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ABSTRACT

Recent natural extreme events have heightened awareness of the vulnerability of highway
infrastructure. Thus, even though New York State is one of the regions with low to moderate
seismic activity, realizing that bridge infrastructure may be severely impacted if NYS
experiences a low probability medium to severe intensity earthquake, the NYS Department of
Transportation (NYSDOT) is developing an earthquake response plan for managing bridge
inspections in the aftermath of such an event. This paper will give a brief synopsis of the
guidelines under development. It is anticipated that regional NYSDOT engineers will rely on
USGS Earthquake Notification System (ENS) for earthquake notifications when their area
experiences an earthquake of a magnitude equal to or greater than M3.5. The Earthquake
Response Plan calls for an immediate preliminary bridge damage assessment along priority
routes to determine if they are safe for use. Subsequent special post-earthquake bridge
inspections, conducted by professional engineers, will be prioritized based on their proximity to
the epicenter, criticality of the structure, seismic vulnerability of its details, and consequence of
failure. The planned level of response will be in proportion to the severity of ground shaking by
using a larger radius of concern, level of effort, and the number of bridges to be inspected for

increasingly stronger earthquakes.
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Introduction

For a long time, NY, and many other states where the probability of earthquakes and the
magnitudes associated with them were low, did not design their bridges specifically for seismic
loads. (In most cases, seismic loading does not control the bridge design in these states.) Even
in California, it wasn’t until the 1970’s that modern earthquake engineering principles were
applied. Since the average highway bridge in the US is 43 years old (45 yrs for NYS highway
bridges), many of these structures may not meet current seismic design standards. In addition,
over the course of a bridge’s service life, corrosion and fatigue may have reduced its capacity to

resist loads, especially lateral loads so often associated with seismic events.

Earthquake History in NYS

Although earthquakes that occurred in NYS are rare enough that current residents may
only remember one or two mild ones, stronger earthquakes have indeed occurred in the past. In
1884, New York City (NYC) saw a M5.5 earthquake; damage was slight, possibly because the
city was not built up as it is today. According to USGS, 16 seismic events were recorded in New
York State between 1974 and 2003 with a magnitude > 3.5 (USGS, 2009).

A damaging earthquake could have a severe impact on the safety and functionality of the
highway system. The NYC metropolitan area is a particular area of concern, as noted by the
New York City Area Consortium for Earthquake Loss Mitigation -- “although NYC is a region
with low seismic hazard (infrequent damaging earthquakes), it actually has high seismic risk
because of its tremendous assets, concentration of buildings, and the fragility of its structures,
most of which haven’t been seismically designed.” (NYCEM, 2003). Furthermore, bridges, the
most vulnerable component of the highway system, are essential for efficient emergency

response and after-event recovery.

Bridge Safety Assurance

About 20 years ago, NYSDOT established a pro-active Bridge Safety Assurance (BSA)
program to classify and rank its bridges based on a study of risk analysis. The potential failure

modes considered, based on this analysis, include overload, collision, scour, steel details,



concrete details, and earthquakes = The BSA Program’s vulnerability ratings supplement the
inspection program’s condition ratings to provide a better measure of a bridge’s degree of risk
(potential for failure and the consequence). This information is used to mitigate risk by making

programming prioritizations and resource allocations during bridge management activities.

While the BSA Program helps improve the resiliency of NY’s highway network, it is still
necessary to be prepared for extreme events due to the potential consequences associated with
them. Since NY, like most other states, has lost most structures to scour than any other hazard,
it has already implemented policies and procedures specifically for flooding. The Bridge Flood
Warning Action Plan (NYSDOT-BFWAP 1995) directs staff on how to react and respond to
widespread flooding. The plan described in this paper is under development to complement the
BFWAP by providing hazard-specific guidance for the earthquake scenario.

Earthquake Response Plan

The primary objective of the Earthquake Response Plan (ERP) is to provide a timely
safety and damage assessment of bridges so that appropriate actions can be prioritized and
implemented to protect the traveling public. If damage has occurred, action may include
immediate closure, restriction of traffic to emergency vehicles, flagging for repair, detailed

investigation, or analysis. Figure 1 provides an overview of the process under development.

NYS is divided into eleven regions for NYSDOT transportation management and
administration purposes. Each region is subdivided into residencies. Resident Engineers (RE)
are in charge of most of the operational issues in their residency while Regional Structures
Engineers (RSE) or Regional Bridge Management Engineers are responsible for bridge related
inspection, design, and other activities in their regions. Under the ERP, the RE and the RSE in
the affected area will be responsible for executing the plan. In the case of a widespread event
that affects multiple DOT regions or results in immediate reports of damage, or if the magnitude
is M5.5 or above, the plan recommends that the state’s Incident Command System (ICS) be

activated to provide an orderly and well coordinated response.
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Figure 1: Proposed Process Flowchart for Post-Earthquake Damage Assessment Program

Earthquake Notification Service (ENS)

It is anticipated that implementation of the response plan will be triggered by an

electronic alert from the Earthquake Notification Service (ENS) provided by USGS. The ENS



message, usually received within 30 minutes of an event, will contain the earthquake magnitude
(M) and the coordinates of the epicenter. By subscribing to Eastern US notifications above a
certain magnitude level, DOT managers can receive an e-mail and/or cell phone text message
soon after such an event occurs. At this time, ENS is available without charge to any person who
subscribes at www.usgs.gov. Although earthquake intensity (i.e. the effect that is felt) would be
more meaningful than the magnitude (i.e. energy released), this information is not as easily
quantified or readily available. In the absence of an ENS, if an earthquake is felt, reports of
shaking received from the public, or an earthquake with an epicenter outside of NYS causes
shaking within the state, judgment will be applied on which response level to apply. In any case,
the Department reserves the option to ratchet up the intensity of investigation if initial findings

merit.

Tiered Response

Since the post-seismic response should depend on the severity of the seismic event, four
categories have been suggested, the lowest being a discretionary response for minor earthquakes
(Response Level I). Since these unnoticed small earthquakes regularly occur and usually cause
no damage, a threshold level has been set at M 3.5, below which the extent of investigation will
be determined by RSE. During subsequent regular bridge inspections, inspectors will watch for

damage that may have been caused by seismic forces.

Response Levels II - IV have been developed such that a higher magnitude earthquake
will initiate a more intensive response and a wider area of investigation (i.e., radius of concern).
A higher response level also entails a broader scope for bridge inspections. At the highest level,
every bridge within the radius of concern will be inspected as soon as possible in a prioritized
fashion. The radius of concern for a given magnitude is a general guideline for the geographic
region around the epicenter where NYSDOT will focus initial efforts in investigating possible
bridge damage. This is intended to be increased if damage is reported to have occurred beyond

the limits of the predefined radius.



Preliminary Bridge Damage Assessment (PBDA)

If M > 3.5, investigation will begin in the residency where the epicenter is or where the
earthquake was felt. An initial response will be conducted by the RE’s operational staff since
they can be deployed most quickly. They will conduct an initial reconnaissance by driving the
routes in their jurisdiction, giving priority to the most critical routes (as previously defined by
their RE). If a damaged bridge is discovered, they will take appropriate actions to close it
immediately. The purpose of this phase is to quickly assess the extent of damage so that
NYSDOT can execute an appropriate response while informing the public of possible closures
and other relevant information. Thus, this initial phase of the Department’s ERP can be

summarized as Preliminary Bridge Damage Assessment (PBDA).

The primary aim of the PBDA phase is to provide a rapid assessment of structures on
priority state routes to ensure that they are safe and functional and to identify any damaged
structures that need a more detailed bridge inspection by a professional engineer. This
reconnaissance survey will begin with the primary routes on state-owned roads followed by
lesser priority state and local roads. These rapid investigations are intended to be conducted by
NYSDOT operations staff familiar with the residency’s roadways. They will be trained to
observe unusual conditions that might have been caused by the earthquake, typically by walking

the length of the bridge. The overall status will be reported on one line of a form (see Figure 2).
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Figure 2. Sample Suggested Preliminary Bridge Damage Assessment Form



Special Post-Earthquake Bridge Inspection (SPEBI)

Special Post-Earthquake Bridge Inspections (SPEBI) are the second phase of damage

assessment. They will be conducted by qualified bridge inspection personnel dispatched by the

RSE. Team leader of the inspection team will be a professional engineer licensed to practice in

New York State with appropriate bridge related experience and training. SPEBI are prioritized

using information collected from the route reconnaissance, but also based on bridge criticality

and seismic vulnerability. When available, seismic vulnerability ratings (VR) produced under

the Department’s BSA Program can be used. Each SPEBI results in a detailed multiple page

report with photographs of any damage (see Figure 3). These reports will be used for follow-up

action, as recommended by the RSE. Table 1 highlights the differences between the PBDAs and

the SPEBIs.

Table 1: Two Types of Damage Assessment

Type Preliminary  Bridge  Damage | Special Post-Earthquake  Bridge
P Assessment (PBDA) Inspection (SPEBI)
A . Detailed structural and geotechnical inspection of
Objective Route reconnaissance seismically sensitive features and details
All bridges in affected area, starting with | Varies according to earthquake magnitude. See
Scope . :
priority routes flowchart, Figure 1
AcCCess Drive-through with quick stop at each | Bridge inspection vans & special access
bridge equipment if needed
Personnel Operational staff from a Residency A profess1ona1 engineer and supporting bridge
inspection team
Timeframe Im.me.diate Start as soon as possible and continue as
(within hours of the event) necessary
* Determination of the extent of damage | ® Documentation of critical findings as per the
(severity of damage encountered and inspection guidelines
range from epicenter) = Closure of unsafe bridges with structural and/or
* Identification of impassible routes & | safety issues
Outcome traffic bottlenecks = Reopening of bridges that were closed during
= Closure of collapsed or dangerous PBDA, if it is determined that they are safe
bridges * Recommendations for further investigation, if
* Recommendations for SPEBI’s of | warranted
damaged bridges = Repair requests
: PBDA Form (findings, with one line per | ® SPEBI Report for each bridge
Deliverable : . o
bridge) * Daily Summary Report of bridges inspected
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Figure 3. Sample Suggested Form for Special Post-Earthquake Bridge Inspections



Responsibilities

In all cases, the Resident Engineers and the Regional Structures Engineers in the affected
area will be the managers responsible for executing the plan, working with other groups and
management. The RE will be responsible for conducting an initial assessment of damage within
hours of the event. The RSE will use that information along with seismic vulnerability data to
schedule more detailed inspections. The RSE will coordinate follow-up action such as response
to critical findings and remedial work. The RE and RSE will work in their respective areas of
expertise, coordinating their efforts for a coherent overall effort. Obviously, the higher the
earthquake magnitude, the more resources will be needed in order to obtain a good

understanding of the problem in a reasonable amount of time.

These response levels have been suggested using the best information available when this
plan was developed. Since the effect of an earthquake depends on several factors, the
recommended magnitude ranges are considered approximate. After an earthquake, initial reports
and inspection findings can be used for elevating the response level. The RSE will be tasked
with making this judgment working with other technical experts as well as incident reports. A
higher response level will be used if damage is more extensive than anticipated or if it allows a

quicker and more thorough determination of bridge damage.

Conclusions

New York State is one of the regions with low to moderate seismic activity. Even though
the likelihood of a damaging earthquake is remote, consequences could be severe, especially in
urban areas. Realizing that there is value in having an earthquake response plan in place to
mitigate risk, the NYSDOT is developing an earthquake response plan for managing bridge
inspections in the aftermath of such an event. In the absence of nationally accepted standards for
post-earthquake bridge inspection procedures, NYSDOT initiated a research project to develop
the guidelines that are under development and are briefly described in this paper. Though this
procedure is tailored to NYSDOT needs, it may be useful to other highway transportation

agencies with necessary modifications. Key provisions of this plan include:



(1) A carefully constructed ERP that will allow for a quick assessment of system safety and
functionality, followed by progressively comprehensive damage assessments that
consume resources at a level that is proportional to the severity of the event.

(2) Clear lines of responsibility that will help to avoid confusion. The state’s ICS can be
used in any emergency situation but precautionary measures taken for lesser events will
be handled regionally by Department managers.

(3) Forms and detailed procedures to facilitate post-earthquake damage assessments.

Also under development are a) an inspection manual with photographs of bridges that illustrate
the types of earthquake damage that might be encountered, b) a training module geared towards
professional engineers who do not routinely inspect bridges that may have to conduct post-

seismic inspections and c) an algorithm/database for prioritization of bridges requiring inspection.
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