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In-Service
Performance Evaluation

7.1 PURPOSE

As mentioned in Chapter |, in-service performance evaluation (ISPE) is a very important step in the
assessment of the impact performance of a new or extensively modilicd safety feature. The purpose of
in-service performance evaluation is o determine and document the manner in which the safety feature
performs during a broad range of collision, environmental, operational, and maintenance situations for
typical site and traffic conditions. The in-service performance evaluation remains an important fol-
low-up 1o the crash test experiments described in previous chapters, Testing and analysis only partially
assess the efficacy of a leature and a more thorough and in-depth knowledge of the feature is important
to its proper implementation.

Although the crash testing guidelines set forth in this report assure that safety devices function well for
the specified test conditions, there are many unknowns and concerns about the impact performance of
the roadside features under real-world conditions. Differences between field performance and crash test
results can arise due to many factors, including:

* Field impact conditions that are not included in crash test guidelines, such as non-tracking and side
mpacts;

= Site conditions, such as roadside slopes and ditches, that adversely atfect vehicle kinematics
hefore, during, or after impact with the satety device: and

* Sensitivity to installation details, such as soil resistance or barrier Hare configuration.

Therefore, if necessary, conduct an in-service performance evaluation to assess and monitor field per-
formance of roadside safety features, In-service performance evaluation allows user agencies o identity
the overall impact performance of a feature as well as identify potential weaknesses or problems with
the design.

The following sections describe goals and suggested procedures for in-service performance evalua-
tion, However, the random and extremely complex nature of vehicular crashes coupled with resource
limitations of transportation agencics greatly restriet the extent to which these goals can be met and the
procedurcs can be carmied out.
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7.2 OBJECTIVES

The ohjectives of in-service performance evaluation include:

-3

Lad

6.

Demonstrate that design goals are achieved in the field and identify modifications that might im-
prove performance,

Acquire a broad range of collision-performance information on features installed in typical and
special situations. 1t 1s desirable to include information such as exposure data and data on occupant
injuries and vehicular impact conditions from which severity index values could be defined. In ad-
dition to “reported crashes,” a measure of the more numerous brush hits and drive-wway

collisions can be monitored to establish failure/success ratio and collision damage repair costs.

Identifly factors that may compromise or defeat a feature’s performance. Examples of such factors
include vulnerability of the feature to pilferage or vandalism, accelerated corrosion or degradation
of materials due to de-icing salis and other contaminants, and susceptibility damage during snow
plowing or mowing operations.

Examine the influence of climale/environment on collision performance. To be determined are the
effects, if any, of extremes in heat and cold, ice, snow, rain, wind. and dust on the collision pertor-
manee and maintenance of the safety feature,

Examine the influences that the feature may exhibit on other highway conditions that, in naen, may
adversely afTect highway operations and traffic. Such factors to be monitored are tratfic

congestion, change in accident rates or patterns, distuption of surface drainage, or the cause of snow
ar debris buildup.

Acquire routine maintenance information. As a part of this effort, the feature’s design and layout
should be examined for possible modifications that would lower installation, maintenance, and
damage repair costs. Problems encountered during routing maintenance and damage repair should
b documented and reportad. Note that frequency of repair and repair demand (alter Bboth nominal
and severe impacts) are critical factors. Systems that can sustain numerous or severe impacts while
remaining serviceable offer substantially better protection to motorists than those that are rendered
out of service by virtually every impact. This becomes especially critical on high-volume roadways,
on roadways where maintenancee activities canse congestion and increased risks of accidents, and at
problem or high-accident locations. Information of this type can become the primary consideration
in selection of a barrier system for such locations.

7.3 IN-SERVICE PERFORMANCE EVALUATION PROGRAM

Nepending on the questions posed, in-service performance evaluation could involve differcmt
approaches with varying degrees of detail. NCHRP Report 490, In-Service Performance of Traffic

Hurriers, (108) presents one such approach with detailed step-by-step procedures on conduct of an
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in-service performance evaluation. The procedures described m ths report are intended mainly for
evaluation ol a specific roadside feature: however, it can be expanded to inelude continuous monitor-
ing of several types of Teatures as part of a long-term safety management system. This approach utilizes
maintenance forees as the main source of data collection, supplemented by data from police accident
reports, Figure 7-1, reproduced from NCHRP Repore 490, shows the virouws steps of s in-service
performance evaluation process. Detailed procedures for cach of these steps are outlined in the report

wnd will ot be repented heeein,

[nstead, 2 more weneral discussion on the conceprual Tramework of a comprehensive in-service pertor-

mance evaluation is presented herein. The concepual framework covers not only evaluations using the
procedures detailed in NCHRP Report 490, but also other aspects of in-service performance evaluation.
In general, in-service performance eviduation includes two separate. but integrated, programs that

wldress ditferent aspects of in-service performance evaluation:

* peww feature evatluation. and

* continuous monitoring.
More detailed deseriplions of these bwo programs are presented as follows,

7.3.1 NEW FEATURE EVALUATION

While a new or extensively modified leature may have successtully met all evaluation eriteria set forth
in the guidelines, there are sull questions pertaining to its impact performance under actual field condi-
tions, Thus, 1t is iportant to consider the need for evaluating in-service performance as a new featre

15 deploved in order to assure that the system is performing as designed under real-world conditions.

[he in-service performance evaluation of a new or extensively modified feature presents some unique
isstes. First, the number of inital installations is typieally very small for o new feature. Consequently,
the number of crashes imvolving these installations will also be very small. The small sample size
would Timit the statistical significance of the results of the evaluanon, and render 1t more anecdotal and
subjective i nature, To increase the smmple size of crashes, the alternatives are o inerease the number
af mitial installations or inerease the evaluation period. There s a practical limit we the length of the
evaluation period, coo three o five vears, The more logical approach is to inerease the number ot initial
nstallations, However, as discussed previously, a state transportation agency may not want 1o widely
deploy a new feature without any in-service evaluation. This dilemma is best resolved by pooling re-
suurces among state lransportation agencies that are interested in the same feature, Bach agency could
mstall and monitor a small number of intial installations. The results can then be combined to provide
alarger sumple siee, This approach allows the agencies to keep the number of initial installations small

for each state, ver provides a sufficient sample size Tor evaluation.
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Figure 7-1. Flowchart of the In-Service Performance Evaluation Process (108)

Second, other than design drawings and prototype installations for the crash tests, there is no
real-world experience with installing or maintaining the feature, Even with the best designs, it is
reasonable to expect that there will be some unforeseen problems that need to be ironed out with the
initial installations, Thus, ene of the objectives of the in-service performance evaluation for a new
frature 15 to dentify and resolve any problems associated with the installation and maintenance of the
feature.

Ciiven that the true impact performance of a new or extensively modified leature under real-world
conditions is not known, it recommended that in-service performance evaluation ol the lcature be
conducted prior to widespread deployment of the feature,
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The in-service performance evaluation of a new or extensively medified feature should include the

lollowing components:

Installation and maintenance checklist—The checklist includes a list of items related to the con-
struction, installation, snd maintenance of the device, Any wentified problem should be investizated
and documentad, and the information should be torwarded to the designers for appropriate corrective
aetion.

Inventory—The inventory should inelude focation and design detatls of the installations so that the
mlormsiion con be matched o the crash data for evaluation.

Crash monitoring—The monitoring should include both reported and unreported crashes involving
the installations, The crashes are identified trom police notification or accident reperts for reported
crashes and maintenance notification or logs for unreported crashes. For reported crashes, the in-
vestigation should include: obtaining a copy of the police report: visiting the site to document any
avatlable scene evidence, such as tire marks, damage to the installation, final rest pesition, ete.; and
laking photographs ot the siee. For unreported crashes, the investigation will be limited to documen-
tation of the site and system damage.

In-depth investigation—Crashes involving the new feature that resulted in a fatal or serious injury
should be investigated in-depth. In addition to obtaining the police accident report and documenting
the site, the imvalved vehicle should be examined and ¢fforts made 10 reconstruct the crash in terms
ol unpact conBiguration and conditions, 2.g., point of impact, speed, angle, vehicle arientation, cte.,
and to assess the impact performance ol the feature, Le.. whether the device performed as designed
amd, 10 not, whether there are extenuating circumstances,

The results of the in-serviee pertormance evaluation should be summarized in a report which should

include, but not be limited o

Number and locations of installations;

List of problems identified with the construction. installation, and maintenance of the device and
subseyuent remedics,

Freguency and severity of reported and unreparted crashes:

Documentation of vrashes resulting in fatal or serious injuries;

Assessment of in-service performance evaluation of feature; and

Recommended changes or modifications to the design and application of the teature.

7.3.2 CONTINUOQUS MONITORING

Even alter a device has successlully undergone the new feature in-service performance evaluation, a

continuens moniloring system is strongly recommended (o ensure that the device continues to perform

satistactorily and in keeping with changes in field conditions, The continuous monitoring system has

similar components o the new feature evaluation system, including:

Maintenance checlklist,
[ventory,
Crash monitoring, amnd

[n-lepth investigation.
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However the setup of the continuous moenitonng program is very different from that of the new feature
evaluation system, With a new feature, the number of initial installations and the resulting crashes are
expected to be relutively small, Thus, monttoring of the new feature evaluation system is typically
small in scope and can be managed even manually. In comparison, the number of installations and as-
sociated crashes are likely to be much greater with the full-scale deployment of a feature. This provides
a much larger sample size suitable for statistical analysis, Thus, the continuous menitoring system
should be computerized 1o keep it manageable and to minimize manpower requirements.

The continuous monitoring system would consist of the following three subsystems:

= computerized database subsystem,
* supplemental data collecton subswstem, and

* an-depth investigation subsystem,

The backbone of the continuous monitoring system 1s a compulterized database created by merging
the following data files:

* Highway and traffic data—I[rems of interest include such information as: highway type, function-
al class. number of lanes, lane width, shoulder width, average daily tratfie, percent truck, etc.
Maintenance records—There are two general areas of interest regarding the maintenance records.
First, the records are reviewed o dentify problems associated with maintenance ol the device.
Any wdentified problem should be investigated and documented and the information forwarded

ta the designers for appropriate corrective action. Second, the records are compiled to determine
the extent of unreported crashes, which is part of the evaluation of the impact performance ot the
feature.

* Roadside feature inventory data—The inventory data should include location and design details
of the installations so that the information can be matched 1o the crash data for evaluation,

Crash data—Police reported crashes involving the feature of interest are matched to the roadside
fearure inventory data or by location on the highwiy,

The computerized database should be analyzed periodically, ez, annually, for generalized trend
analysis and problem identification. The analyses could be route-specific {i.c.. analyze accident or
maintenance records for all roadside devices on selected sections of highways), device-specific {ie.,
analyze accident or maintenance records for selected devices regardless of highway tvpe), or a combi-
nation of both (L. analyee acctdent or maintenance records for seleeted devices on selected highway
sections), Examples of such analvses may include:

* Frequencyrate and severily of reported crashes and frequency/rate of unreported crashes involving
various roadside [eatures, broken down by year, highway tyvpe/Tunctional ¢lass, raffic volume for
cach district and statewide:

Trend analysis of frequency/rate and sevenity of reported and unreported crashes involving various
roadside features.
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The database can also be used 1o conduct comparalive analysis on an ad hoc basis for selected roadside
salety features and highway sections. Examples of ad hoo comparative vpe of analysis that may be ad-
dressed with this database include:

Comparison of frequency/rate and severity of reported accidents and unreported accidents before and
alier mstallanen of median barriers,

Trend analysis of fequency/rate and severity of reported accidents and unreported aceidents involv-
ing various roadside satety features for specific highway sections.

The supplemental data collection subsystem is intended to supplement the computerized database for
analyses in which the level of detail of the computerized database may not be sufficient, The supple-
mental field collection may include specific data on the selected roadway, roadside, and safety feature
or manual review of hard copies of police accident reports to obtain information otherwise not available
from the computerized database, or both, Studies under the supplemental data collection subsystem

will be conducted on an ad hoc basis for selected roadside saltety features, ¢.g., comparison of impact
performance between different guardrail types as a function of highway tvpe, speed limit, laleral offset,
mounting height, ele.

The in-depth investigation subsystem involves in-depth investigation of selected aceidents, including
reconstruction of the crashes w estimate impact conditions and to assess the performance of roadside
safety fearures. This subsystem will be used in selected studies where the highest level of detail is
deemed necessary, This subsystem requires resources typically bevond what user wgencies have cur-
rently or will have in the foreseeable future, Thus, this subsystem is Likely lmited w ad hoc studies
conducted by outside contractors.

7.4 DISCUSSIONS

While there is no Formal requirement for In-service performance evaluation, it is highly recommended
that some form of an in-service performance evaluation program be implemented, perhaps as part of the
safety management system, NCHRP Report 490 (108) presented detailed procedures for one approach
to the conduct of in-service performance evaluation, The conceptual framework presented above cov-
ers additional aspects and approaches for an in-service performance evaluation program. However, it
should be emphasized that 10 s mtended as a conceptual framework and vser agencies should select the
spectfic aspect or approach that best fits the needs and resowrces of the agency. ldeally, the in-service
performance evaluation program would include both new [eature evaluation and continuous monitoring,
The new feature evaluation system would assess the impact performance and operalional characteristics
of any new or extensively modified feature to make sure that the feature is performing as designed. The
continuous monitoring system would monitor the operational performance of various safety features

in case there are changes in the vehicle fleet or highway operating conditions that adversely affect the
performance of roadside safety features.

Alzo, in today's environment of limited manpower and increased workload, it would be a good idea

pool resources among several states with interest in the same safety features in order to obtain larger
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sample sizes and reduce the workload of individual states. 1t is further recommended that a national
center for in-service performance evaluation be established as a clearinghouse to disseminare the
intformation and to coordinate such eftorts,



