON THE STATE OR U.S.
HIGHWAY SYSTEM WITHIN THE STATE OF IOWA. THIS
MANUAL IS ISSUED TO SECURE, SO FAR AS POSSIBLE,
UNIFORMITY OF PRACTICE AND PROCEDURE IN METHODS
DEVELOPED BY EXPERIENCE. BUDGETARY LIMITATIONS,
VOLUMES AND TYPES OF TRAFFIC, LOCAL CONDITIONS
AND OTHER FACTORS MAY RENDER COMPLETE
COMPLIANCE WITH THE GUIDELINES SET FORTH IN THIS
MANUAL IMPOSSIBLE OR IMPRACTICAL. THIS MANUAL IS
NOT PURPORTED TO BE A COMPLETE GUIDE IN ALL AREAS
OF BRIDGE IMPACT EMERGENCY RESPONSE AND IS NOT A
SUBSTITUTE FOR SOUND ENGINEERING JUDGMENT.




Emergency Response Manual for
Over Height Collisions to Bridges Table of Contents

TABLE OF CONTENTS

CHAPTER 1 OVERVIEW AND DEFINITIONS .........ococitreirresessssesssssessssssessssessssssessssssesssssssssssssssssssssssssssssssssssssens 11
1.1 PUPOSE OF MANUAL .......cvviiiicctee et bbb 1-1
1.2 Definitions, Abbreviations, and ACTONYMS ........cccvvriiirnenrrieeee s 1-1

120 DEFINIIONS ..o 1-1
1.2.2  Abbreviations and ACTONYMS...........cvueuruiieireiieeieieiiei e 1-2
1.3 Common Types of Bridge Damage ............cvuririurieiriieieee e 1-2
1.3.1  Impact Damage to Steel Beam or Girder Bridges ..........cccocvvvvireccceeiccececeesn, 1-2
1.3.2  Impact Damage to Prestressed Concrete Beam Bridges.........cocvivnrivncnnicinininns 1-3

CHAPTER 2 RESPONSE PROCEDURES..........ccoonmmmmmnssssnssssssssssssssssssssssssssssssssssssssssssesssssssssssssens 241
21 Emergency Response Variables ... 2-1
2.2 Emergency Response FIOWChaMS ... 2-1
2.3 State of lowa and lowa DOT Emergency Response Plan for Major Events........ccccoovveeccvcennen, 2-4

2.3.1  State of lowa Emergency ReSponse Plan...........ccovinniencnnesessseseeis 2-4
2.3.2 lowa DOT Systems Operations Bureau, Traffic Operations Center...........cccooeevevernnen. 2-5
24 State Patrol, Rescue Personnel, HazMat Personnel, and Local Police/Sheriff Coordination ......... 2-6
25 Second-party Bridge Owner or Agency Coordination.............cooeeeeereinnenneessesseessieeens 2-7
2.6 Reporting Hazardous Materials SpillS ..o 2-7
2.7 Public and Media CoOrdiNation.........ccccvviicieierririrccee et 2-8
270 TOWA 51Tt 2-8
2.7.2  lowa DOT Office of Strategic CommUNICAtIONS ..........ccovriveurerieriireee e 2-8
2.7.3  Communication Coordination with District Staff ... 2-8
2.8 Maintenance of Traffic Operations and ProCeAUIES ........ccvvvvriririreeeeieeiieseses s 29
2.8.1 |Initial Clean-up and Restoration of TraffiC..........ccccccerivriicicceinseece s 2-9
2.8.2  Use of Statewide Intelligent Transportation Systems and Variable Message Signs ......2-11
2.8.3  Incident Management ROULES .........cccocruriniiieieieiiree e 2-11
2.84  Use of Temporary Detour Bridge .......cccovvvrveveeeciiiiissssss e 2-11
29 Assessing Damage and Determining Follow-up Procedures .........cccoovvvvvrveerecccienennnessisenenas 2-11
29.1  Field Inspection of ColliSion Damage ...........ccorereuriiiririeiririeirneseee s 2-12
2.9.2 Beamand Girder Damage LEVEIS .........cccvcveveeeccciisssss e 2-15
2.9.3  Repair/Replacement Options Tied to Levels and Types of Damage.........c.cccovvvvreerenne. 2-16
210  Assessing Bridge Repair vs. Bridge Replacement ... 2-26
211 Contract Leting OPHONS ..ot 2-26
2111 Regular Letting ProCESS .......coviviiiiiieieiirsteeeei et 2-26
2.11.2  SPECial LEttNGS...ciiiiiiisicse ettt 2-26
2113 EMergency LEtINGS .....c.ceuruririiriicieieieie et 2-26
2114 Use of Incentives and DiSINCENHIVES..........ccovoerirrrrreeeees s 2-27
212 Funding Repairs and Reimbursement to lowa DOT for REpairs ...........cooveeeeeenniriieercieennnn, 2-27
2121 lowa DOT Project Number for Inspection/Design ServiCes...........cccouerrrnirernininenns 2-28
2122 Federal Aid CONSIAErations ...........ccrurururrinieeieeiesi st eeeeeen 2-28

CHAPTER 3 STEEL BEAM OR GIRDER BRIDGE REPAIR..........ccoosenurmmnenrrenesssesssssesssssssssssssssssssssssssesssssssssssssens 3-1
3.1 Use of Temporary Strong BaCKS .........cooeeeririrrrrecceeess s 3-1
3.2 Partial Removal and Replacement of Steel Beam Bottom Flange and Web ............ccccovvvvnnnn. 3-2
3.3 Steel Beam Strengthening ANGIE ..o 3-3
34 TempPOorary SNOTING TOWEFS ........ccueurueuriririrecieieieieteesese sttt ese st e e s ss e e snseseseeen 3-4

@IOWA DOT i January 26, 2016



Emergency Response Manual for

Over Height Collisions to Bridges Table of Contents
B4 L0BAS .o 3-5
342 GeomEtriC CONSIAINS ...t 3-5
3.4.3  Protection from TraffiC........ocovieerrceees s 3-6
3.5 Local Repalirs to Prevent SIreSs RISETS ........ccciiiiiicicieeesi et 3-6
3.6 Heat StraignteNiNg..........coe e 3-6
3.7 (070 ] (oI = o (T Vo PP TR PP PPURRRPPTR 3-8
3.8 Steel Beam Repair Concept Statement.........coovviirrrrceee s 3-8
CHAPTER 4 PRESTRESSED CONCRETE BEAM BRIDGE REPAIR. ... 4-1
4.1 Temporary SOTNG TOWETS ........cviucueueiriiiieceeie et s ettt bbb bbb s s b b ebns 4-1
4.2 Carbon Fiber and Fiber Reinforced Polymer Wrap Repairs ........c.ccccvvveeerrinnnseeeesnsscneenns 4-1
4.3 Grouted Steel SIBEVE REPAIIS ........c.covvcuciireiciiiieecee et 4-2
4.4 Prestressed Strand SPlICING .......c.c.vveie e 4-3
45 Prestressed Concrete Beam Repair Concept Statement ..., 4-3
CHAPTER 5 RELATED TYPES OF BRIDGE DAMAGE AND OTHER BRIDGE TYPES. .........ccccounmmnmnnensssenns 541
5.1 Other TYpes 0f DAMAQJE ........c.cuviiieiriiiiieee b 5-1
.11 FIr@ DAMAGE ...ttt ettt 51
5.1.2  Impact to Bridge Pier COIUMNS..........ccvirirircee e 5-3
5.1.3  Flood Debris DAMAQE ....cccvovivvvririiieieicceeie sttt 5-3
5.14  Flood SCOUM DAMAGE ....cviiiiriririsiee ettt enens 54
5.1.5  Barge IMPACL......coviiiieiiicie e 5-4
5.2 L0 (L= oo o= I - PSRRI 55
5.2.1  TIUSS BHAGES .. ovvveveieeeieieisisiece ettt 5-5
5.2.2  Cast-in-Place Concrete BrAgeS ........oovveeririrrrriceeiee st 5-5
List of Tables
Table 1.2.2. Abbreviations and ACTONYMS ..ot sererens 1-2
List of Figures
Figure 2.2-1. Initial Emergency Response FIOW Chart ... 2-2
Figure 2.2-2. Detailed Bridge Assessment FIOW Chart ............ccooeiiineceseeee s 2-3
Figure 2.2-3. Repair Design and Contract Letting FIow Chart ..o 2-4
Figure 2.9.3.1-1. Steel Gouge and Paint SCraPe .........ccccceiiiiiiiiisss et 2-16
Figure 2.9.3.1-2. Moderately Bent Bottom Flange with Some Web DiStortion ... 2-17
Figure 2.9.3.1-3. Damaged Diaphragm MemMDET ..o 2-18
Figure 2.9.3.1-4. Out of Plane Bending With Web Tear..........cccririiiriiceseie s 2-19
Figure 2.9.3.1-5. Bottom of Deck Spalling with Crack at Girder-to-Deck Interface ... 2-19
Figure 2.9.3.2-1. Installation of Drape to Catch LO0SE DEDIIS ...........ccviiueiriiiniriciricrecee e 2-20
Figure 2.9.3.2-2. Minor Bottom Flange Spalling.........cccceurieiiiniesseiseeseee e 2-21
Figure 2.9.3.2-3. Bottom Flange Damage with Mild Reinforcing and Prestressing Strands Intact................ccc..... 2-22
Figure 2.9.3.2-4. Cracking Along Web-to-Top Flange INterface...........ccoevirnieirniesnesceseesees s 2-23
Figure 2.9.3.2-5. Heavy Damage with Web Cracking and Severed Mild Reinforcing and Prestressing Strands .... 2-24
Figure 2.9.3.2-6. Severe Prestressed Beam Damage with Excessive Concrete Section LOSS............cccccvnieeinenee 2-25
Figure 2.9.3.2-7. Multiple Prestressed Beams with Severe Damage .........ccoeeereirnienniesnceseeeseeseieeeens 2-25
Figure 3.1. Temporary Strong Back BEAM ..ot 3-1

@IOWA DOT ii January 26, 2016



Emergency Response Manual for

Over Height Collisions to Bridges Table of Contents
Figure 3.2. Partial Steel Beam Removal and Replacement ..........cccccueviviiiicieiiiscccce e 3-3
Figure 3.4-1. Shoring Towers on Each Side of Damage ..........cccouueurirniiiniiiiccsseseee e 3-4
Figure 3.4-2. Shoring Tower Providing End Span SUPPOM ...........ccirriiniiiccseseeseeseiese s 3-5
Figure 4.2. Fiber Reinforced Polymer Wrapped REPAIN ...........cccucveueiiiiiiieice st 4-1
Figure 4.3. Grouted Steel SIEEVE REPAIN ..o 4-2
Figure 5.1.1. Collapse of I-880 Bridge in San Francisco from Fire Damage .........cccocceeeeeiiiiiieeceeseseeeve e, 5-2
Figure 5.1.2. Truck Collision With Bridge PIEr ..o 5-3
Figure 5.1.4. Bridge Pier SCOUr DAMAQJE ..ottt 5-4
Figure 5.1.5. Barge Lodged Across the Mississippi River Channel Parallel to IA-9 Lansing Bridge ..............c......... 55
Figure 5.2.2. Continuous Concrete SIab OVEIPaSS...........ceuieiriiiriieireiseeie s 5-6
List of Appendices

Appendix A — Sample Concept Statements for Steel I-Beam and Prestressed Concrete Beam Bridge Repairs
Appendix B — Critical Findings Report

Appendix C — Damage Inspection Notes - Template

Appendix D — Strong Back and Support Beam Details for Damaged Bridges

Appendix E — Calculations for Strong Back Beam, Support Beam, and Steel Beam Web Splice

Appendix F — Sample Developmental and Special Provisions

Appendix G — Partial Reference List of Past lowa DOT Over Height Vehicle Collision Repairs

Appendix H — References

@lDWA DOT iii January 26, 2016



Emergency Response Manual for
Over Height Collisions to Bridges Chapter 1 — Overview and Definitions

CHAPTER 1
OVERVIEW AND DEFINITIONS

1.1 PURPOSE OF MANUAL

On a fairly regular basis, bridges spanning State of lowa (State) or U.S. highways in lowa are struck by
vehicles that exceed the vertical clearance envelope under the bridge or by vehicles that have unsecured
loads or components encroaching into the vertical clearance envelope. This second classification of
vehicles might include trucks hauling a flatbed trailer loaded with an over height backhoe or excavator,
dump trucks with their payload bed raised, flatbed trailers on which the payload has not been secured, or
other over height configurations. As a result, beams or girders supporting the overhead bridge may be
impacted, causing various degrees of damage to the bridge.

The purpose of this manual is to define and document the desired procedures following an over height
collision to be followed by emergency and lowa Department of Transportation (lowa DOT) personnel to
ensure public safety, coordinate repairs, and maintain or restore traffic as quickly as possible. For this
process to be successful, it is important to classify the extent of the damage and address both short-term
and long-term repairs in a timely manner. Thus, this manual is intended to ensure consistency in the
response, keeping in mind the following priorities: 1) preserving life, minimizing injury, and preserving
public safety; 2) restoring essential services; 3) protecting property and the environment; and 4) providing
timely and accurate emergency communication to the public through media.

The scope of this manual is intentionally limited to emergency responses for either steel beam/girder
bridges or prestressed concrete beam bridges impacted by over height vehicles. Although other types of
bridges may be subject to impact by over height vehicles, the vast majority of incidents involve these two
types of bridges; therefore, this manual is intended to focus on these structures. However, many of the
emergency response procedures contained in this manual may apply to other types of bridges or to
damage caused by other means. Damage caused by events other than over height vehicle collisions or
damage to other bridge types besides steel beam/girder bridges or prestressed concrete beam bridges are
addressed in Chapter 5.

1.2 DEFINITIONS, ABBREVIATIONS, AND ACRONYMS
1.2.1 Definitions

The following terms in this manual are used as defined below:

e Critical Finding — A structural or safety-related deficiency for a bridge requiring immediate
follow-up inspection or action.

e Incident Commander — The most senior ranking emergency response official responding to an
emergency who shall become the individual in charge of a site-specific incident command
system. The senior emergency response official is the most senior official on site who has the
responsibility for controlling the operations at the site. Initially, it is the senior officer on the first
piece of responding emergency apparatus to arrive on the incident scene. As more senior officers
arrive, the position is passed up the line of authority.

e Three-Level Guidelines for Emergency Incident Notification — Decision criteria used by the lowa
DOT Traffic Operations Center to prioritize the notification requirements to lowa DOT and other
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state personnel depending on the severity of an incident on the state transportation system, the
level of disruption or lane closures, and whether the incident involves a hazardous materials spill.

1.2.2 Abbreviations and Acronyms

The abbreviations and acronyms used in this manual are defined in Table 1.2.2.

Table 1.2.2. Abbreviations and Acronyms

Abbreviation

Term

AASHTO American Association of State Highway and Transportation Officials
AWS American Welding Society

°C temperature on the Centigrade scale

CFR Critical Findings Report

CMS changeable message signs (typically a portable trailer-mounted sign)
DOD U.S. Department of Defense

ER Emergency Relief

ESF Emergency Support Function

ETO emergency transportation operations

°F temperature on the Fahrenheit scale

FHWA Federal Highway Administration

FRP fiber reinforced polymer

HazMat hazardous materials

HAZWOPER Hazardous Waste Operations and Emergency Response

HMR Hazardous Materials Regulations

ITS intelligent transportation systems

lowa DOT lowa Department of Transportation

LRFD Load and Resistance Factor Design

NDT non-destructive testing

NRC U.S. Nuclear Regulatory Commission

OBS lowa DOT Office of Bridges and Structures

OSHA Occupational Safety and Health Administration

SIIMS Structure Inventory and Inspection Management System

TBR temporary barrier rail

TIM traffic incident management

TOC Traffic Operations Center of the lowa DOT Systems Operations Bureau
VMS variable message sign

1.3 COMMON TYPES OF BRIDGE DAMAGE

1.3.1  Impact Damage to Steel Beam or Girder Bridges

Impact damage to steel beam or steel plate girder bridges can range from minor paint scrapes and gouges
of the steel beams to major damage requiring repair or partial replacement of damaged members.
Damage to secondary members, such as steel diaphragms, and damage to field splices connecting
adjoining sections of steel beams along a beam line are also common. In rare cases, the bridge damage
could be so severe as to warrant partial/full superstructure replacement or total bridge replacement.
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In addition to damage to the steel members themselves, impact damage can affect the concrete deck.
Concrete cracking or spalling along the interface between the top flanges of the steel beams and the
bottom of the bridge deck should be investigated. Additionally, it is important to inspect the top of the
concrete deck to determine whether any cracking has propagated through the deck.

1.3.2 Impact Damage to Prestressed Concrete Beam Bridges

Impact damage to prestressed concrete beam bridges may range from minor spalling to the bottom flange
of a prestressed concrete beam to severe damage of the beam, including severed prestressing tendons
and/or web cracking. As with steel beams, the damage can also be manifested by cracking or spalling at
the interface between the top of the beam and the bottom of the bridge deck or cracks propagating through
the bridge deck. For prestressed concrete beam bridges, another weak point that may show cracking is the
juncture of the web and top flange of the beam.

The range of repairs for damage to prestressed concrete beam bridges may included patching of beam
spalls, splicing of broken prestressing tendons, adding fiber reinforced polymer (FRP) wraps around
damaged areas of beams, constructing a steel sleeve around damaged areas and injecting epoxy between
the beam and the steel sleeve, epoxy injecting concrete cracks, and partial deck removal coupled with
complete replacement of severely damaged prestressed concrete beams.

@IOWA DOT 1-3 January 26, 2016



Emergency Response Manual for
Over Height Collisions to Bridges Chapter 2 — Response Procedures

CHAPTER 2
RESPONSE PROCEDURES

21 EMERGENCY RESPONSE VARIABLES

A wide range of variables could affect the type and magnitude of response that is associated with an over
height vehicle impact. The initial response and clean-up stage could be affected by whether personal
injury, fire, or hazardous materials spills are involved with the collision. The initial response could also
be affected by whether any other agencies need to be contacted, such as the lowa Department of
Environmental Quality for hazardous spills, the lowa Department of Natural Resources for issues
affecting natural waterways, affected railroads for a collision affecting an overhead railroad bridge, or the
U.S. Department of Defense (DOD) or U.S. Nuclear Regulatory Commission (NRC) should one of their
vehicles be involved in the collision.

The extent of bridge damage may also trigger the type of response needed. If an over height impact
causes only inconsequential paint scrapes in a steel beam or minor concrete spalling to a prestressed
concrete beam, the damage may not warrant reporting to the Office of Bridges and Structures (OBS) by
the District Bridge Crew Leader, but should be documented in the next scheduled routine inspection of
the bridge. However, if the impact causes permanent deformation, tears in tension members, ruptured
prestressing strands or mild reinforcing steel, cracked steel members, an unstable condition, or the
potential for added property damage or injury from falling debris, then a higher level of response would
be warranted.

2.2 EMERGENCY RESPONSE FLOWCHARTS

Three flowcharts presented in this section of the manual outline the emergency response procedures for
an over height collision to a bridge. Figure 2.2-1 shows the procedures for the initial emergency
response. This phase of the response is focused on addressing the immediate needs at the bridge site,
including preserving life, minimizing injury, preserving public safety, minimizing hardship and suffering,
restoring essential services, protecting property and the environment, and providing timely and accurate
emergency communication to the public through media. The process outlined also addresses conducting
an initial assessment of the damaged bridge based on as-built information available to OBS and
information supplied by the on-site District Bridge Crew Leader or other authorized District staff as
designated by the District Engineer or Assistant District Engineer.

The flowchart in Figure 2.2-2 addresses the steps to be taken to further assess the damaged bridge once
the initial emergency is over. The procedures involve a detailed inspection of the bridge damage and a
load rating analysis to determine whether the structure can remain in service while repairs are designed
and prepared for contract. This assessment may result in the use of temporary measures to help support
the bridge or it may result in a decision to close the bridge to traffic.

Figure 2.2-3 shows the steps involved with designing repairs, preparing a contract letting for repairs, and
completing the bridge repairs so that full traffic function and operation can be returned to the overhead
route as well as the route below the bridge.
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Figure 2.2-2. Detailed Bridge Assessment Flow Chart

@'OWA DOT 2-3 January 26, 2016



Emergency Response Manual for
Over Height Collisions to Bridges Chapter 2 — Response Procedures

Can repair be handled

b G o incentives |

) Yes

traffic

volumes for
out-of-
distance

travel

Complete repair
design

Recover repair

Recover Monikocispaks st
from nsurer sndfor [~ [*ubsequent bienria e
from federal funds oghtnspactions
1
OBS Lead Design Engineer 5 Office of Contracts

2 [ TPt
District Engineer with Director of Project Delivery Bureau District RCE

P y
3 District Engineer with Office of Contracts el

“ Office of Traffic and Safety

Figure 2.2-3. Repair Design and Contract Letting Flow Chart

2.3  STATE OF IOWA AND IOWA DOT EMERGENCY RESPONSE PLAN FOR MAJOR EVENTS
231 State of lowa Emergency Response Plan

The lowa Homeland Security and Emergency Management Division has developed an overall lowa
Emergency Response Plan (Plan) to provide instructions, policies, and explanatory information related to
many or all of the agencies and entities involved in emergency/disaster response. This Plan also provides
information about the legal and administrative foundations for the Plan, the State’s characteristics and
significant hazards, lines of succession for the State’s chief executive, Plan activation requirements, and
the structure of the response organization. This Plan provides a mechanism for delivering State resources
and other assistance to local governments and State agencies during and after an emergency or disaster.
This Plan is based on the premise that the preservation of life, health, safety, and property and the
minimization of human suffering are the top priorities during an emergency/disaster response.
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In addition to a basic emergency response plan, the overall Plan addresses 15 Emergency Support
Functions (ESFs) essential to State operations. The first ESF listed in the Plan is Transportation, which
addresses the availability and satisfactory condition of the transportation infrastructure and capabilities
required to support the response to an emergency or disaster. Therefore, the Transportation ESF
coordinates transportation infrastructure restoration and recovery activities. Although incidents of over
height vehicle impacts may require temporary closure of State and U.S. routes, the duration of the closure
generally would be expected to be limited. If, however, an incident requires a longer duration closure of a
major interstate, such as 1-80, the lowa Emergency Response Plan would be activated to provide
assistance in the recovery effort to reopen the route.

2.3.2 lowa DOT Systems Operations Bureau, Traffic Operations Center

For the majority of over height vehicle impacts affecting State and U.S. highway routes and interstates,
the Traffic Operations Center (TOC) of the lowa DOT Systems Operations Bureau provides the primary
coordination of response and recovery efforts. The TOC ensures the mobility and safe operation of the
transportation system through coordination and collaboration with transportation stakeholders by:

o Management of the day-to-day traffic operations on the highway system through the statewide
Traffic Operations Center

o Management of the emergency transportation operations response efforts on behalf of lowa DOT
e Management and maintenance of the 511 Travel Information System
e Deployment and maintenance of intelligent transportation systems (ITS) on the highway system

o Development and maintenance of a coordinated, comprehensive statewide traffic incident
management (T1M) response plan

Once the TOC is notified of an over height bridge impact by Emergency Services (911) or by lowa DOT
local District staff, the TOC notifies the area Highway Maintenance Supervisor and the Office of Bridges
and Structures. The TOC would have the Highway Maintenance Supervisor notify and determine the
necessary support from District Management, the District Bridge Crew, on-scene responders, and District
garage staff. The area Highway Maintenance Supervisor would also stay in contact with the TOC to
ensure that the TOC maintains situational awareness.

Based on incident details, the TOC would notify the Emergency Transportation Operations (ETO) staff
within the Office of Traffic Operations. ETO staff will determine the need for and notify as appropriate
lowa DOT management, the Federal Highway Administration, and the lowa DOT Office of Strategic
Communications.

A three-level guideline to incident notification (based on varying severities) is used to also notify
Emergency Incident Notification groups. Email notifications are sent based on Level 1, 2, or 3 criteria,
and notifications are updated as needed if conditions should change. A current listing of personnel and
email addresses for the Emergency Incident Notification groups can be obtained by contacting the Office
of Traffic Operations.

A Priority Level 1 emergency incident is the highest level incident and requires the greatest level of
notifications. A Level 1 incident also requires a call to the Towa DOT’s Director of Statewide Emergency
Operations. Level 1 notifications are triggered by one of the following events:

e Closure of all lanes in either direction of an interstate route or a four-lane primary road with an
expected duration greater than 4 hours
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o Full closure of both lanes for a two-lane primary road with an expected duration greater than 8
hours

e A hazardous materials (HazMat) incident that is a risk to public safety (evacuation)
e Damage to system infrastructure causing a disruption of service

e Anincident requiring activation of the State Emergency Operations Center

A Priority Level 2 incident has a lower level of required notifications. Level 2 notifications are triggered
by one of the following events:

o Closure of all lanes in either direction of an interstate route or a four-lane primary road with an
expected duration less than or equal to 4 hours

o Full closure of both lanes for a two-lane primary road with an expected duration less than or
equal to 8 hours

e A HazMat cargo shipping release
e A multi-casualty crash
o Fatalities

e Incidents crossing District jurisdictional lines

Priority Level 3 incidents have the lowest level of required notifications. If a Level 3 incident occurs in a
metropolitan area during rush hour, lasts less than 30 minutes, and does not create a significant impact on
traffic, then no Emergency Incident Notification is required. Otherwise, Level 3 notifications would be
triggered by:

e Any road/lane closure reported in a District with either short term or local impacts
e Any HazMat release reported in a District

e Any accident on the primary highway system that is reported in a District

24  STATE PATROL, RESCUE PERSONNEL, HAZMAT PERSONNEL, AND LOCAL
POLICE/SHERIFF COORDINATION

An emergency response for an over height vehicle impact would be initiated, in most cases, from a 911
call to emergency services from a motorist on the scene of the incident. For the immediate emergency
response after an over height vehicle impact, local law enforcement, the lowa State Patrol, or a local fire
department would control the site and would coordinate rescue and recovery efforts. The most senior
ranking emergency response official responding to an emergency would be designated as the incident
commander. Initially, this would be the senior officer on the first piece of responding emergency
apparatus to arrive on the incident scene. As more senior officers would arrive, the position would be
passed up the line of authority. Emergency responder personnel would be responsible for tending to the
injured, fighting any fires, conducting initial (HazMat) containment, and restricting traffic from the site to
allow for the rescue efforts. lowa DOT local District personnel should make themselves available in a
support role under the direction of the incident commander to assist with traffic control, route closures,
and cleanup as needed to facilitate rescue operations.

The area Highway Maintenance Supervisor or designee should first determine who is the on-site incident
commander and should establish a working relationship with that individual. After determining with the
incident commander the course of action to be taken, the area Highway Maintenance Supervisor or
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designee should determine if the road is to be closed or detoured, if a HazMat spill is involved, if
additional signing is needed, if field personnel are needed for cleanup operations, if other assistance is
needed of District personnel by the incident commander, and what notifications are to be made.

Once the site is secured, immediate rescue operations are concluding, and efforts begin to transition to
recovery and a return to restricted or normal traffic operations, it would be expected that control of the
site would transition to lowa DOT personnel, specifically the area Highway Maintenance Supervisor.
lowa DOT personnel should be aware of ongoing accident investigation operations by law enforcement
personnel and should not impede these investigation procedures because a thorough accident report is
important to assist in lowa DOT recovery and repair operations. Toward this end, removal or clearing of
debris and vehicle wreckage should not proceed prior to direction from local law enforcement. If a driver
refuses to move his or her vehicle, District field personnel should not remove the vehicle until directed to
do so by law enforcement personnel.

Once access to the damaged bridge is available, it will be important for District staff to examine and
photograph the damage to the bridge. The Bridge Crew Leader or other district staff member, as
designated by the District Engineer or Assistant District Engineer, will need to share this information with
OBS so decisions can be made as to whether the bridge can be opened to traffic and whether it is safe to
allow traffic to pass under the damaged bridge.

25  SECOND-PARTY BRIDGE OWNER OR AGENCY COORDINATION

In some situations, an over height vehicle impact could affect second-party bridge owners or users. For
example, if the overhead structure that is impacted is owned by a railroad company, that railroad should
be contacted immediately to coordinate recovery efforts, especially if there is damage to the bridge that
could affect railroad traffic.

Similarly, if the vehicle that has impacted the bridge is owned or operated by an agency such as DOD or
NRC, the affected agency should be contacted immediately. If a DOD shipment with escorts is involved,
lowa DOT local District personnel should withdraw from the area and provide the assistance requested by
the escort person, who will serve as the incident commander.

Finally, if the bridge impact involves a HazMat spill, the lowa Department of Environmental Quality
should be contacted, and if the incident involves a spill in a regulated waterway, the lowa Department of
Natural Resources should be contacted.

Generally, it will not be known whether these second-party agencies are affected by the incident until District
personnel arrive on the scene. At that point, after assessing the site, the TOC can be notified as to whether it
will need to contact any second-party agencies.

26  REPORTING HAZARDOUS MATERIALS SPILLS

Reporting of HazMat spills is governed through Federal regulations, specifically the Hazardous Materials
Regulations (HMR) at 49 Code of Federal Regulations Parts 171-180. The HMR requires certain types of
HazMat incidents to be reported to the U.S. Department of Transportation’s Pipeline and Hazardous
Materials Safety Administration. HMR Section 171.15 requires an immediate report (that is, within 12
hours) to the National Response Center by phone or through an online form.

HMR Section 171.16 requires a written report for certain types of HazMat incidents within 30 days of the
incident and a follow-up written report within 1 year of the incident based on certain circumstances.
Additionally, Incident Report Form 5800.1 is a guidance document for preparing incident reports and
includes tabular summaries of HazMat incidents by mode, year, state, hazard class, etc.
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The Statewide Operations Center should be made aware of any hazardous spill so that they can notify the
proper authorities, such as the lowa Department of Natural Resources or the United States Environmental
Protection Agency. Any follow-up incident reports to comply with Federal regulations would then be
generated by the lowa DOT Office of Location and Environment.

2.7 PUBLIC AND MEDIA COORDINATION

The task of informing the public and media regarding an over height vehicle impact to a bridge requires a
coordinated effort between the TOC, the Office of Strategic Communications, and the local District.

lowa DOT employs a number of methods to communicate with the public and media, including use of the
511 system for reporting road conditions, press releases, social media, and direct comments to the press
by local lowa DOT staff.

271 lowa 511

Upon receiving a notice of an over height vehicle impact to a bridge, the TOC will issue a CARS alert,
which will update the lowa 511 Road Conditions report. In addition, the CARS alert will automatically
generate a Tweet and update Facebook with detour information or lane restriction information. Depending
on the severity of the incident and various threshold criteria, the TOC may also notify the Office of
Strategic Communications.

2.7.2 lowa DOT Office of Strategic Communications

2.7.21 Press Releases

Depending on the severity of the incident and the impact on traffic, the Office of Strategic
Communications may be notified about the incident by the TOC, ETO or District so that a press release
can be generated. The factors that may be addressed might include whether any injury or loss of life
occurred as a result of the incident, whether a HazMat spill occurred as a result of the incident, and the
expected duration of the traffic restrictions, detours, or closures.

2.7.2.2 lowa DOT Website
If a press release is issued, it will be automatically posted on the lowa DOT website.

2.7.2.3 Social Networking

With the issuance of a press release, a Tweet is automatically generated and Facebook would be
automatically updated if appropriate.

2.7.24 Notification of the Governor’s Office

In the event that a section of an interstate must be closed due to an over height vehicle collision with a
bridge, the Governor’s office may be informed. This notification is typically made through the Office of
the Director for lowa DOT.

2.7.3 Communication Coordination with District Staff

An important part of communicating with the public is having the most up-to-date information regarding
the status of the incident and cleanup. Because District staff will have the most direct knowledge of the
incident, they are responsible for providing updates to the TOC and the Office of Strategic
Communications so that all lowa DOT personnel are working from the same baseline information.
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For major incidents in which the Office of Strategic Communications is involved, personnel from that
office will work with the local District Engineer to identify who at the District level is authorized to
communicate directly with the press. This function may be handled directly by the District Engineer or
may be designated to the District Field Service Coordinator or possibly an area Highway Maintenance
Supervisor who may be on site. The Office of Strategic Communications will coordinate with the local
District spokesperson to provide specific talking points and to provide direction on what should be
communicated to the media.

2.8 MAINTENANCE OF TRAFFIC OPERATIONS AND PROCEDURES

Handling traffic flow as a result of an over height vehicle impact consists of handling the immediate
traffic congestion during accident cleanup and long-term maintenance of traffic until the bridge is
returned to service.

2.8.1 Initial Clean-up and Restoration of Traffic

2.8.1.1 Considerations for District Staff at Accident Scene

Typically, emergency responders will be the first ones on the scene of an over height vehicle collision.
Their first priority is to preserve life, minimize injury, and preserve public safety. More than likely,
traffic will be initially halted from passing under the damaged bridge because of debris on the roadway.
An immediate decision must also be made whether to halt traffic on the overhead bridge.

Upon being dispatched to the accident scene, District garage staff should immediately coordinate with the
on-scene incident commander and assist law enforcement personnel with traffic control operations. For
four-lane divided highways and interstate routes passing under the damaged bridge, this may include
directing traffic off the route at the first exit before the accident site or using alternative routes and side
roads. District garage staff should also assist in diverting traffic from the route that would normally be
using the damaged bridge.

Portable changeable message signs (CMS), flagmen, Type Il barricades, traffic barrels, and small
emergency detour signs may be used by District staff to manage traffic. Field personnel shall use
appropriate approved safety apparel, including nighttime apparel if applicable.

In the event of a HazMat spill to which local HazMat response teams have responded, lowa DOT local
District personnel should make the local responders aware of materials and equipment available from
lowa DOT. lowa DOT personnel should not be involved with any spill response activities and in the rare
event that they are, any lowa DOT personnel involved with HazMat spill response must be fully trained to
the Hazardous Waste Operations and Emergency Response (HAZWOPER) operations level as defined by
the Occupational Safety and Health Administration (OSHA).

Once the accident investigation is complete, District garage staff should assist in accident and debris cleanup
and, if the extent of bridge damage allows it, restore traffic operations.

2.8.1.2 Guidelines for Restoring Traffic

The purpose of this section is to provide general guidelines for evaluating bridge damage so that decisions
can be made with respect to traffic restrictions. Short-term and long-term decisions include keeping a
route open to traffic, open with traffic restriction, or completely closed to traffic. The primary interest of
this section pertains to short-term decisions that generally are made immediately or within a few days of
the incident. Ultimately, safety of the travelling public is the primary concern in determining whether to
restrict traffic both on and under the bridge. These guidelines can only be general in nature and are not a
substitute for the sound engineering judgment required for particular collision incidents.
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Considerations for restricting traffic on the bridge:

o Extent of damage to supporting girder(s)

e Location of damaged girder(s) with respect to traffic lanes
e Structural redundancy (for example, the number of girders)
e Ability to strengthen/stabilize structure

o Ability to safely shift traffic lanes considering lane widths, average daily traffic, speed limit, and
traffic direction

e Auvailability of detour routes
e Importance of traffic route

Considerations for closing traffic lanes under the bridge:

e Vehicles or payloads blocking lanes or impeding traffic flow

e Debris on the road from vehicles/payloads

o Debris on the road from the bridge

e Damage to the road surface under the bridge

e Potential for additional debris to fall from the structure onto traffic

e Instability of bridge or compromised structural integrity of the bridge

o Potential of future over height collisions to cause collapse of damaged structure

e Structure having the appearance of being unsafe so as to distract the travelling public

e Displaced bridge members that intrude on vertical and/or horizontal clearance requirements

In general, a route (either on the overhead bridge or under it) may remain open without traffic restriction
if the damage is minor to one or more beams.

For routes carried on the overhead bridge, if there is moderate damage to a single exterior beam, closure
of the bridge would not be required. Traffic will need to be moved away from the damaged beam such
that undamaged beams encompass all traffic lanes, and then the route may remain open. In such cases it
will be necessary to install appropriate traffic control devices (for example, cones, barrels, or temporary
barrier rails (TBRs) depending on the characteristics of the road and traffic) over the next undamaged
beam to restrict traffic from travelling over the moderately damaged beam near the edge of the bridge. In
situations where traffic may be maintained, moderate damage is often confined to the exterior beam on
bridges with larger shoulder widths. In cases where more than one beam is moderately damaged, a bridge
rating analysis may need to be performed to ensure that the structure can carry the loads. The above
guidelines generally apply to bridges with straight prestressed concrete beams or straight steel beams.
Bridges with curved steel girders rely on a system interaction between the curved girders and the
intermediate diaphragms so, what may appear to be moderate damage to a curved steel girder bridge, may
require more restrictions than a typical straight beam bridge.

For routes passing under the damaged bridge, if the damage to the bridge is moderate such that it is
deemed safe to maintain restricted traffic on the overhead route, then it should be safe to reopen traffic
under the bridge. This assumes the damaged vehicle, payload, and debris can be adequately removed from
the roadway and the road surface is not adversely damaged. If there is the potential for additional debris
to fall from the bridge, either temporary traffic restrictions (for example, cones, barrels, or TBR) should
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be employed to restrict lanes under the bridge or a canvas diaper or debris net should be installed under
the damaged area to catch any additional falling concrete debris.

Severe damage to one or more beams will typically necessitate closing the overhead bridge and the route
under the bridge. In some instances it may be possible to keep an overhead bridge open, or reopen an
overhead bridge and re-establish traffic under the bridge by stabilizing and/or strengthening the bridge,
possibly in combination with traffic shifting or traffic restrictions.

For further discussion of the levels of damage that would constitute minor, moderate, and severe levels of
collision damage, see Section 2.9.2.

2.8.2 Use of Statewide Intelligent Transportation Systems and Variable Message Signs

Emergency Services (that is, a 911 Operator) should be responsible for contacting the TOC. For urban
interstate routes, variable message signs (VMS) may be available in the vicinity of the accident scene that
TOC could activate, thereby assisting in informing motorists of the accident and rerouting traffic.
Likewise, the lowa 511 Road Conditions report would be updated by the TOC, with automatic Tweets
and Facebook updates to inform the public of road closures and restrictions.

2.8.3 Incident Management Routes

The District Maintenance Manager or designee is responsible for planning for freeway incident
management. As such, a detour route should be developed for each segment of freeway/interstate, and
updated annually or as needed. Plans are to be coordinated with cities, counties, county emergency
coordinators, fire departments, local hazardous response teams, sheriff departments, police departments,
the lowa State Patrol, the Department of Public Defense (Emergency Management Division), railroads,
regional offices of the lowa Department of Natural Resources, and other state Departments of
Transportation. As a result, designated Incident Management Routes should be preplanned for each
segment of freeway/interstate. In addition, for non-interstate primary roads, lowa DOT will work with
local jurisdictions to compile information to use in establishing emergency detours prior to or at the time
of an incident.

2.8.4 Use of Temporary Detour Bridge

lowa DOT has one modular temporary detour bridge in storage at the Williams maintenance garage that
could potentially be used to return a damaged bridge to service. However, the temporary detour bridge is
configured for only small stream crossings and would not be suitable for a multispan overpass,
particularly a damaged continuous-span steel girder bridge. If a bridge carrying a critical route must be
removed from service due to an over height vehicle collision, it may be possible to use a rented bridge for
a temporary detour. Providers of temporary bridges for rental include Acrow Corporation and Bailey
Bridges.

29  ASSESSING DAMAGE AND DETERMINING FOLLOW-UP PROCEDURES

Assessment of a damaged bridge typically would be a two-phase process. At the time of the initial
emergency response, an initial assessment must be made as to whether traffic can be allowed on the
damaged bridge and whether traffic can pass below the damaged bridge without the potential for debris
falling. Once the initial decision is made and traffic operations are either detoured, resumed, or resumed
with restrictions, a detailed inspection and assessment of the damage can be made and a load rating
performed. This detailed assessment would be used to confirm the initial disposition of the bridge and
then to initiate repair design and a contract for repairs.
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If the damage is severe or possibly severe, the District should immediately report the damage by
telephone to the Bridge Maintenance and Inspection Engineer or the State Bridge Engineer in OBS to
make an initial decision whether to allow traffic on the damaged bridge and whether to allow traffic
below the bridge. OBS would then assign a lead design engineer for the repairs and begin to assemble
information for the existing structure based on as-built plans and past inspection records stored in the
Structure Inventory and Inspection Management System (SIIMS). This would include:

e Reviewing the bridge maintenance folder to determine if there is a history of over height
collisions to the bridge, whether there have been repairs to collision damage, or whether there is
current damage that has not been repaired.

e Determining the current vertical clearance at the bridge site.
e Making copies of the bridge plans to take to the bridge site.

Concurrently, once the accident site is cleared to the point where District staff can begin to assess the
damage, typically the District Bridge Crew would photograph the damage, email the photographs to OBS,
and provide an initial assessment of the damage. Ideally, based on the photographs of the damage and
consultation between OBS and either the District Bridge Crew Leader or other designated District
engineering staff, a decision can be made whether to reopen the bridge, maintain traffic on the bridge with
restrictions, close the bridge, and/or close the route below the bridge, as well as whether supplementary
support (such as a falsework towers or a strong back beam) would be needed for the damaged bridge.
Another corrective action, especially for a damaged prestressed concrete beam bridge, might be to install
a temporary protective diaper or netting to prevent debris from falling on the road below. If a decision is
made to close a bridge or restrict lanes on a bridge, a Critical Findings Report (CFR) must be completed
by OBS for the bridge documenting the action taken and the reasons for the action.

Once the initial disposition of the bridge is determined, a detailed assessment and analysis of the bridge
would follow. Typically, the lead design engineer and/or bridge inspection staff would travel to the site to
gather detailed information of the bridge condition. This data gathering phase would consist of additional
photographs, detailed measurements, field sketches, and possible non-destructive testing of damaged
areas, such as magnetic particle testing of damaged steel members, to determine if there are any cracked
or torn steel members. For prestressed concrete beam bridges, the inspectors would also look for broken
mild reinforcing and/or prestressing strands, and micro-cracking of the concrete. For both steel and
concrete bridges, secondary members would also be examined, and the condition of the bond interface
between the girders and the bottom of the bridge deck would be examined for separation.

Following collection of the field data, a load rating of the bridge would be performed if necessary to confirm
the load carrying capacity of the damaged bridge and to confirm the initial disposition of the bridge. The
field-collected data would also be used to help determine whether to repair or replace the bridge. If it is
determined that the bridge must be closed or traffic restricted on the bridge due to the impact damage, the
Bridge Maintenance and Inspection Unit shall complete a CFR to document with FHWA the restrictions and
the action plan for reopening the bridge. A copy of the CFR can be found in Appendix B.

29.1 Field Inspection of Collision Damage

Equipment to be gathered for use in the field should include a digital camera, hard hats, safety vests,
flashing emergency light for vehicle, clipboard, flashlight, tape measure, level, ruler, chipping hammer,
visual crack gauge, and stringline. In addition, if the damaged bridge is a steel beam or steel girder
bridge, it may be helpful to take along non-destructive test equipment so that a qualified bridge inspector
can determine the limits of any cracked steel members using either die penetrant or magnetic particle
testing. The repair designer should coordinate with the District office in advance of the field inspection to
arrange for lift equipment to provide access to the damaged area.
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A key element of assessing the condition of the bridge and extent of damage includes thoroughly
documenting the damage with digital photography. The following guidelines should be used for
providing effective damage photographs.

e Verify the camera is set to the current date and time.

e For most cameras, to focus the camera on the subject, the shutter must be partially depressed to
lock the camera onto the subject and then fully depressed to take the picture.

o Extremely high resolution photographs are not necessarily needed for most bridge inspection
tasks. A 3 megapixel resolution for a 4 inch by 6 inch photograph is usually adequate and will
allow multiple photographs to upload quickly to a web-based program such as SIIMS.

o Close up photographs should be accompanied with a second wider view photograph to orient the
person viewing the photograph and provide perspective.

e For wider view photographs, consider whether a straight-on view or an obligue view provides a
better depiction of the subject.

e The macro function on digital cameras is an excellent tool for documenting fatigue cracks since
this function allows for a close focus mode. Although the macro function will allow the camera
lens to be positioned within a few inches of the crack, it does limit the depth of field. Therefore,
the actual crack might be in focus but member components at different distances from the lens
may be out of focus. The macro setting is usually depicted as a flower on the settings dial of a
digital camera.

o Key all photographs to a plan view location sketch. Photograph logs should be kept for all
photographs and the descriptions for each photograph should document location, component, and
defect (in that order).

e Study the lighting from different angles when composing a photograph. At times ambient light
can benefit the photograph. Avoid shooting directly into sunlight since the camera will base its
exposure on the brighter light, resulting in dark areas where you are attempting to capture damage
details. Do not always rely on the auto flash mode; in cases as described above when shooting
into the sun, the flash may not trigger.

o The flash may reduce or magnify effects of shadows. When in doubt, take the photograph with
the flash off and the same photograph with the flash on.

e Review photographs before leaving the site to make sure all details desired have been captured.
Download photograph files daily.

It is important to take adequate notes and make some sketches when documenting collision damage.
Appendix C includes a template for Damage Inspection Notes to be used in the field to document
collision damage.

2.9.1.1 Field Inspection of Damaged Steel Beam or Girder Bridges
The following are guidelines for the field inspection of damaged rolled steel beam or welded plate girder
bridges:

e Note torn members and missing pieces of the superstructure.

e Using a level or stringline, measure the horizontal and vertical displacement of each damaged
beam or girder at the impact location and at any kinks or angular displacements at other locations.

e Measure locations of damaged members.
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29.1.2

If no cracks are visible, but may be suspected, perform nondestructive testing (NDT) of the
damaged area to check for non-visible cracks.

Inspect each damaged beam or girder at restrained locations, such as diaphragms. Check for
cracks or broken welds where the diaphragm connection stiffener is connected to the beam/girder
and check diaphragm connections at adjacent girders where the impact force may have been
absorbed.

Check for damage to the slab at beam-to-slab interface.

Check for buckling of diaphragms or other diaphragm damage.
Check for weld or bolt damage at diaphragm connections.

Note any existing collision damage from past collisions.

Measure vertical clearance at point of impact.

Sketch plan and elevation views of each damaged beam or girder.

Take extensive photographs. Include dimension references such as magnetic rulers or an extended
tape measure.

If available, obtain a copy of the collision report from the lowa State Patrol, local police, or
sheriff.

Review traffic restrictions to make sure they are adequate and whether it is necessary to continue
traffic restrictions.

Field Inspection of Damaged Prestressed Concrete Beam Bridges

The following are guidelines for the field inspection of damaged prestressed concrete beam bridges:

Check for cracks or severe section loss in the lower flange or in the web of each damaged beam;
estimate the section loss.

Check for severed prestressing strands that are visibly deformed. Record the number and location
of severed strands.

Check for an open horizontal crack at the junction of the web and top flange in each damaged
beam.

Determine any displacement between cracked sections.

Determine if cracks extend completely through each cracked member by correlating cracks on
one side of the member with cracks on the opposite side.

Inspect diaphragms.

Inspect slab-to-beam interface.

Inspect beams adjacent to obviously damaged members to make sure all damage has been found.
Note any existing collision damage from past collisions.

Measure vertical clearance at point of impact.

Sketch plan and elevation views of each damaged beam or girder.

Take extensive photographs and include dimension references such as an extended tape measure.
Key photographs to a reference sketch.

If available, obtain a copy of the collision report from the lowa State Patrol, local police, or
sheriff.
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29.2

Review traffic restrictions to make sure they are adequate and whether it is necessary to continue
traffic restrictions.

Recommend whether a diaper or net should be installed to protect motorists from loose concrete.

Beam and Girder Damage Levels

The goal here is to establish general guidance on levels of damage. In situations involving minor damage,
it may still be desirable to repair the damage at some point even if the structural capacity is not affected in
the short-term. In cases of moderate beam damage, it may be possible to leave the bridge open with some
level of traffic restrictions until repair or replacement is performed. In cases of severe damage, it is
generally advisable to close the bridge at least until additional strengthening or stability measures are

taken.

Steel girder damage levels:

Minor damage — no repair or minimal repair required

o Paint scrapes

o Small nicks or gouges in bottom flange or minor bottom flange bends

o Alignment of girder web less than linch out of plumb

Moderate damage — repair required or partial beam section replacement required
o Moderate flange bends

o Alignment of girder web greater than 1 inch out of plumb

o Bottom flange gouging

o Tearing of web that is confined to the lower 25 percent of the web depth
Severe damage — partial or full depth beam section replacement

o Significant flange and web bends/misalignment

o Bottom flange nicks and gouges too extensive to be ground out

o Tearing of bottom flange (although minor flange tearing could possibly be repaired using a
bolted flange splice)

o Alignment of girder web considerably out of plumb with cracking or tearing of the web at
diaphragm locations, particularly above the lower 25% of the web depth

Prestressed girder damage levels:

Minor damage — no repair or minimal repair required
o Minor concrete spalling of bottom flange

o Mild reinforcing steel or prestressing strand may be partially exposed due to loss of cover
concrete only; mild reinforcing steel or prestressing strand are not damaged and remain
embedded in concrete

o Concrete cracks are difficult to see from the ground and do not reflect from one side of the
beam to the other

Moderate damage — repair required

o Moderate concrete spalling is typically limited to the bottom flange and includes exposed
stirrups and strands

o Through cracking of bottom flange and/or lower half of web
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o Horizontal crack at the junction of the web and the top flange of a prestressed concrete beam
narrower than 1/16 inch

o Up to 2 of the bottom flange strands are severed or partially severed
e Severe damage — beam replacement
o Severe concrete spalling including exposed stirrups and strands
o Through cracking of bottom flange extending into the upper half of the web

o Horizontal crack at the junction of the web and the top flange of a prestressed concrete beam
wider than 1/16 inch

o Excessive loss of concrete section
o More than 2 of the bottom flange strands are severed or partially severed

29.3 Repair/Replacement Options Tied to Levels and Types of Damage

The following subsections include photographs depicting various levels of impact damage that could be
expected for both steel beam/girder bridges and for prestressed concrete beam bridges. Repair options are
presented for each level of damage.

2.9.3.1 Steel Beam and Girder Repair Options

Figure 2.9.3.1-1 shows minor damage to a steel beam bridge consisting of paint scrapes and gouging of
the bottom flange. Typically this type of damage should be repaired in a timely manner by removing the
gouges by grinding as outlined in Section 3.5 of this manual. In most cases, the bridge may remain open
without traffic restrictions if the gouging is not excessive.

Figure 2.9.3.1-1. Steel Gouge and Paint Scrape
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Figure 2.9.3.1-2 shows a moderately bent bottom flange with some web distortion. If this type of damage
did not include any fractures or tears to the steel members and if the extent of the distortion was not too
severe, often this type of damage would be repaired with heat straightening, which would combine
controlled heat with some internal or external restraining forces to return the member to its original
geometry. In general, heat straightening should only be used on the same damaged area of a beam for
two heat straightening operations because of the tendency to reduce the ductility of the base metal with
more than two heat straightening operations. Often heat straightening repair will require supplemental
support of the steel beam during repair. In these cases, a strong back beam may be placed on the deck of
the bridge to help support the damaged beam or temporary shoring towers may be employed during heat
straightening operations.

Figure 2.9.3.1-2. Moderately Bent Bottom Flange with Some Web Distortion
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Figure 2.9.3.1-3. Damaged Diaphragm Member

Figure 2.9.3.1-3 shows a damaged and distorted diaphragm member. Although primary girder damage
may need to be heat straightened or repaired by some other means, typically it is easiest to just replace
damaged diaphragm members with the girder repairs rather than trying to repair or straighten them.

Figure 2.9.3.1-4 shows severe damage to an exterior beam line that has resulted in tearing and fracture of
the steel beam. For this type of damage, often a strong back beam or temporary shoring towers would be
used to support the damaged beam during repairs. Since the damage involves fracture to the beam, some
level of beam replacement would be needed. One option would be to cut out and remove the bottom
flange and the distorted and torn lower portion of the girder web between field splices and replace it in
kind with a spliced section of web and a new bottom flange. Alternatively, if the damage also includes
extensive cracking and spalling of the bridge deck, it may be necessary to remove portions of the deck
above the damaged beam, remove and replace the entire steel beam between field splices, and replace the
section of bridge deck that was removed.
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Figure 2.9.3.1-4. Out of Plane Bending with Web Tear

Figure 2.9.3.1-5 shows spalling to the underside of the bridge deck in the cantilevered section of the deck
and cracking along the interface between the top flange of the steel beam and the bottom of the bridge
deck. If no surface spalling to the top surface of the bridge deck is involved, a possible repair would be to
epoxy inject the crack at the top flange/bottom of bridge deck interface and then repair the spall damage
to the underside of the bridge deck. If extensive damage in the form of either cracking or spalling has
occurred at the top surface of the deck, removal and replacement of a portion of the bridge deck may be
needed.

Figure 2.9.3.1-5. Bottom of Deck Spalling with Crack at Girder-to-Deck Interface
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2.9.3.2 Prestressed Concrete Beam Repair Options

Figure 2.9.3.2-1. Installation of Drape to Catch Loose Debris

Over height vehicle damage to prestressed concrete beam bridges inevitably results in some degree of
concrete spalling with loose concrete that could provide a hazard to traffic below. Figure 2.9.3.2-1 shows
a typical drape that would be used to catch loose debris.
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Figure 2.9.3.2-2 depicts typical minor spalling that may occur along the bottom flange of a prestressed
concrete beam. In a case such as this, no mild reinforcing steel or prestressing strands have been exposed
or damaged. lowa DOT does not typically patch this type of damage to restore the original cross section
of the beam due to the potential for the patch to come loose and drop on traffic. However, it is
recommended to seal these types of spalls with a grey paint-type sealer in order to better identify any
future hits to the same area.

Figure 2.9.3.2-2. Minor Bottom Flange Spalling
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As impact damage to a prestressed concrete beam bridge becomes more substantial, it can be expected
that larger spalls may occur, often exposing mild reinforcing steel or prestressing strands as shown in
Figure 2.9.3.2-3. lowa DOT employs a few repair strategies for these types of damage to restore the
damaged beam to its original properties.

One such repair would involve first patching the spalls to return the beam to its original cross section.
Often, following spall repair, a FRP wrap would be placed around the bottom flange of the beam in the
damaged area and up the sides of the beam web. The FRP wrap can provide added shear strength to the
beam, but generally it also serves to confine and contain the spall repairs to prevent them from separating
from the beam and falling onto traffic below.

A second repair strategy, and one that is often employed for exterior beams that may be subjected to
repeated impacts by over height vehicles, is to repair the spalled areas, but then encase the bottom of the
beam with a two-piece steel sleeve. The steel sleeve is anchored with concrete anchors into the beam and
then the space between the concrete beam and the inside of the steel sleeve would be injected with epoxy
to bind the sleeve to the concrete beam. The steel sleeve serves to armor the bottom of the beam and thus
provide a greater degree of protection from future vehicle strikes.

Figure 2.9.3.2-3. Bottom Flange Damage with Mild Reinforcing and Prestressing Strands Intact

@ IOWA DDT 2-22 January 26, 2016



Emergency Response Manual for
Over Height Collisions to Bridges Chapter 2 — Response Procedures

Over height vehicle impacts to prestressed concrete beam bridges may be severe enough to initiate
displacement of a concrete beam. Often when the beam tries to displace, a crack may form at the
interface of the beam web with the top flange of the beam as show in Figure 2.9.3.2-4. With this type of
damage, the inspector should look at the top of bridge deck to determine if any cracking or spalling has
occurred in the actual bridge deck. If not, and if the cracking is limited to the interface between the beam
web and the top flange, or possibly the interface of the top of the beam and the bottom of the bridge deck,
the crack can be epoxy injected to seal the crack from moisture intrusion. Other web cracking in the beam
may be evident, such as diagonal cracking in the web that radiates downward from the terminus of the
web-to-top-flange crack. These web cracks should also be epoxy injected to seal the cracks from
moisture intrusion.

RN T o sy -

-

Figure 2.9.3.2-4. Cracking Along Web-to-Top Flange Interface
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Generally, the most severe damage to prestressed concrete beam bridges involves extensive spalls and
girder cracking that severs mild reinforcing steel and prestressing strands as shown in Figure 2.9.3.2-5. If
beam damage involves severing of two or more prestressing strands, a possible temporary repair
alternative may involve patching of the beam spalls, epoxy grouting beam cracks, and either splicing the
severed prestressing strands or supplementing the damaged strands with external prestressing. However,
these types of repairs should only be considered temporary until the beam or the entire bridge can be

replaced.

Figure 2.9.3.2-5. Heavy Damage with Web Cracking and Severed Mild Reinforcing and Prestressing
Strands

Severe damage to prestressed concrete beam bridges might also involve excessive loss of concrete section
as shown in Figure 2.9.3.2.6 or severe damage to multiple beams as shown in Figure 2.9.3.2.7. In most of
these cases, the extents of the prestressed beam and bridge deck damage is so severe that removal of the

bridge deck above the damaged beam and replacement of the beam is warranted or total span replacement

is needed.
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Figure 2.9.3.2-6. Severe Prestressed Beam Damage with Excessive Concrete Section Loss

Figure 2.9.3.2-7. Multiple Prestressed Beams with Severe Damage
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210  ASSESSING BRIDGE REPAIR VS. BRIDGE REPLACEMENT

Several factors would be considered to determine whether to repair or replace the damaged bridge. The
most important factor would be the severity of the damage. Other factors would include the age of the
structure, bridge repair history, an evaluation of the available clearance envelope, past inspection issues,
and whether the bridge is scheduled or programmed for replacement.

211 CONTRACT LETTING OPTIONS

The importance of the State or U.S. highway routes affected will often affect the type of contracting
mechanism used for repair or replacement of the damaged bridge. In addition, the extent of the design
work required may impact the type of contracting used if repair plans cannot be prepared in time for a
regular contract letting.

2111 Regular Letting Process

A regular contract letting is a scheduled upcoming letting. Typically, regular lettings are scheduled for
the third Tuesday of the month and include a 1-month advertising period. Plan turn in lead times may or
may not be reduced. This process is best suited for when the 1-month advertising period is acceptable,
and the contract documents will be completed in time to advertise the emergency work simultaneously
with the rest of the projects in the letting.

2.11.2 Special Lettings

A special letting is a contract letting on a day of the month other than the regularly scheduled lettings. A
special letting would use the same advertisement period as would be used for a regular letting. The plan
turn in lead time may or may not be reduced. This process is best suited for when the 1-month
advertising period is acceptable or desirable; however, the development of the contract documents will
not be completed in time to advertise the emergency work simultaneously with the next regular letting,
and it is not acceptable to wait until a later regular letting.

2.11.3 Emergency Lettings

The District Engineer, in consultation with the Contracts Engineer, will make the determination / decision
whether emergency letting procedures will be used.

An emergency letting is a non-scheduled letting performed with little or no advertising for bids. lowa
Code Section 313.10 provides that:

e The emergency was caused by an unforeseen event causing failure of the highway, bridge, or
other highway structure so that the highway is unserviceable, or where immediate action is
needed to prevent further damage or loss.

e The department solicits written bids from three or more contractors engaged in the type of work
needed.

e The necessary work can be done for less than $1 million.

If possible, lowa DOT shall notify the appropriate lowa highway contractor’s associations of the
proposed work.

lowa Code Section 313.11 also allows lowa DOT to contract for specialized construction work for beam
straightening, beam replacement, and beam repair on bridges without advertising for bids as required
under lowa Code Section 313.10 if all of the following conditions are met:
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e The work is of a specialized nature in which fewer than five contractors engage.
e lowa DOT solicits written bids from all available contactors engaged in the specialized work.
e The work can be done for less than $40,000.

In any situation, lowa DOT will make every effort to:

o Solicit bids from all qualified contractors who have shown interest in similar work in the same
general location in the past.

o Offer all qualified bidders the opportunity to submit bids.
e Notify the Associated General Contractors of lowa.

The bid deadline is established as early as possible to accommodate development of the contract
documents and contractors bid preparation. It may be at the same time as a previously scheduled letting,
if convenient, as long as it meets the desired time frame.

This process is best suited for when the advertising period must be less than 1 month.

2.11.4 Use of Incentives and Disincentives

Due to the time-sensitive nature of completing repairs and restoring traffic operations, lowa DOT may
elect to incorporate the use of incentive and disincentive provisions in a repair contract to encourage the
contractor to expedite repair. Typically, this type of contract provision would provide financial incentives
or bonuses for completing the work or a phase of the work ahead of a set milestone date. Conversely, the
contractor would be assessed a financial disincentive for the damages incurred if the actual duration of the
work exceeds a set milestone date.

In order to determine the appropriate bonus for early completion of work or the liquidated damage for
work not completed on time, an analysis of user costs is performed to determine the financial impact on
the travelling public for undue delays.

2.11.4.1 Traffic Volumes

Because user cost is the primary inconvenience caused by a closed route, the lowa DOT Office of Traffic
and Safety may be asked to provide traffic volumes for the affected routes.

2.11.4.2 Out-of-Distance Travel

The out-of-distance travel caused by a closed route would be established to determine the additional miles
required due to detours and subsequently the added costs for drivers.

212  FUNDING REPAIRS AND REIMBURSEMENT TO IOWA DOT FOR REPAIRS

No funds are typically programmed for emergency repairs and contingency funding must be approved to
accomplish repairs. Discussions with the District at the concept stage help determine if the repairs will be
done by lowa DOT forces or by contract. Necessary funding usually is obtained with staff action for
contingency funds written by OBS.

Reimbursement to lowa DOT for repairs to a bridge due to an impact by an over height vehicle may come
from two different sources. First, assuming the damage is due to the negligence of the vehicle’s driver,
reimbursement for the cost of repairs would be sought from the insurance carrier of the driver or trucking
company. Second, Federal emergency repair funds may be available through the Federal government for
some or the entire damage repair cost.
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2.12.1 lowa DOT Project Number for Inspection/Design Services

In an effort to capture in-house costs for the design effort to repair a damaged bridge, an lowa DOT
project number should be opened as early in the process as possible to track costs for the repair project.

2.12.2 Federal Aid Considerations

Federal Emergency Relief (ER) funds are only available upon declaration of an emergency event by the
Federal government. The scope of this manual is limited to emergency responses for either steel
beam/girder bridges or prestressed concrete beam bridges impacted by over height vehicles. It is unlikely
that an isolated over height vehicle impact incident will meet the criteria to be declared an emergency
event, and therefore use of ER funds is unlikely.

Use of other Federal aid requires a planning and programming process that typically cannot be
accomplished in an emergency situation.
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CHAPTER 3
STEEL BEAM OR GIRDER BRIDGE REPAIR

3.1 USE OF TEMPORARY STRONG BACKS

Over height vehicle collisions to steel beam or steel plate girder bridges may result in damage to the steel
beams or girders that may compromise the load carrying capacity of the bridge. This may be due to steel
members being torn or members being severely bent such that the strong axis moment of inertia is
compromised. In these cases, it may be necessary to install a temporary strong back member to provide
supplemental support to relieve load from the damaged member(s). An example of a temporary strong
back beam in use is shown in Figure 3.1

Figure 3.1. Temporary Strong Back Beam

lowa DOT has two steel beam components in storage that can be bolted together to provide auxiliary
strong back support to a damaged steel beam. The 58-foot-long and 45-foot-long strong back beam
components typically would be bolted together and supported on top of a bridge deck of a damaged steel
beam/girder bridge to provide auxiliary support for a damaged beam/girder. With the strong back beam
supported on timber cribbing near pier locations, threaded rods would be extended through holes in the
bridge deck and connected to a secondary member under the deck. By tightening the hanger rods, load
would be incrementally relieved from the damaged beam until the damaged beam/girder is supported
adequately by the strong back beam. Then, repairs such as heat straightening or cutting out and replacing
damaged portions of the beam could be made to the damaged beam.

As part of the development of this manual, lowa DOT’s strong back beam that splices together a 58-foot,
W36 x 230 rolled beam and a 45-foot, W36 x 231 rolled beam has been analyzed to determine its load
carrying capacity. These strong back beam sections are depicted on lowa English Bridge Standard Sheets
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1090 and 1091. The combined strong back beam was computed to have a factored bending and shear
resistance of 2,113 kip-feet and 532 kips, respectively, based on the AASHTO Load and Resistance
Factor Design (LRFD) Bridge Design Specifications. These values were calculated considering the
following assumptions:

o The W36x230 beam controlled
e Grade 36 steel was assumed
e Timber lateral bracing was assumed to be spaced at 25 feet on center

It should be noted that lateral torsional buckling of the section controlled the analysis, so a slightly larger
resistance may be possible for a tighter spacing of the timber lateral bracing. However, it would be the
responsibility of the engineer using the strong back beam to determine the capacity increase. Also, the
splice connecting the 58-foot W36x230 beam to the 45-foot W36x231 beam was deemed to be adequate
for loading not exceeding 93 percent of the above mentioned bending resistance for the controlling
W36x230 beam. Since the current bolted splice is not located at the center of the combined beam, this
may not be a concern, however the engineer using the strong back beam design should confirm the
location of the splice within the loaded span to ensure the resistance of the splice is not exceeded. Details
for the two strong back beam components currently in storage at the Ames maintenance yard are provided
in Appendix D and supporting calculations for the analysis of the strong back beam are in Appendix E.

Also included in Appendix D are details for two other 51-foot-long support beams that may be used as
part of a shoring system to support a damaged bridge from below. A typical use for these 51-foot support
beams might be to provide end span support to a continuous beam bridge while portions of the center
span are being repaired or replaced. These support beams were analyzed to determine their factored
bending and shear resistance based on the AASHTO Load and Resistance Factor Design (LRFD) Bridge
Design Specifications and assuming they were unbraced for their full 51-foot length. The computed
factored bending resistance was computed to be 1,155 kip-feet and the factored shear resistance was
computed to be 813 kips. Supporting calculations for the analysis of these support beams can be found in
Appendix E.

3.2 PARTIAL REMOVAL AND REPLACEMENT OF STEEL BEAM BOTTOM FLANGE AND WEB

Severe damage to the bottom flange and lower web of a steel beam or girder may require portions of the
bottom flange and web to be removed and replaced. Generally, to facilitate the removal and replacement,
a strong back beam or temporary shoring towers would be used to provide auxiliary support while the
repairs are being made.

Once a strong back beam or shoring towers are in place to provide auxiliary support, often a guide angle
is bolted to the web of the damaged beam to provide a straight guide surface to provide a uniform cut line
for the girder web. Generally, the portion of beam removed will often extend between existing field
splices. Since some areas of distortion may still remain in the portion of the girder web that remains, cold
jacking against an adjacent beam line may be required to return distorted portions of the web that remains
to a straight, uniform alignment. Continuous web splice plates are then bolted in place to connect the web
of the existing beam with the new replacement web. In addition, the web and bottom flange are fully
bolted into place at field splices. Typically, this type of repair will require replacement of damaged
diaphragm members that fall within the impact zone.

A photograph of a completed steel beam removal and replacement is shown in Figure 3.2.
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Figure 3.2. Partial Steel Beam Removal and Replacement

For the longitudinal web splice depicted in Figure 3.2 that connects the existing top and the new bottom
portions of the beam web, the spacing of 7/8-inch diameter A325 bolts in double shear was analyzed to
satisfy horizontal shear of the beam at various locations. lowa Department of Transportation English
Bridge Standards (40-foot Roadways — 3 Span Rolled Steel Beam Bridges) were used for all sectional and
geometrical properties in the analysis. Only the center span between field splices (that is, positive moment
region) of each bridge was considered, as this is the most likely location that a steel beam would be
damaged from traffic below. Minimum and maximum conditions were examined to develop an envelope
of possible bolt spacings. The minimum condition examined was a minimum standard bridge length of
160 feet, which carried a 64-foot center span. The maximum condition examined was a 240-foot standard
bridge length, which carried a 96-foot center span. This span length was deemed the maximum length for
which Towa DOT’s 103-foot-long strong back beam could be utilized.

The beam was loaded with the HL-93 vehicle in accordance with AASHTO LRFD Bridge Design
Specifications, and the longitudinal connection was treated as a web splice. For either condition, the
maximum allowable bolt spacing at any location between field splices was determined to be 5.0 inches,
which also satisfied sealing pitch requirements for 3/8-inch splice plates. Supporting calculations for the
analysis of the longitudinal web splice can be found in Appendix E.

3.3  STEEL BEAM STRENGTHENING ANGLE

In the past, lowa DOT has also provided temporary repairs for a damaged bridge that was programmed
for replacement. If a bridge is programmed for replacement or major rehabilitation, it may not make
financial sense to put a sizable amount of work into the bridge if temporary repairs are acceptable. An
example of this type of repair is the work done to original Design No. 7456 in Polk County (former
Douglas Avenue Bridge over 1-35).

@IOWA DOT 3-3 January 26, 2016



Emergency Response Manual for
Over Height Collisions to Bridges Chapter 3 — Steel Beam or Girder Bridge Repair

For this continuous steel 1-beam bridge, the south exterior beam previously had been damaged and
strengthening plates previously had been bolted to the web and bottom flange at a diaphragm location
adjacent to the new impact location. The new impact created a tear in the bottom flange of the beam and
also caused out-of-plane distortion to the web plate in the lower one-third to one-half of the web depth.
The new repairs included adding a second set of bottom flange strengthening plates at the location of the
flange tear and also the addition of a pair of bolted longitudinal stiffening angles to the web of the beam
near the top of the web distortion.

The intent of the temporary repairs was to restore the moment of inertia/ section modulus of the beam,
and the repairs were considered adequate until the scheduled bridge replacement project was let for
contract. Typically, it is the expectation of lowa DOT that a damaged beam shall be restored to its
original condition. Therefore, if the bridge had not been programmed for replacement, permanent repairs
would have been required even if it required partial deck removal and replacement of the damaged beam.

34  TEMPORARY SHORING TOWERS

As a general policy, lowa DOT does not stockpile or store materials for temporary shoring towers
because the requirements for shoring towers, including the loads that they would be subjected to, can vary
from case to case. However, because contractors may maintain a supply of tower components or may
have supply sources readily available to provide stock components with little advance notice, lowa DOT
relies on private contractors to supply any needed temporary shoring towers or tower components.

To obtain shoring components from contractors on short notice, lowa DOT will need to provide critical
information, including the estimated loads that the tower will support, geometric constraints for
positioning the shoring towers, and whether temporary barriers will be needed between the shoring towers
and active traffic lanes to protect traffic.

Figure 3.4.1 shows two shoring towers that have been placed on either side of the damaged section of the
exterior beam line, thus shortening the distance that the damaged beam must span and reducing the
bending moment. In this particular case, the lower portion of the damaged steel beam (that is, bottom
flange and lower half of the web) were removed between the towers and replaced with a new section of
beam.

Figure 3.4-1. Shoring Towers on Each Side of Damage
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Figure 3.4-2 shows a shoring tower placed to support the end span of a three-span continuous steel beam
bridge. In this particular case, a portion of the bridge deck in the damaged center span had to be removed
to allow total replacement of the positive moment field sections for several damaged beam lines.

341 Loads

To obtain an adequately sized shoring tower, lowa DOT will need to estimate the required loads that the
tower is expected to support. In general, it is assumed that temporary shoring towers will be sized to
support some level of the dead load that a damaged beam normally would carry; due to impact damage, a
damaged beam typically would not be relied on to continue to support live loads. In this case, active
traffic normally would be shifted away from the damaged beam.

Following an impact by an over height vehicle, OBS staff would be responsible for estimating required
shoring tower dead loads based on an analysis of the existing bridge geometry and the observed structural
damage. Most falsework components are sized by the manufacturer for a safe working load by designing
the components for a factor of safety above and beyond a given service load. Therefore, OBS staff should
provide the service level dead load for which the towers are to be designed. Unless a minimum factor of
safety is specified by OBS, it will be the contractor’s responsibility to ensure that the support towers are
sized with an appropriate factor of safety.

A review of existing soil borings that are part of the as-built bridge plans will provide information about
the soils that will be supporting the shoring tower. lowa DOT Soils Section should review the soil
borings to provide a recommended maximum soil bearing pressure for the shoring tower legs. This
determination could control the size of cribbing or a mat foundation needed to support the tower legs.

3.4.2 Geometric Constraints

When lowa DOT provides design load information for shoring towers, it is important to provide any
geometric constraints required for positioning the shoring towers. In particular, a plan view sketch or
drawing should be provided showing the framing elements (that is, beams and diaphragms) of the bridge
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superstructure in relation to the roadway below. Lane and shoulder lines for the roadway below should be
indicated and any required clearances to those lane and shoulder lines should be designated.

3.4.3 Protection from Traffic

Generally, it is desirable to locate shoring towers as close as possible to the damaged portion of the
affected beam members to minimize the span between shoring towers, thus minimizing the design load
required for the shoring towers. To this end, shoring towers may need to be located close to active traffic.
Placement of shoring towers will need to account for placement of temporary barriers between the active
traffic lanes and the shoring towers to protect traffic from the lateral hazard created by the towers. OBS
should consult with the Office of Traffic and Safety to determine an acceptable offset distance between
the back of the TBR and the shoring towers to allow for displacement of the TBR and an adequate zone of
intrusion to prevent damage or instability to the shoring tower in the event of a subsequent collision with
the TBR.

3.5 LOCAL REPAIRS TO PREVENT STRESS RISERS

Often minor damage, such as minor paint scrapes, may not result in the District staff notifying OBS.
Nevertheless, the damage should be documented in the next scheduled bridge inspection.

Gouges and scrapes to steel beams shall be removed by grinding if the actual net cross-sectional area
which would remain after removal of the discontinuity is 98% or greater of the area of the material based
on nominal dimensions. The purpose of this removal operation is to eliminate stress risers from the
tensile zone that could become the source of later fatigue cracking in the steel. Such removal shall be
faired to the material edge with a slope not steeper than one in ten and with machine or grinding marks
parallel to the material surfaces in accordance with the AASHTO / AWS Bridge Welding Code, section
3.2.2. All grinding shall be performed longitudinally along the length of the beam in the direction of
primary stresses such that the resulting finish shall have a polished bright metal appearance free of marks.
The final surface shall be finished to a flush finish, or to a smooth transition, to a roughness not exceeding
3 um (125uin). Repaired areas shall be magnetic particle tested after grinding to verify the corrected area
is free from cracks or defects that could precipitate cracks in the future. Following surface grinding, the
repaired area of the beam shall be coated with a prime coat and finish coat in accordance with lowa
DOT’s Standard Specifications.

3.6 HEAT STRAIGHTENING

Heat straightening of steel I-beam and steel plate girder bridge members provides a viable repair method
if impact distortion is not too severe (plastic strains less than 100 times the yield strain) and if primary
members are not cracked or fractured. Refer to the FHWA “Guide for Heat-straightening of Damaged
Steel Bridge Members” referenced in Appendix H of this manual for additional discussion of the plastic
strain limits. Typical types of steel beam distortion that may be repaired by heat straightening techniques
may include weak axis distortion; strong axis distortion; torsional distortion; or local distortions such as
local flange buckling, web buckling, or plate member bends or crimps. Typically, impact damage may
include a combination of any of the above distortions.

Heat straightening is a repair procedure in which controlled heat is applied in specific patterns to the
plastically deformed regions of damaged steel in repetitive heating and cooling cycles to gradually
straighten the material. The process relies on internal and external restraints that produce thickening (or
upsetting) in the heating phase and in-plane contraction in the cooling phase. When heat straightening is
done properly, the temperature of the steel should not exceed what is referred to as the phase transition
temperature, at which material properties of the steel can change significantly. Heat straightening
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generally requires multiple cycles of heat and restraint to incrementally return the member back to its
original shape. Steel should be allowed to cool to 120 degrees Celsius (°C) (250 degrees Fahrenheit [°F])
before reheating steel.

Research on material properties of steel exposed to strain ratios of 100 or less has indicated minimal
change in material properties for steel members heat straightened two or less times. Typically, two heat
straightening repairs to the same section of beam will lead to a modest decrease in modulus of elasticity
and ductility, but an increase in both yield stress and tensile strength. However, guidelines provided in
the Federal Highway Administration’s (FHWA’s) Guide for Heat-Straightening of Damaged Steel Bridge
Members recommend that the same areas of steel members should not be heat straightened more than
twice due to concerns over an increased loss of ductility and a substantial decrease in fatigue life.

Prior to initiating heat straightening procedures, the damaged area of the beam should be thoroughly
inspected to verify that it is free from cracks. Prior to heat straightening, the affected area of the beam
should be blast cleaned to a bright metal finish and any gouges or nicks in the steel shall be removed by
grinding to remove stress risers (see Section 3.5 of this manual). For Grade 36 or 50 carbon steels, the
maximum temperature used for heat straightening shall be 649°C (1200°F); for Grade 70W steel, the
maximum temperature used for heat straightening shall be 565°C (1050°F); for Grade 100 and 100W
steels, the maximum temperature used for heat straightening shall be 593°C (1100°F). Temperatures
shall be monitored using temperature indicating crayons, a contact pyrometer (thermocouple with digital
readout), or a bimetal thermometer.

The use of heat straightening techniques typically includes the use of internal or external retraining forces.
These forces shall be computed in advance and a constraint plan shall be established before applying heat,
which defines the location of external jacks and the required bracing of undamaged members at jacking
locations. Jacks, come-alongs, or other force application devices shall be gauged and calibrated so that
the force applied can be controlled and measured. The load shall not be adjusted during heating or before
the member has cooled to below 315°C (600°F).

lowa DOT typically requires contractors who perform heat straightening services to have a minimum of
10 years of past experience consisting of a minimum of three successful heat straightening projects.
Heating shall be with an oxygen—fuel gas mixture using a #8 or smaller torch tip typically sized based on
the thickness of metal being heated. Heating patterns may be triangular (vee-shaped), strip, or rectangular
heating patterns that should be spaced and marked out along the length of the damaged area before
starting. Quenching the heated area with water, mist, or an air-water mix to accelerate cooling is not
permitted. However, after the steel naturally cools to a temperature below 315°C (600°F), cooling with
dry compressed air is permitted.

Inspection of heat straightening work should include verifying that the straightened steel members meet
tolerance requirements listed in the contract documents. Following completion of heat straightening, non-
destructive testing, such as magnetic particle testing, may be needed to confirm that no cracks formed as a
result of the straightening procedures.

Appendix F includes a sample lowa DOT special provisions for heat straightening bridge beams (Cedar
County Design 214). In addition, FHWA’s Guide for Heat-Straightening of Damaged Steel Bridge
Members, which is referenced in Appendix H of this manual, also includes a sample special provision for
heat straightening in its Appendix 1.
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3.7 COLD JACKING

In the past, selective use of cold jacking has been utilized by lowa DOT to return a distorted section of
steel beam or plate girder to its original shape. Examples of this type of procedures are for Linn County
Design 2570 and Linn County Design 673 (1A 13 over US-30) in the early 1970s.

Little research is available on the detrimental effects on steel from cold jacking of steel bridge members.
If used, cold jacking is only recommended for use once and the plastic strains and number of cycles used
to straighten the member should be limited. Cold bending steel can result in local work hardening of the
material and the resulting material can result in reduced fracture toughness. A cold worked area is also
susceptible to fracture or localized deformation during the jacking operation as well as longer term stress
corrosion cracking in the area of the cold bending.

Limited cold jacking is allowed by lowa DOT when other steel beam repairs are performed. For
example, when partial removal and replacement of a steel beam bottom flange and web is performed as
indicated in Section 3.2 of this manual, limited cold jacking of that portion of the existing beam web that
remains after removal may be needed to straighten the web. The following plan note typically is included
for these types of projects:

“Inspect remaining portion of beam web for straightness. Straighten any bent portion of the beam web
by jacking against the adjacent beam as shown on these plans. If the beam requires straightening, it is to
be straightened as closely as practical to its original alignment. The beam web shall be straightened by
cold jacking or other mechanical operations. The steel shall not be heated for straightening, nor will any
hammering of the steel be allowed.”

3.8  STEEL BEAM REPAIR CONCEPT STATEMENT

Once a decision has been made to either repair or replace a damaged steel beam bridge, a Concept
Statement would be prepared by OBS to describe the damage, define the work, provide recommendations,
estimate the costs, and obtain buy-in from lowa DOT management and the local District. The intent of
the Concept Statement is to document the decision-making process and confirm that the recommendation
made is the preferred solution. A sample Concept Statement for repairs to a rolled steel I-beam bridge
(Pottawattamie County Design 713) is provided in Appendix A.
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CHAPTER 4
PRESTRESSED CONCRETE BEAM BRIDGE REPAIR

41 TEMPORARY SHORING TOWERS

Section 3.4 of this manual includes a discussion on the use of temporary shoring towers for repairs of
steel beam and plate girder bridges. The information provided in Section 3.4, including the discussion of
loads for sizing shoring towers, geometric constraints to be considered, and protecting shoring towers
from traffic is also applicable to repairs to prestressed concrete beam bridges. Therefore, refer to Section
3.4 for a detailed discussion of this topic.

42  CARBON FIBER AND FIBER REINFORCED POLYMER WRAP REPAIRS

Carbon fiber and FRP wraps are commonly used to help contain damage to prestressed concrete beams
and to restore structural integrity to the damaged beam(s). An example of an in-place FRP-wrapped repair
for a prestressed concrete beam is shown in Figure 4.2.

Figure 4.2. Fiber Reinforced Polymer Wrapped Repair

Typically, for prestressed concrete beams that have been damaged by an over height vehicle collision,
repairs begin with removing any unsound concrete around the spalled area of the beam followed by
preparing and cleaning the concrete surface at the repair area. Care should be taken to prevent additional
damage to surrounding concrete, mild reinforcing steel, or prestressing strands. The limits of the repair
area should be defined with a 0.75-inch-deep saw cut to prevent feathered edges of repair, and loose
concrete around mild reinforcing steel and prestressing strands should be removed to provide 0.75-inch
exposure all around. Next, the damaged area of the beam is repaired with Class “O” Structural Concrete.
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Areas to receive the FRP laminate must be free from fins, sharp edges, or protrusions that will cause voids
or depressions behind or within the installed FRP laminate or that might cause damage to the FRP fibers.
Typically, the outside corners of the bottom flange are rounded to a 0.75-inch minimum radius, and inside
corners where the bottom flange chamfers meet the beam web are also ground smooth to ensure proper
adhesion between the FRP laminate and the concrete surface. In addition, any defects, spalls, chips, or
hollow areas in the base concrete larger than 0.5 inch in diameter and 0.125 inch deep are filled with an
FRP system-compatible epoxy or epoxy-based filler. Areas of concrete repair shall be allowed to cure for
7 days prior to applying the FRP wrap. In addition, it is important that no concrete sealers be applied to
the repaired concrete where an FRP wrap is to be installed so the bond for the FRP laminate is not
impaired.

Application of the FRP system must be performed under stringent temperature and humidity controls to
ensure proper performance of the FRP wrap. lowa DOT Developmental Specification DS-12023 for
“Fiber Reinforced Polymer Repair for Concrete Containment of Collision Damaged Pretensioned
Prestressed Concrete Beams” defines the material system to be used, the installation process, and the
system manufacturer, supplier, and installer requirements for FRP repairs. If the FRP is to be painted
after it is installed, Developmental Specification DS-12023 defines procedures for painting an FRP repair.
A copy of Developmental Specification 12023 is included in Appendix F.

Typically with spalled areas of prestressed concrete beams, there may be cracking within the beam that
may extend beyond the limits of the FRP repair. If these cracks are to be sealed by epoxy injection within
the zone of the FRP wrap, the crack repair will need to be completed and all protrusions or fins ground
smooth prior to installing the FRP wrap.

43  GROUTED STEEL SLEEVE REPAIRS

Another repair technigue used for damaged prestressed concrete beams is to install a steel sleeve around
the damaged bottom flange of a prestressed concrete beam and inject epoxy resin into the space between
the sleeve and the face of the prestressed concrete beam. This type of repair is depicted in Figure 4.3.

B G )
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Figure 4.3. Grouted Steel Sleeve Repair
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For this type of repair, unsound concrete is removed from the spalled area, the area to be restored is
cleaned, and the surface is prepared. Care should be taken to prevent additional damage to surrounding
concrete, mild reinforcing steel, or prestressing strands. The limits of the repair area should be defined
with a 0.75-inch-deep saw cut to prevent feathered edges of repair, and loose concrete around mild
reinforcing steel and prestressing strands should be removed to provide 0.75-inch exposure all around.

Next, forms are constructed around the damaged area to match the original dimensions of the beam. The
forms require holes to allow the concrete to be placed into the repair cavity. Class “O” Structural
Concrete is placed within the forms and allowed to cure for 7 days before the forms are stripped. To
prepare the new concrete to receive the steel sleeves and epoxy resin, the beam surfaces should be cleaned
by sandblasting or another approved method.

The steel sleeves are two-piece components that are anchored into the web of the prestressed beam with
concrete anchors (loosely tightened at first). Once in position, the sleeve components are then field-
welded together, the concrete anchors are fully tightened, and the ends and tops of the sleeves are sealed
with epoxy mortar. Finally, epoxy resin is pumped through ports in the sleeves and allowed to cure in
order to bond the sleeves to the concrete beam.

44  PRESTRESSED STRAND SPLICING

If prestressing strands are severed or damaged as a result of an over height vehicle collision, specialized
couplers and tensioning devices are available to splice the damaged strands and retension them.
Alternatively, external post tensioning end blocks could be added to the girder to allow for anchoring
Dwyidag bars to restore the lost compression force in the girder. However, splicing of damaged
prestressing strands or the addition of external post tensioning should be considered a temporary repair as
it is the expectation of lowa DOT that a damaged beam shall be restored to its original condition, even if
it requires partial deck removal and replacement of the damaged beam.

To splice a damaged prestressing strand, a length of the damaged strand is first cut out of the beam. Then
a coupler is added to one free end and a new piece of strand installed to replace the damaged section of
strand. At the other free end, a tensioning device is coupled onto the new strand on one side and the
existing strand on the other side. Typically, the tensioning device may consist of a device similar to a
turn buckle with a long tensioning nut and two threaded rods that connect into the couplers. As the nut is
tightened onto the threaded rods, the wedges are set in the couplers and the strand is retensioned. A
temporary stressing gauge is connected to the new section of prestressing strand to measure and confirm
the force in the splice. In the case of multiple broken prestressing strands, the couplers and tensioning
devices will need to be staggered due to limited available clearance between strands.

45  PRESTRESSED CONCRETE BEAM REPAIR CONCEPT STATEMENT

Once a decision has been made to either repair or replace a damaged prestressed concrete beam bridge, a
Concept Statement would be prepared by OBS to describe the damage, define the work, provide
recommendations, estimate the costs, and obtain buy-in from lowa DOT management and the local
District. The intent of the Concept Statement is to document the decision-making process and confirm
that the recommendation made is the preferred solution. A sample Concept Statement for repairs to a
prestressed concrete beam bridge (Linn County Design 512) is provided in Appendix A.

@IOWA DOT 4-3 January 26, 2016



Emergency Response Manual for Chapter 5 — Related Types of Bridge Damage and
Over Height Collisions to Bridges Other Bridge Types

CHAPTER S5
RELATED TYPES OF BRIDGE DAMAGE AND
OTHER BRIDGE TYPES

5.1 OTHER TYPES OF DAMAGE

Bridges can incur damage due to other events besides impact damage from over height vehicles. Bridges
may incur damage from other man-made or natural events, from ongoing deterioration due to corrosion,
or simply from wear and tear. Although this manual is not intended to address all types of bridge
damage, similar response procedures may apply as a result of damage due to other man-made or natural
events.

5.1.1 Fire Damage

A fire on or under a bridge can have an effect on both steel and concrete elements. However, most fires
involving small vehicles or burning brush generally would not be expected to produce a fire intensity and
duration severe enough as to cause serious damage to bridge structures. On the other hand, fires
generated by tanker trucks carrying hydrocarbon fuels can produce intense fires that generally last until
the fuel supply is depleted, thus causing major bridge damage.

Steel girders subject to the intense heat of a tanker fire could sustain damage or deform/deflect due to the
heat. Structural steel typically will show only a gradual decrease in yield strength for temperatures up to
approximately 500°C (932°F). However, at approximately 600°C (1,112°F), the yield strength of steel
will be reduced to approximately 50 percent of its nominal yield strength. Steel also undergoes a phase
transformation above approximately 725°C (1,337°F), where the grain structure may change through
heating and cooling. Heat cambering and heat straightening operations typically limit the temperature of
steel to below 650°C (1,202°F) so that the steel does not experience conditions worse than what it might
see during a typical fabrication process. Steel heated to below the phase transformation stage and then
cooled will return to its previous properties without detrimental long-term reduction in yield strength,
toughness, or fatigue resistance. However, even though a steel member may return to its original
properties after a fire, the member may undergo distortion, may sag, or may experience rapid thermal
expansion during the fire due to the intense heat. During a fire, the temperature of a steel girder may be
substantially below the maximum gas temperature of the actual fire. The bridge deck may be at an even
lower temperature because of its added distance from the heat source and the lower thermal conductivity
of concrete. A composite steel girder bridge exposed to intense heat from fire is susceptible to web
buckling because the cooler composite deck would impose restraint to the top of the girder while the
bottom of the girder is attempting to expand.

Figure 5.1.1. depicts the collapse of a steel girder bridge due to the temporary reduction in steel strength
during an intense fire.
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Figure 5.1.1. Collapse of I-880 Bridge in San Francisco from Fire Damage

Unlike steel members that can recover their properties up to a certain temperature threshold, the post-fire
strength of concrete, once it cools down, does not recover like the post-fire strength of steel. Concrete
strength starts decreasing rapidly after reaching about 400°C (750°F), and at about 500°C (932°F),
concrete has only about 50 percent of its nominal compressive strength. Elevated temperatures from a
fire also affect the steel components of a prestressed concrete beam. Although mild reinforcing steel has
similar physical property recovery characteristics as structural grade steel, prestressing steel can
experience notable loss of strength due to fire exposure, and relaxation of prestress force starts around
100°C (212°F). Loss of strength for prestressing steel starts around 400°C (750°F). But due to concrete’s
lower thermal conductivity, the internal temperature at 2-inch depth can be nearly half of the surface
temperature of concrete. As a result, there may be some loss of prestress in the lower layer of strands but
likely no loss in the upper layers of strands. Concrete also experiences cracking, spalling, and loss of
stiffness as temperature increases. Moisture trapped in capillary and gel pores may form superheated
steam that creates a damaging force when it cannot escape resulting in bursting pressure and spalling at
the hot surface. This can be exacerbated during fire suppression when water is applied directly to fire-
damaged concrete surfaces. If the bottom flange spalls, it could result in more layers of prestressing
strands experiencing loss of prestress.

Steel girder or prestressed concrete beam bridges subjected to fire damage will require detailed inspection
to determine the exposure temperature to which the structure was subjected and to determine the potential
damage to structural members. Particularly for prestressed concrete beam bridges, physical testing may
be required to determine strength values to use for load rating the bridge. Zinc melts at 419°C (787°F).
Therefore an indication of the exposure heat to galvanized steel surfaces can be determined from a local
absence of galvanizing. For steel bridges, deformation and or deflection caused by the heat rather than
changes to the physical properties of the steel may control whether the bridge will require repair.
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5.1.2 Impact to Bridge Pier Columns

Another type of incident that may warrant an emergency response for a bridge is when a truck or other
vehicle crashes into a bridge pier or pier column. Although the current AASHTO LRFD Bridge Design
Specifications require bridge piers adjacent to roadways to be designed for a 600 kip impact load,
previous bridge design specifications did not require such a robust design, and a direct impact with a
bridge column could jeopardize the stability of an existing bridge.

As is evident in Figure 5.1.2 below, this type of incident could trigger a similar type of emergency
response as an over height collision, requiring lane closures for accident clean-up and emergency
personnel, the need to inspect the bridge for damage, and potentially the need to stabilize or repair the
bridge for carrying traffic loads.

Figure 5.1.2. Truck Collision with Bridge Pier

5.1.3 Flood Debris Damage

Damage to bridges due to floating flood debris is common, particularly for small bridges with low
freeboard clearance over the water channel. Flood damage generally is more common on small county
road bridges, particularly along the lower chords of steel truss bridges because these members are not
sized for bending along their weak axes. However, steel beam bridges and prestressed concrete bridges
with low freeboard can also sustain damage from flood debris. Heavily vegetated streams could dislodge
large trees during a flood event, and the impact force of these floating or partially submerged trees may
damage the exterior beam lines as the debris moves with the high velocity floodwaters. Damage may
include spalling along the bottom flange of prestressed concrete beams and minor axis bending or bottom
flange damage to steel beam members.
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5.1.4 Flood Scour Damage

Damage to bridges from flood scour events likely would come with more warning than a sudden event
like an over height collision because of the increased monitoring and required action plans for bridges
deemed as scour critical. The use of underwater inspections and event-triggered monitoring generally
provides bridge maintenance staff more time to respond to scour susceptible bridges and to implement
corrective actions before a bridge closure is necessary.

However, a significant flood event could cause major scour to a bridge with little advance notice. A post-
event inspection or signs of settlement could require emergency corrective action and thus require an
emergency response for a critical route similar to an an over height collision event. Figure 5.1.4. shows an
example of a bridge affected by flood scour.

Figure 5.1.4. Bridge Pier Scour Damage

5.1.5 Barge Impact

With major bridge structures located over navigable rivers such as the Mississippi and Missouri rivers,
there is potential for damage to highway bridges in lowa due to barge impact. Most, if not all, of the
bridges carrying State and U.S. routes over these rivers are high-level structures with adequate vertical
clearance to protect bridge superstructures from a barge impact. Nevertheless, the potential for damage to
a bridge due to impact with a substructure component is very real, as shown in Figure 5.1.5 for the 1A-9
Bridge over the Mississippi River near Lansing, lowa.

The damage from a barge impact event has the potential to trigger an emergency response similar to one
for an over height vehicle impact, and procedures developed from this manual could also apply to a barge
impact event.
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Figure 5.1.5. Barge Lodged Across the Mississippi River Channel
Parallel to IA-9 Lansing Bridge

52  OTHER BRIDGE TYPES

Although the focus of this manual is on damage to steel beam bridges and prestressed concrete beam
bridges, there are a number of other bridge types present on the State and U.S. highway system in lowa
that could incur impact damage from an over height vehicle. Predominantly, the other structure types
used for overhead bridges would include truss bridges and cast-in-place T-beam or cast-in-place concrete
slab bridges.

5.21 Truss Bridges

Truss bridges are particularly susceptible to damage from over height vehicle impacts because the bottom
chord of a truss is typically a fracture critical tension member. The occurrence of truss bridges over State
or U.S. highway routes in lowa is becoming rare; therefore, the likelihood of a truss bridge being struck
by an over height vehicle is less likely than in the past. However, impact damage by flood debris to a
truss bridge spanning a river is still an event that could require a rapid response for repair.

5.2.2 Cast-in-Place Concrete Bridges

A number of cast-in-place concrete bridges remain on the State and U.S. highway system inventory in
lowa that could experience damage from an over height vehicle impact. These may include continuous
concrete slab bridges, concrete frame or arch bridges, or concrete T-beam bridges. Figure 5.2.2 shows
continuous concrete slab overpasses carrying 1-35 over County Road D25, north of US 20 in Hamilton
County.
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Figure 5.2.2. Continuous Concrete Slab Overpass

Reinforced concrete bridges subjected to an over height vehicle strike typically would experience
concrete spalling and cracking as a result of the collision. Of particular concern would be extensive
damage to primary load carrying members such as a concrete arch rib for a concrete arch bridge or the
web stems of a concrete T-beam bridge. Typical repairs may include patching concrete spalls, splicing
damaged reinforcing steel to replace damaged or severed reinforcing steel, or epoxy injecting concrete
cracks. Depending on the severity of the repairs, temporary shoring may be needed to support the
damaged bridge and formwork for the repairs.
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APPENDIX A
SAMPLE CONCEPT STATEMENTS FOR
STEEL I-BEAM AND PRESTRESSED CONCRETE BEAM
BRIDGE REPAIRS
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IOWA DEPARTMENT OF TRANSPORTATION
To Office  District <#> Date <Month DD, YYYY>
Attention  <Assistant District Engineer> Ref No. <County> County
<Project Number>
From <Bridge Design Engineer> PIN <PIN>
Design No(s). <Design #>
Office Bridges and Structures File No. <File #>

FHWA No. <FHWA #>

Subject <Final / Draft> Concept for Bridge Repair of <Bridge size and type>
Bridge Maintenance No. <0000.0X000>

The bridge on <Route> over <Route, River, RR, etc.> was struck on the <morning, afternoon, evening, or time
if known> of <Date struck> by a <Vehicle or more descriptive if known> traveling <southbound on 1-29>. The
repair cost estimate is <cost estimate>. The project will be funded with <Emergency and Contingency Funds>.
The proposed letting is <letting date>. 1 inspected the bridge on <Date> with <Bridge employees, other than
yourself> of the Office of Bridges and Structures. Others in attendance included <Other personnel>,
<Position> of <Office>.

<Note: The location description should match the SIIMS description. Both the cost estimate amount and
programmed cost (if available) should be included.>

The bridge location map and asset information can be viewed in SIIMS using the following link:

<Link to structure map page in SIIMS>

EXISTING CONDITIONS

The bridge was constructed in <year>, design number <Design #>.

It is located <distance> miles from <nearest named crossing roadway, preferably a US or IA route>. The bridge
is a <# spans> span <pretensioned prestressed concrete beam, steel girder, steel I-beam, etc.> structure. The
cross section consists of <# beams> spaced at <beam spacing> supporting a <deck thickness including any PCC
overlay present> thick concrete deck. The pier diaphragms are <concrete, steel>. The intermediate
diaphragm(s) <is, are> <concrete, steel> located at <midspan; third points of span; X, X, X, and X feet from
west pier of span>. The bridge rail is a <concrete retrofit, painted steel, galvanized steel, aluminum, concrete
jersey, concrete F-shape> rail. <There is <empty, name utility> conduit in the south rail>.

<Description of Bridge damage including length and location. Be sure and identify any cracks in concrete
beams that will require epoxy injection. Use same numbering scheme of beams and spans as shown in Bridge
Maintenance file and describe location of first beam mentioned (i.e.: beam 1 (north exterior) and span (i.e.: span
2 from west abutment)>

RECOMMENDATIONS

It is recommended that the following repairs be made:



Page 2
<Submittal Date>

1. Remove and replace exterior beam(s) <X and X> along with a portion of the rail, curb, deck, pier
diaphragms and intermediate diaphragm(s) in span <X>. <Carefully expose conduit and incorporate
into new work.>

2. Remove and replace interior beam(s) <X, X, and X> along with a portion of the deck, pier diaphragms
and intermediate diaphragm(s) in span <X>.

3. Repair beam(s) <X, X, and X>. Remove all unsound concrete, clean, and fill repair areas with class “O”
concrete. <Install steel sleeve, Apply fiber reinforced polymer (FRP) sheets> to contain repair concrete.
Cracks in beam(s) <X, X. and X> will be epoxy injected by D.O.T. personnel prior to contract repair.

Traffic control will involve <TBR, Shoulder strengthening, traffic signals, floodlighting, road closure, etc.> on
<bridge route>. <route under bridge> will require a temporary lane closure and road closure for short periods to
facilitate beam removal and replacement.

All recipients of this letter should review this concept of work to be accomplished and advise the Office of
Bridges and Structures of any comments you have by <Date(approx. 3 weeks from date sent)>.

Estimated cost of repairs is as follows:

<Complete Concept Costs Estimate Template and paste area within yellow outline here, linking if desired.>
<Bridge Design Engineer’s Initials(CAPITALS)>

Distributed to:

<Copy the appropriate list from Distribution Lists Master and paste here. Remove any non-applicable

recipients and empty rows>

<Save a copy to the Projectwise directory under the Concept folder>
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IOWA DEPARTMENT OF TRANSPORTATION

To Office  District 4 Date December 5, 2012

Attention  Jim Bane Ref No. Pottawattamie County
BRFN-059-39330-39-78

From Dean Bierwagen PIN 13-78-059-010
Design No. 713

Office Bridges and Structures FHWA No. 43340

Subject  Final Concept for Bridge Repair of 150 ft x 28 ft Steel I-beam Bridge
Bridge Maintenance No. 7845.3S059

The bridge on US 59 over US 92 was struck in Span 2 on the afternoon of September 17, 2012 by a semi tractor
trailer carrying a backhoe traveling west on US 92.  Curtis Carter, Justin Sencer, and Dean Bierwagen from the
Office of Bridges and Structures inspected the bridge on Friday, September 21, 2012. Estimated cost to repair
the damage caused by the collision is $269,950.

EXISTING CONDITIONS

The bridge was constructed in 1957. It is located at the interchange of US 92 and US 59. The bridge is a three
span rolled steel I-beam design with welded cover plates over the piers. The cross section consists of four beam
lines spaced at 8’-11”, supporting a 9” thick concrete deck (including overlay). Rolled steel diaphragms are
used as cross bracing spaced at 14°-7'%” in Span 2. The bridge rail is a concrete retrofit rail.

DAMAGE SUMMARY

The over height load struck the east exterior beam and both interior beams in Span 2. The impact was
approximately 1°-4” south of the edge of the bolted splices. A summary of the damage to each beam is below.

Beam No. 4 (East Exterior)

The bottom flange was completely severed at the impact location and the web was cracked diagonally to within
7 inches of the top flange. See Photo No. 1 and No. 2. At the impact location the bottom flange was bent out of
alignment approximately 7 % inches. One bolt was missing from the diaphragm connection. Clearance at the
impact location was 15 ft 7 in.

Beam No. 3 (East Interior)

The east side of the bottom flange was cracked through to the web and bent out of alignment approximately
1’-2%,” at the impact location. The web was cracked around the diaphragm and 9 of the 10 diaphragm bolts
were broken. See photos No. 3 and No. 4. In addition, the diaphragm in Bay 2 was severely buckled. See
photo No. 5.

Beam No. 2 (West Interior)

The bottom flange had two gouges at the impact location and the flange was bent approximately 6’4" out of
alignment at the impact location. There were two bolts missing at the diaphragm connection. See Photos No. 6
and No. 7.
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Beam No. 1 (West Exterior)

No signs of gouging or other direct impact damage were observed. The bottom flange was bent out of
alignment approximately '4” at the splice location due to force transfer through the cross bracing diaphragms.

RECOMMENDATIONS

Because of the extensive damage to Beams 2, 3 and 4, it is recommended that the damaged portions of these
beams be replaced. Replacement would be from the first cover plate location north of the impact location to the
south bolted splice in span two. The work would include:

Removing the barrier rail on the east side of the bridge in span two
Removing the deck over the damaged beams.

Provide temporary support during removal for the continuous beams.
Remove and replace the damaged rolled beams and diaphragms.
Recast bridge deck and barrier rail.

Paint new steel sections.

ook wNE

A summary of the cost estimate is shown below. Estimated cost for the work is $265,750.

Estimated cost of repairs is as follows:

QUANTITY UNIT RATE AMOUNT

Removals 1 LS $50,000 $50,000
Structural Concrete 30 CcY $150 $45,000
Reinforcing Steel Epoxy Coated 6500 LB $2 $13,000
Structural Steel (Beam Replacement) 14150 LB $5 $70,750
Barrier Rail Replacement 45 LF $100 $4,200
Temporary Supports 1 LS $20,000 $20,000
Containment 1 LS $2,000 $2,000
Painting of Structural Steel 1 LS $20,000 $20,000
Traffic Control 1 LS $10,000 $10,000
Mobilization and Contingencies (15%) 1 LS $35,000 $35,000
TOTAL $269,950

This is the final concept for this repair. The Office of Bridges and Structures will work with Contracts to set up
a project for letting in April 2013 and begin preparing plans for the repair work noted above. Thank you.

DGB
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CC:

Troy Jerman, District 4

Don Stevens, District 4

Delmar Gettler, District 4

M. Kennerly, Design

J. Ranney, Program Management
M. Swenson, Project Scheduling
J. Smith, Contracts

V. Richards, Claims Management
J. Adam, Highway Division

M. Dillavou, Engineering Bureau
J. Rost, Location and Environment
S. Marler, Location and Environment
C. Cromwell, FHWA

N. McDonald

G. Novey

S. Neubauer

J. McClain

B. Worrel

J. Sencer

C. Carter

File
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Photdo. 3'Ea§fklterior Beam Looking West)

Photo No. 4 (East Interior Beam Looking Up From Below)



Pottawattamie 713 Concept Statement
Page 6 — December 5, 2012

‘( vy J

.I Pﬁc;to No. 5 (Diaphragm 3, Bay 2, Looking South)

I s e it _—

Photo No. 6 (West Interior Beam, Looking West)
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IOWA DEPARTMENT OF TRANSPORTATION
To Office  District 6 Date December 20, 2011
Attention  Jim Schnoebelen Ref No.  Linn County
IMN-360-6(281)-21-OE-57
From Haiping Chen/Dean Bierwagen PIN 12-57-380-010
Design No(s). 512
Office Bridges and Structures File No. 30715

FHWA No. 603860

Subject  Concept for Repair of 264’-6 X 30’-0 Pretensioned Prestressed Concrete Beam Bridge Carrying
8th Street Over 1-380; Bridge Maintenance No. 5720.80380

ACCIDENT SUMMARY

The bridge was struck on December 1, 2011 by an over height excavator traveling southbound on 1-380 in the
center lane. On December 7, 2011, Dean Bierwagen and Haiping Chen from the Office of Bridge and
Structures inspected the collision damage to the bridge.

BRIDGE DESCRIPTION

The bridge was built in 1972 and is a four span prestressed pretensioned concrete beam bridge which carries
two traffic lanes, one way (westbound) on 8th street. The bridge roadway is 30 feet wide and has five beams in
the cross-section at 7°-3 spacing. The vertical clearance at the damage areas are 16’-8 under the north exterior
beam and 16°-7 under the south exterior beam.

DAMAGE DESCRIPTION

The over height excavator struck the north and south exterior beams in span three over 1-380 (Photos 1 and 6).
The collision location for the north beam is approximately 38 feet west of pier no. 2 and the collision location
for the south exterior beam is approximately 39 feet west of pier no. 2 directly below the light pole support.

North Exterior Beam (see attached photo 1-5):

There are spalled and delaminated concrete areas for a distance of approximately five feet on the beam bottom
flange. (Photo 2, 3, and 4). The bottom flange has one broken stirrup, two broken strands, and three exposed
strands on the north side of the beam; two exposed stirrups and two exposed strands on the south side of the
beam; and three exposed strands on the bottom of the beam (Photo 5). On the south side of the beam, there is a
crack, approximately 4°-11 long, between the junction of the web and bottom flange fillet.

South Exterior Beam (see attached photo 6-15):

There are spalled and broken areas of the flange concrete throughout the impact location. The damage to the
bottom flange extends for a distance of approximately three feet on the north side of the beam and eleven feet
on the south side of the beam (Photo 7, 8, 9, 11, and 12). The bottom flange has six broken stirrups, three
broken strands, and three vertical rows exposed strands. There are two spalled areas on the beam web, south
side, approximately three feet wide by two feet high (Photo 10). There is also a hollow area on the south web
face of the beam above the collision area. The area is approximately four and a half feet wide and extends to the
top flange fillet.
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The east intermediate concrete diaphragm between the south exterior beam and first interior beam is cracked
(Photo 13, 14, and 15). The south exterior beam is also cracked along the junction of the web and top flange
fillet from the pier no.2 diaphragm to the west undamaged intermediate concrete diaphragm.

RECOMMENDATIONS

Due to the extensive loss of concrete material, stirrups, and strands in the bottom flanges of both exterior beams
in span three, we are recommending that both exterior beams be replaced. Estimated cost for the repair is
$221,200.

Temporary barrier rails (TBR) should be utilized to restrict 8th street (westbound) traffic to one lane in the
middle of the bridge. The TBR should remain in place until after both exterior beams in the span three are
replaced.

Estimated cost of replacement of the two exterior beams:

Item Description Quantity Unit Unit Price Cost
Removal, as per plan 1 LS $23,000 $23,000
Structural Concrete (Misc.) 44 CY $2,000 $88,000
Reinforcing Steel, Epoxy Coated 10,000 LB $1.00 $10,000
Beam, PPC, D95 2 Each $15,000 $30,000
Temporary Barrier Rail 520 LF $10.00 $5,200
Traffic Control 1 LS $10,000 $10,000
Mobilization 1 LS $35,000 $35,000
Contingency 1 LS $20,000 $20,000
Total $221,200

It is proposed to use emergency contingency funds for the contract to perform the repair work. This project has
tentatively been scheduled for May 15, 2012 letting.

All recipients of this letter should review this concept of work to be accomplished and advise the Office of
Bridges and Structures of any comments you have by December 27th, 2011. After this time period the concept
will be considered approved or will be revised according to concerns.

HC/DGB:jaw

cc: K. Yanna, District 6 Assistant District Engineer
B. Kuehl, District 6 Construction Engineer
J. Tjaden, District Operations Manager, Cedar Rapids
M. Carter, Bridge Crew Leader, District 6
J. Adam, Highway Division
M. Dillavou, Engineering Bureau
M. Kennerly, Design
D. Ohman, Design
P. Flattery, Design
J. Ranney, Program Management
M. Swenson, Project Scheduling
J. Smith, Contracts
V. Richards, Claims Management
D. Newell, Location and Environment
N. McDonald, Bridges and Structures
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G. Novey, Bridges and Structures

J McClain, Bridges and Structures

W. Sunday, Construction

L. Funnell, Location and Environment
J. Rost, Location and Environment
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Photo Attachments

Photo 1: North Exterior Beam, North Side, Looking South.

Photo 2: North Exterior Beam, North Sidel. -
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Photo 3: North Exterior Beam, South Side.
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Photo 4: North Exterior Beam, South Side.
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Photo 5: North Exterior Beam, Bottom Flange.

Photo 6: South Exterior Beam, South Side, Looking North.
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Photo 7: South Exterior Beam, Bottom Flange.
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Photo 8: South Exterior Beam, South Side.
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Photb 10: Souh Exterior Beam, South"Side.
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Photo 11: South Exterior Beam, North Side.

Photo 12: South Exterior Beam, North Side.
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Photo 13: South Exterior Beam, North Side, Looking East.

Photo 14: South Exterior Beam, Nofth Side.
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Photo 15: South Exterior Beam, North Side, Looking West.
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Emergency Response Manual for

Over Height Collisions to Bridges Appendix B — Critical Findings Report
> 1l s : Critical Finding
(PIOWADOT .....o0 2

| Part | (To be completed by inspector or owner)
Bridge ID FHWA No. Facility Carried Feature Intersected
2339.85136 21171 1A 136 DRAINAGE DITCH
Critical Finding Date Report Date Inspector's Name Bridge Owner
01
Reason for Report:  []JCollapse [Jstructural Damage [CJstructural Failure
[JApproach Failure [JDelaminated Concrete over Traffic [ ]Bridge Hit
Location of Finding: []Deck [JSuperstructure [JSubstructure [CJApproaches
[IPiles [JRailing [Jother
Immediate Action [JClose Bridge  []Close Lane [Cother
Taken:

Description of Critical Finding: (attach Photos)

| Part |l (To be completed by owner)

Reviewed by Title Date Part [l Completed

Resolution: []Close Bridge []Close Lane [(JLoad Posting [JRepair [Jother

Owner's Anticipated Plan for the Bridge: (Repair, Replace, Remove, Permanently Close, Load Post, etc.)

bridge must be load rated and the bridge must be inspected.

Note: Before a bridge may be reopened to traffic, a licensed engineer must approve any structural repairs, the

(10WADOT

September 2014
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Damage Inspection Notes

Inspection date: Date damage occurred:
Structure number:

Structure description:

Structure location:

Inspectors/personnel present:
Bridges and Structures:

District:

Other:

Nature of damage:
Deterioration/age __ Vehicle/vessel impact __ Other

Accident report available __ Responsible party identified __ Clearance
Location of damage on structure:

Description of damage:

Immediate actions taken:

Page 1 of 2



Immediate traffic impacts:

Long term actions needed:

Long term traffic impacts:

Attachments:
Additional information __ Photos __ Sketches
Completed by: Date:

Page 2 of 2
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APPENDIX D
STRONG BACK AND SUPPORT BEAM DETAILS FOR
DAMAGED BRIDGES

@IOWA DOT D-1 September 2014



rsomedoie

53

209050\ 2031 G0N

GLNIOO\ERY P4 ON | DYDY KANAS sest 102/
u3ahAN 13345 | wis | SVAID WYIS L404dN1S $0O | WY3L N9IS30
o5 K182 TT N TS a0 DR LIS KOISX “GNTIO¥S
NOISIAIG AYMHOIK - NOILVANOJSNYHL 30 ININL¥V4E0 WHO!

3#L 330 X08 80N 34L ROLS OL IIVANAG HITAIL NO 0IDVIE 38 1IVHS XO8 €OF WL ‘GavA
SONVNILNIYA S3AY 3KL CL O3NEN:3M St L1 3DNO ONV 311S BOP 3M1 [V Q3HOLS S: XQF 8OF ML
NIFH "ISNZdXI SHOLIVHLNOD i LY ONIY N1 G30v1d38 38 1IvHS SININCANO3 Q33YWYQ

Appendix D — Strong Back Details for
Damaged Steel Beam/Girder Bridges

'80-50 G3NSSI_LIFS SIHL - 0601 - NOO'SIFGIUGSNOINY 113IS ARSI 1O

“031373G SV 310N IN3W3OVIE3M 1708 HION3MLS MO - 60-11 G3SIATY

SO ONISSIW ANV °X0S €0 ML 40 dOi 3Ki NO AN43JONd GIVd SI Gi7 L ONY A¥Q
3dY¥_SININOQAOD W LVHL ZUNSSY TWHS ONY XOS SOP 3HL NIHLIM SNOILYIOT ¥340¥d
WI_—qFMD §<um Hmoam:w EOOJ_u - EI3HL N1 03601S SIN3KOQMOD T3V HEIM X08 80P 3ML ZuN—i.mw TIVHS YOLIVHINGD
3008 QI0CIAL BOI LN k3 RAVIH 7 62 *INATMINOTY SML 0L SNOILEIN3 ON 38 TIVHS
$Q0Y C30VIBHL ¥O4 mqm..mﬁmqs e 3L CSIVINILYA 3SIHL INIAOWGNT 133r08d ANY JO NOISAIINGD 3HL LY SIHY NI
QUYA FONURIINIVIE 10O 3HL LY Q3HOLS 38 VIVHS W3LSAS A¥30 LY0JdNS N¥OOTS FHL
e SQ0¥ _C3QVIMKL 9-EX ¢.i 8¢ "SIMINILYW 3SIHL
ONINHMLIY ONV “ILISECT WL OL SIAV NI O¥YA JONVNINIV L0G 3HL WONJ A31SAS
SHLONTD 0-2 -~ % ONiuv3e & #V3E 1¥0ddNS #0074 3HL 40 LMOMSNYHL OGNV ONIIGNYE 3HL KLl G31VIDOSSY S1S02
= TV 3AMIONG TIVES LONIHOIS + VK “TIILS TWHNLINSLS. WILE GIB WIS AN JHL
0L 3HL NO LN TVNOSVXIH AAVEH 3NO - e
CONY §3HSYM n( ONV WOLLOE 3HL NO SiON IWNOOVYX3IH »)Nmm 39N¥1d dOL forx¥xyy M3 2 GIHSVA o] 8L "HOLIVEINGD A€ 3LISEOr JWALNI ANV OL CILHOLSNVYL 38 ©L Si
O4L ONV B3HSYH ¥ IAYH OL 35V SOOH QIOY3uHL o.muumh STy T3 REXTETE T ] 10N X34 ot m (537 onidv3E OVY STOY GIQI0VINHL 'SVRMALVA 301198 07314 031708 MINIZINGD
AL = = X08_80° "IOVHOLS NI ¥IHL3TOL G3217dS 1ON 3uV ‘SHLONIT O-SF ONV 0-.85 ‘SnO1id3s
f1exgxis1y 3912ds 973 Z ERATRLS 51708 526y S X ooy tid W38 LH04aTS SO0TS OUVA 40 HIWOS I Ni ALINDN L¥ 0319301 F¥ LIS AL
{ 5131 8 HEX %1y 301748 973 v #01109 S4708 S TP X o ] 7 NO AMOINIAN! NI 031517 SA3LI ONINIYINOD %08 S0 GNY SNOILD3S AV3S L¥0ddNS
STVL3G QoM (G3AVIYHL ToEx.ix7icy DHiles @ ¢ e 1908 S5V .5 % o % e g o T T T
e CE] H3EAN §OILY0Y (= SN i B N
&1 :
N AHGINIANI X08 gor SI708 HLONIHIS HOIH SLON WILSAS WY3E LHOANS HOOTA
EE ST¥L3Q x08 80p
o SUVLIAQ 3017dS WY3IE LYOddNS ¥O014 R NOILYAZT3
908 Sa0VIRL G2 e V-¥ NOiLJ3S 1dVd —=[T]
S X R I T T T
T ] | | T
an o z 30v3: B i
Y . 5008 QIOVIHL 6.1 5
gz 152 % 56— 08z X oew 503 STWH 9.1 >N @
3 e
1 Z
( §3M 30
3QiS #OV3 3NG) < l__<n—vmc
: %67 jl @
8-9 NOILJ3S L ixisaein e Lo
f ® -y M~ {
X9} | Exesa MU g s To (NMOHS 10N Q1D
¥ i W SNOI1118Yd HOIUIEN! ONHMCHS
§ mxmm;L Ixfoy Mg 4 -G M3iA )
f—pe—SC0H O3QVIVHL 4.1 ¢ SIONYIJ WOLLO ¢ dOL'dAL) g 3 3-8 1
¥0 STIOH o1 id I3
S~ o SHVL3E 3017dS 3IONV4 , g =
- Sk iwv3g
1d ONI¥Y3g s , R g .
91 of ?
5 S1908
9, e N R S 300as Sesy Sy owiavag
: R = .4 oNiyvIe
S0Y GIVIHL ¢ul (2 0L b=t WO SHISYE HLGIW) E- 2 on F
304 S30K o1 SUTRE
WVIE LY0ddnS ¥007T4 40 M3IA NOILYA3T13
0-2 (24 04 C-p 01-%2
(3 oor oo 0-2 1 02 5-. 9= | 8-
SA0Y ¢.¢ B03 g
-§s SI0H $.71 ONILSIXZ 3 Al
. 1 | 1 ol . e i
1 + f e X 7t
ii
162 % 3¢H 0£Z X 3¢ / 253 SIVISE it
Sores vz ixmy | L txay R R —
LHOLAAS ¥0013 §me] o5 05 ) 821
0-5p 0~85
o401 !

Emergency Response Manual for
Over Height Collisions to Bridges

September 2014

D-2

(10WADOT



i o1 3 SU205Y ey g 792/828
3PN 1335 | S5O L030Hd | ALNGGD | 101 i3S ayvanvis | TroRT WY La0eans 500%3 _ Wiz KIS0 |2
. 0N NSO TN Tns T 80 0N L¥MS SIS
NOISIA AVMKSIH - NOILVINOJSNYYL 30 ININLYY4IQ VRO (NUOKS 10N AV33 1804eNS 80014 WY3Y LHOCINS STVLI3A LNOAVT AVIE ONILSIX3 ONV
0014 30 QN3 03 LHOJINS HIBALL SNIKGHS )
35 NoTIYae v < LNOAYT WY38 L¥0ddNS ¥0014 SNINOHS NY1d Lyvd
1N0AVT - WVIG 1¥0ddNS ¥001d B N FOTEIE 3 U

‘ON H3iS 3§
“O¥GLAEY 1SV3 w/

ONIISIX3 B =l
81T 5C 3903 HINON 3 B
ki

>

¥
Lava w34 30 co1

oMyvag
e onasixs

-—aNtID0TS y38MIL TrlvaR NOIEaL

Appendix D — Strong Back Details for
Damaged Steel Beam/Girder Bridges

Emergency Response Manual for
Over Height Collisions to Bridges

~ NIO'S3IICHHBSNOINYTIIISINHSI

; S
#Y38 BOIIIXT ; . i 0-2 % 9.2 ) o .mﬂoz ONELSIXI B & Y
SUVIIC AYZE L¥04eNS ¥00TA INOILIGCY MCH 28L °:HS 'S30 33§ 130N INILSIXE nm% pmw&mm : A H
g-g NOILD3S Lyvd HH-—shHs 89.&5 3 00 3
HET/ERRY H ROTIo3S 231, AN ETT-47 A 3
i g ) P U / STVLI0 TRO|LiaaY 04 Rtk | -
iR SUVL5Q TYNOILIGEY HO4 MIIA NYId LuYd 339 - |LHOZCNS HIEAIL —d 2
e O3 AIONOZ N ST 0F1 B, i 7 ! NYid Ldvd 335 - L40ddNS HIEWIE—t e H
H "¥333 40 WOLL08 NO 3 ONINV3E ap 7 4 i .
o g Y38 1404dNS K0TS i STToHe 31 40304 25 ~EYISSMILSINACA0TH0L A LHVd E
soiscd Wan—  3IF 3 : h =
T | il ]fie | e i 5
% ININVIR 0-.2 HOHONY 313UINOD P 2
(VN 38 04 AVE \ GALS 3315 4k T 2
"LSIKT 40 NOILY¥GE dOf ot S 3
: | , a-a zo:.owm 1yvd 2
. e 2
= R\ e HCHONY 3:38INGD 3 P
7 /wmom Q3OVIEHL ot . N LS ML 8. y_r HOHINV 3LIUINOD L WIBAIL 9 X 9
vQVV e NN - NS L P QUUIS\TLS o <
P § == —: I 8
L1708 uﬁ\o\.nrﬂ. TR T N sy ( pho=s LON 8715 )
& x 2l s
ML 2L P 9..2“:\\\\ V38 1¥0ddNS J0074 40 ON3 04
W7 eur ¢ k 9t
AR b % Vol H38NIL ONIMOHS M3IIA NVId Lyvd
SRS QOOMOYYH QRIIVL |
INND0TR HIEAN, // Y36 BOINILXE
. 02 % 0~ HLUON ONEASIXT B —
A’ 4M§Oh»ﬁm ANV dOL WAVEHATIO .w NOVEHSVIG
dAl) “L14 LHOIL ¥ 303 9 X tGik 3 8¢ % §siw 3
SON3 103 “S¥3ENIL 9@ X 9 € % fSiK / i
38 0L ONIOVEE Tw¥ILY] ik X == ) H 3 )
“IWIIEEZA AYWL L3S 38 R X\ T 4 = 7
fr3 id i 05 WY3§ LH04dAiS $COT2 N\ T < E A
3o 4 i j i & ;
w: o]} X3 e—WY38 1804dNS 3 ! r 3
3¢ 4OIYTIXT 3 - by L . ; Vi 5 ?
N1 &32109 AJIII‘.I o T g = i
b SVAGES WYIEY0IHIIXT HLEON 3 3 WYIS 1504dNS 004 3 \u&bjl
$ILLAY HLEON — e
Q078 ¥EHIL
Soon #3143 L
335 WNAGNLIINOT NO NMOKS ¥1¥a5d
02 SCOY QICYIEHL o 9
S e o Z-5 . moua« : ?.wwv o T T T T e [ H_ﬂ
¥COT3 30 3ONVI3 WOLLOE NI ST = = ol ak = = &, 2 !
E 3 W04 L 5008 %.\
CIAVIHL ol 3 180deNS 7
usig oisix3 10 4o - N u3ig o
Havig Fo-ilo-g Y 0 dot
SHIHS 8?5_%/ i S
YIS ONILSIXS 20 WOLI0B- il e o SIIHS QOOMCHYH
T D L A
.(qw uc:miu 30 &O—. ¥. m
waEmiL 21 X 21 -] | P — SHIHS GOCHQUYH G343avL L _wsemis 21 x 21
B38NIL 9 X 9 IVHILYT N3EWIL 9 X 9 SYIBNIL @ X 9
#y38 10uens iz =508 03QVIHL 0. -7 -1 1S NYIE 1 . ] R
H0014 10 Gx3—] G 3 1504eNS $00'4 3 WY 1H0dAS £Q0T4— Ay 0040003 - m
2-£1 2-9% 01-.%1
f [ ; T8 i
t fi a-.£01 |
t { 0-22 i 0-2z_ |
ONISYSS L904dNS BIERIL oAt -7 T c-31 i

September 2014

D-3

(10WADOT




Zoby__ uloe

waghw 133k | SIGAN 23300

"on KOIS30 on 31 2077 0N 1338 NIISH
NOISIAIC AVMMSIH - NOILYLYO,

September 2014

NYEL 30 INDANLYVESQ VMO

STHVYL3IA WY39 1d0ddns

“GNOOND 3HL 430 3IVNNAQ ¥EAWIL NG C30Y1d 38 1TWHS SHY38 i¥084NS ML ‘Quvx
FONUNILNIV SIHY 3HL OL O3NMNL3Y 38V AGHL 3ONO ¥0 3145 BOM ML 1v QIOLS 3uv
SAYIE 180ddNS 36) N3HA “3SN3dX3 S.HOLIVSINGD 3HE 1V ONIN NI 030¥3d3d 38 TIWHS
SININOINOD 039YWYQ X0 SNISSIA ANV "ININTUINDIY StHL 0L SNOILEIOX3 ON 38 TIWHS

3Y3MLSIVINILVA 3STHL INIAOTING LI30MA ANY 30 NGESNIONOD ML LV SIWY NI

04VA JINVNILNIVIY L0Q 3ki Of GINNNLIY 36 TIVHS SWILSAS #V3G IN04dNS ML

Appendix D — Strong Back Details for
Damaged Steel Beam/Girder Bridges

TSIVSILYM ISIHL

TGS SNINSNL3Y ONV ‘3115 807 81 01 STAV NI O¥VA JINVNIINIVA 100 L WOSF W3LSAS
: Y39 1504dNS 341 3O LEOJSNVEL ONY ONITONYH 4L H1ik Q31vIJ0SSY $1500

3iVid ONIYV38 TV JONTONE TIVHS LONIHOLS « Y “I33LS WERLINGLS. #3LE QIS WS ovNT ML

“1331S 05 30VHO 604V 39V SHYIY
1¥0ddiiS 3HL ‘v0I NOISZQ ALNAOD NYNVHONG 404 b0OZ LSNONY NI QILVOINEYH
] | ATTYNISINO 3834 SNV3S LNOJANS it ‘GYVA IHL 0 HINHOD IN L K ALUHOVS
= H o 341 1Y 031¥307 38V SNOILIIS MYIR 1¥0ddNS 3L TOSSA/ST-1 30 NOILIISUILNY

i i ML 1Y SIRV NI CUYA 3ONVNILNIVW 10G KL LY QICLS SAY3Q DI IN3aE
¥-¥ NOILJ3IS fuvd QM1 38y 3IRL ONV L0T 3HL 40 ALYIC0¥G 3HL SE M3LSAS WYIR LHOJINS WL

[ | *SILON W3ILSAS WY38 1¥0ddNS

5 I

ST gul ——>

/BO-SO G3NSSH L3S SIHL - 0BOI - NOO'SIOQIHGSNOINYIIIOSI M5 10N

0313730 SYA 3ION ININFIVIII L1108 RISNIULS HOHT - GO-1F O35IAIL

JONV1d WOLLOg

D-4

Cdhs) onl—,

i8-8 $e-1 $8-9 fo-4 $e-9

12-8 i8-8 -8
NOILVATTE
@ A 9ut 1\
092 x 3t4
JONVI4 401
”nxl \.'..&ft 8-l {dAL) 9ul =y

Emergency Response Manual for
Over Height Collisions to Bridges

(10WADOT




Emergency Response Manual for Appendix E — Calculations for Strong Back Beam,
Over Height Collisions to Bridges Support Beam, and Steel Beam Web Splice

APPENDIX E
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N Fae B ; Emergency Response Manual
g IU WA DOT For Over Height Collisions to Bridges

Strong Back Beam Analysis

Table of Contents

Contents Page

1.0 Capacity of Strong Back Beam E-4
1.1 Compression Flange Local Buckling E-4
1.2 Moment Capacity E-5
1.3 Shear Capacity E-6
1.4 Net Section Fracture at Splice E-6
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Emergency Response Manual for
Over Height Collisions to Bridges

Appendix E — Calculations for Strong Back Beam,
Support Beam, and Steel Beam Web Splice

Strong Back Check

Check the strong back beam for collision repair adequacy.

SPECIFICATION: LRFD 6th Edition, 2012 (U.S. Units).

ASSUMPTIONS: Using Rolled Shapes (VW36x230)
Webs meet proportion limits of 6.10.2.1.1 and 6.11.2.1.2

INPUT SECTION

Compression Flange Thickness:

Compression Flange Width:

Web Depth:

Web Thickness:
Yield Strength:

Ultimate Strength:

Compression Flange Yield Strength:
Tension Flange Yield Strength:
Web Yield Strength:

Steel Modulus of Elasticity:

Hybrid Factor:

Unbraced Length:

Section Modulus:

tee = 1.26in

b, = 16.475in

$:=1.0
D:=33.36 in
ty = 0.765 in
Fy = 36ksi
F, = 58ksi
ch = 36 ksi
Fyt = 36 ksi
wa = 36 ksi
E := 29000 ksi
Rh =0
Ly=251t

.3
Sy = 835.5m

(10WADOT
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Emergency Response Manual for
Over Height Collisions to Bridges

Appendix E — Calculations for Strong Back Beam,
Support Beam, and Steel Beam Web Splice

CALCULATION SECTION

1.0 Flexural Capacity

1.1 Compression Flange Local Buckling
LRFD 6.10.8.2.2

b
>\f _ fc
2ty
E
)‘pf =038 [—
ch

By = max{min{.7 Eyo B )5 By

E
A = 0.56 ’—
Fye

Rbi=1 web proportion limits of 6.10.2.1.1 and
6.11.2.1.2 are met

Rh:=1 for rolled shapes

A < Ay vields Foo = Ry"RF,

M = BT [
Fyo

Dy =

W |-

D,
2—=-436 < A, Therefore, R, = 1.0, web compact

Fpo = RbRh Fyg

Ap=6.5

Mt = 10.8

Fyr = 25200.0 psi

Ag = 19.0

Ay = 161.8

D, = 1.4ft

Fpo = 36000.0 psi

(10WADOT
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Emergency Response Manual for
Over Height Collisions to Bridges

Appendix E — Calculations for Strong Back Beam,
Support Beam, and Steel Beam Web Splice

1.2 Moment Capacity

Lateral Torsional Buckling
LRFD 6.10.8.2.3

E
Lp = L0 L |/
ch
Ly=mr i
F
yr

Tension Flange - LRFD 6.10.8.3

Fy=Rh Fyt

Web Bending Buckling - LRFD 6.10.1.9

9
2
2
D
k F
Fopy = mmy9 E—— ,mi{R.h ch,éﬂ
B :

Net Section Fracture - LRFD 6.10.1.8

k=

Ag = 16.475 1.26

. 15
A= m1n|:20.76 -21251.26,2076 - 4 (Ej 126]

. An
£ = m1n|:0A84 [A—g] Fu’Fyt:|

= 04f

Lp =1021t

L3858

Fpo = 30356.5 psi

F,; = 36000.0 psi

k=360

Fopy = 36000.0 psi

Ag =203

A, =160

fi = 36000.0 psi

(10WADOT
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Emergency Response Manual for Appendix E — Calculations for Strong Back Beam,
Over Height Collisions to Bridges Support Beam, and Steel Beam Web Splice

Moment Resistance
Fp, == min{min(Fpg, Fory ) min(Fpg. f)) F,, = 30356.5 psi

M, :=F_ S M, = 2113.6 kip ft

M, = M, M. = 2113.6 kip ff

1.3 Shear Capacity - LRFD 6.10.9

Vp = 0.58 wa Dityy Vp = 5329 kip
L] =436
tW
112 |E i =171.1 >43.6, therefore C:= 1.0
wa
V,=C Vp V, = 532.9 kip

V=6V, V, = 532.9 kif

1.4 Check net section fracture at splice

*4- 15/16" holes through section with no stagger
*controlling stress = 32.64 ksi at midthickness of flange (from splice analysis)

¢, = 8 (I)y i= .95 A,=16.0 Ag =208
Fof = 32.64ksi

, B .
Ay = m1n|:|:(]>u B W ’(Ag) A, =208 in"2

b
0.8 A, E; =E5
Ae
= =73
Anreq cf (2 3 Fu) Anreq

@IOWA DOT E-6 September 2014



Emergency Response Manual for
Over Height Collisions to Bridges

Appendix E — Calculations for Strong Back Beam,
Support Beam, and Steel Beam Web Splice

Outside Plate:

Inside Plate:

16.5in .75in

12375 -4 = 75
16

2in 7in

1474[

15
16

EQ] =

EQ; =

Ag =124 inm

A =96

"OUTSIDE PLATE OK" if Ay > Apreq
"OUTSIDE PLATE NG"  otherwise

[EQ = "OUTSIDE PLATE OK" |

Ag =140 inmn

Ay=103

"INSIDE PLATE OK" if A, = Ap.o

"INSIDE PLATE NG" otherwise

|EQ1 = "INSIDE PLATE OK" |

[ NET SECTION FRACTURE "OK" FOR NON-STAGGERED PATTERN |

(10WADOT
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e .y ' Emergency Response Manual
(JIUWA DOT For Over Height Collisions to Bridges

Support Beam Analysis

Table of Contents

Contents Page
1.0 Flexural Capacity E-10
2.0 Shear Capacity E-12
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Over Height Collisions to Bridges Support Beam, and Steel Beam Web Splice

Support Beam

Flexural and shear checks for a W36x260 support beam.

SPECIFICATION: LRFD 6th Edition, 2012 (U.S. Units).

ASSUMPTIONS:

INPUT SECTION
¢ shear: $:=1.0
Compression Flange Width: bg, = 16.555in
Compression Flange Thickness: to = 1.44in
Web Depth: D:= 33.36-in
Web Thickness: ty = 0.845-in
Yield Strength: Fy = 50ksi
Ultimate Strength: F, = 70ksi
Flange Yield: ch = 50ksi
Web Yield Strength: = 50-ksi

g wa. 50-ksi

Steel Modulus of Elasticity: E := 29000-ksi
Unbraced Length: Ly = 51ft

@IOWA DOT E-9 September 2014
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CALCULATION SECTION

1.0 Flexural Capacity

Compression Flange - LRFD 6.10.8.2
Local Buckling

b
fc
Ap = =57
i
(2-th)
E
A = 38 F_yc Xpf =92
Rb:=1 web proportion limits of 6.10.2.1.1 and
6.11.2.1.2 are met
Rh:=1 for rolled shapes

A < Mgy vields Fpo = Ry"RFy

E
Aoy = 5.7 [— B = 1373
By

D
Dc::; D= 141t
DC
o P (] < )\rw Therefore, R’b = 1.0, web compact
W
Bt Rb-Rh-ch Fp o = 50000.0 psi
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Lateral Torsional Buckling
LRFD6.10.8.2.3

by,

C

1 =44

tw

1=
1241+ D +—
j | Bt

Lp = 1.0 i Lp = 105 2in
ch

Fyr = max(mm(.7~ch,wa),.S.ch) Fyr = 35000.0 psi

E
Lo=mre L, =3950-in

E

yr

Ly > L,

Cb = 10
Rb =1
Fori= CyRyw Fop = 14579.7psi

*Tension, net section fracture and web bend buckling will not control by inspection.
Flexural Capacity:

.3
dp:=1.0 Sy =951.1in

M, = pFopeS, M, = 1155.6-kip-f}
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2.0 Shear Capacity

LRFD 6.10.9

Unstiffened Resistance - No Intermediate Stiffeners

Vo=V = CY,

Vo= 58 waD%V

p Vp: 817.5-kip

> 39.5, therefore C=1.0

Vpi= GV, V, = 817.5kip

Vyi= gV V, = 817.5-kif
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e YT ‘ . Emergency Response Manual
“ IUV\’A DOT For Over Height Collisions to Bridges

Web Splice Repair Analysis

Table of Contents

Contents Page
1.0 Web Repair Splice - 160’ E-15
2.0 Web Repair Splice - 240" E-19
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Web Splice Repair

Size the web splice for callision repair adequacy. Using 1aDOT standards for 3 span rolled steel beam bridges (40"
Roadway). The minimum bridge length provided was 160" and the maximum bridge length which can utilize the
103 strong back beam was 240' (96' center span). These two designs were considered to create an envelope for
bolt spacing.

Only the center span between field splices was examined, as this is the most likely location where an exterior
girder may be damaged from traffic below.

Loads at the 2.2/2.8 points (F.S.) and 2.5 point (Midspan) were used to determine if bolt spacing could vary along
the splice.

The repair splice was treated like a true web splice.

SPECIFICATION: LRFD 6th Edition, 2012 (U.S. Units).

ASSUMPTIONS: Using Rolled Shapes (W30x99) (W36x170)
Webs meet proportion limits of 6.10.2.1.1 and 6.11.2.1.2

INPUT SECTION -W30x99

¢ shear: b:=10
Web Depth: D:= 28.36-in
Web Thickness: ty = 0.52-in
Yield Strength: Fy = 50ksi
Ultimate Strength: Fy = 70ksi
Web Yield St th: = 50.ksi
eb Yiel reng wa = 50-ksi
Steel Modulus of Elasticity: E := 29000-ksi
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CALCULATION SECTION

1.0 Web Repair Splice - 160’
Shear Capacity of W30x99 - LRFD 6.10.9

Unstiffened Resistance (No Intermediate Stiffeners)

2-:54.5 ka=5
o

112 [E—= ~ 603
F W
y 54.5 < 60.3, therefore

Vp i= 0.58-Fy Dty
Vyi=CV

n- P

Determined Factored Loading

at 2.2/2.8 point:

V= 1.25-15kip + 1.5-3kip + 1.75-54kip

u
at 2.5 point:

V= 1.75-26kip

Determine Horizontal Shear at N.A.
Non-Composite

: .4
Ybot_non = 14.85m Lion = 3990in

Quog = 154.392in°

@ 2.2/2.8 point: Vqp:= 15kip

QI]OIl

Toon ™= 1.5:1.25:-Vgp
on

Therefore, Vi = 1.5-V, LRFD 6.13.6.1.4b

C=1

Vp = 427668.8 1bf

V), = 4276688 Ibf

V, = 117.8kip

V,=455kp <05V,

Tnon = 1. 1-kpi
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@ 2.5 point: therefore, 1.,. =0

’'non

le = Okip

Composite (n=8.5)

= 28.7593in I = 12040.9in4

Ybot_comp * comp *

81441-(2947 4 5 8 287593 E)
8

Q §
comp 35

.3
Qcomp =421.1in

@ 2.2/2.8 point: VLLfIM = 54kip Vpw = 3kip

~ 1.5-|:(l.5-VDw+ 1_75-vLL_IM).mep]
comp Icomp

T

@ 2.5 point: VLLfIM = 26kip Vpw = Okip

Qcom
P
= 15175V, T

comp

Teomp *

Total:

@ 2.2/2.8 point: T 5= 1.09kpi + 5.19kpi

@ 2.5 point: T5 5= 2.39%pi

Determine Max Bolt Spacing

Capacity of Bolt in Double Shear - LRFD 6.13.2.7

Ay = [3)-(.875@2

4
Fyp = 120ksi

Nes=2

RII = 038AbFubN58

+ 10.5-.67-(29.7 — 28.7593 — %J +:52 5

(207 - 28.7593 — 67)°

comp ~
v = 3 A

comp

T 5= 6.3-kpi

Ty 5= 2.4-kpi

Ap = 0.6:in”

R, = 43.9-kip

(10WADOT
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Support Beam, and Steel Beam Web Splice

b= 8
R.= R,

tr=..375in

S

Rr

800,55

B2

R,

F

525 =

2.5

Max Spacing for Sealing - LRFD 6.13.2.6.2

ax = min(4in + 4-t,7in)

Required Spacing @ 2.2/2.8:

Required Spacing @ 2.5:

Determine Size of Connection Plates

shear on section A-A

Vow = max(755.75 3)

(6.25.5.5)
(133.4.2)

R = min{.58-F Ay, 58.F,-8-9-Fy Ay )

net area controls:

R, = 35.1-kip

Sax = 5-5+in

$99=5.6-in

85 5= 14.7:in

se 5.5" spacing

Vi = 6.3kpi

t=0.4-in

SE 3/8" PLATES

(10WADOT
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INPUT SECTION - W36x170

¢ (shear) : d:=10

Web Depth: D:= 34-in
Web Thickness: tyy = 0.68-in
Yield Strength: Fy = 50ksi
Ultimate Strength: Fy, = 70ksi
Web Yield Strength: wa = 50-ksi
Steel Modulus of Elasticity: E = 29000-ksi
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2.0 Web Repair Splice - 240’
Shear Capacity of W36x170 - LRFD 6.10.9

Unstiffened Resistance (No Intermediate Stiffeners)

R:50.0 ka=5

1.12 ’EFL = 603
bW 50 < 60.3, therefore

Vp i= 0.58-Fyy :Dity,

V= C-Vp

Determined Factored Loading
at 2.2/2.8 point:

v, = 1.25-25kip + 1.5-4kip + 1.75-62kip

at 2.5 point:

V= 1.75-31kip

Determine Horizontal Shear at N.A.

Non-Composite

Ybot non = 18-1in Lon = 10500in"
. 3
Quon = 329.9in
@ 2.2/2.8 point: Vqp = 25kip
Q1’1011

Toon = 1.5:1.25-Vgp
o1

Therefore, pram R LRFD 6.13.6.1.4b

EGi=1

Vp = 670480.01bf

V,, = 670480.01bf

V, = 1458.kip <05V,

V, = 54.3-kip

Tnon = 1-5-kpi

(10WADOT
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(10WADOT

@ 2.5 point: Vg = Okip therefore, 1,,, =0
Composite (n=8.5)
Ybot_comp = 31.7918in Loomp = 26183 2in’
8
81.41-(36.2+.5+873l.791875) - (362 Np— 1)2
— T + 12-1.1-(36.2—31.7918—T)+ 68- .
— BT
Qcomp = 2-n
@ 2.2/2.8 point: Vi1 = 62kip Vpyy = 4kip
o L5{(15-Vpw + 1.75-V1, 1vi)Qeomp]
comp - et
P Icomp Teomp = 4.8-kpi
@ 2.5 point: Vi = 3lkip Vpw = Okip
Qcomp ¢
Tcomp = 15175VLL M TCOIl’lp = 23kpl
. Icomp
Total:
@ 2.2/2.8 point: T5 o= 1.5kpi + 4.8kpi Ty o= 6.3kpi
@ 2.5 point: 75 5:= 2.3kpi Ty 5= 2.3kpi
Determine Max Bolt Spacing
Capacity of Bolt in Double Shear - LRFD 6.13.2.7
™ %2 .
Ap = (Z)'(-8751n) Ay = 0.6-in
Fup= 120ksi
Ng:=2
R, = 0.38-ApF N8 Ry, = 43.9:kip
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R.=¢-R,

fi= 375

Smax = min(4in + 4-t,7in)

Required Spacing @ 2.2/2.8:
S § Rl’
22

B0

Required Spacing @ 2.5:

R;

555 =
T2.5

Determine Size of Connection Plates

Max Spacing for Sealing - LRFD 6.13.2.6.2

shear on section A-A

Vaw = max(722,75 s)

net area controls:

.. 63155)
" (133.4.2)

R = min{.58-F A, S8Fy-8-9-F Ay )

133.4%

R, = 35.1kip

Smax = 3.5-in

$99=35.6-in

s5 5= 15.3-in

se 5.5" spacing

Vi = 6.3kpi

t=0.4-in

SE 3/8" PLATES

(10WADOT
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DS-12023
(New)

iﬂb‘lowa Department of Transportation
-

DEVELOPMENTAL SPECIFICATIONS
FOR
FIBER REINFORCED POLYMER REPAIR FOR CONCRETE CONTAINMENT OF COLLISION
DAMAGED PRETENSIONED PRESTRESSED CONCRETE BEAMS

Effective Date
October 16, 2012

THE STANDARD SPECIFICATIONS, SERIES OF 2012, ARE AMENDED BY THE FOLLOWING
MODIFICATIONS AND ADDITIONS. THESE ARE DEVELOPMENTAL SPECIFICATIONS AND THEY
PREVAIL OVER THOSE PUBLISHED IN THE STANDARD SPECIFICATIONS.

12023.01 DESCRIPTION.

These specifications describe a Fiber Reinforced Polymer (FRP) repair system which comprises the:
o Materials system specified, including the fiber material, physical form of the fiber material, resin,
primer, and adhesive as applicable,

Installation process,

System manufacturer,

Supplier, and

Installer.

12023.02 MATERIALS.

A. Comply with the following requirements:

Table DS-12023.02-1: Tests and Requirements for FRP Laminate Systems
& @ ASTM TEST
PROPERTIES AT 72 £ 2°F(22 £ 1°C) MINIMUM VALUES METHOD
. . . . . 500 pounds per inch of width
Ultimate Tensile Strength in Primary Fiber Direction (87 6 KN per meter of width) D 3039
i o = . 500 pounds per inch of width
Ultimate Tensile Strength at 90° to Primary Fibers (87.6 KN per meter of width) D 3039
Tensile Modulus of Elasticity 2000 ksi (13,790 mPa) D 3039

B. FRP Laminate Systems shall be in accordance with Materials |.M. 491.25, Appendix A.

C. Store and handle materials according to the manufacturer’'s recommendations, except as
modified by this specification. Protect materials from dirt, moisture, chemicals, extreme
temperatures, and physical damage. Do not use components exceeding their shelflife. In case of
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conflict between manufacturer's recommendations and the requirements listed in this
specification, the Engineer will determine which governs.

12023.03 CONSTRUCTION.
A. Surface Preparation.

1. Ensure that, where shown on the plans, corners are rounded and smoothed to a surface
finish in compliance with these specifications prior to the application of fibers. Surface finish
consists of finishing the surfaces of the structure to produce smooth even surfaces of uniform
texture and appearance that are free of unsightly bulges, depressions, and other
imperfections. Use power sanders or other approved abrasive means to achieve a smooth
even surface of uniform texture and appearance. Repair defects in the base concrete, such
as spalls, chips, and hollow areas as shown in the contract documents.

2. Ensure surfaces to receive FRP laminate are free from fins, sharp edges, and protrusions
that will cause voids or depressions behind or within the installed FRP laminate, or that in the
opinion of the Engineer will damage the fibers. Voids or depressions are defined as volumes
greater than 0.5 inch (12.5 mm) in diameter by 0.125 inches (3 mm) deep. Fill existing
uneven surfaces to receive FRP laminate, including voids or depressions, with an FRP
system compatible epoxy or epoxy-based filler.

B. Application Conditions.

1. Ensure the contact surfaces at any stage of installation are completely dry and free of dust
and other contaminants at the time of application of the FRP laminate. Mix and apply the
epoxy resin components only when their temperatures and the ambient temperature are
between 45°F (7°C) and 95°F (35°C). Apply the FRP laminate when the relative humidity is
less than 90% at the site and the surface temperature is more than 5°F (3°C) above dew
point.

2. Replace or repair FRP laminate damage caused by the elements at no additional cost to the
Contracting Authority.

3. With the Engineer’s written approval, the Contractor may provide suitable enclosures to
permit application and curing of the FRP laminate during inclement weather. Control
atmospheric conditions artificially inside the enclosures within limits specified for application
and curing of the FRP laminate.

4. During application of the FRP system, maintain a Daily Installation Log. Make this log
available to the Engineer for review. Provide the Engineer a copy at the completion of each
day's work. In the log provide materials certification data and application records for each
installation. Include, at a minimum, the following information:

a. Installation identification with beam number, construction and installation requirements,
including plans and drawings, or references thereto.

b. Materials information including product description, date of manufacture, and lot or batch
numbers.

c. Fabrication, inspection, and verification data for the manufacturing and construction
operations including:
e Alist of materials and quantities used during each work shift.

Number of layer counts.

FRP laminate thickness measurements.

Installation time per beam.

Ambient temperature and humidity readings at beginning, middle, and end of each

work shift.
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e Curing processes including full documentation of time and temperature relationship
for curing and at final curing temperature.

* Thickness measurements of any protective coating applied to the completed FRP
laminate following installation.

C. Application of System.

Use automated equipment to proportion and thoroughly mix the components of epoxy resin to
within 5% of the specified mix ratio. Check the accuracy of proportions and mixing.

Apply the resin within one hour after a batch has been mixed, or as recommended by the
FRP manufacturer. Measure and uniformly apply both epoxy resin and fiber sheet at the rates
shown on the approved working drawings.

Apply the fiber sheet to the surface using methods that produce a uniform tensile force
distributed across the entire width of fiber sheet.

Place successive layers of FRP laminate materials before complete cure of the previous layer
of epoxy to achieve complete bond between layers. After seven calendar days, or complete
cure, a light surface sand blasting, cleaning with fresh water, and drying is required prior to
placing additional layers.

Maintain an epoxy application rate for each layer of FRP laminate such that the fiber sheet is
completely saturated.

Undulations in the surfaces are not to exceed 0.25 inches per foot (20 mm per meter) in any
direction. The cured FRP laminate is to have a uniform thickness, density, and bond between
layers and to lack porosity.

Except as specified otherwise, roll or squeegee out entrapped air beneath each layer before
the epoxy sets. Firmly bed and adhere each individual layer and ending of the FRP laminate
to the preceding layer.

An overlap length of 4 inches (100 mm) or that recommended by the FRP manufacturer is
required for splices in the fiber direction of individual layers. No horizontal overlap is required
when placing parallel sheets.

Ensure the cured FRP laminate system has uniform thickness, density, and bond between
layers. Protect the system from exposure to rainfall or submersion for a period of at least 48
hours. Inspect the cured FRP systems for defects consisting of external abrasions or
blemishes, delaminations, voids, external cracks, chips, cuts, loose fibers, foreign inclusions,
depressible raised areas, or fabric wrinkles. Apply the following criteria:

+ Each layer is to have full contact with the concrete surface or subsequent layers subject
to the following tolerances. Repair or replace all defects or voids with a dimension greater
than 1.5 inches (40 mm), defect areas greater than 1 square inch (650 mmz), or defect
areas with any dimension greater than 1 inch (25 mm) within 1 foot (300 mm) from
another defect area of similar size, as determined by the Engineer.

e Surfaces of butted joints are to be flush with adjacent surfaces.

e Prior to preparing surfaces for painting, obtain the Engineer’s approval for all repairs
completed and cured.

D. Painting FRP Laminates.

Clean and paint exposed surfaces of FRP laminates according to this specification and the
FRP manufacturer's recommendations.
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2. Lightly roughen surfaces to be cleaned and painted by uniform abrasive blasting using an
abrasive no larger than 80 mesh. Do not allow the air pressure at the nozzle used for
abrasive blasting to exceed 80 psi (550 kPa). Use abrasive of appropriate hardness to
roughen the surface without damaging the fiber portion of the FRP laminate. Do not expose
the fiber portion of the FRP laminate by the abrasive blasting operation. Abrasive blasting will
not be required if the first coat of paint is applied within 48 hours after mixing the components
for the final resin coating.

3. Remove dust and blast residue from all surfaces by flushing with clean water before painting.
4. Ensure all surfaces of the FRP laminate are completely dry before applying a minimum of two
finish coats of an exterior grade paint that is formulated to be system-compatible with the
FRP in compliance with the requirements in ASTM D 3359, Method A, with a minimum rating

of 4A.

5. Apply the first finish coat in a minimum of two applications. Verify the total dry film thickness
of all applications of the first finish coat is no less than 2 mils (50 um).

6. Successive applications of paint are to be of such a shade as to contrast with the paint being
covered.

7. Unless the Engineer approves otherwise, allow a minimum drying time of 12 hours between
finish coats.

8. The second finish coat color is to match Federal Standard 595B No. 26408. The total dry film
thickness of all applications of the second finish coat is to be no less than 2 mils (50 um).

9. Apply the two finish coats in three or more applications to a total dry film thickness of no less
than 4 mils (100 um) or more than 8 mils (200 um).

12023.04 METHOD OF MEASUREMENT.
None.

12023.05 BASIS OF PAYMENT.
A. Payment for Beam Repair, as per plan, will be the lump sum contract price.

B. Payment is full compensation for furnishing all material, labor, and equipment required to
complete the work according to the contract documents.
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SP-120081
(New)

’c&,‘ lowa Department of Transportation
-

SPECIAL PROVISIONS
FOR
HEAT STRAIGHTENING OF BRIDGE BEAMS

Cedar County
BRFN-038-2(35)--39-16

Effective Date
September 17, 2013

THE STANDARD SPECIFICATIONS, SERIES 2012, ARE AMENDED BY THE FOLLOWING
MODIFICATIONS AND ADDITIONS. THESE ARE SPECIAL PROVISIONS AND THEY SHALL
PREVAIL OVER THOSE PUBLISHED IN THE STANDARD SPECIFICATIONS.

120081.01 DESCRIPTION.

This work is to permanently repair a damaged steel beam on the 261°-6 x 28’ continuous steel I-beam
bridge carrying lowa 38 over |-80 at the north junction of lowa 38 and |-80. This bridge was struck by an
over height load on eastbound |-80. The damaged beam shall be repaired by heat straightening to restore
it to its original shape and alignment. In addition to heat straightening of the beam, the Contractor shall
blast clean the damaged structural member to be straightened and contain waste material generated by
blast cleaning.

120081.02 EXPERIENCE REQUIREMENTS.

Prior to beginning work, the Contractor shall submit to the Engineer documentation of 10 or more years of
experience in the field of heat straightening major structural elements on highway or railroad bridges and
a documented list of at least three bridge structures that have been successfully heat straightened.

120081.03 NOTIFICATION AND PRELIMINARY WORK.
The Contractor shall nctify the Engineer 2 weeks prior to the starting date of heat straightening
operations.

Prior to blast cleaning of structural steel, the Contractor and the Engineer shall inspect the damaged
section for gouges, sharp dents, cracks or other impact caused defects and document any damage
observed. If cracks are found, the lowa DOT’s Office of Bridges and Structures will be informed by the
Engineer prior to the Contractor proceeding with the repair.

The Contractor shall blast clean the portions of the beam, in accordance with the plans, that have been
damaged and require heat straightening.

120081.04 REPAIR BEAM, HEAT STRAIGHTENING.

Jacks or “Come-Alongs” may be used to mechanically augment the heat straightening process. Jacking
forces shall be limited to 4 tons. Loading shall be judiciously applied to the beam during the straightening
process. The jacking force shall not be adjusted during heating or before the temperature in the beam has
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cooled to 600°F or less. The Contractor shall adequately brace the adjacent beams at the jacking
locations in order to prevent overloading due to applied lateral loads.

Heating shall be done using No. 8 or smaller torch tips on an oxygen-acetylene gas mixture. Vee line or
spot heating patterns shall be conducted to bring the steel within the planned pattern to a temperature
between 600°F and 1200°F to produce deformations of the steel member conforming to the tolerances
outlined on the plans and these special provisions. After the beam has been heat straightened, the
heating pattern used shall be furnished to the Engineer for informational purposes. In no case shall the
temperature exceed 1200°F (a dull red) as determined with use of temperature indicating crayons, liquids
or a bimetal thermometer.

The Contractor shall provide the Engineer with temperature indicating crayons manufactured for 600°F,
1000°F, and 1350°F.

The temperature of the heated metal may be determined by the color of the steel adjacent to the tip of the
torch by using temperature crayons to correlate the temperature of the heated metal to the color of the
steel. In normal daylight conditions, 1200°F will be indicated by a satiny, silver color near the torch tip.
After cooling, the area should be gray in color.

Only quenching with clean dry air will be permitted. Cooling with compressed air may be done only after
the steel has cooled naturally to at least 600°F. Cooling shall be uniform throughout the heated area.

After the heat straightening has been completed, the Engineer will visually inspect the repaired beam. At
the Engineer’s discretion, nondestructive testing of the structural steel and weld may be performed if
cracks are suspected. The Contracting Authority will do all testing.

120081.05 TOLERANCES.
The alignment of the repaired beam shall be within the following tolerances:

Tolerances for sweep shall be 1/4 inch per 20 feet of length. Vertical deflections or waves in the
flange shall not be more than 1/4 inch. The web shall be straightened to within 1/4 inch of plumb.
Camber shall be within 1/4 inch of comparable readings of an undamaged adjacent interior beam.
Camber readings shall be taken at 2 foot intervals within the span and submitted to the Engineer. In
the event that the camber is not within tolerances, the Contractor shall adjust camber using the
heating process.

120081.06 PERFORMANCE.

If the alignment of the beam is not straightened to within the tolerances specified or if the beam is cracked
as a result of the heat straightening process performed by the Contractor, the Contractor shall replace or
repair the portions of the beam as determined by the Office of Bridges and Structures of the lowa DOT.
The cost of repair or replacement with a new section of beam, associated materials, and labor shall be
borne by the Contractor at no cost to the Contracting Authority.

120081.07 METHOD OF MEASUREMENT AND BASIS OF PAYMENT PAYMENT.

The Contractor will be paid the lump sum contract price bid for “Repair Beam, Heat Straightening, As Per
Plan.” This lump sum shall include furnishing all labor, materials and equipment required to heat
straighten all damaged portions of the beam to its original alignment as noted herein. This includes
furnishing all jacks and temporary bracing needed in the heat straightening process.
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County Location srineno, | o | e | LettingDate | Repair Features
Replace one exterior
Scott Local Road over I-80 047700 8204.80080 412 7/17/12 beam and FRP wrap the
other exterior beam
Cass Co. Rd. N28 over 1-80 018110 1564.6R080 8370? March 1985 | Beam Replacement
S.R. JJ Ave. over US 20 Replace exterior beam
Hardin (Design 1489 , May 606225 4266.8002 214 8/20/13 and FRP wrap first
1989) interior beam
Linn 8th Street over 1-380 603860 5720.80380 512 5/15/2012 | Be3m replacement (both
exterior beams)
" Warren Co. Rd. G6R over I-35 051380 9158.50035 503? 7/15/2003? | FRP wrap
s 8/15/06 or .
5 | Warren Co. Rd. R35 over I-35 051460 9166.60035 406 or 210? Debris diaper
= 2/16/2010
3 | johnson | B0 WB over Black 031940 5230.5L080 115 7/15/14 | Debris diaper
S Hawk Ave
Beam patching and beam
10/13/1998 | replacement (1998);
. 198 or 105 or Spall patching with FRP
Poweshiek | 1-80 over IA 21 046210 7901.8R080 or 114 5/17/2005 | Wrap (2006 and 2013);
or 8/20/13 | Steel sleeve with epoxy
injection (2006)
Warren Co. Rd. G-14 over I-35 051450 9165.10035 603 2003 Beam replacement
Warren Co. Rd. G-14 over I-35 051450 9165.100365 108 2009 FRP wrap
Warren | Co. Rd. G-14 over I-35 051450 9165.100375 510 4/2/2010 | P3!! patching with
grouted steel sleeve
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County Location Bridge Bridge Maint. Design Letting Date Repair Features
No. No. Number
Cedar IA-38 over I-80 018330 1616.85038 214 9/17/2013 Grind nicks and gouges;
heat straighten
Franklin Local Road over I-35 602420 3566.80035 692 January 1992 | Grind nicks and gouges;
heat straighten;
diaphragm replacement
Harrison Local road over I-29 028170 4380.50029 204 6/27/2004 Grind nicks and gouges;
1.3 miles south of Co. heat straighten; add
Rd. F-50 strengthening plates
Johnson SB Dubuque Street 032110 5244.30080 409 5/18/2010 Grind nicks and gouges;
] over |-80 EB (SB) (SB) heat straighten
_'090 Linn IA-13 Over US-30 033610 5730.1R151 2570 10/7/1970 Cold jacking
g Linn IA-13 Over US-30 033610 5730.1R151 673 12/7/1972 Cold jacking
& | Marshall IA-330 over US 30 --- 6420.5S330 393 August 1993 | Strong back beam used
% to remove/replace
G lower portions of beam
% ahd to straighten
o diaphragm
E Polk Hubble Ave over I-80 042020 7742.1R080 1707 6/27/2007 Strong back beam used
) to remove/replace
lower portions of beams
and diaphragm
replacement
Polk [-80 WB over US 65 042030 774211080 1807 9/5/2007 Strong back beam used
to remove/replace
lower portions of beam
Polk Original Design No. 041330 7726.10080 No Design | Unknown Strengthening angles
7456 Douglas Ave No. added at mid-depth of
over |-35 web
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Appendix G — Partial Reference List of Past lowa DOT
Over Height Vehicle Collision Repairs
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FHWA Bridge Maint. Design
County Location Bridge Letting Date Repair Features
No. No. Number
Pottawattamie | US 59 Over US 92 043340 7845.35059 713 April 2013 Shoring towers; replace
lower portions of three
damaged beams
Pottawattamie | Original Design 6764 044800 7853.8L029 1410 5/4/2010 Shoring towers; replace
--1-29 over 1-480 positive moment section
Ramp of damaged exterior
beam; replaced damaged
diaphragms
Scott I-74 Mississippi River 604080 8204.3R074 306 5/16/2006 Grind nicks and gouges;
Approach over US 67 heat straighten
Woodbury Co. Rd. D-51 over 053660 9735.80029 913 6/18/2013 Strong back beam used
[-29 to remove/replace
lower portions of beams
and diaphragm
replacement
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