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Preface

MCEER is a national center of excellence dedicated to the discovery and development
of new knowledge, tools and technologies that equip communities to become more
disaster resilient in the face of earthquakes and other extreme events. MCEER accom-
plishes this through a system of multidisciplinary, multi-hazard research, in tandem
with complimentary education and outreach initiatives.

Headquartered at the University at Buffalo, The State University of New York, MCEER
was originally established by the National Science Foundation in 1986, as the first Na-
tional Center for Earthquake Engineering Research (NCEER). In 1998, it became known
as the Multidisciplinary Center for Earthquake Engineering Research (MCEER), from
which the current name, MCEER, evolved.

Comprising a consortium of researchers and industry partners from numerous disci-
plines and institutions throughout the United States, MCEER’s mission has expanded
from its original focus on earthquake engineering to one which addresses the technical
and socio-economic impacts of a variety of hazards, both natural and man-made, on
critical infrastructure, facilities, and society.

The Center derives support from several Federal agencies, including the National Sci-
ence Foundation, Federal Highway Administration, National Institute of Standards
and Technology, Department of Homeland Security /Federal Emergency Management
Agency, and the State of New York, other state governments, academic institutions,
foreign governments and private industry.

The Federal Highway Administration (FHWA) is supporting a study entitled “Prin-
ciples of Multiple-Hazard Design for Highway Bridges.” The project objectives are to
establish a number of fundamental design principles and a framework to systematically
expand the current AASHTO Load and Resistance Factor Design (LRFD) bridge design
specification into a multi-hazard (MH)-LRFD. This is carried out by working closely
with Federal Highway Administration experts, the AASHTO Subcommittee on Bridges
and Structures (SCOBS) Technical Committee on Loads and Load Combinations (T-5),
and with selected individuals who were largely responsible for the development of the
current AASHTO LRFD. Several innovative technology developments for the mitiga-
tion of and response to extreme events are also part of this project. These include the
development of software for a bridge damage database, development of a comprehen-
sive framework for MH-LRFD, extreme hazard load effect calibration, multi-hazard
design examples and case studies, traffic optimization software for multiple hazards,
freight movement under multi-hazard conditions, development of a curvature sensor
for bridge health monitoring, and education materials related to multi-hazard resilient
bridges and highway infrastructure.

This study was carried out to establish a framework for the eventual development of a compre-
hensive database of damaged bridges (DDB) based on bridge damage information available
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in the open literature. The proposed database framework described herein integrates current
existing bridge information sources with new information to provide a uniform database to use
for modeling damaged bridges. The database includes the following information: bridge design
information (design documents, construction, drawings, etc.); environmental (geographical
and weather) conditions; hazards information and traffic conditions; bridge damage and loss
information (damage positions and damage modes, etc.) and economic and environmental
impacts. As expected, most of this information is not available, certainly in quantitative terms.
Furthermore, in addition to the lack of quantitative descriptions of bridge damage (failures
and partial failures), the condition of the bridge at the time of failure is almost non-existent in
the documented information/database. This latter information is relevant in damage model-
ing of bridges. Therefore, the database software described in this report should be regarded
as a framework for further refinements, especially in the areas of quantitative information
regarding damage and estimated bridge condition at the time of failure.
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Abstract

A bridge can fail for many reasons, including internal causes (design errors, material defects or
aging, insufficient capacity, construction errors, etc.) and external causes (extreme events such as
earthquake, scour, flood, wind, vessel collision, fire, etc.). Although there are several existing
information sources such as the NYSDOT databases, as well as other collected or summarized
reports on bridge damage and failures, they do not contain enough information to provide a
fundamental basis for further improvement of the Load and Resistance Factor Design (LRFD)
specification for bridges. Thus, this study was carried out to establish a framework for the
eventual development of a comprehensive database of damaged bridges (DDB) based on bridge
damage information available in the open literature. The proposed database framework described
herein integrates current existing bridge information sources with new information to provide a
uniform database to use for modeling damaged bridges. The database includes the following
information: bridge design information (design documents, construction, drawings, etc.);
environmental (geographical and weather) conditions; hazards information and traffic conditions;
bridge damage and loss information (damage positions and damage modes, etc.) and economic
and environmental impacts. As expected, most of this information is not available, certainly in
quantitative terms. Furthermore, in addition to the lack of quantitative descriptions of bridge
damage (failures and partial failures), data about the condition of the bridge at the time of failure
is almost non-existent in the documented information/database. This latter information is
relevant in damage modeling of bridges. Therefore, the database software described in this report
should be regarded as a framework for further refinements, especially in the areas of quantitative

information regarding damage and estimated bridge condition at the time of failure.
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SECTION 1
INTRODUCTION

Bridge failure may be defined as the loss of a structural component, loss of basic functionality,
catastrophic collapse, or any damage condition in between. A bridge can fail due to a variety of
single or combination of reasons, including material imperfection or aging, overload, insufficient
design capacity, construction error or lack of maintenance. Lessons can be learned through
proper study of bridge failures due to these various causes. Similar to reconnaissance studies of
damaged or collapsed structures after a natural disaster, design guidelines can be improved

through a better understanding of the causes and mechanisms of failure.

In order to carry out useful post-event studies and to learn from past failures, documentation of
the damage or failure condition is needed. One way to effectively capture this information and
make it useful for design and construction practitioners is to create a database consisting of at
least four types of information: hazard information (e.g., U.S. Geological Survey (USGS)),
original design and construction information (e.g., the National Bridge Inventory (NBI)), failure
information (e.g., the New York State Department of Transportation (NYSDOT) bridge failure
database (NYSDOT 2006)) and other information (e.g., economic losses and casualties).
Additional information such as historical data about repairs, retrofitting, and lifetime
maintenance for each of the failed bridges is also necessary for a full understanding of the modes

and causes of failure.

The basic objective of developing a database of damaged bridges is to provide a comprehensive
bridge failure database in one repository and use it to improve the reliability of our Nation’s
bridges. If detailed information about each catastrophic event is made available in an easy-to-
understand form, researchers will be better able to digitally reconstruct the event and conduct an
in-depth analysis of the capacity of the structure under various circumstances so that future
designs can be improved. In addition, computer simulations can help to achieve a better
understanding of the loading effect on bridges due to multiple hazards so that a uniform platform
for evaluation and comparison can be established based on bridge damage due to a variety of

hazards.



In a research project at the University at Buffalo (UB) sponsored by the Federal Highway
Administration (FHWA) to explore reliability-based multiple hazard design principles of
highway bridges, a subtask is carried out to review existing information and create a database

with the following objectives:

1) Short term: Establish the distribution and intensities of extreme natural hazard events for the
calculation of bridge failure probabilities, and include this information in a database. The
database will also facilitate in-depth forensic studies.

2) Long term: Expand the database into a comprehensive bridge damage/collapse database (i.e.,
National Repository) over time to help to continue to improve the AASHTO Load and
Resistance Factor Design (LRFD) bridge design limit state equations.

In order to develop a bridge failure database, it is necessary to first define the scope of “failure”
and the “entities” of the intended database. These are challenging issues. Currently, there is no
commonly accepted definition of bridge failure. This deficiency is evident from a review of

available information.

There are several existing information sources on bridges in the U.S., such as the NBI (FHWA
2013) and the NYSDOT database (NYSDOT 2006). The NBI includes basic information for U.S.
bridges, such as ‘Bridge Identification,” ‘Structure type and material,” ‘Age and service,’
‘Classification,” ‘Bridge condition,” ‘Bridge geometry,” ‘Inspection,” ‘Proposed improvement,’
‘Appraisal,” ‘Navigation,” ‘Load rating and posting,” and other information specific to a given
bridge. The NBI offers basic information and condition data about existing bridges, but does not
include failure or damage information. The NYSDOT bridge failure database includes failure
date, type, cause, as well as number of dead and injured. It also includes some identity and
location information. However, neither of these information sources contain the necessary
quantitative information needed for further improvement of current bridge design specifications.
One very important issue is that there is no standard to describe damage or failure for computer
modeling purposes. In summary, all of the above sources provide useful information, but are
insufficient to accomplish the objectives of bridge damage modeling. Only some limited reports

and publications that deal with studies of specific bridges are helpful in this regard. Therefore,



the establishment of a database of damaged bridges (DDB) is proposed. The DDB will integrate

current existing bridge information sources to include the following:

1) Bridge design information (design documents, construction, drawings, etc.).

2) Environmental (geographical and weather) conditions.

3) Hazards information and traffic conditions.

4) Bridge damage and loss information (damage positions and damage modes, etc.) and

economic and environmental impacts.

1.1 Damage Database of Bridges (DDB) Background: Damaged Bridges in
the U.S.

1.1.1 Damaged Bridges

In the past century, many notable catastrophic highway bridge failures have occurred. These

failures have resulted in both serious casualties and large economic losses.

The most well-known bridge failures, including the Ashtabula bridge (Ohio, 1876) (Peet 1877),
the Tacoma Narrows Bridge (Tacoma, Washington, 1940) (Billah and Scanlan 1991), and the I-
35W Mississippi River bridge (Minneapolis, MN, 2007) (Holt and Hartmann 2008; Hao 2009),
occurred because of design or material defects that have been obviated by contemporary practice.
However, better design and engineering practice cannot completely eliminate the risk of bridge
collapses. Important examples in recent decades include the failures of the Schoharie Creek
bridge on the New York Thruway in 1987 during intense rain (NTSB 1988; Storey and Delatte
2003) and the San-Francisco-Oakland Bay Bridge in 1989 during the Loma Prieta earthquake
(Semans and Zelinski 1981) (National Geophysical Data Center 1990). Several other failures
occurred during flooding on the Mississippi River in the 1990s, and Hurricane Katrina and
related flooding in 2005 (NIST 2006). Table 1-1 presents a list of several major bridge failures in
the U.S.



Table 1-1 Selected Bridge Failures in the United States to
Indicate the Various Causes of Bridge Failures

Bridge | Primary Lessons
Year Description of Bridge Collapse Age Cause Learned
(years) | (Hazard)
Collapse of Ashtabula bridge in northeastern Ohio. Design/ dBr'flces d
1867 165 feet of bridge fell. 92 were killed or died later 2 Material | S ororzec an
from injuries. Defect materlql defect
of iron
Catastrophic collapse of the Tacoma Narrows h;llfr(;;t;;ies (/)f
1940 suspension bridge in Washington State. Video: <1 Wind resonance
http://www.youtube.com/watch?v=3mclp90QmCGs vibration
Collapse of the 41-year-old Silver (suspension) Steel Need for an
1967 | Bridge across the Ohio River at Point Pleasant, WV 39 Corrosion inspection
Video: http://www.wvculture.org/history/av.html & Fatigue program
Need to design
1980 Sunshine Skyway Bridge near St. Petersburg, FL, 10 Vessel | & armor piers to
1261 feet of bridge fell. Collision | protect against
ship collision
1983 Mianus River Bridge on Interstate 95 in 29 Inspection Pﬁgifiiﬁ%;r’
Connecticut. A 100-foot span fell. L
Corrosion
Total collapse of Interstate 90 Schoharie Creek
Bridge, NY Need for
Summary Report: rigorous
1987 http://www.eng.uab.edu/cee/faculty/ndelatte/case_stu 33 Scour inspeition and
dies_project/Schoharie.htm maintenance
San Francisco-Oakland Bay Bridge CA, Collapse Merits of
1989 Video: 53 Earth- performance
http://www.youtube.com/watch?v=AFwJR04gBys quake based design
and http://www.youtube.com/watch?v=7Q0 Z-9839c¢
Walnut Street Bridge Harrisburg, PA, two of seven Scour and
1996 western spans fell. Video: 106 Ice
http://www.youtube.com/watch?v=6DxG9yOS1dQ
Interstate 10 Bridge, Escambia Bay, FL, 3300 feet
2004 collapsed. Summary Report: 5 Hurricane | Need to quantify
http://www.southalabama.edu/usacterec/ivanimpact.p Ivan wave force
df
2007 I-35W in aneiflzgils:, MN 13 fatalities 40 Design Gusset plate
Error undersized

http://www.youtube.com/watch/?v=nerQhlyOwxM




A damaged bridge database prepared by the New York State Department of Transportation
(NYSDOT) documents bridge failures due to different causes (from 1876 to 2005) and is shown

in Figure 1-1.

The Numbes of Fasled Brisdoes of the Fal Causea
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Figure 1-1 Bridge failures by cause: 1876-2005

This database suggests that most bridge failures were the result of extreme events (natural

hazards), and most were hydraulic.

Table 1-2 (taken from Wardhana and Hadipriono, 2003) lists both internal (resistance-side)
causes and external (load-side) causes. The failures that can be readily labeled external (shown in
italics in Table 1-2) may be summarized as follows: hydraulic, 52.88%; collision, 11.73%;
overload, 8.75%; earthquake, 3.38%; fire, 3.18%; ice, 1.99%; and storm/hurricane/tsunami,
0.40%. In summary, just over 82% of bridge failures (plus additional percentages from

categories labeled “miscellaneous” or “soils”) can be attributed to external events.

A more recent study on bridge failures in the U.S. from 1980 to 2012 shows similar results (Lee
2013a). The extreme events, such as hydraulic, collision, overload, fire, wind, earthquake, etc.,

account for about 88% of all the bridge failures in U.S. A list is provided in Table 1-3.



Table 1-2 Type and Number of Bridge Failure Causes

Failure causes and events

Number of occurrences

Percentage of total

Hydraulic 266 52.88 %
Flood 165 32.80 %

Scour 78 15.51 %
Debris 16 3.18 %
Drift 2 0.40 %
Others 5 0.99 %
Collision 59 11.73 %
Auto/truck 14 2.78 %
Barge/ship/tanker 10 1.99 %
Train 3 0.60 %
Other 32 6.36 %
Overload 44 8.75 %
Deterioration 43 8.55 %
General 22 4.37 %
Steel deterioration 14 2.78 %
Steel-corrosion 6 1.19 %
Concrete-corrosion 1 0.20 %
Fire 16 3.18 %
Construction 13 2.58 %
Ice 10 1.99 %
Earthquake 17 3.38 %
Fatigue-steel 5 0.99 %
Design 3 0.60 %
Soil* 3 0.60 %
Storm/hurricane/tsunami 2 0.40 %
Miscellaneous/other* 22 4.37 %

TOTAL 503 100.00 %

(Source: Wardhana and Hadipriono, 2003)

Note: Italics indicates causes due to external events; Asterisk (*) indicates uncertainty

whether cause was an external event.




Table 1-3 Causes of Bridge Failures in U.S., 1980-2012

Cause Percentage
2000- | 1990- | 1980-
2012 2000 1990
Flood 4% 15% 10% | 28%
Hydrauli 47%
YARIe ™ Scour 5% | 9% | 5% |19% | "
Collision 5% 5% 5% 15%
External 5 5 5 5
cauSes Overload 3% 3% 6% 13%
Fire 1% 1% 1% 3% 88%
Earthquake 0% 1% 1% 2%
Wind 1% 1% 0% 2%
Env1ronme?ntal 20 2% 2% 79,
Degradation
Internal Design, anstmctlon, 39 39 50, 1% 1%
causes Material, etc.
Total - 24% 39% 36% - 100%
(Source: Lee et al., 2013a)

Although not every bridge collapse captures national headlines, they unfortunately occur on a
fairly regular basis. Several organizations, such as the New York State Department of
Transportation, already track information about bridge failures. Briaud reports that 1,500 bridges
collapsed in the U.S. between 1966 and 2005 (NIST 2006); (NYSDOT 2006). From a review of
these basic datasets, it appears that in the U.S., there is an average of about three failures every
month. This generates an abundance of important data that is available for more detailed

analysis.

Although the above information suggests that bridges damaged by extreme events have a
significantly higher rate of occurrence, there are issues that require further clarification. For

example, overload can be caused by either strong external load (e.g., earthquake ground



accelerations greater than the design values stipulated by the specifications) or internal causes
(e.g., design error). In general, the causes of bridge failures may not be clearly determined
because they occur in complex interactions among the resistance and load effect. More often
than not, bridge failures may be the result of “cascading” events due to consequent load effects
and combined load and resistance effects. To understand whether failures are mainly attributable
to excess loads is important for establishing safety measures in design. Forensic study is needed

to quantitatively establish the desired safety margins for use in design specifications.

Bridge damage/failures due to all causes are important issues in bridge safety considerations. The
current AASHTO LRFD bridge design specification (AASHTO 2012) is a reliability-based
design approach with a sensible way to address the issue of bridge safety. This LRFD approach
includes strength and service limit states considering frequent loads such as dead load, live load
and wind load; it also includes extreme event limit states for natural hazards like earthquake,
flood, ice flow, and vessel collision, etc. However, the extreme event limit states are not fully
reliability-based. In recent years, many studies have been devoted to combining frequent non-
extreme loads with infrequent extreme loads (Borges and Castanheta. 1972; Wen 1977; Turkstra
and Madsen 1980; Ghosn et al. 2003; Liang and Lee 2012; Lee et al. 2013b; Liang and Lee
2013).

Quantitative information about bridge collapses in a convenient to use database would be very
helpful not only for forensic investigations (lessons learned in quantitative forms), but also for
future research development. However, establishing a comprehensive database system for bridge

collapses under extreme hazards is a complicated task.

To achieve the short term objective, bridge information will be collected for bridges that have

been destroyed by selected natural hazards such as flood, earthquake, wind, and vessel collision.

1.1.2 Existing Database

Some important bridge information is available in various existing databases and other resources
such as NBI, NBIS, PONTIS, and the NYSDOT failed bridge database are briefly reviewed in
this section. These databases are important and useful, but they do not satisfy the objectives of

developing bridge damage models.



1: National Bridge Inventory (NBI) (FHWA 2013): The NBI is a comprehensive collection of
information covering over 600,000 of the Nation's bridges located on public roads, including
Interstate Highways, U.S. highways, State and County roads, as well as publicly-accessible
bridges on Federal lands.

The bridge inventory is developed to establish a unified database for bridges including the
identification information, bridge types and specifications, operational conditions, and bridge
data including geometric data, functional description, inspection data, etc. Identification
information provides a unique designation of the bridge location, classifies the type of routes
carried out on and/or under the structure, and situates the bridge within the spatial location.
Bridge type and specifications classify the type of the bridge. This part provides pre-defined
standard categories to classify the bridges. It also specifies the material of the bridge components,
deck and deck surface. Operational conditions provide information about the age of the structure
as well as construction year, rehabilitation year, type of services and traffic carried over and/or
under the structure, number of lanes over and/or under the bridge, average daily traffic, average
daily truck traffic, and information regarding to bypasses and detours. Furthermore, the bridge
inventory contains information regarding inspection data, ratings assigned by inspectors, and
appraisal results. In summary, the NBI is used to manage the bridge system; however, the

information is not sufficient to develop a case study of bridge damage.

2: National Bridge Inspection Standards (NBIS) (FHWA 2004): The FHWA established
National Bridge Inspection Standards for the safety inspection and evaluation of highway bridges.
Each State is required to conduct periodic inspections of all bridges subject to the NBIS, prepare
and maintain a current inventory of these structures, and report the data to the FHWA using the
procedures and format outlined in the “Recording and Coding Guide for the Structure Inventory

and Appraisal of the Nation's Bridges.”

These standards are not intended to collect information about the historical performance of
bridges to improve bridge design or retrofit practice. Instead, the focus of the program is on
intermittent visual condition inspections that provide a qualitative assessment of the extent of

damage. It is only used for inspections.



After evaluation of the inspection data, the FHWA provides States with a list of bridges that are
eligible for replacement or rehabilitation. The FHWA uses the data to submit a required biannual
report to Congress on the status of the Nation's bridges, publish an Annual Materials Report on
New Bridge Construction and Bridge Rehabilitation in the Federal Register, and to apportion
funding.

3: AASHTOware® Bridge Management (formerly known as Pontis) (FHWA 2002):
AASHTOware® Bridge Management (formerly known as Pontis) is a comprehensive bridge
management system software tool that plays a vital role in a transportation agency's asset
management process. It can assist agencies in allocating scarce resources to preserve existing
infrastructure investments, ensure safety and maintain mobility. AASHTOware® Bridge
Management stores inventory and inspection information about bridges, culverts and other
structures in a relational database that supports an innovative set of modeling, analysis and
reporting tools to facilitate project, budget and program development. It also helps formulate
network-wide preservation and improvement policies for use in evaluating the needs of each
structure in a network; and makes project recommendations to include in an agency's capital plan.
It also analyzes the impact of different project alternatives on the performance of individual

structures or a network of structures.

A number of States have adopted and implemented the AASHTOWare® Bridge Management
System, or a similar system with advanced asset management decision making capabilities.
Some States augmented the NBI data used in advanced bridge management systems by
collecting element level bridge data. Even with these bridge management tools and data,
however, there remain many unknowns about the performance and degradation of structures and
materials over time, and the effectiveness of maintenance, repair, and rehabilitation strategies for
a given component or a complete bridge system. In addition, with the recent move to higher
performance materials and advanced structural systems, high-level, long-term performance and

durability are assumed, but not demonstrated, at this time.

4: NYSDOT failed bridge database (NYSDOT 2006): The NYSDOT failed bridge database
collected information about bridges that failed from 1896 to 2005, including information about

the location, failure cause, and collapse/damage. It can be used for statistical analyses. However,

10



it does not include detailed information about the damage/failed components, and only has data

contributed by some states on a voluntary basis so it is not suitable for use in a case study.

Figure 1-2 shows the number of damaged bridges in different states throughout the U.S. (note
that this figure was generated from the DDB software).

The Numbes of Failed Brisdges of the States
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Figure 1-2 Number of damaged bridges by state

5: Other internet data for bridge collapses: There are other internet data created mainly for the
purpose of statistical analyses and providing information to the public. They contain minimum
information for damage modeling of bridges and their validity cannot be confirmed. An example
of this type of available information is the bridge forum  website

http://www.bridgeforum.com/dir/collapse/; see Figure 1-3.
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Figure 1-3 Website Information

In addition, there are several other bridge inventory systems created to satisfy specific purposes.
The California Department of Transportation (Caltrans) Bridge Inspection Records Information
System (BIRIS), and Structure Maintenance Automated Report Transmittal system (SMART)
are representative systems. These collections have valuable information for investigations of past
bridge collapses, but they are not convenient to search and obtain the required information.
Specific accident reports related to transportation (NTSB 1988; NTSB 2002), recorded and
published by NTSB (National Transportation Safety Board), provide useful data directly related
to highway bridge collapses. Caltrans has published several seismic reports about the bridges
damaged during earthquake events, but again, the information is not convenient for direct use in

quantitative analyses (Semans and Zelinski 1981; Storlie and Semans 1984).

After reviewing all the available databases, MCEER researchers (Lee et al., 2013a) recently
summarized 1,062 cases of bridge damage and failures in the U.S. due to internal or external
causes. A dataset is generated in spreadsheet format that includes general bridge geometrical and
structural information, detailed failure information, and other pertinent information. However,
not all the bridge failures provide sufficient information that can be used for further improvement
of current bridge design specification; e.g., providing the basis for the establishment of multi-
hazard load and resistance factor design (MH-LRFD), a targeted long term goal toward
continued updating of the AASHTO LRFD.
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All this available information will be significant and useful if it can be collected in a consistent
format and well organized. Therefore, a database for damaged bridges (DDB) is developed and
established in this project in a format that is both easy to use and easy to add bridge damage

information in the future.

1.1.3 FHWA Long-Term Bridge Performance (LTBP) Program

To overcome current challenges and foster the next generation of bridge performance and bridge
management systems, the Federal Highway Administration's (FHWA's) Office of Infrastructure
Research and Development launched the Long Term Bridge Performance (LTBP) Program in
April 2008. The LTBP program is a major new strategic initiative designated as a flagship
research project (FHWA 2007). It is intended to be a minimum of a 20-year undertaking, with
the global objective of collecting quality scientific data from the Nation's highway bridges. The
data and information collected in this program will provide a more detailed and timely picture of
bridge health, improve knowledge of bridge performance, and ultimately promote the safety,

mobility, longevity, and reliability of the Nation's highway transportation assets.

The data collected can also be used to study the deterioration and durability of bridges and the
impact of maintenance and repair. Researchers anticipate that the program will provide a better
understanding of bridge deterioration process, including the effects of corrosion, fatigue,

environmental conditions and loadings.

The data collected through the LTBP program, and the subsequent data analysis, will lead to:

¢ Improved knowledge of bridge performance

* Advances in deterioration and predictive models

*  Deterioration models that can simulate interactions between pavement, bridges, and traffic

» Effective use of life cycle cost analysis

* Improved inspection/condition information through NDE and structural health monitoring;
and the fostering of technology for assessment of critical but inaccessible bridge elements
and components

*  Support for development of improved design methods and maintenance/bridge preservation

practices
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*  Quantification of the effectiveness of various maintenance, repair, and rehabilitation
strategies

* Improvement of the operational performance of bridges with the potential to reduce
congestion, delay, and crashes

* Fostering of the next generation of bridge and bridge management systems

*  Contribute knowledge for national policies

If the LTBP program can also include the documentation of damaged bridge information, such as
the information included in the DDB, it will be further enriched. Thus the DDB considered

herein should be developed and prepared to be merged into the LTBP effort in the future.

1.2 Necessity for a New Database System for Bridge Damage

1.2.1 Lessons Learned from Bridge Failures

One important issue to be addressed before better collapse-resistant bridges can be achieved is to
develop a better understanding of the fundamental causes of failures that have occurred in the
past. Though there are historical accounts and a few forensic studies of the worst failures, there is
currently no central repository for the detailed and specific data about the load effects of extreme
hazards. Likewise, information about the response of the bridge during an extreme event such as
the forces carried by critical structural components is not regularly available and recorded.
Furthermore, there are no accepted criteria to define or describe damage to different types of
bridges. Thus, a uniform DDB is needed to enable further statistical analysis, case studies, and

other similar efforts.

1.2.2 Value of Forensic Studies

Due to the difficulties in anticipating all collapse scenarios that might occur over the service life
of a bridge, it is logical to draw insight from the historical performance of the bridge population
as a whole. A better understanding of past failure mechanisms can contribute directly to the
development of an improved bridge design specification by comparing the extreme hazard load

effects on bridges and structural resistance, and improving the extreme event loading calibration.
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Code developers currently encounter a dilemma of protecting a bridge from multiple hazards
simultaneously such that the hazards are considered equitably yet the design is optimized to
safeguard life, minimize damage, and be cost effective. Similar difficulties exist with regard to

the management of existing bridges.

The U.S. needs to invest in the research and information systems that will help engineers to
appropriately reduce the loss due to future disasters. Researchers should continue to inspect the
progressive failure of entire bridge systems, and further develop computer modeling of nonlinear
dynamics to simulate the bridge failure processes. Coordinating with economists and risk
analysts, a better understanding of methods to minimize costs during the life cycle of a bridge

can be achieved.

In general, for any specific case of failure, a forensic study is needed to establish whether a failed
bridge did or did not fulfill required codes, design specifications, and expectations of the
profession; whether it had been given proper maintenance; and whether by accepted standard
bridge problems should have been recognized and the bridge closed or retrofitted. Forensic

autopsies of damaged bridges can lead to:

¢ Better understanding and improved knowledge of MH bridge performance

* Advances in predictive MH damaged models

* Improved life-cycle cost analysis with MH

* Improved MH design methods for bridge codes in the future

* Improvements in the effectiveness of the NBI and Pontis

* Improved highway bridge systems model in Hazus-Multi Hazard, developed by the Federal
Emergency Management Agency (FEMA 1997) (damage state calculation model, direct

economic loss model, etc.)

1.2.3 Benefits of the DDB

Lee et al. (2013) proposed a procedure for developing LRFD bridge design specification, as

shown in Figure 1-4.
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Figure 1-4 Development of Load and Resistance Factor Design (LRFD)

In fact, the establishment of the proposed DDB will play an important role in the development of
the next generation LRFD bridge design specification, as shown in Figure 1-5. Detailed benefits

are as follows:

* The data and information collected in the DDB will provide more detailed and high-quality
quantitative damage pictures and documents of the damaged bridge, to improve knowledge
of the bridge performance, develop new models, and ultimately promote safety and
reliability.

* The DDB can be used for a variety of purposes to better understand hazards, bridge damage
and fragility, post-hazard traffic state, transportation travel demand, economic loss, and the

impacts of maintenance, repair or retrofit.
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The information in the DDB can help to quantitatively validate the results of MH-LRFD
design principles and methodologies that are currently being developed (Lee et al. 2013).
The DDB can offer information that bridge owners need for decision making regarding
multi-hazards and life-cycle costs.

The collection and cataloging of failure and performance data also provides benefits for
bridge management. With sufficient data, the performance of particular bridge components
or a structure as a whole can be plotted versus time. These deterioration curves can be used
as a tool for allocation of maintenance resources, to program bridge replacements, or used in
conjunction with a structural health monitoring protocol to keep close tabs on a significant

bridge so that unexpected changes in condition can be anticipated or immediately detected.
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Figure 1-5 Role of DDB in Development of LRFD
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SECTION 2
DATABASE OF DAMAGED BRIDGES (DDB) COMPOSITION

2.1 Data Collected in the DDB

As mentioned in Section 1, the database of damaged bridges (DDB) should include the collection
of four types of information: hazard information, original design and construction information,
failure information and other information (e.g., economic losses and casualties). Much of this
information will be saved as graphic files or document files in the proposed DDB. The database

will keep these types of files available for users to access.

1. Hazard and Bridge Environment Information

a) Bridge hazards can be divided into three categories, as shown in Table 2-1.

Table 2-1 Bridge Hazard Category

Number Hazard Category
I Natural Hazards
(e.g., flooding, scour, earthquake, wind)
11 Man-made — Unintentional

(e.g., condition related, accidents such as collisions, learning
experiences, deficient designs, lack of maintenance, lack of
enforcement)

111 Man-made — Intentional
(i.e. fanatical acts of terrorism)

In this report, only hazards in Category I and part of Category II are considered.

b) Design for bridges subjected to multi-hazards should consider three cases:
» Concurrent hazards, i.e., assuming that two or more hazards will occur and
simultaneously impact an infrastructure system;
» Cascading events or hazards act in a certain consequence, i.e., structures that have
sustained damage from one event may need to resist additional loads caused by a

subsequent event prior to any repairs being carried out.
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» All hazards should be considered by an appropriate approach to optimize the design of
structures to meet the requirements of specifications while minimizing life-cycle costs.
c) The environment information needs to be collected together with the hazard information,
e.g., the magnitude of the earthquake, the ground information of the bridge site, etc., are
necessary when bridges are subjected to earthquake hazards.

Table 2-2 shows the severity measures for different types of extreme events.
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Table 2-2 Severity Measures for Extreme Events

Hazard Type Measures for severity
Blast (Excludes Charge “{elght
explosively formed Standoff distance
Wave front

penetrating devices)

Earthquake

Peak ground acceleration
Peak ground velocity
Peak ground displacement
Movement direction
Movement frequency or period duration
Surface rupture
Liquefaction potential

Fire

Fire size
Peak rate of heat release
Rate of fire growth

Flood (also see Scour)

Discharge as in cubic meters/sec
Water level
Flow velocity
Lateral force of waves
Buoyant uplift
Debris impact

Scour

Change in stream bed elevation
Stream bed contraction
Vortexes and flow acceleration at pier
Depth of scour revealed at river cross section at pier
(compared to cross-sectional benchmark, such as a
similar part of river, or site’s pre-construction cross-
section)

Wind

Max wind speed (i.e., over 50 years)
Wind pressure, positive and negative

Peak gust (function of mean wind speed, gust duration,
surface roughness, height above ground)
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2. Bridge Design Information

a) To establish analytical model(s), detailed design information about the bridge is essential.

b) Design drawings (blueprints or AutoCAD file, including the general layout and design
details).

c) Construction document and drawings.

d) Special designs for different hazards, e.g., the isolation device and the soil condition of the
bridge subjected to earthquakes or the protection systems of the pier to avoid the vessel

collision.

3. Bridge Damage Information

For the bridge damage information, different components of the bridges and different failure

modes should be considered and collected.

Possible Failure Modes

There are numerous scenarios that could undermine the integrity of a bridge and its ability to

carry traffic. Below is a partial list of different failure modes:

a) Girder unseating because of the loss of support(s) at a pier due to:
a) Undermining of the foundation from scour
b) Loss of a pier due to vehicular or vessel collision
c) Plastic hinging formed during earthquakes
d) Inadequate width of seating
e) Toppled bearing
b) Severe deformation of one or more primary members due to:
a) Impact from vehicular or vessel collision
b) Fire underneath (usually resulting from spilt fuel from a vehicular collision)
c) Earthquake
c) Excessive tipping of an abutment or pier due to:
a) Scour
b) Liquefaction

c) Vessel collision
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d) Excessive lateral displacement due to:
a) Wave force and/or flooding
b) Earthquake loading
e) Structural failure of a member due to:
a) Inadequate design for daily traffic loads
b) Brittle fracture resulting from fatigue
¢) Ductile fracture from overload
d) Corrosion
e) Localized deterioration
f) Excessively localized loading
g) Lack of freedom for movement due to corrosion
h) Unintentional displacement of a member (e.g., a failed pin in a pin and hanger assembly)

1) Loss of pre-stressing in a P/S beam which is uplifted due to buoyancy forces

Each single extreme event may cause different damage/failure to bridge structures. For example,
an earthquake can cause failure of bridge superstructures or substructures, individually or
simultaneously.

Table 2-3 summarizes some damage modes of bridges under earthquake(s).
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Table 2-3 Damage modes of bridges under earthquake(s)

Name of component Failure models Annotation
Beam or girder Unseatlng‘(Loss of span) Collapse
Local collision damage Local damage
Superstructures Local damave. ma
Steel truss Local buckling or yielding £¢, may
be collapse
Moment damage, shear damage,
Pier or column moment and shear damage, joint | Local damage, may
damage, Inadequate ductility | be collapse
capacity
Wing wall damage, back wall
damage, inclination of abutments | Local damage, may
Substructures | Abutment Failure of shear keys at abutments | be collapse
etc.
Bearing Bearings damage, anchor bolt | Local damage, may
damage etc. be collapse
Foundation . . Local damage, may
(footing) Pile damage, footing damage be collapse
i}i(f:?snsmn Expansion joints collision damage Local damage
Other Shear key Shear key damage Local damage
components | Bumper block Bumper damage Local damage
CR;bslteramers Restrainers cable fracture Local damage

4. Other Information

In addition to the above information for hazards, bridge designs and damage, the following

factors needs to be considered in information collection:

e Rating damage level

* General environmental (example: hydraulic, geology) information around the bridge and

bridge network formulated in a certain area

e Detailed hazard loss information

* Regular inspection information including deterioration information

*  Retrofit/ reconstruction, any specific maintenance information or changed conditions
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2.2 Development of the DDB

2.2.1 General Information
A comprehensive database is developed according to the following steps:

1) Identifying the entities for the database (hazards include: Earthquake, Flood/Scour, Vessel
Collision)

2) Coordinating with hazard experts for comments and suggestions on the database.

3) Searching and collecting information from various sources.

4) Creating the user interface to facilitate using the information.

2.2.2 Working Platform

The DDB is created using Microsoft Access as a data storage tool. When the database becomes

too large, it can be updated to SQL server or Oracle.

The user interface is created to use the database in different ways, such as to obtain statistical
information about damaged bridges or searching the information available. Microsoft C#.net was

used as a Windows program. It can be recoded to a website program.

DDB structure -- Data has been designed to be collected in the database.
The DDB includes three Access database files:
HWNBI_BRIDGE: NBI
NYSDOT_Bridge_Failure: NYSDOT failed bridge database
FailedBridge: This is the most important part of the DDB. It includes the following basic
information data tables:
e Basic bridge information (location, type, material, length, structure number, etc.)
e Extreme event information (time, location, causes, etc.)
e Event loss information

o QGeneral information for the event
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e Design information of the bridge
e Damage information of the bridge
e Hazard:
1 Earthquake
1 Bridge seismic design information
ii Site soil changing
ii1 General earthquake information
iv Earthquake records
2 Flood/scour
i Pier design related to the scour
i1 Abutment design related to the scour
i1 Bridge design related to the flood
iv Scour and hydraulic information around the bridge site, pier and abutment
3 Vessel collision (CV)
1 Vessel information
i1 Bridge navigation information
iii Bridge site hydraulic information
iv Impact information
v Weather information
vi Protection information
4 Fire
i Fire information
5 Truck collision
1 Truck information
ii I impact information

e Case study

Because much of the bridge damage information is in the form of pictures/graphs, different
directories are created to save these files and list the file names in the information tables. The

basic structure of the DDB is shown in Figure 2-1 and the organization is shown in Figure 2-2.

26



Figure 2-1 Structure of the DDB
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Figure 2-2 Organization of the DDB
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Due to time and data resource limitations, only one bridge damaged by flood/scour, one bridge

damaged by vessel collision and several bridges damaged by earthquake are shown for

demonstration purposes. In fact, the data collection is the most important and most difficult part

of developing the DDB. All the benefits of the DDB depend on the quantity of bridge

information that will be collected.

Some challenges during data collection for the damaged bridge database are listed below:

Detailed information is difficult to collect, especially the design information. Without a
detailed design profile, the data collected may not be sufficient for use in case studies. It is
possible to link the current DDB with State DOT or FHWA information sources to obtain
the design information for bridges.

The collected data is not ready for use in reliability calculations; e.g., for scour, only the
scour size and depth have been obtained. The river hydraulic information has not been
collected, which is needed to be able to estimate the scour information. Thus, the
information collected can only be used for case study purposes and not for reliability
analysis. In the future, more details may become available and the data can be used for
reliability analysis.

In some cases, information cannot be released due to litigation resulting from failures that

may take many years to conclude.

2.2.3 DDB Data Resources

Figure 2-3 shows the data resources used for the DDB. Some of these resources are as
follows:

Data from NBI (FHWA 2013)

NYSDOT bridge failure database (NYSDOT 2006)

Bridge damage/failure event information from reports, journals, websites and other sources,
such as reports from Peet 1877; Semans and Zelinski 1981; Storlie and Semans 1984;
NTSB 1988; National Geophysical Data Center 1990; Billah and Scanlan 1991; Buckle
1994; Priestley et al. 1994; Zelinski 1994; Lew et al. 1995; Landers et al. 1996; Schiff 1997;
Ortega 1999; O'Connor 2000; AASHTO 2001; Farrag and Morvant 2001; Ham and
Lockwood 2002; NTSB 2002; Ghosn et al. 2003; Storey and Delatte 2003; Sutcliffe 2003;
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Wardhana and Hadipriono 2003; Ocean Engineering Associates 2005; Catbas et al. 2006;
Cooke and Rohleder 2006; NIST 2006; Sternberg and Lee 2006; U.S. Department of
Transportation Inspector General 2006; Holt and Hartmann 2008; Lee et al. 2008; Lee and
Sternberg 2008; Reid 2008; Hao 2009; Lee et al., 2013a.

Data from individuals (project collaborators) and organizations

Hazard information and records from the USGS, Pacific Earthquake Engineering Research
Center (PEER), and the National Weather Service (NWS)

» USGS: seismic design information

» USGS: Bridge Scour Data Management System (BSDMS)

» PEER: ecarthquake records

» National Climatic Data Center (NCDC) United States Storm and Hazard Database

From international cooperation such as the Taiwan traffic department

Other data that can be obtained and included in the DDB

>
>
>
>
>
>

Owner’s supplemental inventory data and bridge history file
Bridge inspection reports

Progressive scour depth measurements

Structural integrity evaluations

Historical maintenance records

Bridge vulnerability assessment data

- (o8

Figure 2-3 Resources used in the DDB
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Since detailed information is essential for the quantitative understanding of bridge failures, an
effort will be needed to assemble as much information as possible. In general, the bridge owners
and the state DOTs possess the most up-to-date and accurate information, so efficient

communication between them and researchers is necessary.

International experience may also prove to be beneficial, especially in countries that employ the
AASHTO standard or LRFD specifications for bridge design (AASHTO 2002; FHWA 2004).
For instance, the up-to-date practical experience with earthquakes and related effects such as

landslides, flooding, and scour in Taiwan can be tapped to provide additional valuable data.

Some significant bridge collapses may attract public attention, but they may not reoccur for a
relatively long time. Thus, if the most pertinent data about the overall bridge collapse are
collected from as many sources as possible around the world, it will be much easier to obtain a

correlation between possible factors and determine the potential for failure in the future.

Examples of useful data for better risk assessment of bridge collapses due to one or more hazards

arc:

*  Structure type and material (not only steel/concrete but compressive/tensile strength, etc.)

* FElement level condition ratings

* Design criteria used (e.g., if a bridge was designed and built before fatigue behavior was
fully understood)

*  Design detailing (especially the presence of details that are known to be undesirable)

*  Proximity to traffic lanes or navigable waterways
2.2.4 User Interface

The user interface is developed so that users can conveniently access the data in the DDB. The
interface should be convenient, and enable the user to retrieve information of interest. The
development of the interface should include interviews with users to obtain their input and
suggestions. The single bridge information interface and some simple statistical interfaces for the
NBI are created in this version. For NYSDOT, some statistical graphics are included in the user

interface.
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This software will facilitate the search and statistical analysis of bridge failure under hazards that
are necessary for case studies. A comprehensive set of menus, dialogues, tool bars, buttons and

forms are supported.

The interfaces of the DDB show many types of information about the damage bridge. Users can
search information from the damaged bridge identity by different means. To use the information

in the database, C# has been used to code and debug the user interface program.

The DDB can be used to search information by:
a) Bridge information in NBI
b) Damaged bridge information in the NYSDOT database
c) Bridge information damaged by earthquake (EQ)
d) Related EQ information and record
e) Bridge information damaged by Vessel collision (CV)
f) Related bridge navigation information
g) Related bridge component information damaged by CV
h) Boat (Barge) information
1) Bridge information damaged by Flood/Scour (FS)
7)) Hydraulic information in the bridge area
k) Related component information which damaged by FS
1) Damage information of the bridge
m) Design information of the bridge
The database user’s manual is attached as Appendix A.
Users and experts will be connected to share suggestions and comments to improve the user
interface and other aspects of the DDB. More time and resources will be needed to improve the

current version.

2.2.5 Case Study

Detailed information from a national bridge collapse database could be used to digitally
reconstruct one or more of the events using finite element analysis. This “accident
reconstruction” involves identification of the hazard, its load effects and response characteristics

of the “as-is” structure. The as-is condition of the structure is the bridge as designed with
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consideration of modifications that occurred during or subsequent to original construction.

These variations from the original design may or may not be noted in the record plans or work

history file. The as-is condition also takes into account any changes that have occurred over time

due to repair, rehabilitation, or deterioration that may be due to corrosion or fatigue.

Only one case study example, the “Bull Creek Canyon Channel Bridge” (Todd et al., 1994) with

earthquake and scour damage, has been completed and is included in this report.

2.3  Information in the Damage Database of Bridges (DDB)

2.3.1 Basic Information about the Bridges and Extreme Events

1) Event information

Event identity

Bridge identity

Damage cause (event hazard type) -- Earthquake, Vessel Collision, Flood/Scour
Event time (year, month, day and time)

Bridge damage rating

Replaced bridge identity of the damaged/failed bridge

Event description

Event information source

2) Basic bridge data

Bridge identity
Nation

Location

State code if in U.S.
County code if in U.S.
Structure number
Feature- intersected
Inventory route

Route class

Route direction
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* Longitude

e Latitude

e Structure type (Main)

*  Material

*  Span number

*  Approach span number
e Structure length

*  Deck width (out to out)
* Length of maximum span
* Skew angle degree

e Year reconstructed

* Service type

* Service level

* Parallel bridge yes/no

*  Average daily traftic (ADT)
e Year of ADT

*  Built year

*  Design year

*  Design company

*  Construction company
¢ Retrofit Information

*  Description

e Comments/source

3) Design information
* Bridge identity
* Design components (general information, general layout, superstructure,
pier/column, bearing, foundation, abutment, other)
* Information source
Minimum Design Information Required

* Bridge layout
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*  Component shape, size and material

* Applicable design code

4) Damage information
*  Event identification
*  (Bridge identification)
¢ Damage component identity
e Damage structure type
e  Damage component type
¢ Damage component
¢ Damage mode
e Damage rate

¢ Information source

5) Loss information
* Event identification
* Fatality number
*  Injury number
* Bridge loss
*  Directed loss
e Traffic down days
* Indirect loss
e Other loss
* Total loss

* Information source
6) Other General Information about the Event

e Information file

* Information source
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2.3.2 Hazard Information: Earthquake

1) Earthquake bridge design information
* Earthquake design spectrum
*  Earthquake design PGA
¢ Earthquake design return period
*  Bridge site soil type

2) Change in bridge environment information after earthquake
*  Area ground change
*  Area liquefaction

¢  Environment information

3) Earthquake information
* Name
* Epicenter (EPC) location, longitude, latitude, ...
*  Magnitude
*  Magnitude of intensity
*  Depth
* Date & time
e Duration
*  Mechanism

* Location (including longitude, latitude)

4) Earthquake record
* Earthquake name
e  Station name
* Record ID
¢ Component (x, or y, or z direction)
* Hypo central
¢  Fault rupture

*  Project rupture
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Site condition

Data source

Site classification USGS
Site classification Geomatrix
Filter points (Hz): HP, LP
PGA, PGV, PGD

Records

5) Other General Information about the Earthquake

Information file

Information source

2.3.3 Hazard Information: Flood/Scour

1) Bridge information related to flood/scour

Bridge low chord elevation

Bridge upper chord elevation

Overtopping elevation

Deck type

Bearing type

Parallel bridge yes/no

Continuous abutment

Vertical configuration

Distance between center lines of a parallel bridge

Distance between piers face of a parallel bridge

2) Bridge site related to flood/scour

Stream name
Waterway classification
Flow skew angle

Drainage area
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3)

4)

Slope in vicinity
Stream size

Flow impact bank
Bed material
Channel shape
Guide bank

Pier information needed for flood/scour analysis

Bridge station of the pier
Pier alignment

Pier type

Pier width

Pier shape

Pier shape factor

Pier length

Pier protection

Pier foundation

Number of the piles

Pile spacing center to center (of the column)
Foot/pile cap width

Top elevation

Bottom elevation

Cap shape

Pile tip elevation

Flood/scour information for the pier

Scour depth

Accuracy

Scour hole side slope
Scour hole top width
Approach flow velocity
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*  Approach flow depth
*  Effective pier width
* Pier skew to flow
* Bed material type
* Bed form
*  Water line on the pier
¢ Upstream or downstream (scour measurement)
e  Debris
5) Abutment information needed for flood/scour analysis
*  Skew to the flow
*  Abutment/contracted open type
*  Abutment slope
*  Embankment slope
*  Embankment skew to flow
* Length
*  Wing wall
*  Wing wall angle
* Bank length
*  Abutment protection
6) Scour information for the Abutment
*  Scour depth
* Flow velocity at abutment
*  Scour depth at abutment
* Flow angle

e Bed material

2.3.4 Hazard Information: Vessel Collision

1) Bridge information related to navigation
e Number of piers

e Number of channel
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2)

3)

Navigation water depth
Annual passing vessel number
Navigation type

Navigation curve

Navigation width

Navigation height

Navigation divided

Straight channel length in vicinity

Pass difficulty under bridge

Channel information near bridge

Channel name
Channel path number
Channel height
Channel width
Channel location
Channel yaw angle

Water level

Piers related with CV

Pier location

Pier type
Pier/column shape
Pier/column size
Pier water depth
Pier water lever
Pier protection
Pile type

Pile cap shape
Pile cap size

Pile cap top elevation
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4)

)

6)

Impact Information of the CV

* Impact position

* Impact angle

* Impact pier identity

*  Pier protection

* Impact superstructure type

* Impact superstructure size

* Impact superstructure elevation
*  Dent depth and width

¢ Other dent information

Passive collision avoidance of the pier
e PCAtype
e PCAcost

Environment and weather

*  Current angle

e Current velocity

*  Average current velocity

*  Wind angle

*  Wind velocity

*  Design wind velocity

*  Visibility

* Day or night

*  Design max. water lever

*  Design min. water lever

*  Average water lever

*  Water season (water low or high month)
e  Weather (sunny, rain, etc.)

* Floating ice
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7

8)

Vessel information

Vessel name
Vessel type
Vessel material
Vessel built year
Vessel length
Vessel width
Vessel height
Mast height
Number of the vessel machines
Propeller type
Head propeller
Traffic direction
Velocity

Owner

Goods
Passenger
Power

Empty tonnage
Real tonnage
Empty draft
Real draft
Flotilla line
Flotilla column

Flotilla barge

Barge

Name

Type
Material

Built year
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Length

Width

Height

Empty tonnage
Gross tonnage
Load draft
Real draft

2.3.5 Other Hazards

Truck Collision

1) Truck

2)

Truck type
Truck driver
Truck size
Truck velocity
Impact direction
Gross weight
Empty weight
Truck mode
Truck maker
Made year

Owner

Impacted Pier

Pier type
Pier shape
Pier size
Pile type

Pile number
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*  Pile cap shape
* Pile cap size

¢ Impact position
* Impact angle

*  Dent size

e Dent information

3) Impacted superstructure
* Impacted superstructure type
* Impacted superstructure size
¢ Impact position
* Impact angle
*  Dent size

e Dent information

Fire

1) Fire information
* Fire location on the bridge
* Fire material
*  Fire material weight
*  Fire material calorific
* Fire release rate
*  Fire temperature

¢  Fire time duration

2.3.6 Case Study Format

1) Case study
*  Author
* Report
2) Case study document



File name

Information identification

Information classification: event, site, bridge, vessel, CV, environment,

highway, etc.

Information content type

>
>
>

A\

Event: general, injuries, vehicle, loss, other

Bridge: general, superstructure, column, bear, PCA, etc.

Site: general, flood, scour, environment, weather, stream, pier and abutment
(about scour)

Vessel: general, vessel, etc.

Highway: general, etc.

CV: general, navigation, PCA, pier
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SECTION 3
SUMMARY

A bridge can fail for many reasons, including internal causes (design error, material defect or
aging, overloads, construction error, etc.) and external causes (extreme events such as earthquake,
scour, flood, wind, vehicle or vessel collision, fire, etc.). Although there are several existing
information sources such as the NYSDOT databases and other collected or summarized reports
on bridge damage and failures, they are not sufficient to provide a fundamental basis for further
improvement to the development of next generation of design specifications. In this study, the
establishment of a comprehensive database of damaged bridges (DDB) is proposed, which
integrates current existing bridge information sources with new information to provide a uniform
database to catalog damaged bridges. The database includes the following topics: bridge design
information (design documents, construction, drawings, etc.); environmental condition
(geographical and weather); hazard information and traffic conditions; bridge damage and loss
information (damage positions and damage modes, etc.); and economic and environmental
impacts. This bridge damage database can also contribute to the ongoing long term bridge

performance program of the FHWA.
The DDB can achieve the following objectives:

* Provide sufficient information for structural and statistical analysis of bridge
damage/collapse

¢ Establishment and analyses of damaged bridge models

* Improvement of the AASHTO LRFD Extreme Event Design Limit State Equations and
design principles
» Enhanced load models
» Calibrated the probability of failure or reliability of bridges
» Target reliability determination
» Identification of the importance of different resistances

*  Statistical analysis and quantitative validation of MH-LRFD results with links to NBI and

other databases as appropriate
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* Better understanding and improved knowledge of MH bridge performance
* Improved life-cycle cost analysis for MH
* Improved highway bridge systems model in HAZUS-MH (FEMA 1997) (damage state

calculation model, direct economic loss model, etc.)

The DDB framework is established to allow continuous development. For example, information
about the bridge condition at the time of failure is essential for understanding the failure modes
and causes of the bridge failure. These conditions may be determined from historical data about
regular maintenance, retrofitting, repair, and reconstruction, as well as from inspection reports.

In the future, Figure 1-5 will be modified as shown in Figure 3-1.

Cooperation with experts from various fields can significantly improve the accuracy and
efficiency of the DDB, as shown in Figure 3-1. For example, it is necessary to work with
geologists to further improve the current hazard models. It is also important to cooperate with
economists to obtain a more reasonable understanding of the impact of direct and indirect losses
in each bridge failure. In addition, the entire process for determination of LRFD design limit
state equations must also include in-depth and comprehensive professional experience and

judgment.

Several national or international workshops will be needed to (1) establish standard measures for
different hazards and bridge conditions, (2) develop a commonly understood and accepted
format for better communications, and (3) discuss the effort involved with data mining of past
bridge failures. The continuous development and content additions to the DDB can provide a
solid foundation to update design specifications, especially those that can contribute to a

comprehensive reliability-based design method — MH-LRFD.
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Cooperation with
Geologist

DDB

Cooperation with
Socialist/Economist

!

!

! v

A\ 4
Damage Hazard As-built Design Brld.gie Econ.on}w o
. . . Condition Injuries &
Information Information Information . .
Information Fatalities
\ 4 ; A 4 A\ 4
General Statistical QSut?-Etclttiglle Statistical
Descriptions Analysis P Analysis
v v v 12 v
Determine the -onalize th
vulnerable Calibrate the Quantify the Verify the Rationalize the | | pyotermine the
components and | | selected/calcula >  bridge cause of selected importance of
hazard types for ted reliability failure failure probability of bridges
design failure
> Probability of Failure L —
A\ 4 \ 4
> Load and Resistance Factor Design (LRFD) <
Incorporated with Professional Experience and Judgment

Figure 3-1 Improved Organization of the DDB
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APPENDIX A:
DDB USER MANUAL

The fundamental and kernel components of the DDB are three Access database files,
HWNBI _BRIDGE, NYSDOT BRIDGE FAILURE, and FAILED BBRIDGE, which are
described as follows:
e HWNBI BRIDGE: This access database file was transferred from FHWA test files (NBI
2007), and was updated to the current version. There is some missing information in some of
the bridge files.
e NYSDOT BRIDGE FAILURE: Access database file from NYSDOT (2006).
e FAILED BBRIDGE: More data for damaged bridges needs to be collected. It is very
difficult and time-consuming to search and collect the data resources as well as to input and
analyze the collected data. Only several damaged bridges were collected herein for
demonstration purposes (one damaged by flood/scour, one damaged by vessel collision and

some bridges damaged by earthquakes).

The DDB includes many graphic and document files, which are saved in different directories.

These files must be included in the software and copied using the correct paths.

The interface program itself is not very difficult to code, but designing a user-friendly,
convenient and rapid search interface is not an easy task. Suggestions from users will be
important to continuously improve and perfect the code. This version of the program is provided

for demonstration use and needs to be improved and revised in the future.
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A.1 User Interface

The general menu (main menu) includes three items:
* NBI information

» Failed bridges statistics

* MH bridge failure

Fie NELInformation Faled Bridges Statitics M Bridgs Falure

Failed Bridges Database
Under Multiple Hazards

MCEER. . SUNY at Buffale

A.1.1 NBI Information Interface

General Searching
Structure Mumber Search
Position Search

The Statistic

—

Sl -

There are four submenus under NBI information: 1) general search; 2) structure number search;

3) position search; and 4) statistics.
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1) General Search

NBI Information Search

State [NEW YORK = Length of Bridge 100 1000

Structure Material |[‘,onclets L‘ Max Sapn 15 50
St Tioe |5|eb j ‘Year of Buil |15g3 |200}|

A

a) Set the search conditions; the interface for general search results will be shown

NBI Search Result

Stuct_Num | Location Latitude: Longitude Feal_Intersec  MaSpan L | Stuct L YR_BLT
:NY5E|'35 NY5936 00000000107 0.7 MIE 1678 40395436 073471648 RTES070.9 448 ama 1992 4 C
MNY5937 NY5337 00000000107 0.7 MIE 1678 40335436 073471648  RAMPS TOM 445 2535 1992 4 C
NYE060 NYE0E0 00000000107 .75 MI'W OF 43005425 075021056 FULMERCR 365 kTS ) 1991 3 C
NYBO70 NYE070 00000000107 JCTS SAGTI 40481764 073170218 RTE 1435 259 1048 1993 4 8
Y5083 NYE083 00000000107 35MIMJCT 43492203 075274834  BLACKRAVO 42 1066 1992 4 C
NYB142 NYG142 00000000107 2.4 MI SWIC 40423333 073573853 RTEI27T8.M 448 388 2001 [ z
|NYE318 NYE318 00000000107 JCTROCH| 43085473 O77361217  RTE %401 433 1228 2001 3 C
NYB368 NYE368 00000000107 EB 490 over 00000000 000000000  Exchange Blv 363 1364 2008 4 C
NY7073 NY7073 00000000201 2MIEJCTS 42523875 (078511589 CSXTRAMS/ 484 1152 1938 4 4
L3 (Y7077 00000002111 | 42085011 ' 8 |LocALACC (428 |4 [
(NY7913 NY7919 00000000221 INTHE CITY 42052577 076470129 NEWTOWN 381 1213 1990 3 [§
NYE170 NYB170 00000000222 0.5MI NwW OF 43590629 075552935 BLACKRIVE 441 1179 1993 4 C
|NYBE70 NYBS70 00000000223 2MINJCT| 40452248 Q7535802 RTE 278,32 314 243 2004 4 4
Y8872 NYge72 00000000223 .2MINI278 40452559 073540031 BOEEB.32N 488 1353 2003 4 C
NYB832 NYB8Z2 00000000224 CROSSBATE 40384085 073501041  JAMAICABA 457 8662 1891 8 4
NY3052 NY3052 00000000224 \WEST 158TH 40501151 073565575 RIVERSIDE 335 1773 1996 3 C
NY3437 NY3437 00000000226 2MISEJCT 42524008 078521312 190I.CSXRa 27 %8 2003 4 t
NY9469 NY3469 00000000226 IN AONKOM 40482841 073064074  EASTOMST 268 1075 1990 4 C
NY3530 NY3530 00000000226 AT RHIMECL 41551766 073570631 CSXTRANS 152 1253 2001 4 Eﬂ
4 | 2f
Select One Table
@ Identification " Geometry ™ Condition
" Prop. Improvement
© Shuctwe ypemateial  ( Navigation © Loadrate, post Show Show Pasilion Exit I
© ge and Service C Casicsion © Appraisal § alievech
Z
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b) Look for the bridge and select the information needed. Then, the following

window will provide details about the selection.

CE®

Indenfication Information

MBI Search Resull

State: EEEE 000 FeclyCaed ATE 34
Structure Number: 204370 T Mis/KlemeterPont [roes
Inwertory Flocke: LRS Irveniony Route & Subroute
Fecord Type: [Route cased on the stiucture A o S
. —
) i SuboveNunber  [NolAvadsbe
Desglovelol VT [Mamine  poseHwh [invertor Rowrdeis onBN
L [Wot Avatabie Blowder Bridge State

Stale [ Avalsbie:

Dir Suffec Mot applicable
Share % [FetAvaistie
ool i Bouder Bidpa Stnuct Nusm [t Avatable
County Code. = cdtes EETE—
A Lasinds RERIN Longhude [eTE 1208w
LT et ILOGAL AGEESS ROAD. CHADA
= Idendfcafion " Goometry Location [EMIWICT 51 384 £.5HED

 Stuchure ype, material " Mavigalion

1 Age and Service: " Classhcation
oK
SRR, J

¢) Structure and Material interface

Structure Type and Material

e, N of Sapn in Main [
Type Strger MukiBeam or Gi Hum of Span in Appr [Not Avalable
Mateen Steel contiuous DeckStuchaeType  [Conarte Cartin Floce
Wearing Suface / Picteclive System
Stiucture Appr

Type of Weaing Suface  [integral Concrete (separate nonmodbied laper of concrete
T Dthes

Type of Membrane [Nere
Ml ey Type of Deck Protection  [Eposy Costed Feirforcing

d) Age and Service interface

Age and Service

Lo 8L B AversgeDaiy Tralie  [17a82

‘YearReconstructed [o Yearof ADT - T—

Bypass, Detour Length[3— Truck 4DT -
Lines

Typs of Service

. On Struct
On Bridge |Highwray pedestiian " e Z
U
Under Bridge [Highway waterway railioad = E

oK
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e) Navigation interface

Navigation C‘EW;{J
Control [No navigation contial on watens  Vettical Clearance lot & vatatis
Vert_Lift Bridge Not Avalable
Mav in Ve Clea Lav

Pier Protection INnt Available MNav Horizontal Clearance  |Not Avalable

f) Classification interface

Classification

Bl Biidge L |- — D N i Metwork | iz not on the
Highway System The inventony route 1 ot par Fedzral Lands Highways Not apghcable
Function Class Uiban Oiher Prcipal Atesia Temporay Sytructure: [oct appicable
Disction of Trafic | 2-way tralfi Pasalel Stuchue No parallel stucture esxast
Ovmer m

Detence Highway The invertoey route s not 3
Tol On lee road The structues ©

. .

M e i ostosical Sigriicason Brdge is ot ehpbie fos the N

(3

g) Condition interface

Condition EE®
Deck: Jl/€Er OO0 CONDITION fio croblerss noied

SuparSrucnee [VER GODD CONDITION no problems: noted

SubStnct [VERT GODD CONDITION no problems néted

Chanel & Protection [§arks well vegetated Aiver wuch a3 spe dkes prolecton are nof requred or are In & stable condion

Cubrets [Hot agpicabie Uise # suchre i not a cuivert

0K

h) Loading rating and posting interface

Load Rating and Posting

Dadantasd Metic Description M] Mse Enolah Dascrption b
Opesating Flating Method [Load Factes (LF)

Opessting Rating [e=m

Irvwentory Rating Method [Load Factes LF)

Irvwentory Rating {ITE]

Bridge Posting [Me poshng reared

Struct Open of C) M fogued
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3

Appraisal interface

Structural Evaluation

Deck Gepmetry
Undercleatance ¥ & H
Waterway Adequacy
Appr. Roadway Aligement
Trahc Safety Feature

Eridge railing
Transition

Appr. guardrail
Appr. guardisil end

Scour Critical Bridge

[B: Equal to present desirable criteria

Show Table 1
[4: Meets mirimum tolerable limits to be left in place as is
[3: asically intolerable requiing high pricrity of comective action Show Tabls 2
[B Equal to present desirable criteria

Show Table 3

|8 Equal to present desirable criteria

[Inzpected feature meets cunently acceptable standards.

|Inspected feature does not meet currently acceptable standards of a safety feature i

[Inspected feature meets cunently acceptable standards

[Inspected feature does not meet curtently acceptable standards of a safety feature i

|Bridge foundations determined to be stable for azsessed or calculated scour conditic

Proposed improvement interface

[Widerang ol emshing bedge wath dech. sehbiiston or replacement

Wk Dore By [Wiosk.bo b cores by owne's lorces

Lergrh of ivpeovement (EH Bikge mesavement ot
Ry mguovement cost il
Funae ADT [he=m
2 Totad Frcject cort 370000
Year of e ADT == you ol mgvevemen cott estmsle (3006
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2) Structure number search interface

Bridge Information

File QUEISHIQIEREIE Failed Bridges Statistics  MH Bridge Failure

General Searching
sl Structure Number Search

Position Search
The Statistic

Seach Structure Number X
State [ALABAMA -]
Structure Number [000000000005702 =]

Coe_|

3

a) Select state and structure number; the search results interface will be displayed.

NBI Sructure Number Search Result X
Select One Table
% |dentification T Geometry " Condition
" Prop. Improvement
" Structure typematerial  { Navigation " Load rate, post
= .
" Age and Service " Classfication " Appraisal e
Show | Exit |

v

b) Then, select the property group of interest. The result will be shown the same

way as in the general search.
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3)  Position search interface:

Search Bridge by Logitude & Lati...

[NEw YoRK =
Latitude [e2555420
Loagituds [o7at6a231

oK Cancel |

a) The latitude uses the format “xxxxxxxx,” which means xx° xx”” xx.xx’. The

longitude uses the format “xxxxxxxxxx,” which means xxx° xx’* xx.xx’. The

search interface is as follows:

NBI Search Result

IR_R_Type |IR_IR_S _Prel| IR_Design L | IR_Route_Nu
1 % o 00000

1R_Dir_Suflx | HW_AD County_Code | Feat_intersec | Fac
[] = 057 RTE 190 FOF
1 00090 o » 057 SCHOMARIE RTE
1 00090 o 057 ATE 190 FOF

Select One Table

& identbication T Geometry ™ Condition

" Prop. Improvemant
© Structure typematerial 1 Navigation  Load rate. post Show | Show Position | B |
© Age and Service:

~ .
~c - Inapection

b) Then, select the bridge and the property. The results will be shown in the same
way as in the general search.
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4) Statistics
This is a very simple statistics search. Select the state and other conditions of interest.
Then, the percentage of this type of bridge in the total number of existing bridges in the

selected state will be shown.

Bridge Information

sl Failed Bridges Statistics  MH Bridge Failure
General Searching
Structure Number Search
Position Search
The Statistic

NBI Information Search

L s
Siata NEW YORK :l' EridgelD [} Struct_Mum | Location Lalitude
Sy ¥ b NS Nves D000O0OM00 JCTUS 4% 4316208

il = NYZES  NY2063  0000ODODIOZ TMIEJCTS 4148135

Shiise Tioe St — INYZE1S  NYZ615  OUDODOODTOZ TMIEJCtN 4235346

NY7260 NY7260 00000000220 4.5 MIW LAK 4307493

MY7E1 N7 000000220 &M MNWIC 4307524

Max Sapn 0 100 |NYBTT2 NY8772 00000000223 37MINEFD 4043514

NYSE14 NYSs14 00000000226 AT HIGHLAN 4143062

Length of Bridge 0 500 _NY'IMH NY10841 00000000330 1.5 MISWJC 4258120

NY11123 NY11123 00000000330 1MILE SOUT 4258522

Vo R [NVIT1BS  NYITIES 00000003 21MIEOF 4245176

= 120 [tz NImE NI 0000000033 1AMINEOF 4450016

|NT13883 NY13863 00000000333 38MINWOD 4407115

Result NY14827 NY14827 00000000335 25MISE OF 4155347

|NY15712 NY15712 0000000033 0.1 MIWOF 4230150

e NY15780 NY15760 00000000335 M OF MARG 4208152

Lo fuce Huoter 22805 |NYI5763  NY1S763 0000000033 1SMINDF 4232297
Selecied Nubes

per cant
Show ’
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A.1.2 Statistics about Bridges that Failed

This search for statistics about failed bridges is based on the NYSDOT database. The following
types of information are provided: (1) bridge statistics; (2) bridge failure; and (3) bridges that
failed due to a given condition.

1) Bridge statistics

Bridge statistic Information

Location NEW YORK -

Select Infermation [Count of Bridges =]

Select Draw Type

" Detal

Show Exit

e Bridge count information

™ Byidge Statistic INformation

Court o Biidges The Tolal Number= 17338 in NEW YORK.

W i a5
B Stirvges Mo o Gider =10050
1 Gder & Floxuboom Sputem #5453
Toq Boam =183
- B000 | Box Beam o Geders (Mulicle] =1410
I 50 B Boam o Grders (Singlo or Sread) =28
N I Fiome [Except Cubverts) =828

I Movable L =24
| .

B Missd Types -2
I Segrentsl Box Geder =3
B Charnel Beam =12

1B Othar <142

u [ || l —

Thm rdcrmaton aboul Count of Brdges
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e Deficient Bridge information

Bridge statistic Information

Select Information Defcierit i igen =
Select Draw Type
 Bar
= Pie
" Detail
Show Exit

Bridge Statistic INformation [

Deficiert Bridges The Total Number= 155241 in US

W Seb 01033
[ Stnnger /Muhi-Beam or Girdar =531
[ Girder & Floorbeam System =0.0297
Tee Beam =0.0809
[ Eox Beam or Girders (Mutipie) =0.0507
I Box Beam or Girders (Single or Spread) =0.0077
I Frame (Except Cuiverts) =0.0105
[ Orthotropic =0.0016
1 Truss Deck =0.003
I Truss-Thu =0.0654
| Arch-Deck =0.025
W Ak T =0.0012
[ Suspension =0.0005
Stayed Grder =0
1B Movable-L =0.0007
I Movable-Bascule =0,.0018
[ Movable-Swing =0.0011
Tunnel =0.0003
[ Cuivert =0.0533
Moed Types =0.003
M Segmental Bax Girder =0.0001
[l Crannel Beam =0.0211
[ Other =0.0081

e The details about structurally deficient bridges are shown below.

Bridge statistic Information = i Bridge Count
Losalin [NEW YORIK ~ Stale [ Owhepe [T MovableBasoue [T
b fr— TusDeck [ MovableSwing F
Select Information Stoctualy Deficent 85030 =] | Suiger Mt Goam or Gider fE - (et e Tuwel |—
Girder Flootbeam System '— Arch-Deck [iod Cusbvest I—
Select Diaw T
i Tee Beam ﬁ ArcheThiu I'. Mixed Types Ii
" Bar . .

Boa Beamiocbuy fikple] m Suspension [ Segmental Box Girder I 7
© Fie BoBeanoGidersiSingerSread) [T gugGiger |© ChannelBeam o
Fiame [Except Cubverts) B | voe [B Ot —

& Detai E

Show | Exit
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e A bar chart for Functional obsolete bridges is shown below:

Bridge statistic Information .

ceation us -
Select Information Functional Obsolete Bidges vI

Select Draw Type

@ Bar
" Detail

[o= ] & |

[ Bridge Statistic INformation

Furctiral Chbeclete Bidges The Tecsl Mambers 73673 i US
1 s %04 4

0o 0o
3500 000
30000 0000

gm 25000

£

E

e 20000

3

g
15000 15000
10000 10000
%00 I %00

3 ._. e |,
The rdamation shout Functonal Chacete Brdges
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2) Bridge failure information

e Select the search conditions:

Hazard Failed Bridge

Select One

= Sate " Bridge Type
" Fail Year " Material

" Fail cause detail  Fail cause

" Detail Information

Show Exit

e Number of failed bridges in different states

Hazard Failed Bridge

The Number of Faied Bradges of the States

g

2

The: Mumasr of the Fallod Bridges

W AK-12
W ALST
W AR
AZ a5
W cA-5
€0 =10
| 2]
WoE-
WFL-10
WA
W2
W GA=18
W5

W=
L=
[

Y36
La=18
[ e
MO -135
W ME-20
LG
N =20
M0 =51
W MS 25

MT =45
WS
W ND-z28
WE-T

NH =44
| L
B NM -8
W7
Y -1Es
MW oH =20
WOk
WoR-11
Wra-10
W PR

R«
WsC-14
W 501
W2

WUt
VA8
VT
W WA-T2
[ R
WS-
WY1
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e Failed bridges for different bridge types

Hazard Failed Bridge

‘The Nerrber of Faled Briadges of the Fail Bridge Types
450 450
[ ot avaiibe =432 W ™huGd sl
1 2Grder =1 I Thu Trus =1
W Ach =23 W Theu Truss =5 =
400 400 foch Bow =1 W Theu truss =1
I Aech Deck =1 Theu Truss =8
ArchFiled =1 I The-Truss =1
350 350 | Baiey =4 I Tied Arch =2
I Eascule =2 [ Timber Cov =1
I Bean =135 Timber/702 =3
300 300 M Beam/Bascu =1 W Trestie =7
I Beam/Lit =1 Truss =252
§' [l Beam/Swing =1 [ Truss bow =1
[l Beams =4 | Truss deck =5
gzso a2 Box =4 I Truss High =1
a [ Box Beam =6 [ Truss pony =18
% 10 Box Girder =4 I Truss Pony =1
§m 200 [ BoxGider =1 I Truss pory =40
H BxCarfram =1 I Truss Pony =1
2 1 Cabie Susp =1 Truss prat =1
S T Channe! Bz =3 I Truss thu =30
Il Column =1 B Truss Theu =1
I Conc T Bm =1 I Truss they =30
[l Concrete =1 Truss/310 =1
108 00 g Cont Sisb =1 I Truss/Besm =2
I Cont. Sab =1 Truss Grdr =1
I Cor. Ppe =4 [ Truss-Rai =1
50 50 [ Covered =13 I Truss Theu =8
L LII Covered Br =2 W Two Girder =2
I Culv. Pipe =1
DI ~ JJ. 1l e | ' 1 " o Mouvetss
Fal Bidge Types I Cuvets -2

e Failed bridges in different years

Hazard Failed Bridge

The Number of Faled Briadges of the Failed Years

120 120
=

B ot avaibe =33 [l 1958 -2 I 198260

100 100 pm 17621 W 1959=14 W 1983 =16
[ REA ] W 1960 -7 W 192432

1923=1 1961 =3 W 198587

| REER W 19629 W 1986 =43

1934 =1 1 1963 =2 W 198743

80 80 ggsas=2 W 1964 =29 W 1988 =31

g [ REEEE 1965 =10 1989 =43
] W 13401 1 1966 =7 W 1330 =47
g . 1942 =1 1967 =13 B 1351227
g W 13435 1 1962 =21 W 195226
% 60 60 1952 W 1969 =116 1393 =107
E W 13463 W 1570=39 W 1934 -21
£ 19472 [ REuE] 1395 =45
E W 194812 W 197269 W 19% =55
(= 1949 =4 W 19722 W 195718
4 W 13501 W 157429 W 199835
19513 1975 =54 W 199921

[ RECE W 1576 =19 1 2000 -25

1953 =8 11977 =24 . 2001 =25

1954 =4 W 157834 W 2002 =20

20 W 19558 1979 #103 2003 =26

W 1956 -7 1 1380 =21 1 2004 -24

W 1957 =4 1581 =33 B 2005 =16

Faied Years
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e Failed bridges of different materials

Hazard Failed Bridge

The Number of Failed Briadges of the Fail Bridge Materials

00 %00
4
[
300 30
0 ™
500 500
:
2 s00 500
2
2
5
§a w
2
=
=
30 300

=

00

"I I:I
0 - | — ||,

Fail Badge Materials

W ot availbe =334

B Auminum =1

W A -1
Beam =4

I Core =1
Conc -Timb =4

[ Conc/Steel =4

Il Concests =153

B concrete =1

[ Concrete =101

I Cor Metal =3

1 on =11

M og=6
Masonry =1

I Metal =1

W FC=20

Il Rigd =1
Stesk =1

I Stes! =811
Stee! Con =1

[l Stesi/Conc =3

I Stesl/Timb =6

[l SteelConc =1

I StestWood =2

B Sl

1 Store =6

B Tinber =156
Timber/Con =4

.Tu:rbg-'\

I Truss =3

W Weod =21
Wood-Steel =1

e Different causes of bridge failure.

The Number of Faled Briadges of the Fai Causes

1200 1200
&

1000 i

800 800
i I Coten 22¢
& I Concrete =3
é [l Construction =6 |
& Detedoration =17 |
§ 600 600 | Eathquake =19
= Fire =52
g I Hydrulc =1027
2 W Msc =117
= [ Mature =32

400 400 | Overoad =220

200 200

]
0 I 0
Fai Causes
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Select the detailed failure information for a selected bridge

frmSelectBridge

1979 Steele County

0K

Bridge Information
The Information of Bridge:

EBin

e Location
Type
Built Year
FFail Type

FFail Caurse

Fatal

1181 State
Stesle County Feat_und
L Material
[ Fail Year
[ Fail Date
[Hydradic -Flood Source
'7 Injure
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3) Search failed bridges according to a specific condition

3]

Failed Bridge Search

s [CURRENA <]
L T —
L
Fail Type A -
FalCase [Eathauske =]
Fail Year W ’2005_
_ Coredl |

Failed Bridges Search Result
—

LOCATION |FEAT_UND | STATE_COD| T\‘PE YR_BLT | YR_FAIL DATE_FAIL | FAIL_TYPE |FAIL_CAUS | FATAL INJURY
_EnuIIJ Rt 5-405 Sep. Rt 40 CA (null) 19 (null) (null) Earthquake Emhqudce (null} (null}
| (null) San Fernand SFRR CA (7)) 1971 {mully (nudl) Earthquake  Earthquake  (null) (null)
(null) San Fernand SPRR CA (rull) 1971 (null} (nuil) Earthquake  Earthquake  (null) (null)
(o) Rte. 210-5Se Route 5 CA (null) 1971 (null) (null) Earthquske  Earthquzke  (null) (null)
(null) Northwest Co Route 5 CA [GD] 1571 (null} (nuil) Earthquake  Earthquake  (null) (null)
» (null) 5 (null) 1971 (null) (null) 2 (null)
(null) SouthConne  Route 14 CA () 1971 (null) [ Earthquake  Earthquake  (null) (null)
(o) Route 1, Sant Struve Sloug  CA 1960 1989 (null) TC Earthquske  Earthquzke  (null) (null)
| (nul) Cypress StVi City strests  CA 1955 1989 (nully TC Earthquake  Earthquake  (null} (null)
| (null) Cypress StV Various Stree CA (null) ms (null) (nul) Earthquske  Earthquake  (null) (null)
_|(ndiy Struve Sloug  Struve Sloug  CA (null) (null) (null) Earthquzke  Earthquzke  (null) (null)

Selected Failed Bridge Information X

Identity Number Fiot Avaiable} Year Built Hot Awaizble

State S Failed Year fer
Locaion South Connector OC, San Ferr —— [ a—
Feature Under [Foders Fail Type [Not hvatable
T st Fail Cause [Estnquake
. T Fatal [Pt Avaiatie
S T — Injury [othile

ok |
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A.1.3 MH Bridge Failure Interface

Bridge Information
File NBIInformation Failed Bridges Statistics UL NIl TS

Case Search

Identity Search

Event ID Search

Event Identity [FS-NY5515868 ~| HazardType  [Food/Secour State NEW YORK

Detail Cancel

MH Bridge Failure Database

State NEW YORK - Hazard Type  [Focd/Scour - Event D -
Detail Cancel

Information for bridges damaged due to multi-hazards can be search by state and hazard type or
the event identification as described above. Three examples are included in the database and are

as follows: (1) flood/scour; (2) earthquake; and (3) vessel collision.
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1)

Bridge Information
Event Information
EventID

Replacement

D
Descriotion

Bridge D
Nation

State

County
Lecation
Feature Under

FRoute Num
Foute Class

Service Type

Latitude

Longitude
Retrofit

Description

This part includes the event, basic information about the bridge and bridge scour information.
There is some common information for all hazards such as bridge detail information, which
includes design, damage, loss, general, case study and report. It can incorporate information
about the bridge from the NBI database, if the bridge is included in it. Or, it can be used to

replace or update the bridge information in NBI database. It also includes scour information

Flood/Scour interface

Bridge Flood/Scour Detail

Bridge Scous Information
LowEl i
FS-NY5515663 Damage cause  [Flood/S cour Mot Available
Upper Elv
000000005515869 Damegeea [imor it |Not Available
i . OverToping Elv [Hot Available
Local Failure/Collapse Damage Time Morring, Apt. 5, 1887
Deck Type [Reinforced Concrete Slab
NYS515869 StuctweMum 5575889 Beat Type [Fiocker and Pin Beaiings
s Stulye e —— Continus Abit Mo
Vet Conlig
NEW YORK T Material C — o [Gome
Parelel m
057 Paclelidoe Mo [Wo
ISONYS Thwray, Amslerdam  Skewldeges) g DisteL [Wot Available
SCHOHARIE CREEK il : DG [Not Avaiabie
AppSpanNum g
ek Length (m) 165
[terstate highway  DeckWidh(ml  [343 [ Detal Information
Fer | Abutmert Site Delal
Highway But Year 1958
425554.40 ADT Year I —
Bridge Detal Information
74164231 ADT EE
DesgnDetsl | [ LossDetsl | Damege Detal |
Summer of 1955 Design Company IMmgm‘Hyland Consuling E
GensralInformation | Repot | CaseStuty |

Information Source INTSE /HAR-B8/02 Higywap Accident Report

about the pier, abutment and site.

71

Show NBI




a) The following shows the scour detail information about the pier, abutment and site.

Pier and scour information interface

Bridge Pier - Flood/Scour

Fier
Pier ID
Bridge Station
Alignment
PFier Type
File Number
File Space
PFile \idth
Prer Shape
Pier Shape Fact
Pier Length
Pier Protection
Pier Foundation
Footing Top
Elevation
Footing Bottom
Elevation
Foot/Cap Width
Pile Tip Elev

Pier Cap Shape

Previous

Scour
Piert Fier ID
100
Scour Depth
0
Frer Up/Down Stream
o Side Slope
Net Avaiable Top Width
Not Avaizble
Approach Vel
Cylindrical
[Not Avadable Dapt)
Not Avaiable Effect Pier Width
Skew To Flow
Poured focting
Bet Material Type
82.9
81.38 Bed Form
Not Avaiable Woter Line
Not Avaisble
Debris.
Square

Nesxt 1]

Previous

Total 4 Piers

457

[Not Avalable
[Nt Avalable
[Nt Available

Pier Description

See the design drawing in the design infarmation

Site Description

\
————

$0.22

e
Next e

Pier detail see design ifformation, scour see the site

irformation

Pier Site Infomation_|

Pier site information interface (from pier and scour information)

Brdgeld  [NySSTsees

Indormation Files

Pier Scour Information 3

G o e Gec 373 doc

Informaton source

Opmn Ext
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*  Abutment and scour information interface

Bridge Abutment - Flood/Scour [-_[E[i

Abutment Scour Abutment Description
Abutment ID JierT] 0 [l See Aoutment n Design rfommation
Skew —
we | e [
ApuwentSlope [
EmbankSope [ ety
EmbarkSkew |
Loogth Depthat Abutmect [
Viing Wall [——
Abutment Seour Dessrigtion
\ning Wall Angle [o Flow angle — Sae Abutment Scour Infomation

Bet Mat Typa

Leh Right e | _ Rk

Abutment Site Information Exit

It also can obtain the abutment site information (from abutment).

*  Site scour information

Pier Scour Information ﬁ

Bidgeld  [ivESI5EES Informason Files | EETNRD Bl
dran of the. dec-1373 doc
Information sbout Informaton source
sov | Open Exit |
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b) Detailed information about the bridge
*  Damage information interface

* Damage mode information interface

RAridan Infarmatinn

Damage modes

% Damage Mode List
General Info Pler Abutment
[overview-colapse.JPG x| [The hole around Pier 3t =] [Select one document =]
Bearing Structure
ISeIsd ane document j |collapse of span 2ipg =
Foundation Others
[Select ane document - [Select ane document =l

Selected File
Component
Classfication
Component
Mode

Rate

fcoiapse of span 2jpg

|SuperStucture

ESuperﬁJume

[Unseating

[Not Available

Damage Descrption

South

Courtesy of Sid Brown Schenectady Gazere.

Photo of the collapse of span 2

Damage data souce

NTSB/HAR-88/02

Show Dpen save Exit

74



Damage mode information interface

Damage modes

X

— Damage Mode List Selected File |wmcnlwu.JPG
General Info Fier BALIC c i
General
Iummooﬂﬂne.JPG :I [Sde\:lonedoamm ;I ISelectnnedmned :I c
Companent |General
Bearing Structure s
Foundation Others Rate Mot Avalable
= Damage Description

il [
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Detailed design information interface

Detail Information

Select ldormanicn Trpe
Ganeral Iodo. Canarst Layout Seucture Pier Beanng Fountaton Adntmare
[deogr panipg =] [Ssetonedocmet +| [Sdectomdoament v] [Seectomdoamen | [Scectodoamen | [Seectonedocment w| [Selectonedocment v
i
—_— s

Opered Fie
s ’W
" ' 2o
Irdorasor Source

TSEHAR S22

FIGURE 8. - - ORIGMAL DESIGN PLAK.

| |
Sosc]
e |

{

i

e

2

Simgaay risn
Suivarion & sace

A
Design De nformation E3
Select intormaton Type
Genersl Irdo. General Layout Sructae Lo Bearing Foundaton Rosrent
[fsnpnpy  v] [Secomdanet v| [Secoemanet =] [setis =] [Secdonsdonment v] [Seszonsdoamert v] [Seectonsdoamet ]
ms
[=——2775" 57 2775 —
Opened File:
Symmetrical about e
3
Deck fwhlnam
T T T T T T T T T
e e e |
31'1-“." o E;g\ = ilaver Aoor T ]
approx. 20'o%. | Khee Brace Beam Ends ey s

marlnq/

- |
7-0" sq Column 1 1 N

Ainth Reinforcement —

5-0" wide x100" deep
R T
1

Column —]

/— Finth

/]

P J

=

Footing
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Loss information interface for a given event

Event Loss
Event|D
Fatal [0
Injure |Nu| Available
Bridge Loss |
Other Loss [Nt Avaiable
Direct Loss |
Trafice Down (Day) |
Indirect Loss |
Total Loss [44000000
Information source [NTSB/HAR-88/02
|
[
|

General information about the bridge

Event General Information |
Bridgeld  [FivEsisess Ieformation Files  [Gaciogy nesr the Brdge Stef =~

Geology near the Bridge Site

According to a New York State Geological Survey study, the present Schoharie Creek bed was created during post-glacial time. At the bridge site, bedrock consists of
flat-lying shale and Emestone with an average surface elevation of 225 feet above sea level, about 50 feet below the fed of Schoharie Creek. A 40 foot layer of very
compact granular glacial tll overlie the bedrock. This material is very dense and thick, due to compaction by heavy overlaying glaciers. In addition, large boulders scattered
throughout the matenial hinder excavation and the driving of piles. A thick layer of alhnvial matenal composed of brown sand and a laver of well rounded cobbles forms the
river bed. The materials in the streambed range from gravel-sized pieces to boulders that may be several feet in diameter and weigh 300 to 600 pounds. The sand and
cobbles are not permanently fived to the river bottom, but gracually migrate downstream

Information about: [Cae—Emarorment Information source INTSB/HAR-88/02
Show Open Exit |
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Case study interface

Case Study &l

Bridge ID

CaselD  [NY55158631V =]
Author [
Report [case_studies_projec bridge scour collapse NY--90 pdf

Document |case7§udnesmec bridge scour collapse NY—\-Sﬂj

Show Documert | Show Report Bt |

Report interface

Generate Report [E _

The Report for the Event FS-NY5515869 ~

The General Information of the Bridge:

Bridge Identity: The General Information of the Bridge:
This bridge Structure number: 5515869

This bridge is in: US

this bridge is in state: NEW YORK

Location of this bridge: I-90 NYS Thway, Amsterdam e
Feature under of this bridge: SCHOHARIE CREEK
This bridge route number: 1-90

Latitude of this bridge: 425554.40

Longitude of this bridge: 741642.31

Structure type of this bridge: Girder Floorbeam
Material of this bridge: Steel

Skew of this bidge: 0

This bridge was built in: 1955

This bridge has: 5 spans.

This bridge has: 0 App. spans.

This bridge length: 165

This bridge deck width: 34.3

This bridge's retrofit: Summer of 1355

This information is from: NTSB/HAR-88/02 Higyway Accident Report
Comment:

This bridge services as : Highway

The design information of the Bridge as the following files
The Design information file 1

The Design file: Design and Construction f
The Design information file 2

The Design file: pier1 JPG

The Design information file 3

The Design file: The superstructure rif

The Design information file 4

The Design file: Schematic plan of bridge JPG
The Design information file 5

The Design file: construction contract f

The Design information file 6

The Design file: Bridge layout JPG

The Design information file 7

|

- |
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NBI information interface

NBI Sructure Number Search Result E]

Select One Table
* |dentification " Geometry " Condition
" Prop. Improvement
" Stucture type material ™ Navigation " Load rate, post
~ :
" Age and Service ™ Classfication " Appraisal Kipectn

Show | Exit |
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2) Earthquake information

Earthquake Failed Bridge Detail Infromation

— Bridge Detail Information Bridge Design Information

Event Information
|Not Avaizble
Event ID EOCAS3 2306 Damage cause W DsgnPGA
Repl 0.2 sec Value [Not Avaiable
[532794R Damage Year  [is4 |
amage 1 sec ValueGA Not Available
g&.cﬁoﬁm Major ¢ No collapse) Damage Time |
DsgnRetumPeriod (Year) [Not Avaizble
Bridge ID [C252 220 T T Fazme
- - 2 SoilTyps [Nt Avaizble
Nation [us StructType Multi-cell Girder
State [cALIFORNIA Material Concrete Real Infomatiom
i GroundCi
County Code [o37 Perallel Biidge  [No hange |Not avaiable
o [Not avaiath
Location Bull Creek Canyon Chanel Skew (degree)  [3547.4747 |

B Envi t [Nulavaldoie
Featore ntersected [FULCREEKCAVON G e [ o
ApSpanbem 0 [

Route Num 118 th (m) 173— '— Eorthkce W =
Route Class [ Deckwidh(m) [ws | —I
Information

Service Type Highway Built Year [s'e

Genersl Information | Design Detzil |
Latitude 341672.00 ADT Year [Not Avaiable
Eonostids 1132912.00 ADT o pvaiae Damage Detail | Loss Detail |
Retrofit [ Design Company Case Study | General Repart |

Information Source ]Fast Eanhquake Investigation Report, Califomia Depatment of Transportation-

Description The length and width of the bridge vary.
Shownel | Bit |

This part includes the event, basic information about the bridge and earthquake information.
Similar to the flood/scour hazard, there is common information for all hazards and bridge detail

information. This includes design, damage, loss, general, case study, and report.
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a) Earthquake information interface

Earthquake Information
Earhuske Information
Earthgake Name [Nodhridge Magnitude 3 Date hsseming
EFC [Nohrdge » CA About Wkmwestn ML 33 Time T
EPC Longitude feme s G — Duration
EPC Iatitude Frzee  Mechmem  [oeene
Depth (Km) 128 General Information |

Record Informatiom
Component  [NORTHRAVEAUP i
PGA(g) 0.048

PGV(emia) 115

PGD fem) jon
[
HP (Hz)

k]

LP (Hz)

Geomatrix

DataSource |V

Record Number |

[30028 Arvabeem - W Bal Pl =] [WaEineom-WENRd  POE6:d  NORTHRAWEALUP =] [ShowRecord]

Exit

b) Bridge detail information

Similar information is included in the earthquake section as in the flood/scour section.

*  Design information

Design Detail Information

Select Informaton Type
Genersl Info General Layout Sructure Fier Besring Foundsticn Abutment

[Sdectone documert _v| [Seectonedocument v [Selectonedocument | [CAS3ZBcolmnzips v| [Selectonedocument =] [Selectonedocument w| [Select one documert v

Seerian L0 5 Typieol for fower portians off Opsned Fie
Ecatim Z Bt T colwrs: Limits of Seeriar 52 —
anr frpar Yoo of Yeoliog 7‘2;40 ;r" %;{
; FDr poriiaas oF columas above rep o e
e G f‘,’,’f’? Wotl 2r0 Section -2, #0
Swetion 88 infermation Saurce.

294

0"

24
5,

nes :qel

3 IH K 1 / H™ peanzn, j‘:‘.

e (oot frar of Wall

4 Gaives sea ! 8 e
Bap? 7 Mortty - et St
Aa?wyr'r.g Daroils ~ — March 1584
[l - | (E Gt 1 e Tl
f#4ue/e ML TN ;
_,_/

2L

P Py
il reinfs fordelais T -8 O
Clran e Sew Woll Detorts o7 %%—,__ =

SECTION D -0 Gend 3" shect
= :_;"7/,".- Feo"
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Design Detail Information

Select Inervan Type

GoreraInko Goneral Layout Siuckee P Beang Fourdspon Abtmart
[Selectone documers +|  [CAS3 2206 generatipg =] [Seiect B =] [eeeat

Opered Fie.

[CAS 2206 genslz £

e

{7 v

Capetzl) --;{ i
L g 4211

Irfeemshon Souce:

March 1954

Case study information interface

Case Study

Bridge 1D  [SENIS

CaselD  [CA53.2206Wang

=

Author |zQ Wang
Report |Case study of collapse bridge for report doc
Document

| case study of colapse bridge-earthquake SDB

Show Document | Show Report Exit

=
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* Damage information interface

. Event ID Search
Damage modes
Damage Mode List
Genetal Info Pies Abidysnt

Component
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[Select ane document [Sefect one document =l JFlears
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[Select one docurnent [Select one document
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[~ Damage Mode List SelectedFle  [CA53_2206_abutmeni_spproach_damage ipg
General Inis Pier Abutrent
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Comporent [Bbutment
Bearing Stuchure
Mode
|Select ane document ~| [Select one document K| [
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|Select ane document B [Select ane document -~
Damage Description
The apptoach sol setlement
Damage data souwce
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Show Open save Exit
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3) Vessel collision

Vessel Collision Detail Information @
Bridge Detail Information Bridge Navigation Information
Event Information Channel Number ﬁ—
Event ID \VC-OK170510000000000) Damage cause  [Vessel Colision
= Pier Number 12
lacement
epl 170510000000000 DamageYesr [nz e [Not Avaiiable
Bemage y  |Locdl FaueCalanse DamageTime  [1iz; 262002, 745 Viater Elevation 001
Navigation Type River
Bridge ID [oK170510000000000 Structure Num  [170510000000000 Navigation Curve
Nation us StructType Stringer /Muki-Beam or Girdes Navigation Height 15.85
) S 3814
State OKLAHOMA Material Steel confinuous oo Wik
Navigation Divided
i 135 Perallel Bridge  [No it e
- ¥ aig Length
{ocaite SEQUOYAHMUSKOGEECC gy (degres) T — p—
Pass Difficulty
Feature Intersected [ARKANSAS RIVER SENLE 8
AppSpanNum o [
Route N o - Detail informati
o i Length (m) [pe2 [ : jk
Route Class DeckWidth (m) |27 T Pier_Channel [ Weather_Environment |
Ty Highway Built Year 1967 Vessel
Latitude 352911.60 ADT Year
950551.30 ADT 19200 .
Longini Bridge Case Study
; Design Detail Loss Detail Damage Detail
Retrofit Design Company ign i | il l i [
Information Source  [NT58/HAR-04/05 1.5, Towboat Rabert Y. Love Aliscn W Inerstate 40 General Information | CaseSucy | Generate Report |
1983 reconstructed
Description
Show el | Bit |

This part includes the event, basic information about the bridge, navigation and vessel collision
information.Like the flood/scour hazard section, there is common information for all hazards and

bridge detail information.

a) Navigation and vessel information

84



*  Pier, pier channel and impact information interface

Bridge Impacted Superstructure Pier Channel Information E|
Impacted Pier L o
Pier D Plecd PieCaplengh [365 i
- Channel ID Chan1
e = SubstructureType o
e isten PleCepWidh [5a3
A Pobet . Substuctrelength [ Path Number P
er Type
PieCapHeigh [T3 0
Pier Shape fendica s S Channel Location |
)
Piar " Pile Cap Top elev [ Subsiructure Elevation - o e e
Pier Wicth Dent Depth [ 00 Wecttece 56
Veater level [1a0m
iorlD
Weler depth o pie N g § -
(s lﬂduﬂ’iu‘n— Impact Position aw Angle
Pier Protection Total 1 Channels. previous Next |
Dent Depth o
Pile Type Pier Bent
I ] Dent Width o I
Pile Cap shape B PFCAID e
| Angle 56 Dent Description 0

Dent Description e e —
Impact Position
Total 1 Pier. _previoss | New | Total 2 PCA Previews | Next

o |

*  Impact general information (from the pier, pier channel and impact information ) interface

Event General Information

Brdgeld  [OK170510000000000 Information Fles: [Fieq protection cel on upsiream side of charmel pier 569+

16.5 feet

41.38 feet

Inkemsion aboxk:—— fr—PCy Infometion souce  |[Fighway Bidge Accatent Fuepor HTSE/HAR M4

Show | open | £ |
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Vessel

Vessel Name [Robeﬁ,Y,LOVE

Vessel Type  [Towboat

Velocity

Material luee]
Length 317
Width |9.14
Height [0
Mast Height l

Built Year ]'1 955

MachineNumb [2
Power 12490 Pm
Owner |

Goods iE"‘Pt)'

Bridge environment and weather information interface

Enviroment and Weather |_T

- Enviroment
Current Angle

current velocity
Avg. current velocity
Dsgn max water level

Water level

Dsgn min water level
water Flood/Low season
Wind direction

Wind velocity

Dsgn Vind

Flosting ice

visibility (Miles)

Weather

General Information |

T —
—
——
re—
e
p—
——
—

Exit |
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Vessel and barge information interface

Traffic direction ]

[29852

Empty tonnage ]

Gross tonnage im_s

PropellerType |
Head Propeller [
Real draft |238
Empty draft I
FlotillaLine ]

FlotillaColumn |2

FlotillaBarge

|2 barges. 297 5X54' MM-60 and

Passenger 3

Information source  [NTSB/HAR-04/05 U.S. Towboat Robert Y. Love Alision With Inerstate 40 High

86

[~ Barge Information
Barge Name MM-60

Type [doublehdltank
Material r—
[oos
Length [pos7
Width [ess
Height —
Goods ety
Evpty Towsge [iizs
Gress Tonnage Im—'

Built year

Empty Draft [o3
Real Draft |3_51
Previous | Net |

Vessel Information | Exit




General information about the vessel (from vessel information) interface

Event General Information

Bridgeld  [0K170510000000000 Infermation Files Towboat Robert ¥ Love.jog =l

Infermation about: [Vessel-Vessel Infomation source |Highway Bridge Accident Fieport NTSB/HAR 04

Show Open Eit |

b) Bridge detailed information.
Similar information is included in the vessel collision section as in the flood/scour section.

*  Design information interface

Design Detail Information

Seleet Informstion Type
Generalinio General Layout Stnchee Pier Beaing Foundsion Abuert
[Bidge standards i =] [Selectonedocument =] [Selectonsdocument | [PierComponeripy =] [Selectonedocument | [Selectonedocument <]  [Selectone document +)

o — — -
—‘*{ | Superstructure
/ S B OpenedFis
L\ ! Pier cap
= : [Pt Corrpenentiog

1
|
|
| Section 3 Ieboemaion Sotsce
I (Haghwsay Bridge Accadent Fleport
| HTSB/HAR 405
|
1
|
I
|
1 Section 2

Web wall ]
|
|
i =]

Section 1

I Open
I [
| Footing
1
]




* Damage information interface

Damage modes

rvensank

A.2 Instructions for Using the Program

»  User interfaces for flood/scour, earthquake and vessel collision are provided herein. Other
hazard information has not been obtained so those interfaces are still under development.

e QGeneral information is included for almost all the interface windows. All the information

Daos i oce it Selected File [Location of navigational ades on bodge and on upbounc
Genesal Into Fier Abutment
[Locabon of navgationsl sides on bdge v | [Sedect one document | [Selectone document 5] | Clesshcaion [Benecal
Component [General
Beating Shucture
[Select one document = [Setect one document =l Hode [Shest and Flexne
Foundation QOthesrs Rate \Mm Tovaiable
[Setect ane document =l |Setect one documert B
Damage Desciiption
i The collagee of berts and spans
(s

Damape data source

[Highway Biidge Accident Report NTSB/HAR 04705

Show Open save Ext

related to the property is collected and shown in the window.

*  For each general information file, “show” and “open” operations can be selected. The “show
operation” shows the file in the window, and can only open ‘jpg,” ‘txt,” ‘rtf,’ files. Files with

extensions of ‘doc,” ‘ppt,’ files cannot be opened in the software window; they only open if

Microsoft Office is installed.
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MCEER Technical Reports

MCEER publishes technical reports on a variety of subjects written by authors funded through MCEER. These reports are
available from both MCEER Publications and the National Technical Information Service (NTIS). Requests for reports should
be directed to MCEER Publications, MCEER, University at Buffalo, State University of New York, 133A Ketter Hall, Buffalo,
New York 14260. Reports can also be requested through NTIS, P.O. Box 1425, Springfield, Virginia 22151. NTIS accession
numbers are shown in parenthesis, if available.

NCEER-87-0001

NCEER-87-0002

NCEER-87-0003

NCEER-87-0004

NCEER-87-0005

NCEER-87-0006

NCEER-87-0007

NCEER-87-0008

NCEER-87-0009

NCEER-87-0010

NCEER-87-0011

NCEER-87-0012

NCEER-87-0013

NCEER-87-0014

NCEER-87-0015

"First-Year Program in Research, Education and Technology Transfer," 3/5/87, (PB88-134275, A04, MF-
AO01).

"Experimental Evaluation of Instantaneous Optimal Algorithms for Structural Control," by R.C. Lin, T.T.
Soong and A.M. Reinhorn, 4/20/87, (PB88-134341, A04, MF-AO1).

"Experimentation Using the Earthquake Simulation Facilities at University at Buffalo," by A.M. Reinhorn
and R.L. Ketter, not available.

"The System Characteristics and Performance of a Shaking Table," by J.S. Hwang, K.C. Chang and G.C.
Lee, 6/1/87, (PB88-134259, A03, MF-A01). This report is available only through NTIS (see address given
above).

"A Finite Element Formulation for Nonlinear Viscoplastic Material Using a Q Model," by O. Gyebi and G.
Dasgupta, 11/2/87, (PB88-213764, A08, MF-A01).

"Symbolic Manipulation Program (SMP) - Algebraic Codes for Two and Three Dimensional Finite Element
Formulations," by X. Lee and G. Dasgupta, 11/9/87, (PB88-218522, A05, MF-A01).

"Instantaneous Optimal Control Laws for Tall Buildings Under Seismic Excitations," by J.N. Yang, A.
Akbarpour and P. Ghaemmaghami, 6/10/87, (PB88-134333, A06, MF-AO01). This report is only available
through NTIS (see address given above).

"IDARC: Inelastic Damage Analysis of Reinforced Concrete Frame - Shear-Wall Structures," by Y.J. Park,
AM. Reinhorn and S.K. Kunnath, 7/20/87, (PB88-134325, A09, MF-AO01). This report is only available
through NTIS (see address given above).

"Liquefaction Potential for New York State: A Preliminary Report on Sites in Manhattan and Buffalo," by
M. Budhu, V. Vijayakumar, R.F. Giese and L. Baumgras, 8/31/87, (PB88-163704, A03, MF-A01). This
report is available only through NTIS (see address given above).

"Vertical and Torsional Vibration of Foundations in Inhomogeneous Media," by A.S. Veletsos and K.W.
Dotson, 6/1/87, (PB88-134291, A03, MF-AO01). This report is only available through NTIS (see address
given above).

"Seismic Probabilistic Risk Assessment and Seismic Margins Studies for Nuclear Power Plants," by Howard
H.M. Hwang, 6/15/87, (PB88-134267, A03, MF-AO01). This report is only available through NTIS (see
address given above).

"Parametric Studies of Frequency Response of Secondary Systems Under Ground-Acceleration Excitations,"
by Y. Yong and Y.K. Lin, 6/10/87, (PB88-134309, A03, MF-AO01). This report is only available through
NTIS (see address given above).

"Frequency Response of Secondary Systems Under Seismic Excitation," by J.A. HoLung, J. Cai and Y K.
Lin, 7/31/87, (PB88-134317, A05, MF-AO01). This report is only available through NTIS (see address given
above).

"Modelling Earthquake Ground Motions in Seismically Active Regions Using Parametric Time Series
Methods," by G.W. Ellis and A.S. Cakmak, 8/25/87, (PB88-134283, A08, MF-AO01). This report is only
available through NTIS (see address given above).

"Detection and Assessment of Seismic Structural Damage," by E. DiPasquale and A.S. Cakmak, 8/25/87,
(PB88-163712, A05, MF-A01). This report is only available through NTIS (see address given above).
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NCEER-87-0016

NCEER-87-0017

NCEER-87-0018

NCEER-87-0019

NCEER-87-0020

NCEER-87-0021

NCEER-87-0022

NCEER-87-0023

NCEER-87-0024

NCEER-87-0025

NCEER-87-0026

NCEER-87-0027

NCEER-87-0028

NCEER-88-0001

NCEER-88-0002

NCEER-88-0003

NCEER-88-0004

NCEER-88-0005

"Pipeline Experiment at Parkfield, California," by J. Isenberg and E. Richardson, 9/15/87, (PB88-163720,
A03, MF-A01). This report is available only through NTIS (see address given above).

"Digital Simulation of Seismic Ground Motion," by M. Shinozuka, G. Deodatis and T. Harada, 8/31/87,
(PB88-155197, A04, MF-A01). This report is available only through NTIS (see address given above).

"Practical Considerations for Structural Control: System Uncertainty, System Time Delay and Truncation of
Small Control Forces," J.N. Yang and A. Akbarpour, 8/10/87, (PB88-163738, A08, MF-AO01). This report is
only available through NTIS (see address given above).

"Modal Analysis of Nonclassically Damped Structural Systems Using Canonical Transformation," by J.N.
Yang, S. Sarkani and F.X. Long, 9/27/87, (PB88-187851, A04, MF-AO01).

"A Nonstationary Solution in Random Vibration Theory," by J.R. Red-Horse and P.D. Spanos, 11/3/87,
(PB88-163746, A03, MF-A01).

"Horizontal Impedances for Radially Inhomogeneous Viscoelastic Soil Layers," by A.S. Veletsos and K.W.
Dotson, 10/15/87, (PB88-150859, A04, MF-A01).

"Seismic Damage Assessment of Reinforced Concrete Members," by Y.S. Chung, C. Meyer and M.
Shinozuka, 10/9/87, (PB88-150867, A0S, MF-AO01). This report is available only through NTIS (see address
given above).

"Active Structural Control in Civil Engineering," by T.T. Soong, 11/11/87, (PB88-187778, A03, MF-A01).

"Vertical and Torsional Impedances for Radially Inhomogeneous Viscoelastic Soil Layers," by K.W. Dotson
and A.S. Veletsos, 12/87, (PB88-187786, A03, MF-AO01).

"Proceedings from the Symposium on Seismic Hazards, Ground Motions, Soil-Liquefaction and Engineering
Practice in Eastern North America," October 20-22, 1987, edited by K.H. Jacob, 12/87, (PB88-188115, A23,
MF-AO01). This report is available only through NTIS (see address given above).

"Report on the Whittier-Narrows, California, Earthquake of October 1, 1987, by J. Pantelic and A.
Reinhorn, 11/87, (PB88-187752, A03, MF-AO01). This report is available only through NTIS (see address
given above).

"Design of a Modular Program for Transient Nonlinear Analysis of Large 3-D Building Structures," by S.
Srivastav and J.F. Abel, 12/30/87, (PB88-187950, A05, MF-AO01). This report is only available through NTIS
(see address given above).

"Second-Year Program in Research, Education and Technology Transfer," 3/8/88, (PB88-219480, A04, MF-
AO01).

"Workshop on Seismic Computer Analysis and Design of Buildings With Interactive Graphics," by W.
McGuire, J.F. Abel and C.H. Conley, 1/18/88, (PB88-187760, A03, MF-AO01). This report is only available
through NTIS (see address given above).

"Optimal Control of Nonlinear Flexible Structures," by J.N. Yang, F.X. Long and D. Wong, 1/22/88, (PB88-
213772, A06, MF-A01).

"Substructuring Techniques in the Time Domain for Primary-Secondary Structural Systems," by G.D.
Manolis and G. Juhn, 2/10/88, (PB88-213780, A04, MF-A01).

"[terative Seismic Analysis of Primary-Secondary Systems," by A. Singhal, L.D. Lutes and P.D. Spanos,
2/23/88, (PB88-213798, A04, MF-A01).

"Stochastic Finite Element Expansion for Random Media," by P.D. Spanos and R. Ghanem, 3/14/88, (PB88-
213806, A03, MF-A01).
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NCEER-88-0012

NCEER-88-0013

NCEER-88-0014

NCEER-88-0015

NCEER-88-0016

NCEER-88-0017

NCEER-88-0018

NCEER-88-0019

NCEER-88-0020

NCEER-88-0021

NCEER-88-0022

NCEER-88-0023

"Combining Structural Optimization and Structural Control," by F.Y. Cheng and C.P. Pantelides, 1/10/88,
(PB88-213814, A05, MF-A01).

"Seismic Performance Assessment of Code-Designed Structures," by H.H-M. Hwang, J-W. Jaw and H-J.
Shau, 3/20/88, (PB88-219423, A04, MF-A01). This report is only available through NTIS (see address given
above).

"Reliability Analysis of Code-Designed Structures Under Natural Hazards," by H.H-M. Hwang, H. Ushiba
and M. Shinozuka, 2/29/88, (PB88-229471, A07, MF-A01). This report is only available through NTIS (see
address given above).

"Seismic Fragility Analysis of Shear Wall Structures," by J-W Jaw and H.H-M. Hwang, 4/30/88, (PB89-
102867, A04, MF-A01).

"Base Isolation of a Multi-Story Building Under a Harmonic Ground Motion - A Comparison of
Performances of Various Systems," by F-G Fan, G. Ahmadi and [.G. Tadjbakhsh, 5/18/88, (PB89-122238,
A06, MF-AO01). This report is only available through NTIS (see address given above).

"Seismic Floor Response Spectra for a Combined System by Green's Functions," by F.M. Lavelle, L.A.
Bergman and P.D. Spanos, 5/1/88, (PB89-102875, A03, MF-AO01).

"A New Solution Technique for Randomly Excited Hysteretic Structures," by G.Q. Cai and Y.K. Lin,
5/16/88, (PB89-102883, A03, MF-A01).

"A Study of Radiation Damping and Soil-Structure Interaction Effects in the Centrifuge," by K. Weissman,
supervised by J.H. Prevost, 5/24/88, (PB89-144703, A06, MF-AO01).

"Parameter Identification and Implementation of a Kinematic Plasticity Model for Frictional Soils," by J.H.
Prevost and D.V. Griffiths, not available.

"Two- and Three- Dimensional Dynamic Finite Element Analyses of the Long Valley Dam," by D.V.
Griffiths and J.H. Prevost, 6/17/88, (PB89-144711, A04, MF-A01).

"Damage Assessment of Reinforced Concrete Structures in Eastern United States," by A.M. Reinhorn, M.J.
Seidel, S.K. Kunnath and Y.J. Park, 6/15/88, (PB89-122220, A04, MF-AO01). This report is only available
through NTIS (see address given above).

"Dynamic Compliance of Vertically Loaded Strip Foundations in Multilayered Viscoelastic Soils," by S.
Ahmad and A.S.M. Israil, 6/17/88, (PB89-102891, A04, MF-AO1).

"An Experimental Study of Seismic Structural Response With Added Viscoelastic Dampers," by R.C. Lin, Z.
Liang, T.T. Soong and R.H. Zhang, 6/30/88, (PB89-122212, A05, MF-A01). This report is available only
through NTIS (see address given above).

"Experimental Investigation of Primary - Secondary System Interaction,”" by G.D. Manolis, G. Juhn and
AM. Reinhorn, 5/27/88, (PB89-122204, A04, MF-AO01).

"A Response Spectrum Approach For Analysis of Nonclassically Damped Structures," by J.N. Yang, S.
Sarkani and F.X. Long, 4/22/88, (PB89-102909, A04, MF-AO01).

"Seismic Interaction of Structures and Soils: Stochastic Approach,” by A.S. Veletsos and A.M. Prasad,
7/21/88, (PB89-122196, A04, MF-A01). This report is only available through NTIS (see address given
above).

"Identification of the Serviceability Limit State and Detection of Seismic Structural Damage," by E.
DiPasquale and A.S. Cakmak, 6/15/88, (PB89-122188, A05, MF-A01). This report is available only through
NTIS (see address given above).

"Multi-Hazard Risk Analysis: Case of a Simple Offshore Structure," by B.K. Bhartia and E.H. Vanmarcke,
7/21/88, (PB89-145213, A05, MF-AO01).
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NCEER-88-0039

NCEER-88-0040

NCEER-88-0041

NCEER-88-0042

"Automated Seismic Design of Reinforced Concrete Buildings," by Y.S. Chung, C. Meyer and M.
Shinozuka, 7/5/88, (PB89-122170, A06, MF-A01). This report is available only through NTIS (see address
given above).

"Experimental Study of Active Control of MDOF Structures Under Seismic Excitations," by L.L. Chung,
R.C. Lin, T.T. Soong and A.M. Reinhorn, 7/10/88, (PB89-122600, A04, MF-A01).

"Earthquake Simulation Tests of a Low-Rise Metal Structure," by J.S. Hwang, K.C. Chang, G.C. Lee and
R.L. Ketter, 8/1/88, (PB89-102917, A04, MF-AO1).

"Systems Study of Urban Response and Reconstruction Due to Catastrophic Earthquakes," by F. Kozin and
H.K. Zhou, 9/22/88, (PB90-162348, A04, MF-A01).

"Seismic Fragility Analysis of Plane Frame Structures," by H.H-M. Hwang and Y .K. Low, 7/31/88, (PB89-
131445, A06, MF-A01).

"Response Analysis of Stochastic Structures," by A. Kardara, C. Bucher and M. Shinozuka, 9/22/88, (PB89-
174429, A04, MF-AO01).

"Nonnormal Accelerations Due to Yielding in a Primary Structure," by D.C.K. Chen and L.D. Lutes,
9/19/88, (PB89-131437, A04, MF-A01).

"Design Approaches for Soil-Structure Interaction," by A.S. Veletsos, A.M. Prasad and Y. Tang, 12/30/88,
(PB89-174437, A03, MF-AO01). This report is available only through NTIS (see address given above).

"A Re-evaluation of Design Spectra for Seismic Damage Control," by C.J. Turkstra and A.G. Tallin, 11/7/88,
(PB89-145221, A05, MF-A01).

"The Behavior and Design of Noncontact Lap Splices Subjected to Repeated Inelastic Tensile Loading," by
V.E. Sagan, P. Gergely and R.N. White, 12/8/88, (PB89-163737, A08, MF-AO01).

"Seismic Response of Pile Foundations," by S.M. Mamoon, P.K. Banerjee and S. Ahmad, 11/1/88, (PB89-
145239, A04, MF-AO01).

"Modeling of R/C Building Structures With Flexible Floor Diaphragms (IDARC2)," by A.M. Reinhorn, S.K.
Kunnath and N. Panahshahi, 9/7/88, (PB89-207153, A07, MF-AO01).

"Solution of the Dam-Reservoir Interaction Problem Using a Combination of FEM, BEM with Particular
Integrals, Modal Analysis, and Substructuring," by C-S. Tsai, G.C. Lee and R.L. Ketter, 12/31/88, (PB89-
207146, A04, MF-AO1).

"Optimal Placement of Actuators for Structural Control," by F.Y. Cheng and C.P. Pantelides, 8/15/88,
(PB89-162846, A05, MF-A01).

"Teflon Bearings in Aseismic Base Isolation: Experimental Studies and Mathematical Modeling," by A.
Mokha, M.C. Constantinou and A.M. Reinhorn, 12/5/88, (PB89-218457, A10, MF-AO01). This report is
available only through NTIS (see address given above).

"Seismic Behavior of Flat Slab High-Rise Buildings in the New York City Area," by P. Weidlinger and M.
Ettouney, 10/15/88, (PB90-145681, A04, MF-AO01).

"Evaluation of the Earthquake Resistance of Existing Buildings in New York City," by P. Weidlinger and M.
Ettouney, 10/15/88, not available.

"Small-Scale Modeling Techniques for Reinforced Concrete Structures Subjected to Seismic Loads," by W.
Kim, A. El-Attar and R.N. White, 11/22/88, (PB89-189625, A05, MF-A01).

"Modeling Strong Ground Motion from Multiple Event Earthquakes," by G.W. Ellis and A.S. Cakmak,
10/15/88, (PB89-174445, A03, MF-A01).
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C.A. Miller and E. Heymsfield, 12/26/89, (PB90-207887, A06, MF-AQ1).
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2/28/90, (PB90-251976, A07, MF-A01).

"Earthquake Education Materials for Grades K-12," by K.E.K. Ross, 4/16/90, (PB91-251984, A05, MF-
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and A.H.-S. Ang, 10/30/90, (PB91-170399, A09, MF-A01).

"MUMOID User's Guide - A Program for the Identification of Modal Parameters," by S. Rodriguez-Gomez
and E. DiPasquale, 9/30/90, (PB91-171298, A04, MF-AO01).

"SARCEF-II User's Guide - Seismic Analysis of Reinforced Concrete Frames," by S. Rodriguez-Gomez, Y.S.
Chung and C. Meyer, 9/30/90, (PB91-171280, A05, MF-A01).
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