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NOTICE

This report was prepared by Modjeski and Masters, Inc. as a result of research spon-
sored by the Multidisciplinary Center for Earthquake Engineering Research
(MCEER) through a contract from the Federal Highway Administration. Neither
MCEER, associates of MCEER, its sponsors, Modjeski and Masters, Inc., nor any
person acting on their behalf:

a. makes any warranty, express or implied, with respect to the use of any infor-
mation, apparatus, method, or process disclosed in this report or that such use
may not infringe upon privately owned rights; or

b. assumes any liabilities of whatsoever kind with respect to the use of, or the
damage resulting from the use of, any information, apparatus, method, or pro-
cess disclosed in this report.

Any opinions, findings, and conclusions or recommendations expressed in this
publication are those of the author(s) and do not necessarily reflect the views of
MCEER or the Federal Highway Administration.
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Preface

The Multidisciplinary Center for Earthquake Engineering Research (MCEER) is a national center
of excellence in advanced technology applications that is dedicated to the reduction of earthquake
losses nationwide. Headquartered at the State University of New York at Buffalo, the Center was
originally established by the National Science Foundation in 1986, as the National Center for
Earthquake Engineering Research (NCEER).

Comprising a consortium of researchers from numerous disciplines and institutions throughout
the United States, the Center’s mission is to reduce earthquake losses through research and the
application of advanced technologies that improve engineering, pre-earthquake planning and
post-earthquake recovery strategies. Toward this end, the Center coordinates a nationwide
programof multidisciplinary team research, education and outreach activities.

MCEER’s research is conducted under the sponsorship of two major federal agencies, the
National Science Foundation (NSF) and the Federal Highway Administration (FHWA), and the
State of New York. Significant support is also derived from the Federal Emergency Management
Agency (FEMA), other state governments, academic institutions, foreign governments and
privateindustry.

The Center’s FHW A-sponsored Highway Project develops retrofit and evaluation methodologies for

existing bridges and other highway structures (including tunnels, retaining structures, slopes,

culverts, and pavements), and improved seismic design criteria and procedures for bridges
and other highway structures. Specifically, tasks are being conducted to:

 assessthe vulnerability of highway systems, structures and components

+ develop conceptsforretrofitting vulnerable highway structuresand components;

« develop improved design and analysis methodologies for bridges, tunnels, and retaining
structures, which include consideration of soil-structure interaction mechanisms and their
influence onstructural response;

 reviewandrecommend improved seismic designand performance criteria for newhighway structures.

Highway Project research focuses on two distinct areas: the development of improved
design criteria and philosophies for new or future highway construction, and the development of
improved analysis and retrofitting methodologies for existing highway systems and structures.
Theresearch discussedinthisreportisa result of work conducted under the new highway structures project,
and was performed within Task 112-D-2, “Evaluation of Structure Importance” of that project
asshowninthe flowchart onthefollowing page.

The overall objective of this task was to identify, assess and develop recommended improvements
to existing methodologies for defining the importance of highway bridges. The report describes the
work that was conducted leading to a simple bridge importance evaluation methodology developed
by the authors. The 50 state transportation agencies were surveyed to identify how each state
determines and classifies the importance of their bridges. Twelve importance methods were chosen
from these replies for further investigation. Following a comparison of these methods, two were



selected for further evaluation: one from Illinois and the other from Montana. A recommended
method, based on these two methods and additional refinements, was developed which works with
a state’s existing National Bridge Inventory (NBI) data and does not require the collection of new
data. The method fills a need for states in low to moderate zones which need to develop or implement
an importance method at little or no cost.
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PREFACE

The objective of this report is to identify and assess existing methods for quantifying the
importance of highway bridges. Several existing methods are compared and a preferred method is
recommended for use in the design of new bridges and the retrofit of existing structures.

It is common practice to use importance, along with hazard exposure and structure vulnerability,
to prioritize and specify minimum requirements for the retrofit of existing bridges. Similarly,
hazard and importance are frequently used to specify minimum levels of analysis and design
requirements for new bridges. But the importance of a bridge is a difficult attribute to quantify
and although there have been many attempts to do so, there is little consensus about a preferred
methodology. Generally these methods include traffic volume, detour length, the presence or
absence of utilities and some form of functional classification (e.g. emergency route, interstate
highway, defense route, and the like.) Few, if any, include network redundancy and socio-
economic issues, both of which are even more difficult to quantify than the earlier set of
attributes. '

Nevertheless it is essential that an agreed definition of importance be developed particularly in
view of the increasing number of owner-agencies who are establishing bridge retrofit programs.
The prudent allocation of scarce resources to individual bridges is dependent on a rational
methodology for assessing bridge importance.

This report therefore examines several of the most common methods and makes a comparative
assessment of their relative work, first against each other and then against engineering judgment
for two different inventories. Recommendations are made for a preferred method and
modifications to existing AASHTO and FHWA provisions are suggested which indicate how this
method might be included in these specifications.

In order to achieve this result, the difficult issues of network redundancy and socio-economic
impacts have been set aside. (Whereas detour length has been included in this work, as a
measure of network redundancy, it is not a reliable one since there is always the possibility that
the identified detour is closed by the same earthquake.) These issues are the subject of another
research task in the Highway Project at NCEER. Network redundancy is being explicitly
modelled in a seismic risk assessment task and future expansions to this task will likely include
economic factors. However, the routine application of this work, to the prioritization of retrofit
projects for example, is still some years away. In the meantime the recommendations made in this
report are expected to serve a useful purpose.
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ABSTRACT

The location of a structure with respect to seismic hazards, its seismic vulnerability and its
importance are factors which are used in determining what seismic design or seismic retrofit level
a structure belongs in. This research evaluated methods for determining the importance of a
structure and how to use this importance in seismic design and retrofitting specifications.

This report develops a method for determining the importance of a bridge. This importance
ranking of a bridge is then used in proposed revisions to seismic bridge design and retrofitting
specifications. Depending on the relative importance bridge ranking, design or retrofitting
requirements will be increased or decreased (e.g. the higher the importance ranking, the greater
the seismic design or retrofitting requirements). This report also provides for existing importance
methods to be used with the seismic design and retrofitting specifications.
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SECTION 1
INTRODUCTION

In the summer of 1993, the National Center for Earthquake Engineering Research (NCEER)
initiated a research program with the goal of providing improved design and analysis procedures
intended to minimize the seismic vulnerability of new highway infrastructure. The research is
sponsored by the Federal Highway Administration (FHWA) of the U.S. Department of
Transportation and consists of a series of studies, each focussed on the seismic design and analysis
of particular highway system components and structural elements, and performed by researchers with
expertise in that area of study.

The overall objective of Task 112-D-2 is to identify, assess and develop improvements to existing
methodologies for defining structure importance, and to provide recommended definitions of
importance and classification systems based on importance.

The location of a structure with respect to seismic hazards, its seismic vulnerability and its importance
are factors which are used in determining the level to which a structure should be seismically designed
or retrofitted. This research studied how to determine the importance of a structure and how to use
this importance in seismic design and retrofitting specifications. This research envisions structural
importance being used for preliminary ranking and screening for seismic retrofitting and as a design
and/or retrofit parameter. Since seismic hazard and seismic vulnerability were not specific issues in
this research, the structural importance information provided in this report could also be used to
determine priorities for bridge issues unrelated to seismic activities.

A survey conducted under NCEER Highway Project Task 106-B(h) showed that nearly all states in
high seismic risk areas had employed an importance ranking method. Therefore the most likely users
of a importance method developed from this project would be those states which do not presently
have an importance methodology in place or those which are still attempting to refine their
procedures. This survey also indicated that twenty states, nearly all of them in low to moderate
seismic risk zones, did not have an importance method. It is the researchers opinion that any system
for determining importance must allow existing importance classification systems to be used. Further,
any importance ranking method developed from this project must be cost effective and easy enough
for those in low to moderate seismic risk areas to implement.

Figure 1-1 provides a general sequence of the major steps within this N CEER task from the review
of the existing importance methods to the development of recommended specifications.



Review survey from NCEER Task 106-B(h) for
existing importance methods.

L 2

Select 8 impartance methods and 4 modified methods
for investigation.

¥ ' ¥
Develop electronic spreadsheet to use National Bridg: Survey PennDOT engineers and EMS personnel for
Inventory (NBI) data in the importance calculation of top twenty bridges in Cumberiand and Dauphin

Counties, PA (PA counties).

various methods.

v

Compare imporiance methods using PA counties
survey data and average results from imporiance
equations using PA counties NBI data.

Select 2 importance methods, Montana and lilinois,
for further study.
.

v

Vary parameters within the Montana and lllinois
methods in order to enhance methods.

Compare modified Montana and Illinois methods usi
PA counties survey data and average results from
Importance equations using PA counties NBI data.

2
Compare importance value distribution of modified
Montana and lllinois methods using New York State
NBI database.

Select a proposed importance method based on the
Montana method

Develop a proposed importance classification system
using both the PA counties and NY NBI database.

2

Survey twenty states concerning proposed importance
method.

Adjust proposed importance method based on
response from state survey.

Develop recommended revisions which incorporates
proposed importance method in:
-

v v v

AASHTO "Standard Specifications for "AASHTO LRFD Bridge Design

FHWA “Seismic Retrofitting Manual for Highway Bridges”
] - I e e ( The FHWA manual! also required the development of a
Highway Bridges™, Division -A Specifications pro i Priority Index equation.)

FIGURE 1-1 Sequence of Major Research Steps



SECTION 2
EVALUATION OF EXISTING IMPORTANCE METHODS

The investigation of defining structural importance was initiated with a survey via NCEER Highway
Project Task 106-B(h) of the 50 states to identify how each state determines the importance of their
bridges. Eight importance methods were chosen from the replies for investigation. In addition to
those eight methods, four modified methods were also investigated resulting in a total of 12 methods.
The investigation was based on information required in the National Bridge Inventory (NBI) records.

A definition list of terms used throughout this report is given below:

ADT: Average Daily Traffic.

FADT: Future Average Daily Traffic.

Bridge Length: Total structure length as defined in FHWA-ED-89-044.

Critical Route: The controlling route being considered if there is more than one route
on or under the structure. '

Carry: Relating to the critical route on the structure being investigated.

Cross: Relating to the critical route under the structure being investigated.

Bridge Rank: A bridge’s position in order of importance.

Rankings: A list of bridges ranked in order of importance.

The equation and the definition of terms for each of the 12 methods are given in Appendix A. A
general description of the highlights of each method is listed below:

o Babacei and Hawkins 91 (B&H): This method uses an ADT reference value of
30,000 and does not make a distinction among
bridges with detour lengths greater than
16 km, (used by the Washington DOT).

° Modified Babaei and Hawkins: The reference ADT was adjusted from 30,000
to 6,000.
° Buckle '95:  Includes a definition of a critical bridge as well as an equation to

calculate the priority index, importance value, (used by the New York
DOT). This investigation used only the equation.

° Modified Buckle '95: FADT was replaced by ADT.

o Caltrans: Importance calculations include a variable, leased air space, when
considering the item being crossed by a structure. Leased air space
is divided into two importance categories, residential/office and
parking/storage. Since FHWA does not require this data to be
collected in the NBIS, the lease air space variable was removed from
this investigation. If the item crossed is not a waterway, road, or
railroad, then it shall be categorized as other.

o Montana: This is a modification of the Babaei and Hawkins method. The terms



modified are the ADT reference value, detour length coefficient,
utility considerations, and river crossing considerations. The reference
value used in the Montana method is 6000 not 30,000 as in the Babaei
and Hawkins method. This method considers five detour length
categories as opposed to three. The coefficients for these categories
are 0.7, 0.8, 0.9, 1.0 and 1.2, while Babaei and Hawkins uses 0.75, 0.8,
and 1.0. The final modification is replacing the utility carried term
with a river crossing term. The river crossing term is based on the
structure length for structures crossing water.

° Nevada: This method includes a separate railroad consideration, most methods
did not have this consideration. The importance of a railroad falls
between primary and secondary routes according to this method.
Therefore, this method places a higher importance ranking on bridges
that carry or cross railroads than the other methods investigated. The
Nevada method also included a maximum ADT value of 90,000. This
maximum value was neglected in this investigation.

° South Carolina: This method calculates importance rating values as an integer.
Minimums and maximum are applied to these values. This
results in ratings ranging from of 0 to 10. Because of the
integer ratings, bridges are divided into 11 importance

- rankings.
o Modified South Carolina: The maximum rating values were removed for this
method.
] Missouri: This method bases the importance value on a spacing factor instead

of the actual ADT value. This spacing factor is an estimate of the
vehicle spacing based on the ADT. The spacing factor ranges from
0.2 to 2.0 based on the ADT. There are five categories of ADT each
having a corresponding spacing coefficient. One category is for routes
with an ADT of 50,000 to 100,000. The Missouri method makes no
distinction between a route with an ADT of 50,000 than one with an
ADT of 100,000. The other methods use the actual ADT value and
therefore make a distinction between these routes.

° Modified Missouri: ~ The Missouri method was modified by setting a maximum
bridge length = 1610 m (5280 ft). This prevented structures
with a total structure length larger than 1610 m from
dominating the importance rankings.

. IDOT: This method considers the Illinois Earthquake Emergency Routes. Similarly
to the leased air space in the Caltrans method, this data is not required by the
FHWA. Therefore, the emergency route variable was removed from this
investigation.

All states are currently required to inspect all public bridges greater than 6.0 meters biennially. The

4



Recording and Coding Guide for the Structure Inventory and Appraisal of the Nation’s Bridges,
FHWA-ED-89-044, describes the requirements of NBI records. The Guide describes the minimum

amount of bridge data required by FHWA. However, a state ‘may collect more data than required
by the Guide but shall only report the required data to FHWA. This investigation used the
information required by the Guide as a limit for the input. Therefore, all states already have and
maintain the data required by the importance equations. A state can implement the proposed
method without changing their database. In addition, all importance calculations can be performed
without addition human input because there is no interpretation of input data necessary. The ranking
process can be automated because there is no human input. However, some engineering judgement
should still be used in the analysis of the importance results.

The general information required by each of the 12 methods is given in tables 2-1 and 2-2. Table 2-1
and table 2-2 pertains to data on the structure and under the structure, respectively.
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TABLE 2-2 Under the Structure Data Requirements

Method Feature Crossed
Service | Route | Func. | # of | ADT | Detour | Fed. | Def.
Type Type | Class | Lanes Length | Fund. | Des.
| I W LN U N I E— U ——
B&H 91 X X X X
Mod. B&H 91 X X X X
Buckle 95 '
Mod. Buckle ’95
Caltrans X X X
Montana X X X X
Nevada X X X X X X
South Carolina X X
Mod. South Carolina X X
Missouri X X
Mod. Missouri X X
IDOT X X X X

New York State Department of Transportation (NYSDOT) provided a copy of their Bridge
Management System (BMS) database which contained all the FHWA required structure inventory
data for 19,740 bridges. The necessary data was imported into an Microsoft EXCEL Spreadsheet.
A macro was written to calculate the importance rating for all 19,740 bridges using each of the 12
methods.

South Carolina and Modified South Carolina methods are based on two importance classifications
(IC), I and II. A bridge is classified as IC=I, when the structure carries or crosses an interstate,
defense highway, designated truck network, or access to a critical facility. All other bridges are
classified as IC=II. The basic ratings are assigned an initial integer rating value of 1 or 6 for IC = II
or I, respectively. Then integer values of -1 to 3 are added to the initial rating based on importance
criteria, i.e. ADT, interchanges, deck area and item crossed. Maximum rating values of 5 and 10 are
used for IC = II and IC =1, respectively. The IC = II limit insures that a bridge with an IC = II
can not be ranked higher than an IC = I bridge. Based on the NYSDOT database calculations both
integer rating methods were eliminated as possible methods, because this type of rating results in a
large number of bridges with the same importance value. In the case of the South Carolina method,
2,193 of the 19,740 bridges were ranked as the most important bridge. While some engineering
judgement is required to interpret the results from all the methods, deciding among 2,193 bridges
would be too subjective.



The Modified South Carolina method was developed to decrease the amount of bridges ranked as
the most important by eliminating the maximum rating values of 10 and 5 for IC=I and II,
respectively. The highest calculated importance rating value was 13. This distributed the 2,193
bridges among 4 rankings. The redistribution among the four rankings values, i.e. 13, 12, 11, and 10,
are 12, 281, 926, and 974 bridges, respectively. Although this method provided a better distribution
of bridge importance than the South Carolina method, the results were very subjective when
compared with the remaining 10 methods. It was felt that an effective importance method should
be more discriminating and thereby limit the amount of interpretation required.

The NYSDOT database proved too large to be used as a comparison database for an initial
investigation. With 19,740 bridges and 12 importance methods, conclusions could not be drawn for
individual bridges. Comparisons of at least the top 500 ranked bridges would be required to establish
importance value trends on bridge types. Therefore, the NYSDOT database was only used to
examine the distribution of the importance values. It also provided a check for possible errors in the
importance methods and/or the EXCEL macro when they were used with a large database.

Pennsylvania Department of Transportation (PennDOT) provided a copy of their Bridge
Management System (BMS) database for Cumberland and Dauphin Counties. The PennDOT
databases were used for further investigation because of their size, the diversity of bridges, and the
researchers’ familiarity with these counties. :

Dauphin and Cumberland Counties are located in South Central Pennsylvania. Along with a third
county, Perry County, this section is sometimes referred to as the Capitol Area Region. Both
counties include industrial, residential, agricultural and forested land. Therefore, a wide variety of
bridge crossings and traffic conditions exist within these counties. The population of Dauphin County
is 246,338 and the largest city is Harrisburg, which is the state capitol, with a population of 54,238.
The population of Cumberland County is 205,959 and the largest city is Carlisle with a population
of 18,419. The average number of daily commuters in Dauphin and Cumberland County as per the
1990 census is 116,181 and 98,577, respectively. However, these figures are not reflective of the
current traffic volumes due to the regional population increases in the last 8 years.

There are three interstate highways (I-83, I-81, and I-76), two rail services (Amtrak and Conrail), and
numerous 4 lane routes and bypasses are located within these counties. Some critical importance
issues to consider in these counties are Three Mile Island Nuclear Reactor, Naval Inventory Control
Point (NAVICP)- Mechanicsburg, Defense Distribution Center (DDC), 7 hospitals, Susquehanna
River, major truck terminals and I-81 access to Fort Indian Town Gap. Therefore, Dauphin and
Cumberland County provided a wide range of importance issues to be analyzed.

I-83 extends north from Baltimore, Maryland to Harrisburg, Pennsylvania. Adjacent to Baltimore,
I-83 connects with I-70, I-95, and I-695. At the Harrisburg end, I-83 connects with I-76 and I-81.
I-81 is a north-south connector to I-80, I-78, and I-84. I-81 extends from Knoxville, Tennessee
through New York and into Canada. This interstate is one of the major trucking routes between the
Southern, Mid-Atlantic, and New England states. The Pennsylvania Turnpike, I-76, is an east-west
connector which extends from Ohio to New Jersey. The major cities of Philadelphia and Pittsburgh
are located along I-76 adjacent to the New Jersey and Ohio borders, respectively. Most major truck
terminals in the Capitol Area Region are located in Carlisle at the intersection of I-81 and I-76.
Philadelphia, Baltimore, and Washington D.C. can be reached using these interstates in 2 hours or
less. New York City and Pittsburgh are approximately 4 hours away.
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Using EXCEL, the 549 Cumberland County Bridges and 606 Dauphin County Bridges were rated
for each method including the South Carolina methods, with the exception of the Modified Missouri
method. The Modified Missouri method was not investigated because all the bridges in these
counties had span lengths smaller than the maximum of 1610 m (5280°). Since the only difference
between the two Missouri methods is the arbitrary setting of a maximum span length of 1610 m, both
Missouri methods would give identical results. The South Carolina methods were used with the
PennDOT database. However, as mentioned previously these techniques were not viable options.
The South Carolina results were used only as a comparison.

The bridges were ranked for each county by each importance method. The top 3% of bridges
identified by each method were plotted on county maps. In an ideal situation, all of the methods
would rank the same 3% of bridges as the most important. However, this was not the case in this
investigation. The bridges ranked most important by the each method were plotted to determine if
a specific controlling importance issue could be the reason for the difference. Once the bridges are
plotted on a map, trends to several controlling importance issues are detectable. The most noticeable
trend is dependency upon traffic volume. This was shown by the plotted bridges being located upon
several of the large interstates in these counties. Which interstate bridges depended on what other
issue or issues the particular method being investigated considered important. Some importance issue
trends noticed for the route on the bridge include; ADT, bridge length, rail traffic, and detour length.
Some importance issue trends noticed for the route crossed by the bridge include; ADT, water
crossings, and rail traffic. Once a trend for a method was noticed, several major importance issues
for each method could be noted. This information was critical in later investigations when variations
of the methods were made. The knowledge of major importance issues for a given method aided in
determining what issue needed to be adjusted to obtain the desired results. In addition to the
graphing, the results were compared to the following five rankings:

® An average ranking of all the methods for Dauphin County.

® An average ranking of all the methods for Cumberland County.

e The average results of a survey of PennDOT Engineers in Dauphin County.

® The average results of a survey of PennDOT Engineers in Cumberland County.

® The results of a survey of the Emergency Management System (EMS) of Dauphin County.

Cumberland County EMS was asked to participate, but did not respond to the survey.

The PennDOT survey involved the input of five state engineers working in both Dauphin and
Cumberland Counties. The survey requested that the engineer list, in order, the twenty bridges which
were the most important in their opinion. A copy of the survey letter is given in Appendix B.

The opinions of the five PennDOT engineers on the twenty most important structures in each county
varied. The Cumberland and Dauphin County survey results are given in tables 2-3 and 2-4,
respectively. Among the responses from the engineers, 49 different bridges were ranked in the top
twenty for Cumberland County. Likewise, 45 different bridges were ranked in the top twenty for
Dauphin County. Therefore, even the engineers familiar with these bridges have a wide variance in
the concept of their structural importance. The five survey results for each county were averaged
together to get an overall top twenty ranking.



TABLE 2-3 PennDOT Survey Responses for Cumberland County

Structural ID
Number

Bridge Rank

Engincer 1

Engineer 2

Engineer 3

Engineer 4

Engineer §

21001107400000

3

21001107600000

7

21001108701474

10

8

21001108711456

21001108900000

21001109800000

16

21001109810485

17

21001500601043

21001501700000

21001501700863

21003403500025

11

21007400202954

10

21008103140410

11

21008103540163

20

21008103642258

19

13

21008103901611

11

21008103911674

12

21008104400185

18

18

17

21008104540557

17

17

16

21008104601016

18

21008104640250

16

16

21008104641546

~3| ©

21008104650367

21008104651675

21008104800066

14

21008104810053

21008104840101

14

14

13

21008104850246

&iw] o] ] oo

21008104902459

13

12

21008105100190

13

12

11

oy

21008105110135

21008105140000

10

21008105502205

21008105742141

17

21008304041288

14

21008304140000

21008304160483

11

21011400601951

20

16

21017400400367

20

21058100301760

12

21058100600203

14

21058101200000

18

21064102401212

20

21101001201023

18

21101001201163

19

21101500100878

21203500500000

12

21203500500133

[oY

13

21707699021516

S

15

10




TABLE 2-4 PennDOT Survey Responses for Dauphin County

Structural ID
Number

Bridge Rank

Engineer 1

Engineer 2

Engineer 3

Engineer 4

Engineer 5

22001100100000

8

22002200500208

4

22002200900000

7

22002201501231

17

22002202310000

1

6

22002202901786

22002202911867

10

22002204200000

22003903300000

18

22008106520000

22008106601047

11

22008106811866

22008106851552

10

22008106940918

22008107750790

22008107852486

22008304200000

22008304340000

11

14

22008304340713

12

22008304601012

22008304611029

22008304650343

12

22008304952447

22008305011814

22014700403231

19

16

22014703100842

22022500540371

13

22022501301860

17

14

22028300252054

13

22030000100964

12

22030000710851

13

18

22030001812288

16

22032201700000

11

19

13

10

22044100802058

18

22300901900601

22301200300000

22301200800233

12

22301400300190

11

19

22301600100000

22302200200250

22303400100000

18

20

22707699024665

14

22707699024676

13

22707699024709

14

22801805000557

11




The EMS survey involved the input of an emergency management specialist working in Dauphin
County. The survey was similar to the PennDOT survey.

After all of the analytic methods listed above were examined, the method(s) that best corresponded
to the above comparison rankings were chosen for possible modification. The methods were
compared using average rankings which were determined in two ways. The average ranking for the
methods is determined by averaging the rankings from all methods for the bridges ranked in the top
20 by the method being investigated. The average ranking for the surveys is determined by taking
the average bridge rank from the method being investigated for the bridges ranked in the top 20 by
a survey. A low average indicates that the bridges being investigated are ranked high in importance.
Therefore, as the average ranking value decreases, the correlation between the comparison ranking
and the method being examined increases. Tables of all of the comparison rankings are given in
Appendix C.

A summary of these average rankings are given in table 2-5. The method with the lowest cumulative
average indicates the best method because it ranks all bridges closest to the five comparison rankings.
The examined methods were modified later in an attempt to provide results similar to the comparison
rankings.

TABLE 2-5 Average Results for the Comparison Rankings

P
Importance Methods | Methods for | PennDOT | PennDOT EMS Cumulative
Method for Cumberland | Survey for | Survey for Survey for Average

Dauphin County Dauphin | Cumberland | Dauphin '

County County County County

B&H 86.7 720 793 1055 1333 954
Modified B&H 79.2 69.0 67.0 75.7 135.0 85.2
Buckle 46.6 114.0 96.0 91.5 182.9 106.2
Modified Buckle 480 115.6 9.5 104.1 184.9 1104
Caltrans 584 59.4 775 96.3 1714 926
Montana 783 66.8 56.7 556 1185 752
Nevada 529 66.4 732 89.8 164.2 89.3
Missouri 66.5 80.5 66.8 779 150.1 883
IDOT 543 65.1 66.9 68.0 108.0 72.5
Note: B&H is an abbreviation for Babaei & Hawkins

The three methods that compared best to the five comparison rankings were chosen for further
analysis and/or modification. The three methods, in order of lowest cumulative average of the
comparison rankings, were:
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e TDOT Method

I=

0.69*Vehicles Impacted + 0.15*Emergency Route + 0.10*Detour +
0.05*Defense Route + 0.01*Utilities

where:
"on" indicates the critical route on the bridge
"under” indicates the critical route under the bridge
Vehicles Impacted = (ADT (Length, .. + 72) +
ADT ..(Deck width + 72))/1,546,400
Emergency Route was not used in this equation.
Detour = (ADT . *detour length )/161,000 +
0.39*(ADT . *detour length ,;,)/161,000 + 15*Iy + 5*I g

I = 1 if bridge is over navigable water
I = 1if bridge is over railroad
Defense Route = 0.8 for priority route on bridge

= 0.2 for priority route under bridge

= (0.7 for secondary route on bridge

= 0.1 for secondary route under bridge

= 0 for non-defense route
Utilities = 1 if utilities on bridge

¢ Montana Method

C=

[(RTcarry)(DLcarry*Nca%y)] + 2/3(RTCI'OSS)(DLCI'OSS*NCTOSS)] +
0.34[(ADTL,./6,000)(L)]°% + RV,

where:
"carry” indicates the critical route on the bridge
"cross” indicates the critical route under the bridge
RT,,, = factor for the nature of the route
1.0; interstate route, principal artery, or confirmed emergency route
0.8; all other routes
= factor representing criticality of detour length
= 1.20; When detour length > 155 km
= 1.00; When 80 < detour length < 155 km
= 0.90; When 15 < detour length < 80 km
= 0.80; When 5 < detour length < 15 km
= (.70; When detour length < 5 km
N.. = factor representing criticality of detour due to traffic congestion
= ADT,,/6,000]°% >=1
ADT,,, = average daily traffic of the route
RT,... = factor representing the nature of the route
- = 1.0; interstate route, principal artery, railroads, or confirmed
emergency route
= (.8; all other routes
= factor representing criticality of detour length
= 1.20; When detour length > 155 km
= 1.00; When 80 < detour length < 155 km
= 0.90; When 15 < detour length < 80 km

DL

carry

DL

Cross
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= 0.80; When 5 < detour length < 15 km

= 0.70; When detour length < 5 km

= factor representing criticality of detour due to traffic congestion
= ADT,,/6,000]°% >=1

ADT _,, = average daily traffic

L = length of the bridge(m)

RV .. = 3.28*10*L for river crossings

N

Cross

® Modified Babaei and Hawkins Method

C=

[(RN ) (DL ey *Narr)] + [UT ] +
(2B)[(RN . )(DL .*N )] + 0.34[(ADT ., /6,000)(L)]**

where:
"carry" indicates the critical route on the bridge
"cross" indicates the critical route under the bridge
RN, = factor for the nature of the route
= 1.0; interstate route, principal artery, or confirmed emergency route
= 0.8; all other routes
DL, = factor representing criticality of detour length
= 1.00; When detour length > 15 km
= 0.80; When 5 < detour length < 15 km
= (.75; When detour length < 5 km
N.., = factor representing criticality of detour due to traffic congestion
= ADT_/6,000]°% >=1
ADT,,., = average daily traffic of the route
UT .., = factor representing utility lines
= 1; bridge carrying a confirmed essential utility line
= 0; all other bridges
RN_.. = factor representing the nature of the route
= 1.0; confirmed emergency route
= (.8; all other routes
= 0.0; no route under the bridge
factor representing criticality of detour length
1.00; When detour length > 15 km
= 0.80; When 5 < detour length < 15 km
= (.75; When detour length < 5§ km
N.. = factor representing criticality of detour due to traffic congestion
= ADT,,/6,000]°% >=1
ADT,,,, = average daily traffic
L = length of the bridge(m)

carry

DL,

The Montana method is also a modification of the Babaei and Hawkins method. The

Modified Babaei and Hawkins method uses a utility factor, 1 or 0, instead of the river crossing factor
in the Montana method. Therefore, the results of the two methods were similar. As previously
noted, in order to automate the importance screening, any data not required in the NBI records
should be eliminated. While both New York and Pennsylvania keep utility data, it is not required.
Therefore, a utility factor should not be included in the proposed importance equation. Thus,
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methods which required a utility factor or comparable human input would have to be modified or
eliminated. In this context, the Modificd Babaei and Hawkins method was eliminated.

In summary, after a comparison of eight importance methods and four initial modified
methods, two methods were selected for further evaluation through systematic variation of
parameters. '
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SECTION 3
DEVELOPMENT OF PROPOSED IMPORTANCE METHOD

Several modifications were performed on both the Illinois Department of Transportation (IDOT) and
Montana methods in an effort to increase the correlation of the methods to the five comparison

rankings.

3.1 Modified IDOT

Twelve variations of the IDOT methods were investigated. These methods included changes to the
ADT reference values, detour mile coefficients, rail traffic considerations and importance equation
coefficients. The twelve variations are combinations of the adjustments listed below. Table 3-1
provides the adjustment combinations for each variation. The reasoning for those adjustments are

described as follows:

e The emergency route factor was deleted. This was done because some states, like Pennsylvania
and New York, do not keep this information in their BMS file. Also, defining an emergency route
can be subjective.

® The emergency route factor was replaced partially by a rail traffic factor. The IDOT method gave

little importance to railroad bridges. The IDOT method ranked railroad bridges much lower than
the five comparison rankings. Therefore, it was decided to use part of the emergency route portion
of the IDOT Importance as a railroad consideration.

e In the vehicle detour factor, the coefficient for the route under the bridge was increased while the
navigable water coefficient was decreased. This was done to bring the maximum possible importance
contribution from these items nearly equal i.., the maximum ADT ., importance = water crossing
importance. Responses from the survey of the 50 states indicate that there are two bases for
importance rankings, loss of life and cost of replacement. Therefore, the maximum loss of life under
the bridge was considered to be as important as the largest replacement costs. It was assumed that
navigable waters are usually the largest bodies of water and therefore incur the largest replacement
costs.

® The detour length for the route under the bridge was set at a constant of 1.6 kilometers, due to
the fact that both New York and Pennsylvania do not keep this information in their database. In
their opinion, this data is not necessary because the closing of a route under the bridge would be
temporary and could be easily cleared. This modification works in conjunction with an increased
"under” coefficient in the vehicle detour factor.

e The importance equation coefficients were modified to increase the importance of rural routes by
decreasing the ADT effects and increasing the detour length effects. This revision was implemented
in an attempt to increase the correlation with the EMS evaluation. EMS apparently rated bridge
importance based on accessing rural areas.

® Average ADT and detour length reference values were investigated. Average values were
investigated to allow each state to customize the importance equation. Every state has different
typical traffic volumes and detour lengths. Therefore, an appropriate reference value for one state
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may not be appropriate for another.

® The importance equation coefficient for defense routes was increased from 0.05 to 0.10. This was
revised in part to account for deleting the emergency route factor.

TABLE 3-1 Variations of the IDOT Method

To— —

Variation Coefficient ADT Additional IDOT Equation Adjustments
[ Reference (see original IDOT equation on page 5)
B C D Value

MIDOT {0.70{ 0.14 ] 0.10 | 001 | 0.05] 161,000 |Detour: Remove DL,
. Detour: ADT_, . coefficient from 0.39 to 5

M&M1 |0.60| 020 | 0.10 | 0.01 J0.09] 161,000 |see MIDOT

M&M2 | 0.65| 0.15 | 0.10 | 0.01 | 0.09| 161,000 |see MIDOT and
Detour: I, coefficient from 15 to 20

M&M3 |050) 030 | 010 | 0.01 {0.09] 161,000 |see MIDOT

M&M4 | 0501 030§ 0.10 | 0.01 | 0.09| 161,000 |see MIDOT and
Detour: Iy, coefficient from 15 to 5

M&MS5 {0501 030} 010 | 001 |0.09] 161,000 |see M&M4 and
Defense: Coefficients from 0.8, 0.2, 0.7, 0.1 and
0.0 to 1.0, 0.6, 0.9, 0.4 and 0.0, respectively

M&M6 | 050] 0301 010 | 0.01 | 0.09] 161,000 |see M&M4 and
Defense: Coefficients from 0.8, 0.2, 0.7, 0.1 and
0.0 to 1.0, 0.4, 0.6, 0.3 and 0.0, respectively

M&M4a {050} 030 | 010 | 0.01 {0.09] 80,500 |sce M&M4
M&M4b { 050 | 0.30 { 0.10 | 0.01 } 0.09] 241,500 |see M&M4

M&M4c |1 050 | 030 | 0.10 | 0.01 | 0.09 Y  |see M&M4 and
Y = data average of (ADT_ *DL_.)

M&M4d | 0.50 | 030 | 0.10 | 0.01 | 0.09 Z see M&M4 and
Z = data average ADT_,__ * data average DL,

M&M4e | 050 | 0.30 | 0.10 | 0.01 | 0.09 2*Y see M&M4
Modified Equation: I = A*Vehicles Impacted + B*Detour + C*Defense Route + D*Utilities + E*Rail

These 12 variations were compared against each other using the same comparison ranking concepts
that were described in section 2. A summary of the average rankings are given in table 3-2.
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TABLE 3-2 Average Results for IDOT Variations

Variation | Methods | Methods for | PennDOT | PennDOT EMS Cumulative | Standard
for Cumberland | Survey for | Survey for | Survey for | Average | Deviation
Dauphin County Dauphin | Cumberland | Dauphin
County County County County
MIDOT 475 64.6 69.6 64.7 123.0 73.9 25.7
M&M1 410 70.8 70.7 151.8 127.0 934 39.3
M&M2 494 69.4 69.1 1023 1232 82.7 26.4
Mé&M3 56.2 73.9 154.7 2454 1465 1353 6713
M&M4 48.7 60.7 53.8 71.0 113.6 69.5 233
M&MS5 514 62.8 58.6 721 119.0 72.8 24.0
M&M6 526 55.6 572 69.6 117.2 70.4 241
M&M4a 452 634 538 76.2 1112 70.0 231
M&M4b 52.9 60.1 531 68.7 1144 69.9 23.0
Mé&M4c 452 63.4 538 80.0 111.3 70.7 233
M&M4ad 487 634 54.0 773 1135 714 232
M&M4e 48.7 622 538 734 1134 70.3 231

The M&M4c and M&M4d average reference values produced similar results to M&M4 for Dauphin
County. The results for Cumberland County had a lower correlation than using a set ADT reference
value of 161,000. Therefore, the concept of an average reference value was disregarded as an viable
option in the IDOT variations.

Several of the variations obtained similar results. M&MS5 and M&MS6 used the M&M4 equation with
variations of defense route coefficients. The defense route coefficients caused only minor differences
in the results. However, none of them were improvements upon the M&M4 variation. The method
with lowest cumulative average ranking and standard deviation for the five comparison rankings was
M&M4 as shown in table 3-2. The M&M4 equation is given below:

M&M4 Equation:

I = 0.5*Vehicles Impacted + 0.3*Detour + 0.1*Defense Route + 0.01*Utilities + 0.09*Rail

where:

Detour = (ADT *detour length )/161,000 + 5*ADT /161,000 + 5*

I = 1 if bridge is over navigable water
1., = 1 if bridge is over railroad

Rail = 1 if bridge carries railroad
Other variables are the same as previously defined for the IDOT method.
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3.2 Modified Montana

Seven variations of the Montana equations were investigated. These methods included adjustments
to ADT reference values, bridge length reference values, rail traffic considerations and route
importance values. The seven variations are combinations of the adjustments listed below. Table 3-3
provides the adjustment combinations for each variation. The reasoning for the adjustments
mentioned above are described as follows:

® The Detour length . variable was replaced with a constant value of 0.9 because of a lack of data
in the BMS files for this item. The value, 0.9, corresponds to a detour length of 15 to 80 kilometers
in the original Montana method.

® The ADT reference values were changed to an average database ADT value to allow each state
to customize the reference value to their traffic. The reference value of 6000 used in Montana does
not compare with Washington’s reference value of 30,000. Therefore, an appropriate reference value
for one state may not be appropriate for another. The average database ADT, Ave ADT, is
determined by taking the sum of all the controlling ADT values for the feature being carried by a
structure, ADT . , and dividing by the number of bridges in the database. This adjustment sets
N.., = 1 for a bridge with a traffic volume equivalent to the average for that state.

® The N, equation was replaced by a constant value of 1 for bridges carrying rail traffic. This sets
a railroad bridge equal to a highway bridge with an average ADT for the "carry" factor in the
importance equation. Without this modification, the ADT of a railroad bridge is 0, which results in
railroad bridges being ranked very low.

® The river crossing reference value was replaced by a value equal to the maximum bridge length in
the specified database, L, Therefore, this portion of the equation can not exceed 1. This will
increase the effects of the route on the bridge, thus increasing the importance of rural bridges and
improving the correlation with the EMS survey. Rural routes in the test databases tended to be small
river crossings. The structural importance of a rural route depends highly on the route it is carrying.
Therefore, this adjustment tended to have a larger effect on the importance of rural routes.

® The route type coefficients were modified to increase correlation with EMS. The route coefficients

were increased for routes on the bridge and decreased for routes under the bridge. This increased
the importance of the route on the structure, which tended to have more of an affect on rural
bridges.
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TABLE 3-3 Variations of the Montana Method

Variation | ADT Reference | N, for | River Crossing DL, RT.., RT_..,
Value railroads Reference
.t - ‘" —++"————————————————————y

MNT1 Ave ADT 0.0 3.28*10° 0.9 for Railroads, 1.0, 0.8 1.0, 0.8
1.0 for all others

MNT2 Ave ADT 1.0 3.28*10° 0.9 for Railroads, 1.0, 0.8 1.0, 0.8
1.0 for all others

MNT3 Ave ADT 1.0 L 0.9 for Railroads, 1.0,0.8 1.0, 0.8
1.0 for all others

MNT4 Ave ADT 10 L. 0.9 for Railroads, 11,09 1.0, 0.8
1.0 for all others

MNT5 Ave ADT 1.0 L. 0.9 for all 1.1, 09 09, 0.8

MNT6 Ave ADT 1.0 L. 0.9 for Railroads, 11,09 0.9, 0.7
‘ 1.0 for all others

MNT7 1.25*Ave ADT 1.0 Lo 0.9 for Railroads, 1.1, 09 09, 0.8
1.0 for all others

The seven variations were compared against each other by the same comparison ranking concepts
from section 2. A summary of the average rankings are given in table 3-4.

TABLE 3-4 Average Results for Montana Variations

Variation | Methods | Methods for | PennDOT | PennDOT EMS Cumulative | Standard
for Cumberland | Survey for | Survey for | Survey for | Average [ Deviation
Dauphin County Dauphin | Cumberland | Dauphin
County County County County
MNT1 72.1 63.5 572 100.2 118.0 822 232
MNT2 721 549 472 55.0 121.7 702 270
MNT3 488 576 46.4 59.1 127.6 679 30.2
MNT4 4.5 51.7 458 59.0 1272 65.6 31.2
MNT5 517 56.4 424 579 125.8 66.8 30.0
MNT6 51.7 62.1 453 580 124.1 68.2 285
MNT7 514 62.5 424 576 1240 67.6 29.0

As shown in table 3-4, the three best methods were MN'T4, MNTS and MNT7. These three methods
were chosen for further investigation because they had the lowest cumulative average and lower
standard deviations. MNT4, MNT5 and MNT7 had different combinations of RT ., coefficients.
The "cross" factor of importance is not a major influencing factor in the Montana importance value.
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In the MNT7 equation an ADT reference value of 1.25*Average ADT was used. The ADT
reference value revision has more of an affect on bridges that do not receive a large portion of their
importance value from ADT. Therefore, the most important structures were not affected with
respect to rank due to the different reference value. However, the revised RT ., coefficients did
affect the distribution of the importance values. For the ADT and bridge length reference values,
the average and maximum length, respectively, were used for both county databases. These
adjustable reference values would allow each state to adjust these values to reflect their traffic and
bridges. The maximum bridge length is the longest total structure in the database being ranked i.e.
total distance from abutment to abutment not individual span length. This would help to prevent one
state from getting an uneven distribution of importance values while another would get a more even
distribution of values by using the same equation.

The basic equation for all three variations is given below:

Equation for the Montana Variations, MNT4, MNTS and MNT7:

C = [(RTo)(DLo*Noo)] + 0.6(RT N0 +
034[(ADT.,/Ave ADT)(L)]** + RV,

where:
Ave ADT = Average ADT_, in the classification database
N., = (ADT_,/Ave ADT)** for MNT4

= (ADT,/Ave ADT)** for MNTS

= (ADT ../(1.25*Ave ADT))** for MNT7

= 1 for bridges carrying railroads (MNT4, MNTS and MNT7)
N... = (ADT_./Ave ADT)** for MNT4

= (ADT,./Ave ADT)** for MNT5

= (ADT./(1.25*Ave ADT))"% for MNT7
L., = Maximum bridge length in the classification database
RV... = L/L ., for river crossings

RT.,., = 110r09

RT,,.. = 1.0 or 0.8 for MNT4
= 0.9 or 0.8 for MNT5
= 0.9 or 0.8 for MNT7

Other variables are the same as previously defined for the Montana method

33 Comparison of M&M4, MNT4, MNTS and MNT7

The revised modified IDOT and modified Montana methods, M&M4, MNT4, MNTS and MNT7,
were compared to each other in order to determine the recommended importance equation. The 20
or 21 bridge ranked most important by the surveys and their corresponding ranking by the modified
methods were used as the final comparison. This comparison procedure was used throughout this
investigation to aid in determining which parameter should be revised. Tables 3-5, 3-6, and 3-7 show
the results of the M&M4, MNT4, MNTS5, and MNT7 methods for Cumberland County PennDOT
Survey, Dauphin County PennDOT Survey, and Dauphin County EMS Survey, respectively.
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The rankings from tables 3-5, 3-6, and 3-7 were also graphed in figures 3-1, 3-2 and 3-3. The
graphical comparison was based on a rank ratio, where the rank ratio relates the number of bridges
ranked below a specific bridge by the survey to the number of bridges ranked below that bridge for
a given importance method. The rank ratio equation is given in each of the figures 3-1, 3-2, and 3-3.
A rank ratio greater than 1.0 means that a given importance method ranked the bridge lower than
the survey. The ideal method would have a rank ratio of 1.0 for all bridges in the survey. A rank
ratio was used because each importance rating method had a different range of importance values
and each county had a different size database. The figures indicated graphically which bridge, if any,
skewed the average results. If the results were skewed by one bridge, the method being investigated
may be neglecting a controlling importance issue for that bridge.

TABLE 3-5 Cumberland County PennDOT Rankings

Structure SURVEY M&M4 MNT5 MNT4 MNT7
ID Number RANK RANK RANK RANK RANK

21008105502205 1 54 49 52 44
21001107600000 2 4 3 3 3
21008105100190 3 113 47 43 50
21058100301760 4 288 484 484 484
21008304041288 5 53 7 8 7
21001108701474 6 42 69 72 66
21008104840101 7 123 48 51 52
21001109800000 8 9 13 12 - 14
21008104800066 9 129 41 46 45
I 21101500100878 10 93 19 24 18
21008105140000 11 86 30 28 32
21001501700000 12 45 5 6 6
21008104640250 13 89 29 22 29
21203500500133 14 48 45 42 41
21707699021516 15 20 53 57 47

21008105110135 16 145 111 118 110
21008304140000 17 3 2 2 2
21011400601951 18 79 52 56 46
21001107400000 19 10 8 7 8
21008104850246 20 120 42 47 48
21008104902459 21 70 62 59 58

Average Rank - 713 580 59.0 576

Standard Deviation - 63.6 98.7 98.9 98.7
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FIGURE 3-1 Comparison with PennDOT Survey for Cumberland County
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TABLE 3-6 Dauphin County PennDOT Rankings

Structure SURVEY M&M4 MNT5 MNT4 MNT7
ID Number RANK RANK RANK RANK RANK
22008304200000 1 1 2 2 2
22008106520000 2 2 1 1 1
22002200500208 3 22 58 64 53
22707699024665 4 44 68 71 63
22301600100000 5 4 4 4 4
22301200300000 6 46 16 22 13
22008106601047 7 6 7 7 7
22008304340000 8 5 5 5 5
22032201700000 9 90 37 43 37
22300901900601 10 196 253 260 223
22301400300190 11 11 6 6 6
22002202310000 12 60 49 49 44
22008304340713 13 53 29 31 28
22002202911867 14 16 15 13 17
22008106851552 15 96 36 37 35
22028300252054 16 101 35 33 36
22022501301860 17 198 226 228 227
22002200900000 18 32 39 40 38
22008106940918 19 63 30 28 32
22008304601012 20 26 8 8 9
22008304611029 21 58 10 10 10
Average Rank - 538 445 458 424
Standard Deviation - 55.5 66.1 67.5 61.8
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TABLE 3-7 Dauphin County EMS Rankings

II Structure SURVEY M&M4 MNTS5 MNT4 MNT7
ID Number RANK RANK RANK RANK RANK
22008106520000 1 2 1 1 1
22302100100000 2 40 88 82 95
22032200600000 3 130 67 70 62
22002201802643 4 141 112 115 119
22002200900000 5 32 39 40 38
22014700401898 6 99 321 323 323
22014702200000 7 223 234 241 239
22014703100842 8 91 208 217 216
22020900700000 9 274 315 317 316
22020901401722 10 290 274 279 268
22020902600000 11 233 225 227 226
2020903200000 12 251 236 247 243
22008106851552 13 9 36 37 35
22008106940918 14 63 30 28 32
22008304601012 15 26 8 8 9
22032201700000 16 90 37 43 37
22032202901298 17 164 194 199 197
22008304200000 18 1 2 2 2
22002200500208 19 22 58 64 53
22301600100000 20 4 4 4 4
Average Rank - 113.6 124.5 127.2 125.8
Standard Deviation - 93.5 110.2 112.0 111.2
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The initial investigation of tables 3-5, 3-6 and 3-7 and figures 3-1, 3-2 and 3-3 indicated the necessity
for further investigation of several of the bridge rankings.

The Cumberland County PennDOT results, table 3-5 and figure 3-1, shows that none of the methods
gave similar results for the bridge ranked fourth by the survey. Upon investigation of the database,
it was discovered that the file for that bridge had not been updated since the completion of the
highway. The bridge record had an ADT of zero but the PennDOT survey was based on the four
lane highway being open to traffic. Therefore, any rankings based on this bridge’s database
information would rank the bridge far below its actual importance. This discovery reinforced the
researchers’ opinion that requesting more BMS data than currently required would increase the BMS
work load for each state and be met with resistance. '

The Dauphin County PennDOT results, table 3-6 and figure 3-2, shows that none of the methods
gave similar results for the bridges ranked 10th and 17th by the survey. The bridge ranked 10th by
PennDOT is a railroad bridge crossing a 2 lane highway. The bridge ranked 17th by PennDOT is
a rural 2 lane, 15.5 m (51°) bridge crossing a stream.

The Dauphin County EMS results, table 3-7 and figure 3-3, shows that none of the methods gave
similar results for the bridges ranked 6th through 12th by the survey. These bridges are rural routes
providing access to small towns. Several of the typical characteristics of these bridges are as follows:
o ADT < 8900

] 2 lane bridges

° Stream crossing

L] Average bridge length of 29 m (95 ft)

While the variation of the methods made attempts to increase the importance of routes similar to the
ones described above, further increasing the correlation with these routes was not possible without
sacrificing the importance of highway and interstate bridges with high traffic volumes.

After further comparison of M&M4, MNT4, MNTS5, and MNT7, two methods were selected for the
final comparison. The M&M4 method was selected because it resulted in the best correlation with
the EMS Survey and the lowest standard deviation in both PennDOT Surveys. In addition, M&M4
was retained because it was a variation of the IDOT method unlike the other three. Since it was not
known if a Montana or IDOT variation was the best method for a statewide database, a minimum
of one variation of each was included for further comparison. Both the MNTS and MNT7 methods
compared better with the PennDOT Surveys than the M&M4 Method. The results between the
MNTS and MNT7 were similar for the three final comparison rankings. However, the MNTS
equation was preferred because the ADT reference value was the average ADT value.

The M&M4 and MNT5 methods were then used with the NYSDOT database to investigate their
functionality with a different and larger database. Before the NYSDOT database investigation began,
it was discovered that the maximum bridge length and average ADT used in MNTS may not be
appropriate due to the large differences encountered in a large database. The maximum bridge
length of 12 558 m (41,200°) in that database was of particular concern considering the original
Montana method used a reference value of 305 m (1000°). The maximum bridge length is defined
in the National Bridge Inventory Database as the distance from abutment joint to abutment joint.
This length can be substantial as seen in the NYSDOT database. Therefore, a third modified
" method, MNT5M, was used. This method investigated a maximum bridge length reference value of
1610 m (5280°). It was decided not to alter the ADT reference value at this time.
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The distribution of importance values is based on the number of bridges in the importance value
percentile obtained by using the following equation:
Importance Value Percentile = (Actual Value - Value ,)/(Value ., - Value ,)*100
where:
Actual Value = importance value being investigated
Value . = maximum importance value calculated in the database
Value ;, = minimum importance value calculated in the database

After ranking the database with the three methods, the distribution of importance values were
graphed in figure 3-4. The results from the original Montana and IDOT methods were included in
the plot as a comparison to the original importance value distribution. As discussed in section 2, an
effective importance method would limit the amount of interpretation of the results. If the bridge
importance values are distributed evenly, there are no large groupings of bridges that require
interpretation of results. This becomes more crucial as the importance of the structures increase.
Therefore, an ideal distribution of structural importance would be as the importance value percentile
increases, the number of bridges would decrease. This results in the most distinction where structural
importance has the greatest affect in the design and retrofitting specifications, among "critical” and
"essential” bridges.

It was determined that MNTS and MNTSM produced similar results. However, MNTS5 gave results
with a more even distribution of bridge importance (see figure 3-4). Therefore, a maximum bridge
length reference value was deemed unnecessary. MNTS also produced a more even distribution than
M&M4.

- Based on this portion of study, MNT5 provides one of the most accurate importance rankings when
compared to the five comparison rankings while giving the best distribution of importance.
Therefore, MNTS was selected as the importance ranking method. MNTS considers the following
bridge management data:

Route Carried

® Route type

e ADT

® Average ADT of bridges in database
® Detour length

® Bridge length

® Maximum bridge length in database
® Rail traffic

Route Crossed

® Route type

e ADT

® Rail crossing

® Water crossing
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34 Importance Classification

Based on the analysis of the results discussed above, it is concluded that the MNTS equation can then
be used in the importance classification of bridges.

The next issue considered was the number of importance designations to be used in the in design
specifications. The AASHTO "Standard Specification for Highway Bridges" currently uses two
importance classifications, "essential' and "other". The "AASHTO LRFD Bridges Design
Specification" uses three importance classifications, "critical”, "essential”, and "other". Further analysis
of the PennDOT and NYSDOT BMS databases provided insight to this issue.

The MNTS importance values versus the bridge rank percentile graphs for the Cumberland County,
Dauphin County, and NYSDOT databases are shown in figures 3-5, 3-6, 3-7, respectively. The bridge
rank percentile is based on the number of bridges with a lower importance ranking than the bridge
being considered and can be obtained with the following equation:

Bridge Rank Percentile =

(total number of bridges - current bridge rank)/(total number of bridges)*100

If the importance value curves have significant extended changes in slope at specific rank percentiles,
then that percentile may be interpreted as a change in the trend of bridge importance. These
changes are considered as groups or classifications of bridges with similar structural importance.

Cumberland County importance values, shown in figure 3-5, have trend change points at
approximately the 97th and 60th bridge rank percentiles. Dauphin County importance values, figure
3-6, have trend change points at approximately the 97th and 65th percentiles. NYSDOT importance
values, figure 3-7, have trend change points at approximately the 95th and 70th percentile. All three
databases showed three significant changes in the importance value trends. Therefore, the use of
three bridge classifications, as used in the AASHTO LRFD Specification, corresponds better to these
results. Most bridge classifications will be made using a state database instead of a county database.
Therefore, more emphasis was placed on the NYSDOT results. Based solely on the NYSDOT
results, the bridge importance classification divisions would be at the 95th and 70th bridge rank
percentiles. The 95th percentile lower limit for “critical” bridges is considered acceptable because the
lower limit for the smaller databases is the 97th percentile. However, the 70th percentile lower limit
for "essential” bridges is too high when compared with the smaller databases. The smallest database,
Cumberland County, has a limit of 60th percentile. The lower limit of 65th percentile for "essential"
bridges is chosen because it is in agreement with the Dauphin County data and conservative when
compared to the NYSDOT data.

In summary, three bridge importance classifications are indicated, designated herein following the

LRFD terminology as "critical", "essential”, and "other". The results of this study suggest that these
classifications be divided by the 95th-and 65th bridge rank percentiles.
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SECTION 4
REVIEW OF PROPOSED IMPORTANCE METHOD BY SELECTED STATES

Based on comments received from the NCEER Highway Project advisory committee in 1996, a
survey on the recommended importance equation, MNTS5, was sent to twenty states and one city.
The survey included the following major items:

@ Explanation of research task objectives,

e Questions regarding what method the agency currently uses to determine importance (if any),

® Questions regarding this task’s proposed importance method,

® EXCEL spreadsheet macro to calculate the importance ranking using bridge management data.
A copy of the survey letter is provided in Appendix D. Table 4-1 provides a list of the states and city
that were surveyed and their responses. New York City was included in the survey due to it large
traffic volumes and number of bridges. However, New York City did not respond to the survey.

In general, the states responded positively to the MNTS proposal. Based on the state comments,
MNTS5 was further modified and renamed MNTSR. The major state concerns are described and the
corresponding equation modifications are discussed below.

Some of the comments from the states conflicted with one another as might be expected. For
example, consider those received on the river crossing factor. Montana stated that river crossings
were not making a large enough contribution to bridge importance. Their rationale was that
construction costs for river crossings are much higher. Therefore, these bridges should be considered
more important. Washington stated that the possibility of loss of life on a waterway was much less
than on a roadway below the structure during a damaging earthquake. Therefore, the roadway
crossing should be considered more important. Based on these conflicting responses, the MNTS
equation was not revised. The river crossing issue was considered a compromise between the two
importance issues, cost of replacement and loss of life.

Montana and Alaska stated that the spread of the importance values, C, was not large enough. The
equation was not modified based on these comments because this was believed to be more of a
cosmetic issue. In the case of NYSDOT, the database contains 19,740 bridges. The distribution of
the importance values are shown in figure 3-7. The bridges classified as "critical" and "essential" have
a larger distribution of importance values. Importance will play a larger factor in the retrofitting or
design scheme for "critical" and "essential" bridges. The importance values for "other" bridges are
closer together. However, "other" bridges should not be retrofitted based solely upon importance.
These structures will tend to be controlled by seismic vulnerability, retrofitting costs, and
rehabilitation scheduling, none of which were considered in this task. Therefore, the smaller
difference in the importance values is not significant. If a state believes that a larger spread is
necessary, it could increase all of the RT values or use a percentage of C_. The values, as
presented, are giving relative importance and exact numbers are not as critical.
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TABLE 4-1 Summary of Survey Responses

Agenéy Yes | No Comments

Alaska X Ran macro and completed survey forms.
Arizona X
California X | Called and asked questions, but never received a response.
Connecticut X Completed survey forms, but did not run macro.

No plans for changing current method of ranking bridges.
Hawaii X
Idaho X
Illinois X Completed survey forms, but did not run macro.

No plans for changing current method of ranking bridges.
Iowa X Seismic Cat. A; therefore seismic retrofits not applicable
Kentucky X
Missouri X
Montana X Ran macro and completed survey forms.
Nevada X
New York - City X | Called and asked questions, but never received a response.
New York - State | X Completed survey forms, but did not run macro.

No plans for changing current method of ranking bridges.
Oregon X Completed survey forms, but did not run macro.

No plans for changing current method of ranking bridges.
Pennsylvania X v
South Carolina X Ran macro and completed survey forms.
Tennessee X
Utah X
Washington X Ran macro and completed survey forms.
Wyoming X Ran macro and completed survey forms.

No = did not return the survey

Most of the states responded that the addition of railway considerations was an important factor in
the importance issue. Some of the states had previously based railway bridge importance on ADT
= 0. However, South Carolina and Wyoming stated that too much emphasis was being placed on
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the railroads. In response to the railway concerns, the coefficients RT,,, and N ., were revised to
0.9 and 0.8, respectively. This results in a 72% reduction in the "carry" factor of MNTS for bridges
carrying railways. Therefore the final recommended equation, MNT5R, is as follows:

C = bridge importance value
= RT (DL *No)] + 06(RT 10 *N ) + 034[(ADT,,,/Ave ADT)L]"® + RV,

where:
"carry" indicates the critical route on the bridge;
"cross" indicates the critical route under the bridge;
RT,,,, = Factor for nature of route:
= 1.1 for Interstate Route or Principal Artery,
= 0.9 for all other routes and railroad bridges;

DL.,,, = Factor representing criticality of detour length:
= 1.2 for Detour Lengths > ‘155 km,
= 1.0 for 80 km < Detour Lengths < 155 km,
= 0.9 for 15 km < Detour Lengths < 80 km,
= 0.8 for 5 km < Detour Lengths < 15 km,
= 0.7 for Detour Lengths < 5 km,
= 1.0 for bridges carrying railroads;
N.., = Factor representing criticality of traffic congestion:
= (ADT,,./Ave ADT)*%,
= (.8 for bridges carrying railroads;
ADT = Average Daily Traffic on the bridge;
L = Bridge length(m);
RT,_.. = Factor for nature of route:
= (.8 for all routes and structures,
= 0.0 for no route or structure under the bridge;

N... = Factor representing criticality of traffic congestion:
= (ADT,,/Ave ADT)"%,

RV _.. = Ratio of bridge length to longest bridge in the database:
= L/meé

Ave ADT= Average ADT . in the classification database;
L_.. = Maximum bridge length(m) in the classification database.
Ilinois and Washington disagreed with the omission of the emergency route. As mentioned

previously, the test databases from New York and Pennsylvania do not have this information.

Therefore, it is suggested that if a state has this data, that state could increase C by 10% for a

specified emergency route. This modification is included as commentary in the draft proposals of the
specifications in order to allow individual states with specified emergency routes some freedom in

adjusting the importance they want to assign to their emergency routes (see section 5). An example

of a modified importance equation would be as follows:

C = ER *{[(RT o.)(DLory*N )] + 06(RT . *N ) +
0.34[(ADT , /Ave ADT)(L)]** + RV}

where:
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ER = 1.1 for confirmed emergency route
1.0 for others : :
Other variables are defined in the MNTSR method given above.

As shown in table 4-1, several of the responses from the states indicated that they were satisfied with
their current method for evaluating importance and were unlikely to change. However, the
recommended method will still be of value to agencies that have not finalized their bridge seismic
screening and evaluation process.
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SECTION $§
PROPOSED IMPORTANCE METHOD IN DESIGN AND RETROFIT
SPECIFICATIONS

In section 3, a bridge importance classification system was proposed based on data from the NBI
database. After evaluating comments received from several states, refinements to the proposed
importance classification system were developed as documented in section 4. This section provides
recommendations for implementing the proposed importance classification system into seismic design
and retrofitting specifications. This implementation is based on inserting the proposed importance
classification system into the specifications without changing the basic seismic design philosophies
within each of the specifications.

51  The AASHTO "Standard Specifications for Highway Bridges", Division I-A

5.1.1 Abstract

The current AASHTO "Standard Specifications for Highway Bridges", Division I-A (from hence forth
this specification will be referred to as Division I-A) provides for an Importance Classification with
two categories:

® essential bridges and

® other bridges.

The commentary to Division I-A suggests items which should be considered wheﬁ determining the
classification. However, the Division I-A does not provide a method to formally categorize a bridge.

Section 3.4 suggests that an Importance Classification with three categories as given in the "AASHTO
LRFD Bridge Design Specifications” should be used:

® critical bridges,

® essential bridges and

® other bridges.

In addition to the change from two to three Importance Classification categories, a method to
determine the bridge classification' category is included in the recommended revision. The
recommended Importance Classifications are based on the bridge importance rank percentile.

In the determination of the Seismic Performance Category (SPC) the Division I-A specification only
makes a distinction between "essential” and "other" bridges in regions with an acceleration coefficient,
A, greater than 0.29. In order to make a distinction between the three proposed categories in
Division I-A with respect to SPC, a classification coefficient, I, is assigned to each of the Importance
Classification categories. The classification coefficients were developed such that the new minimum
design requirements would not be less than previous requirements. The product, A*I, is then
compared to the previous limits for the acceleration coefficient, A. A maximum limit is placed on
this product for "other" bridges to insure that the minimum seismic design requirements are not
increased from the current Division I-A requirements for "other" bridges.
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5.1.2 Recommended Specification Revision

The bold text given below is the suggested revision of Division I-A Sections 3.3 and 3.4 in SI units;
Appendix E provides the suggested revision of Division I-A Sections 3.3 and 3.4 in customary U.S.
units.

3.3 IMPORTANCE CLASSIFICATION

An Importance Classification (I;) shall be assigned for all bridges for the purpose
of determining the Seismic Performance Category (SPC) in Article 3.4 as follows:

1. = 1.2 for "critical" bridges: those bridges which are required to remain functional
for all traffic after an earthquake of the same magnitude as the design earthquake
and provide at least a minimum level of functionality for emergency vehicles or for
security/defense purposes immediately after a large earthquake, e.g., 2500 year
return period event.

I. = 1.1 for "essential" bridges: those bridges which are required to provide at least
a minimum level of functionality for emergency vehicles or for security/defense
purposes after an earthquake of the same magnitude as the design earthquake.

I. = 1.0 for "other" bridges: all other bridges

The Importance Classification shall include Social/Survival and Security/Defense
considerations. If the recommended classification method is used, these requirements shall
be considered to be fulfilled. Factors such as socioeconomic or emergency route
considerations may also be considered as deemed appropriate by the owner. A methodology
for including emergency routes in the determination of structural importance is described
in the commentary. Additional owner specified socioeconomic factors can be implemented
similar to emergency routes or by the use of additional or modified RT,,, and/or RT,,,
factors. The addition and/or modification of "RT" factors is preferred for socioeconomic
factors because it will increase only the importance contribution of the route being
considered. The emergency route method given in the commentary increases the
contribution of all importance considerations as apposed to only the route being considered
i.e., route carried, route crossed, river crossing, etc.

If the owner has a method to classify bridges as "critical", "essential" or "other"
bridges, it may be used in lieu of the provisions specified herein. However, if the owner
does not have an importance classification system in place, bridges may be classified using
the following equation which is based on data from the National Bridge Inventory (NBI)
Database:

C = Bridge importance value
= [RTomy (DL *N,.,)] + 0.6(RT,.*N,..) + 0.34[(ADT,,,/Ave ADT)L]** +
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RY,

where:
"carry" indicates the critical route on the bridge;

"cross" indicates the critical route under the bridge;

RT Factor for nature of route:

carry =
= 1.1 for Interstate Route or Principal Artery,
= 0.9 for all other routes and for railroad bridges;
DL, = Factor representing criticality of detour length:

1.2 for Detour Lengths > 155 km,

1.0 for 80 km < Detour Lengths < 155 km,
0.9 for 15 km < Detour Lengths < 80 km,
= 0.8 for 5§ km < Detour Lengths < 15 km,
0.7 for Detour Lengths < 5 km,

1.0 for bridges carrying railroads;

N.., = Factor representing criticality of traffic congestion:
(ADT.,,,,/Ave ADT)"¥,
= 0.8 for bridges carrying railroads;

ADT,_, = Average Daily Traffic on the bridge;
L = Bridge length(m);

RT__ = Factor for nature of route:

= 0.8 for all routes,
= 0.0 for no route under the bridge;

N,... = Factor representing criticality of traffic congestion:
= (ADT,../Ave ADT)**;
RV_.. = Ratio of bridge length to longest bridge in the database:

L/Lps
Ave ADT = Average ADT__, in the classification database;
L,.. = Maximum bridge length(m) in the classification database.
All bridges shall be ranked in order of importance, with the maximum importance

value (C,..) being the most critical bridge in the classification database. After the bridges
are ranked in order of importance, the bridge rank percentile shall be determined. Bridge
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rank percentile is the percentage of bridges ranked lower than the bridge being considered
and can be obtained by using the following equation:
Bridge Rank Percentile = (total number of bridges - current bridge rank)/(total
number of bridges)*100

These rank percentiles shall be used to determine the Importance Classifications:
"critical" bridges are those bridges in the 95th percentile or higher,

"essential" bridges are those bridges ranked in or above the 65th but below the 95th
percentile,

"other" bridges are those bridges ranked below the 65th percentile.

DIVISION I-A COMMENTARY: C3.3

The importance rankings for the complete database are required for this importance
classification method. Once the importance rankings have been developed, they may be
used without recalculating them as long as the NBI Records are not revised. The Engineer
shall then only be required to calculate the Importance Value, C, for new structures and
determine their Importance Classification in the established rankings. For a new structure,
an estimated ADT at the time of opening should be used in the calculation of the
importance value, not the design ADT which is usually taken as a projected 20-year ADT.
A projected ADT would not be comparable to existing structures with an established ADT
and therefore skews the results towards all new structures having higher importance
rankings.

If a state has confirmed emergency routes, the importance value, C, could be increased by
10% for that route. This is not included in the design specifications in order to allow
individual states with specified emergency routes some freedom in adjusting the importance
they want to assign to their emergency routes. An example of a modified importance
equation would be as follows:

C = ER *{[(RT,,;) (DLy*Neirry)] + 0.6(RT 0 *Noroor) +
0.34[(ADT,,,/Ave ADT)(L)]** + RV}

where:
ER = 1.1 for confirmed emergency route
1.0 for others

If an owner has a method to rank bridges for seismic importance but does not have

a method to assign the "critical", "essential", and "other" classifications, the bridge rank
percentiles in the design specification may be used with the existing seismic importance
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rankings to determine the Importance Classifications.

34  SEISMIC PERFORMANCE CATEGORIES

Each bridge shall be assigned to one of four Seismic Performance Categories (SPC),
A through D, based on the Acceleration Coefficient, A, and the Importance Classification
(I.), as shown in Table 3.4. Minimum analysis and design requirements are governed by

the SPC.

The product of the Acceleration Coefficient, A, and the Importance Classification,
I, is only used to determine the SPC of a structure. The actual Acceleration Coefficient,

A, shall be used in all other calculations.

TABLE 3.4 Seismic Performance Category (SPC)

| SPC Range of I A I
*A IA < 0.09
B 009 < 1A < 0.19
C 0.19 < I A < 029
**D 029 < 1A
* For "critical" bridges (I, = 1.2), I;A > 0.09
** For "other" bridges (I = 1.0), I.A < 029

DIVISION I-A COMMENTARY: C3.4

The product I.A has a maximum value of 0.29 for "other" bridges. This maximum
value is used to prevent an "other" bridge from being assigned to SPC D. This corresponds
to the requirements of the AASHTO Sixteenth Edition of the Standard Specification of

Highway Bridges, Division I-A.

The product I.A has a minimum value of 0.09 for "critical” bridges. This minimum
value is used to prevent a "critical" bridge from being assigned to SPC A.
52  "AASHTO LRFD Bridge Design Specifications"

5.2.1 Abstract
The "AASHTO LRFD Bridge Design Specifications” (from hence forth, this specification will be
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referred to as LRFD) provides for an Importance Classification with three categories:
® critical bridges,
® essential bridges and
. @ other bridges.

The LRFD Specification suggests items which should be considered when determining the
classification. However, the specification does not provide a method to categorize a bridge. The
proposed LRFD revision, given in the next subsection, has a recommended method for categorizing
bridges. The recommended Importance Classifications are based on the bridge’s importance rank
percentile.

The specification specifies a response modification factor, R, based on the Importance Classification.
Therefore, the design applications of the Importance Classifications are already included in the
specifications.

5.2.2 Recommended Specification Revision

The bold text given below is the suggested revision to LRFD Sections 3.10.3, C3.10.3 and 4.7.4.3.1
for SI units; Appendix F provides the suggested revision of LRFD Sections 3.10.3 and C3.10.3 in
customary U.S. units. If these articles are adopted, new definitions and references must be added to

the notation and reference lists in LRFD Section 3.

3.10.3 Importance Categories

For the purpose of Article 3.10, the
Owner shall classify bridges into one of
three importance categories taken as:

e critical bridges,
e essential bridges, or

o other bridges.

The basis of classification shall include
social/survival and security/defense
requirements. Use of Equation 1 shall be
considered as satisfying these requirements.
Additional socioeconomic or emergency
route considerations as deemed appropriate
by the owner may be included in
establishing Importance Classifications.

C3.10.3

"Essential" bridges are generally those
that should, as a minimum, be open to
emergency vehicles and for security/defense
purposes immediately after the design
earthquake, i.e., a 475-year return period
event. However, some bridges must remain
open to all traffic after the design
earthquake and be usable by emergency
vehicles and for security/defense purposes
immediately after a large earthquake, e.g.,
a 2,500-year return period event. These
should be regarded as "critical" bridges.

The addition and/or modification of "RT"
factors is preferred for socioeconomic
factors because it will increase only the
importance contribution of the route being
considered. The emergency route method
given below increases the contribution of all
importance considerations as apposed to
only the route being considered i.e., route



Additional owner specified socioeconomic
factors may also be implemented similar to
emergency routes or by the use of additional
or modified RT,, and/or RT_,, factors.
When classifying a bridge, consideration
should be given to possible future changes
in conditions and requirements. -

Other owner approved methods to
classify bridges as "critical", "essential" or
"other" bridges may be used. Where such
owner approved methods do not exist,
importance classifications may be
determined as specified herein based on
data from the National Bridge Inventory
(NBI) Records:

C = bridge importance value

ADT,

25
+0.34 o +RV.
(AveADT)Lr cross

(3.10.3-1)

where:

"carry" indicates the critical route on the

bridge;

*cross" indicates the critical route under the
bridge; :

RT, Factor for nature of route:

™ = 1.1 for Interstate Route or
Principal Artery,
= (0.9 for all other routes including
railroads;
DL, = Factor representing criticality of
detour length:
= 12 for Detour Lengths > 155
km,
= 1.0 for 80 km < Detour Lengths
< 155 km,

0.9 for 15 km < Detour Lengths
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carried, route crossed, river crossing, etc.

If a state has confirmed emergency
routes, the importance value, C, could be
increased by 10% for that route. This is not
included in the design specifications in
order to allow individual states with
specified emergency routes some freedom in
adjusting the importance they want to
assign to their emergency routes. An
example of a modified importance equation
is:

C = bridge importance value

=ER[RT,,,,,(DL o N (o N1+O.6(RT ;N
+0.34 (ADT“"’ ]“-7-‘ +RV
|\ AveADT eros]

(C3.10.3-1)

where:
ER = 1.1 for confirmed emergency route
1.0 for others



< 80 km,
0.8 for 5 km < Detour Lengths
< 15 km,
0.7 for Detour Lengths < 5 km,
1.0 for bridges carrying railroads;

N.r, = Factor representing criticality of
traffic congestion:
= (ADT,,,/Ave ADT)"*,
= 0.8 for bridges carrying railroads;
ADT_ = Average Daily Traffic on the
bridge; :
L = Bridge length(m);
RT_. = Factor for nature of route:
= 0.8 for all routes,
= 0.0 for no route under the bridge;
Now = Factor representing criticality of
traffic congestion:
= (ADT,./Ave ADT)**;
RV.. = Ratio of bridge length to longest
bridge in the database:
= L/
Ave ADT= Average ADT,,, in the
classification database;
L.. = Maximum bridge length(m) in

the classification database.

All of the bridges shall be ranked in
order of importance, with the maximum
importance value (C.,) being the most
critical bridge in the classification database.
After the bridges are ranked in order of
importance, the bridge rank percentile shall
be determined as:

Bridge Rank Percentile =
= (total number of bridges - current
bridge rank)/(total number of
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The importance rankings for the
complete database are required for this
importance classification method to be
used. Once the importance rankings for the
complete database have been developed,
they may be used without recalculating
them as long as the NBI Records are not
revised. The Engineer shall then only be
required to calculate the Importance Value,
C, for new structures and determine their



bridges)*100 (3.10.3-2)  Importance Classification in the established

rankings. For a new structure, an

These rank percentiles shall be used to  estimated ADT at the time of opening

determine the Importance Classifications: should be used in the calculation of the

importance value, not the design ADT which

ncritical” bridges are those bridges in the  is usually taken as a projected 20-year ADT.

95th percentile or higher, A projected ADT would not be comparable

to existing structures with an established

"essential” bridges are those bridges ADT and therefore skews the results

ranked in or above the 65th but below towards all new structures having higher
the 95th percentile, importance rankings.

"other” bridges are those bridges ranked Bridge rank percentile is the percentage
below the 65th percentile. of bridges ranked lower than the bridge
being considered. If an owner has a method
to rank bridges for seismic importance but
does not have a method to assign the
importance classifications, the bridge rank
percentiles may be used with the existing
seismic importance rankings to determine
the importance classifications.
4.7.4.3.1 Selection of Method (insert before
Table 1)

When determining the minimum analysis
requirements from Table 1, the bridge
importance categories as defined in Article
3.10.3 shall be used.

53 The FHWA "Seismic Retrofitting Manual for Highway Bridges"

5.3.1 Abstract

Like Division I-A, the current FHWA "Seismic Retrofitting Manual for Highway Bridges" (from
hence forth referred to as Seismic Retrofitting Manual) provides for a Importance Classification
which has two categories:

® essential bridges and

® standard bridges.

However, the Seismic Retrofitting Manual uses this classification to determine the Seismic
Performance Category (SPC) differently than does Division I-A. This is because Division I-A made
no allowance for the structure importance for bridges with acceleration coefficients less than 0.29.
The recommended revision to Division I-A as presented in section 5.1.2 includes three categories,
i.e. "critical", "essential”, and "other", and makes a distinction between them. The recommended
revisions for the Seismic Retrofitting Manual will include the same three importance categories.
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However, the SPC will be determined similarly to the way the Seismic Retrofitting Manual currently
requires. The only distinction with regards to SPC between the current Seismic Retrofitting Manual
and the recommended revision is the addition of “critical” classification. As proposed, "critical”
bridges will be required to be retrofitted to the "essential” bridges. Thus at this time, the "critical"
classification is more of a consistency revision to correspond to the use of three classifications in the
"AASHTO LRFD Bridge Design Specifications" and the recommended revisions to the AASHTO
"Standard Specification for Highway Bridges, Division I-A". The distinctions between retrofitting
requirements for "critical” and "essential” bridges can be revised as future research deems necessary.

The Seismic Retrofitting Manual recommends the use of a Priority Index which is a function of
importance, structural vulnerability and seismicity, but this manual does not specify how that
functionality should be established. Based on the proposed importance equation, it is anticipated that
there will be a wide distribution of importance values. The use of a summation equation to combine
" importance, structural vulnerability and seismicity into a composite index, "Priority Index", would cause
the structure importance to have a large affect on this index. Therefore, importance coefficients were
developed so the Priority Index could be the product of importance, structural vulnerability and
seismicity coefficients. Numerous importance coefficients to be used in the Priority Index product
were investigated using the NYSDOT database (see table 5-1). The coefficients considered were:
® C1 - classification coefficients,

"critical", "essential", and "other", C; = I, = 1.2, 1.1, 1.0, respectively;
® C2 - linear function of importance rank, C;, = (# of bridges - rank) / # of bridges;
® C3 - linear function of the importance values, C; = C;;
® C4 - exponential function of the importance value, C; = C®°;
® C4a - exponential function of the importance value, C; = C>%;
® C5 - percentage of importance value, C; = C*¥(C_.-Co)*°;
® C5a - percentage of importance value, Cy; = C*¥(C.:Co)®’ = 0.5;
® C5b - percentage of importance value, Cy = C**/(C-C.:)*%;
® C5c - percentage of importance value, Cy; = C2%/(C rC i) ®? = 0.5;
® C6 - percentage of importance rank, C; = (# of bridges - rank)*¥(# of bridges)®*;
® Cé6a - percentage of importance rank, C;; = (# of bridges - rank)®¥(# of bridges)®’ = 0.5;
® C6b - percentage of importance rank, C; = (# of bridges - rank)*%/(# of bridges)®?;
® C6c - percentage of importance rank, C; = (# of bridges - rank)*?/(# of bridges)** > 0.5;

where:
I.is the importance classification coefficient in the proposed revision of Division I-A
C is the importance value in the proposed revision of Division I-A



TABLE 5-1 Importance Coefficients

Importance Coefficient Data

Coefficient max min Ave Std. Dev
c1 1.20 1.00 1.040 0.058
c2 1.00 | 0.00 | 0.500 0.289
C3 877 | 0.00 1.297 0.927
C4 296 | 0.00 1.069 0.392
C4da 172 | 0.00 1.014 0.204
G5 1.00 | 0.00 | 0361 0.132
C5a 1.00 | 050 | 0512 0.040
C5b 100 | 000 | 0.589 0.118
Csc 1.00 | 0.50 | 0.603 0.093
C6 1.00 | 0.00 | 0.667 0.236
Cé6a 1.00 | 0.00 | 0.800 0.163
Céb 1.00 | 050 | 0.806 0.148
Céc 1.00 | 050 | 0.708 0.172

The importance coefficients, C1, C2, C3, C4, and C4a, had a large variation in values. Coefficients
with a large variation in value would cause structural importance to dominate the Priority Index and
therefore, these coefficients were not selected. A minimum coefficient limit of 0.50 was selected to
prevent highly vulnerable structures with low importance from being neglected. The importance
coefficients, C5, C5b, C6, and C6b, were not considered for final recommendation because they did
not have a minimum value. The C6a and Céc coefficients had an average value close to the median
value. An average coefficient close to the median value would not allow a significant distinction
among the three importance classifications so these coefficients were disregarded. The CSa
coefficient had an average value only 2% greater than the minimum coefficient. This would result
in very minor distinctions among all bridges with the exception of "critical" bridges. The Cic
coefficient had an average value 20% greater than the minimum. This would allow some distinction
among "other” bridges while giving greater importance to "critical” and "essential” bridges. Therefore,
the final recommended importance coefficient is the C5c coefficient.

5.3.2 Recommended Manual Revision

The bold text given below the is suggested revision to the FHWA "Seismic Retrofitting Manual for
Highway Bridges", Publication No. FHWA-RD-94-052 (May 1995), sections 1.5 and 2.3.2. Since these
sections do not have units of measure contained within them it, both the metric and customary U.S.
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units versions would be identical.

1.5 BRIDGE CLASSIFICATION

Before seismic retrofitting can be undertaken for a group of bridges, they must first be
classified according to their Seismic Performance Category (SPC). As noted in section 1.3,
the SPC is determined by a combination of seismic hazard and structure importance.

Seismic hazard is reflected in the Acceleration Coefficient (A) values that are assigned
to all locations covered by the AASHTO Specifications. When multiplied by the
acceleration due to gravity (g), the product (A*g) represents the likely peak horizontal
ground acceleration that will occur due to an earthquake sometime within a 475-year
period. More rigorously, this acceleration has a 10 percent probability of being exceeded
within a 50-year time frame.

Bridge importance is not so readily quantified. The determination of the Importance
Classification of a bridge is necessarily subjective and consideration should be given to
societal/survival and security/defense requirements.

The societal/survival evaluation addresses a number of socio-economical needs and
includes, for example, the need for access for emergency relief and recovery operations
immediately following an earthquake.

Security/defense requirements may be evaluated using the 1973 Federal-aid Highway Act,
which required that a plan for defense highways be developed by each State. The defense
highway network provides connecting routes to military installations, industries and
resources not covered by the Federal-aid primary routes.

Three Importance Classifications are specified: "critical”, "essential", and "other". These
classifications are defined in the AASHTO "Standard Specifications for Highway Bridges",
Division I-A, section 3.3. If the owner has a method to classify bridges as "critical’,
"essential", or "other" bridges, it may be used in lieu of the provisions referenced herein.
However, if the owner does not have an importance classification system in place, a
recommended method is given in Division I-A, section 3.3. If the classifications are
determined as specified in Division I-A, the societal/survival and security/defense
requirements can be considered fulfilled.

Based on the above considerations for seismic hazard and importance, four Seismic
Importance Categories are defined as shown in table 1.
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Table 1. Seismic performance category.

Acceleration Importance Classification
Coeflicient Critical Essential Other
A < 0.09 B B A
0.09 < A <0.19 C C B
0.19 < A <0.29 C C C
029 <A D D C

The bridge SPC is assigned differently from AASHTO Specifications for new design. In
view of the high cost of retrofitting, it is important to be able to distinguish between
meritical" or "essential” and "other" structures; this is especially so in low-to-moderate
seismic zones. Such a distinction also enables a more rational allowance to be made for
the nature of the seismic hazard in the Central and Eastern United States where the
maximum credible earthquake is expected to be significantly larger than the "design"
earthquake (475-year event). This implies that if a "critical" bridge in the East is to remain
fully operational following a large earthquake, it will need to be retrofitted to a standard
higher than that required by the specification for new construction. This observation is
reflected in the SPC assignment for "critical” and "essential” bridges in table 1.

232 CALCULATION OF PRIORITY INDEX

Once a rank has been calculated for each bridge based on equation 2-2, the bridges may
be listed in numerical order of decreasing rank. This order is then modified to include
such factors as bridge importance, network redundancy, nonseismic deficiencies, remaining
useful life and any other factor deemed necessary by the owner.

Guidance on assigning importance is given in Division I-A and some discussion of
network redundancy and nonseismic rehabilitation was provided in section 1.6 (and figures
4 and 5) under the Heading, "Preliminary Screening". If a bridge is part of a highly
redundant highway network with alternative bridges or routes, the likelihood that these
alternate facilities may also be damaged must be considered. If, for example, an overpass
can be bypassed by using the on- and off-ramps, then a relatively convenient detour may
be nearby, provided these access ramps remain operational. If, on the otherhand, the
structure in question is a critical river crossing, the nearest detour may be kilometers away,
but the possibility of it also being damaged may not be so great. Nevertheless, the higher
priority should be given to the river crossing because of lack of alternate routes. In general,
it is difficult to develop a single number by which to scale the seismic rank (equation 2-2)
to obtain the priority index. However, unless the owner is willing to reorder the rank to
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include the importance issue by some subjective means using a combination of engineering
and societal judgement, then some type of numerical equation is necessary to determine the
priority index. With a large number of bridges, even a simplistic numerical equation will
be of great benefit in determining the priority index. Therefore, if the owner implements
the importance method from Division I-A to calculate the Priority Index (P), the following
method should be used:

P=RxC;

where:

R =  bridge rank (section 2.3.1)

¥
Cy= - > 0.50
(Cmax -C min)O.ZS
C, = importance value for the bridge being considered (Division I-A)

C..= maximum importance value in the classification database
C...= minimum importance value in the classification database

If the owner does not implement the importance method from Division I-A, a similar
equation could be used.
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SECTION 6
CONCLUSIONS AND RECOMMENDATIONS

The three major results of this project are:

® Development of an importance ranking method which is based on existing NBI data.

® Development of suggested revisions to the AASHTO "Standard Specification for Highway
Bridges", Division I-A, "AASHTO LRFD Bridge Design Specifications” and the FHWA
"Seismic Retrofitting Manual for Highway Bridges" to specifically include importance in seismic
design procedures.

® Allowance for existing importance ranking methods to be used with the suggested revisions to
the specifications given above.

The Importance method developed from this study is simplistic in nature when compared with the
research done by others which use a network approach and Geographic Information System (GIS)
data. However, the method from this report works with the state’s existing NBI data and does
not require the collection of new data. During this research, several data entry errors and
omissions were discovered in the test databases. Rapid growth in ADT and bridge rehabilitations
makes maintaining the NBI Records difficult. The requirement of additional data would only
increase the cost of maintaining bridge inventory records.

The method proposed herein fills a need for states in low and moderate seismic zones to develop
an importance ranking method with minimal effort or cost. When GIS based network analysis
become readily available and cost effective, engineers can then implement more advanced
systems for determining importance rankings.
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APPENDIX A
EXISTING IMPORTANCE METHODS

The importance methods provided in this appendix are given in customary U.S. Units.

Babaei and Hawkins *91: Washington DOT
CRITICALITY FACTOR, C

c = [RN.OLay X No)] +
[UTa) +
(2/3)[(RNCN)(DL X N, o] +
(1/4)[(ADT ,,/30,000)(L)]**

RN, = factor for the nature of the route

RN @y = 1.0; interstate route, principal artery, or confirmed emergency route

= 0.8; all other routes

DL, = factor representing criticality of detour length

= 1.00; When detour length > 10 mi
0.80; When detour length is 3 to 10 mi
0.75; When detour length < 3 mi

N = factor representing criticality of detour due to trafﬁc congestion
= ADT,./30,000]0.25 >=1

ADT = average daily traffic of the route

UT.., = factor representing utility lines
1; bridge carrying a confirmed essential utility line

0; all other bridges

RN o = factor representing the nature of the route

1.0; confirmed emergency route
0.8; all other routes

0.0; no route under the bndge

DL_. = factor representing criticality of detour length
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L

1.00; when detour length > 10 miles
0.80; when detour length is 3 to 10 miles
0.75; when detour length < 3 mi

factor representing criticality of detour due to traffic congestion
ADT__/30,000]°% >=1

average daily traffic

= length of the bridge in ft.

Modified Babaei and Hawkins: Adjust reference ADT from 30,000 to 6.000
CRITICALITY FACTOR, C

C

= [RN_ (DL, XN_)] +
[UT,f + ,
(2B3)[(RN oe)(DL (e X N ] +
(1/4)[(ADT ../6,000)(L)] "%

factor for the nature of the route
1.0; interstate route, principal artery, or confirmed emergency route
= 0.8; all other routes _
factor representing criticality of detour length
1.00; When detour length > 10 mi
0.80; When detour length is 3 to 10 mi
0.75; When detour length < 3 mi
= factor representing criticality of detour due to traffic congestion
= ADT . /6,000]°% >=1
= average daily traffic of the route
factor representing utility lines
= 1; bridge carrying a confirmed essential utility line
= 0; all other bridges
factor representing the nature of the route
1.0; confirmed emergency route
0.8; all other routes
0.0; no route under the bridge
factor representing criticality of detour length
1.00; when detour length > 10 miles
0.80; when detour length is 3 to 10 miles
= 0.75; when detour length < 3 mi
factor representing criticality of detour due to traffic congestion
ADT __/6,000]°% >=1

Il
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L

ADT ... = average daily traffic

length of the bridge in ft.

Buckle ’95: New York DOT

Please note that for comparison studies, only the equation was used.

A bridge is defined as "critical" if any one of the following conditions exist:

el S

Bridge is designated as a critical facility

Bridge carries a defense highway

Bridge is located on the national network for trucks
The index (i) is greater than or equal to 2.5

Where:

FADT N DL FC
+ + +

T =

I=1
15,000 10 20 2

FADT = future average daily traffic
N = number of utilities carried
DL = detour length (miles)

FC = functional classification

Modified Buckle *95: Replace FADT with ADT

ADT N DL FC
I=1+ —_— -
15,000 10 20 2
ADT = average daily traffic
N = number of utilities carried
DL = detour length (miles)
FC = functional classification

Caltrans Method

Impact = .28 * (Value from a curve based on ADT on the structure)

+.12 * (Value from a curve based on ADT under or over the structure)
+.14 * (Value from a line normalized to 100 miles based on detour length)
+.15 * (Leased Air Space Residential, Office; 1 = present, 0 = else)

+.07 * (Leased Air Space Parking, Storage; 1 = present, 0 = else)

+.07 * (Route Type on Bridge;

1.0 = interstate, 0.8 = US, State route or street, 0.7 = RR, 0.5 =
federal funded County route or city street, 0.2 = nonfederal funded
County route or city street, 0.0 = federal land, State land, other)
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+.07 * (Facility Crossed; use categories from route type on bridge)
+.10 * (Ciritical Utility; 1 = present, 0 = else)

Montana
C= [(RT ) (OLory*N )] + (2/3)[(RT (DL o N] +
(1/4)[(ADT ,.,/6,000)(L)]°* + RV,
where:
N, = (ADT/6000)°%
DL, = Detour Length Coefficient
RV .. = L/1000 for river crossings
RT_..,=100r 08
RT_.=100r 08
Nevada

I=RT + T + Det + Ut + Def + RR

Type of route, RT :
The sum of RT for the routes on and under the bridge
Interstate, RT = 3 Primary Route, RT = 2
Secondary route, RT = 1 Others, RT = 0
Urban Routes are classified as primary or secondary

Traffic count, T :
Sum of the value of T for routes on and under the bridge

T - YADT 1+ JALW)N)
100 300
where:
ADT < 90,000

LW = bridge length for route on the bridge
and bridge width for route under the bridge
N = number of lanes on or under the bridge

Detour length, Det:
One tenth of the sum of the detour for both routes on and under the bridge. Det < 2

Utilities on the bridge, Ut :
1.0 if utilities exist on the bridge, otherwise = 0.0

Defense classification, Def :
1.0 if the route on or under the bridge is designated as part of the strategic Highway
Network, otherwise = 0

Rail roads :
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1.5 if railroad exists on or under the bridge, otherwise = 0.0

South Carolina
Importance Rating, IR:

All bridges will be classified as IC = II except in the following cases where the bridges
will be classified as IC = I:
(a) Bridges on or passing over an interstate highway
(b) Bridges on designated truck network or defense highway
(c) Bridges necessary to provide access to emergency services, power plants and
water treatment plants.

Bridges classified as IC = I, will have an initial value of IR = 6. This value will be
increased or decreased based on the factors below, but will not be taken less than 6 or

greater than 10:

1.  Bridge over water +1
2.  Bridge carries interstate +1
3.  Bridge over interstate +1
4. Interchange allows traffic to bypass bridge -1

5. 5000 < ADT < 10,000 +1
6. 10,000 < ADT < 20,000 +2
7. ADT > 20,000 +3
8.  Bridge deck surface area > 12,000 SF +1

Bridges classified as IC = II, will have an initial value of IR = 0. This value will be
increased or decreased based on the factors below, but will not be taken less than 0 or
greater than 5:

1.  Bridge over water +1
2. 50 < ADT < 200 +1
3. 200 < ADT < 500 +2
4. ADT > 500 +3
5.

Detour length > 10 miles +1

Modified South Carolina

For the South Carolina method given above, deleted the maximum values of 10 and 5 placed
on IC=I and IC=II, respectively.

Missouri
Importance factor =[(3+1) x n,x SF, + (3+1) xn,x SF] x P + RC + Det
where:

1,1, : Length of bridge and length along intersecting roadway under the bridge,
respectively. Both are in 100 ft.
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n,n, : Number of lanes on and under the bridge, respectively.

SF, SF,: Spacing factor based on ADT on and under the bridge, respectively. Values of
SF are calculated based on the ADT as follows:
ADT Vehicle spacing SE
< 5,000 500 ft. 0.20
5,000 - 20,000 300 ft. 0.33
20,000 - 50,000 200 ft. 0.50
50,000 - 100,000 100 ft. 1.00
> 100,000 50 ft. 2.00
P : Route priority factor = 1.2 for priority 1 routes

1.0 for priority 2 routes
RC : Route continuity factor = '
2.0 for bridges needed for completing a route, otherwise = 0.0. RC is ignored in the
preliminary screening and will be considered only in the final screening.

Det : Detour length factor = 1.0 for detour length = 5 miles, otherwise = 0

Modified Missouri

For the Missouri method given above, set the maximum bridge length = 5280°.

IDOT

I= 0.69*Vehicles Impacted + 0.15*Emergency Route + 0.10*Detour +
0.05*Defense Route + 0.01*Utilities

where:

Vehicles Impacted = (ADT (Length, . + 236) + ADT . (Deck width + 236))/5,068,800
Emergency Route was not used in this equation.

Detour = (ADT *detour length )/100,000 + 0.39*(ADT . *detour length ,,.)/100,000
+ 15% o + 5*Ig

Iw= 1 if bridge is over navigable water

I = 1 if bridge is over railroad

Defense Route = 0.8 for priority route on bridge
0.2 for priority route under bridge
0.7 for secondary route on bridge
0.1 for secondary route under bridge
0 for non-defense route

Utilities = 1 if utilities on bridge
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APPENDIX B

PENNDOT IMPORTANCE SURVEY

July 2, 1996

Mr. John Rautzahn, P. E., Assistant District Engineer, Design
Pennsylvania Department of Transportation

Engineering District 8-0

2140 Herr Street

Harrisburg, Pennsylvania 17103-2699

RE: NCEER HIGHWAY PROJECT, DTFH61-92-C-00112 IN1525
Evaluation of Structure Importance
Bridge Importance in Dauphin and Cumberland Counties

Dear Mr. Rautzahn:

Modjeski and Masters, Inc. has been working on a seismic research project which is investigating
the importance rating for bridges. This project is with the National Center for Earthquake
Engineering Research. In prioritization of bridges for seismic retrofits, importance is one factor
in the prioritization equation (see attached copy of flowchart from the Seismic Retrofit Manual).

Modjeski and Masters, Inc. has been reviewing 12 importance equations developed by individuals
and States. Most of these equations are designed to work with data from bridge management
systems (BMS). Mr. Hal Rogers, an Assistant Chief Bridge Engineer with PennDOT, has
provided us with BMS data for Dauphin and Cumberiand Counties in order to review these
equations.

We are asking if several of the District 8-0 employees could list what, in their opinion, are the
top 20 most important State or local bridges in Dauphin and Cumberland Counties (each County
separately). The lists supplied by your employees would then be compared with results which
were obtained from the importance equations. Mr. Rogers informed me of his conversation with
you on Friday, June 28, 1996. Mr. Rogers indicated your willingness to help with this study.
Mr. Rogers also stated that you had discussed allowing County Managers, traffic personnel,
maintenance personnel, bridge personnel or whoever else you believe is appropriate complete the
forms.

In our definition of "importance”, the most important bridges would be ones which if they were
out of service would cause the most disruption to the community and/or public service. In our
definition of "importance", a bridge’s need of repair or replacement is not a rating factor (i.e. we
are not looking for the maintenance or replacement priority list).

We would appreciation obtaining these lists from your employees by July 18, 1996, so that we can
incorporate them into our ongoing study. In order to expedite the process, we expect the forms
to be filled out by hand (i.e. not typed). After we have processed these lists, we can setup a
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Mr. John Rautzahn -2- July 2, 1996

meeting to discuss our comparison of your results and our equations. At the end of the project,
we will provide you with a copy of the final report.

Enclosed are eight sets of list forms and instructions for your employees, if you need more let us
know.

If you have any questions, please call me or Mr. Andrew L. Thomas.
Thank you for your time and consideration on this matter.

Very truly yours,

SCOTT R. ESHENAUR,
Associate

SRE:1sb

encl.

cc: Mr. Hal Rogers, PennDOT, Central Office (w/encl)



Mr. John Rautzahn -3- July 2, 1996

INSTRUCTIONS FOR COMPLETING FORMS

Modjeski and Masters, Inc. has been working on a seismic research project which is investigating
the importance rating for bridges. This project is with the National Center for Earthquake
Engineering Research. In prioritization of bridges for seismic retrofits, importance is one factor
in the prioritization equation.

Modijeski and Masters, Inc. has been reviewing 12 importance equations developed by individuals
and states. Most of these equations are designed to work with data from bridge management
systems(BMS).

We are asking that you list what in your opinion are the top twenty most important state or local
bridges in Dauphin and Cumberland Counties (each county separately, see attached sheets). If
possible, please rank these top twenty bridges with number one being the most important and
number twenty being the least important of the top twenty. These lists will then be compared
with results which were obtained from the importance equations.

In our definition of Importance, the most important bridges would be ones which if they were out
of service would cause the most disruption to the community and/or public services. In our
definition of Importance, a bridge’s need of repair or replacement is not a rating factor (i.e. we
are not looking for the maintenance or replacement priority list.).

We would appreciation obtaining these lists from you by July 18, 1996 so that we can incorporate

them into our on going study. In order to expedite the process, we expect the forms to be fill
out by hand (i.e. not typed). Please return the completed lists in the attached stamped envelope.

If you have any questions concerning these lists, please call Mr. Andy Thomas or Mr. Scott
Eshenaur of Modjeski and Masters at 717-790-9565.

Thank you for your time and consideration on this matter.



Mr. John Rautzahn

-4-

PennDOT SURVEY

July 2, 1996

Most Important State or Local Bridges in Dauphin County

Unit:

Title:

Name(optional):

Name of Bridge
or
Route Carried

State

or
Local

Feature Crossed
(Route, river,
RR, etc)

Township
(if known)

O e |[Nan|viibd W IN |-

=
o

—
[y

—
N

[wry
w

[V
H

—
W

j—
[=,3

[u—ry
~

[y
o0

19

20

The reasons for bridge im;ortance ranking is heipful

may be used for any additional comments.
Note: Forms may be handwritten.
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APPENDIX D

IMPORTANCE METHOD, MNTS, SURVEY

RE: NCEER HIGHWAY PROJECT, DTFH61-92-C-00112
Evaluation of Structure Importance

Dear Sir/Madam:

Modjeski and Masters, Inc. has been working on a seismic research project which is investigating the
importance rating for bridges. This project is with the National Center for Earthquake Engineering
Research. In prioritization of bridges for seismic retrofits, importance is one factor in the
prioritization equation (see attached flowchart from Seismic Retrofitting Manual for Highway Bridges
Pub. No. FHWA-RD-94-052, May 1995).

Modjeski and Masters, Inc. reviewed 12 importance equations developed by States and/or individuals.
Most of these equations are designed to work with data from bridge management systems(BMS).
After analyzing the results of these methods from several test databases, Modjeski and Masters has
selected one modified method, MNTS5, for further analysis.

We are asking if you and/or several of your employees could review the method we are currently
recommending as summarized in the attachments to this letter. If someone else in your organization
would be better suited to respond to this letter, please pass it on to them. We have included a
diskette with an EXCEL Macro that could be used with your BMS Data. We are interested in how
the MNTS method will work with different databases and your opinions on the methods results. We
have enclosed a response form in order for you to provide your comments.

Enclosed is a diskette with an EXCEL file. The file includes the MNTS Macro and a portion of one
of our test databases. This will show an example of how the macro works with BMS data. We have
also enclosed instructions on how to setup and use the MNTS Macro.

If you have any questions, please call me or Mr. Andrew L. Thomas.

We would appreciate it if you could return your response to us by February 28, 1997.

Thank you for your time and consideration on this matter.

Very truly yours,

SCOTT R. ESHENAUR,
Associate
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Modjeski and Masters, Inc.

Evaluation of Structure Importance
(Task 112-D-2(B))
(FHWA Contract DTFH61-92-C-00112)

The overall objective of Task 112-D-2 is to identify, assess and develop improvements to existing
methodologies for defining structure importance, and to provide recommended definitions of
importance and classification systems based on importance.

Modjeski and Masters is currently recommending using a modification of the Montana method,
MNTS5. From our test data and surveys, we feel it provides the most accurate importance ranking

while giving the best distribution of importance. MNTS5 considers the following Bridge Management
Data:

Route Carried

® Route Type

o ADT

® Average ADT

® Detour

® Bridge Length

e Maximum Bridge Length
® Rail Traffic

Route Crossed
® Route Type
- @ ADT
® Rail Traffic
o Water Crossing

The MNTS5 equation is defined below:

MNTS5 Equation:

C - [(RT o) )(DL o *N )] + (23)[(RT ) (0.9*N ] + (14)[(ADT,/Ave ADT)(L)]**
+RV_, ,

where:
N.., = (ADT_,/Ave ADT)** for route being considered

= 1 for bridges carrying railroads
N... = (ADT_./Ave ADT)" for route being considered
DL, = Detour Length Coefficient for route on the structure
RV .. = L/L_, for river crossings
RT.., = 1.1 for Principal Arterial Routes on the structure

= 1.0 for railroads on the structure

= 0.9 for all other structures



RT_., = 0.9 for Principal Arterial Routes under the structure
= 0.9 for railroads under the structure
= (.8 for all other structures

The following is instructions on the use of the importance equation currently being recommended
by Modjeski and Masters. The various bridge inventory items are being referenced from "Recording
and Coding Guide for the Structure Inventory and Appraisal of the Nation’s Bridges" dated
December 1988. The required inventory items are as follows:

Item 5 - Inventory Route

Item 26 - Functional Classification
Item 29 - Average Daily Traffic
Item 19 - Bypass, Detour Length
Item 49 - Structure Length

Item 42 - Type of Service

Item S is required in order to determine if the route is on or under the structure being
considered. Items 26, 29 and 42 are required for both routes on and under the structure.

An average ADT, Item 29, for routes on the structure must be determined to be used as the
reference value in the calculation of N, The maximum bridge length, Item 49, must be determined
for the RV_, reference value. The actual values from Items 29 and 49 will be used in the

calculation of a structures importance.

The Functional Classification, Item 26, is to be used to determine the RT_,, and the RT,
coefficients. For the route on the structure, RT ., shall be used as 1.1 when Item 26 = 1, 2, 11, 12
or 14. Otherwise, RT ,,, shall be 0.9. For the route under the structure, RT . shall be 0.9 or 0.8
respectively.

The Detour Length in miles, Item 19, is to be used to determine DL, DL, shall be

determined as follows:
Detour length > 98; DL_..=12

50 < Detour length <98 DL_. = 1.0
10 < Detour length <50; DL, =09
3 < Detour length <10; DL, =08

0 < Detour length < 3; DL, =07

Item 42, Type of Service, is used to determine several variables including the variables listed
above. To describe the use of this Inventory Item, we will use "?" as a wildcard. If Item 42 equals
2? or 47, the structure carries rail traffic. If Item 42 equals 72, ?4, 77, 78, the structure crosses a
railroad. If Ttem 42 equals 25, ?6, 27, ?8, or 79, the structure crosses water. This information shall

be used as follows:

If railroad on structure: N, = 1.0, DL, = 1.0, RT ., = 1.0
If railroad under structure: ADT,,,, = ave. ADT, RT_,, = 0.9
If water under structure: RV, = Structure Length/max. Length



Modjeski and Masters, Inc.
Instructions for EXCEL Macro, MNT5

The diskette included with this survey contains an EXCEL Version 5.0 File. This file includes
a copy of the test macro for the proposed Importance Calculation method and a test input file as an
example. The test file includes 300 bridges. The test file run should take approximately 2 minutes
to run.

These instructions will aid in applying the MNTS Macro to your Bridge Management System
(BMS) database. When possible, we suggest using a sub-set of your entire database as a first trial.
A first trial of several hundred bridges instead of several thousand bridges would be much simpler.
The first step in applying MNTS is to setup the input file. The example input file has extra database
fields not required by the MNTS5 Macro. The data fields being used from the input file are
highlighted in red. The National Inventory Items corresponding to the required fields are listed in
the previous general information sheets.

All required fields need to be filled in the correct columns for both routes on and under the
structure being considered in order for the macro to run properly. Columns between the required
fields may be left blank. The method used to import the data fields into EXCEL will depend on the
Database Software. EXCEL will accept Dbase, various spreadsheets or text files. The maximum
number of rows in EXCEL is 16384, so if there are more records than this 2 runs will be required
to calculate importance of all bridges. Also note that if an input file uses all 16384 rows, the macro
run could take several hours to run.

Once the input file has been completed, several minor modifications to the macro are needed.
These modifications will customize the results to be specific to your database. The modifications are
to be made on lines 10, 20, 30, 40 and 50 of the MNT5 Macro. On Line 10 the "j" range must be
changed to reflect the maximum number of records for 1 structure in the input record. On Lines 20,
40 and 50 the average ADT must replace the 10402 value. The average ADT should be based for
routes on the structures only. Finally, on Line 30 the maximum structure length should replace the
5188 value.

One modification must be made to the equation in the MNTS5 sheet. The average ADT value
should replace the 10402 value in the equation. A copy of the equation used in the MNTS sheet is
at the bottom of the Macro sheet.

After these modification have been made, the MNTS Macro is ready to run. After the run is
complete, the results can be exported to a database for faster ranking of the results.

If there are any questions, please feel free to call Mr. Andrew L. Thomas at (717) 790-9565.
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Evaluation of Structure Importance
RESPONSE FORM

Please Return Form to:
ATTN: Andrew L. Thomas
Modjeski and Masters, Inc.

P.O. BOX 2345
Harrisburg, PA 17105

State: Name (optional):

Position: Telephone (optional):

May we contact you for additional information?
Does your organization presently have an importance ranking system?

If yes, please describe it:

Database Information:
Number of Bridges:

Software: Is software Windows compatible?

Maximum Bridge Length:

Average ADT:

Macro Information:
Do you have Excel Version 5 (or later version)? ___

If yes, did the MNT5 macro run? ___

What, if any, problems occurred setting up the input file?

What, if any, problems occurred exporting the results?




Results Information:

Were the bridge(s) you expected most important ranked that way?

Do you have a current listing of importance ranking of bridges?

If yes, Did the MNTS Equation produce similar results? _____

What, if any, type of bridge (i.e. railroad, interstate, rural) was ranked too

high?

What, if any, type of bridge (i.e. railroad, interstate, rural) was ranked too

low?

On a scale of one to ten with ten being the best, your rank of this importance method is

Would this importance method meet your needs? Why or why not? ___

Would you consider using this importance method instead of what you are

presently using? Why or Why not?

Additional Comments:

Note: If needed, attach extra sheets for any additional or continued comments.



APPENDIX E
PROPOSED REVISIONS TO DIVISION I-A SECTIONS 3.3
AND 3.4 WITH CUSTOMARY U.S. UNITS

This appendix provides the suggested revision of Division I-A Sections 3.3 and 3.4 in customary U.S.
units.

3.3 IMPORTANCE CLASSIFICATION

An Importance Classification (1) shall be assigned for all bridges for the purpose of determining
the Seismic Performance Category (SPC) in Article 3.4 as follows:

I. = 1.2 for "critical" bridges: those bridges which are required to remain functional for all traffic
after an earthquake of the same magnitude as the design earthquake and provide at least a
minimum level of functionality for emergency vehicles or for security/defense purposes
immediately after a large earthquake, e.g., 2500 year return period event.

I. = 1.1 for "essential" bridges: those bridges which are required to provide at least a minimum
level of functionality for emergency vehicles or for security/defense purposes after an earthquake
of the same magnitude as the design earthquake.

I. = 1.0 for "other" bridges: all other bridges

The Importance Classification shall include Social/Survival and Security/Defense considerations.
If the recommended classification method is used, these requirements shall be considered to be
fulfilled. Factors such as socioeconomic or emergency route considerations may also be considered
as deemed appropriate by the owner. A methodology for including emergency routes in the
determination of structural importance is described in the commentary. Additional owner specified
socioeconomic factors can be implemented similar to emergency routes or by the use of additional
or modified RT,, and/or RT, factors. The addition and/or modification of "RT" factors is
preferred for socioeconomic factors because it will increase only the importance contribution of the
route being considered. The emergency route method given in the commentary increases the
contribution of all importance considerations as apposed to only the route being considered i.e., route
carried, route crossed, river crossing, etc.

If the owner has a method to classify bridges as "critical”, "essential” or "other" bridges, it may be
used in lieu of the provisions specified herein. However, if the owner does not have an importance
classification system in place, bridges may be classified using the following equation which is based
on data from the National Bridge Inventory (NBI) Database:

C = Bridge importance value
= [RT o DL, *N o )] + 0.6(RT . *N,...) + 0.25[(ADT,/Ave ADT)L]** + RV

where:
"carry" indicates the critical route on the bridge;



"cross” indicates the critical route under the bridge;

RT,,., = Factor for nature of route:
= 1.1 for Interstate Route or Principal Artery,
= 0.9 for all other routes and for railroad bridges;

DL.,.., = Factor representing criticality of detour length:
= 1.2 for Detour Lengths > 98 mi,
= 1.0 for 50 mi < Detour Lengths < 98 mi,
= 0.9 for 10 mi < Detour Lengths < 50 mi,
= 0.8 for 3 mi < Detour Lengths < 10 mi,
= 0.7 for Detour Lengths < 3 mi,
= 1.0 for bridges carrying railroads;
N.., = Factor representing criticality of traffic congestion:
= (ADT,/Ave ADT)"%,
= (.8 for bridges carrying railroads;

ADT,_,, = Average Daily Traffic on the bridge;
L = Bridge length(ft);
RT_., = Factor for nature of route:

= (.8 for all routes,

= 0.0 for no route under the bridge;

N... = Factor representing criticality of traffic congestion:
= (ADT . /Ave ADT)*%,

RV __. = Ratio of bridge length to longest bridge in the database:

Ave ADT = Average ADT ., in the classification database;
L _.. = Maximum bridge length(ft) in the classification database.

All bridges shall be ranked in order of importance, with the maximum importance value (C..,)
being the most critical bridge in the classification database. After the bridges are ranked in order of
importance, the bridge rank percentile shall be determined. Bridge rank percentile is the percentage
of bridges ranked lower than the bridge being considered and can be obtained by using the following
equation:

Bridge Rank Percentile =  (total number of bridges - current bridge rank)/(total number of

bridges)*100

These rank percentiles shall be used to determine the Importance Classifications:

"critical" bridges are those bridges in the 95th percentile or higher,
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"essential” bridges are those bridges ranked in or above the 65th but below the 95th percentile,

"other" bridges are those bridges ranked below the 65th percentile.

DIVISION I-A COMMENTARY: C3.3

The importance rankings for the complete database are required for this importance classification
method. Once the importance rankings have been developed, they may be used without recalculating
them as long as the NBI Records are not revised. The Engineer shall then only be required to
calculate the Importance Value, C, for new structures and determine their Importance Classification
in the established rankings. For a new structure, an estimated ADT at the time of opening should
be used in the calculation of the importance value, not the design ADT which is usually taken as a
projected 20-year ADT. A projected ADT would not be comparable to existing structures with an
established ADT and therefore skews the results towards all new structures having higher importance

rankings.

If a state has confirmed emergency routes, the importance value, C, could be increased by 10% for
that route. This is not included in the design specifications in order to allow individual states with
specified emergency routes some freedom in adjusting the importance they want to assign to their
emergency routes. An example of a modified importance equation would be as follows:

C = ER *{[(RT ., )(DL oy*N )] + 06(RT N, +
0.25[(ADT,,_/Ave ADT)(L)]°* + RV,,.}

where:
ER = 1.1 for confirmed emergency route
1.0 for others

If an owner has a method to rank bridges for seismic importance but does not have a method to
assign the "critical", "essential", and "other" classifications, the bridge rank percentiles in the design
specification may be used with the existing seismic importance rankings to determine the Importance
Classifications.

3.4 SEISMIC PERFORMANCE CATEGORIES

Each bridge shall be assigned to one of four Seismic Performance Categories (SPC), A through
D, based on the Acceleration Coefficient, A, and the Importance Classification (Ic), as shown in
Table 3.4. Minimum analysis and design requirements are governed by the SPC.

The product of the Acceleration Coefficient, A, and the Importance Classification, I, is only
used to determine the SPC of a structure. The actual Acceleration Coefficient, A, shall be used in

all other calculations.



TABLE 3.4 Seismic Performance Category (SPC)

l SPC Range of I A
*A I.A <0.09
B 0.09 <I.A <019
C 0.19 <I.A €029
**D 029 <I.A
* For "critical" bridges (I, = 1.2), I A > 0.09
** For "other" bridges (I. = 1.0), IA < 0.29

DIVISION I-A COMMENTARY: C3.4

The product 1A has a maximum value of 0.29 for "other” bridges. This maximum value is used
to prevent an "other" bridge from being assigned to SPC D. This corresponds to the requirements
of the AASHTO Sixteenth Edition of the Standard Specification of Highway Bridges, Division I-A.

The product I.A has a minimum value of 0.09 for "critical” bridges. This minimum value is used
to prevent a "critical” bridge from being assigned to SPC A.
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APPENDIX F
PROPOSED REVISIONS TO LRFD SECTIONS 3.10.3
AND (C3.10.3 WITH CUSTOMARY U.S UNITS

This appendix provides the suggested revision of LRFD Sections 3.10.3 and C3.10.3 in customary U.S.
units. If these articles are adopted, new definitions and references must be added to the notation

and reference lists in LRFD Section 3.
3.10.3 Importance Categories

For the purpose of Article 3.10, the Owner
shall classify bridges into one of three
importance categories taken as:

® critical bridges,
® essential bridges, or

® other bridges.

The basis of classification shall include
social/survival and security/defense requirements.
Use of Equation 1 shall be considered as
satisfying these requirements. Additional
socioeconomic or emergency route
considerations as deemed appropriate by the
owner may be included in establishing
Importance Classifications. Additional owner
specified socioeconomic factors may also be
implemented similar to emergency routes or by
the use of additional or modified RT,,, and/or
RT,.. factors. When classifying a bridge,
consideration should be given to possible future
changes in conditions and requirements.

Other owner approved methods to classify
bridges as "critical”, "essential" or "other" bridges
may be used. Where such owner approved
methods do not exist, importance classifications
may be determined as specified herein based on
data from the National Bridge Inventory (NBI)
Records: '

C = bridge importance value

C3.103

"Essential” bridges are generally those that
should, as a minimum, be open to emergency
vehicles and for security/defense purposes
immediately after the design earthquake, i.e., a
475-year return period event. However, some
bridges must remain open to all traffic after the
design earthquake and be usable by emergency
vehicles and for security/defense purposes
immediately after a large earthquake, e.g., a
2,500-year return period event. These should be
regarded as "critical” bridges.

The addition and/or modification of "RT" factors
is preferred for socioeconomic factors because it
will increase only the importance contribution of
the route being considered. The emergency
route method given below increases the
contribution of all importance considerations as
apposed to only the route being considered i.e.,
route carried, route crossed, river crossing, etc.

If a state has confirmed emergency routes,
the importance value, C, could be increased by
10% for that route. This is not included in the
design specifications in order to allow individual
states with specified emergency routes some
freedom in adjusting the importance they want
to assign to their emergency routes. An example
of a modified importance equation is:

C = bridge importance value



=[RT, (DL oy N ary )1 HO.6RT N, )

.25
ApT., \ I o
AveADT cross

(3.10.3-1)

+0.25

where:
"carry” indicates the critical route on the bridge;

"cross" indicates the critical route under the
bridge;
RT

carty Factor for nature of route:

1.1 for Interstate Route or Principal
Artery,

0.9 for all other routes including
railroads;

DL Factor representing criticality of
detour length:

1.2 for Detour Lengths > 98 mi,

1.0 for 50 mi < Detour Lengths <
98 mi,

0.9 for 10 mi < Detour Lengths <
50 mi,

0.8 for 3 mi < Detour Lengths < 10
ml’

0.7 for Detour Lengths < 3 mi,

1.0 for bridges carrying railroads;

Z,
il

Factor representing criticality of
traffic congestion:

(ADT_,,/Ave ADT)"%,

0.8 for bridges carrying railroads;

Average Daily Traffic on the bridge;

L E||

Bridge length(ft);

Factor for nature of route:
0.8 for all routes,
0.0 for no route under the bridge;

Z
1l

Factor representing criticality of
traffic congestion:
(ADT,/JAve ADT)%%,
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=ERIIRT,,,, (DL, N., )1+0.6(RT,, N,
+0.25 = *RV,,]

AveADT
(C3.10.3-1)

where:
ER = 1.1 for confirmed emergency route
1.0 for others



RV Ratio of bridge length to longest

- bridge in the database:
Ave ADT=  Average ADT,,, in the
classification database;
L., = Maximum bridge length(ft) in the

classification database.

All of the bridges shall be ranked in order of
importance, with the maximum importance value
(Cy) being the most critical bridge in the
classification database. After the bridges are
ranked in order of importance, the bridge rank
percentile shall be determined as:

Bridge Rank Percentile =

= (total number of bridges - current bridge

rank)/(total number of bridges)*100

(3.10.3-2)

These rank percentiles shall be used to
determine the Importance Classifications:

"critical" bridges are those bridges in the 95th
percentile or higher,

"essential" bridges are those bridges ranked in
or above the 65th but below the 95th
percentile,

"other" bridges are those bridges ranked
below the 65th percentile.

4.7.43.1 Selection of Method (insert before
Table 1)

When determining the minimum analysis
requirements from Table 1, the bridge
importance categories as defined in Article
3.10.3 shall be used.

F-3

The importance rankings for the complete
database are required for this importance
classification method to be used. Once the
importance rankings for the complete database
have been developed, they may be used without
recalculating them as long as the NBI Records
are not revised. The Engineer shall then only
be required to calculate the Importance Value,
C, for new structures and determine their
Importance Classification in the established
rankings. For a new structure, an estimated
ADT at the time of opening should be used in
the calculation of the importance value, not the
design ADT which is usually taken as a
projected 20-year ADT. A projected ADT
would not be comparable to existing structures
with an established ADT and therefore skews
the results towards all new structures having
higher importance rankings.

Bridge rank percentile is the percentage of
bridges ranked lower than the bridge being
considered. If an owner has a method to rank
bridges for seismic importance but does not have
a method to assign the importance classifications,
the bridge rank percentiles may be used with the
existing seismic importance rankings to
determine the importance classifications.






Multidisciplinary Center for Earthquake Engineering Research
List of Technical Reports

The Multidisciplinary Center for Earthquake Engineering Research (MCEER) publishes technical reports on a variety of
subjects related to earthquake engineering 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, Multidisciplinary Center for Earthquake Engineering Research, State University of New York at
Buffalo, Red Jacket Quadrangle, Buffalo, New York 14261. Reports can also be requested through NTIS, 5285 Port Royal
Road, Springfield, Virginia 22161. 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

Formerly the National Center for Earthquake Engineering Research

"First-Year Program in Research, Education and Technology Transfer," 3/5/87, (PB88-134275, A04, MF-
A01).

"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-A01).

"Experimentation Usiné the Earthquake Simulation Facilities at University at Buffalo," by A.M. Reinhomn
and R.L. Ketter, to be published.

"The Syétem 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-AO1). 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 Manipulatioh Program (SMP) - Algebraic Codes for Two and Three Dimensional Finite Element
Formulations," by X. Lee and G. Dasgupta, 11/9/87, (PB88-218522, A0S, MF-A01).

"Instantaneous Optimal Control Laws for Tall Buildings Under Seismic Excitations," by I.N. Yang, A.
Akbarpour and P. Ghaemmaghami, 6/10/87, (PB88-134333, A06, MF-A01). 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. Reinhomn and S.K. Kunnath, 7/20/87, (PB88-134325, A09, MF-A01). 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-AO1). 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 HM. Hwang, 6/15/87, (PB88-134267, A03, MF-A01). 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-A01). 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.X.
Lin, 7/31/87, (PB88-134317, A05, MF-AO1). This report is only available through NTIS (see address given
above).
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NCEER-87-0014

NCEER-87-0015
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

Formerly the National Center for Earthquake Engineering Research

"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-AQ1). 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, A0S, MF-A01). This report is only available through NTIS (see address given above).

"Pipeline Experiment at Parkfield, California," by J. Isenberg and E. Richardson, 9/15/87, (PB88-163720,
AO03, 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-AQ1). 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-AO1).

"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-A0Q1).

"Seismic Damage Assessment of Reinforced Concrete Members," by Y.S. Chung, C. Meyer and M.
Shinozuka, 10/9/87, (PB88-150867, A05, MF-A01). 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-AQ1).

"Proceedings from the Symposiom 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-A01).

*Report on the Whittier-Narrows, California, Earthquake of October 1, 1987," by J. Pantelic and A
Reinhorn, 11/87, (PB88-187752, A03, MF-AO1). 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, A0S, MF-AQ1). 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-
AOD).

"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-A01). 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-AO1).
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NCEER-88-0003
NCEER-88-0004
NCEER-88-0005
NCEER-88-0006

NCEER-88-0007

NCEER-88-0008

NCEER-88-0009

NCEER-88-0010

NCEER-88-0011
: ‘NCEER-88-0012
NCEER-88-0013
NCEER-88-0014
NCEER-88-0015

NCEER-88-0016

NCEER-88-0017

NCEER-88-0018

NCEER-88-0019

Formerly the National Center for Earthquake Engineering Research

"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-AO1). -

"[terative Seismic Analysis of Primary-Secondary Systems," by A. Singhal, L.D. Lutes and P.D. Spanos,
2/23/88, (PB88-213798, A04, MF-AQ1).

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

"Combining Structural Optimization and Structural Control," by F.Y. Cheng and C.P. Pantelides, 1/10/88,
(PB88-213814, A0S, MF-A01).

*Seismic Performance Assessment of Code-Designed Structures," by HH-M. Hwang, J-W. Jaw and H-J.
Shau, 3/20/88, (PB88-219423, A04, MF-AC1). This report is only available through NTIS (see address
given above).

"Reliability Analysis of Code-Designed Structures Under Natural Hazards," by HH-M. Hwang, H. Ushiba
and M. Shinozuka, 2/29/88, (PB88-229471, A07, MF-AO1). 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-AOQ1).

"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 1.G. Tadjbakhsh, 5/18/88, (PB89-122238,
A06, MF-A01). 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-AQ1).

*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-AQ1).

"Parameter Identification and Implementation of a Kinematic Plasticity Model for Frictional Soils,” by J.H.
Prevost and D.V. Griffiths, to be published.

*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. Reinhomn, 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-A01).

"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, A0S, 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-A01).
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NCEER-88-0020

NCEER-88-0021

NCEER-88-0022

NCEER-88-0023

NCEER-88-0024

NCEER-88-0025

NCEER-88-0026

NCEER-88-0027

NCEER-88-0028

NCEER-88-0029

NCEER-88-0030

NCEER-88-0031

NCEER-88-0032

NCEER-88-0033

NCEER-88-0034

NCEER-88-0035

NCEER-88-0036

NCEER-88-0037

Formerly the National Center for Earthquake Engineering Research

"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-AQ1). 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, A0S, MF-A01).

"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-A01).

"Systems Study of Urban Response and Reconstruction Due to Catastrophic Earthquakes,” by F. Kozin and
HK. 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, A0G, MF-AO1).

"Response Analysis of Stochastic Structures,” by A. Kardam, C. Bucher and M. Shinozuka, 9/22/88, (PB89-
174429, A04, MF-A01).

"Nonnormal Accelerations Due to Yielding in a Primary Structure," by D.CK. 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-A01). 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-AQ1).

"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-A01).

"Seismic Response of Pile Foundations," by S.M. Mamoon, P.K. Banerjee and S. Ahmad, 11/1/88, (PB89-
145239, A04, MF-A01).

"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-A01).

"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-A01).

"Optimal Placement of Actuators for Structural Control," by F.Y. Cheng and C.P. Pantelides, 8/15/88,
(PB89-162846, A05, MF-A01).
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NCEER-88-0038

NCEER-88-0039

NCEER-88-0040

NCEER-88-0041

NCEER-88-0042

NCEER-88-0043

NCEER-88-0044

NCEER-88-0045

NCEER-88-0046

NCEER-88-0047

NCEER-89-0001

NCEER-89-0002

NCEER-8%-0003

NCEER-89-0004

NCEER-89-0005

NCEER-89-0006

NCEER-89-0007

Formerly the National Center for Earthquake Engineering Research

"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, A1Q, MF-A01). 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-A01).

"Evaluation of the Earthquake Resistance of Existing Buildings in New York City," by P. Weidlinger and
M. Ettouney, 10/15/88, to be published.

“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, A0S, 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).

"Nonstationary Models of Seismic Ground Acceleration," by M. Grigoriu, S.E. Ruiz and E. Rosenblueth,
7/15/88, (PB89-189617, A04, MF-A01).

"SARCF User's Guide: Seismic Analysis of Reinforced Concrete Frames," by Y.S. Chung, C. Meyer and M.
Shinozuka, 11/9/88, (PB89-174452, A08, MF-AQ1).

"First Expert Panel Meeting on Disaster Research and Planning," edited by J. Pantelic and J. Stoyle,
9/15/88, (PB89-174460, A0S, MF-A01). This report is only available through NTIS (see address given
above).

"Preliminary Studies of the Effect of Degrading Infill Walls on the Nonlinear Seismic Response of Steel
Frames," by C.Z. Chrysostomou, P. Gergely and J.F. Abel, 12/19/88, (PB89-208383, A05, MF-A01).

"Reinforced Concrete Frame Component Testing Facility - Design, Construction, Instrumentation and
Operation," by S.P. Pessiki, C. Conley, T. Bond, P. Gergely and R.N. White, 12/16/88, (PB89-174478,

A04, MF-A01).
"Effects of Protective Cushion and Soil Compliancy on the Response of Equipment Within a Seismically
Excited Building," by J.A. HoLung, 2/16/89, (PB89-207179, A04, MF-A01).

*Statistical Evaluation of Response Modification Factors for Reinforced Concrete Structures,” by H.H-M.
Hwang and J-W. Jaw, 2/17/89, (PB89-207187, A05, MF-A01).

"Hysteretic Columns Under Random Excitation," by G-Q. Cai and Y.K. Lin, 1/9/89, (PB89-196513, A03,
MF-A01).

"Experimental Study of 'Elephant Foot Bulge' Instability of Thin-Walled Metal Tanks," by Z-H. Jia and
R.L. Ketter, 2/22/89, (PB89-207195, A03, MF-A01). '

"Experiment on Performance of Buried Pipelines Across San Andreas Fault," by J. Isenberg, E. Richardson
and T.D. ORourke, 3/10/89, (PB89-218440, A04, MF-A01). This report is available only through NTIS
(see address given above). -

"A Knowledge-Based Approach to Structural Design of Earthquake-Resistant Buildings," by M. Subramani,
P. Gergely, C.H. Conley, J.F. Abel and A.H. Zaghw, 1/15/89, (PB89-218465, A06, MF-AQ1).

“Liquefaction Hazards and Their Effects on Buried Pipelines,” by T.D. ORourke and P.A. Lane, 2/1/89,
(PB89-218481, A09, MF-A01).
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NCEER-89-0008

NCEER-89-0009

NCEER-89-R010

NCEER-89-0011

NCEER-89-0012

NCEER-89-0013

NCEER-89-0014

NCEER-89-0015

NCEER-89-0016

NCEER-89-P017

NCEER-89-0017

NCEER-89-0018

NCEER-89-0019

NCEER-89-0020

NCEER-89-0021

NCEER-89-0022

NCEER-89-0023

NCEER-89-0024

"Fundamentals of System Identification in Structural Dynamics," by H. Imai, C-B. Yun, O. Maruyama and
M. Shinozuka, 1/26/89, (PB89-207211, A04, MF-AO1).

"Effects of the 1985 Michoacan Earthquake on Water Systems and Other Buried Lifelines in Mexico," by
A.G. Ayala and M.J. ORourke, 3/8/89, (PB89-207229, A06, MF-A01).

"NCEER Bibliography of Earthquake Education Materials," by K.EXK. Ross, Second Rev1s1on, 9/1/89,
(PB90-125352, A05, MF-A01). This report is replaced by NCEER-92-0018.

"Inelastic Three-Dimensional Response Analysis of Reinforced Concrete Building Structures (IDARC-3D),
Part I - Modeling,"” by S.K. Kunnath and A.M. Reinhorn, 4/17/89, (PB90-114612, A07, MF-AO1).

"Recommended Modifications to ATC-14," by C.D. Poland and J.O. Malley, 4/12/89, (PB90-108648, A15,
MF-A01).

"Repair and Strengthening of Beam-to-Column Connections Subjected to Earthquake Loading," by M.
Corazao and A.J. Durrani, 2/28/89, (PB90-109885, A06, MF-AQ1).

"Program EXKAIL2 for Identification of Structural Dynamic Systems," by O. Maruyama, C-B. Yun, M.
Hoshiya and M. Shinozuka, 5/19/89, (PB90-109877, A09, MF-A01).

"Response of Frames With Bolted Semi-Rigid Connections, Part I - Experimental Study and Analytical
Predictions,” by P.J. DiCorso, A.M. Reinhorn, J.R. Dickerson, J.B. Radziminski and W.L. Harper 6/1/89,
to be published.

*ARMA Monte Carlo Simulation in Probabilistic Structural Analysis," by P.D. Spanos and M.P. Mignolet,
7/10/89, (PB90-109893, A03, MF-A0Q1).

"Preliminary Proceedings from the Conference on Disaster Preparedness - The Place of Earthquake
Education in Our Schools," Edited by K.E.K. Ross, 6/23/89, (PB90-108606, A03, MF-A01).

"Proceedings from the Conference on Disaster Preparedness - The Place of Earthquake Education in Cur
Schools," Edited by K.EXK. Ross, 12/31/89, (PB90-207895, A012, MF-A02). This report is available only
through NTIS (see address given above).

"Multidimensional Models of Hysteretic Material Behavior for Vibration Analysis of Shape Memory
Energy Absorbing Devices, by E.J. Graesser and F.A. Cozzarelli, 6/7/89, (PB90-164146, A04, MF-AO1).

"Nonlinear ‘Dynamic Analysis of Three-Dimensional Base Isolated Structures (3D-BASIS)," by S.
Nagarajaiah, A.M. Reinhorn and M.C. Constantinou, 8/3/89, (PB90-161936, A06, MF-A01). This report
has been replaced by NCEER-93-0011.

"Structural Control Considering Time-Rate of Control Forces and Control Rate Constraints," by F.Y. Cheng
and C.P. Pantelides, 8/3/89, (PB90-120445, A04, MF-A01).

"Subsurface Conditions of Memphis and Shelby County,” by K.W. Ng, T-S. Chang and H-H.M. Hwang,
7/26/89, (PB90-120437, A03, MF-AOQ1).

"Seismic Wave Propagation Effects on Straight Jointed Buried Pipelines," by K. Elhmadi and M.J.
ORourke, 8/24/89, (PB90-162322, A10, MF-A02).

"Workshop on Serviceability Analysis of Water Delivery Systems,"” edited by M. Grigoriu, 3/6/89, (PB90-
127424, A03, MF-A01).

*Shaking Table Study of a 1/5 Scale Steel Frame Composed of Tapered Members,” by K.C. Chang, J.S.
Hwang and G.C. Lee, 9/18/89, (PB90-160169, A04, MF-A01).
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NCEER-89-0025

NCEER-89-0026

NCEER-89-0027

NCEER-89-0028

NCEER-89-0029

NCEER-89-0030

NCEER-89-0031

NCEER-89-0032

NCEER-89-0033

NCEER-89-0034

NCEER-89-0035

NCEER-89-0036

NCEER-89-0037

NCEER-89-0038

NCEER-89-0039

NCEER-89-0040

NCEER-89-0041

NCEER-90-0001

Formerly the National Center for Earthquake Engineering Research

"DYNAID: A Computer Program for Nonlinear Seismic Site Response Analysis - Technical
Documentation," by Jean H. Prevost, 9/14/89, (PB90-161944, AQ7, MF-AO1). This report is available only
through NTIS (see address given above).

"1:4 Scale Model Studies of Active Tendon Systems and Active Mass Dé.mpers for Aseismic Protection," by
AM. Reinhorn, T.T. Soong, R.C. Lin, Y.P. Yang, Y. Fukao, H. Abe and M. Nakai, 9/15/89, (PB90-
173246, A10, MF-AQ2).

"Scattering of Waves by Inclusions in a Nonhomogeneous Elastic Half Space Solved by Boundary Element
Methods," by P.K. Hadley, A. Askar and A.S. Cakmak, 6/15/89, (PB90-145699, A07, MF-AO1).

"Statistical Evaluation of Deflection Amplification Factors for Reinforced Concrete Structures,” by HH.M.
Hwang, J-W. Jaw and A.L. Ch'ng, 8/31/89, (PB90-164633, A0S, MF-A01).

"Bedrock Accelerations in Memphis Area Due to Large New Madrid Earthquakes,” by HHM. Hwang,
C.H.S. Chen and G. Yvu, 11/7/89, (PB90-162330, A04, MF-A01).

"Seismic Behavior and Response Sensitivity of Secondary Structural Systems," by Y.Q. Chen and T.T.
Soong, 10/23/89, (PB90-164658, A08, MF-A01).

"Random Vibration and Reliability Analysis of Primary-Secondary Structural Systems," by Y. Ibrahim, M.
Grigoriu and T.T. Soong, 11/10/89, (PB90-161951, A04, MF-A01).

"Proceedings from the Second U.S. - Japan Workshop on Liquefaction, Large Ground Deformation and
Their Effects on Lifelines, September 26-29, 1989," Edited by T.D. ORourke and M. Hamada, 12/1/89,
(PB90-209388, A22, MF-A03).

"Deterministic Model for Seismic Damage Evaluation of Reinforced Concrete Structures,” by J.M. Bracci,
AM. Reinhom, J.B. Mander and S.K. Kunnath, 9/27/89, (PB91-108803, A06, MF-A01).

"On the Relation Between Local and Global Damage Indices,” by E. DiPasquale and A.S. Cakmak, 8/15/89,
(PB90-173865, A0S, MF-AQ1).

"Cyclic Undrained Behavior of Nonplastic and Low Plasticity Silts," by A.J. Walker and HE. Stewart,
7/26/89, (PB90-183518, A10, MF-A01).

"Liquefaction Potential of Surficial Deposits in the City of Buffalo, New York," by M. Budhu, R. ‘Giese and
L. Baumgrass, 1/17/89, (PB90-208455, A04, MF-A01).

"A Deterministic Assessment of Effects of Ground Motion Incoherence," by A.S. Veletsos and Y. Tang,
7/15/89, (PB90-164294, AQ3, MF-A01).

"Workshop on Ground Motion Parameters for Seismic Hazard Mapping,” July 17-18, 1989, edited by R.V.
Whitman, 12/1/89, (PB90-173923, A04, MF-A0O1).

"Seismic Effects on Elevated Transit Lines of the New York City Transif Authority," by C.J. Costantino,
C.A. Miller and E. Heymsfield, 12/26/89, (PB90-207887, A06, MF-A01).

"Centrifugal Modeling of Dynamic Soil-Structure Interaction,” by K. Weissman, Supervised by J.H.
Prevost, 5/10/89, (PB90-207879, A07, MF-AQ1).

"Linearized Identification of Buildings With Cores for Seismic Vulnerability Assessment," by K. Ho and
A.E. Aktan, 11/1/89, (PB90-251943, A07, MF-A01).

"Geotechnical and Lifeline Aspects of the October 17, 1989 Loma Prieta Earthquake in San Francisco,” by
T.D. ORourke, HE. Stewart, F.T. Blackbumn and T.S. Dickerman, 1/90, (PB90-208596, A05, MF-AO1).

G-7



NCEER-90-0002

NCEER-90-0003

NCEER-90-0004

NCEER-90-0005

NCEER-90-0006

NCEER-90-0007

NCEER-90-0008

NCEER-90-0009

NCEER-90-0010

NCEER-90-0011

NCEER-90-0012

NCEER-90-0013

NCEER-90-0014

NCEER-90-0015

NCEER-90-0016

NCEER-90-0017

NCEER-90-0018

NCEER-90-0019

Formerly the National Center for Earthquake Engineering Research

"Nonnormal Secondary Response Due to Yielding in a Primary Structure,” by D.C.K. Chen and L.D. Lutes,
2/28/90, (PB90-251976, A07, MF-AO1).

"Earthquake Education Materials for Grades K-12," by K.EK. Ross, 4/16/90, (PB91-251984, A0S, MF-
AO05). This report has been replaced by NCEER-92-0018.

“Catalog of Strong Motion Stations in Eastern North America," by R.W. Busby, 4/3/90, (PB90-251984,
A05, MF-AQ1).

"NCEER Strong-Motion Data Base: A User Manual for the GeoBase Release (Version 1.0 for the Sun3),"
by P. Friberg and K. Jacob, 3/31/90 (PB90-258062, A04, MF-AQ1).

"Seismic Hazard Along a Crude Oil Pipeline in the Event of an 1811-1812 Type New Madrid Earthquake,"
by HH.M. Hwang and C-H.S. Chen, 4/16/90, (PB90-258054, A04, MF-A01).

"Site-Specific Response Spectra for Memphis Sheahan Pumping Station," by HHM Hwang and C.S. Lee,
5/15/90, (PB91-108811, A05, MF-A01).

"Pilot Study on Seismic Vulnerability of Crude Oil Transmission Systems," by T. Ariman, R. Dobry, M
Grigoriu, F. Kozin, M. ORourke, T. ORourke and M. Shinozuka, 5/25/90, (PB91-108837, A06, MF-AO1).

"A Program to Generate Site Dependent Time Histories: EQGEN," by G.W. Ellis, M. Srinivasan and A.S.
Cakmak, 1/30/90, (PB91-108829, A04, MF-A01).

"Active Isolation for Seismic Protection of Operating Rooms," by M.E. Talbott, Supervised by M.
Shinozuka, 6/8/9, (PB91-110205, A05, MF-A01).

"Program LINEARID for Identification of Linear Structural Dynamic Systems,” by C-B. Yun and M.
Shinozuka, 6/25/90, (PB91-110312, A08, MF-AOQ1).

"Two-Dimensional Two-Phase Elasto-Plastic Seismic Response of Earth Dams," by AN. Yiagos,
Supervised by J.H. Prevost, 6/20/90, (PB91-110197, A13, MF-AQ2).

"Secondary Systems in Base-Isolated Structures: Experimental Investigation, Stochastic Response and
Stochastic Sensitivity," by G.D. Manolis, G. Juhn, M.C. Constantinon and A.M. Reinhom, 7/1/90, (PB91-
110320, A0S, MF-AQ1).

"Seismic Behavior of Lightly-Reinforced Concrete Column an& Beam-Column Joint Details,” by S.P.
Pessiki, C.H. Conley, P. Gergely and R.N. White, 8/22/90, (PB91-108795, Al11, MF-A(2).

"Two Hybrid Control Systems for Building Structures Under Strong Earthquakes,” by JN. Yang and A.
Danielians, 6/29/90, (PB91-125393, A04, MF-A0Q1).

"Instantaneous Optimal Control with Acceleration and Velocity Feedback," by J.N. Yang and Z. Li,
6/29/90, (PB91-125401, A03, MF-AO1).

"Reconnaissance Report on the Northem Iran Earthquake of June 21, 1990," by M. Mehrain, 10/4/90,
(PB91-125377, A03, MF-A01).

"Evaluation of Liquefaction Potential in Memphis and Shelby County,"” by T.S. Chang, P.S. Tang, C.S. Lee
and H. Hwang, 8/10/90, (PB91-125427, A09, MF-A01).

*Experimental and Analytical Study of a Combined Sliding Disc Bearing and Helical Steel Spring Isolation

System,” by M.C. Constantinou, A.S. Mokha and A M. Reinhorn, 10/4/90, (PB91-125385, A06, MF-AQ1).
This report is available only through NTIS (see address given above).
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NCEER-90-0020

NCEER-90-0021

NCEER-90-0022

NCEER-90-0023

NCEER-90-0024

NCEER-90-0025

NCEER-90-0026

NCEER-90-0027

NCEER-90-0028

NCEER-90-0029

NCEER-91-0001

NCEER-91-0002

NCEER-91-0003

NCEER-91-0004

NCEER-91-0005

NCEER-91-0006

NCEER-91-0007

Formerly the National Center for Earthquake Engineering Research

"Experimental Study and Analytical Prediction of Earthquake Response of a Sliding Isolation System with a
Spherical Surface," by A.S. Mokha, M.C. Constantinou and A.M. Reinhorn, 10/11/90, (PB91-125419, A05,

MF-AO1). .

"Dynamic Interaction Factors for Floating Pile Groups," by G. Gazetas, K. Fan, A. Kaynia and E. Kausel,
9/10/90, (PB91-170381, A05, MF-A01).

"Evaluation of Seismic Damage Indices for Reinforced Concrete Structures,” by S. Rodriguez-Gomez and
A.S. Cakmak, 9/30/90, PB91-171322, A06, MF-A01).

"Study of Site Response at a Selected Memphis Site," by H. Desai, S. Ahmad, E.S. Gazetas and M.R. Oh,
10/11/90, (PB91-196857, A03, MF-A01).

"A User's Guide to Strongmo: Version 1.0 of NCEER's Strong-Motion Data Access Tool for PCs and
Terminals," by P.A. Friberg and C.A.T. Susch, 11/15/90, (PB91-171272, A03, MF-A01).

"A Three-Dimensional Analytical Study of Spatial Variability of Seismic Ground Motions," by L-L. Hong
and A.H.-S. Ang, 10/30/90, (PB91-170399, A09, MF-AQ1).

"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-A01).

"SARCF-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, A0S, MF-A01).

"Viscous Dampers: Testing, Modeling and Application in Vibration and Seismic Isolation," by N. Makris
and M.C. Constantinou, 12/20/90 (PB91-190561, A06, MF-A01).

"Soil Effects on Earthquake Ground Motions in the Memphis Area,” by H. Hwang, C.S. Lee, K.W. Ng and
T.S. Chang, 8/2/90, (PB91-190751, A05, MF-A01).

"Proceedings from the Third Japan-U.S. Workshop on Earthquake Resistant Design of Lifeline Facilities
and Countermeasures for Soil Liquefaction, December 17-19, 1990," edited by T.D. ORourke and M.
Hamada, 2/1/91, (PB91-179259, A99, MF-A04).

"Physical Space Solutions of Non-Proportionally Damped Systems," by M. Tong, Z. Liang and G.C. Lee,
1/15/91, (PB91-179242, A04, MF-AO1).

"Seismic Response of Single Piles and Pile Groups," by K. Fan and G. Gazetas, 1/10/91, (PB92-174994,
A04, MF-A01).

"Damping of Structures: Part 1 - Theory of Complex Damping," by Z. Liang and G. Lee, 10/10/91, (PB92-
197235, A12, MF-A03).

"3D-BASIS - Nonlinear Dynamic Analysis of Three Dimensional Base Isolated Structures: Part IL" by S.
Nagarajaiah, A M. Reinhorn and M.C. Constantinou, 2/28/91, (PB91-190553, A07, MF-A01). This report
has been replaced by NCEER-93-0011.

"A Multidimensional Hysteretic Model for Plasticity Deforming Metals in Energy Absorbing Devices," by
E.J. Graesser and F.A. Cozzarelli, 4/9/91, (PB92-108364, A04, MF-A01).

"A Framework for Customizable Knowledge-Based Expert Systems with an Application to a KBES for

Evaluating the Seismic Resistance of Existing Buildings," by E.G. Ibarra-Anaya and S.J. Fenves, 4/9/91,
(PB91-210930, A08, MF-AO01).
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NCEER-91-0008

NCEER-91-0009

NCEER-91-0010

NCEER-91-0011

NCEER-91-0012

NCEER-91-0013

NCEER-91-0014

NCEER-91-0015

NCEER-91-0016

NCEER-91-0017

NCEER-91-0018

NCEER-91-0019

NCEER-91-0020

NCEER-91-0021

NCEER-91-0022

NCEER-91-0023

NCEER-91-0024

NCEER-91-0025

Formerly the National Center for Earthquake Engineering Research

"Nonlinear Analysis of Steel Frames with Semi-Rigid Connections Using the Capacity Spectrum Method,"
by G.G. Deierlein, S-H. Hsieh, Y-J. Shen and J.F. Abel, 7/2/91, (PB92-113828, A0S, MF-A01).

*Earthquake Education Materials for Grades K-12," by KEXK. Ross, 4/30/91, (PB91-212142, A06, MF-
AO01). This report has been replaced by NCEER-92-0018. '

"Phasec Wave Velocities and Displacement Phase Differences in a Harmonically Oscillating Pile," by N.
Makris and G. Gazetas, 7/8/91, (PB92-108356, A04, MF-A01).

*Dynamic Characteristics of a Full-Size Five-Story Steel Structure and a 2/5 Scale Model," by K.C. Chang,
G.C. Yao, G.C. Lee, D.S. Hao and Y.C. Yeh," 7/2/91, (PB93-116648, A06, MF-AQ2).

"Seismic Response of a 2/5 Scale Steel Structure with Added Viscoelastic Dampers," by K.C. Chang, T.T.
Soong, S-T. Oh and M.L. Lai, 5/17/91, (PB92-110816, A0S, MF-A01).

"Earthquake Response of Retaining Walls; Full-Scale Testing and Computational Modeling," by S.
Alampalli and A-W.M. Elgamal, 6/20/91, to be published.

*3D-BASIS-M: Nonlinear Dynamic Analysis of Multiple Building Base Isolated Structures,”" by P.C.
Tsopelas, S. Nagarajaiah, M.C. Constantinou and A.M. Reinhorn, 5/28/91, (PB92-113885, A09, MF-AQ2).

"Evaluation of SEAOC Design Requirements for Sliding Isolated Structures," by D. Theodossiou and M.C.
Constantinou, 6/10/91, (PB92-114602, A11, MF-A03).

"Closed-Loop Modal Testing of a 27-Story Reinforced Concrete Flat Plate-Core Building," by H.R.
Somaprasad, T. Toksoy, H. Yoshiyuki and A.E. Aktan, 7/15/91, (PB92-129980, A07, MF-A02).

"Shake Table Test of a 1/6 Scale Two-Story Lightly Reinforced Concrete Building,"” by A.G. El-Attar, R N.
White and P. Gergely, 2/28/91, (PB92-222447, A06, MF-AQ2).

"Shake Table Test of a 1/8 Scale Three-Story Lightly Reinforced Concrete Building," by A.G. El-Attar,
R.N. White and P. Gergely, 2/28/91, (PB93-116630, A08, MF-A02).

"Transfer Functions for Rigid Rectangular Foundations," by A.S. Veletsos, AM. Prasad and W.H. Wu,
7/31/91, to be published.

"Hybrid Control of Seismic-Excited Nonlinear and Inelastic Structural Systems," by JN. Yang, Z. Li and A.
Danielians, 8/1/91, (PB92-143171, A06, MF-A02).

"The NCEER-91 Earthquake Catalog: Improved Intensity-Based Magnitudes and Recurrence Relations for
U.S. Earthquakes East of New Madrid," by L. Seeber and J.G. Armbruster, 8/28/91, (PB92-176742, A06,
MF-A02).

"Proceedings from the Implementation of Earthquake Planning and Education in Schools: The Need for
Change - The Roles of the Changemakers," by K.EXK. Ross and F. Winslow, 7/23/91, (PB92-129998, Al2,
MF-A03).

"A Study of Reliability-Based Criteria for Seismic Design of Reinforced Concrete Frame Buildings,” by
H.HM. Hwang and H-M. Hsu, 8/10/91, (PB92-140235, A09, MF-A(2).

"Experimental Verification of a Number of Structural System Identification Algorithms," by R.G. Ghanem,
H. Gavin and M. Shinozuka, 9/18/91, (PB92-176577, A18, MF-A04).

"Probabilistic Evaluation of Liquefaction Potential," by HH.M. Hwang and C.S. Lee,” 11/25/91, (PB92-
143429, A05, MF-A01).
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NCEER-91-0026

NCEER-91-0027

NCEER-92-0001
NCEER-92-0002

NCEER-92-0003

NCEER-92-0004
~ NCEER-92-0005
NCEER-92-0006
NCEER-92-0007
NCEER-92-0008
NCEER-92-0009
NCEER-92-0010

NCEER-92-0011

NCEER-92-0012
NCEER-92-0013
NCEER-92-0014
NCEER-92-0015

NCEER-92-0016

Formerty the National Center for Earthquake Engineering Research

"Instantaneous Optimal Control for Linear, Nonlinear and Hysteretic Structures - Stable Controllers,"” by
JN. Yang and Z. Li, 11/15/91, (PB92-163807, A04, MF-AQ1).

"Experimental and Theoretical Study of a Sliding Isolation System for Bridges," by M.C. Constantinou, A.
Kartoum, A M. Reinhorn and P. Bradford, 11/15/91, (PB92-176973, A10, MF-AQ3).

"Case Studies of Liquefaction and Lifeline Performance During Past Earthquakes, Volume 1: Japanese Case
Studies," Edited by M. Hamada and T. ORourke, 2/17/92, (PB92-197243, A18, MF-A(4).

"Case Studies of Liquefaction and Lifeline Performance During Past Earthquakes, Volume 2: United States
Case Studies," Edited by T. ORourke and M. Hamada, 2/17/92, (PB92-197250, A20, MF-A04).

"Issues in Earthquake Education,” Edited by K. Ross, 2/3/92, (PB92-222389, A07, MF-AQ2).

"Proceedings from the First U.S. - Japan Workshop on Earthquake Protective Systems for Bridges," Edited
by LG. Buckle, 2/4/92, (PB94-142239, A99, MF-A(6).

*Seismic Ground Motion from a Haskell-Type Source in a Multiple-Layered Half-Space," A.P. Theoharis,
G. Deodatis and M. Shinozuka, 1/2/92, to be published.

"Proceedings from the Site Effects Workshop," Edited by R. Whitman, 2/29/92, (PB92-197201, A04, MF-
A01).

"Engineering Evaluation of Permanent Ground Deformations Due to Seismically-Induced Liquefaction," by
M.H. Baziar, R. Dobry and A-W.M. Elgamal, 3/24/92, (PB92-222421, A13, MF-A03).

"A Procedure for the Seismic Evaluation of Buildings in the Central and Eastern United States,” by C.D.
Poland and J.0. Malley, 4/2/92, (PB92-222439, A20, MF-A04).

"Experimental and Analytical Study of a Hybrid Isolation System Using Friction Controllable Sliding
Bearings," by M.Q. Feng, S. Fujii and M. Shinozuka, 5/15/92, (PB93-150282, A06, MF-A(2).

"Seismic Resistance of Slab-Column Connections in Existing Non-Ductile Flat-Plate Buildings," by A.J.
Durrani and Y. Du, 5/18/92, (PB93-116812, A06, MF-AQ2).

"The Hysteretic and Dynamic Behavior of Brick Masonry Walls Upgraded by Ferrocement Coatings Under
Cyclic Loading and Strong Simulated Ground Motion," by H. Lee and S.P. Prawel, 5/11/92, to be
published.

*Study of Wire Rope Systems for Seismic Protection of Equipment in Buildings," by G.F. Demetriades,
M.C. Constantinou and A M. Reinhorn, 5/20/92, (PB93-116655, A08, MF-A02).

"Shape Memory Structural Dampers: Material Properties, Design and Seismic Testing," by P.R. Witting
and F.A. Cozzarelli, 5/26/92, (PB93-116663, A0S, MF-A01).

*Longitudinal Permanent Ground Deformation Effects on Buried Continuous Pipelines," by M.J. ORourke,
and C. Nordberg, 6/15/92, (PB93-116671, A08, MF-A02).

"A Simulation Method for Stationary Gaussian Random Functions Based on the Sampling Theorem," by M.
Grigoriu and S. Balopoulou, 6/11/92, (PB93-127496, A05, MF-A01).

"Gravity-Load-Designed Reinforced Concrete Buildings: Seismic Evaluation of Existing Construction and

Detailing Strategies for Improved Seismic Resistance,” by G.W. Hoffmann, S.K. Kunnath, A M. Reinhorn
and J.B. Mander, 7/15/92, (PB94-142007, A0S, MF-A02).
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NCEER-92-0017
NCEER-92-0018

NCEER-92-0019

NCEER-92-0020
NCEER-92-0021
NCEER-92-0022

NCEER-92-0023

NCEER-92-0024

NCEER-92-0025

NCEER-92-0026

NCEER-92-0027

NCEER-92-0028

NCEER-92-0029

NCEER-92-0030

NCEER-92-0031

NCEER-92-0032

Formerly the National Center for Earthquake Engineering Research

"Observations on Water System and Pipeline Performance in the Limén Area of Costa Rica Due to the
April 22, 1991 Earthquake," by M. ORourke and D. Ballantyne, 6/30/92, (PB93-126811, A06, MF-A02).

"Fourth Edition of Earthquake Education Materials for Grades K-12," Edited- by K.EK. Ross, 8/10/92,
(PB93-114023, A07, MF-AQ2).

"Proceedings from the Foufth Japan-U.S. Workshop on Earthquake Resistant Design of Lifeline Facilities
and Countermeasures for Soil Liquefaction," Edited by M. Hamada and T.D. ORourke, 8/12/92, (PB93-
163939, A99, MF-E11).

"Active Bracing System: A Full Scale Implementation of Active Control," by A.M. Reinhorn, T.T. Soong,
R.C. Lin, M.A. Riley, Y.P. Wang, S. Aizawa and M. Higashino, 8/14/92, (PB93-127512, A06, MF-A(2).

"Empirical Analysis of Horizontal Ground Displacement Generated by Liquefaction-Induced Lateral
Spreads," by S.F. Bartlett and T.L. Youd, 8/17/92, (PB93-188241, A06, MF-AQ2).

"IDARC Version 3.0: Inclastic Damage Analysis of Reinforced Concrete Structures,” by S.K. Kunnath,
A.M. Reinhorn and R.F. Lobo, 8/31/92, (PB93-227502, A07, MF-A02).

"A Semi-Empirical Analysis of Strong-Motion Peaks in Terms of Seismic Source, Propagation Path and
Local Site Conditions, by M. Kamiyama, M.J. ORourke and R. Flores-Berrones, 9/9/92, (PB93-150266,
A08, MF-A02).

"Seismic Behavior of Reinforced Concrete Frame Structures with Nonductile Details, Part I: Summary of
Experimental Findings of Full Scale Beam-Column Joint Tests,” by A. Beres, R.N. White and P. Gergely,
9/30/92, (PB93-227783, A0S, MF-AQ1).

"Experimental Results of Repaired and Retrofitted Beam-Column Joint Tests in Lightly Reinforced
Concrete Frame Buildings," by A. Beres, S. El-Borgi, R.N. White and P. Gergely, 10/29/92, (PB93-227791,
A05, MF-A01).

"A Generalization of Optimal Control Theory: Linear and Nonlinear Structures,” by J.N. Yang, Z. Li and S.
Vongchavalitkul, 11/2/92, (PB93-188621, A05, MF-AQ1).

*Seismic Resistance of Reinforced Concrete Frame Structures Designed Only for Gravity Loads: Part I -
Design and Properties of a One-Third Scale Model Structure,” by J.M. Bracci, AM. Reinhorn and J.B.
Mander, 12/1/92, (PB94-104502, A08, MF-A02).

"Seismic Resistance of Reinforced Concrete Frame Structures Designed Only for Gravity Loads: Part I -
Experimental Performance of Subassemblages,” by L.E. Aycardi, J.B. Mander and A M. Reinhom, 12/1/92,
(PB94-104510, A08, MF-A(2).

"Seismic Resistance of Reinforced Concrete Frame Structures Designed Only for Gravity Loads: Part III -
Experimental Performance and Analytical Study of a Structural Model,"” by J.M. Bracci, A.M. Reinhorn and
J.B. Mander, 12/1/92, (PB93-227528, A09, MF-A01).

"Evaluation of Seismic Retrofit of Reinforced Concrete Frame Structures: Part I - Experimental
Performance of Retrofitted Subassemblages,” by D. Choudhuri, J.B. Mander and A M. Reinhorn, 12/8/92,
(PB93-198307, A07, MF-AQ2).

"Evaluation of Seismic Retrofit of Reinforced Concrete Frame Structures: Part II - Experimental

Performance and Analytical Study of a Retrofitted Structural Model,” by J.M. Bracci, A.M. Reinhorn and

J.B. Mander, 12/8/92, (PB93-198315, A09, MF-A03).

"Experimental and Analytical Investigation of Seismic Response of Structures with Supplemental Fluid
Viscous Dampers," by M.C. Constantinou and M.D. Symans, 12/21/92, (PB93-191435, A10, MF-A03).
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NCEER-92-0033

NCEER-92-0034

NCEER-93-0001
NCEER-93-0002
NCEER-93-0003
NCEER-93-0004
NCEER-93-0005
NCEER-93-0006
NCEER-93-0007
NCEER-93-0008
NCEER-93-0009
NCEER-93-0010

NCEER-93-0011

NCEER-93-0012

NCEER-93-0013

NCEER-93-0014

NCEER-93-0015

"Reconnaissance Report on the Cairo, Egypt Earthquake of October 12, 1992," by M. Khater, 12/23/92,
(PB93-188621, A03, MF-A01).

"Low-Level Dynamic Characteristics of Four Tall Flat-Plate Buildings in New '—York City," by H. Gavin, S.
Yuan, J. Grossman, E. Pekelis and K. Jacob, 12/28/92, (PB93-188217, A07, MF-AQ2).

"An Experimental Study on the Seismic Performance of Brick-Infilled Steel Frames With and Without
Retrofit," by J.B. Mander, B. Nair, K. Wojtkowski and J. Ma, 1/29/93, (PB93-227510, A07, MF-A02).

“Social Accounting for Disaster Preparedness and Recovery Planning," by S. Cole, E. Pantoja and V. Razak,
2/22/93, (PB94-142114, A12, MF-A03).

"Assessment of 1991 NEHRP Provisions for Nonstructural Components and Recommended Revisions," by
T.T. Soong, G. Chen, Z. Wu, R-H. Zhang and M. Grigoriu, 3/1/93, (PB93-188639, A06, MF-A02).

"Evaluation of Static and Response Spectrum Analysis Procedures of SEAOC/UBC for Seismic Isolated
Structures,” by C.W. Winters and M.C. Constantinou, 3/23/93, (PB93-198299, A10, MF-A03).

"Earthquakes in the Northeast - Are We Ignoring the Hazard? A Workshop on Earthquake Science and
Safety for Educators," edited by K.EX. Ross, 4/2/93, (PB94-103066, A09, MF-A02).

"Inelastic Response of Reinforced Concrete Structures with Viscoelastic Braces,” by RF. Lobo, JM.
Bracci, K.L. Shen, A M. Reinhorn and T.T. Soong, 4/5/93, (PB93-227486, A0S, MF-AQ2).

"Seismic Testing of Installation Methods for Computers and Data Processing Equipment,” by K. Kosar,
T.T. Soong, K.L. Shen, J.A. HoLung and Y K. Lin, 4/12/93, (PB93-198299, A07, MF-A02).

"Retrofit of Reinforced Concrete Frames Using Added Dampers,"” by A. Reinhorn, M. Constantinou and C.
Li, to be published.

*Seismic Behavior and Design Guidelines for Steel Frame Structures with Added Viscoelastic Dampers,"
by K.C. Chang, M.L. Lai, T.T. Soong, D.S. Hao and Y.C. Yeh, 5/1/93, (PB94-141959, A07, MF-A02).

"Seismic Performance of Shear-Critical Reinforced Concrete Bridge Piers," by J.B. Mander, S.M. Waheed,
M.T.A. Chaudhary and S.S. Chen, 5/12/93, (PB93-227494, A08, MF-AQ2).

"3D-BASIS-TABS: Computer Program for Nonlinear Dynamic Analysis of Three Dimensional Base °
Isolated Structures," by S. Nagarajaiah, C. Li, AM. Reinhorn and M.C. Constantinou, 8/2/93, (PB%4-
141819, A09, MF-A02).

"Effects of Hydrocarbon Spills from an Oil Pipeline Break on Ground Water," by O.J. Helweg and HHM.
Hwang, 8/3/93, (PB94-141942, A06, MF-A02).

"Simplified Procedures for Seismic Design of Nonstructural Components and Assessment of Current Code
Provisions," by M.P. Singh, L.E. Suarez, E.E. Matheu and G.O. Maldonado, 8/4/93, (PB94-141827, A09,
MF-A02).

"An Energy Approach to Seismic Analysis and Design of Secondary Systems," by G. Chen and T.T. Soong,
8/6/93, (PB94-142767, A11, MF-A03).

"Proceedings from School Sites: Becoming Prepared for Earthquakes - Commemorating the Third
Anniversary of the Loma Prieta Earthquake," Edited by F.E. Winslow and K.E.K. Ross, 8/16/93, (PB94-
154275, A16, MF-A02).
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NCEER-93-0016

NCEER-93-0017

NCEER-93-0018

NCEER-93-0019

NCEER-93-0020

NCEER-93-0021

NCEER-93-0022

NCEER-93-0023

NCEER-94-0001

- NCEER-94-0002

NCEER-94-0003

NCEER-94-0004

NCEER-94-0005

NCEER-94-0006

NCEER-94-0007

NCEER-94-0008

NCEER-94-0009

Formerly the National Center for Earthquake Engineering Research

"Reconnaissance Report of Damage to Historic Monuments in Cairo, Egypt Following the October 12, 1992
Dahshur Earthquake," by D. Sykora, D. Look, G. Croci, E. Karaesmen and E. Karaesmen, 8/19/93, (PB%4-
142221, A08, MF-AQ2). -

"The Island of Guam Earthquake of August 8, 1993," by S.W. Swan and S.K. Harris, 9/30/93, (PB%4-
141843, A04, MF-AOQ1).

"Engineering Aspects of the October 12, 1992 Egyptian Earthquake," by A.-W. Elgamal, M. Amer, K.
Adalier and A. Abul-Fadl, 10/7/93, (PB%4-141983, A05, MF-A01).

"Development of an Earthquake Motion Simulator and its Application in Dynamic Centrifuge Testing,” by
L Krstelj, Supervised by J.H. Prevost, 10/23/93, (PB94-181773, A-10, MF-A03).

"NCEER-Taisei Corporation Research Program on Sliding Seismic Isolation Systems for Bridges:
Experimental and Analytical Study of a Friction Pendulum System (FPS)," by M.C. Constantinou, P.
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