For more information, visist the NDEVC Website at:
http://www.tfhrc.gov/hnr20/nde/home.htm

Reliability of Visual Inspection for
Highway Bridges,
Volume |: Final Report

FHWA-RD-01-020 JUNE 2001

A

US.Department of Transportation
Federal Highway Administration

Research, Development, and Technology
Turner-Fairbank Highway Research Center
6300 Georgetown Pike

McLean, VA 22101-2296


HRTS
 For more information, visist the NDEVC Website at:  http://www.tfhrc.gov/hnr20/nde/home.htm

http://www.tfhrc.gov/hnr20/nde/home.htm

FOREWORD

Since the implementation of the National Bridge Inspection Program in 1971, State
Departments of Transportation have invested significant resources to evaluate the
condition of their bridges. These inspections are primarily conducted within the context
of the National Bridge Inspection Standards that require reporting of bridge conditionin a
standardized format. This standardized format uses a uniform set of condition ratings to
describe the condition of abridge. Key elements of the inspection include the condition
ratings for the deck, superstructure, and substructure of the bridge. The assignment of
condition ratings to elements of the bridge is used to measure bridge performance at the
national level, to forecast future funding needs, to determine the distribution of funds
between States, and to evaluate if a particular bridge renovation project qualifies for
Federal assistance. Obvioudly, the accuracy of the condition ratingsisimportant to
ensure that FHWA programs for funding bridge construction and renovation are equitable
and meet the goal of reducing the number of deficient bridges.

The accuracy and reliability of the inspection process that results in condition ratings for
Highway Bridges has not been researched previously. This report documents the
findings of the first comprehensive study of the inspection process since the adoption of
the National Bridge Inspection Standards. The study provides overall measures of the
reliability and accuracy of bridge inspection, identifies factors that may influence the
inspection results, and determines what procedural differences exist between various
State inspection programs. This report will be of interest to bridge engineers, designers,
and inspectors who are involved with the inspection of our Nation’s highway bridges.

.
.z'(.ll ‘ff'ﬁ"‘"f ;"'"ﬂ f B
T. Paul Teng, P.E.

Director, Office of Infrastructure
Research and Development

NOTICE

This document is disseminated under the sponsorship of the Department of
Transportation in the interest of information exchange. The United States Government
assumes no liability for its contents or use thereof. This report does not constitute a
standard, specification, or regulation.

The United States Government does not endorse products or manufacturers. Trade and
manufacturers’ names appear in this report only because they are considered essential to
the object of the document.
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1. INTRODUCTION

1.1. BACKGROUND

The Visual Inspection (V1) method is the predominant nondestructive evaluation (NDE)
technique used for bridge inspections and serves as the baseline with which many other NDE
technigues may be compared. Since implementation of the National Bridge Inspection Standards
(NBIS), which define the frequency with which each bridge must be inspected and prescribes
minimum qualifications for inspectors, a complete study of the reliability of VI asit relatesto

bridge inspections has not been undertaken.™

Given these facts and the understanding that VI may have limitations that affect its reliability, the
Federal Highway Administration (FHWA) initiated a comprehensive investigation to examine
the reliability of the VI method asiit is currently practiced in the United States. The study
includes aliterature review, survey of bridge inspection agencies, and a series of field inspection
performancetrials. The study was conducted at the Nondestructive Evaluation Validation Center
(NDEVC), anational center for the development and evaluation of NDE technologies.!?

In April 1998, an Industry Expert Panel (IEP), consisting of experts from the aviation, power,
and infrastructure industries, met at the Turner-Fairbank Highway Research Center to discuss the
need for a V1 reliability study and to develop preliminary information related to the reliability of
V1. Theresults of this meeting indicated that a better understanding of the VI of highway
structures is needed. Following the development of a preliminary experimental work plan for
thisinvestigation, a second |EP meeting was held in May 1999 to review the proposed work
plan. Aswith the first IEP meeting, much information was developed and later incorporated into
the final work plan. This report summarizes the work plan and the results obtained from the
study.

1.2. OBJECTIVES
The goal of this study isto examine the reliability of VI of highway bridges. As such, reliability
was studied within the context of its normal application. The American Association of State



Highway and Transportation Officials (AASHTO) Manual for Condition Evaluation of Bridges,

1994 describes five types of bridge inspections.® They are:

Initial Inspection

An Initial Inspection is the first inspection completed on any new bridge. Thereare

two goals of the Initial Inspection: (1) to obtain all required Structure Inventory and
Appraisal data, and (2) to determine the baseline structural conditions and to identify

current or potential problem areas.

Routine Inspection

A Routine Inspection is aregularly scheduled inspection to determine the physical
and functional condition of a bridge and to identify any changes since previous
ingpections. Furthermore, Routine Inspections serve to ensure that a bridge continues
to satisfy al applicable serviceability requirements. Routine Inspections must satisfy
all requirements of the NBIS with respect to frequency and inspector qualifications.
These inspections are generally conducted from deck level, ground or water levels, or

from permanent-access structures.

In-Depth Inspection

An In-Depth Inspection is a close-up, hands-on inspection of one or more members to
identify deficiencies not normally detected during Routine Inspections. These types
of inspections are generally completed at longer intervals than Routine Inspections

and may include the use of more advanced NDE techniques.

Damage Inspection

A Damage Inspection is compl eted to assess structural damage resulting from
environmental or human actions. The scope of each Damage Inspection is unique,
with the general goal of assessing the need for further action.

Specia Inspection
A Specia Inspection is completed to monitor a known defect or condition. Special

Inspections require the person compl eting the inspection be familiar with the severity



and consequences of the deficiency. Special Inspections are generally not sufficient

to satisfy the requirements of the NBIS.

This study focuses on the two most commonly completed inspections. Routine and In-Depth
Inspections. In order to ensure that this study is applicable, the inspection results were studied in
the formsin which they are normally manifested. Specifically, for the Routine Inspections, the
Bridge Inspector’s Training Manual 9Efinitions for the Condition Rating of the deck,
superstructure, and substructure were used.' The Condition Rating system requires that
inspectors assign arating from zero to nine that reflects the structural capacity of a bridge and
describes any structural deficiencies and the degree to which they are distributed. In one
Instance, inspectors were asked to use their own inspection forms to complete a Routine
Inspection. In this case, inspection results may have also been generated in the form of an
element-level inspection. Where appropriate, these results were evaluated with respect to the
guidelines described in the AASHTO Guide for Commonly Recognized (CoRe) Structural
Element$® This guide defines the CoRe elements and describes their use. For the In-Depth
Inspections, the inspection results were evaluated based solely on inspector field notes. These

field notes were areflection of the specific deficiencies that were reported.

There were four specific objectives developed for this study. These objectives are given below
with potential benefits for each.

1. Provide an overall measure of the accuracy and reliability of Routine Inspection, of
which V1 is aprimary component.
Potential Benefits

* Improved confidence levelsrelated to Routine Inspection results.

*  Quantitative measurement of inspector performance.

2. Provide an overall measure of the accuracy and reliability of In-Depth Inspection, of
which VI isaprimary component.
Potential Benefits

» Improved confidence in In-Depth Inspection findings.



*  Quantitative measurement of inspector performance.

3. Study theinfluence of severa key factorsto provide a qualitative measure of their
influence on the reliability of Routine and In-Depth Inspections.
Potential Benefits

* Improved knowledge of bridge inspector performance and the influence of
Inspector characteristics.
» Greater understanding of the influence of the inspection environment on the

accuracy of bridge inspection.

4. Study inspection procedural and reporting differences between States.
Potential Benefits

» Greater understanding of different fundamental approaches to bridge inspection.

* Increased knowledge about inspection procedures.

1.3. SUMMARY OF APPROACH

To accomplish the study objectives, the study consisted of aliterature review, a survey of bridge
inspection agencies, and a series of performance trials using State department of transportation
(DOT) bridge inspectors.

The literature review was completed to build a solid foundation for this study. Thisreview
provided background information related to VI of highway structures, the use of VI in other
industries, the influence of inspection factors on reliability, and information on the training and
selection of bridge inspectors.

The survey of inspection agencies was completed to establish the current state of the bridge
inspection practice. The results of this survey help to ensure that the study would address current

bridge inspection problems and needs.

The largest aspect of the study was a series of performance bridge inspection trials. Forty-nine

State DOT bridge inspectors completed six Routine Inspections, two In-Depth Inspections, and



two inspections following their respective State procedures. Extensive information was collected
about the inspectors and the environments in which they worked. Thisinformation was then

used to determine the existence of any relationships with inspection results.

Thisreport is divided into seven chapters. The literature review is presented in Chapter 2. The
results from the survey of bridge inspection agencies are summarized in Chapter 3. A
description of the experimental program, including the inspection specimens and data collection
procedures, is presented in Chapter 4. Results from the performance trials are summarized in
Chapter 5. A discussion of the findingsis given in Chapter 6. The conclusions and
recommendations are presented in Chapter 7. Supplemental information is given in the

appendicesin Volumelll.






2. LITERATURE REVIEW

A literature review was conducted to collect available information on VI. Many sources were
searched for information, including resources at the FHWA, National Technical Information
Service (NTIS), Nondestructive Testing Information Analysis Center (NTIAC), Federal Aviation
Administration (FAA), Electric Power Research Institute (EPRI), Transportation Research
Board, and the National Cooperative Highway Research Program (NCHRP). In addition,
searches were completed at major universities and on the Internet.

The literature reviewed in this study is not intended to be all-inclusive, but focuses on issues that
are important to establishing a successful V1 investigation. In the following sections, a number
of investigations related to VI are summarized. These are presented under four broad categories:
V1 of highway structures, VI in other industries, factors affecting VI, and issues related to the

selection and training of visual inspectors.

2.1. VISUAL INSPECTION OF HIGHWAY STRUCTURES
There has been little research done on the reliability of VI of highway bridges. This section
summarizes information related to previous studies and the significance of V1, and discusses

proposed methods for improving V1 of highway bridges.

Three previous surveys on the application of NDE to highway structures were identified during
the literature search. The previous surveysincluded a study by Caltrans (California Department
of Transportation); a study by Rens, et a. for the American Association of Railroads; and a
follow-up study by Rens and Transue. These surveys had broad scopes and provided only
limited information related to V1.

In 1994, Caltrans conducted a survey targeted at the State DOTs. Thirty-seven States responded
to thissurvey. The survey asked nine questions about nondestructive testing (NDT), focusing on
what types of tests are used, which corresponding procedures are used, and who performs the
tests.[®



Question 1 of the Caltrans survey asked whether NDT methods were currently used in State
DOT bridge inspection programs. If only VI was used, a note to that effect was requested.
Responses are summarized in table 1 by the technique cited. The Caltrans summary indicated
that 19 of the DOTs responded affirmatively regarding Visual Testing. The remaining 18
responses either were non-specific about which type of NDE was used or indicated specific NDT
techniques other than Visual Testing. These 18 responses were equally divided between these 2
categories. It should be emphasized that while this question asked about NDT use in generdl, it
was assumed that study participants all used VI. However, responses are compiled in terms of
Visual Testing, which isadlightly different concept. The American Society for Nondestructive
Testing (ASNT) reference, ASNT-TC-1A, defines Visua Testing as the use of boroscopes,
microscopes, and other optical devicesto aid V1.1 The more common definition of VI includes
all unaided inspection/evaluation techniques that use the five senses with only very basic tools
(for example, flashlights, sounding hammers, tape measures, plumb bobs, etc.). VI may include
Visual Testing, but many forms of VI are not included within Visual Testing. Confusion
between V1 and Visual Testing is probably the reason that Visual Testing was listed less
frequently than other NDE techniques.

A separate question asked who typically performed the NDT work—engineers or technicians—

and whether the work was ever contracted out: 16 DOTs indicated technicians, 2 DOTSs indicated
engineers, and 17 DOTs indicated both engineers and technicians performed the NDT. In
addition, 20 DOTs indicated that their NDT work was at least partially completed through

outside contracts, although it is not clear if these contracts used engineers or technicians.

Two questions touched on the qualifications of the inspectors with regard to the three
certification levels defined by ASNT. According to ASNT-TC-1A, the Level lll certified
individual is involved in policy-level decisions about the use of his specialty area(s) of'NDT.
Although neither question specifically asked about the use of ASNT Level Il personnel,
information regarding this certification level can be gleaned from the responses. The results

indicate that seven different States used ASNT Level lll certified personnel.



Table 1. Caltrans 1994 NDT Survey: Question 1 — NDT methods currently uséd.

Type Number of Responses (37 total respondents)
Ultrasonic Testing (UT) 26
Penetrant Testing (PT) 25
Visual Testing (VT) 19
Magnetic Particle Testing (MP) 17
Radiographic Testing (RT) 5
Acoustic Emission (AE) 2
Eddy Current Testing (ET) 1

Other questions revealed that 9 of the DOTs were doing research on NDT for steel or concrete
bridges, while 28 indicated that they were not doing any NDT-related research. Also, 18 of the
DOTs felt adequately directed/informed by the FHWA in the use of NDT for bridges. Six
respondents felt adequately informed only part of the time, and 13 did not feel adequately

informed.

In 1993, Rens, et al. completed an international survey, sponsored by the Association of

American Railroads, on general NDE {f8eWhile there was no specific evaluation of VI in this

study, the study did generate relevant information regarding the general use of NDE. The survey
was sent to a total of 58 State DOTs and industry organizations. The return rate was
approximately 90 percent. Table 2 summarizes the findings relative to the general use of NDE in
the United States from the study by Rens, et al. Note that the techniques have been re-ordered by

decreasing order of number of responses.

Table 2. Rens, et al. (1993) responses to U.S. Questioffhaire.

Type Number of Responses (52 total respondents)

Ultrasonic Testing (UT) 36
Magnetic Testing (MT) 21
Dye Penetrant (PT) 13
Rebar Locator (RL) 6
Schmidt Hammer (SH) 6
Radiographic Testing (XR) 6
Eddy Current Testing (ET) 6
Contract out NDE techniques (C) 6
Voltmeter (VM) 4
Do not use NDE techniques (N) 5
Other (O) 7




In 1996, Rens and Transue performed a follow-up survey to the 1993 Rens, et a. survey.#¥ The
same respondents were targeted, with a response rate of 86 percent. Again, this survey had no
specific evaluation of VI, only general NDE use. In this survey, questions were developed to
determine what information the user seeks from the use of NDE, and what bridge components
are deemed difficult to evaluate. Seventy percent of the respondents indicated that bridge decks
were the most difficult bridge component to evaluate. For concrete structures, approximately 74
percent of the respondents used NDE techniques to determine reinforcement details, while for
steel structures, approximately 84 percent of the respondents used NDE to search for crack

|ocation and extent.

Some of the inherent problems with V1 are discussed by Purvisin areport on the inspection of
fracture-critical bridge members.*? Although much of this information may appear to be
obvious, a statement of these facts reinforces their importance. Purvis gives the following

account:

“In most situations the only method available to detect flaws in a bridge member is visual
inspection. It is important to identify the flaws early in the typical crack-development
scenario. If the defect is identified as soon as it can be seen by the inspector, the service

life of the member often has been reduced by more than 80 percent.

The flaw is often very small. The inspector has to be close, to know where to look, and

to recognize the crack when it first becomes visible.”

Purvis’ description of VI, and the important role it plays, clearly exemplifies the need for
accurate and consistent inspections. He further identifies inspector training as one of the keys to

successful VI programs.

As part of a much larger study on the optimization of inspection and repair programs for
highway bridges, Estes describes a program implemented by the Colorado Department of
Transportation (CDOT) to improve inspector training and consistéfcEstes notes that

consistency of VI between bridge inspectors does not come naturally and is, in essence, an
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outgrowth of training, quality control, and shared experiences. The CDOT program described by
Estes consists of seven basic parts that, when used in combination, improve the reliability of

each inspector’s visual evaluation of a structure. The components of the CDOT program are:

* A Quality Assurance (QA) inspector conducts unannounced evaluations of each
inspector’s work. The QA inspector performs the inspection without knowledge of
previous inspection results in order to eliminate any bias. Differences between the
two inspections are evaluated and a check on consistency is easily made.

* Inspectors do not inspect the same structures each year. This ensures that inspections
are not completed from within the same “rut” each time.

* Most inspectors have 15 or more years of experience.

* A minimum of 5 years of training is required to become a certified bridge inspector.

* Quarterly meetings between all inspectors are held to “discuss issues, identify
discrepancies, and answer questions.”

* A training program in which new inspectors work side-by-side with more
experienced inspectors is required of all prospective inspectors.

» Definitions have been clarified by CDOT to make them less ambiguous to the field

inspector.

Estes indicates that the inception of this seven-part program has helped CDOT inspections, and

visual evaluations in particular, be performed with a higher level of consistency.

Elevating the quality of inspections is an important part of performing high-quality inspections.
One way to counteract the difficulties associated with VI and to maintain a high level of
inspection quality is by using a system of checks as described by Purvis and by Purvis and

Koretzky!™®>*¥ The two parts of the monitoring system are briefly described below:

Quality control (QC) is the first part of the monitoring system. QC is maintained within a single
organization and consists of team members checking one another’s work. Inspectors “...review
each other’s sketches or descriptions, and they check for consistency of descriptions and

measurements.” Quality assurance (QA) is the second part and is performed by an independent,
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external third party. QA team members assess the quality of inspections previously compl eted
and monitor activities to recommend changes to an established inspection program. The goal of
QA isto ensure that inspections are performed in a manner consistent with established
guidelines. Furthermore, QA servesto review a QC program and to offer suggested courses of

action.

By maintaining an active and appropriate QA/QC program, bridge inspection managers can
ensure that inspections are being completed within established limits. While a successful
QA/QC program does not ensure safety, it can improve consistency and increase the reliability of

inspections.

2.2. VISUAL INSPECTION IN OTHER INDUSTRIES

V1 is an important inspection technique in many industries. The following paragraphs present a
review of selected VI reliability investigations from various industries, including aviation,
electronics, and telecommunications. In addition, information from general VI reliability
Investigations is also presented.

In response to the Aviation Safety Research Act of 1988, the FAA founded the Aging Aircraft
Nondestructive Inspection Validation Center (AANC). An article by Smith and Walter describes
the work of the AANC and indicates that the AANC was created to:™*4

“...develop technologies to help the aviation industry to (1) better predict the effects of
design, maintenance, testing, wear and fatigue in the life of an aircraft; (2) develop
methods for improving aircraft maintenance technology and practices including
nondestructive inspection; and (3) expand general long range research activities

applicable to aviation systems.”

Initial work at the AANC focused on the validation of inspection technologies as applied to
aircraft. Since its inception, the AANC'’s activities have broadened to include activities in other
areas of aircraft structures, including structural integrity analysis, repair assessment, and

composite structure assessment. The AANC has also played a role in fostering cooperation
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between the FAA, airlines, and other air transportation organizations. The AANC hasfilled a
critical void regarding the effectiveness of NDE of aging aircraft fleets.

Recognizing the significance of the VI method, one of the initial tasks of the AANC was to study
the reliability of VI.l*¥ Spencer was charged with this investigation, which is summarized in the
following paragraphs.

When oneinitially considers VI, the visual aspect dominates. The AANC took a broader

approach to what “visual” inspection entails. The explicit definition given by Spencer is:

“Visual Inspection is the process of examination and evaluation of systems and
components by use of human sensory systems aided only by such mechanical
enhancements to sensory input as magnifiers, dental picks, stethoscopes, and the like.
The inspection process may be done using such behaviors as looking, listening, feeling,
smelling, shaking, and twisting. It includes a cognitive component wherein observations
are correlated with knowledge of structure and with descriptions and diagrams from

service literature.”

Similar to much of the literature summarized in this literature review, Spencer reports that most
research related to VI has been aimed more toward visual search. Spencer reports that these
studies have attempted to extrapolate the findings of numerous laboratory experiments to quality

assessment systems in various manufacturing industries.

In Spencer’s VI investigation, 12 inspectors from 4 airlines were asked to complete 10 different
inspection tasks. Data on the inspectors’ performances were collected via a number of different
media types. First, all inspector activities were videotaped from strategic viewpoints. Second,
experimenters took detailed notes regarding both the inspection environment and the inspector’s
activities. In addition, background data were gathered for each inspector for quantification of

inspector attributes. The following paragraphs briefly summarize Spencer’s principal findings.
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There was a significant difference between inspector traits and personalities. Personal data
collected for each inspector included:

e Traning

* Visual acuity

e Age

* Previousaircraft experience

* Education level

» Visual Inspection experience

* Visual Inspection experience by aircraft type

* Visual Inspection training

In addition, data were collected for each inspector concerning their general physical, emotional,
and mental condition before, during, and after testing. The investigation found that each of these
factors appears to have some notable effect on V1 reliability. However, no single or small group

of factors could be identified as being the “key” to VI reliability.

Spencer also found that the quality of performance on one task was not necessarily a predictor of
quality on other tasks. This apparently is related to the fact that the search component, as

opposed to the decision component of the inspection process, was the larger contributing factor.

The four factors identified by Spencer as having the greatest correlation with VI performance
are:

* Use of job cards

» Thoroughness

» Peripheral visual acuity

* General aviation experience

Although these four factors were specifically identified, Spencer also indicates that eliminating

all other factors was not possible.
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Another study of VI operations was performed by Endoh, et a., the focus of which was to

analyze the capability of Japanese airline inspectors.*® During the study, a number of Japanese
inspectors were monitored and their performance was analyzed over a 3-year period. Although

many of Endoh, et al.’s conclusions are applicable only to the VI of aircraft structures, there are
some far-reaching implications. Principally, it was noted that a greater majority of defects were
located when the inspectors had prior knowledge. Although “prior knowledge” is not defined, it
Is assumed that it is either previous inspection experience or the use of previous inspection
reports. Other secondary factors affecting VI accuracy include distance to target, surface

conditions, and crack origin.

A study aimed at understanding and improving VI in general, with specific application to small
integrated circuit inspection, was conducted by Schoonard!*&t Bluring the development of

this investigation, Schoonard, et al. surmised that VI is controlled by three undeniable facts.
First, inspectors try to look at many things at the same time. Second, inspectors are expected to
work very fast. Third, inspectors are not very accurate. From these postulates, four experiments
were developed to test the capabilities of industrial inspectors. Based on this research,
Schoonard, et al. offered many suggestions for the improvement of VI of small integrated

circuits, as well as the following general conclusion:

“It is concluded that even if the optimal level is selected for each variable the accuracy of
inspection will not go up dramatically. It appears that if substantial improvement in
human inspection accuracy can occur it will depend upon the study of three basic aspects
of the inspection system: training, inspection procedures, and apparatus (optics, lighting,
etc.).”

An investigation by Jamieson was initiated to study problems occurring during

telecommunication inspectiofg. Inspection performance was measured during two different
inspection operations: electro-magnetic switch inspection and rack wiring inspection. The test
subjects consisted of 24 men, between 19 and 52 years old, and 54 men, between 23 and 60 years
old, respectively. Jamieson concluded that older test subjects generally performed better and the

VI of telephone racks was more reliable when the inspection was done separately from

15



production operations. In addition, when judgments were made purely from visual stimuli, there
were significantly more errors than when bi-sensory cues were required. Furthermore, the one
management factor seen to most affect inspection reliability was the lack of a clear definition of
tolerance limits for discerning defects. When limits were not clearly defined, inspectors had to

rely on their own judgment, which tended to cause greater variations in inspection quality.

Like many other researchers, Spencer and Schurman found, from areliability study on the
inspection of commercia aircraft, that individual inspector differences are amajor factor in
determining inspection quality.!*® Furthermore, the inspection environment was also seen to
influence inspection accuracy. However, no single quality or set of qualities could be identified
as being aprincipal source of error. Rather, the sum total of all factors produced identifiable

differences.

As part of alarger investigation to study the capabilities of the mainstream NDE techniques,
Rummel and Matzkahnin evaluated the capability of VI.”? The investigation consisted of visual
Inspections performed on 4.8-mm-diameter bolt holesin compressor disks with service-induced
fatigue cracks of various sizes. The specimens were made of precipitation-hardened stainless
steel with the original rough-polished surface. The results of this portion of the study indicated
that VI had a 90 percent probability of detection of 7.09-mm cracks.

2.3. FACTORSAFFECTING VISUAL INSPECTION

In this section, information on the influence of various factors on V1 reliability is discussed.
Although factors affecting VI vary widely, they can be loosely grouped under afew headings.
Megaw does this after a thorough review of research on the factors believed to affect V/1.[?%
Following a summary of Megaw’s findings, specific work related to the factors affecting VI is

presented.

Megaw outlines a four-category breakdown of the factors that may influence VI accuracy. These
classifications are primarily based on the research that has been conducted on visual
search/inspection. Megaw points out that the classification of factors into one category or

another is somewhat arbitrary as there is much interaction between factors in different categories.
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The four categories that Megaw proposes are:  subject factors, physical and environmental

factors, task factors, and organizational factors. Megaw gives the following listing of factors

falling in each category.

Subject Factors

* Visual acuity
— Static
— Dynamic
— Peripheral
» Color vision

 Eye movement

Physical and Environmental Factors

» Lighting
— General
— Surround luminance

— Lighting for color

— Magnification

— Overlays

Task Factors
* Inspection time
— Stationary
— Conveyor paced
» Paced vs. unpaced
» Direction of movement
* Viewing area

* Shape of viewing area
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Scanning strategies
Age

Experience
Personality

Sex

Intelligence

— Viewing screen

— Closed-circuit TV

— Partitioning of display

— Automatic scanner
Background noise
Music-while-you-work

Workplace design

Density of items

Spatial distribution of items
Fault probability

Fault mix

Fault conspicuity

Product complexity



Organizationa Factors

*  Number of inspectors » Social factors
» Briefing/instructions — General
» Feedback — Isolation of inspectors
* Feedforward — Working in pairs
« Training — Effects on sampling
e Sdection schemes
e Standards * Motivation
o Time-on-task * Incentives
— Rest pauses * Product price information
e Shift - Job rotation

» Sleep deprivation

In order to more closely parallel the factors investigated in this study, factors thought to affect VI
will be grouped in three categories: physical, environmental, and managerial. Research in each

of the categories will be summarized in the following sections.

2.3.1. Physical Factors

Physical factors are those factors that depend on the inspector. There have been a number of
studies focusing on these factors. Factors in this category include visual field, peripheral visual
acuity, vigilance, rest, intelligence, introversion-extroversion, and attitude. The following

paragraphs summarize research in this area.

A study conducted by Johnston attempted to determine the relationship between search
performance of static displays and the size of the visual'fféldo establish this, 5 different
measurements were made on 36 male test subjects: visual acuity by the American Optical Sight
Screener, visual field size by measuring peripheral vision acuity, two search tasks where
inspectors were asked to identify specific visual targets in a group, and the Air Force Speed of
Identification Test. This investigation was developed from previous research that indicated that

when given adequate inspection equipment, the largest improvements in performance could be

18



gained through training in speed of recognition. As aresult, determining which factors affect
search performance has inspector selection and training implications. As anticipated, it was
found that people with relatively large visual fields can find targets with greater speed than
people with relatively small visual fields. Furthermore, it was found that age was not a good
predictor of search performance. The correlation between right-eye visual acuity and search
performance was also found to be minimal. It should be pointed out, however, that the subjects
used in this study were all selected because of their above average visual acuity and
generalization to those with below average visual acuity may not be valid.

Erickson conducted an investigation designed to determine the relationship between peripheral

visual acuity and search time!”¥ Sixteen male subjects between the ages of 23 and 41 performed

searches with three different object densities and two classes of objects. Erickson found that the

subjects’ peripheral acuity and search time scores had significant correlation when the peripheral
visual acuity was measured at 0.063 and 0.084 rad from the visual axis with 16 or 32 objects.
However, when the peripheral acuity was measured at 0.10 rad with 48 objects, the relationship
was not found to be significant.

An investigation by Ohtani concluded that VI is composed of three different types of saccadic
eye movement$? The first, involuntary eye movements, occur when an inspector is tracking a
visible line and the eye deviates from the known path. Second, inspectors will engage in
voluntary eye movement where the eye tracks from point to point without straying off course.
The final type of saccadic eye movement is fixation. During fixation, the inspector focuses on a
single point for an extended period of time without deviation. The possible interaction of these
three types of eye movements illustrates the complexity of all visual tasks.

Many jobs, including some inspection operations, are performed for extended periods of time
without a substantial change in stimulus. As Fox states, “[The] drop in [vigilance] is commonly
referred to as ‘boredom!®! Although the primary reason for registering signals from the
environment is to ascertain what is happening, stimuli are not used solely for that purpose. Part
of the signal is used to stimulate a part of the brain known as the reticular activating system.

This part of the brain determines the degree to which the inspector needs to be alert. Thus, in a
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tedious ingpection environment with little stimulation, an inspector can be bored to the point of
needing to sleep. To illustrate this, Fox briefly describes a study in which a group of highly
motivated radar scanners showed as much as a 70 percent drop in efficiency when their shift
lasted for more than 30 minutes. To combat “boredom”, Fox recommends that additional
artificial stimuli be generated (e.g., background music) to stimulate the reticular activating

system when other significant stimuli are not present.

Poulton summarizes much of the research on the factors affecting vigifnicebrief, the
findings of his investigation indicate that external arousal, or arousing stress, actually increases

performance in vigilance tasks. This is very clearly explained in an example given by Poulton:

“When sonar was first introduced into the Navy during World War Il, the sonar man was
given special treatment in recognition of the importance of his job. He was placed with
his sonar set in a comfortably warm cabin well away from distraction. The lighting in the

cabin was reduced, to enable him to see his sonar display well.

The sonarman knew, as did everyone else on the ship, that their lives depended upon him
detecting an enemy submarine before it launched a torpedo at the ship. Yet in spite of
this, the sonarman was found asleep over his sonar set when the officer of the watch
happened to look into the cabin.

The fall in vigilance induced by having to watch and listen carefully all the time was
facilitated by the isolation, the comfortable warmth, and the low level of lighting. If the

sonarman stuck conscientiously to his job, it was difficult to avoid falling asleep.”
Vigilance is also affected by many other factors beyond those mentioned in this brief excerpt.
However, it seems clear that the operator’s environment must supplement mundane vigilance

tasks with external stimuli. The stimulus can be in many forms.

Similar to Fox’s findings, Poulton notes that physical environments that require the operator to

consciously adjust to the situation add sufficient stimuli to increase vigilance. Evidence to this
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fact has been found by subjecting experiment participants to a 5-Hz vertical vibration while
monitoring vigilance. In the same respect, physical exercise has been found to increase

vigilance.

At the initiation of an investigation by Colquhoun, there had been very little experimental work

done to determine the effect of rest breaks during inspections.?” Colquhoun’s aim was to obtain
factual evidence concerning this by monitoring inspectors while they performed industrial
inspections with and without short rest breaks. The findings were conclusive that the overall
efficiency for the experimental task was high for all subjects, but those inspectors who had a 5-
min rest after the first half hour of inspection showed a markedly increased efficiency in the

second half hour over those without the rest break.

Many studies have found that sleep deprivation impairs performance of signal detection tasks.
Deaton, et al. determined the cause of this performance degradation by using signal detection
theory!®® The principal advantage of this theory is that it provides a means for determining the
causes of impairment. To investigate the source of impairment, Deaton, et al. asked 12 subjects
to perform a vigilance task 3 separate times: during a practice session, after normal sleep, and
after 33 h of sleep deprivation. This setup allowed two important issues to be investigated. First,
the effect of sleep deprivation was easily determined, and second, the deterioration of
performance from the beginning to the end of a session could also be investigated. It was
concluded that the major effect of sleep deprivation was a clear reduction in the intrinsic
capability of the test subjects and not increased caution in decision making. By using signal
detection theory, Deaton, et al. contended that they could prove this while previous researchers
had only been able to speculate. In addition, it was found that a decrease in sensitivity over the
duration of the experiment was present in both the normal sleep and sleep deprived groups.
Although these test results are based on a purely auditory task, the authors indicate that similar
reductions in sensitivity due to sleep deprivation could be expected in other types of vigilance.
Similarly, reductions in performance over time can be expected during the course of other

lengthy vigilance tasks.
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Previous research has demonstrated that there is a positive relationship between target detection

and both field independence and intelligence. A study by Lintern tested the generality of those
relationships.!® It should be pointed out that field independence is defined by Lintern as “the
ability to separate a figure from an embedding context.” Tests were completed by 120 U.S.
Army male personnel under age 35. Testing consisted of test subjects being asked to detect
stationary camouflaged mannequins in a medium-density jungle. Although many previous
studies had concluded that there was a positive relationship between field independence,
intelligence, and target detection, the study by Lintern failed to confirm this. One hypothesis for
this difference is that the Lintern investigation imposed a time constraint on the test subjects that
other investigations had not. Another explanation offered by Lintern is that other investigations
may have used subjects who were relatively high in field independence. If this was the case, test

results may skew further generalizations.

In a review of physical factor research for ultrasonic, in-service inspection, Pond, et al.
acknowledge the applicability of one of the most widely studied personality dimensions—
introversion-extroversio® They also identify some other personality dimensions that should
be included in future studies. These include:

» Field dependence/independence

* Locus of control

* Personality type

* Achievement motivation

Furthermore, they cite that a completely separate set of individual variables exist related to
operator skills and abilities that have a notable affect on VI reliability. In addition, the accuracy
with which an inspector can assess the level of their own skills and abilities, regardless of the
actual level, has also been shown to be a factor. The authors also indicated that there are four
cognitive factors found to result in a 400 percent difference in inspection quality. The four
factors are:

» Development and testing of explicit hypotheses

* Avoidance of premature conclusions

* Application of if-then logic
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* Not disregarding evidence

A study completed by a multi-discipline research team (Mitten, et a.) tried to identify the
principal factors affecting V1 as related to manufacturing inspection.® Of particular
importance, this study found that the most prominent factor affecting VI quality was the attitude
of the inspector. For the inspection task used in thisinvestigation, it was found that the
ingpection rate could be increased by 300 to 400 percent with a considerable improvement in the
quality of the job being done by simply providing a better working environment. In this
Investigation, management was positive that the factor most affecting inspector attitude was the
wage rate. To their surprise, workers were most unhappy with a much simpler aspect of the

work — the chairs.

2.3.2. Environmental Factors

The environmental factors affecting VI are manifested from the object being inspected. There
have been a number of studies that have focused on environmental factors. Some of these
include: task complexity, fault (or flaw) size and number, lighting, and visual noise. The

following paragraphs summarize research in these areas.

Gallwey and Drury conducted an investigation focused on one particular type of visual
inspection task complexity — the number of potential defé@tsThe authors point out that the
number of potential defects is one of the primary differences between laboratory investigations
and actual inspections. As such, early investigations showed that inspections with only a single
defect type gave enhanced defect detection and indicated that the inspection reliability decreases
with each additional fault type. However, it is pointed out that the reliability of inspections with
large numbers of fault types can potentially be increased by allowing longer inspection times.
Gallwey and Drury also noted two other complexity factors that affect inspection reliability. The
first of these is the number of separate points that must be inspected, and the second is the
complexity of the standards by which defects must be measured. Although these issues were
recognized, they were not intended to be the focus of their investigation. For this study, Gallwey
and Drury used 66 subjects to investigate task complexity: 18 industrial inspectors and 48

students. All subjects had 20/20 vision (corrected if necessary) and it was concluded that there
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was no statistical difference between the industrial inspectors and the studentsin so far as this

test was concerned (i.e., differences in performance of actual industrial inspection tasks were not
inferred). From their testing, the investigators found that the number of possible fault types did

have an influence on both speed and accuracy of measurements. Furthermore, it was found that

the decrease in accuracy after increasing the number of fault types from four to six was not as

large as the decrease in accuracy between two and four faults, indicating that although there may

be some continued decrease in accuracy with increased fault-type numbers, the accuracy may

become asymptotic. It was also concluded that the size of the fault had a significant impact on

the search component of VI. For example, as the size of the fault increased from “tiny” (3 mm)
to “huge” (7 mm), the probability of a search error decreased by more than 50 percent.
However, the change in inspection speed was not seen to be as dramatic for the various fault

sizes.

A literature review by Faulkner and Murphy found that a large body of research on lighting for
visual tasks focuses only on the quantity of light.The results of these studies are quite varied.
The authors cite studies indicating that inspection quality continues to increase with light levels
up to 10,800 lux, while others have found that inspection quality plateaus at light levels around
540 lux. Faulker and Murphy also note that very little research has been completed concerning
the quality of light. This was the focus of their investigation. Although direct recommendations
for improving the VI of highway structures are not offered, the authors do describe 17 different
types of lighting systems that inspectors could employ under various conditions. These types of

light include: crossed polarization, polarized light, shadow-graphing, spotlighting, etc.

A study by Mackworth was initiated to determine how a visual detection task was affected by
visual “noise.®®? Twenty test subjects were asked to fixate on a point on a screen. Alphabetic
letters were then flashed on the screen and the test subject was asked to determine if the three
letters, located in predetermined locations, were the same. The testing program considered two
variables. First, the physical proximity of the subject and second, visual “noise” created by
adding extra alphabetic characters on the screen. Mackworth found that although there was

some decline in performance with an increased visual arc, it could be considered negligible.
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However, the addition of visual “noise” significantly decreased performance regardless of the

size of the visual arc.

In an investigation by Sheehan and Drury, a method for combining classification information
using Signal Detection Theory was examiffdd Signal Detection Theory, described previously,

is concerned with the types of information with which an inspector would be confronted. The
inspector must, in basic terms, distinguish between two groups of objects: “good” and “faulty.”
These two groups can be differentiated from each other by various visual signals indicating the
presence or lack of defects. However, the author theorizes that one problem associated with VI
is that the defect signals are not the only signals present. There are three principal types of
extraneous visual signals that are present. The firstis in the form of accumulated dust and
debris. Secondly, surface irregularities that would not be considered defects must be constantly
registered and processed. Finally, random nerve impulses from the nervous system introduce a
set of pseudo-stimuli that must also be processed. These three types of stimuli add to the
complexity of any inspection and are stimuli that must constantly be filtered out of the decision-
making process. Note that visual noise is imposed equally on both the “good” and “faulty”
products. Therefore, the effectiveness of the inspector is dependent on the relative magnitude of
the defect signals compared to the extraneous visual signals. This dependency on relative
magnitudes of signals likens the inspector to a statistical decision maker who must process all
incoming information and make informed, judgment-based decisions. One principal problem
with this discrimination process is that the inspector is expected to formulate and draw a line in
the magnitude of all stimuli to discriminate between “noise” and faulty products. Since each
inspector does this internally, a degree of inconsistency is inherent in VI. To test their theory,
Sheehan and Drury developed a controlled inspection investigation with various numbers and
types of defects to determine the effectiveness of inspection operations. The experimenters also
varied some of the environmental conditions to study the effect of the environment on inspection

effectiveness.
Of particular interest from the Sheehan and Drury investigation is that no difference in inspection

effectiveness could be attributed to learning (i.e., familiarity with the investigation), illumination,

or visual acuity. In addition, the investigators found that the inclusion of either one or two
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defects had no effect on inspection effectiveness. On the other hand, it was determined that prior
knowledge of defect types and inspector age was statistically significant. From these results,

Sheehan and Drury recommend that inspectors be regularly “calibrated” to ensure their correct
assessment of defect stimuli. In addition, greater attention should be paid to the criterion for
discriminating defect stimuli. Finally, they conclude that information regarding all known
potential defect types should be provided to all inspectors so that they are informed as to the

types of defects to be expected.

2.3.3. Management Factors

Managerial factors affecting VI reliability are those factors dependent on the inspection process.
These would include: work duration, inspection time allotted, and social pressures. Literature
on this group of factors is summarized in the following paragraphs.

The goal of an investigation by Noro was to develop and evaluate a method for simultaneously
recording an inspector and the object being inspé®edrhis method was then to be used in an
actual industrial inspection application. The data could then be used to suggest ways to improve
VI accuracy. The monitoring technique basically consists of videotaping an inspection operation
simultaneously from two different angles. The two viewing angles allow both the visual and
tactile search mechanisms to be studied. By simultaneously recording both the eye and hand
movements, Noro was able to ascertain how the two senses work together. Although the system
developed by Noro may have little application in bridge inspection, the suggested improvements
to inspection operations may apply to inspections of all types. Noro’s primary conclusion is that
most inspection errors can be attributed to too little inspection time. On average, when errors in
inspection were observed (either missed flaws or false reports), the inspector spent less time than

when “good” inspections were completed.

As Thomas and Seaborne point out, most, if not all, investigations on the factors affecting
inspection accuracy are completed in the sterile environment of the laboratory and, therefore, the
direct and indirect “social” pressure placed on inspectors is systematically refffouadhis

regard, the inspector is free to set their own expectation levels for performance and results. In

reality, however, there are many forces affecting the performance of the inspector regardless of
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his actual capabilities. Thomas and Seaborne cite as an example the situation where a production
department informs an inspector of what they anticipate the rejection rate will be. Knowledge of
thisinformation may guide an inspector to achieve the anticipated rejection rate regardless of the
quality of the products he is inspecting.

A study by Lion, et a. wasinitiated to determine the effect of a number of factors on asimulated
industrial VI task.®® Among the variablesidentified as possibly affecting VI proficiency are:

» Thevisua display of the materials to be inspected

« Speed

* Rest

* Working singly or in pairs

* Noise

* Environmental conditions

By maintaining a constant inspection environment, keeping the test segments relatively short,
and maintaining a constant rate of inspection, the number of variables was reduced to two:
arrangement of materials and completion of work alone or in the company of others. From their
study, Lion, et al. determined that working with others improves performance of V1 tasks.

2.4, SELECTION AND TRAINING OF VISUAL INSPECTORS

It seems widely thought that one factor affecting V1 proficiency isthe inspector. The proficiency
of the inspector can be reduced to two topics: the initial inspector selection and subsequent
training. Issuesrelated to the selection and training of visual inspectors are presented in the

following paragraphs.

Gallwey developed atest program to determine what types of evaluation tests best predict future
inspector performance.!® He indicates that previous researchers have attempted the same type

of investigation with limited success. Because of the lack of positive correlations, those

researchers have concluded that the selection of inspectors is nothing more than a “crap shoot.”
Gallwey likens this to the training “cart” being in front of the selection “horse.”
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In Gallwey’s experimental program, 10 selection tests were used to evaluate the 66 test subjects
(48 university students, 18 industrial inspectors). The 10 tests are:

* Visual acuity

» Harris Inspection Test

» Eysenck personality inventory

* Questionnaire on mental imagery

» Card sorting

* Intelligence (IQ)

 Embedded Figures Test

» Single-fault type inspection

* Lobe size

* Short-term memory

After being given the selection tests, the subjects were then asked to complete an inspection task.
Using multivariate analysis, Gallwey was able to formulate the following conclusions:
» There was no statistical difference between the university students and the industrial
inspectors.
* The single-fault type test was a good predictor of multiple-fault type tasks.
» VI performance is significantly affected by lobe size.
» For geometrical tasks, the Embedded Figures Test was a good predictor of inspector
performance.
» Inspectors with good mental imagery skills tended to perform more poorly.
* In the absence of other good predictors, the concentration subset of the Wechsler
Adult Intelligence Scale (WAIS) test is a good predictor of performance.
* The Eysenck test of extroversion and the Gordon test of Mental Imagery Control are

also acceptable predictors.
To illustrate the real difficulties in selecting proficient visual inspectors, a study by Tiffin and

Rogers is presentéd The test bed for this investigation was a tin plate plant where 150 female

inspectors assessed the condition of 150 pre-selected sheet specimens. The 150 sheets had been
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previously categorized into those containing no or minor surface blemishes, three classes of
different appearance defects, and sheets with aweight defect. Each subject inspected all 150
plates while being timed. After compilation of the inspection results, each subject was given a
battery of psychological and physical tests for the purpose of determining inspection accuracy
correlations. From the correlation investigation, four factors were found to best correlate with
ingpection accuracy. First, the subjects must have passed a series of visua tests and a vertical
balance test. Second, the inspectors should be at least 1.57 m tall. Third, the inspector should
weigh at least 55 kg, and, finaly, have a minimum amount of hand precision.

The wide use of V1 asthe first-line inspection prompted Riley, et a. to survey and evaluate
sources of VI training that exist in the United States.*! While the intent of the survey was to
identify possible sources of training for aircraft industry personnel, searches were not limited to
that field. While V1 isthe most commonly used type of NDE, common practice has been that V1
is learned concurrently with other NDE techniques or simply from on-the-job experience.
Institutions that identified V1 as a specific objective in this survey were then evaluated further.
From this study, it was found that although many institutionslist VI as a course objective, the
coverage is not sufficient to be considered formal training. In addition, those that did have an in-
depth course on VI were so specialized in their respective fields that outside applicability was

minimal.

Finally, a study completed by Chaney and Teel was initiated to study the effect of training and

visual aids on inspector performance.!*? This study consisted of 27 experienced inspectors

divided into 4 statistically equal groups. Each group was then tested twice. Thefirst test was

completed with only minimal information given to the inspectors. The second test was

completed under different auspices. One group was not atered (i.e., the control group), the

second was given a4-hour training session, the third was given visual aids, and the fourth was

given both the training and visual aids. Four clear findings were outlined: “(a) use of training
alone resulted in a 32 percent increase in defects detected, (b) use of visual aids alone resulted in
a 42 percent increase, (c) use of both resulted in a 71 percent increase, and (d) the performance

of the control group did not change.”
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Although not intended to be all-inclusive, the literature summarized above provided a strong
foundation for the remainder of the investigation. The literature review focused on issues
specifically related to VI in highway structures, V1 in other industries, the influence of factors on
reliability, and issues related to the selection and training of inspectors.
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3. SURVEY OF STATES

The survey of current policies and practices of VI had three main objectives. The first objective
was to compile a state-of -the-practice report for bridge inspection, particularly asit pertainsto
V1. The second objective was to gather information on bridge inspection management and assess
how inspection management may influence the reliability of inspections. The final objective was
to gather data about the current use of NDE technol ogies and to attempt to identify current and
future research needs. The target participants for this survey included State DOTS, county DOTs
from lowa, and select bridge inspection contractors. In general, the same questionnaire was used
for each of the three participant groups. Where slight modifications to the questions were
required, these are discussed in the Survey Results section of this report.

The survey conducted by the NDEV C is described first, including a brief description of the
guestionnaires, target groups, and participation. Survey results are then presented in a question-
by-question format with a short discussion of the results. Finally, a summation is presented
highlighting significant findings from the survey.

3.1. SURVEY PARTICIPATION

Fifty-two surveys were sent to the FHWA State Division Bridge Engineers to be completed in
coordination with the State bridge inspection manager. Forty-two responses were received from

State DOTSs, for aresponse rate of 81 percent. To gain a more complete understanding of bridge
inspection at all levels, and due to the researchers’ familiarity with the lowa county system, the

99 lowa counties were targeted for a county-level questionnaire. Seventy-two county responses
were received, for a response rate of 73 percent. For simplicity, all references to counties,
county responses, or county DOTs (or other similar references) will refer to lowa counties, lowa
county respondents, or lowa county DOTSs (or similar references). Finally, 15 bridge inspection
contractors were targeted for the contractor survey, with 6 responses received (40 percent

response rate). The combined response rate for the three target groups was 72 percent.
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3.2. SURVEY DESCRIPTION

The primary questionnaire developed for this study was targeted toward the State DOTs. This
State questionnaire was subsequently modified and used for both county and contractor surveys.
Asthe county DOTSs are also agencies responsible for bridge inspection and maintenance, only
minor modifications were necessary for two of the questions. More significant modifications
were required for the contractor questionnaire, with most of these modifications related to the
relationship between the consultant and the bridge owner. For reference, the State, county, and
contractor questionnaires are presented in Appendix A in Volumell.

Each questionnaire contained three sections. Section 1 dealt with the composition of the bridge
Inspection team, Section 2 dealt with the possible impact of administrative requirements on V1,
and Section 3 dealt with current and future use of NDE techniques. A total of 24 questions were
asked in the State and county questionnaires, with 7 questions in Section 1, 11 questionsin
Section 2, and 6 questionsin Section 3. The contractor questionnaire used the same basic

format; however, three questions that had no relevance to contractors were removed.

Sample topics for Section 1 included contractor use (and in what situations), the size and
experience of the inspection team, and involvement of registered Professional Engineers as
inspectors. Sample topics for Section 2 included inspection unit size, inspector training
requirements, suggested policy changes, vision testing requirements, and the number of bridges
inspected annually. Sample topics for Section 3 included inspector certifications, overall NDE
techniques used (also those used most frequently), NDE techniques no longer used, and areas for
possible future research.

3.3. SURVEY RESULTS

Results from the questionnaires are presented in a question-by-question format. The questions
are repeated as they were given in the State questionnaire. Notes indicating changes for the
county and contractor questionnaires are also shown. The motivation behind each question and
the response percentages for each question begin each discussion, followed by a summary of the

responses. Where appropriate, comments are also included that highlight specific responses.
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3.3.1. Section 1 - Composition of Bridge Inspection Team for Visual Inspection
This section outlines the seven questions and responses that address the composition of the
bridge inspection team for VI. The goal of this series of questions was to assess factors related

to the individual inspectors performing bridge inspections.

Q1.1. StateDOT: Are your bridge inspections completed by Department of
Transportation (DOT) staff or by outside contractors? (circle one)
Only DOT staff Only Contractors Both DOT staff and Contractors

County DOT: Are your bridge inspections completed by county personnel, State
personnel, or by contractors? (circle one)
County Personnel State Personnel Contractors Blend of three

Contractors. Not asked.

The purpose of this question was to determine the distribution of the different types of inspectors
used by bridge ownersto perform their bridge inspections. A 100 percent response rate was
obtained from both States and counties. Results are presented in figure 1. The State survey
indicates that in more than 90 percent of the cases, both State personnel and contractors perform
inspections (38 responses). Three State DOTs responded that inspections were performed
completely in-house, and one State DOT indicated that contractors were used exclusively. Eight
State respondents provided additional information beyond what was solicited. Seven of these
eight indicated that State personnel were used for the State inspections, but contractors were used
for inspections below the State level. Another State indicated that the different divisions within
the State had the authority to determine contractor use, with some divisions using contractors and

other divisions using State inspectors.

County DOT responsesto this question yielded a different usage distribution. Twenty-four
percent of respondents indicated that only county personnel were used to perform inspections,
while 51 percent indicated that contractors were used. The remaining 25 percent indicated that a
mix of county, State, and contractor personnel were used. Of those indicating a mix of county,
State, and contractor personnel, 14 of 18 further clarified their response to indicate that a specific

combination of county and contractor personnel was used.
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Figure 1. Inspector sourcing.

Q1.2. StateDOT: If the answer to Question Q1.1 is “Both DOT staff and Contractors,”
in what situations are contractors utilized? (mark all that apply)

County DOT: If non-county personnel are used for bridge inspections in Question
Q1.1, in what situations are they involved?(mark all that apply)

Contractors:  What types of bridge inspection services does your company
perform? (mark all that apply)

Answer choices:
Routine Inspections
Fracture-Critical Inspections
Advanced NDE techniques
Complex structures
Structures with complex traffic control situations
Underwater Inspections
Other(please describe below)

The purpose of this question was to determine what situations lead to the use of a contractor to
perform an inspection. All of the State DOT respondents that indicated “Both DOT staff and
Contractors,” also referred to as “partial contractor usage,” answered this question, as did all

county DOT respondents who indicated “Blend of three,” also referred to as “use of outside



assistance” or “partial contractor usage.” Unfortunately, the wording for the county question

was not precise. It was the intent of the question to exclude respondents who used single-source
inspections, either all inspections by county staff or all inspections by contractor. To maintain

the intent of the question, only responses indicating partial contractor usage in Question Q1.1
were considered. Contractors were also asked in what situations their services are used, and all

six responded to this question.

Figure 2 presents a summary of the inspection types used by State DOTs, county DOTSs, and
contractors. Eighty-five percent of the State responses indicated that contractors were used for
Underwater Inspections. In addition, 59 percent, 54 percent, and 67 percent of States responded
that contractors were used for Routine Inspections, Fracture-Critical Inspections, and complex
structures, respectively. Seventy-eight percent of counties and all of the contractors indicated
that contractors were used for Routine Inspections. Fracture Critical Inspections and complex
structures were also listed by 67 percent of counties and 83 percent of contractors. Some of the
differences between State, county, and contractor respondents include the use of contractors in
complex traffic control situations. Eighty-three percent of contractors, while only 39 percent of
States and 6 percent of counties, indicated that contractors were used to inspect in complex
traffic control situations. Another difference observed between State and county responses was
that Underwater Inspections were listed as being performed with contractor assistance by about
half as many counties (44 percent) as States (85 percent). This may have resulted from the
relatively small number of county roads in lowa that use substructures requiring Underwater
Inspections. Some of the “Other” write-in responses listed by multiple respondents included:
contractors used below State level (seven State respondentsiyveable bridges (two State
respondents)ltrasonic testing of hanger pins (two State respondentsyhen behind schedule

(two State respondents), asmbur analysis (two county respondents).
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Figure 2. Inspection situations where partial contractor services are used.

Q1.3. State DOT, County DOT, and Contractors. For thefollowing hypothetical bridge,
how many people would make up afield inspection team (excluding traffic control
personndl), and how much time (in man-hours) would be budgeted?

Twenty-year-old, two-span bridge carrying two-laneroad (medium ADT)
over asmall creek, maximum height above the creek is 20 ft.

Superstructure: Steel, four-girder superstructure (rolled shapes); welded
flange cover plates; concrete deck.

Substructure: Concrete abutments, a single three-column concrete pier (with
pier cap) out of the normal water cour se.

People:
Man-hours;

The purpose of this question was to compare manpower levels and time budgets for a sample
bridge inspection. All State respondents and 90 percent of county respondents answered this
guestion. The average response for the manpower level ranged from 1.8 to 2.2 people. The
average State and county time budgets were 4.8 and 4.2 man-hours, respectively. The average
contractor time budget was 22.3 man-hours, however this estimate probably includes report
preparation time that was probably not included in the State and county estimates. A summary
of responsesis provided in table 3. Note that this table also includes the reported ranges and
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standard deviations of responses, illustrating the organizational differences between individual
DQOTs.

Table 3. Staff budget and man-hours for bridge described in Question Q1.3.

People Man-Hours
Standard Standard
Average Deviation Range Average Deviation Range
State DOT 2.0 0.57 1-4 4.8 3.7 0.5-16
County DOT 1.8 0.69 1-4 4.2 6.1 0.5-32
Contractors 2.2 0.41 2-3 22.3 19.4 4.0-48

Q1.4. State DOT, County DOT, and Contractors. What are the minimum, maximum, and
typical number of personnel that would make up a bridge inspection team
(excluding traffic control personnel)?

Minimum:
Maximum:
Typical:

The purpose of this question was to determine information about the size of the inspection team.

All State and contractor respondents and 93 percent of county respondents answered this

guestion. The State responses ranged between 1 and 13 inspectors. County responses ranged

from one to five inspectors and contractors ranged from two to six inspectors. Five State

respondents and 22 county respondents indicated that their bridge inspection teams would consist

of only one person. The average “Typical’ response from the State DOTs was 2.0 people. The
average “Typical” response for counties was 1.7 people, and for contractors it was 2.5 people. A

summary of the responses is presented in table 4.

Q1.5. State DOT, County DOT, and Contractors. Estimate the per centage of bridge
inspections completed with a registered Professional Engineer (PE) on-site? (circle
one)
0-20% 21-40% 41-60% 61-80% 81-100%
The purpose of this question was to determine the frequency of presence of a registered PE on
site during bridge inspections. All State and contractor respondents and 96 percent of county
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Table4. Minimum, maximum, and typical number of personnel on a bridge inspection team.

Average Average Average

Minimum Minimum Typica Maximum Maximum
State DOT 1 1.6 2.0 39 13
County DOT 1 14 1.7 2.7
Contractors 2 2.2 2.5 55

respondents answered this question. As shown in figure 3, responses were clustered near the
extremes of O to 20 percent and 81 to 100 percent. About 50 percent of the States and counties
indicated a PE was on site for between 0 to 20 percent of inspections. Alternatively, about 25
percent of States and 30 percent of counties indicated that PEs were used on site between 61 and
100 percent of inspections. A much higher percentage of contractors (83 percent) indicated the
use of PEs on site between 81 and 100 percent of the time.
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Figure 3. Inspections completed with PE on site.
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Q1.6. State DOT, County DOT, and Contractors. When a PE isincluded as part of the on-
siteinspection team, what conditions would dictate hig’her presence?

The purpose of this question was to determine under what conditions PEs were used on site
during bridge inspections. Forty-one State respondents, 60 county respondents, and all 6
contractors answered this question. Due to the variability of the 107 write-in responses, some
response fitting was used to present the responses in a series of 10 categories. The grouped
responses are summarized in table 5. For State and contractor respondents, the most frequently
cited condition for having a PE on site was that this was a normal part of the bridge inspection
team (17 responses). In categorizing these data, many responses included comments indicating
that PEs were part of inspection teams by coincidence, thus implying that some inspection teams
in those 17 States may not have PE members. The most frequently indicated response for county
respondents, and the second most frequently indicated response for State respondents, was that
the PE is present to follow-up from a previous Routine Inspection that indicated the need for an

assessment of specific damage or deterioration.

Table 5. Situations causing on-site PE presence.

State DOT County DOT Contractors

A. PE isnorma member of inspection team 17 11 5
B Follow-up from previous Routine Inspection 14 %6 .
" (assess damage/deterioration)
C. Random presence/no special reason given 7 7 —
D. Fracture-Critical Inspection 4 10 —
E. Complex structures 4 5 1
F. Underwater Inspection/Scour Inspection 4 5 —
Critical-condition structure (poor condition, road
G. . 3 13 —
closure considered)
H. Complex NDE 3 — —
Workload permitting/inspections behind
l. 2 2 1
schedule
J. Inspection complexity — 1 1
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Q1.7. State DOT, County DOT, and Contractors: Pleaseindicate the average number of
years of experiencein bridge inspection at each of the following positions. (circlethe
appropriate responses)

Team L eader:

O-5years& PE 5-10 years Morethan 10 years
Other Team Members:
O-5years 5-10 years Morethan 10 years

The purpose of this question was to determine the typical experience level of bridge inspectors.
All State and contractor respondents and 92 percent of county respondents answered this
guestion. Figure 4 shows the distribution for both team leaders and other team members. As
expected, team leaders generally have more experience than other team members. Approx-
imately 10 percent of State and county respondents indicated that their team leaders had an
average of 0to 5 years of experience and a PE license. Three States indicated that, on average,
the other team members had more experience than team leaders. Contractor responses were
generally similar to State and county responses, except that all contractor responses indicated
that the other team members had less than 5 years of experience.
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Figure 4. Y ears of experience for bridge inspectors.
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3.3.2. Section 2 - Impact of Administrative Requirements on Visual Inspection

The following section outlines the 11 questions and responses from Section 2, which assesses the
impact of administrative requirementson VI. The purpose of this series of questions wasto
assess how management decisions affect bridge inspections.

Q2.1. State DOT and County DOT: If additional resources were made available for
bridge inspection, please indicate how you might allocate those additional resources
(for example, increased time per inspection, increased use of NDE methods,
increased use of bridge inventory management software, etc.).

Contractors. Not asked

The purpose of this question was to qualitatively identify the most critical need not being met by
current bridge inspection programs. All State respondents and 58 county respondents answered
this question. Table 6 summarizes findings from this question. As shown in the table, increased
use of NDE and increased personnel were the most frequently cited need areas for additional
resources by State respondents, with 15 responses each. The question may have been dlightly
leading by presenting three sample responses. One of the sample responses for example,
increased use of NDE methods, did, in fact, tie for the most frequent response. The other State
response listed most frequently, increased personnel, was not presented as a sample response,
indicating its relative importance. Similarly, increased equipment (also not a sample response)
was the second most frequently cited need by State respondents, and of these 14 responses, 9

specifically mentioned “snooper” inspection vehicles.

Q2.2. State DOT, County DOT, and Contractors. Approximately how many bridge
inspectorsarein your bridge inspection unit?
1-5 6-10 11-15 16-20 21-25 26-30 31-40 41-50 Morethan 50

The purpose of this question was to determine the size of inspection units. All State and
contractor respondents, and 67 county respondents answered this question. As shown in figure
5, the size of inspection units varies considerably between the three organizational types. County
respondents were generally clustered at the smaller end of the scale (mostly 1-10), while

contractors were only slightly larger (1-20). Surprisingly, two county respondents indicated
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Table 6. Allocation for additional resources.

State DOT County DOT
Increase use of NDE 15 20
Increase personnel 15 6
Increase equipment 14 4
Improvements to Bridge Management System 12 23
Increase time per inspection 10 17
Increase training 5 1
Maintenance improvements 2 —
Remote bridge monitoring 2 2
Improve QA/QC 2 —
Perform inspections in-house 2 —
Inspect “bridges” shorter than 20 ft (6.1 m) — 1
Increase scope of scour surveys — 1
Improve repair recommendations — 1
100%
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80%
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=z 10%
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Figure 5. Number of bridge inspectors in inspection unit.
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that their inspection units had more than 50 inspectors. State respondents indicated that the sizes
of their inspection units were more uniformly distributed, with nearly as many small units as
large units. These distributions make intuitive sense. The lowa counties have land areas that are
generaly similar in size and terrain. Consequently, lowa counties have inspection units of
approximately similar sizes. On the other hand, the land areas of the States vary considerably, as

doesthe local terrain, requiring different sizes of inspection units.

Q2.3. State DOT, County DOT, and Contractors: What type of training do you requir e of
bridge inspectors? (mark all that apply)

Team L eaders:
Associate’s Degree CE Technology
Bachelor’'s Degree CE
Bridge Inspector’s Training Course
Fracture-Critical Inspection Course
Stream Stability Course
Other Training Courseqplease specify)

Other Team Members:
Associate’s Degree CE Technology
Bachelor's Degree CE
Bridge Inspector’s Training Course
Fracture-Ciritical Inspection Course
Stream Stability Course
Other Training Courseqplease specify)

The purpose of this question was to quantify the required types of training for bridge inspectors.

Figures 6 and 7 illustrate the distribution of training requirements for the three participant

groups. All 42 State respondents, 65 of the county respondents, and all 6 contractors answered

this question. Asshown in the figures, the most frequently required form of training was the

Bridge Inspector’s Training Course, required by more than 90 percent of State and county
respondents. In addition, there were more training requirements imposed on team leaders than
on other team members. Further discussion of training and certification is made in Question
Q3.2.
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Q2.4. State DOT, County DOT, and Contractors: Could you suggest any changesin
administrative or inspection procedure or policy that may improve inspection
performance? Explain.

End-users can often provide valuable insight into how to improve the job they are performing.
Therefore, the purpose of this question was to solicit improvements to administrative or
inspection procedures or policies. Thirty-three State respondents, 28 county respondents, and 3
contractors answered this question. The write-in format of this question resulted in awide
variety of responses. Only two topics received more than two responses from any of the target
groups. Six of the State respondents suggested the expansion of the bridge management system
to include the direct electronic incorporation of field data. Five county respondents suggested
that additional resources from the Federal government in the form of funding for contract
Inspectors, personnel, training, and software would improve their inspection process. Table 7
summarizes the compiled list of suggestions from State and county respondents, with the

associated tally of responses.

Q2.5. State DOT, County DOT, and Contractors. Do you test the vision of inspectors (with
correctivelensesif necessary)?
Yes No

Research related to the reliability of VI in other fields, including the Nuclear Power Industry and
the Aviation Industry, indicated that some industries have certification programs for their
ingpectors. One component of these certification procedures often includes avision test. This
guestion attempted to determine whether any highway agencies are using similar methods to
certify the vision of their inspectors. All State and contractor respondents, along with 66 county
respondents, answered this question. None of the contractors indicated that they test the vision
of their employees. Of the 66 county responses, 2 counties indicated that they test the vision of
their inspectors. No information was provided as to what kind of vision test was used. Forty
States indicated that they do not test the vision of their inspectors, while two States indicated that
they did test the vision of their inspectors. These two States volunteered that the vision test
requirement was part of amotor vehicle licensetest. From other questions, it was aso learned
that two other States had certification programs for their inspectors, but specific details on these

programs were not provided beyond the negative response to the vision testing question.
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Table 7. Suggested changes in administrative or inspection procedures or policies.

State DOT County DOT

Bridge Management System (BMS) Issues
Electronic data from inspections w/direct input into BMS 6 —
Require element-level inspection data 1 —
Post bridge repair list on Internet 1 —
Devote more time to inspection and inventory management — 2
Training/Continuing Education Related
Continuing education requirements for team leaders 2 —
Monitor and audit content of NHI course 1 —
Require Bridge Inspector’s Training Course for other team
members
Single-day refresher course — more frequently — 1
Standardize continuing education requirements — 1
I nspection Oper ation/Procedure | mprovements
Better access for inspection in urban areas 2 —
Additional field time by bridge maintenance engineers 1 —
Improved procedures for inspection of prestressed concrete 1 —
Fully documented procedures in a Bridge Inspection Policy
Manual
Regulations for scour (not guidelines) 1 —
4- to 5-year cycle on Fracture Critical members and Special
Inspection of major bridges
Statewide Quality Control 1 —
Summertime inspections 1 —
Mandatory inspections for timber bridges more than 30 years
old
Structure Inventory and Appraisal (SI&A) form changes too
quickly, keep same form for a minimum of 3 to 4 years
More equipment to check scour conditions — 1
Miscellaneous
Pay consultants on a unit basis, not hourly basis 1 —
More Federal money (contract inspections, more personnel,
training, and software) o

— 1

Q2.6. State DOT, County DOT, and Contractors: For a given bridge, are copies of
previousinspection reports made availableto the inspectorsprior to arriving at the
bridge site? (circle one)

Yes No

Q2.7. State DOT, County DOT, and Contractors. Areinspectors permitted to use copies
of previousinspection reportsat the bridge site? (circle one)
Yes No
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The purpose of these two related questions was to gauge the use of previously completed
Inspection reports. Forty-one of the 42 State respondents, 67 of the 72 county respondents, and
all 6 contractors answered these two questions. All respondents indicated that copies of previous
inspection reports were made available both before arrival at the bridge site and at the bridge
site. One State indicated that it allows previous inspection reports to be used in the field, but

does not recommend this practice.

Q2.8. State DOT, County DOT, and Contractors: Who determinesthe order of field
inspection tasks? (mark the most appropriate response)
“Management” provides a checklist to the on-site team to organize the
inspection process.
Individual inspectors on-site set the inspection process.

The purpose of this question was to determine the amount of latitude individual inspectors have

in relation to the on-site inspection process. All State and contractor respondents answered this

guestion, and 65 of the 72 county respondents answered the question. Ninety-one percent of

State respondents indicated that individual inspectors set the inspection process, while only 9

percent indicated that a checklist of tasks was provided by “management.” Similarly, 65 percent
of the county respondents indicated that the individual sets the process, while 35 percent
indicated that a checklist was provided. Eighty-three percent of the contractors indicated that

individuals set the inspection process.

Q2.9. State DOT, County DOT, and Contractors. Approximately how many bridgesare
inspected by your organization each year?

The NBIS generally requires inspections be completed at least every ®ydanis. interval is
sometimes reduced due to suspect structural conditions. Therefore, it was desirable to determine
how many bridges are inspected each year. Forty-one State DOTSs, 68 county DOTSs, and all 6
contractors answered this question. Table 8 presents a summary of average, minimum,
maximum, and total responses. The indicated total number of bridges inspected by the States
each year — 250,000 — appears reasonable. This number is approximately half of the accepted

total number of bridges, which is in excess of 500,000. Since 79 percent of the 52 FHWA
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Table 8. Bridgesinspected each year.

Average Minimum Maximum Total
State DOT 6,300 120 30,000 250,000
County DOT 240 0 3,500 17,000
Contractors 820 30 2,500 3,800

*Bridges inspected in alternate years.

Divisions responded, it would be expected that this total would exceed 200,000 bridges per year
(79 percent of the total number of bridges, multiplied by the number of inspections at each
bridge per year). One possible reason for the 50,000 extra bridges per year is due to increased
inspection frequency. Alternatively, the county total is slightly suspect, since it is anticipated
that there are only about 20,000 secondary road bridgesin lowa!*! With the number of
responses, and atypical inspection frequency of once every other year, it would be expected that
the total response would have been just over 7,000. No States gave any indication that all
Inspections were performed every other year. Five of the county respondents did indicate that

they had all their bridges inspected every other year.

Q2.10. State DOT, County DOT, and Contractors: What measuresdo you havein placeto
assure quality inspections?

The purpose of this question was to compare quality assurance/quality control (QA/QC)
measures used. Forty of the State respondents, 56 of the county respondents, and all 6
contractors answered this question. Again, some response fitting was necessary to compile these
responses, and the 20 broad categories presented in table 9 summarize al the responses. Note
that many responses included multiple items, and each listed item was categorized as a separate
response. Thismultiple listing resultsin atally larger than the number of respondents. The two
most frequent quality measures used by the States were an office review of the inspection reports
(19 QC responses) and an independent field re-inspection program (15 QA responses). Two of
the more novel QA/QC program responses included a rotation program, so that inspectors are
alternated for subsequent inspections at each bridge, and a rating comparison/validation program
where all inspectors within the State rate the same group of bridges to ensure consistency.
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Table 9. Quality measures.

State DOT County DOT Contractors

Quality Control Measures
Office review of inspection reports 19
Rotation of inspectors 5 3
QA/QC program (no specific details) 4 —
Hand-search database for irregularities 2 — —
Require use of inspection manuals and checklists 1 7 2
Training courses 1 7 —
Photographs and written documentation required

to change condition rating

Hire consultant to perform inspections — 10 —
Hire quality employees — 5 —
Bridge Engineer also performs inspections — 2 —
Qualified/Certified inspectors —
Continuing education —
Hire inspectors without fear of heights — — 1
Good communication between client/consultant — — 1

N

Quality Assurance Measures

Field re-inspection program to spot-check team’s
reports

Occasional PE “ride-alongs” and field review of
inspection teams

Annual review by FHWA for NBIS compliance 6

Internal NBIS compliance reviews 5 — —

Regular staff meetings 5

QA/QC program (no specific details) 4

All inspectors inspect common bridge and
discuss results

Q2.11. State DOT and County DOT: Please describe any recent accomplishments of your
bridge inspection program. (For example, an innovative inspector training program,
successful implementation of new NDE technologies, identification of potentially
life-threatening conditions, etc.).

Contractors:. Not asked.

The purpose of this question was to share recent accomplishments of the participants’ bridge

inspection programs. Thirty-three State and 20 county respondents answered this question. Due

to the significant variability of responses, complete responses are compiled in Appendix B in

Volume II. Entries in Appendix B are nearly complete, but name references have been changed
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to preserve anonymity, and responses such as “N/A” or “None” have been omitted. Table 10
summarizes responses grouped into 14 categories. Most of the responses dealt with information
management or bridge management systems (11 responses from each of the State and county

respondents). Descriptions of emergency conditions that had been identified and addressed were
the second most frequently noted accomplishment.

Table 10. Accomplishments of bridge inspection programs.

State DOT County DOT
Bridge Management System-type accomplishments 11 11
(Implementation of Pontis-type system, spreadsheet and
database applications, electronic field data incorporation,
Internet applications of repair lists)

Emergency conditions found and addressed 7 4
Scour surveys 4 2
Training courses/Inspector certification program 4 1
Hanger pin replacement program/NDT of hanger pins 4 —
NDT used for clearance, scour, and depth 3 —

Pile capacity testing/NDT for pile length 2
Proof testing of load-rated bridges 2
Climbing techniques implemented 2
Bridge Inspection Handbook/Guidelines 2

QA/QC program 2 —
New equipment 2 —
Analysis to confirm fracture-critical members 1 —
Back on 2-year cycle 1 —

3.3.3. Section 3— Current and Future Use of NDE Techniques
This section outlines the six questions and responses dealing with the current and future use of

NDE techniques. This section was included to gather general data on NDE use and the need for
future research.

Q3.1. State DOT, County DOT, and Contractors. Do you have any American Society for

Nondestructive Testing (ASNT) Level Il Inspectors on staff{circle one)
Yes No
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If so, what method(s) arethey certified for? (check all those that apply)

Acoustic Emission (AE)

Electromagnetic Testing (ET)

Leak Testing (LT)

Liquid Penetrant Testing (PT)

Magnetic Particle Testing (MT)

Neutron Radiographic Testing (NRT)

Radiographic Testing (RT)

Thermal/Infrared Testing (TIR)

Ultrasonic Testing (UT)

Vibration Analysis Testing (VA)

Visual Testing (VT)
If applicable, arethese ASNT Level 11 Inspectorsroutinely used in field
situations? (circle one)

Yes No

According to ASNT-TC-1A, aLevel 11l certified individual isinvolved in policy-level decisions
about the use of his specialty area(s) of NDT.l"! The purpose of this question was to determine
the use of this certification program for the bridge inspection area. In addition, it was desirable
to know how a Leve |11 certified inspector was used during bridge inspections. All State and
contractor respondents, and 66 of the county respondents, answered this question. For the
county or contractor respondents, no ASNT Level 111 inspectors were on staff. Fourteen of the
42 State respondents indicated that they had ASNT Level I11 inspectors on staff. Table 11
presents a breakdown of disciplinesin which the Level 111 inspectors were certified. Three
disciplines had response percentages greater than 70 percent: Liquid Penetrant Testing (79
percent), Ultrasonic Testing (79 percent), and Magnetic Particle Testing (71 percent). All 14 of
the affirmative responses indicated that the Level 111 inspectors were used in field situations.

Recall that the 1994 Caltrans survey contained some information relevant to ASNT Level 111
personnel. Specifically, recall that 7 of the 37 Caltrans respondents indicated that Level 111
personnel were used. This number can be compared with the usage determined from this survey,
where 14 of the 42 respondents indicated that ASNT Level 111 personnel were used. In
percentage terms, thisis an increase from 19 percent to 33 percent of respondents, indicating that
the use of the ASNT Level 111 certification program has increased.
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Table 11. ASNT Level 111 by types.

State DOT Responses
Liquid Penetrant Testing (PT) 11
Ultrasonic Testing (UT) 11
Magnetic Particle Testing (MT) 10
Visual Testing (VT) 7
Radiographic Testing (RT) 5
Electromagnetic Testing (ET) 1
Acoustic Emission (AE) 0
Leak Testing (LT) 0
Neutron Radiographic Testing (NRT) 0
Thermal/Infrared Testing (TIR) 0
Vibration Analysis Testing (VA) 0

Q3.2. State DOT, County DOT, and Contractors: Mark any certifications which the
typical bridgeinspection team member may hold? (Mark all that apply. Note that
NICET refersto the National I nstitute for Certification in Engineering Technologies
(NICET) Bridge Safety I nspection.)

Team L eader Other Team Members
____  PELicense ____  PELicense
_ ASNT Leve | _ ASNT Leve |
_ ASNT Leve 1l _  ASNT Levd I
_ ASNT Leve I11 _  ASNT Levd 111
_ NICET Leve | _ NICET Leve |
____ NICET Leve Il ____ NICET Leve Il
___ NICET Levd Il __ NICET Levd Il
____ NICET Leve IV ____ NICET Leve IV
Other Other

The purpose of this question was to gauge typical certification programs used by inspection
units. Thirty-nine State, 47 county, and all contractor respondents answered this question. As
shown in figures 8 and 9, the PE License was the most commonly indicated certification held by
either team leaders or other team members. More than 70 percent of State respondents, 67
percent of county respondents, and all contractor respondents indicated that the team |leader
might hold a PE License. The PE License was also commonly indicated for the other team
members, with a minimum positive response of 22 percent (State). The results of this question

also indicate that the NICET certification program has alow level of use. The highest positive
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response for any NICET certification from State respondents was 15 percent (NICET Level I,
team leader). For county respondents, the highest NICET certification level was 13 percent
(NICET Levd I, other team members).

The data clearly show the relative prevalence with which the Bridge Inspector’s Training Course
is used to satisfy NBIS requirements for inspection teams. The three NBIS methods for
gualification as team leader are any of: (1) a PE license, (2) 5 years of experience and
completion of the Bridge Inspector’s Training Course, or (3) NICET certification as a Level lll

or IV Bridge Safety Inspectéf. From Question Q2.3, more than 90 percent of both States and
counties indicated that the Bridge Inspector’s Training Course was required for team leaders.
Similarly, about two-thirds of contractors indicated that they require their team leaders to
complete the Bridge Inspector’s Training Course. The requirement for the Bridge Inspector’s
Training Course for other team members was almost as high, with a minimum response of 65
percent. In comparison, when asked in Question Q3.2 about typical certifications that team
leaders may have, only 15 percent of the States indicated NICET Level Ill, with an additional 10
percent indicating NICET Level IV certification.

Q3.3. State DOT, County DOT, and Contractors: What NDE techniquesare currently
utilized on bridges under your jurisdiction? (mark all that apply)

Stedl:

Acoustic Emission Eddy Current
Other Electromagnetic Testing Liquid Penetrant
M agnetic Particle Radiography
Thermal/lnfrared Ultrasonic

Vibration Analysis
Other

Concrete:

Acoustic Emission

Electrical Potential M easur ements
Radar

Rebound Hammer
Ultrasonics (Pulse Velocity)
Vibration Analysis

Other

Visual Inspection

Cover Meters/Pachometers

M echanical Sounding (Chain Drag)
Radiography

Thermal/Infrared
Ultrasonics (I mpact-Echo)

Visual Ingpection



Timber:

Acoustic Emission
Moisture Meter
Stress Wave Analysis
Other

Other Materials:
Material/Technique
1)

2)

3)

M echanical Sounding
Radiography

Visual Ingpection

The purpose of this question was to determine which NDE techniques are currently being used

for bridge inspections. All of the State respondents, 49 of the county respondents, and all

contractors answered this question. Results are presented in two formats. First, all of the data

will be presented in three material-specific tables. These material-specific tables are presented as
tables 12 through 14. A fourth table, table 15, shows the techniques that are used for more than

one material, to alow for easy comparison. No respondents from any group provided responses

for the Other Materials category question.

Table 12. Steel NDE techniques used.

Steel NDE Technique

State DOT

County DOT  Contractors

Visual Inspection
Liquid Penetrant
Ultrasonics

Magnetic Particle
Radiography
Acoustic Emission
Vibration Analysis
Eddy Current

Other Electromagnetic Techniques for Steel
Mechanical Sounding’
Thermal/Infrared

Other: Sonic Force
Other: D-Meter

N
»
»

P OOMNEFPOOON
O OFRPDNEFEP MMM

* Write-in response.



Table 13. Concrete NDE techniques used.

Concrete NDE Technique State DOT  County DOT  Contractors
Visual Inspection 38 46 6
Mechanical Sounding 32 31 4
Cover Meter 21 0 2
Rebound Hammer 19 9 2
Electrical Potential Measurements 11 0 2
Radar 9 0 1
Ultrasonics (impact-echo) 8 0 1
Thermal/Infrared 5 1 1
Acoustic Emission 1 1 0
Vibration Analysis 0 1 0
Radiography 0 0 0
Ultrasonics (pulse velocity) 0 0 0

Table 14. Timber NDE techniques used.

Timber NDE Technique State DOT  County DOT  Contractors
Visua Inspection 36 46 5
Mechanical Sounding 35 19 3
Moisture Meter 5 1 1
Stress Wave Analysis 2 0 0
Acoustic Emission 0 0 0
Radiography 0 0 0
Other: Boring/Coring 4 2 —
Other: Inspection Pick 2 1 10
Other: Timber Decay Detecting Drill 2 — —

* Write-in response.

VI was indicated as a technique used by the largest number of respondents for each of the three
materials. There were some relatively new applications (to bridge inspections) of existing NDE
technology cited by respondents. Examples include acoustic emission for steel (five State and
one county) and concrete materials (one State and one county), radar for concrete materials (nine
States), and thermall/infrared for concrete materials (five States and one county). The use of
these advanced techniques on both the State and county levels indicates a willingness by at least
some of the DOT agencies to try new technologies to improve bridge inspections.
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Table 15. Comparison of NDE techniques used on multiple materials.

NDE Technique State DOT County DOT Contractors
Acoustic Emission

stedl 5 1 2

concrete 1 1 0

timber 0 0 0
Mechanical Sounding

steel” — 1 —

concrete 32 31 4

timber 35 19 3
Radiography

steel 7 0 1

concrete 0 0 0

timber 0 0 0
Thermal/Infrared

steel 0 0 0

concrete 5 1 1
Ultrasonics

steel 34 0 4

concrete (pulse velocity) 0 0 0

concrete (impact-echo) 8 0 1
Vibration Analysis

steel 4 2 1

concrete 0 1 0
Visual Inspection

steel 40 46 6

concrete 38 46 6

timber 36 46 5

* Write-in response.

Q3.4. State DOT, County DOT, and Contractors:

do you use most often for each material?

Stedl:

Concrete:
Timber:

Other Materials:

Of these NDE techniques, which method

The purpose of this question was to refine Question Q3.3 to determine which specific NDE

technique was used most frequently. Forty State respondents, 39 county respondents, and 5

contractors answered this question. Tables 16 through 18 summarize the respondents’ most

commonly used NDE techniques on steel, concrete, and timber, respectively. Some respondents

listed more than one technique per material. As a result, individual tallies may exceed the
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Table 16. Steel NDE techniques used most by State, county, and contractor respondents.

Steel NDE Technique State DOT  County DOT  Contractors
Visual Inspection 27 39 4
Liquid Penetrant 12 0 1
Ultrasonics 9 0 0
Magnetic Particle 3 0 2
Eddy Current 1 0 0
Mechanical Sounding 0 1 0

Table 17. Concrete NDE techniques used most by State, county, and contractor respondents.

Concrete NDE Technique State DOT  County DOT  Contractors
Visual Inspection 28 39 4
Mechanical Sounding 17 6 4
Rebound Hammer 1 3 0
Cover Meter 1 0 0
Electrical Potential Measurements 1 0 0
Ultrasonics (impact-echo) 1 0 0
Coring 1 0 0

Table 18. Timber NDE techniques used most by State, county, and contractor respondents.

Timber NDE Technique State DOT  County DOT  Contractors
Visual Inspection 28 38 3
Mechanical Sounding 19 3 2
Boring/Coring 1 2 0
Moisture Meter 1 0 0

number of respondents. For each of the three materials, VI was the most frequently listed
technique. VI waslisted on all county responses for steel and concrete materials, and on all but
one county response for timber. V1 was not as frequently listed by States, being cited on only 70
percent of State responses. Nearly all of the county respondents listed VI as the most frequently
used technique. More than one-quarter of the State respondents indicated a most frequently used
technique other than V1 for each of the three materials. These respondents may have confused

V1 with visual-aided testing (boroscopes, microscopes, €etc.).
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Q3.5. State DOT, County DOT, and Contractors: Have you stopped using any NDE
techniques dueto unreliable performance or for any other reason? If so, which
techniques and why?

Past experiences with NDE might affect future use, so the purpose of this question wasto
determine whether the use of any NDE techniques had been discontinued. Thirty-four State
respondents, 19 county respondents, and 4 contractors answered this question. No suspensions
of NDE use were reported by any of the county or contractor respondents. Similarly, 20 of the
34 State respondents indicated no suspension of use of any NDE techniques. The other 14 State
respondents indicated that the use of some NDE techniques had been stopped. Of these
respondents, three listed ultrasonics of pin/hanger connections, three listed various forms of pile
testing, two listed radar, and another two listed acoustic emission. Single-response answers
included magnetic particle testing, vibration analysis, cover meters, electrical potentia

measurements, and an impact-echo system.

Q3.6. State DOT, County DOT, and Contractors: What general area of NDE applications
would you liketo see moreresear ch into? (mark one)
____ Concretedecks
____ Concrete superstructure
___ Steel superstructure
_ Prestressed concrete super structure
____ Timber decks/timber substructure

The purpose of this question was to quantify the need for future research. Forty State
respondents, 45 county respondents, and 4 contractors answered this question. Results are
presented in figure 10. In general, research into concrete decks was one of the most frequent
responses for State and county respondents. Prestressed concrete superstructures also had high
response rates, especially from States and contractors. Contractors appeared to have no demand

for timber substructure research or general concrete superstructure research.
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4. EXPERIMENTAL PROGRAM

4.1. STUDY OVERVIEW

The experimental program described in this chapter consisted of having a representative sample

of practicing bridge inspectors complete a battery of pre-defined inspection tasks at the NDEVC

test bridges under realistic summer inspection conditions. Quantifiable information regarding the
Inspection environment was collected to establish the influence of the inspection environment on

VI reliability. In addition, extensive information was collected about the inspector’s physical

and psychological characteristics, allowing the influence of these inspector characteristics on VI
reliability to be assessed. Many of the NDEVC resources were used to gain a more thorough
understanding of VI reliability. This included using seven of the NDEVC test bridges to conduct
the field inspections and the NDEVC laboratory for controlled laboratory measurements. The
test bridges used in this study were fully characterized such that specific conclusions about VI

reliability could be drawn.

The experimental work plan that served as the foundation to achieve the objectives of this study
is presented in the following sections. The characteristics of the inspection specimens used in
this study, as well as a summary of the inspection tasks, are presented. In addition, an in-depth

discussion of how the various experimental variables were assessed is presented.

Before arriving at the NDEVC, participating inspectors were sent a package of information.
Appendix C in Volume Il illustrates relevant portions of this package. This package gave
information related to the general goal of the study, what inspectors should bring with them,
what would be provided by the NDEVC, and requested that inspectors do some advance
preparation. The advance preparation was one of the most important items addressed in this
information package. It consisted of instructions related to a specific task they would be asked to

complete. This task, known as Task |, is described in greater detail subsequently.
4.2. STUDY PARTICIPANTS

To ensure that the results of this study could be extrapolated to the general population of bridge

inspectors, the sample for this study consisted entirely of practicing bridge inspectors. Each
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State DOT was solicited for participation in this study and was asked to volunteer two inspectors

with different experience levels (i.e., one “more” experienced inspector and one “less”
experienced inspector). In all, 25 States participated in the field evaluation, including 49
participating inspectors. Note that time constraints limited the number of participating States,
resulting in more States volunteering than could be included. To ensure the anonymity of
inspector performance, individual States and inspectors will not be identified. A geographically
diverse collection of States participated in the study (e.g., Eastern, Western, and Central States;
large and small States; States with many bridges and States with few bridges; Northern and
Southern States; etc.). Additional information about the inspectors is presented in subsequent

sections.

To ensure that the participating inspectors would not feel like they were being “graded” or
“tested”, each inspector was assigned an Inspector ID that could not be linked to the inspector
nor to the State. In addition, each pair of inspectors was assigned a Team ID that was used for
any inspections they completed as a team. Following their participation, all Inspector IDs and
Team IDs were changed. As a result, any reference made to a specific ID in this report is

different than that used during the field evaluation.

4.3. INSPECTION SPECIMENS

Seven of the NDEVC test bridges were used to perform 10 discrete inspection tasks. The
NDEVC test bridges are located in Northern Virginia and in South-Central Pennsylvania. The
Northern Virginia bridges are in-service bridges under the jurisdiction of the Virginia DOT
(VDOT). The bridges in Pennsylvania are located on, or over, a decommissioned section of the
Pennsylvania Turnpike, known as the Safety Testing and Research (STAR) facility. The STAR
facility is an 18-km section of limited-access highway that has been preserved by the
Pennsylvania Turnpike Commission as a location for conducting highway-related research. The
STAR facility bridges have had minimal maintenance since being taken out of service in 1968
after approximately 35 years in service. Note that one of the Pennsylvania bridges is an in-
service bridge traversing the STAR facility and is under the jurisdiction of the Pennsylvania
DOT (PennDOT). The following sections describe the basic geometry and general condition of

these structures.
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4.3.1. BridgeB521

Bridge B521, shown in figure 11, is an in-service, single-span, through-girder bridge carrying
State Route 4007 over the STAR facility. Route 4007 is alow-volume, two-laneroad. The
bridge spans 57.30 m and is 6.10 m wide between curbs. Bridge B521 has a minimum 5.06-m
clearance over the STAR facility and is oriented with 0.79-rad skew. The bridge deck isa
nominal 230-mm-thick cast-in-place reinforced concrete slab with a 65-mm concrete wearing
surface and an additional 25-mm-thick asphalt overlay. The deck is supported by 11 W30 x 108
floor beams on approximately 2.74-m centers. The floor beams are connected to the main
girders by riveted, stiffened knee-brace details. The main girders are built-up riveted sections

with variable flanges. Bridge B521 is afracture-critical structure.

The asphalt overlay istypically cracked, loose, and debonded, with potholes that are especially
prominent over the girders. The deck has been patched in the past, with many of the patches
now cracked and delaminated. Approximately 30 to 40 percent of the deck soffit exhibits
alligator cracking with minor efflorescence staining. Other areas have honeycomb surfaces with
some exposed reinforcing steel. During the course of the study, the PennDOT placed a deck
chip/seal coat on Bridge B521.

The exterior surface of the two longitudinal girders has minimal signs of corrosion or loose paint.
Theinterior surfaces have some corrosion staining with pitting and efflorescence staining. The
most prominent location for pitting and staining is at the floor beam-to-girder connection.

Pitting is generally less than 1.5 mm deep. Moderate surface rust can also be noted at the deck-
to-web interface due to water retention in those locations. Most of the floor beams arein fair
condition, with some exhibiting corrosion on the horizontal surfaces due to water leakage.

The north abutment shows general water staining, with numerous 25-mm spalls at form tie
locations. The remaining portions of the substructure exhibit similar conditions and are, in
generdl, in fair condition. Appendix D in Volume Il further summarizes the overall condition of
Bridge B521. Note that the Condition Ratings given in Appendix D will be referred to as the

Reference Condition Ratings in subsequent sections.
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a. Elevation view of Bridge B521.

b. Bridge B521 superstructure and abutment.

Figure 11. Bridge B521.



4.3.2. Bridge B101A

Bridge B101A, shown in figure 12, is a single-span, concrete T-beam bridge carrying the STAR
facility over agravel accessroad, known as the Oregon Trail, in the Buchanan State Forest. The
bridgeis 22.35 m wide (21.34 m curb to curb), with a clear span of 6.81 m, without skew.
Design drawings indicate a 215-mm-thick cast-in-place reinforced concrete slab with a 65-mm
bonded concrete wearing surface. The bonded concrete wearing surface was subsequently
removed and replaced with a 150-mm asphalt wearing surface. An expansion joint runs
longitudinally along the bridge with an alignment shear key. Sixteen cast-in-place reinforced
concrete beams form the stem of the T-beams and provide the primary strength. Cast-in-place
parapet walls bound the roadway along the northern and southern edges. The parapets are seated
upon 200-mm curbs poured integrally with the deck. The bridge is founded on 910-mm-thick
cast-in-place reinforced concrete footings supporting cast-in-place reinforced concrete

abutments.

There are various types of deterioration of the bridge deck, including shrinkage cracking,
aligator cracking, aligator cracking with debonding of the surface course, and disintegration of
the surface course. In general, the deck isin extremely poor condition. The parapet walls are
severely deteriorated with extensive freeze/thaw damage. The damage has basically occurred in
the top 125 mm of the parapets and has resulted in exposed reinforcement. The parapets are
approximately 40 to 50 percent delaminated.

The underside of the deck is generally in good condition. There is extensive damage within 610
mm of the longitudinal expansion joint where deterioration has extended as much as 100 mm
into the slab thickness. Slab delaminations are usually indicated by heavy mineral deposits.
Inadequate concrete cover can aso be observed in the superstructure, and deterioration of the
stems of the T-beams was more severe than that occurring in the deck soffit. The deterioration
consisted of severe delaminations and longitudinal cracking, as evidenced by heavy minera

deposits.

The substructure has experienced deterioration from water infiltration and soil movement. A

significant horizontal crack islocated just above mid-height along the length of one abutment.
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b. Exterior face of north parapet of Bridge 101A.

Figure 12. Bridge B101A.
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The abutment wall also has a dlight bow, further illustrating the distress. Appendix D in Volume
Il provides a more detailed summary of the general condition of Bridge B101A.

4.3.3. BridgeB111A

Bridge B111A, shown in figure 13, is a decommissioned, single-span, concrete T-beam bridge
over State Route 1011. The deck is superelevated and is 21.34 m wide from curb to curb.
Bridge B111A spans aclear distance of 6.65 m, just wide enough to accommodate Route 1011
below. Thisbridge hasa0.26-rad skew. The bridge deck is 215-mm-thick cast-in-place
reinforced concrete with a 165-mm-thick asphalt wearing surface. A longitudinal expansion
joint runs the length of the bridge with an alignment shear key. The remaining geometry of
Bridge B111A issimilar to Bridge B101A and is not repeated here.

Bridge B111A exhibits the same general types of deterioration seen in Bridge B101A. However,
in general, Bridge B111A is deteriorated to alesser degree. Appendix D in Volume Il further
summarizes the general condition of Bridge B111A.

4.3.4. BridgeB543

The westernmost bridge on the STAR facility, Bridge B543, is a single-span, cast-in-place
reinforced concrete rigid frame that spans over a decommissioned access ramp. Bridge B543,
shown in figure 14, is approximately 33.22 m wide and spans approximately 12.80 m at a 0.44-
rad skew. The Pennsylvania Turnpike Commission uses the area directly below Bridge B543 for
temporary storage of equipment and materials. The frame of the bridge consists of an arched
reinforced concrete deck slab with a thickness varying from 495 mm to 990 mm. A 165-mm-
thick asphalt overlay has been placed over the entire width of Bridge B543. An expansion joint
and alignment shear key divide Bridge B543 down its length. The bridge abutments are
constructed integrally with the deck, while the wingwalls are isolated from the abutments by a
25-mm cork-filled joint.

The deterioration of Bridge B543 is quite varied. The most significant deterioration is present in

the bridge deck overlay and especially in the parapets. It could generally be described as being
consistent with the other previously described STAR bridges. The superstructure and
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a. Elevation view of Bridge B111A.

b. Bridge B111A superstructure.

Figure 13. Bridge B111A.
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Figure 14. Bridge B543.

substructure are in fair to good condition, with the exception of freeze/thaw damage observed
near the slab edges. Appendix D in Volume Il further summarizes the general condition of
Bridge B543.

4.3.5. BridgeB544

Bridge B544, shown in figure 15, is a decommissioned, single-span, steel plate girder bridge

carrying the STAR route over U.S. Route 30. Near Bridge B544, U.S. Route 30 is a medium-to-

high volume highway in a business district/rural setting. The bridge spans 28.65 m and is 21.34

m wide from curb to curb. Bridge B544 is skewed at approximately 0.91 rad and has a 230-mm-

thick cast-in-place reinforced concrete slab with a 150-mm asphalt overlay riding surface. There

are three expansion jointsin Bridge B544 — one longitudinal joint and one at each abutment.

The bridge superstructure is complex for the overall size of the structure, with each half of the
deck supported by three longitudinal plate girders and a series of alternating transverse floor
beams and sway frames. In addition, a W18 x 47 rolled shape runs the length of the bridge along
the expansion joint. The plate girders consist of a 1.91-m-deep by 11-mme-thick web plate and
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a. Elevation view of Bridge B544.

b. Bridge B544 superstructure.

Figure 15. Bridge B544.
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200-mm by 200-mm angles with multiple, variable-length cover plates. The transverse members

(i.e., floor beams and sway frames) are spaced at approximately 2.90 m on center.

The deck condition is quite varied. Generally, the deck surface isin very poor condition. The
bridge parapet/railing has severe deterioration, with extensive damage to the concrete and
exposed curb reinforcement. The deck soffit, and more specifically, the cantilever soffit below
the parapets, shows signs of severe freeze/thaw damage, with spalling and exposed
reinforcement. Theinterior portion of the deck soffit is approximately 40 percent delaminated.

The exterior surfaces of the two exterior girders are generaly in fair condition, while the interior
surfaces of the two exterior girders and the four interior girders have general corrosion along the
top of the bottom flange. With the exception of the horizontal surfaces, the steel-plate girders are
in fair condition. Deterioration in the transverse membersis primarily restricted to the bottom
flange surface and the web plate-to-girder connection. The bridge bearings show general surface
corrosion at the base. The anchor bolt holes for the three expansion supports nearest the
northeast corner of the bridge were originally improperly located as evidenced by abandoned

holes in the vicinity of the existing supports.

Deterioration of the abutments and wingwallsis generally limited to surface staining. Appendix
D further summarizes the condition of Bridge B544.

4.3.6. RoutelBridge

The U.S. Route 1 Bridge over the Occoquan River was constructed in 1975. The 335.28-m
structure is divided into two independent, four-span structures as shown in figure 16. The
southern four-span unit served as atest bridge for this study. The roadway is 10.97 m wide,
accommodating two lanes of traffic and two shoulders. Each span measures approximately 37.0
m with avertical clearance varying from 1 mto 18 m. This bridge has no skew. The
superstructure consists of 1.83-m-deep welded plate girders with variable-thickness flange plates.
Girder construction includes welded transverse and longitudinal stiffeners, bolted angle
diaphragms, bolted and welded flange transitions, and an in-plane lateral bracing system
comprised of WT members attached to lateral gusset plates that are welded to the girder webs
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b. View of superstructure.

Figure 16. Test portion of U.S. Route 1 Bridge over the Occoquan River.
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near the bottom flange. The superstructure framing is composite, with a 235-mm-thick cast-in-
place, conventionally reinforced concrete deck that is overlaid with a 6-mm-thick epoxy resin

embedded with fine aggregate.

The Route 1 Bridge includes construction details and defect conditions that are typical of major
steel highway bridges. Overall, the bridge isin good condition, with only minor deterioration.
However, there are crack indications located at the weld toe of some Category E details. The
specific deficiencies will be described in greater detail in a subsequent chapter. Appendix D, in

Volume |1, further summarizes the condition of the Route 1 Bridge.

4.3.7. Van Buren Road Bridge

The Van Buren Road Bridge over the Quantico Creek, shown in figure 17, was constructed
around 1960 and consists of three spans, each ssimply supported, with a span length of 18.29 m.
The overal bridgeis 55.65 m long and 7.67 m wide. The curb-to-curb deck width is 6.1 m and
the bridge has a 0.26-rad skew. The deck is 175-mm-thick, cast-in-place reinforced concrete
supported by four wide flange stringers that are composite with the deck. The steel stringers are
reinforced with tapered-end, welded cover plates. The superstructure is supported by reinforced
concrete piers and abutments founded on spread footings or steel H-piles.

The average daily traffic on the Van Buren Road Bridge is minimal. The deck has significant
delaminations throughout the length of the deck. In addition, some of the bearings appear to be
locked in the expanded configuration with evidence of continued bearing plate sliding. Severa
crack indications can aso be noted along weld toes. Aside from these deficiencies, the structure
isin good condition. Appendix D of Volume Il further summarizes the condition of the Van
Buren Road Bridge.

4.4. INSPECTION TASKS

This section describes the inspection tasks completed for this study. Each inspector was asked to
complete 10 inspection tasks on the 7 NDEV C test bridges.
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Figure 17. Van Buren Road Bridge.

To ensure that the interaction between the NDEV C staff who administered the tasks and the

inspector would not bias how, what, and when the inspector completed the inspection tasks,

protocols defining their interaction were used. These protocols were developed to help ensure

that each NDEVC staff member (hereafter known as an “observer”) provided the same
information in the same manner to each inspector. The protocols for the 10 tasks are given in
Appendix E in Volume Il. In general, the protocols provided the inspectors with general
information concerning the execution of each inspection task. Specifically, information
presented to the inspectors from the protocols included the following:

® Basic information about the structure to be inspected.
* Type of inspection to be completed.

* Areas to be inspected.

® Safety issues.

* Role of the observer.

® |Instructions on use of inspection forms.

®* Time limits.
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® Restrictions on the use of invasive inspection procedures.

In addition to the above, inspectors were also instructed that gross dimension checks, inspection
of non-structural members, and underwater stream profiles were not required. To ensure
uniformity in the presentation of the protocols, they present the same type of information at the
same point in the same manner. In Appendix E in Volume I1, specia or different information

contained in each protocol has been shown in bold.

All inspectors were provided with identical sets of common, non-invasive inspection tools.
These tools were introduced to the inspectors before they began any of the inspection tasks and
were available for use during al inspections. In addition to the tools listed below, on two
occasions, the inspectors were provided with special access equipment. The tools provided

include the following:

. Masonry hammer
. 7.62-m tape measure
. 30.48-m tape measure

. Engineering scale
. 3 D-cdll flashlight
. 2 AA-cell flashlight
. Lantern flashlight
. 2.44-m stepladder

. 9.75-m extension |adder
. 610-mm level

. Chain

. Binoculars

. Magnifying glass
. Protractor

. Plumb bob

. String

. Hand clamps
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In general, the inspection tasks were completed in one of two sequences. The two sequences
arose from the fact that the two inspectors typically were split to perform each task
independently. Generally, the sequence of tasks completed was either A, B, C,D, E, F, G, H, 1,J
oE,FABCD,HG,IJ

44.1. Task A
Task A consisted of the Routine Inspection of the deck, superstructure, and substructure of
Bridge B521. Inspectors were allotted 40 min to complete the inspection and were asked to

evauate the deck condition from the shoulder due to traffic considerations.

442. Task B

Task B consisted of the Routine Inspection of the deck, superstructure, and substructure of
Bridge B101A. Inspectors were given 50 min to complete the task and were allowed full access
to the bridge.

443. Task C

Task C consisted of the Routine Inspection of the deck, superstructure, and substructure of
Bridge B111A. Thetime alotted was limited to 30 min and, due to traffic volume and a narrow
roadway width below bridge B111A, inspectors were not allowed to use ladders during their

Inspections.

444. Task D

Task D consisted of the Routine Inspection of the deck, superstructure, and substructure of
Bridge B543. Inspectors were given 40 min to complete the task. Unlike the other inspection
tasks, inspectors were also asked to use adigital camerato obtain supplementary visual

documentation of their findings.

445, Task E
Task E consisted of the Routine Inspection of the deck, superstructure, and substructure of
Bridge B544. Inspectors were given 60 min to complete the task. Due to heavy truck traffic

below Bridge B544, inspectors were not allowed access to the superstructure immediately above
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Route 30. However, inspectors were allowed access to the bridge bearings and other

superstructure areas outside of the traffic path.

446. Task F

Task F consisted of the In-Depth Inspection of approximately one-fifth of the below deck
superstructure of Bridge B544. Inspectors were given 3 h to complete the task. The inspection
area corresponded with the superstructure areas out of the normal traffic pattern. To provide
access to the superstructure, inspectors could use a 12.2-m boom lift in addition to the previously
mentioned ladders. During thistask, the NDEV C staff operated the boom lift under the direction

of the inspectors.

44.7. Task G

Task F consisted of the Routine Inspection of the deck, superstructure, and substructure of the
southern four-span unit of the southbound U.S. Route 1 Bridge between the four piers and the
southern abutment, inclusive. Inspectors were given 2 h to complete thistask. Despite the
difficulty in gaining access to this structure, inspectors were asked to complete this inspection
without special access equipment. In addition, to ensure the safety of the inspectors, accessto
the top surface of the deck was prohibited. The deck evaluation was limited to that which was

visible from behind the end guardrail.

448. Task H

Task H consisted of the In-Depth Inspection of one bay of one span of the Route 1 Bridge
superstructure. Inspectors were given 2 h to complete thistask. During this task, inspectors
were allowed to use an 18.3-m boom lift positioned below the bridge. The boom lift was
operated by the NDEV C staff under the direction of the inspectors.

449. Task |

Task | consisted of the Routine Inspection of deck, superstructure, and substructure of the Van
Buren Road Bridge. Inspectors were given 2 h to complete thistask. Unlike the other tasks
performed for this study, inspectors worked together and were asked to prepare and use their

own State inspection forms to document their findings. As mentioned above, inspectors were
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previously mailed copies of the bridge plansto develop their own State forms. In addition,
inspectors were asked to compl ete the inspection as if the bridge were within their own home
State. Due to time constraints, inspectors were asked to not inspect non-structural elements nor

enter the waterway.

4.4.10. Task J

In Task J, inspectors were asked to complete an in-depth level inspection (delamination survey)
of the southern two deck spans. Similar to Task |, Task Jwas aso ateam task. The goa of the
inspection task was to identify and map the deck deterioration. A total of 2 h were allotted for
thistask. For Task J, instead of using a standard protocol, the protocol was dictated by the
inspections performed in Task |. For example, if ateam performed a complete delamination
survey as part of Task |, Task Jwas omitted.

45. DATA COLLECTION

Two primary types of data were collected. The dependent data are the result of the inspections,
while the independent data are the characteristics of the inspector (i.e., human factors) and the
ingpection environment (i.e., environmental factors). The following describes what data was

collected and how during this study.

Two primary mediawere used for the data collection. While completing their inspections,

inspectors were asked to prepare handwritten “field” inspection notes on typical NBIS forms that
were provided by the NDEVC. To facilitate the collection of data by the NDEVC observers,
Palm llIx handheld computers were used. The Palm llix is a handheld computer with 4 Mb of
storage space. Used in combination with commercially available software, prepared forms can
be developed to expedite the collection of data. After data collection, the Palm Ilix can be
connected to a desktop personal computer and the data can be transferred into a common

spreadsheet program. Figure 18 shows the Palm Ilix computer during field use.
45.1. Independent Data

The independent data in this study are the human and environmental factors. The independent

data are collected through self-reports, direct measurements, and firsthand observations. The
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a. Pam Il1x computer.

b. NDEVC observer using Palm I11x during field inspections.
Figure 18. Palm I1Ix handheld computer.
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methodology for collection of these data is essential to establishing accurate cause/effect
relationships with the dependent data. In this regard, consistent and unbiased tools were
developed to assist in making these measurements. Furthermore, an attempt was made to allow
most data to be collected in a quantitative or pseudo-quantitative form in order to alow
numerical correlation studiesto be performed. The following section describes the techniques

used to collect the independent datain this investigation.

45.1.1. HUMAN FACTORS MEASUREMENTS

The goal of this portion of the study was to provide and maintain a systematic method for the

quick, accurate, and consistent measurement of the numerous subjective human attributes. These
measurements were completed using severa tools. First, inspectors completed a written, self-

report questionnaire related to their general physical/psychological characteristics. Second,

direct physical measurements of inspectors’ vision characteristics were made. Finally,
assessments of the human factors were made immediately prior to, during, and immediately
following the completion of each inspection task. Orally administered pre- and post-task
guestionnaires were given in an interview format. Firsthand observations were also collected by

the observers to document the inspectors’ activities.

45.1.1.1. Self-Report Questionnaires

In order to ensure that non-biased data could be collected regarding the many “non-measurable”
human attributes that may influence VI reliability, all participating inspectors were asked to
complete two voluntary questionnaires. For the most part, the self-report questionnaires (SRQs)
yielded pseudo-quantitative evaluations of many physical/psychological qualities. As some of
the information in these questionnaires may be perceived as personal in nature or intrusive, it
was consistently reinforced that all questions were voluntary and that all answers were strictly

confidential.

The SRQs were administered at the beginning of the first day of participation and at the end of
the last day of participation. As can be seen from the questionnaires presented in Appendix F in
Volume II, many of the questions are the same for both questionnaires, allowing for cross-

checking of answers. A protocol was followed that outlined how the initial SRQ was to be
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administered and is given as Appendix G in Volume Il. The exit SRQ was typically given
immediately after the inspectors completed Task J and, therefore, no specific protocol was
followed. Figure 19 shows an inspector completing the questionnaire on the first day of
participation.

Figure 19. Inspector completing the Self-Report Questionnaire.

45.1.1.2. Vision Testing

To supplement the SRQ data, a series of vision tests were administered. Three tests were
administered, including a near vision test, a distance vision test, and a color vision test, and these
tests are described in the following sections.

DIRECT VISUAL ACUITY: Asdiscussed in Chapter 3, inspectors are typically not tested for

visual acuity. NDE techniques, however, rely on an inspector’s use of their eyes and

observations may be influenced by how well they can see. Direct visual acuity, both near and
distance, was tested using the Logarithmic Visual Acuity Chart 2000. These tests are similar to
standard vision tests commonly given in a doctor’s office. Figure 20 shows inspectors taking the
near and distance visual acuity tests. As before, protocols were followed when administering the
direct visual acuity tests and these protocols are given in Appendix G in Volume II.
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b. Inspector taking the distance visual acuity test.

Figure 20. Direct visual acuity testing.
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COLORVISON: Often, indications of adefect come only in the form of a subtle color change.

It was speculated that a bridge inspector with a color vision deficiency may not perform as

reliably as an inspector with normal color vision. “Color blindness” is the general term used to
describe various abnormalities in color vision resulting from the interference, alteration, or
malfunction of the trichromatic color vision system. In most instances, color blindness does not
necessarily involve the absence of discrimination of all color stimuli. As such, a more

appropriate descriptor might be “color vision deficiency”.

The PV-16 Quantitative Color Vision Test was used to determine the type of color vision
deficiency, if any. The PV-16 Quantitative Color Vision Test consists of a set of 16 test caps of
various hues. The goal of the test is to orient the caps in such a way that adjacent caps are
closest in color. The PV-16 test uses large cap sizes, giving more accurate color vision
information because it does not rely on an inspector’s direct visual acuity. In addition, the PV-16
test is easy to administer and all types of color vision deficiencies can be rapidly identified.
Figure 21 illustrates an inspector completing the PV-16 Color Vision Test. A protocol was
followed for the administration of the color vision test and is given in Appendix G in Volume II.

4.5.1.1.3. Pre-Experimental Evaluation

An orally administered pre-experimental evaluation was conducted prior to each task. This
evaluation was administered in interview format and provided a baseline measure of the
inspector’s physical and psychological condition at the initiation of each inspection task. In
addition, information was collected to ascertain how the inspector was planning to approach the
inspection. The pre-experimental evaluation forms for all tasks are represented in Appendix H in
Volume Il. In the actual study, this information was collected using the Palm Ilix handheld

computer. Figure 22 shows an NDEVC observer administering a pre-experimental evaluation.

4.5.1.1.4. Post-Experimental Evaluation
Similar to the pre-experimental evaluation, a post-experimental evaluation was conducted at the
conclusion of each inspection task. The goal of the post-experimental evaluation was to identify

what influence completing the inspection had on the inspector, as well as quantifying the
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Figure 22. Observer administering a pre-task evaluation.



inspector’s perception of the inspection tasks and the environment in which the inspection was
completed. This data was collected with the Palm Ilix computer with orally administered

guestionnaires as represented in Appendix | in Volume II.

4.5.1.1.5. Firsthand Observations

The inspector’s behavior during each inspection task was closely monitored and documented by
an observer. Specifically, information about how the inspector performed the inspection, where
the inspector’s attention was focused, the inspector’s overall attention to the task, and the tools
used were recorded. Although the data were recorded with the Palm llIx, the forms used to
record this information, as well as information related to the environmental conditions, are

presented in Appendix J, in Volume II.

4.5.1.2. ENVIRONMENTAL FACTORS MEASUREMENTS

In order to assess the influence of the inspection environment, a series of standard environmental
measurements were made during the inspection tasks. These measurements provide an easy
means for correlating environmental conditions with inspection results. The environmental

conditions that were monitored include the following:
®* Temperature
*  Humidity
* Wind speed
® Light intensity

* Noise level

All measurements were made using standard equipment, with data recorded on the Palm llIx via
forms presented in Appendix J in Volume Il. The measurements were made at consistent
locations for each inspection specimen. To supplement these direct environmental
measurements, qualitative assessments of the general weather conditions were also made and
recorded on the forms in Appendix J. Figure 23 illustrates an observer measuring the

environmental conditions.
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Figure 23. Observer measuring the environmental conditions.

45.2. Dependent Data
Two principal types of dependent data were collected. Thisdatais the foundation for forming
conclusions about V1. The following sections describe specifically what data was collected and

how it was collected.

The primary data collected for evaluating the Routine Inspection tasks were the Standard
Condition Ratings of the primary bridge components: deck, superstructure, and substructure.
These primary bridge component ratings were supplemented by secondary bridge component
ratings and inspection field notes. These condition ratings consider both the severity of bridge
deterioration and the extent to which it is distributed throughout the components. The Standard
Condition Rating guidelines, as given in the Bridge Inspectors Training Manual, was used.!!
The rating system, including the qualitative definitions, is given in figure 24.

86



NOT APPLICABLE

EXCELLENT CONDITION

VERY GOOD CONDITION - no problems noted.

GOOD CONDITION — some minor problems.

SATISFACTORY CONDITION - structural elements show minor deterioration.

FAIR CONDITION - all primary structural elements are sound but may have

minor section loss, cracking, spalling, or scour.

POOR CONDITION - advanced section loss, deterioration, spalling, or scour

SERIOUS CONDITION - loss of section, deterioration, spalling, or scour hav

seriously affected primary structural components. Local failures are possible.

Fatigue cracks in steel or shear cracks in concrete may be present.

2 CRITICAL CONDITION - advanced deterioration of primary structural elements.
Fatigue cracks in steel or shear cracks in concrete may be present or scour may
have removed substructure support. Unless closely monitored it may be necg¢ssary
to close the bridge until corrective action is taken.

1 “IMMINENT” FAILURE CONDITION — major deterioration or section loss
present in critical structural components, or obvious vertical or horizontal
movement affecting structure stability. Bridge is closed to traffic but corrective
action may put bridge back in light service.

0 FAILED CONDITION — out of service; beyond corrective action.

o~ 0 © =
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Figure 24. Standard Condition Rating system.

The primary data collected for evaluating In-Depth Inspection were the inspector’s field notes
generated during the inspections. Specifically, inspector identification of deficiencies was the

principal information used to evaluate the In-Depth Inspection results.

In order to facilitate the collection of the dependent data, each inspector was provided with an
inspection field book to record their inspection findings for Tasks A through J (excluding I).

This book provided all required rating forms, as well as select bridge plans. In addition,
inspectors were provided with a guide sheet that outlined the Standard Condition Rating system
that they were to use. The inspection field book is presented in Appendix K in Volume Il in the

same format used by the inspectors.
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5. SUMMARY OF OBSERVATIONSAND FINDINGS

The following sections summarize the results of the experimental portion of thisinvestigation.
Results will be presented in four primary sections. First, the inspector physical/psychological
characteristics collected through the SRQs and vision tests will be summarized. Second, results
from the Routine Inspection tasks (Tasks A, B, C, D, E, and G) will be presented. Third, results
from the two In-Depth Inspections (Tasks F and H) will be presented. Finally, results from the
State-dependent tasks (Tasks | and J) will be presented.

5.1. INSPECTOR CHARACTERISTICS
Aswas mentioned previously, inspectors were asked to complete two written SRQs and to take
three vision tests. The results from these will be presented in the following three sections.

5.1.1. SRQ Results

The following presents the results from each question on the SRQs. Results will be presented in
a question-by-question format similar to that used in Chapter 3. The questions will be repeated
exactly as they were presented on the SRQs. The motivation behind each question will then
briefly be discussed, followed by a summary of the data collected. Where appropriate,
commentary may also be included to supplement the basic data presentation. Some of the
guestions were common to both SRQs. In general, inspectors gave consistent responses to these
guestions on both SRQs. In light of this, results from common questions will only be presented

from responses on the first SRQ.

SRQ1. Age
Height:
Weight:

Question SRQ1 was asked to simply collect some physical data about each inspector. Table 19

summarizes inspector responses to question SRQ1.
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Table 19. Age, height, and weight characteristics of inspectors.

Average Standard Deviation Minimum Maximum
Age, years 40.5 6.5 28 54
Height, m 1.82 0.076 1.68 2.01
Weight, kg 87.0 13.7 68.2 134.1

SRQ2. How would you describe your general physical condition?
Poor Below Average  Average  Above Average Superior

1 2 3 4 5

The goal of this question was to establish a pseudo-quantitative measure of each inspector’s
physical condition. The average for this question was a 3.4, with a standard deviation of 0.61.

Figure 25 shows the distribution of the responses.
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Figure 25. Distribution of inspector-reported general physical condition.

SRQ3. Doyou currently have any orthopedic ailments (e.g., bad knees, bad back)?
Yes No

If so, list:

It was envisioned that an inspector with orthopedic ailments may not be able to perform some of

the physically demanding aspects of a bridge inspection. Eighteen inspectors indicated that they

90



had some type of orthopedic ailment. These could generally be classified as bad knees (6), bad
shoulders (4), or abad back (13).

SRQ4. Areyou currently experiencing any temporary physical ailments (e.g., flu, head

cold, etc.)?
Yes No
If so, list:

The goal for this question was to ascertain if any inspectors were suffering temporary physical
ailments during their participation in the study. Six inspectors indicated that they were
experiencing, or just getting over, atemporary physical ailment. The most commonly listed

physical ailments were alergies (3) and influenza (3).

SRQ5. How would you describe your general mental condition?
Poor Below Average  Average  AboveAverage Superior

1 2 3 4 5

Similar to question SRQ2, question SRQ5 was developed to get a measure of the inspector’'s
overall mental condition. Although tools exist to measure general mental condition, time
constraints did not allow such a thorough assessment. The average answer to this question was a
3.7, with a standard deviation of 0.58. Figure 26 illustrates the distribution of inspector

responses.

SRQ6. Areyou currently experiencing additional stressdueto personal problems (e.g.,
death in family, etc.)?
Yes No

Similar to question SRQ4, question SRQ6 was developed to determine if “out of the ordinary”
stress might influence VI. Five inspectors indicated that they were experiencing some type of
additional stress. Due to the personal nature of this question, information about the source of the

stress was not requested.
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Figure 26. Distribution of inspector-reported general mental condition.

SRQ7. Overall today, how do you feel?
Poor Below Average  Average  Above Average Superior

1 2 3 4 5

To supplement the information gathered in questions SRQ1 through SRQ6, question SRQ7 gave
inspectors the chance to quantify how they were generally feeling. The average response to
guestion SRQ7 was a 3.5, with a standard deviation of 0.65. Figure 27 illustrates the distribution

of the responses.

SRQ8. During an average bridge inspection, do you ever fed sotired or winded that
you havetowork slower or temporarily stop working?
Never Very Rarely Sometimes Often Almost Always
1 2 3 4 5

If so, under what conditions and how often:

This question was asked to give a measure of the inspector’s physical conditioning. The average
response to question SRQ8 was 1.9 (standard deviation of 0.56). The most common conditions
cited for working slower were on hot/humid days or when the inspector needed to navigate very
rugged terrain. Figure 28 illustrates the quantitative distribution of the answers to question
SRQS8.
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Figure 27. Distribution of inspector-reported overall condition.
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Figure 28. Distribution of how often inspectors get tired/winded during work.

SRQ9. Doyou feel your work asa bridgeinspector isimportant to public safety?
Not at all Slightly Important Important  Very Important Essential
1 2 3 4 5
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There were two motivating factors behind this question. First, this question could be used to
gauge job satisfaction and, second, to determine if inspectors thought bridge inspection had a
positive social impact. The average response to this question was a 4.6, with a standard
deviation of 0.54. Thisindicates that, overall, inspectors feel their work is important to
maintaining public safety. Figure 29 shows the frequency distribution for question SRQO.
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Figure 29. Distribution of perception of importance of work.

SRQ10. Do you ever assesstheimportanceto public safety of the inspection that you are
performing?
Yes No

Similar to question SRQ9, this question was asked to see if inspectors considered public saf ety
while they were completing an inspection. Only 45 of 48 responding inspectors answered yesto
this question. Although thisindicates that many inspectors are completing their inspections with
the goal of ensuring the safety of the public, it also indicates that some inspectors may have some
other motivation. Unfortunately, the question format did not allow inspectors to elaborate on

their answers and therefore additional information is not available.
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SRQ11. Ingeneral, how would you describe your level of mental focus over an entire
bridge inspection?
Poor Slightly Unfocused  Average  Somewhat Focused Very Focused
1 2 3 4 5

The goal of this question was to determine if performing a bridge inspection isinteresting
enough to hold an inspector’s attention. The average inspector indicated that they were between
“somewhat focused” and “very focused” (average of 4.4) while they were completing an

inspection. Figure 30 illustrates the distribution of the responses.
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Figure 30. Level of focus during bridge inspections.

SRQ12. How interestingisyour work asa bridge inspector?
Very Boring Boring Average Somewhat Interesting Very Interesting
1 2 3 4 5

Question SRQ12 was asked to supplement and to reinforce the answers to question SRQ11. The
average was 4.5 (standard deviation of 0.58), indicating that most inspectors thought that their

daily work was interesting. Figure 31 shows the distribution of the responses.
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Figure 31. Distribution of inspector interest level in their work.

SRQ13. Imaginethefollowing situation:

You areinspecting the superstructure of a steel girder/concrete deck bridge.
The bridge is 60 ft high and the only means of accessto thegirdersisfrom a
snooper truck and thewind isgusting to 20 mph.

How fearful of the working height do you feel you would be?
Very Fearful Somewhat Fearful Mostly Fearless No Fear
1 2 3 4

By proposing the hypothetical situation, it was envisioned that question SRQ13 would give

insight into an inspector’s fear of heights. The average response to question SRQ13 was
approximately a 3 (Mostly Fearless), indicating that most inspectors are not bothered by modest
working heights. As can be seen from figure 32, no inspector answered question SRQ13 with a
1. However, as will be discussed later, one inspector refused to use the 18.3-m boom lift

necessary to complete Task H.
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Figure 32. Distribution of reported fear of heights.

SRQ14. Imaginethefollowing situation:

You areinspecting theinterior of a 150-ft-long prestressed concrete box girder.
The only light sourceisyour flashlight. Traffic on the bridge continues
uninterrupted and you can feel every passing vehicle.

How fearful of working in this enclosed space would you be?
Very Fearful Somewhat Fearful Mostly Fearless No Fear
1 2 3 4

Similar to question SRQ13, this hypothetical scenario was presented with the goal of
determining if inspectors might be afraid of working in enclosed spaces. With an average
response of 3.1, it appears that most inspectors are generally not afraid of working in enclosed
spaces. The distribution of the responsesis shown in figure 33.
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Figure 33. Inspector-reported fear of enclosed spaces.

SRQ15. Imaginethefollowing situations:

You are completing an in-depth inspection of a major two-lane divided highway
bridge. Only onelane can beclosed at atime. Most of your timeis spent
kneeling at deck level to inspect the deck.

How fearful of the vehicular traffic do you feel you would be?
Very Fearful Somewhat Fearful Mostly Fearless No Fear
1 2 3 4

The goal of this hypothetical situation was to ascertain if inspectors were afraid of being struck
by vehicular traffic. Of the three scenarios presented in questions SRQ13 through SRQ15,
inspectors indicated the greatest fear of traffic. The distribution of responses indicates that the
traffic present during an inspection may have some influence on how inspections are compl eted.

The distribution of the responsesis shown in figure 34.

SRQ16. Haveyou ever been involved in an accident whereyou as a pedestrian were
struck by a moving vehicle?
Yes No

To help interpret answers to question SRQ15, question SRQ16 sought to provide a reason for
high fear levels. One inspector did report having been struck by a moving vehicle.
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Figure 34. Inspector fear of vehicular traffic.

SRQ17. Haveyou ever been involved in an accident whereyou fell from typical bridge
inspection working heights?
Yes No

This question was asked to help interpret the fear of heights levels determined from question
SRQ13. Three inspectorsindicated that they had fallen from atypical bridge inspection height.
These particular inspectors indicated that they were either “somewhat fearful” or “mostly
fearless” of heights in question SRQ13, indicating a low influence upon their current fear of

heights.

SRQ18. What isthe highest educational level that you have completed?
Some High School
High School Degree or equivalent

Some Trade School

Trade School Degree

Some College

Associate’s Degree Chooseone  CE Technology Other
Bachelor's Degree Chooseone Civil Engineering  Other
Some Graduate Work Chooseone Civil Engineering  Other
Master’'s Degree Chooseone Civil Engineering  Other
Terminal Degree (e.g., Ph.D.)Chooseone Civil Engineering  Other
Other:
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There are many types of training thought to possibly have an influence on VI reliability.

Question SRQ18 was developed to assess just one of these: general education level. Table 20

summarizes the response rate for each education level. Thistable shows that most inspectors

have had some general education beyond high school and that many have completed atertiary

degree. However, less than half had obtained a bachelor’'s degree or higher.

SRQ19.

Table 20. General Education Level.

Education Level

Number of Inspectors

Some High School

High School Degree or equivalent

Some Trade School

Trade School Degree

Some College

Associate’s Degree
CE Technology
Other

Bachelor's Degree
Civil Engineering
Other

Some Graduate Work
Civil Engineering
Other

Master’'s Degree
Civil Engineering
Other

Terminal Degree
Civil Engineering
Other

Other

0
10

©ON

[ —

State Training

What specific type of training have you had in bridge inspection? (you may
check more than one)

In-house State-run bridge inspection training program.

‘Apprentice’ training on the job by experienced inspectors.
Other:



FHWA Training
Bridge Inspector’s Training Course Part | — Engineering Concepts for
Bridge Inspectors (NHI #13054)
Bridge Inspector’s Training Course Part Il — Safety Inspection of In-
Service Bridges (NHI #13055)
Inspection of Fracture-Critical Bridge Members Training Course
Bridge Inspectors Training Course Refresher Training
Nondestructive Testing Methods for Steel Bridges
Culvert Design (NHI #13056)
Other:

Other:

In addition to general education, specific training in the area of bridge inspection may also

influence V1 reliability. Question SRQ19 was asked to determine the level of specific bridge

Inspection training courses that inspectors had completed. Thirty-seven inspectors indicated that

they had completed some type of a State-run bridge inspection program and 32 inspectors

indicated that they had received “apprentice”-type training from experienced inspectors. Ten
inspectors indicated some type of “other” State training. Typical write-in answers included
courses on scour, load rating, and the use of laptop computers. One inspector listed the Internet

as a source of training.

Twenty-eight inspectors indicated that they had completed the Bridge Inspector’s Training
Course Part I, while 35 indicated that they had completed Part Il. This percentage is consistent
with the results of the State-of-the-Practice survey presented previously. Recall that more than
95 percent of the States require the Bridge Inspector’s Training Course for team leaders and 79
percent of the States require it for other team members. It should, however, be pointed out that
no distinction was made in the State-of-the-Practice survey between Parts | and Il of the Bridge
Inspector’s Training Course. Thirty-five inspectors indicated that they had completed the course
on the inspection of fracture-critical members. Only 21 inspectors had completed the refresher
course, while 25 had completed the training course on the use of NDT for steel bridges. Eleven
inspectors indicated that they had completed the FHWA training course on culvert design and six

inspectors listed some type of “Other” FHWA training. The most common write-in answer,
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regardless of the source of the training, was training on scour. Some inspectors indicated

training in underwater inspections, paint and coatings, and historic bridges.
SRQ20. How many years of experience do you havein bridge inspection?

SRQ21. How many yearsof experience do you havein highway structures?

SRQ22. Haveyou ever worked asan ingpector in another industry (e.g., aircraft, nuclear
power, etc.)?
Yes No

Questions SRQ20 through SRQ22 were asked to determine how much experience the inspectors
had and where that experience was obtained. The average inspector had just over 10 years of
experience in bridge inspection (standard deviation of 6.1 years) and approximately 11.5 years of
experience in the general area of highway structures (standard deviation of 7.6 years). The
minimum experience that any inspector indicated was under 1 year and the maximum was 26
years in bridge inspection and 32 years in highway structures. The distribution of the answersto
guestion SRQ20 is shown in figure 35. Eleven of the participating inspectors also indicated that
they had been an inspector in another industry.
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Figure 35. Distribution of inspector experience in bridge inspection.
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SRQ23. How many more yearsdo you expect to be performing bridge inspection before
you move to another job or retire?

It was envisioned that inspectors who were nearing the end of their bridge inspection careers
might perform aless thorough inspection. This could result from being close to retirement,
having so much experience that inspections become mundane, or from alack of job satisfaction
and plans to change positions. The average inspector indicated that they anticipated working as a
bridge inspector for approximately 11 additional years. One inspector anticipated working as a
bridge inspector for less than a year, while another anticipated 30 more years inspecting bridges.

SRQ24. Is your organization’s bridge inspection philosophy more similar to a) or b)?
a) Provide an adequate inspection with the goal being to comply with
NBIS.
b) Provide a thorough inspection with the goal being to find all defects.

In order to establish each State’s general philosophy with regard to bridge inspection, question
SRQ24 provided two distinct philosophies. Fifteen inspectors indicated that their organization’s
bridge inspection philosophy was more similar to (a), while 32 indicated (b). Of note, 10 States
had one inspector indicate (a), while the other inspector from that State indicated (b), seemingly

contradicting one another.

SRQ25. How do you mentally prepareto completeatypical bridge inspection? (you may
check more than one)
Study previousinspection reportsfor the particular bridge.
Study cases of similar bridgesfor help in deter mining probable placesto
look for defects.
Mentally recall similar bridgesyou have inspected.
No preparation.

Proper preparation for an inspection may lead to more efficient and accurate inspections.
Question SRQ25 was asked to ascertain what types of preparation inspectors typically complete.
Forty-four inspectors indicated that they would review previous inspection reports, 12 indicated
that they study similar bridges, and 39 indicated that they think back to similar bridges they have
inspected. Three inspectors indicated no preparation, which may be due to a lack of preparation
time caused by a limited inspection season.
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SRQ26. Ingeneral, doyour supervisors. (check only one)
a) Provideyou with a detailed checklist of itemsto inspect while at the
bridge site?
b) Provideloose guidelinesfor theinspection but leave the exact process
up toyou?
c) Allow you toinspect the bridge using solely your own techniques,
skills, and knowledge of the bridge inspection process?

Determining how inspectors generally approach an inspection was the goal of question SRQ26.
Responses were fairly well distributed among the three choices. Thirteen inspectors indicated
(@), while 16 and 20 indicated (b) and (c), respectively. Clearly, various States have different
levels of administrative control placed on the inspectors.

SRQ27. How would you describe your relationship with your direct superior?
Very Poor Poor Average Good Very Good
1 2 3 4 5

The relationship between inspectors and their supervisor could have implications on VI

reliability. Quantifying the quality of this relationship was the goal of question SRQ27. In

general, inspectors indicated a “good” to “very good” relationship with their superiors (average
of 4.3, standard deviation of 0.66). Although not entirely indicative of job satisfaction, this is
one aspect of their jobs with which inspectors appear to be satisfied. Figure 36 shows the

distribution of inspector responses to question SRQ27.

SRQ28. Do you feel that management feelsthat the work you do isimportant?
Not at all ~ Slightly Important  Important Very Important  Essential
1 2 3 4 5

The perception of being appreciated is a significant motivator for many employees. This was the
information sought through question SRQ28. Inspectors generally perceive that management
feels bridge inspection is very important, but not essential (average of 3.9, standard deviation of
0.93). This fact can be clearly seen in figure 37. It can also be seen from figure 37 that more
than 10 percent of the inspectors perceive that management feels their work is only slightly

important.
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Figure 36. Quality of inspector relationship with direct superior.
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Figure 37. Inspector perception of the importance of inspection to management.
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SRQ29. Within your dutiesfor the State DOT, do you perform any work other than
bridge inspection (i.e., construction inspection, etc.)? If so, what percentage of
your timeis spent at each activity?

Activity: Bridge Inspection % of time:
Activity: % of time:
Activity: % of time:
Activity: % of time:

Bridge inspectors often have other duties in addition to bridge inspection. The goal of question
SRQ29 was to determine how much time was actually devoted to bridge inspection and where
other time might be allocated. On average, inspectors indicated that more than 80 percent of
their time was spent on bridge inspection. The most common write-in activity was construction
inspection. Also, one inspector indicated that approximately 20 percent of his time was spent on
bridge inspection, while the remaining 80 percent was generally reserved for administrative

duties and coordination with inspection contractors.

SRQ30. Given thefollowing two definitions:

* Routine Inspection—Routine Inspections are regularly scheduled inspections
completed to determine the physical and functional condition of a bridge and
to identify changes from the last inspection. Further, Routine Inspections
serve to ensure that a bridge continues to satisfy all applicable serviceability
requirements. Routine Inspections are also commonly known as NBI
Inspections.

* In-Depth Inspection—In-Depth Inspections are close-up, hands-on
inspections of one or more bridge members in order to identify deficiencies
not normally detectable during Routine Inspections.

What percentage of your inspection duties could be classified as Routine
Inspections?

What percentage of your inspection duties could be classified as In-Depth
Inspections?

Assessing the split of time spent on Routine and In-Depth Inspections was the goal of question
SRQ30. Inspectorsindicated that approximately 65 percent of their inspections were Routine
Inspections and 35 percent were In-Depth Inspections. However, the responses yielded a
standard deviation of approximately 30 percent, indicating afairly wide distribution of
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responses. In fact, inspectors indicated a range of Routine Inspection percentages from aslittle
as 20 percent to as much as 99 percent. It should be pointed out that individual States may use
different definitions than the ones presented above. These differences may have resulted in some
Inconsi stent responses.

SRQ31. For thefollowing hypothetical bridge, how many people would make up afield
inspection team (excluding traffic control personnel), and how much time (in
man-hour s) would be budgeted?

Twenty-year-old, two-span bridge carrying two-laneroad (medium ADT) over a
small creek; maximum height above the creek is 20 ft.

Superstructure: Steel, four-girder superstructure (rolled shapes); welded flange
cover plates; concrete deck.

Substructure: Concrete abutments, a single three-column concrete pier (with
pier cap) out of the normal water cour se.

People:
Man-hours:

This question was repeated from the State-of-the-Practice survey with the goal of determining

how inspectors’ answers differed from State answers. Inspectors indicated that from one to
seven people would be required (average of 2.3) and that the inspection would require between
0.5 man-hours and 28 man-hours (average of 5.3). The range of responses is indicative of the
different inspection approaches used in different States. In comparison, responses from the
State-of-the-Practice survey indicated a range of personnel from one to four (average of 2.0) with
a time budget range from 0.5 to 16 man-hours (average of 4.8).

SRQ32. Estimatethe percentage of bridge inspections completed with aregistered
Professional Engineer (PE) on-site. (circle one)
0-20 20-40 40-60 60-80 80-100

Similar to question SRQ31, question SRQ32 was repeated from the State-of-the-Practice survey
with a similar goal. Twenty-nine inspectors indicated 0 to 20 percent and 12 inspectors indicated

80 to 100 percent. This indicates that most States either use PEs nearly all of the time or very
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rarely use them. The remaining eight responses were fairly well distributed along the 20 to 80
range. These on-site percentages are similar to those obtained from the State-of -the-Practice
survey. Recall that nearly 50 percent of the States indicated that a PE was on site for less than 20
percent of the inspections, while 25 percent indicated that a PE was on site for more than 60

percent of the inspections. Figure 38 shows the distribution of the responses.
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Figure 38. On-site percentage of PE indicated by inspectors.

After the conclusion of the field portion of the study, inspectors deemed likely to be registered
PEs were asked afollow-up question. This question was asked to determine how many
participants were registered. Of the 49 inspectors that participated, 7 were registered PEs.

SRQ33. Doyou currently take any of the following substances?
Bilberry
Viagra
B vitamin complex
Yes No
Studies in other industries have shown that these substances may temporarily affect color vision.

The goa with this question was to provide data for correlation with color vision deficiencies.
Only three inspectors indicated that they were currently taking any of these substances. Of these
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three inspectors, color vision testing indicated a possible color vision deficiency for one of these

inspectors.

SRQ34. Incomparison to other bridge inspectors, how would you classify your self based
on your past performance?
Poor Below average Average Above average Excellent
1 2 3 4 5

Interestingly, the average answer to question SRQ34 was 3.6 (standard deviation of 0.76). The

most common response was that the inspectors who participated in the study thought that they

were an above average inspector. Figure 39 shows the distribution of inspector responses. The

figure clearly shows that none of the inspectors thought they were below average or poor. It

seems unlikely that an inspector would rate himself as “poor” or “below average” and, therefore,

the answers to this question are probably artificially skewed to the right.
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Figure 39. Inspector self-appraisal in comparison with other bridge inspectors.

SRQ35. If it wasunder your control, how do you think that bridge inspections could be
improved?
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Many times, the people most affected by administrative decisions are not directly involved in
making those decisions. This question gave the inspectors a medium to provide suggestions for
improving bridge inspection. Although awide variety of write-in answers were given, they
could generally be grouped into six broad categories. Two of the general categories focus on the
number of bridge inspections each inspector must complete: more time per inspection and more
inspectors/staff. In addition, some inspectors indicated that they would like more training and
that an increase in uniformity in the rating system would increase inspection accuracy. The final
two categories are directly related to the equipment the inspectors use: electronic data

collection/modern field |aptop computers and better access equipment.

SRQ36. Haveyou ever seen abridgefailurein person?
Yes No

If yes, please describe:

Firsthand experience with a bridge failure may have some impact on the care exercised during an
inspection. Approximately half of the bridge inspectors had seen a bridge failure in person. The
types of bridges that were described ranged from small pedestrian bridges to higher volume
roadways. Intheinterest of maintaining anonymity, specific failures will not be discussed.

SRQ37. What time zone do you nor mally work in?

The goal of this question was to assess whether jet |ag influenced inspection performance.
Twenty-seven of the inspectors normally work in the Eastern time zone, 12 in the Central time
zone, four in the Mountain time zone, and six in the Pacific time zone. Notethat thisisa
relatively even distribution when one considers the number of States in each time zone.

SRQ38. Approximately how many bridges do you inspect each year?
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The goal of this question was to quantify yearly bridge inspection experience. The average
participating inspector indicated that they completed atotal of 380 bridge inspections each year.
The minimum that an inspector indicated was 50, while the maximum was 1,000. It should be
pointed out that this question yielded a standard deviation of 245, indicating a wide distribution

in the number of inspections completed.

SRQ39. Briefly describe how you became a bridge inspector.

Inspectors who became bridge inspectors by chance or by simply being moved into the position
may not have the motivation to do as good of ajob as those who sought out bridge inspection
careers. Therefore, question SRQ39 asked inspectors to describe how they came to be an
inspector. The most common answers to question SRQ39 were that they were either transferred
from other areasin the DOT (14) or ssimply applied for the position in response to a job
announcement (22). Two inspectors indicated that they were in the bridge inspection unit as part

of a position “rotation” plan.

SRQ40. Within your organization, how important do you feel bridge inspection is?

Not Slightly Somewhat Very
Important I mportant Average I mportant I mportant
1 2 3 4 5

Similar to some previous questions, question SRQ40 was developed to assess the importance of
the work. Overall, inspectors felt that bridge inspection was between “somewhat important” and
“very important” (average of 4.5) within their organization. This question differs from question
SRQ28 where the inspectors indicated their perception of management’s view of the importance

of bridge inspection. Figure 40 summarizes the distribution of the responses.
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Figure 40. Inspector perception of bridge inspection within their organization.

5.1.2. Exit SRQ Results

Aswas mentioned previously, two SRQs were administered. The results from theinitial SRQ

were presented above. Questions ESRQL1 through ESRQ21 (out of 24) on the exit SRQ were
identical to some of the questions on theinitial SRQ. In general, inspectors gave the same

answers to both questionnaires (e.g., question SRQ8: initial SRQ average was 1.94, exit SRQ
average was 1.98). However, there were three questions on the exit SRQ not given on theinitial
SRQ that related to the inspectors’ general perception of their participation in the study. The

following summarizes the results of these three questions.

ESRQ22. Did you enjoy participating in these inspection tasks?
Yes No

This question was asked to determine if the inspector enjoyed participating in the study. Of the
46 responding inspectors, only 3 indicated that they did not enjoy completing the tasks.

ESRQ23. Do you feel that the observersdid a good job?
Yes No
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In order to ascertain if the inspectors thought that the observers did a good job, question ESRQ23
was asked. Only 1 of the 46 responding inspectors indicated that the observers did not do a good
job. Thisindicates that, in general, the observers were cordial and tried to make a conscious

effort to make the experience a pleasant one.

ESRQ24. On ascalefrom 1to 10, what rating would you give the observers (1 = poor, 10 =
excellent)?

Similar to question ESRQ23, question ESRQ24 was asked to gauge the inspectors’ impression of
the observers. The average response was an 8.2 (standard deviation of 1.2). The distribution of

the responses is shown in figure 41.

5.1.3. Vision Test Results
The following summarizes the results of the three vision tests described previously. These vision

tests were administered to assess three types of vision thought to influence VI.

5.1.3.1. NEAR AND DISTANCE VISUAL ACUITY
In general, inspectors had what could be considered “normal” near and distance visual acuity.

Recall that inspectors were allowed to use any corrective lenses ordinarily used. However, there
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Figure 41. Distribution of inspector rating of observers.
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was enough variation in the vision test results to be able to say that inspector vision is not
necessarily 20/20. Intwo cases, an inspector had very poor visual acuity (i.e., 20/160 or worse)
in one eye. However, those two inspectors had better than 20/20 vision (both near and distance)
in the other eye. The distribution of near and distance visua acuity is shown in figures 42 and

43, respectively.
20
17
15
14 13 13 ORight eye
[ 127 OLeft eye
- |
g
S 10 i i
g
T
.
6
5 - -
3 33
2
11 Wm 1 1 1
0 0 0 0
o LI Hﬂﬂﬂ

20/10 20/12.5 20/16 20/20 20/25 20/32 20/40 20/50 20/63 20/80 20/100 20/125 20/160 20/200 20/250 20/320 20/400

Figure 42. Distribution of near visual acuity.
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5.1.3.2. COLOR VISION

Approximately 10 percent of the general population exhibits some form of color vision
deficiency. Consistent with this, the results of the color vision tests administered for this study
indicated that 5 of 49 inspectors showed signs of a color vision deficiency. Of these five
inspectors, two showed signs of Protan (i.e., red) color vision deficiency, one showed signs of
Deutan (i.e., green) color vision deficiency, one showed signs of Tritan (i.e., blue) color vision

deficiency, and one showed signs of all three types of color vision deficiencies.

514. Summary

Based on the responses to the SRQ questions and the results of the vision testing, it appears that

the participating sample of bridge inspectors are, in general, representative of the population of

bridge inspectors. However, it should be noted that although States were asked to send a “more”
experienced inspector and a “less” experienced inspector, it is possible that some States may

have sent two “more” experienced inspectors, skewing the sample.

5.2. ROUTINE INSPECTION RESULTS

The following sections present results from Tasks A, B, C, D, E, and G. These tasks are Routine
Inspection tasks that typically resulted in three pieces of data. First, the three primary elements
of each bridge were assigned Condition Ratings. Second, secondary bridge elements were also
assessed and given Condition Ratings. Finally, to supplement the Condition Ratings, inspectors
typically generated hand-written notes. During Task D, inspectors were also asked to provide
visual documentation of their findings to supplement the Condition Ratings and notes. Results
from the data collected during the Routine Inspection tasks are presented in the following
sections. There are five primary subsections: a description of Routine Inspection and the
inspection process; statistical analysis of the primary element Condition Ratings, including an
assessment of the relationship of human and environmental factors; analysis of the photographs
generated during Task D; analysis of inspection notes; and general statistical analysis of
secondary element Condition Ratings.
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5.2.1. Description of Routine Inspection

Before presenting the results of the Routine Inspection tasks, the following discussion presents
the previoudly given definition of Routine Inspection used in this study. The Manual for
Condition Evaluation of Bridges, 1994 defines “Routine Inspection” as follow:

“Routine Inspections are regularly scheduled inspections consisting of observations
and/or measurements needed to determine the physical and functional condition of the
bridge, to identify any changes from “Initial” or previously recorded conditions, and to

ensure that the structure continues to satisfy present service requirements.

The Routine Inspection must fully satisfy the requirements of the National Bridge
Inspection Standards with respect to maximum inspection frequency, the updating of
Structure Inventory and Appraisal data and the qualifications of the inspection personnel.
These inspections are generally conducted from the deck, ground and/or water levels, and
from permanent work platforms and walkways, if present. Inspection of underwater
portions of the substructure is limited to observations during low-flow periods and/or
probing for signs of undermining. Special equipment, rigging, or staging, is necessary

for Routine Inspection in circumstances where its use provides for the only practical

means of access to areas of the structure being monitored.

The areas of the structure to be closely monitored are those determined by previous
inspections and/or load rating calculations to be critical to load-carrying capacity. In-
Depth Inspection of the areas being monitored should be performed in accordance with
Article 3.2.4. If additional close-up, hands-on inspection of other areas is found

necessary during the inspection, then an In-Depth Inspection of those areas should also be

performed in accordance with Article 3.2.4.
The results of a Routine Inspection should be fully documented with appropriate

photographs and a written report that includes any recommendations for maintenance or

repair and for scheduling of follow-up In-Depth Inspections if necessary. The load
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capacity should be re-evaluated to the extent that changed structural conditions would

affect any previously recorded ratings.”

In general, the Routine Inspection tasks completed as part of this study were administered and
completed according to this definition. One notable deviation from this standard definition was
the identification of changes from initial or previously recorded conditions. For these tasks,
inspectors were not provided with previously recorded inspection information, thus ensuring that
each inspector was recording their estimation of the bridge conditions and not simply relying on
the accuracy of previously completed inspections. Another deviation from the standard
definition occurred in the level of access allowed during some tasks. Specifically, there were
safety constraints that prevented the inspectors from gaining full access to some bridges (e.g.,
use of ladders was prohibited completely for one task (Task C) and limited on another (Task E),

and access to the deck was restricted on a third (Task G)).

5.2.2. Routine I nspection Process

The following summarizes how inspectors approached and completed the Routine Inspection
tasks. In addition, the conditions under which they were completed and the inspectors’
perceptions of the inspections are also presented. Data for this discussion comes from three
previously described sources — the pre-task questionnaires, the firsthand observations, and the
post-task questionnaires.

5.2.2.1. TASKA

Task A is the Routine Inspection of Bridge B521, an in-service, single span, through-girder
bridge. Inspectors were allowed 40 min to complete the inspection with an average time of 38
min (standard deviation of 6 min) and a minimum and maximum completion time of 23 min and

50 min, respectively. Figure 44 shows the frequency distribution of completion times.
Figure 45 and table 21 summarize the pre-task question results in which inspectors provided

guantitative responses. From this table, it can be seen that, on average, it had been slightly more

than half a year since each inspector had last inspected a bridge of a similar type. Note that three
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Table 21. Task A — Quantitative pre-task question responses.

Range of Possible
Inspector Response

Answers
o ©TE £ £
‘ P B 2 S
Low High o '% B E £
> & & =
< [0} Q s S

How long has it been since you .
completed an inspection of a N/A N/A 26.8 64.2 416 1
bridge of this type (in weeks)?

Given the available equipment and
the defined tasks, how long do you

think you would normally spend
on this inspection (in minutes)?

N/A N/A 90.1 70.0 360 20

1=very 9=very

tired rested 7.2 13 9 3

How rested are you?

* N/A = Not applicable.

of the participating inspectors had never inspected a bridge similar to Bridge B521, and the time
since a similar inspection only considers inspectors who had inspected a similar bridge. Also,

the average predicted time, as shown in the table, was 125 percent more than was being allowed.
Finally, table 21 shows that, overall, inspectors indicated a relatively high rested level before
beginning this task. It should be pointed out that Task A was typically the first task performed in

the morning or after lunch.

During Task A, inspectors were provided with two ladders (a 2.4-m stepladder and a 9.75-m
extension ladder) and given full access to the superstructure from below. In order to assess what
types of access equipment would normally be used for this type of an inspection, inspectors were
asked to describe the type of equipment they would typically use. Table 22 summarizes their
responses. Although none occurs here, the “Other” category of respondents would typically be
specialized pieces of equipment that could not feasibly be grouped in another category. Note
that some inspectors indicated that they would use multiple types of access equipment and

therefore the sum of percentages is greater than 100 percent.
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Table22. Task A — Normal access equipment use.

Accessibility Equipment/Vehicle Type Percentage of Respondents
Snooper 10%

Lift 24%

Ladder 51%

Scaffolding 0%

Climbing Equipment 0%

Permanent Inspection Platform 0%

Movable Platform 2%

None 20%

Other 0%

Prior to initiation of the inspection, the inspectors were asked to describe the type of construction
used on the bridge. The goal of this question was to assess if inspectors recognized important
aspects of the structure that could influence how it should be inspected. The results from this
guestion are summarized in table 23. The 39 percent of the inspectors indicating an “Other”
characteristic typically were providing a description of the type of bearing. Only 6 percent of the
inspectors indicated that the structure was simply supported and only 4 percent noted that the

bridge was skewed.

Table 23. Task A — Description of type of construction used.

Bridge Characteristic Percentage of Respondents
Floor beams 65%
Riveted 65%
Cast-in-place concrete slab 61%
Steel through girder 59%
Plate girder 53%
Fracture-critical 45%
Simply supported 6%
Skewed 4%
Asphalt overlay 4%
Other 39%

To further assess inspector familiarity with similar inspections, inspectors were asked to identify
problems that they might expect to find on a bridge of a similar type, general condition, and age.

The responses are summarized in table 24. The 47 percent “Other” responses could generally be
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grouped into five categories. bearing problems, pack rust, joint deterioration, chloride

contamination, and abnormal member distortions.

Table 24. Task A — Problems expected.

Problem Type Percentage of Respondents
Steel corrosion or section loss 86%
Concrete deterioration 75%
Fatigue-cracking 29%
Leakage 29%
Underside deck cracking 22%
Missing rivets or rivet heads 20%
Paint deterioration 18%
Settlement cracking of abutments 16%
Cracked or loose asphalt 14%
Leaching 12%
Impact damage 10%
Inadequate concrete cover 4%
Other 47%

While the inspector was completing the inspection, the observer had three primary duties to
complete. First, to monitor and record the environmental conditions. Second, to record which
portions of the bridge were inspected. Finally, to note what inspection tools were used. Tables
25 through 28 summarize this information. Table 25 presents the direct environmental
measurements made during the inspections, including temperature, humidity, heat index
(calculated from the temperature and humidity), wind speed, and light intensity at two locations.
To supplement the environmental data presented in table 25, a qualitative descriptor of the

environmental conditions was also noted and is summarized in table 26.

Table 25. Task A — Direct environmental measurements.

Environmental Measurement Average Stapdgrd Maximum  Minimum
Deviation

Temperature (°C) 22.7 5.5 31.7 12.2

Humidity (%) 61.5 17.9 89 28

Heat Index (°C) 23 5.6 32 12

Wind Speed (km/h) 5.1 6.6 22.5 0.0

Light Intensity Under Center of 15.290 22290 96,190 296

Superstructure (lux)
Light Intensity at Deck Level (lux) 43,240 38,850 122,450 1,420
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Table 26. Task A — Qualitative weather conditions.

Weather Condition Percentage of Inspections
0 — 20% Cloudy 29%
20 — 40% Cloudy 22%
40 — 60% Cloudy 0%
60 — 80% Cloudy 2%
80 — 100% Cloudy 12%
Hazy 6%
Fog 4%
Drizzle 18%
Steady Rain 6%
Thunderstorm 0%

In order to document an inspector’s activities during the inspection, a list of some important
inspection items was developed. When an inspector inspected a certain portion of the structure,
regardless of how thoroughly it may have been completed, the observer noted that the item had
been inspected. The data for Task A are presented in table 27. From this table, the percentage of
inspectors completing each specific inspection item can be observed. It is clear from the data

that the majority of the inspectors initiated most of the recorded “inspect” items. However,
although all inspectors inspected both abutments, less than 70 percent were observed looking at

the wingwalls and very few did any sounding of the substructure.

The observers also noted which inspection tools were used. This information is presented in

table 28. Note how few inspectors used the ladder, a flashlight, or any sounding tools.

As with all tasks, the Task A post-task questions were typically related to the inspector’s
impression of the inspection, as well as the inspector’s mental and physical condition. In all, 11
guantitative questions were asked for this task, with the results presented in table 29. The data in
this table show that, in general, the inspectors felt that Task A was fairly similar to their normal
inspections. Not surprisingly, they also reported that the task was fairly accurate at measuring
their inspection skills. It can also be seen that, as compared to the results in table 21, the
inspectors were slightly less rested at the completion of the task than at the initiation.
Furthermore, inspectors felt that they understood the instructions that they were given, and most

thought that, overall, the bridge was fairly accessible. Inspectors reported that being observed
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Table 27. Task A — Bridge component inspection results.

Inspection Item Percentage

Inspectors
General Check Overall Alignment (west side) 26%
Check Overall Alignment (east side) 28%
Superstructure  Inspect East Girder 98%
Inspect West Girder 100%
Inspect North Bearings 92%
Inspect South Bearings 96%
Inspect Floorbeams 100%
Inspect East Girder Above Deck Level 96%
Inspect West Girder Above Deck Level 98%
Inspect East Transverse Stiffeners 90%
Inspect West Transverse Stiffeners 92%
Substructure Inspect North Abutment 100%
Sound North Abutment 18%
Inspect South Abutment 100%
Sound South Abutment 18%
Inspect Northwest Wingwall 67%
Sound Northwest Wingwall 2%
Inspect Northeast Wingwall 63%
Sound Northeast Wingwall 2%
Inspect Southwest Wingwall 65%
Sound Southwest Wingwall 6%
Inspect Southeast Wingwall 60%
Sound Southeast Wingwall 4%
Deck Inspect East Curb 94%
Sound East Curb 18%
Inspect West Curb 98%
Sound West Curb 20%
Inspect East Curb to Web Interface 88%
Inspect West Curb to Web Interface 86%

Inspect North Transverse Expansion Joint 71%
Inspect South Transverse Expansion Joint 55%
Inspect Underside of Deck 98%
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Table 28. Task A — Use of inspection tools.

Tool Percentage of Inspectors
Tape Measure 24%
2.4-m Stepladder 0%
9.75-m Extension Ladder 55%
Any Flashlight 16%
Two AA-Cell Flashlight 0%
Three D-Cell Flashlight 4%
Lantern Flashlight 12%
Any Sounding Tool 45%
Masonry Hammer 45%
Chain 2%
Level as a Level 0%
Level as a Straightedge 0%
Binoculars 22%
Magnifying Glass 2%
Engineering Scale 6%
Protractor 4%
Plumb Bob 0%
String 0%
Hand Clamp 0%

had minimal influence on their performance. They reported their effort level was, on average,
about the same as normal and that they were slightly less thorough than normal. In most cases,
when inspectors indicated that they were less thorough than normal, this was often attributed to
not having sufficient time to gain access to particular bridge components, such as every vertical
stiffener in the superstructure. It should be pointed out that the average reported rushed level for
Task A equaled that of Task E, both reporting average rushed levels of 3.6 — the highest
encountered in this study. This indicates that inspectors may have thought that they needed

additional time to complete the inspection.

5.2.2.2. TASKB

Task B is the Routine Inspection of Bridge B101A, a single-span, concrete T-beam bridge.
Inspectors were given 50 min to complete the inspection, with the average inspector using 35
min (standard deviation of 11 min) and a minimum and maximum completion time of 14 min

and 55 min, respectively. Figure 46 shows the distribution of inspection times.
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Table 29. Task A — Quantitative post-task question responses.

Range of Possible
Inspector Response

Answers

o o &S £ €

82 3 3

Low High g g 8 E E

> d & S

< O A s S

How similar were these inspection 1 = not 9 = ver
tasks to the tasks performed in your . “VeY 71 20 9 1

) : similar similar
normal Routine Inspections?

Did this task do an accurate job of 1 = not 9 =very
measuring your inspection skills?  accurate accurate

1=very 9=very

71 15 9 2

How rested are you?

tired rested
How well did you understand the 1=very 9=very
: . ) 84 07 9 7
instructions you were given? poorly well
How accessible do you feel the variousl =very 9 =very
; : . : 77 11 9 6
bridge components were? iInaccessible accessible
How well do you feel that this bridge 1=very 9 =very
o 59 13 8 3
has been maintained? poorly well

l1=very 9=very

How complex was this bridge? .
simple complex

Do you think my presence as an

observer had any influence on your 1=no 9 = great

. ) 27 20 7 1
influence influence

inspection?

Did you feel rushed while completing 1 = not 9 =very 36 26 9 1
this task? rushed rushed ' '

What was your effort level on this task 1=much 9 =much
in comparison with your normal . » 50 06 7 3

effort level? lower greater

How thorough were you in completing 1=less 9= more

thlstasl_<|n comparison to your thorough  thorough 43 13 6 1
normal inspection?

Table 30 summarizes the quantitative pre-task question responses for Task B. On average, it had
been about 5 months since inspectors had inspected a similar bridge. One inspector indicated
that he had never inspected a bridge similar to Bridge B101A. There was significant variability

in the predicted time (see figure 47) required to complete the inspection (15 min to 480
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Figure 46. Task B — Actual inspection time.

min) and the average predicted time was about 70 percent more than was being allowed. At the
initiation of Task B, the average inspector indicated that they were as rested as they were at the

beginning of Task A (average rested level of 7.2).

As during Task A, inspectors were provided with ladders and were allowed full access to the
superstructure from below. Table 31 illustrates the types of access equipment that inspectors

indicated they would typically have used to complete Task B.

Although Bridge B101A is a relatively simple structure, there are some key attributes of the
bridge that may influence how it should be inspected. Table 32 presents the inspector responses
regarding the type of construction used on Bridge B101A. Although nearly all inspectors
indicated that the bridge was constructed using concrete T-beams, only two inspectors (4
percent) indicated that the structure was simply supported. For this question, the “Other”

responses were typically related to the deck/wearing surface and that there was only one span.
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Table 30. Task B — Quantitative pre-task question responses.

Range of Possible
Inspector Response

Answers
o - & E £
82 3 3
Low High § o8 E E
> & o & =
< O a s s

How long has it been since you completed
an inspection of a bridge of this type (in  N/A’ N/A 21.0 435 208 1
weeks)?

Given the available equipment and the
defined tasks, how long do you think You /A N/A 83.8 934 480 15
would normally spend on this inspection
(in minutes)?

How rested are you? 1=very 9=very 72 13 9 3

tired rested
* N/A = Not applicable
12
11
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Figure 47. Task B — Predicted inspection time.
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Table 31. Task B — Normal access equipment use.

Accessibility Equipment/Vehicle Type Percentage of Respondents

Snooper 0%
Lift 14%
Ladder 57%
Scaffolding 0%
Climbing Equipment 0%
Permanent Inspection Platform 0%
Movable Platform 0%
None 20%
Other 0%

Table 32. Task B — Description of type of construction used.

Bridge Characteristic Percentage of Respondents
Concrete T-Beam 94%
Cast-in-Place Reinforced Concrete Deck 7%

Simply Supported 4%

Other 13%

Inspector responses regarding anticipated problems are summarized in table 33. Note that 100
percent of the inspectors expected to find concrete deterioration; however, there was less
consensus on how that deterioration would be manifested (concrete spalling was the most
frequently cited response). For this question, two typical responses in the “Other” category were

chloride contamination and general misalignment.

Table 33. Task B — Problems expected.

Problem Type Percentage of Respondents
Concrete Deterioration 100%
Concrete Spalling 65%
Concrete Delamination 38%
Underside Cracking of Deck 38%
Leaching 33%
Leakage 27%
Settlement Cracking of Abutments 21%
Inadequate Concrete Cover 10%
Expansion Joint Deterioration 8%
Freeze/Thaw Damage 6%
Impact Damage 4%
Other 8%
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Asduring Task A, the observer monitored the environmental conditions, what inspection items

were initiated, and what tools were used. Tables 34 through 37 summarize these observations.

From table 34, there generally was very little light under the superstructure and the average

temperature was just slightly cooler under the bridge during Task B than during Task A. Table

35 indicates that the inspections were typically performed when the sky was fairly clear;

however, 18 percent of the inspectors did complete the inspection in rain or drizzle. From table

36, it can be seen that, with the exception of inspecting the joints, there was a greater than 50

percent item initiation rate on all “inspect” items, while there was less than a 50 percent
inspection item initiation rate on all “sound” items. This information, along with the data from
table 37, indicates that only about half of the inspectors used the sounding equipment to assess
the extent of the concrete deterioration. Even though there was minimal light below the
superstructure, only 10 percent of the inspectors used a flashlight. As had been previously
mentioned, Bridge B101A has a significant bow in the east abutment wall. Ten percent of the
inspectors used the 610-mm level as a straightedge to estimate the amount of bowing. The one

inspector (2 percent) who used the string, used it to extend the length of the plumb bob string.

Table 38 summarizes the 11 questions administered at the completion of Task B. From these
data, it can be seen that, in general, the inspectors thought that Task B was similar to their
normal inspections and required about the same effort level. Note that upon completion of this
task, the rested level had dropped from an average of 7.2 at the beginning of the task down to an

average of 7.0.

5.2.2.3. TASKC

Similar to Task B, Task C consisted of the Routine Inspection of Bridge B111A, a
decommissioned, single-span, concrete T-beam bridge. Inspectors were allowed 30 min to
complete the inspection, with the inspectors using an average of 24 min (standard deviation of 6
min), with a minimum and maximum completion time of 11 and 34 min, respectively. Figure 48

shows the distribution of inspection times.
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Table 34. Task B — Direct environmental measurements.

Environmental Measurement Standard . -

Average s Maximum Minimum
Deviation

Temperature°C) 22.2 5.37 31.7 10.0

Humidity (%) 61.4 17.7 87 29

Heat Index {C) 5.4 32 10

Wind Speed (km/h) 2.6 2.8 12.9 0.0

Light Intensity Under Center of 57 298 5

Superstructure (lux)
Light Intensity at Deck Level (lux) 42,070 31,650 108,350 1,940

Table 35. Task B — Qualitative weather conditions.

Weather Condition

Percentage of Inspections

0 — 20% Cloudy
20 — 40% Cloudy
40 — 60% Cloudy
60 — 80% Cloudy
80 — 100% Cloudy
Hazy

Fog

Drizzle

Steady Rain
Thunderstorm

47%
12%
4%
6%
12%
0%
0%
12%
6%
0%
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Table 36. Task B — Bridge component inspection results.

Inspection Item

Percentage of

Inspectors
Superstructure Inspect T-Beams 100%
Sound T-Beams 24%
Inspect Longitudinal Expansion Joint 90%
Substructure Inspect West Abutment 100%
Sound West Abutment 43%
Inspect West Abutment Joint 90%
Sound Near West Abutment Joint 33%
Inspect East Abutment 100%
Sound East Abutment 35%
Inspect East Abutment Joint 88%
Sound Near East Abutment Joint 24%
Inspect Northeast Wingwall 59%
Sound Northeast Wingwall 10%
Inspect Northwest Wingwall 61%
Sound Northwest Wingwall 16%
Inspect Southeast Wingwall 61%
Sound Southeast Wingwall 12%
Inspect Southwest Wingwall 65%
Sound Southwest Wingwall 12%
Inspect Northeast Wingwall/Abutment Joint 86%
Sound Northeast Wingwall/Abutment Joint 22%
Inspect Northwest Wingwall/Abutment Joint 96%
Sound Northwest Wingwall/Abutment Joint 31%
Inspect Southeast Wingwall/Abutment Joint 86%
Sound Southeast Wingwall/Abutment Joint 24%
Inspect Southwest Wingwall/Abutment Joint 92%
Sound Southwest Wingwall/Abutment Joint 31%
Deck Inspect North Parapet 96%
Sound North Parapet 19%
Inspect South Parapet 92%
Sound South Parapet 16%
Inspect Underside of Deck 96%
Sound Underside of Deck 20%
Inspect Wearing Surface 94%
Inspect West Transverse Expansion Joint 45%
Inspect East Transverse Expansion Joint 39%
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Table 37. Task B — Use of inspection tools.

Tool Percentage of Inspectors
Tape Measure 41%
2.4-m Stepladder 0%
9.75-m Extension Ladder 24%
Any Flashlight 10%
Two AA-Cell Flashlight 0%
Three D-Cell Flashlight 8%
Lantern Flashlight 2%
Any Sounding Tool 53%
Masonry Hammer 51%
Chain 4%
Level as a Level 4%
Level as a Straightedge 10%
Binoculars 0%
Magnifying Glass 0%
Engineering Scale 2%
Protractor 0%
Plumb Bob 6%
String 2%
Hand Clamp 0%

Because of the similarity of Bridge B111A to the bridge inspected during Task B (Bridge
B101A), many of the pre- and post-task questions were not repeated for Task C. The only
guestion asked before the inspectors began Task C was related to their rested level. The
inspectors reported an average rested level of 7.0 (standard deviation of 1.2), with a minimum
and maximum of 3 and 9, respectively. Note that the average rested level at the completion of

Task B was also 7.0 (standard deviation of 1.3).
Table 39 summarizes the measured environmental conditions and table 40 gives the qualitative

weather condition during Task C. As before, the majority of the inspections were completed on
mostly sunny days, with conditions similar to those recorded during Task B.
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Table 38. Task B — Quantitative post-task question responses.

Range of Possible
Inspector Response

Answers
o -§ € E
- T 85 E £
Low High a>3 5 % ¢
< N s S
How similar were these inspection 1 = not 9 = ver
tasks to the tasks performed in your . ~VeY 79 12 9 5

) : similar similar
normal Routine Inspections?

Did this task do an accurate job of 1 =not 9 =very
measuring your inspection skills? accurate  accurate

How rested are you? 1=very tireg ~VeY 70 13 9 3
rested

How well did you understand the l=very 9=very
: . : 85 0.7 9 6
instructions you were given? poorly well

How accessible do you feel the various1 =very 9 =very 79 12 9 13
bridge components were? inaccessible accessible - '

How well do you feel that this bridge 1 =very 9 =very 07 17 7 1
has been maintained? poorly well ' '

l=very 9=very

How complex was this bridge? .
simple complex

Do you think my presence as an

observer had any influence on your 1=no 9 = great

) . 18 12 5 1
influence influence

Inspection?
Did you feel rushed while completing 1 = not 9 =very 52 18 7 1
this task? rushed rushed ' '

What was your effort level on this task
in comparison with your normal
effort level?

How thorough were you in completing 1=less 9 =more

thlstasl_<|n comparison to your thorough  thorough 49 12 7 2
normal inspection?

1=much 9 =much

52 11 9 3
lower greater
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Figure 48. Task C — Actual inspection time.

Table 39. Task C — Direct environmental measurements.

Environmental Measurement Average Stapdgrd Maximum  Minimum
Deviation

Temperature°C) 23.4 5.4 32.2 11.7

Humidity (%) 55.5 17.7 88 22

Heat Index {C) 23 5.3 32 12

Wind Speed (km/h) 3.4 3.4 11.3 0.0

Light Intensity Under Center of 296 108 549 o8
Superstructure (lux)

Light Intensity at Deck Level (lux) 49,180 35,870 115,890 4,090
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Table 40. Task C — Qualitative weather conditions.

Weather Condition Percentage of Inspections
0 — 20% Cloudy 45%
20 — 40% Cloudy 14%
40 — 60% Cloudy 4%
60 — 80% Cloudy 0%
80 — 100% Cloudy 18%
Hazy 4%
Fog 0%
Drizzle 10%
Steady Rain 4%
Thunderstorm 0%

Table 41 summarizes the inspection item data for Task C. It should be reiterated that inspectors
were not allowed to use a ladder to access the superstructure due to the traffic volume, speeds,
and sight distances near the bridge. As with previous tasks, the majority of the inspectors
completed most of the “inspect” items, while few completed the “sounding” items. Furthermore,
inspectors generally completed fewer “sounding” inspection items during Task C than they did
during Task B. This can probably be attributed to two factors. First, the overall condition of the
Task B bridge is generally worse than that of the Task C bridge. Second, familiarity with the
Task B bridge probably led to a greater confidence in their ability to visually determine the
condition of the Task C bridge, thereby requiring less sounding. Overall, the use of the
inspection tools was very limited during Task C, as summarized in table 42. It can also be seen
that 31 percent of the inspectors used the masonry hammer and that no other tool was used by

more than 10 percent of the inspectors.

Upon completion of Task C, inspectors were again asked a series of questions. Certain questions
asked following Task B were omitted from the Task C series of questions. Table 43 summarizes
the responses. Similar to previous tasks, the completion of the task resulted in the average
inspector “Rested Level After Task” dropping from 7.0 to 6.9. As one would expect, inspectors
generally indicated that the Task C bridge had been maintained better than the Task B bridge

(4.1 versus 2.7).
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Table41. Task C — Bridge component inspection results.

Inspection Item Percentage of

Inspectors
Superstructure Inspect T-Beams 100%
Sound T-Beams 0%
Inspect Longitudinal Expansion Joint 90%
Substructure Inspect West Abutment 100%
Sound West Abutment 20%
Inspect West Abutment Joint 94%
Sound Near West Abutment Joint 20%
Inspect East Abutment 100%
Sound East Abutment 39%
Inspect East Abutment Joint 86%
Sound Near East Abutment Joint 39%
Inspect Northeast Wingwall 49%
Sound Northeast Wingwall 10%
Inspect Northwest Wingwall 53%
Sound Northwest Wingwalll 8%
Inspect Southeast Wingwall 47%
Sound Southeast Wingwall 8%
Inspect Southwest Wingwall 49%
Sound Southwest Wingwall 6%
Inspect Northeast Wingwall to Abutment Joint 82%
Sound Northeast Wingwall to Abutment Joint 14%
Inspect Northwest Wingwall to Abutment Joint 78%
Sound Northwest Wingwall to Abutment Joint 16%
Inspect Southeast Wingwall to Abutment Joint 80%
Sound Southeast Wingwall to Abutment Joint 18%
Inspect Southwest Wingwall to Abutment Joint 78%
Sound Southwest Wingwall to Abutment Joint 12%
Deck Inspect North Parapet 90%
Sound North Parapet 13%
Inspect South Parapet 94%
Sound South Parapet 12%
Inspect Underside of Deck 100%
Sound Underside of Deck 0%
Inspect Wearing Surface 98%
Inspect West Transverse Expansion Joint 27%
Inspect East Transverse Expansion Joint 35%
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Table42. Task C — Use of inspection tools.

Tool Percentage of Inspectors
Tape Measure 8%
2.4-m Stepladder 0%
9.75-m Extension Ladder 0%
Any Flashlight 8%
Two AA-Cell Flashlight 0%
Three D-Cell Flashlight 6%
Lantern Flashlight 2%
Any Sounding Tool 33%
Masonry Hammer 31%
Chain 4%
Level as a Level 0%
Level as a Straightedge 0%
Binoculars 0%
Magnifying Glass 0%
Engineering Scale 0%
Protractor 0%
Plumb Bob 0%
String 0%
Hand Clamp 0%

5.2.2.4. TASKD

In this task, inspectors were asked to complete a Routine Inspection of Bridge B543. In addition
to providing the standard Condition Ratings and field notes, inspectors were asked to use a
digital camera to provide visual documentation of their findings. Results related to these
photographs will be discussed in a subsequent section. Inspectors were allotted 40 min to
complete Task D, with an average time used of 30 min (standard deviation of 7 min). The
minimum and maximum completion times were 18 and 43 min, respectively. The distribution of

inspection times is shown in figure 49.

As has been described previously, table 44 summarizes the quantitative pre-task questions for
Task D. On average, it had been more than 6 months since the inspectors had last inspected a
similar bridge. The average estimated inspection time was 68 min (70 percent more time than
allotted). One inspector indicated that the inspection would only require 12 min to complete,
while another inspector anticipated needing 5 h. The distribution of predicted inspection times is

shown in figure 50.
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Table 43. Task C — Quantitative post-task question responses.

Range of Possible
Inspector Response

Answers
o o & £ €
. DB 2 2
Low High g ¢ B8 E E
> g & £
< O s S

l1=very 9=very

o
©
=
w
©
w

How rested are you?

tired rested
How well did you understand the 1 =very 9 =very 85 06 9 6
instructions you were given? poorly well '
How accessible do you feel the 1=very 9=very

~
-
N
O
H

various bridge components wereaccessibleaccessible

How well do you feel that this bridge 1 =very 9 =very
has been maintained? poorly well

Do you think my presence as an

observer had any influence on you 1=no 9 =great

r ) 1.7 11 6 1
influence influence

Inspection?

Did you feel rushed while completingl = not 9 =very 26 23 9 1
this task? rushed rushed ' '

What was your effort level on this 1=much 9 =much
task in comparison with your - , 49 11 8 1

lower reater
normal effort level? 9

How thorough were you in
completing this task in comparison
to your normal inspection?

l1=less 9 =more

thorough thorough 49 13 8 1

Although inspectors were provided with the two ladders described previously, the geometry of
Bridge B543 is such that they could not safely be used to access the underside of the
superstructure. Table 45 summarizes the types of access equipment that inspectors indicated
they would typically use on an inspection similar to Task D. Note that the most common

response was that no access equipment would normally be used.

As before, inspectors were asked to describe the type of construction used on the bridge. Table
46 summarizes the responses. One important result from this table is that none of the inspectors
noted that the bridge was skewed, despite the fact that skew on this type of bridge has

implications on the overall structural behavior. It should also be noted that most of the “Other”
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Figure 49. Task D — Actual inspection time.

responses were responses related to the general structure type, such as arch, concrete arch, arch
slab, slab bridge, concrete box, etc., that did not precisely fit with the “concrete rigid frame”

description. Other responses in this category described the substructure or the asphalt overlay.

As shown in table 47, when the inspectors were asked what types of deterioration they might
expect to find on Bridge B543, only 8 percent indicated that they expected to find freeze/thaw
damage. Note that the physical conditions at the bridge included concrete parapets that are
severely deteriorated and this deterioration is very obvious as one approaches the bridge. As
shown in table 47, the specific types of deterioration that they were expecting to find were quite
varied, with “concrete spalling” being the most commonly cited. The two “Other” responses

were related to the bridge joints and initial construction defects.
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Table 44. Task D — Quantitative pre-task question responses.

Range of Possible
Inspector Response

Answers
o ©§ E S
- ? 8§ B 2
Low High a>3 S % £
< N s s
How long has it been since you completed .
an inspection of a bridge of this type (in  N/A N/A 28.8 39.7 225 1
weeks)?
Given the available equipment and the
defined tasks, how long do you think you N/A N/A 675 433 300 12

would normally spend on this inspection
(in minutes)?
1=very 9=very

tired rested 70 12 9 4

How rested are you?

* N/A = Not applicable.
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Figure 50. Task D — Predicted inspection time.
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Table45. Task D — Normal access equipment use.

Accessibility equipment/vehicle type  Percentage of Respondents

Snooper 0%
Lift 20%
Ladder 35%
Scaffolding 0%
Climbing Equipment 0%
Permanent Inspection Platform 0%
Movable Platform 2%
None 41%
Other 0%

Table 46. Task D — Description of type of construction used.

Bridge Characteristic Percentage of Respondents
Concrete rigid frame 63%

Skewed 0%

Other 39%

Table 47. Task D — Problems expected.

Problem Type Percentage of Respondents
Concrete Deterioration 96%
Concrete Spalling 45%
Underside Cracking of Deck 39%
Settlement Cracking of Abutments 33%
Concrete Delamination 29%
Leaching 24%
Leakage 20%
Expansion Joint Deterioration 14%
Inadequate Concrete Cover 10%
Freeze/Thaw Damage 8%
Impact Damage 6%
Other 4%

Data collected by the observers during this task are presented in tables 48 through 51. From the
data on the weather conditions (tables 48 and 49), it can be seen that Task D was completed

under various conditions. Bridge B543 is located in a fairly unique location. The top of the deck
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is very exposed and the landscape offers little protection from sun, wind, or rain. However, the
areaunder the bridge is very well protected and offers inspectors shelter from the weather, while
at the same time lowering the light intensity. Table 50 summarizes the inspection item data.
Interestingly, 88 percent of the inspectors inspected the south elevation, but only 67 percent
inspected the north elevation. Thisis possibly attributable to the relatively steep terrain on the
north side. Thisfact indicates that structure accessibility can have an influence on how an
inspection is completed. Almost no sounding was performed on this bridge. From table 51, it
can be seen that 4 percent of the inspectors used aladder during the inspection. These inspectors
used the ladder to inspect and/or sound the abutment wall and the abutment-to-deck interface. In
addition, note that only 18 percent of the inspectors used a flashlight even though the
embankment on the north end limited the light intensity under the bridge.

Table 48. Task D — Direct environmental measurements.

Environmental Measurement Average Standfﬂd Maximum  Minimum
Deviation

Tenperature(°C) 23.9 4.8 31.1 13.3

Humidity (%) 55.5 15.4 81 27

Heat Index {C) 24 5.0 38 13

Wind Speed (km/h) 1.3 2.1 8.0 0.0

Light Intensity Under Center of 415 1,702 12,020 9
Superstructure (lux)

Light Intensity at Deck Level (lux) 53,350 32,130 99,420 1,510

Table 49. Task D — Qualitative weather conditions.

Weather Condition Percentage of Inspections
0 — 20% Cloudy 41%
20 — 40% Cloudy 12%
40 — 60% Cloudy 4%
60 — 80% Cloudy 6%
80 — 100% Cloudy 18%
Hazy 0%
Fog 0%
Drizzle 8%
Steady Rain 10%
Thunderstorm 0%
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Table50. Task D — Bridge component inspection results.

Inspection Item Percentage of

Inspectors
Superstructure  Inspect Arch for Cracking 96%
Inspect Longitudinal Expansion Joint 96%
Inspect North Elevation 67%
Inspect South Elevation 88%
Substructure Inspect West Abutment 100%
Sound West Abutment 20%
Inspect East Abutment 100%
Sound East Abutment 20%
Inspect Northeast Wingwall 16%
Sound Northeast Wingwall 4%
Inspect Northwest Wingwall 39%
Sound Northwest Wingwall 4%
Inspect Southeast Wingwall 59%
Sound Southeast Wingwall 6%
Inspect Southwest Wingwall 63%
Sound Southwest Wingwall 6%
Deck Inspect North Parapet 100%
Sound North Parapet 10%
Inspect South Parapet 100%
Sound South Parapet 12%
Inspect Wearing Surface 96%
Inspect West Transverse Expansion Joint 33%
Inspect East Transverse Expansion Joint 33%

A series of post-task questions were asked of inspectors after completing Task D. The response
data are given in table 52. The majority of these data are similar to that provided for other tasks
and similar conclusions can be drawn. However, when asked about bridge accessibility, the
average response was more than 7 on a scale of 1 to 9. This indicates that the inspectors felt that
the bridge was fairly accessible. This is despite the fact that effectively and safely using a ladder

was very difficult and the northern embankment obviously influenced accessibility.
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Table51. Task D — Use of inspection tools.

Tool Percentage of Inspectors
Tape Measure 22%
2.4-m Stepladder 0%
9.75-m Extension Ladder 4%
Any Flashlight 18%
Two AA-Cell Flashlight 2%
Three D-Cell Flashlight 12%
Lantern Flashlight 4%
Any Sounding Tool 35%
Chain 4%
Masonry Hammer 33%
Level as a Level 0%
Level as a Straightedge 4%
Binoculars 0%
Magnifying Glass 0%
Engineering Scale 2%
Protractor 0%
Plumb Bob 0%
String 0%
Hand Clamp 0%

5.2.25. TASKE

Task E is the Routine Inspection of Bridge B544, which is a decommissioned, single-span,
riveted steel bridge. Inspectors were allotted 60 min to complete the inspection, with the
inspectors using an average of 52 min (standard deviation of 9 min). The quickest inspector
completed the inspection in 31 min, while others used the full 60 min. The distribution of actual
inspection times is shown in figure 51.

Table 53 summarizes three questions asked during the pre-task evaluation. The data show that,
in general, inspectors had fairly recently inspected a similar bridge. The average predicted time
to complete the task was 104 min. This average estimated time is nearly twice that being allotted
and, as before, there was significant dispersion in the estimates. In fact, the longest estimated
time was 21 times longer than the shortest estimate. The distribution of predicted inspection

times is shown in figure 52.
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Table52. Task D — Quantitative post-task question responses.

Range of Possible

Inspector Response

Answers
o ©WE E £
‘ D B 2 S
Low High 3 ¢ g % g
< A s s
How similar were these inspection 1=not 9 =ver
tasks to the tasks performed in your —. . - Very 7.7 15 9 2
. : similar similar
normal Routine Inspections?
Did this task do an accurate job of l1=not 9=very
: : : : 74 1.3 9 5
measuring your inspection skills?  accurate accurate
How rested are you? 1 ~ Very 9 =very 6.8 14 9 2
tired rested
How well did you understand the l=very 9=very
: . . 84 0.6 9 7
instructions you were given? poorly well
How accessible do you feel the varioud =very 9 =very
; . : : 74 1.8 9 1
bridge components were? inaccessibleaccessible
How well do you feel that this bridge 1 =very 9 =very
o 36 1.8 8 1
has been maintained? poorly well
How complex was this bridge? 1 - very 9= very 28 1.6 7 1
simple  complex
Do you think my presence as an _ _
observer had any influence on your . 1=no 9 =great 1.9 1.2 6 1
. ; influence influence
inspection?
Did you feel rushed while completing 1=not 9 =very 29 23 7 1
this task? rushed rushed ' '
What was your effort level on this taskl _ _
. ) ) =much 9 =much
in comparison with your normal | 51 0.7 7 4
ower greater
effort level?
How thorough were you in completing , _ _
this task in comparison to your 1 =less 9 =more 50 0.8 7 3

normal inspection? thorough  thorough
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Figure 51. Task E — Actual inspection time.

Table 53. Task E — Quantitative pre-task question responses.

Range of Possible
Inspector Response

Answers
o B S E S
8L 3 =]
Low High § g 8 E E
> 2 & £
< N s s
How long has it been since you .
completed an inspection of a bridge of N/A N/A 16.5 20.5 104 0.5
this type (in weeks)?
Given the available equipment and the
defined tasks, how long do you think N/A N/A 103.6 772 360 17

you would normally spend on this
inspection (in minutes)?

How rested are you?

1=very 9=very

tired rested 7111 9 5

* N/A = Not applicable.
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Figure 52. Task E — Predicted inspection time.

Although inspectors were provided with ladders, their use was restricted to areas that would not
interfere with U.S. Route 30. Therefore, access to the superstructure was limited to areas near
the bearings. Table 54 summarizes the types of access equipment that the inspectors indicated
that they would typically have used. The most common responses included the use of a ladder
and the use of no special access equipment. The inspectors generally indicated that because of
the heavy traffic and the limited site distances due to the roadway alignment, they would only

use special access equipment on this bridge to perform an In-Depth Inspection.

When the inspectors were asked to describe the type of construction used on Bridge B543, nearly
all inspectors indicated that it was a riveted, steel plate girder bridge, as shown by table 55.
However, only 8 percent of the inspectors noted that the bridge was skewed. The relatively large
skew on this bridge influences the behavior of the bridge and could have implications on how it
should be inspected. In addition, only 31 percent of the inspectors noted the unusual
configuration of floor beams and sway frames. This important feature of Bridge B544 is

indicative of the unusual behavior of the concrete deck (e.g., two-way slab vs. one-way slab).
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Table54. Task E— Normal access equipment use.

Accessibility Equipment/Vehicle Type Percentage of Respondents

Snooper 10%
Lift 22%
Ladder 55%
Scaffolding 0%
Climbing Equipment 0%
Permanent Inspection Platform 0%
Movable Platform 2%
None 29%
Other 0%

Table 55. Task E — Description of type of construction used.

Bridge Characteristic Percentage of Respondents
Steel Plate Girder 86%

Riveted 78%

CIP Concrete Slab 65%

Floor beams/Sway Frames 31%

Simply Supported 31%

Skewed 8%

Asphalt Overlay 6%

Other 20%

The most common “Other” response was related to the type of substructure. Also, one inspector
indicated that the bridge did not have any welds when, in fact, there were a few welds. Finally,
one inspector indicated that the superstructure was welded and another referred to the
superstructure as a through-girder.

As can be seen in table 56, the most common problems that inspectors expected to find were
corrosion of the steel and general concrete deterioration. “Other” types of identified
deterioration included deterioration of the deck, joints, and bearings.

Tables 57 through 60 summarize the data collected by the observer during the inspection task.
As can be seen from these tables, the average temperature at this bridge was slightly lower than
at the other STAR bridges. This is probably due to the bridge being located in a slight

depression and in a shaded area. In addition, note that a greater percentage of inspectors used the
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Table56. Task E — Problems expected.

Problem Type

Percentage of Respondents

Steel Corrosion 80%
Concrete Deterioration 76%
Cracked Asphalt 37%
Paint Deterioration 29%
Leakage 27%
Leaching 22%
Fatigue Cracks in Tack Welds 22%
Underside Deck Cracking 18%
Inadequate Concrete Cover 16%
Missing Rivets 16%
Settlement Cracking in Abutment 8%
Impact Damage 4%
Other 16%

sounding tools during this task than at the other STAR bridges. However, the use was

intermittent, as evidenced by the relatively low completion rate on individual sounding items.

Table 57. Task E — Direct environmental measurements.

Environmental Measurement Average Staf‘d?“d Maximum  Minimum
Deviation

Temperature (°C) 26.7 5.4 29.4 8.3
Humidity (%) 70.0 16.7 96 33
Heat Index (°C) 22 5.6 30 8
Wind Speed (km/h) 2.6 4.2 16.1 0.0
Light Intensity Below Superstructure (lux) 1,290 2,160 14,030 2
Light Intensity at Deck Level (lux) 29,800 35,440 107,710 178

Table 61 presents the quantitative post-task question responses. As shown in this table, even
though the inspectors had previously indicated that they would need more time than allotted,
when asked if they felt rushed, the average response was a 3.6 on a scale of 1 to 9. In addition,
note that, on average, the inspectors indicated that their effort level was slightly higher than

normal on this task.
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Table 58. Task E — Qualitative weather conditions.

Weather Condition Percentage of Inspections
0 — 20% Cloudy 37%
20 — 40% Cloudy 4%
40 — 60% Cloudy 6%
60 — 80% Cloudy 2%
80 — 100% Cloudy 27%
Hazy 2%
Fog 0%
Drizzle 10%
Steady Rain 12%
Thunderstorm 0%

Table 59. Task E — Bridge component inspection results.

Inspection Item

Percentage of

Inspectors
General Check Overall Alignment (West Side) 47%
Check Overall Alignment (East Side) 45%
Super structure Inspect With Binoculars 18%
Inspect Bearings While Elevated 63%
Measure Bearing Rotation 47%
Substructure  Inspect West Abutment 98%
Sound West Abutment 28%
Inspect East Abutment 98%
Sound East Abutment 34%
Inspect Northwest Wingwall 84%
Sound Northwest Wingwall 12%
Inspect Northeast Wingwall 80%
Sound Northeast Wingwall 12%
Inspect Southwest Wingwall 86%
Sound Southwest Wingwall 16%
Inspect Southeast Wingwall 86%
Sound Southeast Wingwall 14%
Deck Inspect Deck Surface 92%
Inspect West Transverse Expansion Joint 82%
Inspect East Transverse Expansion Joint 82%
Inspect Longitudinal Joint 29%
Inspect North Parapet 94%
Sound North Parapet 16%
Inspect South Parapet 92%
Sound South Parapet 20%
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Table 60. Task E — Use of inspection tools.

Percentage of

Tool
Inspectors
Tape Measure 29%
2.4-m Stepladder 0%
9.75-m Extension Ladder 49%
Any Flashlight 24%
Two AA-Cell Flashlight 2%
Three D-Cell Flashlight 10%
Lantern Flashlight 12%
Any Sounding Tool 61%
Masonry Hammer 59%
Chain 2%
Level as a Level 0%
Level as a Straightedge 0%
Binoculars 16%
Magnifying Glass 2%
Engineering Scale 6%
Protractor 4%
Plumb Bob 0%
String 0%
Hand Clamp 0%

5.2.2.6. TASKG

As described previously, Task G is the Routine Inspection of the southern half of the U.S. Route
1 Bridge over the Occoquan River. Inspectors were given 2 h to complete the inspection. The
task was completed in an average of 62 min (standard deviation of 20 min), with a minimum and
maximum completion time of 14 min and 108 min, respectively. The distribution of inspection

times is shown in figure 53.

Table 62 summarizes the quantitative questions from the pre-task questionnaire. Most notable
from this table is the fact that, in general, the inspectors had fairly recently completed an
inspection of a similar bridge. In addition, unlike the other Routine Inspection tasks, the average
estimated inspection time was less than what was being allotted. A distribution of the estimated

inspection times is shown in figure 54.
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Table61. Task E — Quantitative post-task question responses.

Range of Possible
Inspector Response

Answers
o BTE £ E
. D BS 2 2
Low High g ¢ 8 E E
> & & S
< [0} A s S

How similar were these inspection
tasks to the tasks performed in your
normal Routine Inspections?

Did this task do an accurate job of 1 =not 9 =very
measuring your inspection skills?  accurate  accurate

1 =very 9 =very

1 =not 9 =very
similar similar

72 1.7 9 1

How rested are you? 71 11 9 5

tired rested
How well did you understand the l=very 9=very
: . ) 84 08 9 6
instructions you were given? poorly well
How accessible do you feel the variousl = very 9 =very
. . " . 64 19 9 1
bridge components were? inaccessible accessible
How well do you feel that this bridge 1=very 9 =very
o 37 18 7 1
has been maintained? poorly well

1 =very 9 =very

How complex was this bridge? .
simple complex

Do you think my presence as an

observer had any influence on your . -~ "° 9 = great

) ) 23 16 6 1
influence influence

Inspection?

Did you feel rushed while completing 1 = not 9 =very 36 26 9 1
this task? rushed rushed ' '

What was your effort level on this task1 —much 9 = much
in comparison with your normal - , 53 1.2 9 3

effort level? lower greater

How thorough were you in completing 1=
this task in comparison to your
normal inspection?

less 9 = more

thorough  thorough 48 10 7 1
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Figure 53. Task G — Actual inspection time.

Table 62. Task G — Quantitative pre-task question responses.

Range of Possible
Inspector Response

Answers
o ©TE E S
a  f 8% E 2
Low High a>3 5 % £
< Ao s s
How long has it been since you completed
an inspection of a bridge of this type (in N/A N/A 145 21.3 104 1
weeks)?
Given the available equipment and the
defined tasks, how long do you think you N/A N/A 1100 1013 480 25

would normally spend on this inspection
(in minutes)?

1=very 9=very 73 15 9 3

2
How rested are you~ tired rested

* N/A = Not applicable.
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Figure 54. Task G — Predicted inspection time.

In order to assess what types of equipment the inspectors would have normally used, they were
asked to describe the equipment they typically would have used. Table 63 summarizes the
responses.

Table 63. Task G — Normal access equipment use.

Accessibility Equipment/Vehicle Type Percentage of Respondents

Snooper 53%
Lift 4%
Ladder 10%
Scaffolding 0%
Climbing Equipment 0%
Permanent Inspection Platform 4%
Movable Platform 2%
None 27%
Other 0%

Within the pre-task questionnaire, the inspectors were asked to describe the type of construction
used on this bridge. The results from this question are presented in table 64. These results are
the same as will be presented for this question within Task H, as this question was asked only at
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the start of whichever of Tasks G and H was performed first. Only 51 percent of the inspectors
indicated that the bridge is continuous. This can have an impact on the inspection and could lead
to less accurate inspection results as a result of not identifying the critical inspection areas. The
“Other” category typically contains references to the substructure and splice plates. One

inspector indicated that the bridge was simply supported.

Table 64. Task G — Description of type of construction used.

Bridge Characteristic Percentage of Respondents
Steel Girder 80%
Reinforced Concrete Deck 71%
Concrete Piers 55%
Continuous 51%
Welded Plate Girder 51%
Multi-Girder 41%
Single-Angle Cross-Bracing 12%
Rocker Bearing 6%
Composite Construction 4%
Other 18%

To further assess how they were formulating their approach to the inspection, inspectors were
asked to identify problems that they might expect to find on a bridge of a similar type, condition,
and age. These responses are summarized in table 65. These results show that inspectors expect
relatively few types of problems to exist. Of this list of possible defects, only steel corrosion and
fatigue cracks were mentioned by more than half of the inspectors and no defects were

mentioned by more that 60 percent of the inspectors.

As before, tables 66 through 69 summarize data collected by the observer as the inspectors
completed Task G. Temperature conditions were generally warmer than during the other
Routine Inspection tasks, and due to the proximity to a major metropolitan area, there was a
greater percentage of “hazy” days. Also note that approximately 80 percent of the inspectors
used binoculars to inspect the superstructure, but less than 25 percent did any sounding of the

substructure.
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Table 65. Task G — Problems expected.

Problem Type Percentage of Respondents
Fatigue Cracks 59%
Steel Corrosion 53%
Concrete Deterioration 49%
Underside Deck Cracking 29%
Deck Delaminations 27%
Locked Bearings 22%
Missing or Loose Bolts 20%
Expansion-Joint Deterioration 18%
Leakage 16%
Paint Deterioration 14%
Impact Damage 6%
Leaching 6%
Other 20%

Table 66. Task G — Direct environmental measurements.

Standard

Environmental Measurement Average L Maximum Minimum
Deviation
Temperature°C) 23.0 4.3 31.1 11.1
Humidity (%) 70.0 115 91 46
Heat Index {C) 28 5.4 38 11
Wind Speed (km/h) 3.8 4.8 19.3 0.0
Light Intensity Under Center of 13,090 15270 65.430 441
Superstructure (lux)
Light Intensity on Top of South 29 30 183 1

Abutment (lux)

Table 67. Task G — Qualitative weather conditions.

Weather Condition Percentage of Inspections
0 — 20% Cloudy 43%
20 — 40% Cloudy 8%
40 — 60% Cloudy 0%
60 — 80% Cloudy 0%
80 — 100% Cloudy 29%
Hazy 10%
Fog 2%
Drizzle 4%
Steady Rain 2%
Thunderstorm 0%
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Table68. Task G — Bridge component inspection results.

Inspection Item Percentage of

Inspectors
Superstructure Inspect Span 5 With Binoculars 78%
Inspect Span 6 With Binoculars 78%
Inspect Span 7 With Binoculars 78%
Inspect Span 8 With Binoculars 76%
Inspect Pier 4 Bearing 76%
Inspect Pier 5 Bearing 78%
Inspect Pier 6 Bearing 76%
Inspect Pier 7 Bearing 71%
Substructure Inspect Pier 4 88%
Sound Pier 4 4%
Inspect Pier 5 94%
Sound Pier 5 10%
Inspect Pier 6 96%
Sound Pier 6 16%
Inspect Pier 7 100%
Sound Pier 7 10%
Sound Abutment Seat 24%
Sound Abutment Backwall 22%
Deck Inspect South Expansion Joint From Above 88%
Inspect South Expansion Joint From Below 71%
Check West Alignment 55%

As done after all other inspection tasks, inspectors were asked a series of questions upon
completing Task G. Inspector responses are summarized in table 70. Although most inspectors
initially indicated that they would have used more access equipment than was provided, upon
completion of the task, most indicated that the task was quite similar to what they would

normally do. However, on average, inspectors indicated that Task G was the least accurate of all
the tasks at measuring their inspection skills. In addition, note that the inspectors indicated that
they gave more effort than normal. This is probably attributable to the lack of special access

equipment.
5.2.3. Statistical Analysisof Primary Bridge Elements

In the following sections, the statistical analyses performed on the Routine Inspection primary
element Condition Ratings will be presented. The discussion has two primary sections. First,
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Table69. Task G — Use of inspection tools.

Percentage of

Tool
Inspectors
Tape Measure 22%
Engineering Scale 0%
2.4-m Stepladder 0%
9.75-m Extension Ladder 0%
Any Flashlight 41%
Two AA-Cell Flashlight 16%
Three D-Cell Flashlight 10%
Lantern Flashlight 14%
Any Sounding Tool 41%
Masonry Hammer 41%
Chain 0%
Level as a Level 0%
Level as a Straightedge 0%
Binoculars 80%
Magnifying Glass 0%
Protractor 10%
Plumb Bob 2%
String 0%
Hand Clamp 0%

the Condition Ratings alone are analyzed. Second, the correlation of the human and

environmental factors measurements with the Condition Ratings are presented.

5.2.3.1. GENERAL ANALYSIS

The general analysis presented in this section uses common statistical methods to identify trends
in the primary element Condition Ratings. In addition, the trends from the sample Condition
Ratings are also extrapolated to the population.

5.2.3.1.1. Basic Statistical Task Information

The following presents the basic statistical analysis of the Condition Ratings assigned to the
primary elements during the Routine Inspection tasks. Tables 71 through 76 provide the
following information: the reference rating for each element as was described previously, the
average Condition Rating from the sample, the standard deviation from the sample, the

Coefficient of Variation (COV) (standard deviation divided by the average) from the sample, the
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Table 70. Task G — Quantitative post-task question responses.

Range of Possible
Inspector Response

Answers
) - & £ I
‘ P B =2 2
Low High 5 © B8 E E
> 3 & £
< 7] o s S

How similar were these inspection
tasks to the tasks performed in your
normal Routine Inspections?

1 =not 9 =very
similar similar

o
o]
N
&
©
=

Did this task do an accurate job of l=not 9=very
measuring your inspection skills?  accurate accurate

1=very 9=very

How rested are you? 71 13 9 4

tired rested
How well did you understand the l=very 9=very
) . : 85 08 9 5
instructions you were given? poorly well
How accessible do you feel the varioud = very 9 =very
. . ) : 41 23 9 1
bridge components were? inaccessibleaccessible
How well do you feel that this bridge 1 =very 9 =very
o 70 11 9 4
has been maintained? poorly well

l1=very 9=very

How complex was this bridge? .
simple complex

Do you think my presence as an

observer had any influence on your 1=no 9=great

. . 1.7 12 6 1
influence influence

inspection?
Did you feel rushed while completing 1=not 9 =very 17 12 6 1
this task? rushed rushed ' '

What was your effort level on this taskl _
. . ) = much
iIn comparison with your normal
effort level?

How thorough were you in completing ; _ ..o 9 = more

thlstasl_<|n comparison to your thorough  thorough 49 15 8 1
normal inspection?

9 = much

52 10 7 1
lower greater

minimum and maximum Condition Ratings, the mode (i.e., the most common Condition Rating),
and the number of inspectors assigning Condition Ratings for each element for Tasks A, B, C, D,
E, and G, respectively. Note that not all inspectors gave Condition Ratings for all elements,

resulting in the number of inspectors assigning Condition Ratings for the element being less than
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the total number of participating inspectors. Figures 55 through 60 illustrate the frequency with
which the inspectors gave individual Condition Ratings to each element for each task.

Table 71. Task A — Basic statistical information.

Primary Element

Deck Superstructure Substructure
Reference 5 5 6
Average 5.8 5.9 6.1
Standard Deviation 0.81 0.78 0.79
Ccov 0.14 0.13 0.13
Minimum 3 4 3
Maximum 7 8 7
Mode 6 6 6
N 49 49 49
30
27
— 26
O Deck 25

25
O Superstructure

B Substructure

20

16
14

Frequency
[
(&)]

12W
10
8 8
6
5
11 11 1
0 0 00
0 ‘ ‘ LITE [T ‘ M
0 1 2 3 4 5 6 7 8 9

Condition Rating

Figure 55. Task A — Condition Rating frequency distribution.
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Table 72. Task B — Basic statistical information.

Primary Element

Deck Superstructure Substructure
Reference 4 4 4
Average 4.9 4.2 4.3
Standard Deviation 0.94 0.77 0.76
Ccov 0.19 0.18 0.18
Minimum 2 2 3
Maximum 7 6 6
Mode 5 4 4
N 48 49 49
27
26
O Deck

0O Superstructure
B Substructure

20

1414

2 2
11
’—'—‘0 0 00
0 1 2 3 4 5 6 7 8

Condition Rating

Figure 56. Task B — Condition Rating frequency distribution.
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Table 73. Task C — Basic statistical information.

Primary Element

Deck Superstructure Substructure
Reference 4 4 5
Average 5.2 4.6 5.5
Standard Deviation 0.92 0.86 0.77
Cov 0.18 0.19 0.14
Minimum 3 2 4
Maximum 7 7 7
Mode 6 5 5and 6
N 49 49 48
23
O Deck E
20 20
0O Superstructure
B Substructure 18
13 13
4 4 4
2
1 1 11
0 m 0 rﬂ 0

0 1 2 3 4 5 6 7 8

Condition Rating

Figure 57. Task C — Condition Rating frequency distribution.
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Table 74. Task D — Basic statistical information.

Primary Element

Deck Superstructure Substructure
Reference 5 5 6
Average 4.8 5.3 6.1
Standard Deviation 0.94 0.88 0.89
Ccov 0.19 0.17 0.15
Minimum 2 4 4
Maximum 6 7 8
Mode 5 5 6
N 48 44 47
1919
O Deck
16
0O Superstructure
= Substructure
14
] 13
12
9
8
4
2
1 1
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Figure 58. Task D — Condition Rating frequency distribution.
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Table 75. Task E — Basic statistical information.

Primary Element

Condition Rating

Deck Superstructure Substructure
Reference 4 6 6
Average 4.5 5.8 5.3
Standard Deviation 0.74 0.72 0.83
Cov 0.16 0.13 0.16
Minimum 3 4 3
Maximum 6 7 7
Mode 5 6 5
N 48 48 47
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Figure 59. Task E — Condition Rating frequency distribution.
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Table 76. Task G — Basic statistical information.

Primary Element

Deck Superstructure Substructure
Reference 7 7 8
Average 7.1 6.7 7.2
Standard Deviation 0.53 0.66 0.57
Ccov 0.08 0.10 0.08
Minimum 6 5 6
Maximum 8 8 8
Mode 7 7 7
N 49 49 49

0O Deck
0O Superstructure
B Substructure

10

Condition Rating

Figure 60. Task G — Condition Rating frequency distribution.
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These data are the foundation for the analyses and discussion in the following sections.
However, prior to the formal presentation that follows, some general trends in the data are
mentioned here. First, the standard deviation for each primary element, in every task, is at |east
0.53, illustrating the level of dispersion of the inspection results about the mean. In al, the
average Condition Ratings for 13 of the primary elements are greater than the reference ratings,
and for 5 of the elements, the Condition Ratings are less than the reference ratings. On average,
there are between four and five different Condition Rating values assigned to each primary

element, with aminimum of three and a maximum of six.

In order to determineif the average inspector Condition Ratings were statistically different from

the reference ratings, the t-test was applied. For these analyses, the t-test was used as a statistical
tool to test the null hypothesis that the sample average is equal to some value on the basis of a
random sample. Table 77 summarizes the results of the t-test at a 5 percent significance level.

“Fail” indicates that the data failed the t-test, meaning that the average Condition Rating was
found to be different from the reference Condition Rating at the 5 percent significance level.
“Pass” indicates that the data passed the t-test, thus the average Condition Rating and the
reference Condition Rating cannot be considered different at a 5 percent significance level.
From this table, it is apparent that, in most cases, the average inspector Condition Rating is
different from the reference Condition Rating, with at least a 95 percent probability. The
inspector Condition Ratings and the reference Condition Ratings are the data used in the

discussion in the following sections.

Table 77. The t-test results at 5 percent significance level for the average Condition Ratings.

Task
Element A B C D E G
Deck Fail Fail Fail Pass Fail Pass
Superstructure Fall Falil Fall Fall Falil Fail
Substructure Pass Fail Fail Pass Fail Fail

Although the strict numerical difference between the reference and the average Condition
Ratings discussed above may appear to be small, in many cases, the amount of difference that is

statistically significant cannot be estimated without considering the size and distribution of the
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sample. Statistical significance in this context refers to how much of a deviation the reference
and average Condition Ratings can have and still be attributed to random variations in the
sample. Figure 61 shows the relationship of the sample size and distribution with the minimum
amount of deviation from the actual condition that is statistically significant. The figure does so
for two different standard deviations. These standard deviations are the bounds of the standard
deviations observed in this study. Thisinformation is based on thet-test at a5 percent
significance level by backcal culating the maximum difference between the average and the
reference for statistical insignificance. Interms of statistical significance, the figure shows that
as the number of inspectors increases, the allowable deviation of the average Condition Rating
from the actual Condition Rating decreases. Asan example, if fiveinspectors were to assign
Condition Ratings for a specific structure with a standard deviation of 0.53, the maximum
amount that the average Condition Rating could deviate from the actual condition and still be
considered statistically correct is 0.66. Similarly, although not shown in figure 61, if two
inspectors assigned Condition Ratings for a structure, a difference larger than 4.8 rating points
would be necessary for the average to be incorrect. This analysisillustrates why, although the
numerical differences between the average and reference Condition Ratings in this study may
appear small, knowledge of the sample size and dispersion is also necessary to determine
whether the average Condition Ratings are statistically different from the reference ratings. The
sample of inspectorsin this analysis varied between 44 and 49, depending on thetask. This
results in an allowable deviation from the actual Condition Rating of between 0.14 and 0.27
rating points, depending on the task and the element type.

In order to draw conclusions from the above discussion concerning the accuracy of inspector
Condition Ratings, one must assume a correct Condition Rating. In order to avoid making such
an assumption, a second analysis was performed to ascertain Condition Rating accuracy without
requiring that a correct Condition Rating be assumed. Thisanalysisis again based on the t-test
for statistical significance. In thisanalysis, the maximum allowable deviation from the correct
Condition Rating was cal culated from the t-statistic based on the sample size, sample
distribution, and the appropriate maximum t-value. From this, one can determine the maximum
deviation from the actual Condition Rating, A, that could be considered statistically insignificant
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Figure 61. Influence of sample size and distribution on allowable deviation.

(or similarly, the minimum deviation from the actual that could be considered statistically

significant). Then, using that deviation, the average Condition Rating for each element for each

task was checked to seeif it fell within that amount of the 10 Condition Ratings (i.e., O, 1,

2,...,9). If the average did not fall withianfor any discrete Condition Rating (i.e.xQ, 1A, 2
*A,...,9A), one can conclude that the average Condition Redistgtistically incorrect. If the
Condition Rating did fall withir\ of a discrete Condition Rating, one could say that the average

Condition Ratingnay be correct. Note that one can only say that the avenagbe correct,
because for this to be true, one must assume that the correct Condition Rating is the ofe within

of the average Condition Rating. From this analysis, the following results were found.

» At least 56 percent of the average Condition Ratings are incorrect with a 95 percent
probability.
» At least 22 percent of the average Condition Ratings are incorrect with a 99 percent

probability.
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» If the NDEVC reference ratings are correct, then 78 percent of the average Condition
Ratings are incorrect with a 95 percent probability.
» If the NDEVC reference ratings are correct, then 56 percent of the average Condition

Ratings are incorrect with a 99 percent probability.

The previous analysis|ooked at the overall accuracy of Condition Rating assignment for the

sample. One could also analyze the accuracy on an individual inspector basis. Inthisanalysis,

one must assume that a bridge element only has one correct Condition Rating (e.g., abridge

cannot be an “8” (no problems noted) and a “7” (some minor problems) at the same time). With
this assumption in mind, one can determine the maximum percentage of individual Condition
Ratings that could possibly have been correct. This is done by calculating the maximum
percentage of inspectors that gave a single Condition Rating for each component in each task. In
a similar manner, one can also determine the maximum number of inspectors within one
Condition Rating of the correct Condition Rating. Using this approach, the following results

were obtained:

* At most, 52 percent of the individual Condition Ratings were assigned correctly.
* At least 48 percent of the individual Condition Ratings were assigned incorrectly.
* At most, 95 percent of the individual Condition Ratings were within one rating point

of the correct Condition Rating.

For comparative purposes, the following results were determined assuming that the reference

Condition Ratings are correct:

» If the reference Condition Ratings are correct, 42 percent of the individual Condition
Ratings were assigned correctly.

» If the reference Condition Ratings are correct, 58 percent of the individual Condition
Ratings were assigned incorrectly.

» If the reference Condition Ratings are correct, 89 percent of the individual Condition
Ratings were within one point of the correct Condition Rating.
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Given the large number of bridgesin the National Bridge Inventory, it is possible that situations

could arise in which two contiguous Condition Ratings could both describe the condition of a

bridge element nearly equally well. Inthiscase, it islikely that two Condition Ratings may each

be assigned with arelatively high frequency. This could arisein at least two scenarios. (1) if the
Condition Rating definitions are not refined enough to assign a single Condition Rating (e.g., the
distinction between the definition of “6” (structural elements show minor deterioration) and “5”

(all primary structural elements are sound but may have minor section loss, cracking, spalling, or
scour”) may not be great enough to always enable a clear differentiation) and (2) an element
could have discrete regions with different levels of deterioration. In this situation, a rational
assessment would give each area of the element a rating with a corresponding weighting factor
based on the location of each area. These weighted conditions would then be combined to
determine the Condition Rating. For example, if an element could be considered to be
approximately 55 percent a “6” and 45 percent a “5”, a rational assessment would give the
element a “6”. However, if one were to make the percentage assessments in a slightly different
manner and arrive at 45 percent a “6” and 55 percent a “5”, a rational assessment would give the
element a “5”. Although the two assessments are very close to one another, they each resulted in

different Condition Ratings being assigned.

In situations like these, either of the two Condition Ratings could arguably be correct. Although

it is not accurate to say that both Condition Ratings are correct, for this discussion, this situation
will be referred to as the case where it is assumed that two Condition Ratings are correct. Based
on this assumption, the following results were obtained. At most, 81 percent of the Condition
Ratings could be considered correct if one assumes that two correct Condition Ratings could
exist. Conversely, at least 19 percent of the Condition Ratings must be considered incorrect

based on this scenario.

The previous discussion focused on assessing the accuracy of the primary element Condition
Ratings independent of other influences. Figures 62 through 64 show the relationship of the
maximum percentage of correct Condition Ratings with the reference, mode, and average
Condition Ratings, respectively. These figures illustrate the correct Condition Ratings rate for

the two situations described previously. Type 1 indicates the case when a single correct
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Figure 62. Relationship between Condition Rating accuracy and reference Condition Rating.
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Figure 63. Relationship between Condition Rating accuracy and mode Condition Rating.
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Condition Rating is assumed and Type 2 indicates the case where two correct Condition Ratings
are assumed. From these figures, it can be observed that regardless of the Condition Rating used
for comparison, the poorer condition bridge elements within the study bridge component sample
were assigned fewer correct Condition Ratings. Thisis probably attributable to inspector
difficultiesin defining the level of deterioration in terms of the verbiage used in the Condition

Rating system.

5.2.3.1.2. Distribution of Experimental Population

The variations over the sample of inspection results are the cornerstone for drawing many
conclusions. Although direct extrapolation of the sample distribution to the population of State
bridge inspectors may not be statistically valid, the experimental distribution is nevertheless

insightful.
Table 78 summarizes the distribution of the sample about three statistically or physically
meaningful benchmarks. The first benchmark is the reference condition rating. Thisrating isan

important benchmark because it represents the Condition Rating established by the NDEV C that
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Table 78. Distribution of sample Condition Ratings.

Percentage of Sample Within
+1 2 +£1 2 +1 £2
Task|Element Reference| Average| Mode of
Reference Average Mode

A |Deck 5 5.8 6 82 100 | 80 98 96 98
Superstructure 5 5.9 6 82 98 80 98 96 100
Substructure 6 6.1 6 98 98 86 98 98 98

B |Deck 4 4.9 5 75 96 75 94 94 98
Superstructure 4 4.2 4 94 100 84 98 94 100
Substructure 4 4.3 4 94 100 | 82 100 | 94 100

C |Deck 4 52 6 55 98 69 98 71 98
Superstructure 4 4.6 5 88 98 84 96 92 98
Substructure 5 55 5,6 92 100 | 83 100 | 92 100

D |Deck 5 4.8 5 94 98 69 98 94 98
Superstructure 5 5.3 5 91 100 73 100 91 100
Substructure 6 6.1 6 94 100 | 74 96 94 100

E |Deck 4 4.5 5 94 100 | 8 100 | 92 100
Superstructure 6 5.8 6 98 100 | 83 100 | 98 100
Substructure 6 53 5 89 98 81 98 89 100

G |Deck 7 7.1 7 100 100 | 90 100 | 100 100
Superstructure 7 6.7 7 92 100 90 100 | 92 100
Substructure 8 7.2 7 92 100 | 92 100 | 100 100

Is believed to be the “actual” Condition Rating. The second benchmark, the average Condition
Rating, gives a description of the central tendency of the sample Condition Ratings. Finally, the
mode is the peak value of a frequency diagram. It provides a rough measure of central tendency

and is the inspector consensus on the Condition Ratings.

The data presented in table 78 are the percentage of the sample that are within one or two rating
points from the reference, average, and mode Condition Ratings. When comparing these data to
the reference values, it becomes apparent that approximately 90 percent of the Condition Ratings
are within one point of the reference. In addition, approximately 99 percent of the Condition
Ratings are within two rating points and all of the Condition Ratings are within three rating

points of the reference.
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The distribution of the Condition Ratings about the average shows greater variability than the
distribution about the reference. However, this decrease in consistency may not accurately
describe the distribution. The apparent drop stems from the type of data that was collected (i.e.,
only integer Condition Ratings). As an example, if the Task G deck Condition Ratings are
compared to the reference value, 100 percent are within one rating point, whereas when
compared to the average, only 90 percent are within one rating point. This results from the fact
that when compared to the reference value, Condition Ratings 6, 7, and 8 were used to compute
the percentage. However, when compared to the average value, only Condition Ratingsin the
range from 6.1t0 8.1 (i.e., 7 and 8) were used.

In order to avoid this phenomenon, one could use the mode as the central tendency measure.
The results of these analyses are summarized in table 78. The distribution about the mode data
shows asimilar, but slightly smaller, distribution when compared to the distribution about the

reference values.

Regardless of the value used for the analysis, most inspection results had arelatively narrow
distribution. The one exception to this occurred in the evaluation of the Task C deck. Thiscan
probably be attributed to the fact that approximately 20 percent of the Task C deck had a
relatively new wearing surface. This may have resulted in inconsistencies in the inspector

assessments.

Table 79 shows the distribution of the deviation from reference (DFR) data for all tasks. The
DFR is calculated as the inspector rating minus the reference rating. By completing this simple
arithmetic manipulation, Condition Ratings from multiple tasks can rationally be combined. The
data set used to develop table 79 is the DFR from each inspector and shows the percentage of
Condition Ratings that are within a zero DFR, the average DFR, and the mode DFR. It should
be pointed out that tables 78 and 79 give similar information. The difference isthat the datain
table 78 gives the percentage of inspector Condition Ratings about three benchmark Condition
Ratings, whereas table 79 gives the percentage of inspector DFRs about three benchmark DFRs.
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Table 79. Distribution of sample DFRSs.

Percentage of Sample Within

Average|Mode, *1 £2 1 2 1 %2
DFR | DFR of

ZeroDFR  AverageDFR  Mode DFR

83 99 75 97 83 99
91 99 76 97 91 99
93 99 69 97 93 99

89 99 72 97 89 99

Element

All Decks 0.55
All Superstructures| 0.24
All Substructures -0.08

All Elements 0.24

o O oo

These data indicate that, overall, the average of the inspector Condition Ratings for the decksis
0.55 points higher than the reference, 0.24 points higher than the reference for the
superstructures, and 0.08 points lower than the reference for the substructures. Thisresulted in
an overall average DFR, regardless of the element type, that was 0.24 points higher than the

reference rating.

5.2.3.1.3. Analytical Modeling and Theoretical Distribution of the General Population

Although much can be learned about the sample from the previous data, direct extrapolation of
the data to the population is not statistically justifiable. One means of extrapolating a sampleto a
population is by using theoretical probability distributions based on data from the sample. From
thistype of analysis, it is possible to make statements regarding predicted results for the
population. Theoretical probability distributions account for the natural variability in the sample
and estimate how this variability would propagate into the population.

Because it occursin many practical problems and has been widely studied, the normal, or
Gaussian, distribution is one of the most commonly used theoretical distributions. This
distribution is often referred to as one of the fundamentals of statistical analysis because of its
widespread, natural occurrence. The general form of the normal distribution is given by
Equation 1:

_(x-p)*

e 20° (1)

1
f(x)_am

where;
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M= Sample mean

o= Sample standard deviation

x = Value being distributed
f(x) = Relative frequency

The normal distribution was used to analyze the Condition Rating results for each of the primary
element Condition Ratings. The appropriateness of the distribution was then verified by
applying the X? test for goodness-of-fit. The ¥ test revealed that all but one element of one task
(the substructure for Task A) had a Condition Rating distribution that could be considered to be
normally distributed. Figures 65 through 70 illustrate the relationship between the sample
Condition Rating and the analytical (i.e., normal) Condition Rating distribution.

Based on the previous analyses, the sample Condition Ratings can be considered normally
distributed. Thus, extrapolation from the sample to the population is considered valid.
Accordingly, table 80 shows the range of Condition Ratings for each task where various
percentages of the population are predicted to fall. The difference between these data and the
experimental data presented earlier cannot be overemphasized. These data are not directly
indicative of how the sample performed, but rather are an extrapolation to the population based
on how the sample performed. It should be pointed out that the data in the 68 percent column
simply represent arange of two times the sample standard deviations, the 95 percent dataare a
range of four times the sample standard deviation, and the 99 percent data represent a range of

six times the sample standard deviation.

The data presented in table 80 are task- and element-specific and may not be very useful for
generd use. Inthisregard, datafrom all tasks were combined such that wider generalizations
could be made. Thiswas completed by combining the DFR data for all tasks. The properties of
the combined data were then used to develop theoretical normal distribution frequencies that
were again tested for goodness-of-fit. As before, these tests revealed that the distribution of the
combined DFR data was normal (see figures 71 through 74). The products of these analyses are
summarized in table 81. Typically, the theoretical value of 95 percent of the population is used
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Table 80. Theoretical distribution of Condition Ratings.

Predicted Condition Rating Ranges for

Task Element  Reference Average Percentages of the Population
68% 95% 99%

A Deck 5 5.8 5.0t06.6 42t07.4 34t08.3
Superstructur*e 5 5.9 51t06.7 43to74 351082
Substructure 6 6.1 54t06.9 4.6t07.7 3.8t085

B Deck 4 4.9 3.9t05.8 3.0t06.8 21to7.7
Superstructure 4 4.2 3.51t05.0 2.7105.8 19t06.5
Substructure 4 4.3 35t05.1 2.8t05.8 20t06.6

C Deck 4 5.2 42106.1 3.3t07.0 24t07.9
Superstructure 4 4.6 3.8t055 29106.3 20t07.2
Substructure 5 55 4.7t06.3 40t07.0 3.2t07.8

D Deck 5 4.8 39t05.8 29t06.7 20to7.6
Superstructure 5 5.3 44106.2 35t07.1 271t07.9
Substructure 6 6.1 52t07.0 43t07.9 341088

E Deck 4 4.5 3.8t05.3 3.1t06.0 2.3t06.8
Superstructure 6 5.8 511t06.5 43t07.2 3.6t07.9
Substructure 6 5.3 451t06.1 3.6106.9 281078

G Deck 7 7.1 6.6t07.6 6.0t08.1 55t08.7
Superstructure 7 6.7 6.0t07.3 5.3t08.0 4.7108.6
Substructure 8 7.2 6.6107.8 6.01t0 8.3 551089

* Did not satisfy x? test for goodness-of-fit.

Table 81. Theoretica distribution of DFR ranges.
Predicted DFR Ranges for Percentages of

Average

Element DER the Population

68% 95% 99%
All Decks 0.55 -04t015 -13to24 -23t034
All Superstructures 0.24 -0.7t020 -15t020 -24t029
All Substructures -008 -10t0c084 -19t018 -28to27
All Elements 0.24 -0.7t012 -17t021 -26t03.1
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to gauge predicted ranges of data because a 95 percent probability istypically viewed as an
acceptablerisk level. With thisin mind, one can conclude that, in general, 95 percent of the
Condition Ratings for a specific bridge will vary within approximately plus or minus two rating
points from the average inspector Condition Rating for that bridge. In addition, note that
approximately 68 percent of the Condition Ratings will be within approximately plus or minus

one rating point of that average.

5.2.3.1.4. Influence of Primary Element Condition and Type on Condition Ratings

Variations in inspection results could be related to the overall condition and/or type of the

element being inspected. In order to assess the relationship with element condition, the bridge

elements were divided into two broad categories— “better” and “poorer.” These categories are

based on the reference Condition Rating assigned to each element. Components were assigned a
“better” General Condition if they had a reference rating of 9 through 6 and a “poorer” General
Condition if they had a reference rating of 5 through 0. Table 82 summarizes these

classifications.

Table 83 presents a summary of the DFR data grouped by element type and General Condition.
This table shows that the deck, regardless of the General Condition, was, on average, rated
higher than the reference. Note, however, there was only one “better” condition deck and it was
rated with the least DFR, as well as the least dispersion. Alternately, the “better” condition
superstructures and substructures were rated lower than the reference, but to a lesser extent than

the “poorer” condition superstructures and substructures were rated higher.

Table 83 also shows that the “poorer” condition elements were typically rated with the greatest
dispersion, as illustrated by the standard deviation of the DFR data. The data also illustrate that,
of the different element types, the superstructures were evaluated, overall, with the least
dispersion. The maximum positive and maximum negative DFR data are also presented in table
83 for comparative purposes. These data illustrate the data spread and support the general trends

given elsewhere.
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Table 82. Classification of primary element General Condition.

Reference
Condition General
Task Element Rating Condition
A Deck 5 poorer
Superstructure 5 poorer
Substructure 6 better
B Deck 4 poorer
Superstructure 4 poorer
Substructure 4 poorer
C Deck 4 poorer
Superstructure 4 poorer
Substructure 5 poorer
D Deck 5 poorer
Superstructure 5 poorer
Substructure 6 better
E Deck 4 poorer
Superstructure 6 better
Substructure 6 better
G Deck 7 better
Superstructure 7 better
Substructure 8 better

Table 83. DFR by component type and General Condition.

General Standard Maximum Maximum
Element Condition N Average Deviation Positive Deviation Negative Deviation
Deck poorer 5 064 0.98 3 -3
better 1 0.08 0.53 1 -1
all 6 055 0.94 3 -3
Superstructure  poorer 4 051 0.86 3 -2
better 2 -0.29 0.69 2 -2
all 6 024 0.80 3 -2
Substructure poorer 2 039 0.77 2 -1
better 4 -0.32 0.89 2 -3
all 6 -0.08 0.92 2 -3
All poorer 11 055 0.90 3 -3
better 7 -0.25 0.80 2 -3
Overal 18 0.24 0.95 3 -3
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5.2.3.1.5. Influence of Primary Element Type and Conditions on Condition Rating Error

Some observations can be made from the Condition Rating errors. In this discussion,

“Condition Rating error” is defined as the absolute value of the DFR data. This information is
useful for bridge owners because it establishes how often and to what extent Condition Ratings
vary from the reference rating, regardless of whether the deviation is negative or positive. Table
84 summarizes these data. From this table, it can be seen that “poorer” condition elements
consistently exhibited the greatest error, as well as the largest dispersion of those errors. The
“poorer” condition decks had both the largest average error and the largest dispersion of all
element types, while the “better” condition deck had both the smallest average error and the
smallest dispersion of all components. This indicates that inspectors may have the greatest

difficulty in assessing the severity of the deficiencies in relatively more deficient bridge decks.

Table 84. Condition Rating error by component type and General Condition.

General Average Standard
Element Condition N Error Deviation Maximum Mode
Deck poorer 5 0.90 0.75 3 1
better 1 0.29 0.46 1 0
all 6 0.80 0.75 3 1
Superstructure  poorer 4 0.72 0.69 3 1
better 2 0.45 0.60 2 0
all 6 0.63 0.67 3 0
Substructure poorer 2 0.60 0.62 2 0
better 4 0.72 0.62 3 1
all 6 0.68 0.62 3 1
All poorer 11 0.78 0.72 3 1
better 7 0.58 0.61 3 0
Overall 18 0.70 0.68 3 1

From table 84, it can also be seen that, overall, inspectors were most likely to give a Condition
Rating with an error of 1 (i.e., either +1 or -1 from the reference). This is also shown in figures
75 and 76 that give the frequency distribution of the Condition Rating error data. These figures
clearly indicate that the most common level of inspector error was providing a rating that was

less than or equal to one point removed from the reference value. This further illustrates the
accuracy of the sample.
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5.2.3.1.6. Consistency of Inspection Ratings by Element Type and Element Condition

A useful piece of information for bridge ownersisthe level of inspector consistency between

different elements of abridge (i.e., does an inspector who tends to rate decks low also do so for
superstructures and substructures?). Table 85 summarizes thisrelationship. The procedure for
developing the data in table 85 was to first calculate each inspector’'s average DFR by element
type. This resulted in three average DFRs for each inspector (i.e., one for the decks, one for the
superstructures, and one for the substructures). For each element type combination (e.g., deck
and superstructure, superstructure and substructure, etc.), the number of inspectors in each case
was then tallied. As an example, if an inspector’s average Deck DFR was 0.5 and the average
superstructure DFR was 0.3, the inspector would be tallied under the “Always Positive” case for
the “Deck and Superstructure” element combination. The table also indicates, for some cases,

the frequency with which both or all average DFRs were within one rating point.

From table 85, it can be seen that inspectors were, in general, consistent for DFR for different
element types. Specifically, 83 percent of the deck/superstructure element combination, 84
percent of the superstructure/substructure element combination, and 67 percent of the
substructure/deck element combination had average DFRs that were either always positive or
always negative. Also in this table is the subcategory data related to the general accuracy. This
indicates that most inspectors were, for a given case, within one rating point for both elements.
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Table 85. Inspection consistency by element type.

Deck,
Deck and Superstructure and  Substructure  Superstructure,
Case Superstructure Substructure and Deck  and Substructure
Always 0 0 0 0
Positive 33 (67%) 23 (47%) 23 (47%) 22 (45%)
within +1 24 (49%) 19 (39%) 13 (27%) 12 (24%)
Always 0 0 0 0
Negative 8 (16%) 18 (37%) 10 (20%) 8 (16%)
within -1 7 (14%) 17 (35%) 9 (18%) 7 (14%)
One Positive/ 0 0 0
One Negative 8 (16%) 8 (16%) 16 (33%) N/A
within #1 8 (16%) 8 (16%) 16 (33%) N/A
One Positive/ 0
Two Negative N/A N/A N/A 6 (12%)
One Negative/ 0
Two Positive N/A N/A N/A 13 (27%)

N/A = Not applicable.

The case where the most inspectors did not fall in the “within one rating point” range was the

always positive case.

The relationship between the average element DFR data is also readily apparent from figure 77,
which graphically compares the average deviation data for each component against the other
components. In addition, a first-order best-fit line has been added to illustrate the general trend
for each case. From figure 77 and the data in table 85, it becomes apparent that the relationship

between the deviation data is positive in all cases.

Similar to the previous discussion, table 86 and figure 78 illustrate the relationship between
inspections on “poorer” and “better” condition elements. Although the relationship is not as
clear from the tabular values, when one combines figure 78 with table 86, it becomes apparent
that there is a positive correlation between the average DFR for “better” and “poorer” condition
elements. However, the relationship has a negative vertical shift and a smaller slope than those
exhibited in figure 77.
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Table 86. Inspection consistency by element General Condition.

Case

“better” and “poorer”

Always Positive
within +1

Always Negative
within -1

One Positive/One Negative
within #1

17 (35%)
11 (22%)
7 (14%)
6 (12%)
25 (51%)
25 (51%)

Better" General Condition Element
Average DFR
o
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Figure 78. Consistency of DFR by element General Condition.

5.2.3.1.7. Inspector Dispersion and Inspector DFR Range

Table 87 summarizes inspector dispersion of the DFR data. Inspector dispersion is the spread in
the DFR data from an individual inspector. These data describe the variability in DFRs for each
inspector. Note that an inspector who always had the same DFR would have a dispersion of O,

regardless of the accuracy of the Condition Ratings. Therefore, Inspector dispersion is not a

measure of inspector accuracy, but rather an indicator of consistency.

The data in table 87 indicate that the greatest dispersion in inspection results was from
assessments of the substructures and from the “poorer” General Condition elements. The

minimum and maximum dispersion data indicate the range of inspector dispersions. These
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Table 87. Inspector dispersion of DFR.

Average Inspector Minimum Inspector Maximum Inspector

Dispersion Dispersion Dispersion
Element Type Deck 0.75 0.00 1.47
Superstructure 0.77 0.00 1.33
Substructure 0.80 0.41 1.47
Genera Condition poorer 0.73 0.40 1.38
better 0.69 0.00 127
Overall 0.84 0.50 1.15

ranged from a dispersion of 0.0 (i.e., dways having the same DFR value) to a dispersion of

approximately 1.5.

In order to extrapolate the experimental datato the population, a normal distribution was applied
to these data and was tested for goodness-of-fit. Results from the application of the normal
distribution are illustrated in figure 79. The goodness-of-fit test revealed that the normal
distribution is an appropriate approximation for the overall dispersion data. From this, it can be

concluded that 95 percent of the inspectors will have a DFR dispersion of 0.55to 1.12.
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Figure 79. Experimental and normal distributions of inspector dispersion.

194



Table 88 summarizes the range of DFRs for the sample of inspectors. This table shows the

average DFR range, the dispersion of these ranges, and the minimum and maximum DFR ranges

for each category. The data indicate that the substructures and the “poorer” condition elements
had the largest average range of DFR data, which reiterates many of the previously given
findings. In addition, it can be observed that, on average, inspectors had a DFR range of 2.94.
This indicates that the average inspector gave Condition Ratings that ranged in DFR by
approximately three points (e.g., -3to 0, -1 to +2, 0 to +3, etc.), with a lowest DFR range of 1

and a highest range of 4. From the table, it can be seen that the average range for each element
(i.e., deck, superstructure, or substructure) is less than the overall by approximately one point.

This indicates that there is greater consistency for a single element type than for all element types

combined.
Table 88. Range of DFRs.
Average Range Standardlinimum Maximum
Range Deviation Range Range
Element Type
Deck 1.88 0.83 0 4
Superstructure  1.88 0.81 0 3
Substructure 1.96 0.79 1 4
General Condition
poorer 2.16 0.72 0 4
better 1.73 0.70 0 3
Overall 2.94 0.69 1 4

5.2.3.1.8. Variability in Condition Ratings by State

Although the sample of inspectors were instructed to use the same Condition Rating system, it
was thought that differences in interpretation of the Condition Rating definitions may exist
between States. The following will present results related to differences in Condition Rating
assignment by individual States. Note that for much of this discussion, reference will be made to
various States. This should not imply that the two inspectors from each State worked together,
but rather were from the same State. Furthermore, it must be pointed out that the sample size
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from any State is only two and it may not be statistically correct to extrapolate these results to

each State’s entire population of bridge inspectors

Table 89 summarizes how consistent inspectors from the same State were with respect to their
Condition Rating assignment. The data in Table 89 are the difference between the Condition
Ratings assigned by the inspectors from each individual State for each task. From these data, it
can be seen that in approximately 90 percent of the cases, the two inspectors from the same State
were within one rating point of each other.

Table 90 gives the probability that the average Condition Ratings assigned by the inspectors
from each State for each task are not statistically different from the remainder of the sample.
Tables 91 and 92 give the average probability for each State by element type and element
condition. From the data in these tables, it can be seen that the average Condition Ratings from
most States are not statistically different from the sample. The one exception to this is State 6.
The difference is most prominent in assigning Condition Ratings to poorer condition elements,
but can also be seen in the other groupings of elements.

Tables 93 through 95 summarize the influence of the use of various State QA/QC procedures on
Condition Rating assignment. To accomplish these analyses, the inspectors were grouped by the
type of QA/QC programs that their respective States had identified in the survey of States
presented previously. As can be seen from these data, the only QA/QC procedure that may have
influenced Condition Rating assignment in this study is the rotation of inspectors to different

bridges.

5.2.3.2. REGRESSION ANALYSIS OF MEASURED FACTORS WITH SAMPLE ROUTINE
INSPECTION RESULTS

The following presents regression analysis results using the previously presented data (i.e.,
Condition Ratings and measured factors). The goal of this analysis was to determine if, and to
what extent, the human and environmental factors correlated with the Routine Inspection results.

This discussion will focus exclusively on examining the relationship between the human and
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Table 89. Differencein assigned Condition Rating by State.

Task C

Superstructure

Task B

Superstructure

Task A

Superstructure

State

Substructure

Deck

Substructure

Deck

Substructure

Deck

N/A

10
11

197

N/A*

12
13
14
15
16
17
18
19
20
21

22
23
24




Table 89. Differencein assigned Condition Rating by State (continued).

Task G

Task E

Task D

State

Substructure

Substructure Deck Superstructure

Substructure Deck Superstructure

Superstructure

Deck

N/A

N/A

10
11
12
13
14
15
16
17
18
19
20
21

N/A
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N/A

N/A

N/A

N/A

N/A

N/A

N/A

22
23
24

*N/A

Not available.



66T

Table 90. Probability of difference in Condition Rating by State.

State Task A Task B Task C
Deck Superstructure Substructure Deck Superstructure  Substructure Deck Superstructure Substructure

1 15% 11% 24% 85% 68% 18% 80% 85% 100%
2 75% 1% 52% 34% 68% 59% 19% 85% 100%
3 23% 49% 52% 34% 61% 69% 19% 52% 100%
4 58% N/A* 80% 18% 61% 59% 30% 52% 100%
5 58% 25% 80% 18% 61% 59% 80% 85% 35%

6 2% 11% 0.002% 0.003% 0.07% 1% 1% 0.02% N/A

7 58% 82% 24% 58% 18% 59% 60% 31% 35%

8 23% 82% 52% 85% 15% 18% 60% 2% 6%

9 23% 25% 12% 8% 61% 69% 19% 52% 6%

10 75% 82% 52% 85% 2% 59% 30% 14% 6%

11 23% 25% 52% 34% 15% 2% 19% 52% 6%

12 75% 82% 80% N/A 68% 69% 60% 85% 35%
13 23% 11% 80% 34% 15% 69% 19% 52% 100%
14 58% 49% 80% 57% 68% 69% 30% 85% 100%
15 75% 49% 52% 57% 18% 59% 60% 85% 100%
16 23% 82% 80% 57% 61% 14% 30% 85% 100%
17 75% 25% 52% 34% 68% 59% 60% 85% 100%
18 75% 49% 80% 18% 61% 69% 30% 52% 100%
19 58% 82% 80% 57% 61% 59% 80% 85% 35%
20 15% 4% 12% 8% 61% 18% 80% 52% 35%
21 15% 25% 80% 34% 68% 14% 80% 52% 35%
22 3% 82% 52% 85% 68% 18% 80% 85% 100%
23 15% 49% 24% 18% 68% 69% 7% 85% 35%
24 75% 82% 12% 8% 68% 59% 3% 31% 35%
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Table 90. Probability of difference in Condition Rating by State (continued).

State Task D Task E Task G
Deck  Superstructure  Substructure Deck Superstructure  Substructure Deck Superstructure Substructure

1 29% 74% 87% 30% 12% N/A 0.3% 1% 0.2%
2 78% 63% 15% 38% 65% 70% 26% 46% 42%
3 64% 25% 53% 6% 59% 70% 83% 46% 64%
4 21% 63% 33% 4% N/A 63% 12% 1% 64%
5 21% 3% 7% 30% 1% 18% 12% 74% 8%

6 0.02% 19% 7% 4% 65% 0.1% 83% 74% 42%
7 78% 63% 87% 38% 65% 63% 26% 46% 4%

8 29% N/A 53% 38% 59% 70% 26% 46% 64%
9 64% 63% 2% 38% 65% 21% 83% 74% 4%

10 7% 25% 15% 94% 65% 21% 26% 16% 64%
11 N/A 25% 15% 38% 1% 0.2% 83% 46% 8%

12 21% N/A 53% 30% 65% 63% 83% 46% 64%
13 29% 25% 87% 38% 59% 63% 83% 46% 42%
14 64% 19% 33% 94% 59% 70% 83% 46% 4%

15 21% N/A 87% 30% 59% 70% 83% 16% 64%
16 29% 74% 33% 94% 65% 63% 83% 46% 64%
17 78% 74% N/A 38% 59% 63% 26% 74% 64%
18 64% 19% 87% 38% 59% 70% 83% 74% 64%
19 64% 63% N/A 30% 65% 63% 26% 6% 4%

20 79% 63% 87% 38% 15% 63% 83% 46% 64%
21 79% 63% 33% 38% 65% 71% 83% 46% 64%
22 7% 25% 15% N/A N/A N/A 83% 46% 42%
23 64% 25% 1% 4% 65% 63% 83% 16% 64%
24 29% 74% 1% 38% 65% 70% 26% 74% 42%

*N/A = Not available.



Table 91. Average probability of difference in Condition Rating by State and element type.

Team Deck Superstructure  Substructure  All Elements
1 40% 42% 46% 42%
2 45% 56% 56% 53%
3 38% 49% 68% 52%
4 24% 44% 67% 45%
5 27% 42% 35% 38%
6 15% 28% 10% 18%
7 53% 51% 45% 50%
8 44% 41% 44% 43%
9 39% 57% 19% 38%
10 53% 34% 36% 41%
11 39% 27% 14% 26%
12 54% 69% 61% 61%
13 38% 35% 74% 49%
14 64% 54% 59% 59%
15 54% 45% 72% 58%
16 53% 69% 59% 60%
17 52% 64% 68% 61%
18 51% 52% 78% 61%
19 53% 60% 48% 54%
20 50% 40% 47% 46%
21 55% 53% 50% 52%
22 52% 61% 45% 63%
23 32% 51% 43% 42%
24 30% 66% 37% 44%

environmental factors and the primary element Condition Ratings (i.e., deck, superstructure, and

substructure).

For the following discussion, the human and environmental factors have been regrouped to

facilitate completing the analysis. The factorswill be divided into two categories — inspector and
inspection factors. The inspector factors are those factors that were measured from the SRQ and
vision testing. The inspection factors are those factors that were measured during a specific
inspection through the pre-task evaluations, firsthand observations, or the post-task evaluations

(e.g., Temperature, Inspector Rested Level, etc.).

This categorization resulted in 26 discrete inspector factors used in these analyses. The

following list summarizes the inspector factors and the source of the inspector factor
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Table 92. Average probability of difference in Condition Rating by State and element condition.

Team Poorer Better All Elements
1 54% 21% 42%
2 57% 46% 53%
3 46% 51% 52%
4 47% 42% 45%
5 43% 29% 38%
6 4% 39% 18%
7 53% 45% 50%
8 36% 53% 43%
9 39% 37% 38%
10 44% 37% 41%
11 24% 29% 26%
12 58% 65% 61%
13 37% 66% 49%
14 63% 54% 59%
15 55% 62% 58%
16 59% 62% 60%
17 63% 56% 61%
18 52% 74% 61%
19 61% 41% 54%
20 41% 53% 46%
21 46% 63% 52%
22 55% 48% 63%
23 40% 45% 42%
24 46% 41% 44%
measurement:
* Age(SRQY)

« Height (SRQ1)

*  Weight (SRQ1)

» General Physical Condition (SRQ2)

* Genera Mental Condition (SRQ5)

» Perception of Bridge Inspection Importance to Public Safety (SRQ9)
* Public Safety Assessment During Bridge Inspection (SRQ10)

* Genera Menta Focus (SRQ11)

* Reported Fear of Heights (SRQ13)

* Reported Fear of Enclosed Spaces (SRQ14)
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Table 93. Probability of difference of Condition Rating assignment by QA/QC program.

Task A Task B Task C
QA/QC Type
Deck Superstructure  Substructure Deck Superstructure  Substructure Deck Superstructure  Substructure
Any 96% 41% 67% 85% 94% 73% 68% 57% 76%
Report Review  52% 32% 95% 83% 20% 25% 70% 45% 84%
Field Review 79% 95% 24% 11% 95% 4% 25% 31% 71%
: nerend@t 2% 21% 28% 93% 57% 70% 81% 81% 65%
Reinspection
FHWA 72% 32% 25% 22% 91% 39% 9% 65% 36%
Review
Training/ 43% 21% 13% 7% 57% 19% 7% 20% 48%
Meetings
Rotation of 3% 32% 0.2% 1% 5% 3% 4% 1% 5%

Inspectors
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Table 93. Probability of difference of Condition Rating assignment by QA/QC program (continued).

Task D Task E Task G
QA/QC Type
Deck Superstructure  Substructure Deck Superstructure  Substructure Deck Superstructure  Substructure
Any 64% 92% 42% 86% 23% 43% 61% 22% 8%
Report Review  40% 84% 89% 99% 65% 88% 57% 81% 36%
Field Review 92% 46% 16% 58% 14% 2% 26% 66% 37%
! ndependgnt 74% 99% 22% 25% 89% 83% 59% 78% 61%
Reinspection
FHWA 96% 70% 21% 45% 89% 92% 44% 18% 5%
Review
Training/ 24% 67% 41% 36% 97% 27% 23% 78% 92%
Meetings
Rotation of 0.3% 20% % 2% 51% 1% 52% 28% 11%

Inspectors




Table 94. Average probability of difference in Condition Rating by QA/QC type and element

type.
QA/QC Type Deck Superstructure  Substructure  All Elements
Any 7% 55% 52% 61%
Report Review 67% 55% 70% 64%
Field Review 49% 58% 26% 44%
Independent Reinspection 56% 71% 55% 60%
FHWA Review 48% 61% 36% 48%
Training/Meeting 23% 57% 40% 40%
Rotation of Inspectors 10% 23% 5% 13%

Table 95. Average probability of difference in Condition Rating by QA/QC type and element

condition.
QA/QC Type Poorer Better All Elements
Any 76% 38% 61%
Report Review 58% 73% 64%
Field Review 55% 26% 44%
Independent Reinspection 61% 60% 60%
FHWA Review 53% 42% 48%
Training/Meeting 32% 53% 40%
Rotation of Inspectors 7% 22% 13%

* Reported Fear of Traffic (SRQ15)

» Experience in Bridge Inspection (SRQ20)

» Experience in Highway Structures (SRQ21)

» Estimated Additional Y ears as a Bridge Inspector (SRQ23)
* Quality of Relationship With Supervisor (SRQ27)

» Perceived Importance of Work by Management (SRQ28)
» Percentage of Time on Bridge Inspection (SRQ29)

» Percentage of Routine Inspections (SRQ30)

» Comparison to Other Inspectors (SRQ34)

*  Number of Annual Bridge Inspections (SRQ38)

* Genera Education Level (SRQ18)

» Formal Bridge Inspection Training (SRQ19)

« Jet Lag (SRQ37)

* Color Vision (two different measures from PV-16 color vision test)
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Near Visual Acuity (right and left eye from near vision test)
Distance Visual Acuity (right and left eye from distance vision test)

Twenty-one discrete inspection factors were also identified. The following list summarizes these

factors and the source of their measurement:

Time Since Similar Inspection (pre-task questionnaire)

Estimated Time for Task (pre-task questionnaire)

Rested Level Before Task (pre-task questionnaire)

Wind Speed (direct environmental measurement)

Light Intensity Below Superstructure (direct environmental measurement)
Light Intensity on Deck (direct environmental measurement)

Heat Index (direct environmental measurement)

Observed Inspector Focus Level (firsthand observation)

Observed Inspector Rushed Level (firsthand observation)

Actua Timeto Complete Task (firsthand observation)

Reported Task Similarity to Normal (post-task questionnaire)
Accuracy of Task at Measuring Inspection Skills (post-task questionnaire)
Rested Level After Task (post-task questionnaire)

Reported Level of Instruction Understanding (post-task questionnaire)
Reported Structure Accessibility Level (post-task questionnaire)
Reported Structure Maintenance Level (post-task questionnaire)
Reported Structure Complexity Level (post-task questionnaire)
Reported Observer Influence (post-task questionnaire)

Reported Rushed Level (post-task questionnaire)

Reported Effort Level (post-task questionnaire)

Reported Thoroughness Level (post-task questionnaire)

Most of the inspector and inspection factors used in the anal yses presented in this section were

assessed in such away that quantitative data could be collected. However, some of the data were

collected in apurely qualitative form. The qualitative data were subsequently transformed into a
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pseudo-quantitative form for use in the regression analyses. Specificaly, the inspector factor

“General Education Level” was transformed into a quantitative form using the following scale:

1 = Some high school

2 = High school degree or equivalent
3 = Some trade school

4 = Trade school degree

5 = Some college

6 = Associate’s degree

7 = Bachelor’s degree

8 = Some graduate work

9 = Master’s degree

10 = Terminal degree

Similarly, the “Formal Bridge Inspection Training” factor was calculated as the total number of

FHWA training courses that an inspector had reported completing.

Color vision attributes were quantified in two different manners to simulate different uses of
color vision. First, the total number of minor confusions (i.e., errors between contiguous test
caps) from the PV-16 color vision test was used as a measure of inspector ability to distinguish
similar colors. It was speculated that this could be of importance in assessing structural
deterioration that manifests itself only as a slight change in color (e.g., some types of concrete
deterioration). Second, the number of major confusions from the PV-16 color vision test was
used as a measure of inspector ability to distinguish specific colors (e.g., red). It was thought
that this type of color vision may be a trait necessary for fatigue crack detection. Direct visual
acuity (both near and distance) was quantified as the “bottom” number from the vision test

results (e.g., 20/12.5 equals a visual acuity of 12.5).

Two major categories of results will be presented. First, the discussion focuses on factor
correlation with respect to specific tasks and element types. Second, the correlation of the
factors with the DFR is presented. Recall that the DFR is calculated as the inspector’'s Condition

Rating minus the corresponding reference rating.
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Before presenting the results of the regression analyses, the limitations associated with this type
of analysis must be discussed. There are four primary general limitations on any regression

analysis and each will be discussed in the following paragraphs.

Thefirst limitation has to do with extrapolation of the factors to levels not measured in this
study. In essence, thislimitation requires that all factors input into the developed equations be
within the range of those measured in the study. For example, equations with terms based on the

“General Mental Condition” factor are only valid over a range from 3 to 5.

The second limitation relates to the generalization of the regression results from the sample to
the population of bridge inspectors. The danger in making generalizations to the population is
that the two groups (i.e., the sample and the population) might not posses identical

characteristics. As such, generalizations may not be statistically valid.

Making assertions of causation is the third point of limitation. Cause-and-effect relationships
between the independent and dependent factors cannot be established solely on the basis of a
regression analysis. To be able to make statements about causation, it is not only required to
show accurate prediction in the response to the independent variables, but also that the
independent variables control the response. In other words, causation demands that changes in
the dependent variables can be induced by changes in the identified independent variables and
that the identified independent variables are the only variables that influence the magnitude of

the response. Establishing causation is beyond the scope of this study.

The final limitation lies in the method of measuring the variables. Statements indicating that a
factor or a set of factors have a high correlation coefficient with the dependent data may only be
valid for the specific techniques used in this study to measure them. In other words, any
resulting equations that contain the factor “Reported Fear of Traffic” are only valid when

measuring the “Reported Fear of Traffic” with question SRQ15.
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Although these limitations must be recognized, they do not imply that the regression analysis
results are without value. Accepting these limitations, the value lies in the fact that the
regression analysis results can be used to accurately predict the sample results under the
experimental conditions. If one can aso accept that the sample and the popul ation possess
similar characteristics, then the regression results can be used to predict hypothetical inspection
results. Thelevel of required similarity depends solely on the level of risk oneiswilling to

accept.

5.2.3.2.1. Condition Ratings

The following summarizes the regression analysis of the Condition Ratings for Tasks A through
E, and Task G. Theregression analysis results for predicting inspector Condition Ratings will be
presented in three sections. The first presents the developed regression equation solely in terms
of the inspector factors. Second, the regression analysis results solely in terms of the inspection
factors aone are presented. Finally, the inspector and inspection factors are analyzed
simultaneously to predict the Condition Ratings. By first considering the inspector and
inspection factors individually and then examining them together, one can develop a greater

understanding of the correlation of each, in addition to their interdependence.

INSPECTOR FACTORS The procedure for establishing the regression equation for predicting
the Condition Ratings in terms of the inspector factors was completed as follows. Thefirst step
was to establish whether the Condition Ratings varied linearly with any single factor. Although
there were some factors that did have high (i.e., greater than 0.5) linear correlation coefficients
with an individual element on a single task, none showed a consistently high degree of
correlation with multiple tasks or elements. The second step was to establish whether the
Condition Ratings varied with a second-order variation in the individual factors. As before, no
consistent correlation existed. At this point, other types of simple functions were investigated

(e.g., logarithmic, exponential, etc.) for correlation. Again, no significant relationship existed.

Since no single factor could be found to correlate with the Condition Ratings, a multivariate

equation was needed. Again, starting with only linear variations in the factors, different
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combinations were investigated. As before, no significant relationship could be established

using linear combinations alone. The final step was to use a second-order, multivariate equation.

In order to ensure that the equations were useful, it was desirable to keep the number of variables
to aminimum. In addition, since the inspector factors were constant for all tasks, it was
desirable to find asingle set of inspector factors that could be used for al tasks. Initially, only a
few factors were combined together, with the selection of factors based on the individual level of
correlation with the Condition Ratings. In other words, those factors with the highest individual
second order correlation coefficients were the first to be analyzed together. It quickly became
apparent that seven factors would be needed to consistently obtain significant correlation
coefficients. However, it should be pointed out that this does not mean that individual Condition
Ratings could not be satisfactorily predicted using fewer factors, rather, for the combination of

six tasks together, a non-linear equation in terms of seven variablesis required.

After theinitial selection of the seven factors, various other combinations of factors were
evaluated to ensure that the initial selection had a significant degree of correlation. In no case

could a correlation coefficient higher than that identified previously be found.

Using the above outlined procedure, Equation 2 was developed to predict the Condition Ratings

in terms of seven non-linear inspector factors.

ConditionRating =y, + 1, +1,+1,+1,+1,+1,+1, 2

where: 11 = a(Fy) + b(Fy)?

12 = ¢(F2) + d(Fy)?

|3 = e(Fs) + f(Fs)?

4= g(Fs) + h(Fs)

ls = i(Fs) +j(Fs)?

l6 = k(Fs) + 1(Fe)?

I, = m(Fy) + n(F)?

with: F; = Reported Fear of Traffic
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F, = General Mental Condition
F3 = Number of Annual Bridge Inspections
F, = Genera Education Level

Fs = Right Eye Near Visua Acuity

Fe = Color Vision (minor confusions)

F, = Formal Bridge Inspection Training

Valuesfor the coefficients y, and a through n for the deck Condition Rating equation are given

intable 96. Similarly, the coefficients for the superstructure and substructure equations are given

in tables 97 and 98, respectively. The correlation coefficients obtained for each of these

equations are given in table 99, illustrating the accuracy of these equations at predicting the

sample Condition Ratings. The fact that the identified inspector factors resulted in high

correlation coefficients can easily be rationalized because the possible existence of arelationship

between the Condition Ratings and the factor is highly intuitive. Clearly, how distracted the

inspector is by the traffic (i.e., Reported Fear of Traffic) could influence the condition

assessments. In addition, the inspector’'s General Mental Condition, General Education Level,

and Formal Bridge Inspection Training all relate to the inspector’'s mental condition and

Table 96. Equation coefficients for predicting deck Condition Ratings — Inspector factors.

Task
Coefficient A B C D E G

Yo 2.59 -6.64 0.97 -8.83 7.12 9.67

a 1.54 0.610 -0.103 2.43 -1.62 0.417

b -0.214 -.0154 0.104 -0.410 0.412 -0.0911
c 1.60 5.98 1.71 5.45 -0.868 -1.51

d -0.269 -0.910 -0.275 -0.766 0.0826 0.216

e -2.94e-4 4.37e-3 0.0052 6.28e-4 3.06e-3 3.94e-4
f -6.26e-7 -4.33e-6 -5.51e-6 -1.76e-7 -4.32e-6 -9.19e-7
g -0.478 0.0843 0.155 0.189 0.594 0.0520
h 0.0580 0.055 -0.0061 -0.0122 -0.0729 -5.96e-4
i -.0445 -0.0270 -0.0102 -0.0122 -0.0280 -.0380

j 2.82e-4 1.98e-4 8.79e-5 1.15e-4 1.55e-4 2.06e-4
k -0.161 -0.170 -0.224 0.0615 -0.2145 -0.160

I 0.0352 0.0160 0.0381 3.28e-3 0.0251 0.0168
m 0.123 -0.167 -0.378 0.114 -0.0138 -0.0315
n -.0100 0.0245 0.0099 -0.156 0.0190 0.0146
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Table 97. Equation coefficients for predicting superstructure Condition Ratings — Inspector

factors.
Task
Coefficient A B C D E G

Yo 8.32 0.583 3.42 -7.13 5.31 11.57

a 0.461 2.24 0.885 -3.80 0.0420 -0.601
b -0.0258 -0.390 -0.0690 0.776 0.0616 0.114
c -1.49 0.994 0.414 7.86 -0.790 -2.48

d 0.207 -0.160 -0.116 -1.047 0.0908 0.320

e -9.66e-4 -2.15e-3 -6.66e-4 0.0053 -6.12e-4 2.85e-3
f 3.66e-7 1.38e-6 5.35e-7 -3.35e-6 -6.96e-7 -3.10e-6
g -0.245 -0.346 -0.226 -0.0938 1.38 0.0309

h 0.0234 0.0345 0.032 0.0192 -0.156 -1.28e-3
i -0.0216 -1.68e-3 -4.44e-3 -0.0322 -0.0341 -0.0163
j 1.46e-4 2.37e-5 2.70e-5 2.83e-4 2.36e-4 1.06e-4
k 0.0495 -0.185 -0.255 0.269 -0.0126 -0.0128

[ -0.0155 0.0464 0.0487 -0.0256 -0.0121 0.0069
m 0.306 0.146 0.0073 0.187 0.0561 0.0516
n

-0.0435 -1.47e-3 0.0192 -0.0035 8.80e-4 4.25e-5

Table 98. Equation coefficients for predicting substructure Condition Ratings — Inspector

factors.
Task
Coefficient A B C D E G

Yo -4.01 8.24 -5.26 -13.70 4.17 7.56

a 2.41 -0.0358 3.992 0.648 2.15 -0.739

b -0.40 0.0054 -0.716 -0.125 -0.296 0.160

c 4.13 -0.782 3.70 12.09 -1.014 0.351

d -0.560 0.0753 -0.511 -1.71 0.134 -0.0757
e 1.38e-3 -9.34e-5 -9.89e-4  -0.00540 7.62e-4 9.37e-4
f -2.24e-6 2.74e-7 3.62e-7 4.41e-6 -2.98e-6 -1.23e-6
g -0.47 -0.989 -0.442 0.0755 0.907 0.353

h 0.0567 0.0991 0.0447 0.0132 -0.110 -0.0344

i -0.0148 -0.0205 -0.0404 -0.0564 -0.110 -0.0259

j 9.11e-5 1.65e-4 2.55e-4 3.84e-4 6.45e-4 1.03e-4
k -0.0976 -0.177 -0.160 -0.202 -0.382 -0.0346

I 0.180 0.0350 0.0301 0.0434 0.0368 3.68e-3
m 0.180 0.321 0.474 -0.486 0.211 -0.138

n 0.0300 -0.0547 -0.0518 0.0620 -0.0076 0.0199
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Table 99. Correlation coefficients for influence of inspector factors on Condition Ratings.

Task
Element A B C D E G
Deck 0.75 0.72 0.62 0.62 0.72 0.52
Superstructure 0.49 0.73 0.69 0.50 0.69 0.41
Substructure 0.69 0.67 0.70 0.65 0.84 0.57

capacity, which could influence inspection results. Furthermore, the number of Annual Bridge
Inspections can easily be rationalized because it is an indicator of an inspector’s overall

familiarity with the bridge inspection process. In addition, since the execution of a bridge
inspection relies so heavily on an inspector’s vision characteristics, it is not surprising that the

vision test results did show some correlation.

In this section,1lthrough { from Equation 2 are shown graphically in figures 80 through 86,
respectively, to illustrate the influence of each of the factors. In subsequent sections, figures
presenting factor influence are presented in Appendix L in Volume Il. The important
information to note in figures 80 through 86 and in similar figures are the general shape and
trends. Also note that the magnitude of the curves is of lesser importance, with the range over
which a particular curve lies being of greater importance. The reason for these facts result from

the form of the general equation.

In general, figures 80 through 86 show relatively consistent trends across the element types and
tasks. However, some variability in the relationships can be observed and, generally, should be
expected. Itis interesting to note that Tasks D, E, and G are typically the tasks where the
greatest variations occurred. This can probably be attributed to the relatively complex

superstructures (Tasks E and G) or to the relatively uncommon structure type in Task D.

Specifically, the equations that are shown graphically in these figures do not have a constant
term. Rather, the constant terghggven in the general equation combines the constants for all of
the factors into one. In other words, if one could include a constant term in each equation, each

line would have been shifted by that amount.
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Please note that the question “What influence does this factor have on VI accuracy?” cannot be
answered outright. The influence of the factors cannot be discussed in terms of a single factor.
One must always remember that the interaction of the factors with one another cannot be
ignored. The following hypothetical example will help to illustrate this fact:

Assume that a sample of inspectors all had the same factoygHoough §, but they had
different I, characteristics and one wanted to study the influenceoof the inspection
results. For simplicity, assume thavaries linearly from 0 to 3 with a positive slope and
that the condition rating for a specific element is 5. For the first scenario, assume that y
+ I;...1¢ = 2. What can be said for the first scenario is that inspectors with higher |
factors could be predicted to give more accurate inspection results (i.e., closer to 5).
However, for the second scenario, assume thatly..lg = 5. It can be said for the

second scenario that inspectors with lowdattors could be predicted to give more

accurate inspection results.

This simple example illustrates that the influence of a specific factor (argthe above

example) on accuracy can only be investigated if a particular known set of other factors (e.g., |
through § in the above example) is available. However, general statements can be made if a
generic set of factors is assumed to have some constant value for a sample of inspectors. In other
words, if the specific value oby+ I1...1g is known in the example, one could say that “with all

other factors being equal, inspectors with highéadtors would tend to give higher Condition
Ratings.” Again, note that this statement is not related to the accuracy of the Condition Rating,
only the relationship of a specific factor. Finally, the issues illustrated by the example, and the
issues discussed in the previous paragraphs, pertain to the correlation results in this and in

subsequent sections.

INSPECTION FACTORS As mentioned previously, the inspection factor data were collected

from the pre- and post-task evaluations and through firsthand observations. Unlike the previous
analyses where the inspector factors were constant for all tasks, the inspection factors could have
different values for each task. In light of this, the inspection factor analyses were completed in a

slightly different manner. The notable difference is that each task was analyzed independently
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and could have resulted in a different set of seven best-correlating inspection factors for each
task. Other than this difference, the general steps for completing the analyses were the same as

those previously described.

Equation 3 shows the general equation resulting from the inspection factor regression analyses.
Table 100 summarizes the individual F; through F; factors for each task. Note that the factors
listed for each task in table 100 are listed in rank order from the factor with the highest individual
correlation coefficient to the lowest. Tables 101 through 106 give the coefficients for each
element from each task and table 107 gives the resulting correlation coefficients for each

equation.

ConditionRating =y, + 1, +1,+1,+1,+1,+1,+1, (©)]

where: 11 = a(Fy) + b(F)?

I, = c(F) + d(Fy)?

13 = e(Fs) + f(Fa)?

4= g(Fs) + h(Fs)°

ls = i(Fs) +j(Fs)?

le = k(Fe) + 1(Fg)?

I, = m(Fy) + n(F)?

With the exception of Wind Speed, the identified inspection factors are, again, fairly intuitive.

The factors basically quantify the inspector’s perception of the structure, how the inspection was
completed, and the light intensity during the inspection. Another factor, Rested Level Before
Task, is related to the inspector’'s general condition. Again, these factors are intuitive because
they deal with what, how, and under what conditions the inspection was performed. Wind
Speed, on the other hand, is not as intuitive. One could speculate that the Wind Speed could
influence how well inspections could be performed from a ladder. However, the ladders were
used very infrequently (by 24, 0, 4, and 0 percent) on the four tasks (B, C, D, and G,

respectively) where Wind Speed was found to correlate.
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Table 100. Inspection factors for predicting Condition Ratings.

Task A Task B Task C Task D Task E Task G
Revorted Reported Reported Reported Reported
P Structure Structure . Structure Structure
F1 Thoroughness S . Wind Speed ) .
Level Accessibility Maintenance Maintenance Maintenance
Level Level Level Level
: . Reported . . Reported
Light Intensity Structure Light Intensity Structure Estimated Time .
F, Below ) Below . Wind Speed
Maintenance Maintenance for Task
Superstructure Superstructure
Level Level
Reported Reported
Structure Reported Reported Structure Rested Level Reported
Fs : Thoroughness Observer o Observer
Maintenance Accessibility Before Task
Level Influence Influence
Leve Level
Observed Reported Accuracy of Task Reported Task
Fs Inspector Rushed Wind Speed Repo[t:vd eIEffort Structure at Measuring Similarity to
Level Complexity Level  Inspection Skills Normal
Reported Rushed Re_pqrteql Task Reported Ti me S' nee Reported Actua Timeto
Fs Level Similarity to Thoroughness Similar Structure Complete Task
Normal Level I nspection Complexity Level
Re_po_rtec_i Task Reported Observed Estimated Time Actua Timeto Reported
Fe Similarity to Observer Inspector Focus for Task Complete Task Structure
Normal Influence Level P Complexity Level
Observed . . Observed Time Since
F;  Inspector Focus L'ghtDIQ;EnS' ty Wind Speed I;?(f:jelirﬁ Inspector Rushed Similar
Level Level Inspection




Table 101. Task A — Equation coefficients for predicting Condition Ratings — Inspection factors.

Element
Coefficient Deck Superstructure Substructure

Yo 4.58 5.48 -0.0148

a 0.531 -0.0705 0.203

b -0.0527 0.0117 -0.00980
C -4.55e-6 -2.70e-5 -3.38e-5
d 1.59e-10 2.34e-10 4.36e-10
e -0.104 -0.0668 0.532

f 0.0160 0.0290 -0.0490
g -0.4075 -0.0113 0.0188
h 0.0367 -1.94e-4 -1.65e-4
[ 0.250 0.0348 0.213

] -0.0273 -4.33e-3 -0.0265
k -0.619 -0.516 -0.489

I 0.0452 0.0482 0.0455
m 0.716 0.400 1.37

n -0.0485 -0.0322 -0.0972

Table 102. Task B — Equation coefficients for predicting Condition Ratings — Inspection factors.

Element
Coefficient Deck Superstructure Substructure

Yo -9.21 4.36 0.595

a 2.30 0.687 -0.412

b -0.149 -0.0322 0.0331

c 0.332 0.202 0.8164
d -0.0239 -0.0152 -0.0994
e -0.533 -0.183 0.9486

f 0.0385 0.0310 -0.0731
g 0.0383 0.245 0.187

h -2.97e-3 -2.60e-2 -1.55e-2
[ 0.9565 -1.189 0.483

] -0.0464 0.0757 -0.0471
k 1.55 0.3938 0.240

I -0.277 -0.0545 -0.0840
m 5.97e-6 -3.49e-6 -1.11e-5
n -2.11e-11 6.92e-11 5.98e-11
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Table 103. Task C— Equation coefficients for predicting Condition Ratings — Inspection factors.

Element
Coefficient Deck Superstructure Substructure

Yo 16.34 28.98 25.1

a 0.890 0.384 0.204

b -0.0706 -0.0328 -0.0111
c 0.0105 3.83e-3 -2.14e-3
d -1.92e-5 -8.02e-6 -2.55e-6
e 1.03 0.441 0.584

f -0.183 -0.0476 -0.0363
g -0.825 -0.774 -0.765

h 0.0709 0.0835 0.0656

[ -0.327 -0.523 -0.434

] 2.11e-3 3.10e-3 2.66e-3
k -0.238 -0.817 -0.620

I 0.0173 0.0620 0.0774
m 2.20e-2 -0.0628 0.0764
n -4.98e-4 7.69e-3 -7.61e-3

Table 104. Task D — Equation coefficients for predicting Condition Ratings — Inspection factors.

Element
Coefficient Deck Superstructure Substructure

Yo -0.496 8.16 -4.46

a 8.89e-3 1.15 0.304
b -4.36e-3 -0.0190 -0.0542
c 0.576 0.1167 0.110
d -0.0638 -0.0125 -0.0324
e 1.42 0.6196 -0.0557
f -0.104 -0.0601 -0.0064
g -0.0095 -0.139 1.26

h 0.0110 0.0232 -0.220
[ 0.0079 0.0269 0.0074

j -4.22e-5 -1.22e-4 -5.75e-5
k 0.0090 -0.0076 2.21e-3
I -4.54e-5 -1.04e-5 1.23e-5
m -0.341 -1.67 2.83

n 0.0323 0.139 -0.203
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Table 105. Task E — Equation coefficients for predicting Condition Ratings — Inspection factors.

Element
Coefficient Deck Superstructure Substructure

Yo 4.35 -8.43 -7.82

a 0.139 0.185 0.252

b 0.0118 -0.0053 -0.0187
c 0.0105 0.0126 0.0061
d -2.03e-5 -2.02e-5 -9.06e-7
e 0.0436 4.30 3.93

f -0.0181 -0.326 -0.290

g -0.142 -0.285 -0.394
h 0.0136 0.0199 0.0237

[ 0.0492 -0.510 0.148

] 4.11e-3 0.0559 -0.0078
k -0.0731 -0.0239 -0.0618
I 7.97e-4 4.50e-4 5.69e-4
m 0.558 0.520 1.13

n -0.0742 0.0621 -0.161

Table 106. Task G — Equation coefficients for predicting Condition Ratings — Inspection factors.

Element
Coefficient Deck Superstructure Substructure

Yo 4.86 1.59 5.16

a 0.926 1.66 0.595
b -0.0608 -0.103 -0.0358
c -0.0889 0.0752 -0.092
d 4.79e-3 3.05e-3 5.29e-3
e -0.256 0.0251 -0.104
f 0.0568 -0.0277 0.0269
g -0.0146 0.0216 0.152
h 2.51e-4 -0.0091 -0.0137
[ -0.0437 -2.01e-3 -0.0317
] 3.76e-4 -2.15e-5 2.13e-4
k -0.0832 -0.290 0.0553

I 0.0212 0.0271 4.65e-3
m 2.25e-3 0.0062 0.0073
n 1.50e-5 -3.24e-5 -3.76e-5
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Table 107. Correlation coefficients for influence of inspection factors on Condition Ratings.

Task
Element A B C D E G
Deck 0.69 0.63 0.77 0.68 0.58 0.61
Superstructure 0.59 0.58 0.53 0.74 0.67 0.77
Substructure 0.70 0.73 0.63 0.54 0.67 0.54

Figures L1 through L18 in Appendix L in Volume |1 show the genera trends of the I; equations
given in Equation 3. Note that not all tasks will appear in al figures since the inspection factors
varied for each task. Some interesting trends can be observed in these figures. First, when a
certain factor was found to only correlate with a specific task, the relationship of that factor to
the deck, superstructure, and substructure Condition Ratings generally was consistent between
the elements. However, when afactor was found to correlate with two tasks, the influence of
that factor was not, in general, consistent for the two tasks. Finally, when afactor was found to
correlate with more than two tasks, there was greater consistency in the influence of that factor
across the tasks. Also note that the ambient light intensity had the greatest influence on the deck
Condition Rating and less of an influence on the Condition Rating of the superstructure and
substructure. In addition, note that feeling moderately rushed tended to have the greatest
influence on the assignment of the Condition Rating regardless of the element type. With respect
to Reported Structure Accessibility, it appears that this factor influences the deck and
superstructure Condition Ratings the most. Similar to Reported Rushed Level, the influence of
Reported Effort Level was greatest at moderate levels.

COMBINED INSPECTOR/INSPECTION FACTORS In this section, equations for predicting
the Condition Ratings in terms of the combined inspector/inspection factors will be presented. A
similar procedure to that for determining the inspection factors was used in the inspector and

ingpection factors anal yses.

Equation 4 shows the general equation resulting from the regression analyses. Table 108
summarizes the individual F; through F factors for each task. As before, note that the factors
for each task in table 108 are in rank order from the factor with the highest individual correlation
coefficient to the lowest. Tables 109 through 114 give the equation coefficients for each element
from each task and table 115 gives the resulting correlation coefficients for each equation.
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Table 108. Combined inspector/inspection factors for predicting Condition Ratings.

Task A Task B Task C Task D Task E Task G
Reported Reported Reported Reported
= Reported Fear of Structure Structure Reported Fear of Structure Structure
! Traffic Accessibility Maintenance Traffic Maintenance Maintenance
Level Level Level Level
= Thlgfgsr;‘er?% Reported Fear of  Reported Fear of Wind Speed Estimated Time  Reported Fear of
2 9 Traffic Traffic for Task Traffic
Leve
: : Reported : . Reported
Lignt Intensity Structure Light Intensity Structure Rested Level .
Fs Below ) Below ) Wind Speed
Maintenance Maintenance Before Task
Superstructure Superstructure
Level Level
Reported
Structure Reported Genera Mental Genera Mental Reported Fear of Reported
Fa ) Thoroughness . S : Observer
Maintenance Condition Condition Traffic
Level Influence
Level
Reported
Observed _ Number _of Structure Accuracy of_Task General Mental
Fs  Inspector Rushed Wind Speed Annual Bridge s at Measuring o
. Accessibility . : Condition
Level Inspections Inspection Skills
Level
Reported Task Reported Reported Number of
Fe Reportee\dlgushed Similarity to E ducC:; ateir(])?\rilev d Structure Structure Annual Bridge
Normal Complexity Level Complexity Level Inspections
= General Mental CR)Epsgrr\t/ﬁ Right Eye Near Arl:lnltrzlbgriﬂ o Actual Timeto General
! Condition Visual Acuity ondg Complete Task  Education Level
Influence Inspections




Table 109. Task A — Equation coefficients for predicting Condition Ratings — Combined

inspector/inspection factors.

Element
Coefficient Deck Superstructure Substructure

Yo 1.30 7.66 -2.09

a 1.76 0.439 2.79

b -0.238 -0.0052 0.448

c -0.0425 -0.0767 -0.197

d -2.10e-3 0.0087 0.0076
e -8.75e-6 -2.60e-5 -2.45e-5
f 1.35e-10 1.89e-10 2.75e-10
g 0.0884 0.0057 0.437

h -0.0090 0.0173 -0.0444

[ -0.629 -0.0672 -0.186

] 0.0547 0.0012 0.0205

k 0.229 -0.0173 0.0915

I -0.0282 8.04e-5 -0.0202
m 1.69 -1.56 1.98

n -0.230 0.221 -0.245

Table 110. Task B — Equation coefficients for predicting Condition Ratings — Combined

inspector/inspection factors.

Element
Coefficient Deck Superstructure Substructure

Yo -10.4 3.37 -1.41

a 1.38 0.178 -0.492
b -0.0944 -9.84e-4 0.0414
c 1.69 0.611 0.105
d -0.217 -0.0413 0.0198
e 0.628 0.357 0.829
f -0.0624 -0.0339 -0.0990
g -0.227 -0.0563 0.612
h 0.0118 0.0215 -0.0445
[ 5.66e-3 0.237 0.167

] -1.35e-3 -0.0267 -0.0160
k 1.45 -0.811 1.14

I -0.0827 0.0480 -0.0918
m 1.11 0.362 0.298
n -0.196 -0.0421 -0.0895
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Table 111. Task C— Equation coefficients for predicting Condition Ratings — Combined
inspector/inspection factors.

Element
Coefficient Deck Superstructure Substructure

Yo -1.78 3.74 -6.77

a 0.279 0.553 0.876
b -0.0073 -0.0539 -0.0942
c -0.134 1.16 4.99

d 0.0953 -0.112 -0.8936
e 6.91e-3 1.32e-3 3.75e-3
f -1.49e-5 -3.66e-6 -9.16e-6
g 2.28 -0.392 3.34

h -0.3358 -0.0074 -0.450

[ 2.53e-3 -0.0039 -4.13e-3
] -2.69e-6 4.10e-6 3.93e-6
k 0.165 -0.0192 -0.423

I -0.0094 -0.00237 0.0363
m 0.0136 -0.0094 -0.0313
n -2.83e-5 5.74e-5 2.01le-4

Table 112. Task D — Equation coefficients for predicting Condition Ratings — Combined

inspector/inspection factors.

Element
Coefficient Deck Superstructure Substructure

Yo -10.5 -3.17 -8.68

a 3.62 -1.75 -0.909
b -0.645 0.437 0.130

c 0.117 0.864 0.168

d -6.22e-3 -0.178 -4.21e-3
e 0.907 0.132 0.131

f -0.0844 -0.0313 -0.0185
g 6.03 4.49 9.37

h -0.835 -0.455 -1.31

[ -0.229 -0.419 0.168

] 0.0128 0.0248 -0.0236
k -0.582 0.0144 0.695

I 0.0877 -0.364 -0.112
m -1.35e-3 0.0050 -0.0064
n 7.19e-7 -3.46e-6 5.25e-6
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Table 113. Task E — Equation coefficients for predicting Condition Ratings — Combined
inspector/inspection factors.

Element
Coefficient Deck Superstructure Substructure

Yo 6.98 7.55 11.5

a 0.343 0.314 0.702
b -0.0130 -0.0212 -0.0714
c 0.0064 0.0128 5.89e-4
d -1.09e-5 -2.43e-5 1.27e-5
e 0.132 4.34 3.58

f 0.0208 -0.326 -0.261

g -2.96 -1.51 0.410

h 0.649 0.308 0.0568

[ -0.0377 -0.347 -0.328

] -0.0025 0.0201 0.0119
k 0.0091 -0.541 0.112

I 0.0088 0.0586 -0.0080
m -0.0308 0.0480 0.153

n 3.3%e-4 -2.52e-4 -1.78e-3

Table 114. Task G — Equation coefficients for predicting Condition Ratings — Combined
inspector/inspection factors.

Element
Coefficient Deck Superstructure Substructure

Yo 2.68 0.426 7.07

a 0.776 1.76 0.139
b -0.0527 -0.108 -1.16e-3
c 0.122 0.0717 -1.33
d 0.0294 -0.0337 0.273
e 0.0607 -0.0640 0.0375
f 2.09e-3 3.22e-3 1.89e-3
g -0.507 -0.0135 -0.167
h 0.0877 -0.0173 0.0332
[ 0.917 -0.274 0.201

] -0.104 0.0483 -0.0577
k 6.86e-5 8.57e-4 7.35e-4
I -2.77e-7 -9.74e-7 7.42e-7
m 0.0443 -0.0937 0.388
n 2.58e-4 0.0078 -0.0381
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Table 115. Correlation coefficients for the influence of combined inspector/inspection factors on
Condition Ratings.

Task
Element A B C D E G
Deck 0.74 0.68 0.77 0.77 0.67 051
Superstructure 0.61 0.85 0.66 0.65 0.67 0.72
Substructure 0.75 0.69 0.71 0.60 0.66 0.52
ConditionRating =y, + 1, +1,+1,+1,+1,+1+1, (4)

where: 11 = a(Fy) + b(F)?
12 = ¢(F2) + d(Fy)?
13 = e(Fs) + f(Fa)?
4= g(Fs) + h(Fa)
ls = i(Fs) +j(Fs)?
l6 = k(Fs) + 1(Fe)?
I, = m(Fy) + n(F)?

If one compares table 108 with table 100 and the inspector factor analysis identified previously,
it is clear that the same factors reoccur for the combined inspector/inspection factors anal yses.

Therefore, the previous discussion about the specific factors holds true here as well.

Note from table 108 that all tasks have both inspector and inspection factors in their respective
equations. In fact, the minimum number of inspector factorsis one (Task E) and the minimum
number of inspection factorsistwo (Task C). On average, there were 2-2/3 inspector factors and
4-1/3 inspection factors for each task. The general trend resulting from combining the inspector
and inspection factors was to generally increase the correlation coefficients for each task. Note,
however, that the correlation coefficient may not have increased for each element, only that the
overall effect was to increase the correlation. These results indicate that to best predict

Condition Rating results, one must consider both the inspector and inspection factors.
Figures L19 through L37 in Appendix L, in Volume Il show the general trends of the |; equations

given previously. Note that not all tasks will appear in all figures since each task may have a
different set of combined inspector/inspection factors. The resulting general trend from
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combining the inspector and inspection factors to predict the Condition Ratings was to increase
the consistency of the equation trends for different tasks and to decrease the consistency of the
equation trends for different element types. Specifically, note the influence of Reported Fear of
Traffic on the substructure Condition Rating, indicating that inspectors may have the greatest
fear of being hit by traffic below the bridge being inspected. Also note the consistency of the
influence of General Mental Condition, indicating that the influence of this factor is independent

of the structure being inspected.

5.2.3.2.2. Deviation From Reference (DFR)

Theregression analysis for predicting the DFR will be presented in two primary sections, each
containing three subsections. The first primary section will present the regression analysis for
each bridge element and the second will present the results without regard to the element type.
The three subsections within each primary section present specific resultsin terms of the

inspector factors, the inspection factors, and the combined inspector/inspection factors.

PRIMARY BRIDGE ELEMENTS: In this section, the relationship between the measured factors
and the deck, superstructure, and substructure DFR datawill be discussed. Theresultsare
presented in the same format as used previoudly. First, the influence of the inspector factors
alone are presented; second, the influence of the inspection factors alone are presented; and
finally, the combined inspector/inspection factors are discussed together.

Inspector Factors. The general procedure for establishing the relationshipsis exactly the same

aswas used in the previous discussion. The only differenceis that the equations predict the DFR
instead of the Condition Ratings. The inspector factors can be combined into the nonlinear,

multivariate equation given in equation 5:

DFR=y,+ 1, +1,+1,+1,+1+1,+1, 5)
where: 11 = a(Fy) + b(F)?
12 = o(F2) + d(Fy)?
13 = e(Fa) + f(Fa)?
4= g(Fa) + h(Fs)?
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|5 =i(Fs) +j(Fs)°
le = k(Fe) + 1(Fg)?
I, = m(Fy) + n(F)?

with: F; = Reported Fear of Traffic
F, = Color Vision (major confusions)
Fs; = Left Eye Near Visual Acuity
F4 = Formal Bridge Inspection Training
Fs = Quality of Relationship With Supervisor
Fs = Left Eye Distance Visual Acuity
F7 = Reported Fear of Enclosed Spaces

Note that most of the factorsin Equation 5 are the same as had been used previously. However,
note that the vision assessments have changed from the right eye to the left and from the number
of minor confusions to the number of major confusions. This shift indicates that inspector vision
in both eyes and both color vision assessments may be important to Routine Inspection results

because attributes for both eyes have been used in the regression analysis.

Vaues for the equation coefficients for the deck, superstructure, and substructure are given in
table 116. The correlation coefficients for these equations are 0.46, 0.34, and 0.41, respectively.
Figures L38 through L44 in Appendix L in Volume Il illustrate the relationship of each of the
factors with the DFR for the deck, superstructure, and substructure. Also note that these graphs
represent the equations for |1 through 17 given above. With the exception of the color vision
factor, there is ahigh degree of consistency in the relationship of each factor with regard to the
element type. One possible explanation of thislack of consistency in the color vision factor
could be that different material types are used for the superstructures, whereas the decks and

substructures were all concrete.
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Table 116. Coefficients for DFR equations — Inspector factors.

Bridge Element

Coefficient Deck Superstructure  Substructure
Yo -4.80 -7.19 -10.2
a 1.90 0.934 1.91
b -0.326 -0.134 -0.343
c -0.0346 0.0066 -0.0368
d 1.64e-4 -1.39%e-4 6.42e-4
e -0.0142 -0.0081 -3.08e-3
f 3.25e-5 3.85e-6 -7.70e-5
g 0.272 0.252 0.311
h -0.0310 -0.0276 -0.0395
[ 2.12 2.86 3.92
j -0.283 -0.348 -0.473
k -0.0364 -0.0159 -0.0400
I 1.76e-4 1.25e-4 5.08e-4
m -0.709 0.0261 -0.385
n 0.153 0.0085 0.106

Inspection Factors: The procedure for establishing the relationship of the inspection factors to

the DFR was exactly the same as that used to determine Equation 5. As before, the inspection

factors can be combined into the nonlinear, multivariate equation given as Equation 6:

DFR =Y, + I + 1+ 1+ 1, + 15+ 15+, (6)

where:l; = a(R) + b(R)?
2= ¢(R) + d(R)’
13 = e(R) + f(Fs)?
la = g(Fs) + h(R)?
ls = i(Fs) + j(Fs)?
le = k(Fs) + I(Fe)?
l7 = m(F) + n(R)*

with: F = Reported Structure Accessibility Level

F, = Reported Structure Maintenance Level
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F3 = Reported Structure Complexity Level

F, = Light Intensity on Deck

Fs = Light Intensity Below Superstructure

Fs = Reported Rushed Level
F7 = Wind Speed

Similar inspection factors to those identified previously were again identified here. With the
exception of Wind Speed, the probable relationship of these factors with the DFR is again

intuitive. These factors quantify what was inspected, under what conditions the inspection was

completed, and how hastily the inspection was compl eted.

Values for the equation coefficients are given in table 117. The correlation coefficients obtained
for these equations are 0.40, 0.49, and 0.44, respectively. Figures L45 through L51 in Appendix
L in Volume Il illustrate the relationship of each of the factors with the DFR for the deck,

superstructure, and substructure. With the exception of Reported Maintenance Level, Reported

Table 117. Coefficientsfor DFR equations — Inspection factors.

Bridge Element

Coefficient Deck Superstructure  Substructure
Yo -1.38 -1.62 -0.557
a 0.303 0.0526 -0.0257
b -0.0204 0.0067 0.0083
c 0.224 0.155 0.379
d -0.0144 -3.09e-3 -0.0414
e 0.205 0.0212 -0.262
f -0.0226 -0.0073 0.0196
g -1.53e-5 5.06e-6 -4.79e-7
h 1.36e-10 -3.71e-11 -9.41e-12
[ -1.18e-5 -3.18e-6 -4.45e-6
] 2.36e-10 3.46e-11 1.33e-10
k 0.0870 0.284 0.181
I -0.0142 -0.0244 -0.0265
m 0.0512 0.0505 0.0721
n -2.28e-3 -2.34e-3 -3.28e-3
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Structure Complexity Level, and the Light Intensity on the Deck, the relationships are relatively
consistent for various e ements. The relationship for the Reported Maintenance Level showed a
different relationship for the substructure, as one would expect, due to there being generally less
deterioration in the substructure. With regard to complexity, the difference in the relationships
can probably be attributed to the fact that inspector complexity assessments were probably
heavily influenced by the superstructure and less so by the substructure and deck. In addition,
the influence of the light intensity on the deck had a significantly different influence on the deck
Inspection, as one would expect.

Combined Inspector/Inspection Factors. The inspector and inspection factors can also be

combined using the previously described process into the nonlinear, multivariate equation given
below as Equation 7:

DFR=y, + 1+, + 1 +1,+1 +I +1, 7)
where: 11 = a(Fy) + b(F)?

12 = ¢(F2) + d(Fy)?

I3 = &(F3) + f(Fa)?

4= g(Fs) + h(Fs)

ls = i(Fs) +j(Fs)?

l6 = k(Fs) + 1(Fg)?

I, = m(Fy) + n(F)?

with: F; = Reported Structure Accessibility Level
F, = Reported Fear of Traffic
F3s = Reported Structure Maintenance Level
F4 = Reported Structure Complexity Level
Fs = Light Intensity on Deck
Fs = Color Vision (major confusions)

F7 = Light Intensity Below Superstructure
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Vaues for the equation coefficients are given in table 118. The correlation coefficients obtained
for these equations are 0.54, 0.49, and 0.48, respectively. Figures L52 through L58 in Appendix
L in Volume Il illustrate the predicted influence of each of the factors on the DFR for each
element. When the inspector and inspection factors are eval uated together, the trends discussed
previoudly are generally repeated.

Table 118. Coefficients for DFR equations— Combined inspector/inspection factors.

Bridge Element

Coefficient Deck Superstructure  Substructure

Yo -3.68 -1.52 -1.78

a 0.226 -0.0512 -0.127
b -0.0164 0.0116 0.0148
c 1.83 0.417 1.20

d -0.273 -0.0120 -0.160

e 0.262 0.117 0.366

f -0.0177 2.81e-3 -0.0375
g 0.198 0.0559 -0.279

h -0.0216 -0.0113 0.0202

[ -1.52e-5 3.24e-6 -7.59e-7
] 1.42e-10 -2.32e-11 1.57e-12
k -0.0276 -0.0109 -0.0371

I 1.71e-4 6.26e-4 8.61e-4
m -1.72e-5 4.36e-6 -1.25e-5
n 2.77e-10 -5.45e-11 2.23e-10

GENERAL INSPECTION: In the previous analyses, the results were specific either to a task
completed during this investigation or to a specific element type. In this section, the DFR data
are analyzed without regard to the specific task or the element type. This information leads to
the establishment of a set of factors found to correlate with the sample bridge inspection results
in general. The results presented here can be considered, when compared with respect to the
results from the previous sections, to be the most useful for general applications. This stems
from the fact that these results are independent of the task that was completed, the type of
element being evaluated, and the relative condition of the element. In other words, these results
describe the general relationship of those factors found to have the greatest correlation with
overall Routine Inspection. In light of this, minimal discussion beyond presenting the results is
given. Note that all findings obtained in this section resulted from the same procedure described

previously.

238



Inspector Factors: The inspector factors can be combined into a nonlinear, multivariate equation

similar to the ones presented previously. This equation is given below as Equation 8:

Generd DFR =y, + 1, + 1, +1,+1,+1,+1,+1, (8

where: 11 = a(Fy) + b(F)?

I, = c(F) + d(Fy)?

13 = e(Fs) + f(Fa)?

4= g(Fs) + h(Fs)°

ls = i(Fs) +j(Fs)?

le = k(Fe) + 1(Fg)*

I, = m(Fy) + n(F)?

with:  F; = Reported Fear of Traffic
F, = Color Vision (major confusions)
F3 = Left Eye Near Visual Acuity
F, = Formal Bridge Inspection Training
Fs = Left Eye Distance Visual Acuity
Fs = General Mental Focus
F = Reported Fear of Enclosed Spaces

Values for the equation coefficients are given in table 119. The correlation coefficient obtained
for this equation is 0.35. Figures L59 through L65 in Appendix L in Volume Il illustrate the

influence of each of the factors on the general DFR.

Inspection Factors: The inspection factors can be combined into anonlinear, multivariate

equation similar to the ones presented previously. Thisequation is given below as Equation 9:
Genera DFR =y + 1, + 1, + 1, +1,+1 +1,+1, 9)

where: 11 = a(Fy) + b(Fy)?
I, = c(F) + d(F»)?
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Table 119. Coefficientsfor general DFR equation — Inspector factors.

Coefficient  General DFR

Yo 4.14
0.923
-0.131
-0.110
0.0194
-0.0210

2.13e-4
0.168

-0.0143

-0.0170

2.24e-5
-2.08
0.245
-0.750
0.149

S 3 —X—=—-0Q "D Q0OT®

I3 = e(R) + f(Fs)?
4 = g(R) + h(Ry)°
ls = i(Fs) + j(Fs)?
le = k(Fs) + I(Fe)?
l7= m(F,) + n(R)”

with: F = Reported Structure Accessibility Level
F, = Reported Structure Maintenance Level
F; = Light Intensity on Deck
F, = Light Intensity Below Superstructure
F = Reported Structure Complexity Level
F = Wind Speed
F = Reported Rushed Level

Values for the coefficients “a” through “n” are given in table 120. The correlation coefficient

obtained for this equation is 0.35. Figures L66 through L72 in Appendix L in Volume I

illustrate the influence of each of the factors on the general DFR.
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Table 120. Coefficients for general DFR equation — Inspection factors.

Coefficient  General DFR

Yo -1.15
0.102
-1.37e-3
0.253
-0.0197
-43.75e-6
3.14e-11
-6.51e-6
1.36e-10
-0.0139
-3.16e-3
0.0577
-2.59e-3
0.185
-0.0218

S 3 —X—=—-0Q "D Q0OT®

Combined Inspector/Inspection Factors. The inspector and inspection factors can be combined

into a nonlinear, multivariate equation similar to the ones presented previously. This equation is

given below as Equation 10:

Generd DFR =y, + 1, +1,+1,+1,+1,+1,+1, (10)

where:l; = a(R) + b(R)?
l2 = ¢(R) + d(R)?
13 = e(R) + f(Fs)?
4= g(R) + h(Fy)°
ls = i(Fs) + j(Fs)?
le = k(F) + I(Fg)?
l7 = m(F) + n(R)*

with: F = Reported Structure Accessibility Level
F, = Reported Fear of Traffic
F; = Reported Structure Maintenance Level

F, = Light Intensity on Deck
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Fs = Color Vision (major confusions)
Fe = Light Intensity Below Superstructure
F; = Left Eye Near Visual Acuity

Vauesfor the general equation coefficients are givenintable 121. The correlation coefficient
obtained for this equation is 0.45. Figures L75 through L79 in Appendix L in Volumell

illustrate the influence of each of the factors on the general DFR.

Table 121. Coefficients for general DFR equation — Combined inspector/inspection factors.

Coefficient  General DFR

Yo -1.99
-0.0356
0.0065

1.21
-0.162
0.222

-0.0131
-1.48e-7

1.86e-12
-0.112
0.0141

-1.54e-5

1.93e-10
-0.0127
1.04e-4

S 3 —X—=—-0Q "D Q0OTw

5.2.4. Task D Inspector Photographic Documentation

During Task D, inspectors were asked to use a digital camera to document their findings in
addition to their field notes and Condition Ratings. There were two reasons for asking inspectors
for this type of documentation: (1) to investigate what type of visual documentation is typically
collected and (2) to study whether obtaining photographic documentation correlates with the

Condition Rating results.
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5.2.4.1. TYPESOF INSPECTOR PHOTOGRAPHS

The inspector photographs could generally be grouped into 18 different types of photographs.
Of these 18 photographs, 13 have been identified by the NDEV C as the minimum photographs
required to fully document the bridge. The other five photograph types are either outside of the
scope of the inspection (e.g., the approach rail) or supplement deterioration shown in other

photographs. Figures 87 through 104 show examples of the typical photograph types.

On average, each inspector took just over 7 photographs (standard deviation of 3.8), with a
maximum of 19 and aminimum of 1. Table 122 summarizes the frequency with which each of
these 18 photographs was taken. Note, however, that many inspectors may have taken more than
one photograph of the same item, afact that is not represented by the datain Table 122. Itis
clear from Table 122 that the photographs of the deck joint deterioration, the deterioration of the
parapet, the south elevation view, and the general approach view were the most common
photographs. All other photographs were taken by fewer than half of the inspectors. Also, while
more than 30 of the inspectors took a photograph of the south elevation, only 5 inspectors took a
similar photograph of the north elevation. Thisis probably attributed to the difficult access to
the northern elevation discussed previously. The wide variability in the type and number of
photographs taken may illustrate differences in inspection agency documentation policies. Note
that figures 89 through 91 show the same type of deterioration in multiple locations and one

could arguethat al three are not necessary.

5.2.4.2. CORRELATION OF INSPECTOR PHOTOGRAPHSWITH CONDITION RATINGS
It was speculated that an inspector who provided more photographic documentation may have
identified more deficiencies, which may lead to alower Condition Rating. Two techniques were
used to assess this relationship. First, the total number of the previously mentioned photographs,
minus any repeats, that each inspector took was compared with their Condition Ratings for the
deck, superstructure, and substructure. In the same manner, the number of the 13 photographs
identified by the NDEV C discussed previously that were taken was also analyzed with respect to
the Condition Ratings. For the second technique, the relationship between specific photographs
was investigated by comparing the average Condition Rating for inspectors taking each
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Figure 87. Inspector Photograph 1 — Longitudinal cracking in southern face of superstructure.
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Figure 88. Inspector Photograph 2 — Typical underside deck cracking.
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Figure 89. Inspector Photograph 3 — West backwall longitudinal joint deterioration.

Figure 90. Inspector Photograph 4 — Underside deck longitudinal joint deterioration.
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Figure 91. Inspector Photograph 5 — East backwall longitudinal joint deterioration.

Figure 92. Inspector Photograph 6 — Failed overhead sign connection.
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Figure 94. Inspector Photograph 8 — Typical parapet concrete deterioration and exposed
reinforcement.
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Figure 95. Inspector Photograph 9 — Localized spalling in northeast wingwall.

Figure 96. Inspector Photograph 10 — Typical wearing surface deterioration.
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Figure 97. Inspector Photograph 11 — North elevation view.

Figure 98. Inspector Photograph 12 — General approach view.
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Figure 99. Inspector Photograph 13 — South elevation view.

Figure 100. Inspector Photograph 14 — General backwall condition.
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Figure 101. Inspector Photograph 15— General wingwall condition.

Figure 102. Inspector Photograph 16 — General approach rail condition.
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Table 122. Frequency of specific photographic documentation.

Photograph Inspectors
1 17 (35%)
2 18 (37%)
3 12 (24%)
4 45 (92%)
5 13 (27%)
6 2 (4%)
7 15 (31%)
8 40 (82%)
9 2 (4%)
10 20 (41%)
11 5 (10%)
12 31 (63%)
13 31 (63%)
14 3 (6%)
15 6 (12%)
16 10 (20%)
17 3 (6%)
18 1 (2%)

photograph with the overall average Condition Rating. The goal of this type of analysiswasto
determine whether the average Condition Ratings for the two groups were statistically different.

Regardless of the type of analysis used, no correlation between the visual documentation and the
Condition Ratings could be established. Specifically, with regard to the number of photographs
taken, there were no overall differencesin Condition Ratings for inspectors who took different
quantities of photographs. Furthermore, the comparison of the primary element Condition
Ratings for inspectors who took each of the pictures versus the entire sample of inspectors
showed that there were minor differences. However, the t-test used previously indicated that, in
all cases, there was no statistical difference between the inspectors who took pictures and those

who did not.

This analysis does not imply that visual documentation is not useful or valuable. Certainly, tools

such as cameras allow an inspector to document inspection results more thoroughly and
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accurately. Thisanaysis simply indicates that the number and type of photographs taken during
Task D did not correlate with the Task D Condition Ratings.

5.2.5. Field Inspection Notes

This section summarizes notes collected by inspectors during the six Routine Inspection tasks.
Typicaly, inspection notes are used to supplement or to reinforce assigned Condition Ratings.
Although the inspectors participating in this study may have taken alarge number of inspection
notes during the inspection tasks, this analysis will focus only on asmall set of notes deemed to

be of principa importance. These notes generally describe poorly rated elements.

Thisdiscussion is presented in four sections. First, the specific notes that were analyzed are
presented. Second, general information about the inspector note-taking performanceis
discussed. Third, the relationship between the inspector factors and note-taking performanceis
then presented. Finally, the correlation of note-taking with the primary element Condition
Ratingsis discussed.

5.25.1. EXPECTED NOTES

Although there are many possible field inspection notes that could be generated, alimited
number of important notes were selected for these analyses. These notes were typically provided
by the inspectors to describe low Condition Ratings. The specific notes analyzed for each task
are summarized in table 123 and pictures of the deterioration they describe are shown in figures
105 through 124. Note that the text in table 123 is atypical description of the deterioration that
the inspectors were expected to note. The inspectors were not, for analysis purposes, required to
have the exact verbiage shown in the table to receive credit for taking a respective note.

However, genera notes (i.e., corrosion) were not permitted if specific notes (i.e., corrosion of

end floor beam) were expected. The Note Numbers shown in table 123 will be used in
subsequent discussions to refer to these notes.
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Table 123. Inspection field notes analyzed.

Task Note Number Note

A Al Underside deck cracking and/or efflorescence
A2 Heavy corrosion of end floor beam
A3 Minor to moderate corrosion of stringer web at deck interface
A4 Full-height vertical crack in north abutment
A5 Impact damage to superstructure stiffeners
B Bl Severe deterioration of wearing surface
B2 Severe parapet deterioration
B3 T-beam deterioration
B4 Full-length horizontal crack in west abutment
C C1 Severe deterioration of wearing surface
Cc2 T-beam deterioration
C3 Three-quarter length transverse crack in east abutment
D D1 Severe deterioration of wearing surface
D2 Severe parapet deterioration
D3 Longitudinal joint deterioration
E E1l Severe deterioration of wearing surface
E2 Underside deck cracking and/or efflorescence
E3 Minor to moderate superstructure corrosion
E4 Impact damage to south fascia girder
G Gl Moderate to severe corrosion of abutment bearings

5.25.2. INSPECTOR NOTES
This section will summarize the inspector performance at taking the specific notes outlined in
table 123. The datafor each task will be presented in a task-by-task format.

52521 TakA

Of the five field notes investigated for Task A, the inspectors took an average of 3.0 notes
(standard deviation of 1.1), with a minimum of zero and a maximum of five. Table 124
summarizes the frequency with which individual Task A notes were taken and table 125 gives
the frequency distribution with which different numbers of Task A notes were taken.
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Figure 105. Deterioration described by Note A1 — Underside deck cracking and/or
efflorescence.

Figure 106. Deterioration described by Note A2 — Heavy corrosion of end floor beam.
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Figure 107. Deterioration described by Note A3 — Minor to moderate corrosion of stringer web
at deck interface.

Figure 108. Deterioration described by Note A4 — Full-height vertical crack in north abutment.
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Figure 109. Deterioration described by Note A5 — Impact damage to superstructure stiffeners.

Figure 110. Deterioration described by Note B1 — Severe deterioration of wearing surface.
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Figure 111. Deterioration described by Note B2 — Severe parapet deterioration.

Figure 112. Deterioration described by Note B3 — T-beam deterioration.
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Figure 113. Deterioration described by Note B4 — Full-length horizontal crack.

Figure 114. Deterioration described by Note C1 — Severe deterioration of wearing surface.
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Figure 115. Deterioration described by Note C2 — T-beam deterioration.

Figure 116. Deterioration described by Note C3 — Three-quarter length transverse crack in east
abutment.
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Figure 117. Deterioration described by Note D1 — Severe deterioration of wearing surface.

Figure 118. Deterioration described by Note D2 — Severe parapet deterioration.
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Figure 119. Deterioration described by Note D3 — Longitudinal joint deterioration.

Figure 120. Deterioration described by Note E1 — Severe deterioration of wearing surface.
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Figure 121. Deterioration described by Note E2 — Underside deck cracking and/or efflorescence.

Figure 122. Deterioration described by Note E3 — Minor to moderate superstructure corrosion.
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Figure 123. Deterioration described by Note E4 — Impact damage to south fascia girder.

Figure 124. Deterioration described by Note G1 — Moderate to severe corrosion of abutment
bearings.
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Table 124. Task A — Note-taking frequency.

Note Percentage of Inspectors
Al 67%
A2 82%
A3 65%
A4 61%
A5 24%

Table 125. Task A — Distribution of number of notes taken.

Number of Notes Frequency

1
3
10
18
15
2

O~ wWNEFO

From tables 124 and 125, it can be seen that, with the exception of Note A5 (impact damage to
superstructure stiffener), more than half of the inspectors took each note. One possible reason
that Note A5 may have been overlooked is that the damage was in the upper half of the girders
and the inspector’s attention may have been focused more on evaluating the deck than the
superstructure. The most common number of notes taken was three. One inspector did not take

any of the notes and only two inspectors took all five of the notes.

5.2.5.2.2. TaskB

Of the four field notes investigated for Task B, the inspectors took an average of 3.1 notes
(standard deviation of 1.0), with a minimum of one and a maximum of four. Table 126
summarizes the frequency with which individual Task B notes were taken and table 127 gives
the frequency distribution with which different numbers of Task B notes were taken.

Table 126. Task B — Note-taking frequency.

Note Percentage of Inspectors
Bl 65%
B2 73%
B3 88%
B4 84%
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Table 127. Task B — Distribution of number of notes taken.

Number of Notes Frequency

0
3
12
11
23

A WNPFO

From tables 126 and 127, it can be seen that more than half of the inspectors took each note, with
more than 80 percent taking Notes B3 and B4. Although these are relatively high percentages,
the severity of the deterioration that would have precipitated each note is such that one would
expect nearly all inspectors to have taken each note. As one would expect given the percentage
of inspectors taking each note, the most frequent number of notes taken was four. Ninety-four

percent of the inspectors took at least two of the notes.

5.2.5.2.3. TaskC

Of the three field notes investigated for Task C, inspectors took an average of 2.1 notes (standard
deviation of 1.0), with a minimum of zero and a maximum of three. Table 128 summarizes the
frequency with which individual Task C notes were taken and table 129 gives the frequency

distribution with which different numbers of Task C notes were taken.

Table 128. Task C — Note-taking frequency.

Note Percentage of Inspectors
C1 69%
C2 76%
C3 67%

Table 129. Task C — Distribution of number of notes taken.

Number of Notes Frequency
0 3
1 11
2 12
3 23
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More than 60 percent of the inspectors took each note. Just asin Task B, given the severity of
the deterioration described by each note, one could reasonably argue that nearly al of the
inspectors should have taken Notes C1 through C3. Similar to Task B, nearly half of the
inspectors took al three notes. However, three inspectors failed to take any of the investigated
notes. Thislack of any note-taking could be attributed to the fact that the Task B and Task C

bridges are very similar.

52524, TaskD

Of the three field notes investigated for Task D, the inspectors took an average of 2.3 notes
(standard deviation of 0.8), with a minimum of zero and a maximum of three. Table 130
summarizes the frequency with which individual Task D notes were taken and table 131 gives
the frequency distribution with which different numbers of Task D notes were taken.

Table 130. Task D — Note-taking frequency.

Note Percentage of Inspectors
D1 76%
D2 76%
D3 78%

Table 131. Task D — Distribution of number of notes taken.

Number of Notes Frequency
0 2
1 6
2 17
3 24

As can be seen from these tables, approximately 75 percent of the inspectors took each note.
More than 80 percent of the inspectors took at least two of the notes. Again, although these are
relatively high frequencies, the level of deterioration in the elements described by Notes D1

through D3 is so severe that one could expect all inspectors to have noted them.
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52525, TaskE

Of the four field notesinvestigated for Task E, the inspectors took an average of 2.7 notes
(standard deviation of 0.8), with a minimum of one and a maximum of four. Table 132
summarizes the frequency with which individual Task E notes were taken and table 133 gives

the frequency distribution with which different numbers of Task E notes were taken.

With the exception of noting the impact damage to the south fascia girder (Note E4), more than
half of the inspectors took each note. Although the impact damage is quite localized, the
ramifications of being hit by an over-height vehicle can be significant and, therefore, a note may

be expected.

Table 132. Task E — Note-taking frequency.

Note Percentage of Inspectors
El 78%
E2 88%
E3 69%
E4 33%

Table 133. Task E — Distribution of number of notes taken.

Number of Notes Frequency

0
3
17
22
7

A WDNEFO

5.2.5.2.6. TaskG

For the one field note investigated for Task G, 34 inspectors took the note and 15 did not. This is
approximately 70 percent of the inspectors. It is plausible that, because the bridge is in very
good condition overall, localized deficiencies such as the one described by Note G1 could be
overlooked.

269



5.2.5.3. INFLUENCE OF INSPECTOR FACTORS ON NOTE-TAKING

In this section, the relationship between the inspector factors described previously and note-
taking will be discussed. Thistype of analysisisimportant because some State DOTs may rely
heavily on their inspector field notes and less on Condition Ratings for making condition

assessments.

Most of the analyses presented in this section are based on the t-test for statistical difference
between two samples. Specifically, the goa in applying the t-test here was to determine if
ingpectors who took a particular note had statistically different inspector factors from those who
did not take the note. Table 134 shows the probabilities that the inspectors who took individual
notes are not statistically different from those who did not take the individual notes. In other
words, low probabilitiesin table 134 indicate a higher likelihood that the inspector factor may
have some correlation with taking the note. The inspector factors summarized in table 134 are
the SRQ questions for which inspectors could give a quantitative or scaled response (e.g., on a
scale of 1t0 5).

Although some low probabilities are shown in table 134, no clear trends are observed. To
supplement the data given in table 134, groups of similar notes were combined to determine
whether relationships between similar notes and the inspector factors existed. The similar note
groups are summarized in table 135, with the probability data given in table 136. The datain
table 136 were developed by averaging the individual probabilitiesin table 134. Assuch, these
dataonly give arelative measure of correlation. Asbefore, no clear trends are observed. Five
factors had probabilities of less than or equal to 10 percent for at least one of the note categories:
Perception of Bridge Inspection Importance to Public Safety, Reported Fear of Heights, Reported
Fear of Traffic, Experience in Bridge Inspection, and Comparison to Other Inspectors. An
additional six factors had probabilities less than or equal to 20 percent for at least one of the
categories. Height, Quality of Relationship With Supervisor, Percentage of Time on Bridge
Inspection, Number of Annual Bridge Inspections, General Education Level, and Formal Bridge

Inspection Training.
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Table 134. Influence of inspector factors on note-taking.

General General Fc))?r;erri)g;en Genera ! néerrizstel :
Task Note Age Height Weight Phys_i gal Mer_lt_al Importar_lce Mental Inspec%i on
Condition  Condition to Public Focus Work
Safety

A Al 64% 24% 2% 36% 46% 52% 61% 43%
A2 75% 36% 32% 93% 12% 21% 19% 89%

A3 64% 87% 19% 41% 56% 4% 55% 62%

A4 73% 22% 60% 95% 83% 54% 88% 65%

A5 89% 68% 23% 94% 42% 60% 53% 2%

B Bl 7% 78% 45% 0% 34% 13% 50% 31%
B2 58% 21% 48% 46% 87% 15% 66% 62%

B3 21% 47% 46% 76% 34% 25% 4% 89%

B4 68% 17% 35% 79% 64% 30% 9% 25%

C C1 52% 91% 83% 20% 36% 75% 22% 3%
Cc2 31% 58% 54% 94% 37% 26% 76% 84%

C3 92% 11% 46% 36% 82% 63% 4% 80%

D D1 54% 86% 59% 32% 75% 60% 44% 13%
D2 58% 42% 100% 94% 81% 49% 76% 76%

D3 89% 86% 57% 7% 21% 34% 54% 21%

E E1l 0% 99% 43% 34% 9% 66% 27% 92%
E2 94% 48% 65% 27% 34% 5% 68% 55%

E3 91% 41% 41% 8% 88% 17% 61% 12%

E4 74% 13% 94% 67% 81% 52% 44% 7%

G Gl 90% 68% 61% 78% 4% 37% 22% 3%




Table 134. Influence of inspector factors on note-taking (continued).

(A4

Reported Reported Reported Expgrience Experience AE(Sjt(IjlrE?Jtr?gI Qua_l ity OT Percaived
Task Note Fear of Fear of Fear of n inHighway  Yearsasa Relati QnSh'p Importance
Heights Enclosed Traffic Brldg_e Structures Bridge W'th of Work by
Spaces Inspection Inspector Supervisor  Management
A Al 69% 40% 48% 62% 91% 89% 42% 99%
A2 10% 75% 21% 68% 26% 34% 25% 67%
A3 99% 38% 66% 95% 96% 49% 84% 35%
A4 95% 92% 8% 24% 75% 46% 46% 92%
A5 46% 61% 2% 2% 35% 6% 14% 87%
B Bl 69% 9% 17% 13% 11% 75% 27% 98%
B2 93% 96% 15% 60% 75% 21% 18% 84%
B3 4% 65% 59% 26% 70% 44% 53% 1%
B4 21% 69% 10% 70% 67% 23% 5% 68%
C C1 41% 49% 0% 67% 42% 42% 96% 48%
Cc2 16% 91% 75% 32% 34% 44% 14% 87%
C3 69% 53% 10% 24% 20% 66% 1% 51%
D D1 34% 91% 2% 87% 70% 31% 30% 11%
D2 34% 13% 18% 67% 56% 40% 97% 11%
D3 31% 29% 93% 76% 72% 17% 47% 81%
E E1l 56% 86% 93% 12% 24% 17% 47% 18%
E2 73% 94% 59% 25% 6% 6% 53% 29%
E3 67% 96% 98% 71% 87% 34% 33% 11%
E4 44% 8% 8% 8% 31% 85% 8% 53%

G Gl 67% 96% 1% 57% 59% 56% 17% 48%
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Table 134. Influence of inspector factors on note-taking (continued).

Per_centage Percentage Percg?tage Comparison Number of General Fo_rmal
Task Note T meon Routine  Inspections  to Other An_nual Education Brldg_e Jet Lag
Bridge : ) Bridge Inspection
Inspection Inspections Wl_th On- Inspectors Inspections Level Training
Site PE
A Al 28% 60% 92% 70% 73% 38% 78% 38%
A2 81% 2% 84% 23% 85% 29% 90% 45%
A3 67% 71% 51% 71% 68% 22% 58% 81%
A4 87% 75% 96% 74% 36% 26% 94% 71%
A5 48% 74% 48% 48% 21% 59% 37% 55%
B Bl 9% 76% 63% 71% 59% 19% 5% 61%
B2 8% 30% 57% 23% 53% 34% 61% 24%
B3 59% 11% 40% 9% 74% 41% 34% 15%
B4 10% 62% 16% 8% 60% 15% 9% 6%
C C1 45% 17% 95% 6% 92% 50% 18% 44%
C2 42% 52% 95% 5% 52% 91% 6% 7%
C3 96% 93% 81% 100% 56% 18% 78% 78%
D D1 26% 70% 61% 46% 51% 44% 64% 20%
D2 23% 39% 5% 34% 31% 27% 49% 20%
D3 6% 84% 63% 94% 11% 18% 30% 46%
E E1l 83% 9% 92% 34% 80% 92% 71% 23%
E2 83% 73% 40% 9% 87% 41% 23% 85%
E3 85% 71% 64% 86% 70% 95% 6% 50%
E4 37% 67% 67% 67% 13% 75% 43% 79%
G Gl 65% 59% 81% 6% 40% 50% 25% 6%




Table 135. General note categories.

Category Notes

General Description

GC1
GC2
GC3
GC4
GC5
GC6
Deck
Super
Sub
All

B1,C1, D1, E1 Wearing surface condition

Al E2 Underside deck cracking/efflorescence
B2, D2 Parapet condition

A3, E3 Corrosion of steel superstructure

B3, C2 Deterioration of concrete superstructure
A5, E4 Superstructure impact damage
Al,B1,B2,C1, D1, D2 EL E2 All Deck-related notes

A2, A3, A5, B3, C2, D3, E3, E4, G1 All Superstructure-related notes

A4, B4, C3 All Substructure-related notes

A1-A5, B1-B4, C1-C3, D1-D3, E1-E4,G1  All notes

Based on the broad All Notes category, the following factors showed the strongest, although not

necessarily statistically significant, relationship with note-taking:

Fear of Traffic

Perception of Bridge Inspection Importance to Public Safety
Quality of Relationship With Supervisor

Estimated Additional Y ears as a Bridge Inspector

Comparison to Other Inspectors

General Education Level

Formal Bridge Inspection Training

In addition to the quantitative and scaled SRQ questions presented previously, SRQ questionsin

which inspectors either answered yes or no, or indicated one of two possible categories, were

also analyzed. Unfortunately, the t-test cannot be used to determine statistical significance for

these types of questions. In light of this, the following were determined from the analyses of al

such SRQ questions and may or may not be statistically significant:
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Table 136. Influence of inspector factors on general note-taking.

Perception .
General General of Bridge Genera ! né?ri?; :
Note Category Age Height Weight Physical Mental Importance Mental 9
o . : Inspection
Condition  Condition  to Public Focus
Work
Safety
GC1 28% 89% 57% 22% 38% 53% 36% 35%
GC2 79% 36% 34% 31% 40% 29% 64% 49%
GC3 58% 32% 74% 70% 84% 32% 71% 69%
GC4 78% 64% 30% 24% 2% 10% 58% 37%
GC5 26% 53% 50% 85% 35% 26% 40% 86%
GC6 81% 40% 59% 81% 62% 56% 49% 39%
Deck 48% 61% 56% 36% 50% 42% 52% 47%
Super 69% 56% 48% 62% 42% 31% 43% 49%
Sub 78% 17% 47% 70% 76% 49% 33% 57%
All 62% 52% 51% 53% 50% 38% 45% 49%




Table 136. Influence of inspector factors on general note-taking (continued).

9.2

. . Estimated : .
Reported Reported Reported Expgrlence Expgrlence Additional Qua_l ity of Perceived

Note Category Fear of Fear of Fear of n n Yearsasa Rel at'(.)nSh'p Importance

Heights Enclosed Traffic Bridge Highway Bridge With of Work by

Spaces Ingpection  Structures Inspector Supervisor  Management
GC1 50% 59% 28% 45% 37% 41% 50% 43%
GC2 71% 67% 54% 43% 48% 47% 47% 64%
GC3 63% 54% 17% 64% 66% 57% 57% 47%
GC4 83% 67% 82% 83% 92% 58% 58% 23%
GC5 10% 78% 67% 29% 52% 34% 34% 44%
GC6 45% 34% 5% 5% 33% 11% 11% 70%
Deck 59% 60% 32% 49% 47% 51% 51% 50%
Super 43% 62% 47% 48% 57% 33% 33% 52%
Sub 62% 71% 9% 39% 54% 17% 17% 70%

All 52% 62% 35% 47% 52% 38% 38% 54%




Table 136. Influence of inspector factors on genera note-taking (continued).

L/Z

Percentage Percent of . Number of Formal
Timeon Percentage Inspections omparison Annua Generdl Bridge
Note Category . Routine =P to Other ) Education d Jet Lag
Bridge Inspections With On- Inspectors Bridge Level Inspection
I nspection Site PE Inspections Training
GC1 41% 43% 7% 39% 70% 51% 40% 37%
GC2 56% 67% 66% 40% 80% 39% 50% 61%
GC3 16% 35% 31% 28% 42% 30% 55% 22%
GC4 75% 71% 57% 79% 69% 59% 32% 66%
GC5 51% 31% 68% 7% 63% 66% 20% 46%
GC6 43% 70% 58% 58% 17% 67% 40% 67%
Deck 38% 47% 63% 37% 66% 43% 46% 39%
Super 54% 62% 66% 45% 48% 53% 37% 50%
Sub 64% 76% 64% 61% 51% 20% 61% 52%

All 49% 58% 64% 44% 56% 44% 44% 46%




* Ingenera, alarger percentage of the inspectors who did not take notes indicated that
they were experiencing additional stress due to personal problems (11.5 percent
versus 10.3 percent).

* Ingenera, alarger percentage of the inspectors who did not take notes indicated that
they assess the importance of bridge inspection to public safety (96.3 percent versus
93.5 percent).

* Ingenera, alarger percentage of note-taking inspectors indicated that they had
worked as an inspector in another industry (27.7 percent versus 21.6 percent).

* Ingenera, alarger percentage of note-taking inspectorsindicated that they were
taking either bilberry, Viagra, or B vitamin complex (7.8 percent versus 3.9 percent).

» Twenty-nine percent of the note-taking inspectors and 39 percent of the inspectors
who did not take notes indicated that their State’s inspection philosophy was to
comply with the NBIS requirements.

» Seventy-one percent of the note-taking inspectors and 61 percent of the inspectors
who did not take notes indicated that their State’s inspection philosophy was to

identify all defects.

In addition to the inspector factors that were analyzed, one inspection factor was also analyzed.
Since the amount of time each inspector was allowed to spend on each task was limited, it was
hypothesized that the amount of inspection time used may correlate with note-taking. The
results of this analysis indicated that the amount of time spent on each task did not correlate with

inspector note-taking.

5.2.5.4. INFLUENCE OF NOTE-TAKING ON PRIMARY ELEMENT CONDITION
RATINGS

In this section, the influence of taking specific field inspection notes on the primary element

Condition Ratings is presented. The goal of this analysis is to determine whether taking, or not
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taking, a specific note may influence Condition Ratings. The t-test was used to determine
whether inspectors who took notes gave statistically different Condition Ratings than those that
did not take notes.

Tables 137 through 142 summarize the probability that the note-taking inspectors and the
inspectors who did not take notes did not give statistically different Condition Ratings. Asinthe
previous discussion, no clear trends exist in the data. Furthermore, when one looks at the
relationship between notes on a specific element and the Condition Rating for that element
(shownin bold in the tables), in all cases except Note D1 and the Deck, no significant
relationship existed. From this, one can conclude that taking the notes studied herein had no
influence on the assigning of Condition Ratings. However, this does not imply that inspection

notes are not valuable.

To supplement the task-by-task analysis, the DFR data were used to combine the Condition

Ratings from all tasks. For thisanalysis, the inspectors were grouped into High and Low

Genera Note-Taking Groups based on the total number of notes taken during all of the tasks

(“High” is more than 16 notes and “Low” is fewer than 14 notes out of a possible 20). The
average DFR for the two groups was then compared using the t-test for statistical difference with

the results given in table 143. From these data, it appears that general note-taking may have

Table 137. Task A — Influence of note-taking on Condition Ratings.

Element
Note Deck Superstructure  Substructure
Al 13% 12% 21%
A2 88% 68% 98%
A3 96% 43% 83%
Ad 1% 54% 32%
A5 75% 52% 7%
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Table 138. Task B — Influence of note-taking on Condition Ratings.

Element
Note Deck Superstructure  Substructure
Bl 22% 28% 96%
B2 86% 65% 17%
B3 91% 2% 69%
B4 22% 37% 89%

Table 139. Task C — Influence of note-taking on Condition Ratings.

Element
Note Deck Superstructure  Substructure
C1 25% 26% 72%
Cc2 71% 31% 67%
C3 0.004% 33% 84%

Table 140. Task D — Influence of note-taking on Condition Ratings.

Element
Note Deck Superstructure  Substructure
D1 1% 0.3% 5%
D2 15% 0.1% 22%
D3 48% 67% 75%

Table 141. Task E — Influence of note-taking on Condition Ratings.

Element
Note Deck Superstructure  Substructure
El 35% 48% 99%
E2 66% 23% 83%
E3 38% 81% 24%
E4 50% 49% 88%

Table 142. Task G — Influence of note-taking on Condition Ratings.

Element
Note Deck Superstructure  Substructure
Gl 66% 31% 22%
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Table 143. Relationship between general note-taking groups and DFR.

Genera Note-Taking Group

Low High
Element Average Star_ldqrd Average Star_ldqrd Significance
Deviation Deviation Level
Deck 0.44 0.79 0.82 0.44 17%
Superstructure 0.23 0.59 0.44 0.47 33%
Substructure -0.15 0.70 0.09 0.51 12%
All Elements 0.14 0.64 0.41 0.42 24%

some relationship with the DFR data. From these data, it is clear that the High General Note-
Taking Group had larger average DFRs with less dispersion, indicating that inspectors who noted

more deficiencies gave higher Condition Ratings.

5.2.6. Statistical Analysisof Secondary Bridge Elements

In this section, general statistical information will be presented for Condition Ratings assigned to
the secondary bridge elements during the Routine Inspection tasks. In atypical NBIS inspection,
Condition Ratings are not assigned to the secondary elements. Rather, these elements are rated
differently based on individual State requirements. One inspection model assigns either a G, F,
P, or N (good, fair, poor, or not applicable, respectively). The previously described 0 to 9 system
used by the inspectors participating in this study may be an abnormal format. In light of this,
very little advanced analysis was completed on these data, and the results are presented to
illustrate three trends within the data: (1) the distribution of the Condition Ratings that were
assigned; (2) the differencesin the State definitions of the secondary elements; and (3) the
secondary elements that generally control the primary element Condition Ratings. Asin

previous discussions, the results are presented in a task-by-task format.

526.1. TASKA

Tables 144 through 146 summarize the assigned Condition Ratings for Task A. Note from table
144 that 46 or fewer inspectors gave Condition Ratings for each of the secondary elements,
whereas 49 inspectors gave an overall Condition Rating for the deck (average of 5.8, standard
deviation of 0.81). From table 144, it appears that condition assessments from the wearing
surface, deck underside, and curbs are the controlling secondary elements for the overall deck
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Table 144. Task A — Deck secondary element Condition Rating statistical information.

Deck-topside
Deck-underside
SIP Forms
Curbs
Medians
Sidewalks
Parapets
Railing
Expansion Joints
Drainage System
Lighting
Utilities

Wearing Surface

Average 58 52 60 NA57 50 50 63 56 53 60 NA NA

Standard ) o5 595 073 N/A 1.03 141 0.82 049 051 1.02 1.00 NA N/A
Deviation

cov 0.21 0.18 0.12 N/A 0.18 0.28 0.16 0.08 0.09 0.19 0.17 N/A N/A

Minimum 4 4 4 NA 3 4 4 6 5 3 5 N/A N/A
Maximum 8 7 7 NA 8 6 6 7 6 8 7 N/A NA
Mode 6 5 6 NA 6 NA 5 6 6 5 7 N/A N/A
N 23 23 46 N/A 46 2 4 7 12 34 5 N/A N/A
Frequency
2]

e . L., .5 &,
Condition @ % g g 84 8 T %_ 2 5 @ = §
Raing 2 % 5 = 3 8 &8 § 3 2 ® 5 =

3 X~ — s . o o S = 3 -

g Q o n @ 1o @

= O d A
0 0 0 0 NA O 0 0 0 0 0 0 N/A N/A
1 0 0 0 NA O 0 0 0 0 0 0 N/A NA
2 0 0 0 NA O 0 0 0 0 0 0 N/A N/A
3 0 0 0 NA 1 0 0 0 0 2 0 N/A NA
4 5 6 1 NA 4 1 1 0 0 4 0 N/A N/A
5 3 8 9 NA 15 O 2 0 5 14 2 NA NA
6 7 7 25 NA 16 1 1 5 7 12 1 N/A N/A
7 7 2 11 NA 9 0 0 2 0 1 2 N/A N/A
8 1 0 0 NA 1 0 0 0 0 1 0 N/A NA
9 0 0 0 NA O 0 0 0 0 0 0 N/A N/A

Note: Average overall deck Condition Rating = 5.8.
* N/A = Not applicable.

282



Table 145. Task A — Superstructure secondary element Condition Rating statistical information.

(@)
i=
" é g é g 2
o 2 8 8 £ 3 2 8
2 o § £ 2 5 3 § S B 3
5 8 ¢ 2 © < © % £ & 3
T 5 = g O
3 m
T
Average 58 58 53 NA 62 NA 30 55 61 64 67
Standard 95 (77 089 NA 078 NA NA 115 122 090 0.76
Deviation
cov 0.17 013 017 N/A 013 NA NA 021 020 014 0.11
Minimum 5 4 4 NA 5 NA 3 3 1 4 6
Maximum 7 7 7 NA 8 NA 3 8 8 8 8
Mode 5 6 5 NA 6 NA 3 6 6 7 7
N 4 39 8 NA 47 NA 1 46 44 30 7
Frequency
(@)
i=
2] § %) g @
N 2] 0 = o
Conditon & § £ I 5 8 & = & g 3
; = = = o 8 T o 0
Rating = 5 4 = A S a¥ e = =
3 3 @ S O < = S
o h = o &)
S m
T
0 0 0 0 NA O NA 0 0 0 0 0
1 0 0 0O NA O NA 0 0 1 0 0
2 0 0 0O NA O NA 0 0 0 0 0
3 0 0 0 NA 0 NA 1 2 0 0 0
4 0 1 1 NA 0 NA O 7 2 1 0
5 2 13 5 NA 8 NA 0 14 6 3 0
6 1 18 1 NA 23 NA 0 14 19 10 3
7 1 7 1 NA 14 NA 0 8 13 14 3
8 0 0 0O NA 2 NA 0 1 3 2 1
9 0 0 0O NA O NA 0 0 0 0 0

Note: Average overall superstructure Condition Rating = 5.9.
* N/A = Not applicable.
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Table 146. Task A — Substructure secondary element Condition Rating statistical information.

%)
9 § _ 5 a%
o) 2 ) 3 s} o)
: 8 5 5 =2 3 5 z & 5 2 &®
5 (ol o N = 3] c & 0 o = O
o] LL g m ; w LL E’
<C m 33 [@]
ol O
Average 6.0 80 6.0 6.1 65 62 69 NANVA NA 70 65
Standard 25 \A N/A 077 093 073 081 NA NA NA NA 071
Deviation

Ccov 0.12 N/A N/A 013 0.14 0.12 012 N/A NA NA NA 011

Minimum 5 8 6 5 4 4 5 N/A  N/A N/A 7 6
Maximum 7 8 6 7 8 7 8 N/A  N/A N/A 7 7
Mode 6 8 6 6 7 6 7 N/A  N/A N/A 7 6,7
N 33 1 1 16 44 45 48 N/A N/A N/A 1 2
Frequency
)
% - g = 2 5 - a%
Condition é 8 £ £ o £ T T 8 £ 2 g
Rathg S & S 3 £ ® 2 ®8 & 8 g O
a8 e o 0 % LL =
< ol = o o)
[al O
0 0 0 0 0 0 0 0O NA NA NA 0 0
1 0 0 0 0 0 0 0 N/A N/A N/A 0 0
2 0 0 0 0 0 0 0O NA NA NA 0 0
3 0 0 0 0 0 0 0 N/A N/A N/A 0 0
4 0 0 0 0 1 1 0 N/A  N/A N/A 0 0
5 8 0 0 4 5 5 2 N/A N/A N/A 0 0
6 16 0 1 7 15 23 11 N/A N/A N/A 0 1
7 9 0 0 5 18 16 23 N/A N/A N/A 1 1
8 0 1 0 0 5 0 12 N/A N/A N/A 0 0
9 0 0 0 0 0 0 0O NA NA NA 0 0

Note: Average overall substructure Condition Rating = 6.1.
* N/A = Not applicable.
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Condition Rating. Note that 23 inspectors assigned Condition Ratings for the deck topside, even
though less than 5 percent of the deck surface was visible. From table 145, it is apparent that the
condition of the floor beams and girders/stringers controls the overall superstructure Condition
Rating (average of 5.9, standard deviation of 0.78). However, there appears to be some
confusion in the definitions of the bridge element types (e.g., girders vs. stringers, floor beams
vs. floor system bracing, etc.). The datain table 146 indicate that inspectors may be basing their
overall substructure Condition Ratings (average of 6.1, standard deviation of 0.79) on
assessments of the abutments and the bearing seat. Finally, note that one inspector gave a

Condition Rating for column/stem even though this bridge had no intermediate piers.

526.2. TASKB

Tables 147 through 149 summarize the assigned Condition Ratings for Task B. Similar to Task
A, the wearing surface and deck underside were the most commonly rated secondary elements.
Interestingly, one inspector rated stay-in-place (SIP) forms and two rated sidewalks, despite the
fact that they did not exist on Bridge B101A. As before, there appears to be some confusion in
the classification of the superstructure elements. Most inspectors classified the superstructure as
multibeam followed by girder and stringer. Two inspectors rated floor beams when none
existed. From the datain table 149, the overall assessment of the substructure (average of 4.3,
standard deviation of 0.76) is controlled by the abutment conditions. Asin Task A, one
inspector rated substructure elements that did not exist (e.g., piers and bents).

526.3. TASKC

Tables 150 through 152 summarize the assigned Condition Ratings for Task C. Since the Task B
and Task C bridges are very similar, it is not surprising that the trends discussed above are
repeated for the Task C secondary elements.

526.4. TASKD
Tables 153 through 155 summarize the assigned Condition Ratings for Task D. From the datain
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Table 147. Task B — Deck secondary element Condition Rating statistical information.

8 ) 2 5

5 2 8 E g £ 3 8 2 2 &5 2 8

o 5 LL 5 3 3 g 3 3 S = =

= X ' a O s 8 2 g ° =

g — S 7 o 8 c 3 )

g a ) n Q ©

= @ 4 A
Average 40 46 52 30 40 45 55 37 34 34 47 NWA
gtar?d"’.“d 0.81 1.04 0.87 N/A 0.80 088 0.71 090 0.74 1.14 2.08 N/A N/A
eviation

Ccov 0.20 0.23 0.17 N/A 0.20 0.19 0.13 0.24 0.22 0.34 045 N/A N/A

Minimum 2 3 2 3 3 3 5 2 2 2 3 N/A NA
Maximum 6 7 7 3 6 6 6 6 5 5 7 N/A N/A
Mode 4 4 5 3 4 4 5,6 4 3 3 34,7 N/A N/A
N 44 18 46 1 21 13 2 21 35 5 3 N/A N/A
Frequency
2}
g s &, e . t 3
= ' 4 j@)]
Condition @ g £ I_%L g = T 2 - g
Rating & & 3 4o 49 8 & 5 8 2 ® © 3
g < — = 8 £ 4o O
g o o n 2 o o]
= o d A
0 0 0 0 0 0 0 0 0 0 0 0 N/A NA
1 0 0 0 0 0 0 0 0 0 0 0 N/A NA
2 1 0 1 0 0 0 0 1 3 1 0 N/A NA
3 8 2 0 1 6 1 0 8 17 2 1 N/A N/A
4 25 8 5 0 11 6 0 9 13 1 1 N/A N/A
5 8 5 28 0 3 4 1 2 2 1 0 N/A NA
6 2 2 9 0 1 2 1 1 0 0 0 N/A NA
7 0 1 3 0 0 0 0 0 0 0 1 N/A N/A
8 0 0 0 0 0 0 0 0 0 0 0 N/A NA
9 0 0 0 0 0 0 0 0 0 0 0 N/A NA

Note: Average overall deck Condition Rating = 4.9.
* N/A = Not applicable.
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Table 148. Task B — Superstructure secondary element Condition Rating statistical information.

(@)
=
., é g o g o
o 2 8 = 88 2 g
2 a § g g g % S o 8 3
&7 8 @ S ©) < O = S
T h = o O
S m
[
Average 4.2 3.0 4.0 4.3 42 N/ANA NA NA NA N/A

Standard 5 0 941 /A 085 068 NA O NA NA O NA NA NA
Deviation

cov 0.10 047 N/A 020 016 NA NA NA NA NA N/A

Minimum 4 2 4 3 3 N/A N/A N/A NA NA N/A
Maximum 5 4 4 6 5 N/A~ N/A N/A NA NA NA
Mode 4 2,4 4 4 4 N/A  N/A N/A NA NA NA
N 9 2 1 20 15 N/A~ N/A N/A NA NA N/A
Frequency
2
., 2 & g o
Condition % §; & § § é} kd = g '*% é
Rating = = B = - £ § g 2 = =
3 3 @ S @) < = S
T - § O
o
LL
0 0 0 0 0 0 N/A N/A N/A NA NA NA
1 0 0 0 0 0 N/A- N/A N/A NA NA NA
2 0 1 0 0 0 N/A- N/A N/A NA NA N/A
3 0 0 0 4 2 N/A- N/A N/A NA NA NA
4 7 1 1 8 8 N/A- N/A N/A NA NA N/A
5 2 0 0 7 5 N/A- N/A N/A NA NA NA
6 0 0 0 1 0 N/A N/A N/A NA NA NA
7 0 0 0 0 0 N/A- N/A N/A NA NA N/A
8 0 0 0 0 0 N/A° N/A N/A NA NA NA
9 0 0 0 0 0 N/A N/A N/A NA NA NA

Note: Average overal superstructure Condition Rating = 4.2.
* N/A = Not applicable.
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Table 149. Task B — Substructure secondary element Condition Rating statistical information.

12
% § _ 2 F (,;éj
o) = = m 2
= R S 4] = 3 c & o 3 S ©
2 L g 3 = 0 L 5
< 0 = ) S
[l @)
Average 4.1 6.0 59 4.4 4.7 4.5 52 5.0 N/A8.0 50 N/A
Standard -, g0 5659 04 086 099 087 101 NA NA NA NA NA
Deviation
Cov 0.16 0.00 0.11 0.20 0.21 0.19 0.19 N/A N/A NA NA NA
Minimum 3 6 5 3 4 3 3 5 N/A 8 5 N/A
Maximum 6 6 7 6 7 6 8 5 N/A 8 5 N/A
Mode 4 6 6 5 4 4 5 5 N/A 8 5 N/A
N 36 2 18 17 17 25 47 1 N/A 1 1 N/A
Frequency
0
@ - g - 2 |5 - ggﬁj
» T
Condition é 8 S £ o = 2 T 8 £ 2 8
. £ = © c v e)) = o) =
Rating 5 o o 0 = 3] = & a o S S
8 L o 0 = 0 L =i
< ol = o Q
o @)
0 0 0 0 0 0 0 0 0 N/A 0 0 N/A
1 0 0 0 0 0 0 0 0 N/A 0 0 N/A
2 0 0 0 0 0 0 0 0 N/A 0 0 N/A
3 5 0 0 3 0 3 1 0 N/A 0 0 N/A
4 22 0 0 6 10 10 11 0 N/A 0 0 N/A
5 8 0 4 7 3 9 19 1 N/A 0 1 N/A
6 1 2 11 1 3 3 12 0 N/A 0 0 N/A
7 0 0 3 0 1 0 3 0 N/A 0 0 N/A
8 0 0 0 0 0 0 1 0 N/A 1 0 N/A
9 0 0 0 0 0 0 0 0 N/A 0 0 N/A

Note: Average overall substructure Condition Rating = 4.3.
* N/A = Not applicable.
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Table 150. Task C— Deck secondary element Condition Rating statistical information.

3 ) 2 &
§ 3 = %) " = 2
pe . n
5 2 % E g8 § 3 8 2 2 & B 8
o = S L 5 3 = & = o & e =
£ = T o O ° 3@ 04 a g = =
3 X — S & [a g = T -
g Q ) n o T
= Q 4 a4
Average 37 45 53 50 52 46 N/A58 62 41 6.0 NA N/A
Standard o1 589 098 N/A 090 1.01 N/A 1.30 0.82 1.27 1.73 N/A N/A
Deviation
Cov 0.24 0.20 0.19 N/A 0.17 0.22 N/A 0.65 0.13 0.31 0.29 N/A N/A
Minimum 2 3 3 5 3 3 N/A 2 5 3 4 N/A  N/A
Maximum 6 6 7 5 7 6 N/A 8 8 6 7 N/A  N/A
Mode 4 4 6 5 5 4 N/A 5 6 3 7 N/A  N/A
N 46 16 40 1 25 9 N/A 19 35 9 3 N/A  N/A
Frequency
[%)]
T s &, . g
= B = & - o > 08 o
Conditon @ & g 5 & 8 T Hé_ g2 ¢ & = 2
. (@) 2 LL S '8 % = i) Qo < =
Rating S  x 2 a O 2 o 3 9  © =
= 3 x i S : o ad g = 3 D
g Q ) n @ o ©
= Q 4 a4
0 0 0 0 0 0 0 N/A O 0 0 0 N/A  N/A
1 0 0 0 0 0 0 N/A O 0 0 0 N/A  N/A
2 3 0 0 0 0 0 NA 1 0 0 0 N/A N/A
3 15 1 1 0 1 1 N/A O 0 4 0 N/A  N/A
4 21 9 9 0 4 4 NA O 0 2 1 N/A  N/A
5 5 3 12 1 11 2 N/A 6 8 1 0 N/A  N/A
6 2 3 15 0 8 2 NA 6 14 2 0 N/A N/A
7 0 0 3 0 1 0 N/A 5 12 0 2 N/A  N/A
8 0 0 0 0 0 0O NA 1 1 0 0 N/A N/A
9 0 0 0 0 0 0 N/A O 0 0 0 N/A  N/A

Note: Average overall deck Condition Rating = 5.2.
* N/A = Not applicable.
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Table 151. Task C — Superstructure secondary element Condition Rating statistical information.

g
., é g o g o
o 2 8 = 88 2 g
2 o & g g £ 2 5 S § %
5 8 # 3z © < o % =& &5 3
T . = g ©
S o0
[T
Average 48 30 60 47 47 NANA NA NA NA NA

Standard o 0 941 /A 091 069 NA NA NA NA NA NA
Deviation

cov 0.10 047 N/A 020 015 NA NA NA NA NA N/A

Minimum 4 2 6 3 4 N/A° N/A N/A NA NA NA
Maximum 5 4 6 6 6 N/A N/A N/A N/A NA NA
Mode 5 2,4 6 5 45 N/A N/A NA NA NA NA
N 6 2 1 21 18 N/A N/A N/A NA NA NA
Frequency
2
, 2 & g
Condition & § = § g 8 8 = & 2 8
Rating = i 1% = w £ § & 3 = =
3 3 ) S O] < = o
T L~ = § O
S M
LL
0 0 0 0 0 0 N/A N/A N/A NA NA NA
1 0 0 0 0 0 N/A- N/A N/A NA NA NA
2 0 1 0 0 0 N/A N/A N/A NA NA NA
3 0 0 0 2 0 N/A N/A N/A NA NA NA
4 1 1 0 7 8 N/A° N/A N/A NA NA NA
5 5 0 0 8 8 N/A N/A N/A NA NA NA
6 0 0 1 4 2 N/A N/A N/A NA NA NA
7 0 0 0 0 0 N/A N/A N/A NA NA NA
8 0 0 0 0 0 N/A N/A N/A NA NA NA
9 0 0 0 0 0 N/A N/A N/A NA NA NA

Note: Average overall superstructure Condition Rating = 4.6.
* N/A = Not applicable.
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Table 152. Task C — Substructure secondary element Condition Rating statistical information.

%)

9 § _ 5 a%

o) 2 ) 3 s} o)

: 8 5 5 =2 3 5 z & 5 2 &®

5 (ol o N = 3] c & 0 o = O

o] LL g m ; w LL E’

<C m 33 [@]

ol O

Average 54 NA 53 53 61 56 60 NA NA 60 NA NA
Standard g gy \/A 082 091 094 071 081 NA NA 141 NA NA
Deviation

Ccov 0.15 N/A 015 0.17 0.15 0.13 0.13 N/A N/A 024 NA N/A

Minimum 4 N/A 3 4 4 4 4 N/A  N/A 5 N/A  N/A
Maximum 7 N/A 6 7 7 7 8 N/A  N/A 7 N/A  N/A
Mode 5 N/A 6 5 6 5 6 N/A N/A 57 NA N/A
N 37 NA 19 14 11 25 45 N/A N/A 2 N/A  N/A
Frequency
9 - e 5 T
Condition é 8 fcén & %i g g § % B .jcgn % g
Ratng 3 & L% 7 3 g € om & L% E ©
oM a =
< o = @)
@)
0 0 N/A 0 0 0 0 0 N/A  N/A 0 N/A  N/A
1 0 N/A 0 0 0 0 0 N/A  N/A 0 N/A  N/A
2 0 N/A 0 0 0 0 0 N/A  N/A 0 N/A  N/A
3 0 N/A 1 0 0 0 0 N/A  N/A 0 N/A  N/A
4 4 N/A 1 3 1 1 1 N/A  N/A 0 N/A  N/A
5 17 N/A 8 5 1 11 10 N/A N/A 1 N/A  N/A
6 13 N/A 9 5 5 11 22 N/A N/A 0 N/A  N/A
7 3 N/A 0 1 4 2 11  N/A N/A 1 N/A  N/A
8 0 N/A 0 0 0 0 1 N/A  N/A 0 N/A  N/A
9 0 N/A 0 0 0 0 0 N/A  N/A 0 N/A  N/A
Note: Average overall substructure Condition Rating = 5.5.

* N/A = Not applicable.
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Table 153. Task D — Deck secondary element Condition Rating statistical information.

3 ) 2 &
"§ é » 2 wn £ %) .% |2 o)
@ g g 5 8 8 T g 2 @ < §
o I S L 5 3 = & = _g ) = =
£ R4 0 o O o ® 04 g = =
3 x — S & o g c 3 -
g Q ) n o T
= @ 4 a
Average 38 46 51 NA 49 43 N/A 39 35 40 3.8 NA NA
Standard g0 9 09 082 N/A 1.01 071 N/A 094 078 1.66 096 N/A NI/A
Deviation
Ccov 0.23 0.24 0.16 N/A 0.21 0.16 N/A 0.16 0.22 0.41 0.26 N/A N/A
Minimum 2 3 3 N/A 3 4 N/A 3 2 1 3 N/A N/A
Maximum 6 6 6 N/A 7 6 N/A 6 5 7 5 N/A N/A
Mode 4 4 5 N/A 4 4 N/A 4 4 4 3 N/A N/A
N 44 16 39 N/A 29 9 N/A 22 30 9 4 N/A  N/A
Frequency
2 g s " £ o
E g = @ X 9 S >
Conditon @ g -g 5 8 &8 T % g’ c (?” E g
Raing £ % 5 £ 3 B & 5 & 2 §F ©° 3
s 3 % 2 s 3 c g & 35 5
g e ) 2 Qo ©
= a 4 a
0 0 0 0 N/A O 0 N/A O 0 0 0 N/A N/A
1 0 0 0 N/A O 0 N/A 0 0 1 0 N/A N/A
2 2 0 0 N/A O 0 N/A O 3 0 0 N/A N/A
3 14 3 1 N/A 1 0 N/A 9 11 2 2 N/A N/A
4 22 5 8 N/A 11 7 N/A 9 14 3 1 N/A N/A
5 4 4 16 N/A 9 1 N/A 2 2 2 1 N/A N/A
6 2 4 14 N/A 6 1 N/A 2 0 0 0 N/A N/A
7 0 0 0 N/A 2 0 N/A 0 0 1 0 N/A N/A
8 0 0 0 N/A O 0 N/A 0 0 0 0 N/A  N/A
9 0 0 0 N/A O 0 N/A O 0 0 0 N/A N/A

Note: Average overall deck Condition Rating = 4.8.
* N/A = Not applicable.
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Table 154. Task D — Superstructure secondary element Condition Rating statistical information.

-g) 8
(%2} % wn o n
— — [
5 5 2 § ¢ 8 8 = B S g
e o § & 8 5 3 S 8 3
= 5 1% = = = & 2 < =
&7 S %\ S O < @) = S
o - = s )
S m
T
Average NJA NA NA NA NA 54 NA NA NA NA NA
[S)tar.‘d"?‘rd N/A NA NA NA NA 100 NA NA NA NA NA
eviation

cov N/A- N/A NA NA NA 019 NA NA NA NA N/A
Minimum N/A° N/A N/A NA NA 4 N/A- N/A NA NA N/A
Maximum N/A- N/A NA NA N/A 7 N/A- N/A NA NA N/A

Mode N/A - N/A N/A NA N/A 6 N/A N/A N/A NA N/A
N N/A N/A NA NA NA 17 NA NA NA NA N/A
Frequency
.g) 8
(%2} § wn (&] n
¢ m % = 5
Conditon & §§ E § 5§ 8 8 = & g 3
. c — = [S] % (@) K
Rating = 5 1% = A = 3 g e s =
3 3 @ S o < = S
T L~ = g8 O
§ m
LL
0 N/A° N/A N/A NA NA 0 N/A° N/A N/A NA NA
1 N/A N/A N/A NA N/A 0 N/A N/A N/A NA N/A
2 N/A° N/A N/A NA NA 0 N/A° N/A N/A NA NA
3 N/A° N/A N/A NA NA 0 N/A° N/A N/A NA NA
4 N/A N/A N/A NA N/A 4 N/A N/A N/A NA N/A
5 N/A° N/A N/A NA NA 5 N/A° N/A N/A NA NA
6 N/A N/A  N/A NA N/A 6 N/A N/A N/A NA N/A
7 N/A° N/A N/A NA NA 2 N/A° N/A N/A NA NA
8 N/A N/A  N/A NA N/A 0 N/A N/A N/A NA N/A
9 N/A° N/A N/A NA NA 0 N/A° N/A N/A NA NA

Note: Average overall superstructure Condition Rating = 5.3.
* N/A = Not applicable.
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Table 155. Task D — Substructure secondary element Condition Rating statistical information.

ﬂ
[4) § Y B a%
o) 2 B T o o)
e 8 £ 5§ =2 2 5 = 8 5 2 g
5 @ 8 B £ wW 2 & & 8 &g O
o) LL g oM ; n L. =2
<C m 33 [e}
[l O
Average 6.1 N/A 6.1 6.1 6.0 6.4 5.9 N/A N/A 8.0 N/A N/A
Standard 5 5, \/A 080 049 1.00 0.88 1.04 NA NA NA NA NA
Deviation
Ccov 0.14 N/A 0.13 0.08 0.17 0.14 0.18 N/A N/A NA NA N/A
Minimum 4 N/A 5 5 5 5 4 N/A N/A 8 N/A N/A
Maximum 8 N/A 7 7 7 8 8 N/A N/A 8 N/A N/A
Mode 6 N/A 6 6 56,7 6 6 N/A N/A 8 N/A N/A
N 32 N/A 15 13 3 9 35 N/A  N/A 1 N/A N/A
Frequency
wn
@ § _ o % a%
N o) B =)
Condition é ] = & > 3 g % B S ) =
. = et ° c = ° o=
Rating 5 & 8 &6 =+ §©§ & &8 & 8 g O
2 LL g 0 ; n L 3
<C m 33 [e}
o @)
0 0 N/A 0 0 0 0 0 N/A N/A 0 N/A N/A
1 0 N/A 0 0 0 0 0 N/A  N/A 0 N/A N/A
2 0 N/A 0 0 0 0 0 N/A N/A 0 N/A N/A
3 0 N/A 0 0 0 0 0 N/A  N/A 0 N/A N/A
4 1 N/A 0 0 0 0 3 N/A  N/A 0 N/A N/A
5 6 N/A 4 1 1 1 9 N/A N/A 0 N/A N/A
6 16 N/A 6 10 1 4 13 N/A  N/A 0 N/A N/A
7 8 N/A 5 2 1 3 8 N/A N/A 0 N/A N/A
8 1 N/A 0 0 0 1 2 N/A  N/A 1 N/A N/A
9 0 N/A 0 0 0 0 0 N/A N/A 0 N/A N/A

Note: Average overall substructure Condition Rating = 6.1.
* N/A = Not applicable.
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table 153, it appears as though the inspectors primarily used assessments of the wearing surface,
deck topside, and deck underside to establish the overall deck Condition Rating (average of 4.8,
standard deviation of 0.94). The only secondary superstructure element to be given arating was
“arches”. As with the other tasks, the abutments were the primary secondary elements
controlling the overall substructure Condition Rating (average of 6.1, standard deviation of 0.89).

Finally, one inspector rated pier footings even though no piers existed.

5.2.6.5. TASKE

Tables 156 through 158 summarize the assigned Condition Ratings for Task E. The trends for
Task E are similar to those already discussed. One inspector rated arches even though none
existed (although some of the floor beams are curved). As in the previous tasks, one inspector
rated piers and bents even though none existed.

5.2.6.6. TASKG

Tables 159 through 161 summarize the assigned Condition Ratings for Task G. It appears that
most inspectors may have assigned their overall deck Condition Rating (average of 7.1, standard
deviation of 0.53) based on the deck underside condition. The 49 inspectors rated the expansion
joint on the Route 1 Bridge with considerable spread in the Condition Ratings (from 3 to 8). It
should be pointed out that the expansion joint was recently replaced and one could therefore
conclude that it could have been rated a 9. There was again some confusion in the secondary
element definitions for Task G. Thirty-eight inspectors used the girders secondary element with
another 8 and 3 using multibeams and stringers, respectively. Inspectors using the girders
secondary element gave the highest ratings. Unlike the previous tasks, no clear trends exist in
the substructure secondary element Condition Ratings.
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Table 156. Task E — Deck secondary element Condition Rating statistical information.

Deck-topside
SIP Forms
Curbs
Medians
Sidewalks
Parapets
Railing
Expansion Joints
Drainage System
Lighting
Utilities

Wearing Surface

~| Deck-underside

Average 36 43 6 NA 39 43 50 46 48 42 45 NA NA

Standard 5 g5 (g6 076 N/A 069 073 141 0.88 087 128 1.73 NA N/A
Deviation
cov 024 020 0.16 N/A 0.18 0.17 028 019 0.18 0.30 0.38 N/A N/A
Minimum 1 3 3 NA 3 3 4 3 3 1 3 NA NA
Maximum 6 6 6 NA 5 6 6 6 6 7 7 NA NA
Mode 4 4 5 NA 4 4 46 4 5 5 4 NA NA
N 46 20 47 NIA 29 14 2 28 34 33 4 NA NA
Frequency
%]
g s 8 . B
pa . 0
Condition @ % g % 3 & T %. E 2 @ g 2
Ratng 2 % 3 o 4o B -§ S ® W © O =
3 x p— S : o 04 S = 7 D
g 2 3§ O n g 5
= a d a4
0 O O O NA O O O O O 0 0 NA NA
1 1 0 0 NA O O O O 0 1 0 NA NA
2 3 0 0O NA O O 0O 0 0 1 0 NA NA
3 1% 3 3 NA 9 1 0 2 2 7 1 NA NA
4 24 10 16 NA 15 9 1 13 10 9 2 N/A NA
5 2 5 23 NA 5 3 0 8 14 12 0 NA NA
6 1 2 5 NA O 1 1 5 8 1 0 NA NA
7 O O O NA O O O 0 0 2 1 NA NA
8 O O O NA O O 0O 0 0 0 0 NA NA
9 O O O NA O O O O O 0 0 NA NA

Note: Average overall deck Condition Rating = 4.5.
* N/A = Not applicable.
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Table 157. Task E — Superstructure secondary element Condition Rating statistical information.

Stringers
Floor Beams
Multibeams
Girders
Arches
Cables
Paint
Bearing Devices
Connections
Welds

Floor System Bracing

Average 5.8 6.0 6.1 5.7 5.9 6.0 N/A 5.1 5.4 5.9 6.6

Standard g2 069 068 082 069 NA NA 105 086 097 0.88
Deviation

Ccov 0.17 0.11 0.11 0.14 0.12 NA NA 021 0.16 0.16 0.13

Minimum 4 5 5 5 5 6 N/A 3 2 4 5
Maximum 7 7 7 7 7 6 N/A 8 7 7 8
Mode 5 6 6 5 6 6 N/A 5 5 6 7
N 14 28 18 6 35 1 N/A 43 45 35 9
Frequency
e
%) = g 2 g 2
Condition aév §; & é § g 8 = g '*% é
Rating = 5 B = - < § g 2 = =
n o) %) =) o < = S
T . = 8 O
S o0
LL
0 0 0 0 0 0 0 N/A 0 0 0 0
1 0 0 0 0 0 0 N/A 0 0 0 0
2 0 0 0 0 0 0 N/A 0 1 0 0
3 0 0 0 0 0 0 N/A 4 0 0 0
4 1 0 0 0 0 0 N/A 4 2 3 0
5 5 6 3 3 11 0 N/A 22 22 8 1
6 4 15 10 2 18 1 N/A 10 17 12 3
7 4 7 5 1 6 0 N/A 2 3 12 4
8 0 0 0 0 0 0 N/A 1 0 0 1
9 0 0 0 0 0 0 N/A 0 0 0 0

Note: Average overall superstructure Condition Rating = 5.8.
* N/A = Not applicable.
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Table 158. Task E — Substructure secondary element Condition Rating statistical information.

%)

% § - 2 5 a%

o) 2 T 3 s} o)

: 8 5 5 =2 3 5 z & 5 2 &

5 o o 9y = & = & o o S ©

o] LL g m ; w L. E’

<C m 33 [@]

[l O

Average 52 50 57 54 48 56 56 50 NAA 60 54
gtar?d"?“d 0.72 0.00 058 1.09 0.96 097 098 NA NA NA NA 0.89
eviation

Cov 0.14 0.00 0.10 0.20 0.20 0.17 0.17 N/A NA NA N/A 0.17
Minimum 4 3 3 4 4 N/A N/A 6 5

5 5 5
Maximum 7 5 6 7 7 8 7 5 N/A  N/A 6 7
Mode 5 5 6 5 5 6 6 5 N/A  N/A 6 5
N 37 2 3 16 46 39 46 1 N/A  N/A 1 5
Frequency
)
2 - B o=z 5 - ;;E;
Condition é 8 S & > = £ 3 8 = B &
Rating S [an 3 0p = '§ 2 & o N 3 S O
2 L o 0 2 -
< ol = ) o)
[a N O
0 0 0 0 0 0 0 0 0 N/A  N/A 0 0
1 0 0 0 0 0 0 0 0 N/A  N/A 0 0
2 0 0 0 0 0 0 0 0 N/A  N/A 0 0
3 0 0 0 1 3 0 0 0 N/A  N/A 0 0
4 4 0 0 1 15 5 7 0 N/A  N/A 0 0
5 22 2 1 7 20 13 13 1 N/A  N/A 0 4
6 9 0 2 4 5 15 17 0 N/A  N/A 1 0
7 2 0 0 3 3 5 9 0 N/A  N/A 0 1
8 0 0 0 0 0 1 0 0 N/A  N/A 0 0
9 0 0 0 0 0 0 0 0 N/A  N/A 0 0

Note: Average overall substructure Condition Rating = 5.3.
* N/A = Not applicable.
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Table 159. Task G — Deck secondary element Condition Rating statistical information.

3 ) 2 &
§ % -g n n E %
- . n wn
5 2 8 E g2 & 3 8 2 2 & B 8
o = c LL 5 'g % % = ° L < =
S x I a O 3 3 & T B 2 =
3 x — p= B (o & = _| )
g e 8 n Qo T
= @ N A
Average 75 74 71 NA74 70 NA 74 74 69 70 70 73
gtar?d"’.“d 059 055 055 N/A 053 N/A N/A 057 057 1.09 091 N/A 0.88
eviation

Ccov 0.08 0.07 0.08 N/A 0.07 N/A N/A 0.08 0.08 0.16 0.13 N/A 0.12

Minimum 6 6 6 NA 7 7 NA 6 6 3 5 7 5
Maximum 9 8 8 NA 8 7 NA 8 8 8 8 7 8
Mode 7 7 7 NA 7 5 NA 7 7 7 7 7 8
N 45 35 46 NA 9 1 NA 25 46 49 42 1 29
Frequency
(%]
R s 2 4 5% o
Condon @ & € 5 £ & s 2 £ ¢ 5 £
Ratng 2 %X 7 o 3 8 & § ® @ ® ©° =
3 x p— S . Q ad s = 3 D
g e o n 2 Qo @
= a I
0 0 0 0O NA O 0O NA O 0 0 0 0 0
1 0 0 0O NA O 0O NA O 0 0 0 0 0
2 0 0 0O NA O 0O NA O 0 0 0 0 0
3 0 0 0O NA O 0O NA O 0 1 0 0 0
4 0 0 0O NA O 0O NA O 0 1 0 0 0
5 0 0 0O NA O 7 NA O 0 3 4 0 2
6 1 1 5 NA O 0 NA 1 2 7 4 0 2
7 22 20 32 NA 5 1 NA 14 25 24 20 1 11
8 21 14 9 NA 4 0O NA 10 19 13 14 0 14
9 1 0 0O NA O 0O NA O 0 0 0 0 0

Note: Average overall deck Condition Rating = 7.1.
* N/A = Not applicable.
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Table 160. Task G — Superstructure secondary element Condition Rating statistical information.

(@)
=
e g g o
m
o) % % g B 8 - o = 8
= 5 1% = = = 2 2 < =
&7 S A S ) < ©) = S
o . = o )
S m
[
Average 6.3 7.3 7.0 6.5 6.8 7.0 N/A 6.1 5.8 7.0 6.9
Standard
Deviati 1.15 058 047 053 066 N/A NA 082 100 0.74 0.99
eviation

Ccov 0.18 0.08 0.07 0.08 0.10 N/A NA 013 0.17 0.11 0.14

Minimum 5 7 6 6 5 7 N/A 4 4 5 4
Maximum 7 8 8 7 8 7 N/A 7 8 8 8
Mode 7 7 7 6 7 7 N/A 6 6 7 7
N 3 3 19 8 38 1 N/A 45 47 41 39
Frequency
2
., 2 & w g o
Condition % 58 5 é § g 8 = g '% é
Rating = 5 B = - < ﬁ g 2 = =
0] o) R = o < £ =
T 5 = ?; $)
R,
LL
0 0 0 0 0 0 0 N/A 0 0 0 0
1 0 0 0 0 0 0 N/A 0 0 0 0
2 0 0 0 0 0 0 N/A 0 0 0 0
3 0 0 0 0 0 0 N/A 0 0 0 0
4 0 0 0 0 0 0 N/A 1 4 0 2
5 1 0 0 0 2 0 N/A 10 14 1 0
6 0 0 2 4 7 0 N/A 18 20 8 9
7 2 2 15 4 26 1 N/A 16 6 22 17
8 0 1 2 0 3 0 N/A 0 3 10 11
9 0 0 0 0 0 0 N/A 0 0 0 0

Note: Average overal superstructure Condition Rating = 6.7.
* N/A = Not applicable.
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Table 161. Task G — Substructure secondary element Condition Rating statistical information.

g
O

Abutments
Piles
Footing
Stem
Bearing Seat
Backwall
Wingwalls
Piers and Bents
Piles
Footing
Columns/Stem

Average 72 70 70 74 72 71 72 74 70 75 75 72

Standard o, /X 100 067 066 062 075 062 000 071 059 064
Deviation
coV 0.10 N/A 0.14 009 0.09 0.09 0.10 0.08 0.00 0.09 0.08 0.09
Minimum 5 7 6 6 6 6 5 6 7 7 6 6
Maximum 8 7 8 8 8 8 8 8 7 8 8 8
Mode 7 7 678 7 7 77 7 7 78 8 7
N 32 1 3 11 40 38 33 30 3 2 42 45
Frequency
)
@ - S [5 - (,;éj
Condton 2 8 £ § % £ T T 8 £ 2 &
Rating 3 & |.8|_ N 3 g c § T |.8|_ E ©
m =
< 0 = O S
[l O
0 0 0 O 0 O 0O 0 O O 0 O 0
1 0 0 o0 0 0 0O 0 0 O 0 0 0
2 0 0 o0 0 o0 O 0 O O 0 0 0
3 0 0 o0 0 0 O 0 0 O 0 0 0
4 0 0 o0 0 0 O 0 0 O 0 0 0
5 1 0 o0 0 0 0 1 0 O 0 0 0
6 3 0 1 1 5 5 3 2 0 O 2 5
7 17 1 1 5 21 23 16 14 3 1 18 25
8 11 0 1 5 14 10 13 14 0 1 22 15
9 0 0 o0 0 0 O 0 O O 0 0 0

Note: Average overall substructure Condition Rating = 7.2.
* N/A = Not applicable.
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5.3. IN-DEPTH INSPECTION RESULTS

The following sections describe the results obtained from Tasks F and H. These tasks were In-
Depth Inspections of portions of the below-deck superstructures of STAR Bridge B544 and the
U.S. Route 1 Bridge over the Occoquan River, respectively. Detailed descriptions of these
bridges and tasks were presented in Chapter 4. Datafrom these tasks were collected in the form
of inspector field notes, inspector responses to questions, and firsthand observations of the
inspector performing the inspections. The results for Task F are presented first. The discussion
first focuses on the inspection process and the description of the known defects. The known
defects are then compared to the inspector-reported defects. To conclude Task F, the factors
found to correl ate with the inspection results are presented. In a similar manner, the results
obtained from Task H are then presented.

5.3.1. Description of In-Depth Inspection
The Manual for Condition Evaluation of Bridges, 1994 defines “In-Depth Inspection” as

follows:

“An In-Depth Inspection is a close-up, hands-on inspection of one or more members
above or below the water level to identify any deficiency(ies) not readily detectable using
Routine Inspection procedures. Traffic control and special equipment, such as under-
bridge inspection equipment, staging and workboats, should be provided to obtain access,
if needed. Personnel with special skills such as divers and riggers may be required.
When appropriate or necessary to fully ascertain the existence of or the extent of any
deficiency(ies), nondestructive field tests and/or other material tests may need to be
performed.

The inspection may include a load rating to assess the residual capacity of the member or
members, depending on the extent of the deterioration or damage. Non-destructive load

tests may be conducted to assist in determining a safe bridge load-carrying capacity.

On small bridges, the In-Depth Inspection, if warranted, should include all critical

elements of the structure. For large and complex structures, these inspections may be
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scheduled separately for defined segments of the bridge or for designated groups of
elements, connections or details that can be efficiently addressed by the same or similar
Inspection techniques. If the latter option is chosen, each defined bridge segment and/or
each designated group of elements, connections or details should be clearly identified asa
matter of record and each should be assigned a frequency for re-inspection. To an even
greater extent than is necessary for Initial and Routine Inspections, the activities,
procedures and findings of 1n-Depth Inspections should be completely and carefully

documented.”

In general, the two In-Depth Inspection tasks were administered and completed according to this
definition. In both cases, the tasks were clearly defined inspections of portions of a bridge
superstructure that included the use of special access equipment.

532. TaskF

Task F is the In-Depth Inspection of approximately one-fifth of the below-deck superstructure of
Bridge B544, a decommissioned bridge at the STAR facility. The bridge and Task F are fully
described in Chapter 4.

5.3.2.1. INSPECTION PROCESS
This section provides a general description of how the inspectors completed this task. The data
for this discussion come from the pre-task questionnaire, firsthand observation of the inspectors

performing the tasks, and the post-task questionnaire.

Forty-two inspectors completed this task. Seven inspectors did not complete this task due to
either adverse weather conditions, lift malfunction, or refusal due to minor physical impairment.
Inspectors were allowed 3 h to complete the In-Depth Inspection of the superstructure of
approximately one-fifth of this bridge. The average time to complete this task was 75 min and
the median time was 70 min. The standard deviation was 30 min, with a maximum time to
completion of 156 min and a minimum of 29 min. The distribution of actual inspection times is

shown in figure 125.
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Frequency
D

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160

Task time, minutes

Figure 125. Task F — Actual inspection time.

Table 162 summarizes some of the questions asked in the pre-task questionnaire. These results
show that, on average, it has been more than 8 months since an inspector performed an
inspection similar to Task F. There was one inspector who had not performed an inspection
similar to this one in more than 8 years and two inspectors who had never inspected a structure

similar to this one. Figure 126 illustrates the distribution of predicted task times.

For this inspection, inspectors were provided with the full set of inspection tools, as well as a
12.2-m boom lift that could provide hands-on access to the structure. In order to assess what
types of access equipment would normally be used for this type of an inspection, inspectors were
asked to describe the equipment they would normally have used. Table 163 provides the results
of this question. The inspectors’ responses to this question indicate that 90 percent of the
inspectors would have used a snooper or a lift to access the structure. Ten percent of the
inspectors indicated that they would have either used only a ladder or no access equipment at all.
This final group of inspectors would have had great difficulty accessing large portions of the

bridge while performing a hands-on inspection.
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Table 162. Task F— Quantitative pre-task questionnaire responses.

Range of possible Inspector Response

answers
Question | 2 & & é é %
Low High o 3 g = 3 8=
< = B A s s
How long has it been since you
completed an In-Depth *
Inspection of abridge of this NIA N/A ¥ 2 82 40
type (in weeks)?
Given the available equipment and
the defined tasks, how long do
you think you would normally N/A N/A 771 600 417 200
spend on thisinspection (in
minutes)?
1= 9=

How rested are you? 6.9 7 12 9

very tired very rested

* N/A = Not applicable.

16

14

14

12

=
o

Frequency
oo

1 1 1

A

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210

Estimated time, minutes

Figure 126. Task F — Predicted inspection time.
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Table 163. Task F— Normal access equipment use.

Equipment Percentage of Respondents
Snooper 55%
Lift 50%
Ladder 21%
Scaffolding 0%
Climbing Equipment 0%
Permanent Inspection Platform 0%
Movable Platform 2%
None 2%
Other 0%
Snooper and/or Lift 90%

Within the pre-task questionnaire, the inspectors were asked to describe the type of construction
used on this bridge. The results from this question are presented in table 164. Note that these
results are very similar to the results that were presented for this question for Task E. The minor
differences are due to seven inspectors who completed Task E, but did not perform Task F, thus
leading to a different inspector sample between the two tasks. It is important to note that only 10
percent of the inspectors indicated that the bridge is skewed. In a bridge of this type, skew can
lead to out-of-plane distortions and particular types of defects that are only likely to occur if the
bridge is skewed. This knowledge may have significant implications on the focus of the
inspection, and could lead to less accurate inspection results.

Table 164. Task F — Description of type of construction used.

Bridge Characteristic Percentage of Respondents
Steel Plate Girder 88%

Riveted 79%

Cast-in-Place (CIP) Concrete Slab 62%

Simply Supported 36%

Floor Beams/Sway Frames 33%

Skewed 10%

Asphalt Overlay 7%

Other 19%
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To further assess how inspectors were formulating their approach to the inspection, inspectors
were asked to identify problems that they might expect to find on a bridge of asimilar type,
condition, and age. These responses are summarized in table 165. These results show that
inspectors expect relatively few types of problemsto exist. Of thislist of possible deficiencies,
steel corrosion and concrete deterioration were mentioned by approximately three-quarters of the

ingpectors, while no other defects were cited by more that 40 percent.

Table 165. Task F— Problems expected.

Problem Type Percentage of Respondents
Steel Corrosion 79%
Concrete Deterioration 69%
Cracked Asphalt 36%
Paint Deterioration 31%
Tack Weld Cracks 24%
Leakage 24%
Leaching 21%
Underside Deck Cracking 21%
Missing Rivets 19%
Inadequate Concrete Cover 17%
Impact Damage 5%
Settlement Cracking of Abutments 5%
Other 14%

As previously mentioned, while the inspector was completing the inspection, the observer
recorded environmental conditions, recorded how the inspection was completed, noted what
inspection tools were used, and operated the lift. Tables 166 and 167 provide a summary of the
environmental conditions that were encountered during this task. As the tables reiterate, this task
was performed under normal summer weather conditions. Note that these environmental
measurements were gathered at an elevated position just under the southwest quadrant of the

bridge.

Table 168 summarizes the portions of the inspection task performed by the inspectors.
Specifically, this table lists many of the general components that exist in the bridge and shows
the number of inspectors who performed at least a partial inspection of that component. This

table is divided into two parts, the first section reporting the items that were inspected in the
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southwest quadrant of the bridge (referred to as a “lift inspection”) and the second section
reporting what items were inspected in the northeast quadrant (referred to as a “ladder
inspection”). Based on this table, it is clear that some inspectors left this inspection task partially
incomplete. For example, although approximately 80 percent of the inspectors inspected the

bearings, only about 50 percent of the inspectors inspected behind the end diaphragms.

Table 166. Task F — Direct environmental measurements.

Environmental Average Median Staf‘df"“d Maximum Minimum
Measurement Deviation

Tenmperature(°C) 21.7 22.8 55 30.0 10.6
Humidity (%) 63.3 64 14.7 96 38
Heat Index {C) 22 23 5.8 32 11
Wind Speed (km/h) 1.4 0 2.5 11.3 0
Light Intensity (lux) 216 62 330 1390 2

Table 167. Task F — Qualitative weather conditions.

Weather Condition Percentage of Inspections
0 — 20% Cloudy 40%
20 — 40% Cloudy 7%
40 — 60% Cloudy 5%
60 — 80% Cloudy 10%
80 — 100% Cloudy 17%
Hazy 2%
Fog 0%
Drizzle 10%
Steady Rain 7%
Thunderstorm 0%

Inspector tool use is presented in table 169. This table shows that only 48 percent of the
inspectors used a flashlight, even though the light level under the bridge was relatively low as
reported in table 166. Also, fewer than half of the inspectors performed any sounding during this

task as evidenced by the low usage rate of the sounding tools.

The observers made a number of observations regarding inspector behavior during this task.

These results are presented in table 170. Note that, on average, very few of the inspectors
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seemed rushed while compl eting the task and most inspectors seemed relatively comfortable
with the lift.

After completion of the task, the inspectors were again asked a series of questions. These
guestions were typically related to the inspector’s impression of the inspection they just
completed and to their general physical and mental condition. In all, 15 questions were asked,

with the results presented in table 171.

Table 168. Task F — Bridge component inspection results.

Inspection Item Percentage of Inspectors
Lift Inspection Outer Bearig 88%
Middle Bearing 86%
Inner Bearing 86%
Fascia Girder 83%
Middle Girder 88%
Inner Girder 86%
End Diaphragm Connections 60%
Intermediate Diaphragm — Web Connections 79%
Sway Frame — Web Connections 79%
Bottom Flange Rivets 50%
Behind End Diaphragm 48%
Ladder Inspection  Outer Bearing 83%
Middle Bearing 76%
Inner Bearing 79%
Fascia Girder 71%
Middle Girder 67%
Inner Girder 67%
End Diaphragm Connections 62%
Intermediate Diaphragm — Web Connections 21%
Sway Frame — Web Connections 31%
Bottom Flange Rivets 31%
Behind End Diaphragm 55%
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Table 169. Task F— Use of inspection tools.

Tool Percentage of Inspectors
Tape Measure 36%
2.4-m Stepladder 0%
9.75-m Extension Ladder 79%
Any Flashlight 48%
Two AA-Cell Flashlight 12%
Three D-Cell Flashlight 21%
Lantern Flashlight 19%
Any Sounding Tool 38%
Masonry Hammer 38%
Chain 0%
Level as a Level 5%
Level as a Straightedge 5%
Binoculars 0%
Magnifying Glass 5%
Engineering Scale 7%
Protractor 7%
Plumb Bob 2%
String 0%
Hand Clamp 0%

Table 170. Task F — Summary of quantitative observations.

Range of possible answers Observer Assessment
0] o§ €& S
uestion . ? 8 5 2 2
Q Low High s B8 ¢ % % =
< = hAa s s
Was the inspector focused on 1=very 9 =very
the task? unfocused focused 6.6 ! L 9 3
Did the inspector seem 1=not 9 =very
rushed? rushed rushed 26 2 L7 ! 1
How comfortable was the
inspector with the working 1=very 9= very 7.9 9 15 9 3
. uncomfortable  comfortable ' '
height?
How comfortable was the 1=very 9 =very 27 9 19 9 1
inspector with the lift? uncomfortable  comfortable ' '

What was the quality of lift

operation? 1=very poor 5 =very good 35 3 0.8 5 2
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Table 171. Task F — Qualitative post-task questionnaire responses.

Range of possible Inspector Response

answers

Question = s ES g =
; o = T’ £ IS

Low High T 8 g = % =

< = B A s s

How similar was thistask to the tasks
performed in your normal In-Depth
Inspections?

Did thistask do an accurate job of 1=not 9=very 73 7 16 9 4
measuring your inspection skills? accurate accurate ' '
1=very 9 =very

1=not 9=very
similar similar

”?
How rested are you~ tired rested 6.4 6.5 15 9 2
How well did you understand the 1=very 9 =very 8.4 9 8 9 6
instructions you were given? poorly well
How accessible do you fedl the 1=very 9=very 81 8 10 9 5

various bridge componentswere?  inaccessible accessible

How well do you fedl that thisbridge 1 =very 9 =very
has been maintained? poorly well
1=very 9=very
simple complex

4.4 4 18 7 1

How complex was this bridge? 4.9 5 18 8 1

Do you think my presence as an

observer had any influence on your L=no 9= greal

, ) 27 2 21 7 1
influence influence

inspection?

Do you feedl that the working height 1=no 9 =great
: . . 15 1 1.0 6 1
influenced your performance? influence  influence

How adequate do you fedl the light 1=very 9 =very 73 8 13 9 4
level was? inadequate  adequate ' '

On average, how close do you think .
you got to the welds you were N/A N/A 052 061 033 152 025

inspecting (in meters)?*

Do you feel you were able to get the
proper viewing angle for the l=never 9=dways 7.8 8 0.9 9 6
components you were inspecting?

Did you fed rushed while completing 1= not 9 =very
this task? rushed rushed

What was your effort level on this
task in comparison with your
normal effort level?

How thorough were you in
completing this task in comparison
to your normal inspection?

2.5 1 21 7 1

1 =much 9 =much

lower greater 5.2 5 11 9 3

1=less 9 = more

thorough  thorough 52 5 08 ! 3

* |Inspector responses were originally given in English units and have since been converted into metric.
** N/A = Not applicable.
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5.3.2.2. COMPARISON OF KNOWN AND INSPECTOR-REPORTED DEFICIENCIES
Many reportable defect indications exist within the portion of STAR Bridge B544 that was
inspected in Task F. Inspectors performing this task were asked to note any defects that they
found during their inspection. These defect indications (hereafter referred to as defects) can be
categorized into two main types. global and local. The following section will discuss the known
defects as compared to the defects that were reported by the inspectors.

5.3.2.2.1. Globa Defects

The “Global Defect” category encompasses deficiencies in the bridge that pertain to general
sections of the bridge, not to specific locations. This type of defect includes paint system failure,
moderate to severe corrosion of girders and secondary members, rivet section loss, and

efflorescence. These four defects are present throughout Bridge B544.

The paint system failure is prevalent throughout the test specimen. This type of defect includes
locations where the paint has failed, probably due to poor bonding between the paint and the
steel surface at locations of severe corrosion. Figure 127 is indicative of the extent of this
deficiency. All 42 inspectors who performed this task indicated that there was some level of

paint system failure.

Figure 127. Paint system failure and moderate to severe corrosion.
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The moderate to severe corrosion of girders and secondary members also occurs at numerous
locations throughout the test specimen. This deficiency includes corrosion ranging from minor
corrosion over alarge areato severe corrosion that has caused measurable section loss. Figure
127 aso illustrates a portion of this global defect. Ninety-eight percent of the inspectors who

performed this task noted corrosion problems.

Extensive corrosion of rivets and rivet heads can lead to fastener section loss and eventually a
decrease in member capacity. Thisdeficiency is present at various locations throughout the
bridge. Figure 128 illustrates an example of this deficiency. Forty-five percent of the inspectors

who performed this task noted the severe rivet head corrosion.

Figure 128. Severe corrosion of rivet heads.

Finally, efflorescence, due primarily to deck-related deterioration, has crystallized on the
superstructure in many locations. Sixty-nine percent of the inspectors noted this effloresence,

represented in figure 129.
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Figure 129. Typica efflorescence.

5.3.2.2.2. Loca Defects

Local defects are deficiencies that occur at discrete locations within the structure. These types of
problems include a crack indication at atack weld, localized member distortion due to impact, a
missing rivet head, and bearings displaying abnormal rotations. Note that the tack weld crack
indication and the missing rivet head were defects implanted by the NDEV C.

Tack welds exist at a number of locationsin thisbridge. Thistype of weld resultsin afatigue-
sensitive detail. A crack indication was implanted at the root of one of these welds. The
schematic drawing shown in figure 130 indicates the location of this defect, while figure 131
shows this defect. The crack indication was identified by 3 of the 42 inspectors (7 percent) who
performed this task.

A rivet head was removed to simulate another common deficiency. The location of this defect is
indicated in figure 130 and the defect can be seen in figure 132. Two of the inspectors (5
percent) identified the missing rivet head.

There are two locations on the bridge that have impact damage. Thefirst, alocalized flange
distortion, islocated on a sway frame just inside the northern girder near the west abutment.
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This defect probably occurred during erection of the superstructure. Figure 130 denotes the
location of thisdefect. Two inspectors (5 percent) noted this impact damage. Impact damageis
also present on the bottom flange of the southern girder, asindicated in figure 130. Scrapes are
present on the bottom flange, indicating that an overheight vehicle may have damaged the girder.
Six of the inspectors (14 percent) noted the impact damage on this girder. Intotal, seven

different inspectors (17 percent) noted impact damage to this bridge.

The rocker bearings on the eastern abutment of the southern half of this bridge display an
abnormal setting given the thermal conditions surrounding the bridge. First, the three bearings
exhibit overly expanded positions. Also, the southern bearing has rotated more than the other
two, indicating a possible planar rotation of the bridge. Figure 133 shows one of the rocker
bearings when the air temperature is approximately 24 °C. Twenty-one of the inspectors (50
percent) noted this bearing abnormality.
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Figure 130. Schematic of the locations of local defects.
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Figure 131. Crack indication at the root of atack weld.
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Missing
Rivet Head

Figure 132. Missing rivet head defect.

Figure 133. Rocker bearing rotation.
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5.3.2.3. FACTORS INFLUENCING INSPECTION

A number of factors may affect an inspector’s ability to correctly locate a deficiency during an
inspection. The following discusses some of these factors with regard to the inspectors and
defects studied in Task F. Note that only a portion of the overall set of factors that could affect
the inspection results are discussed. In general, these are the factors found to correlate well with
the inspection findings. A few additional factors that do not correlate strongly are also

discussed. These factors are either commonly perceived to be important to bridge inspection or
are factors that provided strong correlation with Task H and are therefore presented here for
comparison. In total, approximately 20 of the factors are discussed. The remaining factors not

discussed here were found to provide little correlation with the inspection results.

For the purpose of this discussion, the inspectors who correctly identified the previously
mentioned defects are grouped into four subsets: inspectors who identified the rivet corrosion
defect, the bearing rotation defect, either implanted defect, or either impact damage defect. Note
that individual inspectors may be included in more than one of these subsets. A fifth subset, the
subset of inspectors who indicated there were no deficiencies in the bridge other than coating or
general corrosion defects, is also discussed. The paint and efflorescence defects are not
discussed here as they were noted by most inspectors. Finally, the subset of all inspectors that
completed the task is also presented. Also note, Task E, a Routine Inspection of the same bridge,
was always completed prior to Task F. The inspector notes for both Tasks E and F were used to

determine which defects the inspector reported.

The following results are presented in terms of a comparison between the mean values of the
various factors for the subsets of the inspectors. The t-test was used to determine whether the
particular inspector subset could be considered to be significantly different from the remainder of
the inspectors who did not fit the criteria for inclusion in the subset. To reiterate, the t-test was
not used to compare the inspector subsets to the overall inspector sample, but to the set of
inspectors who did not fit the criteria for the subset. This is due to the t-test providing
information regarding whether a set of data can or cannot be considered to be the same as
another set of data. Using the t-test to compare the subset to the overall sample would weaken

the results because, clearly, the subset does originate from the overall set. The t-test results for
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the 5 and 10 percent significance levels are presented in the tables that accompany most of the

factor discussions.

53.231 Time

The amount of time an inspector is alotted in order to perform an inspection will probably affect
the results of the inspection. A rushed inspector may provide a more focused inspection, but
may aso miss some deficiencies due to lack of time. In addition, if the time limit is sufficiently
long, inspectors may spend more time than normal searching for defects. Finaly, if an inspector
begins to find defects, he may spend more time looking for these particular types of defects,

extending the time spent on the inspection.

Table 172 presents the “Actual Time to Complete Task” information for the subsets of inspectors
studied. The one notable tendency is for inspectors who correctly identified defects to spend
longer than average on the inspection, with times ranging from 75 to 84 min for the subsets of
inspectors who found defects. Note, however, that these results should only be viewed as
general trends since most of the subsets do not pass the t-test.

Table 172. Task FActua Timeto Complete Task (in minutes).

Standard Passt-Test?

Inspector Subset Average 5 .ion 5% Significance  10% Significance

Level Level
Overall Sample 75 29 N/A N/A
Rivet Corrosion Defect 84 35 Yes Yes
Implanted Defect 81 19 No No
Bearing Defect 75 29 No No
Impact Damage 79 33 No No
No Deficiencies 68 22 No No

* N/A = Not applicable.

Tables 173 and 174 present the results with regard to Observed Inspector Rushed Level and
Reported Rushed Level. In general, these tables show that inspectors who noted defects tended
to both act and report feeling slightly more hurried than the overall average of the sample. In
addition, inspectors who did not note any of the deficiencies discussed here both reported being
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and were observed to act less hurried than average. Again, note that these are solely general

trends because much of the data did not pass the t-test at either the 5 or 10 percent significance

levels.
Table 173. Task F — Observed Inspector Rushed Level.
Passt-Test?
Inspector Subset Average  Standard 594 Significance  10% Significance
Deviation Level Level
Overall Sample 2.6 1.7 N/A N/A
Rivet Corrosion Defect 31 1.8 No Yes
Implanted Defect 3.0 14 No No
Bearing Defect 25 19 No No
Impact Damage 3.6 19 Yes Yes
No Deficiencies 17 0.7 No Yes

* N/A = Not applicable.

Table 174. Task F — Reported Rushed Level.

Standard Pass t-Test?

Inspector Subset Average o ioton 5% Significance  10% Significance

Level Level
Overall Sample 25 2.1 N/A N/A
Rivet Corrosion Defect 3.2 2.6 Yes Yes
Implanted Defect 4.0 29 No Yes
Bearing Defect 2.6 2.2 No No
Impact Damage 3.0 2.2 No No
No Deficiencies 19 16 Yes Yes

* N/A = Not applicable.

5.3.2.3.2. Comfort Level During Inspection

Portions of Task F were completed at low to moderate heights. For this reason, a number of

factors related to the inspector’'s comfort level during the inspection were studied. These

included Fear of Heights, Observed Comfort With Heights, and Observed Comfort With Lift.

The inspectors tended to be very comfortable with the heights and the lift. With regard to the
inspector’'s comfort level during the inspection, no correlations are evident between any of the
data collected and the various subsets of inspectors. This is probably due to the maximum height
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of thisinspection being only 9 m, with the majority of the inspection performed at even lower

heights.

5.3.2.3.3. Menta Focus

Inspector mental focus may affect inspection results. This factor was quantified twice, oncein

the SRQ as “General Mental Focus” and once by the observer during the task as “Observed
Inspector Focus Level”. None of the inspector subsets studied for either of these factors pass the
t-test at the 10 percent significance level, thus the data will only be discussed in general terms.
With regard to General Mental Focus, the inspector subsets who identified the rivet corrosion
defect, the implanted defects, or the impact defects tend to have reported a slightly above
average mental focus on the SRQ. Inspectors who noted the bearing defect reported a value
consistent with the average and inspectors who did not note any deficiencies aside from the
coating and corrosion defects reported a mental focus level slightly below average. The
Reported Inspector Focus Level values do not necessarily follow the same trend, with some
subsets of inspectors who noted deficiencies being above and some being below the overall
average. The subset of inspectors who did not note any deficiencies received an Observed

Inspector Focus Level average score of slightly above the overall average.

5.3.2.3.4. Inspector-Reported Thoroughness and Effort Level

Inspectors did not necessarily perform the inspection in Task F in the same way that they would
normally perform a similar inspection during their normal duties as a bridge inspector. For this
reason, the inspectors were asked to rate their thoroughness and effort level compared to their
normal effort level. The majority of inspectors reported that they performed this task to the same
degree of thoroughness as they would perform a similar task during their normal duties as a
bridge inspector. The overall average inspector-reported thoroughness level was 5.2 on a scale
of 1 to 9. All five subsets of inspectors had reported thoroughness level averages between 5.0
and 5.6. The majority of the inspectors also indicated that their effort level was the same as their
normal effort level. Again, the overall average effort level was 5.2 on a 1 to 9 scale. Except for
the inspectors who located an implanted defect (average of 6.3), the other four subsets of

inspectors provided an average effort level of between 4.4 and 5.6.
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5.3.2.3.5. Reported Bridge Description and Expected Bridge Defects

Prior to Task E, inspectors were asked to both provide a description of the construction of the
bridge and to state any defects that they would expect to encounter on asimilar bridge. The
overall findings from this question were presented previoudly in this chapter. No specific
correl ations between inspector subsets and inspector descriptions resulted from these questions.
With regard to expected defects, two deficiency types were of interest. First, overal, only 5
percent of the inspectors expected any sort of impact damage and none of the inspectors who
noted impact damage stated, prior to the task, that they expected it. Second, while only 24
percent of the inspectors mentioned the possibility of weld crack indications, 50 percent of the
inspectors who noted at |east one of the implanted deficiencies had mentioned this possible

problem. However, in neither case do the results pass the t-test with 10 percent significance.

5.3.2.3.6. Reported Structure Complexity, Accessibility, and Maintenance Levels

The complexity of the bridge, as reported by the inspector, may have an effect on the way the
inspector performs the inspection and aso on the results of the inspection. The inspector subset
ratings of the complexity of the bridge are presented in table 175. Overall, the average bridge
complexity rating was 4.7 on ascale of 1t0 9. Inspector subsets for most defects provided an
average rating of near, or dightly above, the overall average; however, the inspectors who noted
the implanted defects provided an average response of 7.0. Inspectors who noted no defects
aside from the general coating and corrosion problems provided an average complexity response
of 4.2. Although this value did not pass the t-test, the general trend still indicates that inspectors
who felt that the bridge was less complex correlated with the location of fewer defects. The

converse also seems to be true.

The Reported Structure Accessibility Level isafactor quite similar to Reported Structure
Complexity Level. Itislikely that the ease of accessto the areas of the bridge to be inspected
may affect the methods an inspector uses to perform the inspection. Overall, the average
reported bridge accessibility response was 8.1 (i.e., very accessible). All inspector subsets

provided average ratings between 8.0 and 8.3, thus no direct correlations are evident.
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Table 175. Task F —Reported Structure Complexity Level.

Standard Passt-Test?

Inspector Subset Average ., oo 5% Significance  10% Significance

Level Level
Overall Sample 4.7 1.9 N/A N/A
Rivet Corrosion Defect 51 20 No No
Implanted Defect 7.0 0.8 Yes Yes
Bearing Defect 4.7 1.8 No No
Impact Damage 4.7 1.3 No No
No Deficiencies 4.2 16 No No

* N/A = Not applicable.

The Reported Structure Maintenance Level may distort the inspector’s perception of the bridge,
changing the way he performs his inspection. The average inspector subset responses are
presented in table 176. Inspector subsets who noted rivet corrosion and impact damage rated the
maintenance level a 3.9 and inspectors who noted no deficiencies rated it a 4.0. Inspectors who
identified the bearing defect and the implanted defect rated the maintenance level a 4.9 and a 5.5,
respectively. Thus, inspectors who felt that the bridge was better maintained tended to correlate

well with the identification of a larger number of specific defects.

Table 176. Task FEReported Structure Maintenance Level.

Standard Passt-Test?

Inspector Subset Average ., ioion 5% Significance  10% Significance

Level Level
Overall Sample 4.4 1.8 N/A N/A
Rivet Corrosion Defect 3.9 2.0 No Yes
Implanted Defect 55 19 No Yes
Bearing Defect 4.9 1.8 Yes Yes
Impact Damage 39 15 No No
No Deficiencies 4.0 16 No No

* N/A = Not applicable.

5.3.2.3.7. Tool Use

The tools that an inspector uses to perform an inspection are indicative of the type of deficiencies
that the inspector islooking for and, possibly, the types of defects that the inspector will find. Of
the tools provided to the inspector, the flashlight and the extension ladder stand out as two tools
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that may aid in the identification of defects. The results for flashlight use are presented in table
177. Overall, 48 percent of the inspectors used a flashlight during this task, while the usage rate
was 75 percent for the inspectors who identified either of the implanted defects and 71 percent
for the inspectors who identified an impact damage defect. Only 22 percent of the inspectors
who indicated that there were no deficiencies other than corrosion and coating failure used a
flashlight. With regard to the ladder, some of the defects present in the bridge are extremely
difficult to identify without the use of aladder. Overall, 79 percent of the inspectors used this
tool, while 100 percent of those identifying an implanted defect used it. Although this does not
necessarily indicate that the use of tools aids in the identification of defects, this does show that

some particular methods used by inspectors may have an effect on the results of the inspection.

Table177. Task F-Tool Use: Flashlight.

Inspector Subset Average
Overal Sample 48%
Rivet Corrosion Defect 47%
Implanted Defect 75%
Bearing Defect 48%
Impact Damage 71%
No Deficiencies 22%

5.3.2.3.8. Inspector Age and Experience in Bridge Inspection

The overall average inspector age was 40. All of the inspector subsets had average ages between
39 and 41, except for the set of inspectors who noted no deficiencies beyond the general
corrosion and coating defects. These inspectors had an average age of 43. The results with
regard to inspection experience are presented in table 178. Inspectors who noted impact damage,
bearing rotation, or implanted defects averaged between 7.4 and 8.8 years of experiencein
bridge inspection. The inspectors who did not note any specific defects averaged 11.9 years of
experience. These resultsindicate that the more experienced inspectors may report fewer
defects.
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Table 178. Task F — Experience in Bridge Inspection (in years).

Standard Passt-Test?

Inspector Subset Average o .uion 5% Significance  10% Significance

Level Level
Overall Sample 9.2 6.2 N/A N/A
Rivet Corrosion Defect 105 52 No No
Implanted Defect 74 31 No No
Bearing Defect 8.8 51 No No
Impact Damage 8.4 4.7 No No
No Deficiencies 119 9.0 No No

* N/A = Not applicable.

5.3.2.3.9. General Education Level and Formal Bridge Inspection Training

The education level and formal training of inspectors are both factors that may affect the work an
inspector performs. For this task, the Genera Education Level of the inspector does not seem to
correlate with any set of inspection results. However, the results from the overall formal bridge
ingpection training courses completed do correlate with some subsets of inspectors. These
results are presented in table 179. They indicate that inspectors who have completed more
formal training courses tend to correlate well with the correct location of more defects.
Correspondingly, inspectors who noted no defects outside of the coating and corrosion defects
tended to have completed fewer formal training courses. Thus, inspector training may influence
the types of defects that are located.

Table 179. Task F-Formal bridge inspection training courses completed.

Standard Passt-Test?

Inspector Subset Average o .uion 5% Significance  10% Significance

Level Level
Overall Sample 33 1.7 N/A’ N/A
Rivet Corrosion Defect 4.0 15 Yes Yes
Implanted Defect 35 24 No No
Bearing Defect 3.7 1.6 No Yes
Impact Damage 3.0 19 No No
No Deficiencies 2.3 13 Yes Yes

* N/A = Not applicable.
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5.3.2.3.10. Professional Engineer License

Following the study, inspectors were contacted to determine whether they held a Professional
Engineer (PE) license. Table 180 provides the corresponding results in terms of the subsets of
inspectors defined for thistask. These results show no clear correlation between this factor and
the inspection results. However, the small size of the sample, along with the small size of most

of the inspector subsets, makes interpreting these results difficult.

Table 180. Task F - Inspectors holding a PE license.

Inspector Subset Average
Overal Sample 17%
Rivet Corrosion Defect 11%
Implanted Defect 0%
Bearing Defect 10%
Impact Damage 14%
No Deficiencies 33%

5.3.2.3.11. Management Inspection Philosophy and Control Over Inspection Process

The SRQ contained a question regarding whether the management philosophy of the inspector’s
State focused more on locating all defects in the bridge or on complying with the NBIS
regulations (SRQ24). Overall, 30 percent of the inspectors reported that their State focused on
complying with the NBIS regulations, while the remainder focused on finding all of the defects.
Similar percentages held for most of the other subsets of inspectors. The exceptions are the
inspectors who found an implanted deficiency or noted impact damage — 86 and 100 percent,

respectively, reported that their State focused on finding defects.

The SRQ also asked inspectors to report the level of control that management typically exercised
over their inspections. Overall, 29 percent of the inspectors stated that they were provided with a
detailed checklist for their inspections, 29 percent were provided with loose guidelines, and 43
percent were allowed to inspect according to their own inspection knowledge and techniques.
Except for the subset of inspectors who identified implanted defects, these percentages

approximately stayed the same across the various subsets of inspectors. However, 75 percent of
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the inspectors who noted implanted defects reported that their supervisors provide a detailed
checklist.

These results indicate that States that focus on finding defects may, in fact, locate more of the
defects that occur in their bridge population. In addition, it is possible that management’s role in

how the inspection is performed may affect the inspection results.

5.3.2.3.12. Vision

The near and far visual acuity of each inspector was quantified, with the overall data presented
previously. With regard to this task, the inspector visual acuity did tend to correlate with one
subset of inspectors. Specifically, the inspectors who noted implanted defects tended to have
exceptional visual acuity, with the worst eye of one inspector having a visual acuity of 20/25.

The inspectors who are grouped into the other subsets tended to have visual acuities that fell
within the overall visual acuity of the sample. The correlation between visual acuity and the
inspectors who found implanted defects may indicate that these types of defects are more likely
to be located by inspectors who possess better eyesight. Note, however, that these results were

not tested with the t-test due to difficulties in implementing the t-test with this data set.

5.3.2.3.13. Inspector-Rated Importance of Bridge Inspection

In the SRQ, inspectors were asked to rate both the importance of bridge inspections to public
safety and their general feelings on the importance of bridge inspections. Overall, the responses
to these two questions showed that most inspectors feel that bridge inspections are very
important, with average ratings of 4.6 (standard deviation of 0.5) and 4.5 (standard deviation of
0.9), respectively, on scales of 1 to 5. However, one specific subset of inspectors, those
inspectors who located an implanted defect, provided an average rating of 5.0 (standard
deviation of 0.0) to both questions. The strong feelings that these inspectors have toward the
importance of their work may tend to encourage them to conduct a more thorough inspection
than average.
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5.2.3.2.14. Environmental Factors

The environmental factors did not have any discernible impact on the findings of this inspection.
Granted, factors such as these could adversely affect an inspection; however, the results obtained
in this study provided no specific data to support this supposition.

533. TaskH

Task H isan In-Depth Inspection of a portion of the superstructure of the Route 1 Bridge. The
bridge and Task H are both fully described in Chapter 4. The results from this task are presented
inamanner similar to that used for Task F. First, information regarding the inspection processis
provided. Following this, the known and reported defects are described, along with the accuracy
results regarding the detection of these defects. Finaly, the factors that tend to correlate with the

Inspection results are presented.

5.3.3.1. INSPECTION PROCESS
This section provides a general description of how the inspectors completed thistask. The data
for this discussion come from the pre-task questionnaire, firsthand observation of the inspectors

performing the tasks, and the post-task questionnaire.

Forty-four inspectors completed thistask. The reasons five inspectors did not compl ete this task
included refusal dueto fear of heights, lift unavailability, and unavailability of required safety
equipment. In addition, 2 of the 44 inspectors only partially completed the task. Thiswas dueto
alift malfunction. Thefact that these inspectors only partially completed the task has been
accounted for in their results.

Inspectors were allowed 2 h to complete the In-Depth Inspection of one bay of one span of the
superstructure of thisbridge. The average time to complete this task was 64 min, with the
median time being 60 min. The standard deviation was 28 min, with a maximum time to
completion of 115 min and a minimum time of 6 min. Also note that some minor additional
variability isincluded in these times due to the lift equipment and its operation by two different

observers. Figure 134 illustrates the distribution of the inspection times.
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Table 181 summarizes some of the questions asked in the pre-task questionnaire. These results
show that, on average, it had been more than 7 months since an inspector performed an
inspection similar to Task H; however, there were two inspectors who had not performed an
inspection similar to thisin more than 5 years. Also, the inspection at heights question
demonstrates that, on average, the inspectors perform 28 inspections per year at hei ghts of
greater than 12.2 m (40 ft). Some inspectors perform very few of these types of inspections,
including two inspectors who, on average, do not perform any inspections above this height.
Figure 135 illustrates the distribution of predicted inspection times.

For this inspection, inspectors were provided with the full set of inspection tools, aswell asan
18.3-m boom lift that could provide hands-on access to the structure. In order to assess what
types of access equipment would normally be used for this type of an inspection, inspectors were
asked what type of equipment they would normally use to access the structure. Ninety-six
percent of the inspectors stated that they would use a snooper to access the structure. Other
responses included alift (2 percent), permanent inspection platform (4 percent), and movable
platform (2 percent). Finally, oneinspector said that he would not normally use any access
equipment to access this bridge. During his subsequent inspection, he declined the use of the lift

and performed the task using binoculars.

In the pre-task questionnaire, the inspectors were asked to describe the type of construction used
on thisbridge. The results from this question are presented in table 182. Note that these results
are the same as were presented for this question in Task G due to the question being bridge-
specific. Thetable showsthat only 52 percent of the inspectors indicated that the bridgeis
continuous. Although this should not be construed to mean that only half of the inspectors were
able to make this distinction, it is true that only about half thought to mention it during the pre-
task questionnaire. This knowledge can have great bearing on the focus of portions of the
inspection. Clearly, if an inspector was unable to recognize this fact, less accurate inspection
results could be produced.
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Figure 134. Task H — Actual inspection time.

Table 181. Task H — Qualitative pre-task questionnaire responses.

Range of possible

Inspector Response

answers
Question % < -% '5 g g
: s T © = S
Low  High o 8 g = % =
< = B A s s
How long has it been since you .
completed an In-Depth Inspection of N/A N/A 343 160 585 300 1
abridge of thistype (in weeks)?
How often per year do you perform
inspections at heights above 40 feet? N/A N/A 283 20 316 150 0
Given the available equipment and the
defined tasks, how long doyouthink—— \,n - N\yA 678 600 376 180 5
you would normally spend on this
inspection (in minutes)?
How rested are you? 1=very 9=very 7.0 7 14 9 3

tired rested

* N/A = Not applicable.
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Figure 135. Task H — Predicted inspection time.

Table 182. Task H — Description of type of construction used.

Bridge Characteristic Percent of Respondents
Steel Girder 82%
Welded Plate Girder 52%
Multi-Girder 41%
Reinforced Concrete Deck 73%
Continuous 52%
Rocker Bearing 7%
Concrete Piers 57%
Single-Angle Cross-Bracing 14%
Composite Construction 5%
Other 18%

To further assess how inspectors were formulating their approach to the inspection, they were
asked to identify problems that they might expect to find on a bridge of a similar type, condition,
and age. These responses are summarized in table 183. These results indicate that inspectors
expect to find relatively few problems. Of this list of possible deficiencies, only steel corrosion
and fatigue cracks were mentioned by more than half of the inspectors and no defects were

mentioned by more that 60 percent of the inspectors.
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As previously mentioned, while the inspector was completing the inspection, the observer
recorded environmental conditions, recorded how the inspection was completed, noted what
Inspection tools were used, and operated the lift. Tables 184 and 185 provide a summary of the
environmental conditions that were encountered during this task. These measurements were
taken at an elevated position immediately under the superstructure. Asthetablesreiterate, this
task was performed under normal summer morning weather conditions. Also, note the variation

that was encountered in both wind and light levels.

Table 183. Task H — Problems expected.

Problem Type Percentage of Respondents
Fatigue Cracks 57%
Steel Corrosion 55%
Concrete Deterioration 52%
Underside Deck Cracking 27%
Deck Delaminations 27%
Locked Bearings 23%
Missing or Loose Bolts 23%
Leaching 18%
Paint Deterioration 16%
Leakage 7%
Impact Damage 7%
Other 46%

Table 184. Task H — Direct environmental measurements.

Environmental Average Median Staf‘df"“d Maximum Minimum
Measurement Deviation

Tenmperature(°C) 22.6 22.8 4.9 30.6 10.6
Humidity (%) 68.2 68.0 10.8 89.0 46.0
Heat Index {C) 23 24 5.8 37 11
Wind Speed (km/h) 5.2 2.4 6.8 25.7 0.0
Light Intensity (lux) 374 366 281 1160 34

Table 186 summarizes the portions of the inspection task performed by the inspectors. This table
is divided into two parts, the first section reporting the items that were visually inspected and the
second part reporting what items were inspected through sounding. It is important to note that
for this task, the level of inspection for certain components was also recorded. Based on this

table, it is clear that some inspectors left this inspection task partially incomplete. Only 56
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Table 185. Task H — Qualitative weather conditions.

Weather Condition

Percentage of

Inspections

0 — 20% Cloudy 49%
20 — 40% Cloudy 2%
40 — 60% Cloudy 4%
60 — 80% Cloudy 7%
80 — 100% Cloudy 24%
Hazy 2%
Fog 4%
Drizzle 2%
Steady Rain 4%
Thunderstorm 0%

Table 186. Task H — Bridge inspection completion results.

Percentage of

Inspection Item

Inspectors
Visual North Flange Transitions 36%
South Flange Transitions 33%
Girder #3 Splice, North 82%
Girder #4 Splice, North 87%
Girder #3 Splice, South 82%
Girder #4 Splice, South 82%
Girder #4 Stiffener Retrofits 53%
No Utility Bracket Welds 42%
1-25% Utility Bracket Welds 0%
26-75% Utility Bracket Welds 20%
76-100% Utility Bracket Welds 38%
No Drain Tack Welds 22%
Non-Thorough Inspection of Drain Tack Welds 31%
Thorough Inspection of 3 Drain Tack Welds 47%
No Lateral Gusset Connection Welds 4%
1-25% Lateral Gusset Connection Welds 22%
26-75% Lateral Gusset Connection Welds 18%
76-100% Lateral Gusset Connection Welds 56%
Stiffener to Web Connection at Top Flange 69%
Stiffener to Web Connection at Bottom Flange 53%
Sounding No Bolts per Splice 84%
1-3 Bolts per Splice 2%
4-9 Bolts per Splice 7%
10+ Bolts per Splice 7%
No Lateral Connection Bolts 73%
Bolts on 1-50% of Lateral Connections 22%
Bolts on 51-100% of Lateral Connections 4%
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percent of the inspectors inspected more than 75 percent of the lateral gusset plate connection
inspection areas and only 47 percent of the inspectors thoroughly inspected all three drain tack

weld inspection areas.

Inspector tool useis presented in table 187. This table shows that only 58 percent of the
inspectors used a flashlight. Also, as could be inferred from table 186, very few inspectors

performed any sounding during this task as evidenced by the low usage of sounding tools.

The observers reported on a number of observations regarding inspector behavior during this
task. Theseresults are presented in table 188. Note that, on average, very few of the inspectors
seemed rushed while completing the task and most inspectors seemed relatively comfortable
with the lift.

After completion of the task, the inspectors were again asked a series of questions. These
guestions were typically related to the inspector’s impression of the inspection they just
completed and to their general physical and mental condition. In all, 15 questions were asked

Table 187. Task H — Use of inspection tools.

Tool Percentage of Inspectors
Tape Measure 18%
2.4-m Stepladder 0%
9.75-m Extension Ladder 0%
Any Flashlight 58%
Two AA-Cell Flashlight 20%
Three D-Cell Flashlight 24%
Lantern Flashlight 18%
Any Sounding Tool 29%
Masonry Hammer 29%
Chain 0%
Level as a Level 0%
Level as a Straightedge 0%
Binoculars 4%
Magnifying Glass 16%
Engineering Scale 2%
Protractor 0%
Plumb Bob 0%
String 0%
Hand Clamp 0%
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and the results are presented in table 189. The results show that, in general, the inspectors felt
that they were slightly more thorough and provided slightly more effort than they would on a
normal inspection. Also, on average, inspectors felt that they were about 630 mm away from
any welds that they were inspecting. This result contrasts with the observer value from table 188
that shows the inspectors were about 1.2 m away from any welds that they were inspecting.

Table 188. Task H— Summary of quantitative observations.

Range of Possible Answers Observer Assessment
[ TE S £
ion . ? 8 B2 2 2
Questio Low High T B ¢ .% % E
< = B A s 5
Was the inspector focused on 1=very 9 =very
the task? unfocused focused 59 6 16 9 2
Did the inspector seem _ 9 =very
rushed? 1 = not rushed rushed 2.2 2 16 8 1
How close did the inspector .
get to the welds he was N/A N/A 117 061 227 152 0.15

inspecting (in meters)’?*

Was the inspector’s viewing
angle varied while 1 = never 9=always 5.4 6 2.3 9 1
inspecting the welds?

How comfortable was the

) i ; 1 =very 9 =very
inspector with the working uncomfortable comfortable 7.1 8 1.6 9 3
height?

How comfortable was the 1=very 9 =very 6.2 7 29 9 1
inspector with the lift? uncomfortable comfortable ' '

What was the quality of lift 1=verypoor 5=verygood 3.4 3 0.7 5 2

operation?

* Observer responses were originaly given in English units and have since been converted into metric units.
** N/A = Not applicable.

5.3.3.2. COMPARISON OF KNOWN AND INSPECTOR-REPORTED DEFICIENCIES
Many reportable deficiencies exist within the inspected portion of the superstructure of the Route
1 Bridge. Inspectors performing this task were asked to note any defects they found during their
inspection. The defects can be categorized into three main types. general defects, welded
connection defects, and bolted connection defects. Thirty-six of the 44 inspectors performing
thistask noted at |east one of these deficiencies. The following section will discuss the known

deficiencies, as compared to the inspector-reported deficiencies.
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Table 189. Task H — Quantitative post-task questionnaire responses.

Range of Possible Answers Inspector Response
o) o§ E S
uestion ' D B S 3
Q Low High T B = % % g
< = 5 o s s
How similar was this task to the _ _
tasks performed in your normal In- L=not 9 = very 75 8 14 9 5
. similar similar
Depth Inspections?
Did thistask do an accurate job of 1=not 9 =very
) . i : 79 8 1.0 9 5
measuring your inspection skills? accurate accurate
1=very 9 =very
?
How rested are you tired rested 7.0 7 14 9 3
H_ow wel I_ did you unders_tand the 1=very 9 =very 85 9 06 9 7
instructions you were given? poorly well
How accessible do you fedl the 1=very 9 =very
: : . . ; 7.8 8 14 9 4
various bridge componentswere?  inaccessible  accessible
How well do you fed that this 1=very _
bridge has been maintained? poorly 9= very well 73 ! 08 9 5
How complex was this bridge? 1 - Very 9= very 6.0 6 15 9 1
simple complex
Do you think my presence as an _ _
observer had any influenceonyour . L=no 9= greal 25 2 20 9 1
) : influence influence
inspection?
Do you feel that the working height 1=no 9 = great
) , ; 18 1 13 6 1
influenced your performance? influence influence
How adequate do you fedl the light 1=very 9 =very
level was? inadequate adequate 2 ! 14 9 4
On average, how close do you think .
you got the welds you were N/A N/A 0.63 061 038 183 0.08
inspecting (in meters)?
Do you feel you were able to get the
proper viewing angle for the 1= never 9 = aways 7.3 7 1.0 9 5
components you were inspecting?
Did you fedl rushed while 1=not 9 =very
completing this task? rushed rushed 20 1 L5 6 1
What was your effort level on this 1 = much 9= much
task in comparison with your E)wer _r ecter 52 5 07 7 4
normal effort level? 9
How thorough wereyou in 1=less 9= more

completing this task in comparison 55 5 10 8 4
to your normal inspection? thorough thorough

* |Inspector responses were originally given in English units and have since been converted into metric units.
** N/A = Not applicable.
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5.3.3.2.1. Genera Defects

The General Defect category encompasses structural deficiencies in the bridge that do not pertain
to welded or bolted connections. Thistype of deficiency includes paint system failure,

corrosion, member distortions, and fabrication errors. All four of these types of deficiencies are

present within the test specimen portion of this bridge.

Paint system failure and corrosion are present in various locations throughout the test specimen.
Figures 136 and 137 show typical examples of thisdeficiency. Of the inspectors who completed
thistask, 66 percent specifically indicated some sort of paint system failure. Corrosionisa
bridge defect that is generally directly linked to the paint system failure. Minor localized
corrosion, also known as speckled rust, has occurred in various locations throughout the
specimen. Fifty-five percent of the inspectors noted that corrosion was present in the test
specimen. Hereafter, paint system failure and corrosion will be combined into a general coating

deficiency. Sixty-six percent of the inspectors noted the coating deficiency.

Figure 136. Paint failure on girder web.
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Figure 137. Localized corrosion on flange and web near the drain-to-girder web connection.

Member distortions can be indicative of, or may lead to, overall problems with the structure. As
shown in figure 138, the bottom flange of the interior girder in the test specimen is not entirely
straight, having a “wavy” nature between midspan and pier 5. Eleven percent of the inspectors

noted this defect.

Fabrication errors, due to the nonhomogeneity they introduce into the structure, have the
possibility of later developing into more serious defects. Frequently, these errors are difficult to
detect; however, in some instances, depending on the repair that was employed, they may be
detected by normal visual means. In this test specimen, there are two locations where vertical
stiffeners were installed at incorrect locations, removed, and replaced at nearby locations. Figure
139 shows the two locations of fabrication errors. Only one inspector noted the fabrication error
in the interior girder and no inspectors noted the defect in the exterior girder.
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Figure 138. Flange distortion.

FTET)
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a Interior Girder. b. Exterior Girder.

Figure 139. Misplaced vertical stiffeners on interior and exterior girders.
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5.3.3.2.2. Welded Connection Defects

Welded connection defects consist of cracks or crack indications that occur in or close to aweld.
Within the test specimen for Task H, the welded connections were divided into four groups of
locations that were most likely to produce crack indications, either due to poor workmanship or
low fatigue resistance. These locations include the stiffener-to-girder connections, the lateral
bracing-to-girder connections, the drain-to-girder connections, and the utility bracket-to-girder
connections. In total, seven weld crack indications are present within the portion of the bridge
inspected in Task H. Figure 140 shows aline drawing of the test specimen for Task H, including
the locations of the seven indications.

Following the field trials, the seven weld crack indications were thoroughly investigated through
the use of visual, dye penetrant, and magnetic particle inspection techniques. None of the
indications responded to any of the techniques used, with the exception of Visual Inspection.
Thisindicatesthat it is unlikely that any of these defect indications are actual weld cracks.

W3

< GIRDER 4

a3 a3
ELEVATION

— GIRDER 4

—
~
Z

— GIRDER 3

NV

— GIRDER 1

W4

< GIRDER 3

B1 we B2 B3 R
ELEVATION

Figure 140. Schematic of the locations of welded and bolted connection defects.
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Thefirst critical welded connection location is at the stiffener-to-girder connection. The welds
near both the top and bottom flanges at every vertical stiffener were defined to be inspection
areas. Thisincludes welds between the stiffener and the web, as well as the welds between the
stiffener and the flange, if present. The test bed for Task H contained 104 total inspection areas
for this type of connection. Weld crack indications were present in 4 of the 104 inspection areas.
Weld crack indication W1 isshown infigure 141. Thisdeficiency isa5-mm-long indicationin
the paint at the base of avertical stiffener. One inspector correctly identified this defect.
Another indication, weld crack indication W2, is shown in figure 142. This deficiency isa 12-
mm-long indication in the paint in the bottom flange-to-web weld directly under a vertical

stiffener. Two inspectors correctly identified this defect.

Crack indications exist in two locations at the vertical stiffener-to-top flange connection. The
first defect, W3, can be seen in figure 143. This defect is a 30-mm-long indication surrounded
by corrosion staining. Three inspectors correctly identified thisindication. Weld crack
indication W4 is shown in figure 144. It isa25-mm-long indication also surrounded by
corrosion staining. One inspector correctly identified this indication.

A number of false calls were also made with regard to the vertical stiffener-to-girder web
connection. Intotal, 27 false calls were reported. However, a single inspector reported 11 of
these false calls, with the remaining 16 being made by 6 other inspectors. To be clear, the
ingpector who made the majority of the false calls was primarily indicating welds on which he

would have requested further testing, not welds that he was sure contained defects.

The welds connecting the lateral bracing gusset plate to the girder web and vertical stiffeners are
also likely locations for cracks to occur. Thirteen inspection areas of this type exist within the
test bed for Task H. Each inspection area contained two gusset plates, one welded to each side
of avertical stiffener. Figure 145 shows half of one inspection areafor this type of connection.
Crack indications were contained in 3 of the 13 inspection areas.
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a. Stiffener-to-flange connection.
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b. Crack indication enlarged for clarity.

Figure 141. Weld crack indication W1 at the base of avertical stiffener.
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a. Web-to-flange connection.
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b. Crack indication enlarged for clarity.

Figure 142. Weld crack indication W2 near the base of avertical stiffener.
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Figure 144. Weld crack indication W4 at vertical stiffener-to-top flange connection.



Figure 145. One-haf of the lateral gusset plate-to-girder web and vertical
stiffener inspection area.

Thefirst defect of this type, weld crack indication W5, is shown in figure 146. Thisdefectisa
16-mm-long crack indication at the termination of the gusset plate-to-web weld. Two inspectors
correctly identified this defect. The second defect of thistype isweld crack indication W6. It
can be seen infigure 147. Thisdefect isa 19-mm-long indication at the termination of the gusset
plate-to-web weld. One inspector correctly identified this defect. The final defect of thistypeis
weld crack indication W7, shown in figure 148. It isa10-mm-long indication, also located at the
termination of the gusset plate-to-web weld. Two inspectors correctly identified this defect. The
lateral gusset plate-to-girder web connection detail aso produced some false calls. In total, four
different inspectors made atotal of four false calls regarding this connection detail.

This test bed contained two other areas that are considered to be likely locations for the
development of weld cracks. Tack welds were used to connect drain pipes to the exterior girder
web. Thistype of connection occurs three times within the Task H portion of the bridge. Figure
137 shows a photograph of thistype of detail. Although the welds are generally of poor quality,
no crack indications were present within these connections. Five inspectors made atotal of five
false calls. Note, however, that these welds are of very poor quality, poor enough that some

people may consider them defective even without a crack indication.
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The final suspect welded connection pertains to the utilities that run the length of the bridge.
After installation of the main girders of the bridge, brackets were field-welded to the girder web
to create a support system for the utilities. Thistype of connection occurs 54 times within the
test specimen; thus, there are 54 inspection areas. Figure 149 shows a photograph of this type of
detail. Although the welds are generally of poor quality, no defects were present within these

connections. Five inspectors made atotal of seven false calls.

In summary, there were 174 possible weld inspection areas in the test specimen. A total of 7,538
weld inspection areas should have been inspected by the sample of inspectors. Of these areas,
seven contained crack indications. In total, 304 inspections should have been performed on these
defects. A total of 12 weld crack indications were correctly identified. Thus, the overall
accuracy rate for correctly identifying crack indicationsis 3.9 percent. Inthe remaining 167
weld inspection areas that contained no crack indications, 43 false calls were made during the
7,234 inspections of these areas. Therefore, the overall false call rate for identifying good welds
as containing indications is 0.6 percent. Combining correct and false calls, 55 crack indication
calls were made, indicating that calls were correct only 22 percent of the time. Finally, note that
only 41 percent of the inspectors indicated the presence of any type of weld crack indication
within the test bed.
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= Figure 146b
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a. Gusset plate-to-web connection.

b. Crack indication enlarged for clarity.

Figure 146. Weld crack indication W5 at the lateral bracing gusset plate-to-web connection.
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Figure 147b
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a. Gusset plate-to-web connection.
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b. Crack indication enlarged for clarity.

Figure 147. Weld crack indication W6 at the lateral bracing gusset plate-to-web connection.
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Figure 148b
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a. Gusset plate-to-web connection.
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b. Crack indication enlarged for clarity.

Figure 148. Weld crack indication W7 at the lateral bracing gusset plate-to-web connection.
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5.3.3.2.3. Bolted Connection Defects

This bridge contains bolted connections at cross-frame-to-vertical stiffener connections and at
girder splices. Aswith the welded connections, these bolted connections were divided into
inspection areas. The girder splices were divided with an inspection area defined for each top
flange splice, web splice, and bottom flange splice. The cross-frame-to-vertical stiffener
connections were divided such that the bolted connections at any vertical stiffener were
considered to be one inspection area. In total, this created 37 potential defect-containing

locations within the test specimen.

Three bolted connection defects were present in the test specimen. These defects al occurred at
cross-frame-to-vertical stiffener connections and all exhibited themselves as bolts whose nuts
were at least 4 mm removed from the plate that they were to be bearing against. The locations of
the defects, identified at defects B1, B2, and B3, are illustrated in figure 140. Figure 150 shows
one of the three bolted connection defects.
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Defective
Bolted
Connection

Figure 150. Representative bolted connection defect.

The accuracy of the detection of bolted connection defects was as follows: Defect B1 was
correctly identified by 14 inspectors (32 percent), while B2 and B3 were correctly identified by 8
(19 percent) and 9 (21 percent) inspectors, respectively. In total, 31 correct bolted connection
defect calls were made throughout the 128 inspections of these inspection areas. Thus, the
overall accuracy rate for correctly identifying defective bolted connectionsis 24 percent. A total
of 6 bolt locations (8 total calls) were falsely identified as being defective, while inspections
were performed on atotal of 1,468 bolted connections classified as non-defective. Therefore, the
false call rate for incorrectly identifying non-defective bolts as defective is 0.5 percent.
Combined, atotal of 39 defective bolted connection calls were made, indicating that calls were
correct 79 percent of the time. In addition, note that only 48 percent of the inspectors identified

any bolted connections as defective.

5.3.3.3. FACTORSINFLUENCING INSPECTION

The following discusses factors that may have influenced the results of Task H. First, a
discussion paralld to the factor presentation from Task F isprovided. Following this, results
based on the thoroughness with which the inspectors completed the weld inspection portion of
the task are presented.
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5.3.3.3.1. Individual Factors

A number of factors affect an inspector’s ability to correctly locate a defect during a bridge
inspection. The following discusses some of these factors with regard to the inspectors and
deficiencies studied in Task H. The set of factors presented, although not the complete set of
factors studied within this research, does represent the factors that provide the best correlations
with the inspection data. A few additional factors that do not correlate strongly are also
discussed. These factors are either commonly perceived to be important to bridge inspection or
are factors that provided strong correlation in Task F and are presented here for comparison. In
total, approximately 20 of the factors are discussed. The remaining factors not discussed here

were found to provide little correlation with the inspection results.

For the purposes of this discussion, the inspectors who correctly identified the deficiencies
mentioned previously are grouped into six subsets: inspectors who identified a weld crack
indication, multiple weld crack indications, bolt defects, multiple bolt defects, coating defects,

and the flange distortion defect. Note that individual inspectors may be included in more than

one of these subsets. A seventh subset, the subset of inspectors who indicated that there were no
deficiencies in the bridge, is also discussed. All inspectors are included in at least one of the
seven subsets. The fabrication error defect is not discussed here since only one inspector noted
it.

In general, the following results are presented in terms of a comparison between the mean value
of a factor for each subset of inspectors and the mean value of the factor for the overall sample of
inspectors who completed the task. As in Task F, the t-test was used to determine whether the
particular inspector subset can be considered to be significantly different than the remainder of
the inspectors who did not fit the criteria for inclusion in the subset. The t-test results for the 5
and 10 percent significance levels are presented in the tables that accompany most of the factor
discussions. In addition, these tables also contain the average and standard deviation values for
each subset of inspectors.

TIME: As discussed previously, the amount of time an inspector uses to perform an inspection is

likely to affect the results of the inspection. Table 190 presents the average and the standard
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deviation of the Actual Timeto Complete Task for the overall sample of inspectors, aswell as
the subsets of inspectors. In amanner similar to the information presented in table 190, table
191 presents the differences between the Estimated Time for Task and the Actual Timeto
Complete Task.

Table 190. Task H — Actua Timeto Complete Task (in minutes).

Standard Passt-Test?

Inspector Subset Average o iion 5% Significance  10% Significance

Level Level
Overall Sample 66 28 N/A N/A
Weld Crack Indication 67 25 No No
Multiple Crack Indications 88 17 No Yes
Bolt Defect 78 22 Yes Yes
Multiple Bolt Defects 85 13 Yes Yes
Coating Defect 70 29 No Yes
Distortion Defect 76 12 No No
No Deficiencies 43 21 Yes Yes

* N/A = Not applicable.

Table 191. Task H — Actua Time to Complete Task minus Estimated Time for Task.

Standard Passt-Test?

Inspector Subset Average . .oion 5% Significance  10% Significance

Level Level
Overall Sample -3 44 N/A’ N/A
Weld Crack Indication 11 43 No No
Multiple Crack Indications 38 13 Yes Yes
Bolt Defect 11 43 No Yes
Multiple Bolt Defects 33 20 Yes Yes
Coating Defect -2 42 No No
Distortion Defect 19 10 No No
No Deficiencies -25 50 No Yes

* N/A = Not applicable.

The average Actual Time to Complete Task for this task was 66 min. The average Estimated
Time for Task was 69 min. With regard to weld crack indications, the subset of inspectors who
noted this defect spent an average of 67 min on this task, while the three inspectors who noted
multiple weld crack indications spent an average of 87 min on the task. The inspectors who
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found aweld crack indication tended to underestimate their time by 11 min, while the inspectors
who found multiple weld crack indications tended to underestimate by 38 min. With regard to
bolt defects, the amount of time spent on this inspection by inspectors who found defects varied
from 22 to 113 min, with an average of 78 min. However, of the 33 correct bolt defect
identifications, 29 were made by inspectors spending at least 72 min on thetask. Also, the
ingpectors who noted multiple bolt defects tended to spend 85 min on the task. Inspectors who
found bolt defects tended to underestimate their time by 11 min and inspectors who found
multiple bolt defects tended to underestimate by 33 min.

Inspectors who did not note any deficiencies tended to spend 43 min on thistask. On average,
these inspectors performed the inspection in 25 min less time than they predicted. The results
from the coating and distortion defect subsets of inspectors do not show significant deviation

from the overall averages.

The results presented above show that there is good correl ation between inspectors finding
specific defects and spending more time completing the inspection. Clearly, the inspectors who
did not note any deficiencies tended to perform the inspection faster than the average and faster
than they predicted that they would. The inspectors who noted weld or bolt defects, especialy
the inspectors who noted multiple defects, tended to spend much longer on the inspection.

Also with regard to time, both the inspector and the observer were asked to rate the Rushed

Level of the inspector during the task. These results are relatively minor and thus will not be
presented in tabular form. Aswas reported previously, no inspectors said they were overly
rushed; however, the observers reported that four inspectors seemed very rushed. None of these
four inspectors correctly identified the weld or flange distortion defects; however, two of the four
inspectors did note one of the bolt defects. Inspectors who reported no deficiencies were both
observed to be, and reported being, less rushed than average. These results provide some
evidence that a more hurried inspector may locate fewer deficiencies.

COMFORT LEVEL DURING INSPECTION: Task H was completed at a moderate height using

access equipment that was relatively unfamiliar to most of the inspectors. The inspector’s
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comfort level with working at heights and with the operation of the lift may have an effect on the
results of the inspection. In thisregard, the inspectors were asked to rate their personal fear of
heights in the SRQ and the observers were asked to rate the inspectors’ comfort both with
heights and with the lift vehicle. Tables 192 through 194 present an analysis using this
information. Note that Reported Fear of Heights is rated on a 1 to 4 scale, while Observed

Inspector Comfort With Heights and With Lift are rated on a 1 to 9 scale.

These tables show a few clear trends with regard to inspector comfort during the inspection and
the inspection results that the inspector provides. First, all correct weld crack indication calls
were made by inspectors who stated that they were “Mostly Fearless” or had “No Fear” with
regard to Fear of Heights. Overall, only 68 percent of the inspectors fell into these categories.
The average response to this question was 3.4 for inspectors who found a weld crack indication,
while it was 2.9 overall. The observed inspector comfort with height averaged 8.0 for inspectors
who found a weld defect indication, but averaged only 7.1 overall. The observed inspector

comfort with the lift was 7.1 for these inspectors, while the overall average was 6.2.

The inspectors who identified the flange distortion were also relatively comfortable during the
inspection. Even though these inspectors reported varying levels of fear of heights in the SRQ,
the observer reported that comfort with lift and height were both 7.8, above the overall average.

The inspectors who indicated that there were no deficiencies during this task were less

Table 192. Task H Reported Fear of Heights.

Standard Passt-Test?

Inspector Subset Average . .iion 5% Significance  10% Significance

Level Level
Overall Sample 2.9 0.76 N/A N/A
Weld Crack Indication 34 0.53 Yes Yes
Multiple Crack Indications 3.3 0.58 No No
Bolt Defect 31 0.75 No No
Multiple Bolt Defects 3.1 0.57 No No
Coating Defect 31 0.75 No Yes
Distortion Defect 3.0 1.00 No No
No Deficiencies 21 0.35 Yes Yes

* N/A = Not applicable.
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Table 193. Task H — Observed Inspector Comfort With Height.

Standard Passt-Test?

Inspector Subset Average De?/ri\ at?i)n 5% Significance  10% Significance

Level Level
Overall Sample 7.0 1.57 N/A N/A
Weld Crack Indication 8.0 0.82 Yes Yes
Multiple Crack Indications 1.7 0.58 No No
Bolt Defect 6.8 1.52 No No
Multiple Bolt Defects 6.9 1.37 No No
Coating Defect 7.2 1.61 No No
Distortion Defect 7.8 0.45 No No
No Deficiencies 6.4 1.99 No No

* N/A = Not applicable.

Table 194. Task H — Observed Inspector Comfort With Lift.

Standard Passt-Test?

Inspector Subset Average o .ion 5% Significance  10% Significance

Level Level
Overall Sample 6.2 2.77 N/A” N/A
Weld Crack Indication 7.1 1.68 No No
Multiple Crack Indications 7.0 2.00 No No
Bolt Defect 6.4 2.32 No No
Multiple Bolt Defects 6.4 2.46 No No
Coating Defect 6.1 2.26 No No
Distortion Defect 7.8 0.45 Yes Yes
No Deficiencies 5.0 2.58 No Yes

* N/A = Not applicable.

comfortable while performing the task. Their average for Fear of Heightswas 2.1. For these
Inspectors, the Observer-Reported Comfort With Height average was 6.4 and the Comfort With

Lift average was 5.0.

The results presented above show that the inspector comfort during the task can correlate with
the inspection findings. Specifically, inspectors who identified the weld or the flange distortion
defects tended to be much more comfortable while performing the inspection. The inspectors
who did not note any deficiencies tended to be less comfortable and also reported having a

stronger than average fear of heights.
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MENTAL FOCUS Inspector mental focus may also affect inspection results. Thisfactor was
measured through inspector responses on the SRQ, as well as through observations during the
execution of thistask. Results of the analyses with these data are presented in tables 195 and
196.

Table 195. Task H — General Mental Focus.

Standard Passt-Test?

Inspector Subset Average . ioion 5% Significance  10% Significance

Level Level
Overall Sample 4.4 0.72 N/A’ N/A
Weld Crack Indication 4.6 0.53 No No
Multiple Crack Indications 4.7 0.58 No No
Bolt Defect 4.3 0.85 No No
Multiple Bolt Defects 4.4 0.84 No No
Coating Defect 4.6 0.69 Yes Yes
Distortion Defect 4.6 0.55 No No
No Deficiencies 4.0 0.53 Yes Yes

* N/A = Not Applicable.
Table 196. Task H — Observed Inspector Focus Level.

Standard Passt-Test?

Inspector Subset Average oo 5% Significance  10% Significance

Level Level
Overall Sample 5.9 1.53 N/A’ N/A
Weld Crack Indication 7.0 0.82 Yes Yes
Multiple Crack Indications 7.3 0.58 No Yes
Bolt Defect 59 1.50 No No
Multiple Bolt Defects 6.5 143 No Yes
Coating Defect 59 1.73 No No
Distortion Defect 5.6 1.95 No No
No Deficiencies 55 0.93 No No

* N/A = Not Applicable.

These results indicate that the mental focus level of the inspector may correlate with the results
obtained in an inspection of thistype. Specifically, inspectors who identified no deficiencies
during thistask reported an SRQ mental focus of 4.0, well below the overall average. Although
possibly not significant, inspectors who identified aweld crack indication, the flange distortion,

or the coating defect reported a mental focus above the overall average of 4.4. In addition, the
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observer-reported mental focus on the task shows that inspectors who noted aweld crack
indication tended to exhibit a significantly higher mental focus level than the overall average.
The results from this factor also show that, for certain tasks, a higher level of mental focus could
lead to better inspection results.

INSPECTOR-REPORTED THOROUGHNESSAND EFFORT LEVEL: Inspectors did not
necessarily perform the inspection in Task H in the same way that they would typically perform
asimilar inspection during their regular duties as a bridge inspector. For this reason, the
inspector was asked to rate his thoroughness and effort compared to normal. The majority of the
ingpectors (65 percent) reported that they performed this task with the same thoroughness as they
would perform a similar task during their normal duties as a bridge inspector. Only 15 percent of
the inspectors reported a thoroughness above 6, with the remainder falling between 4 and 6.
Seventy-five percent of the inspectors rated their effort level identical to their normal effort level,
with 90 percent responding with an answer between 4 and 6. The overall average inspector-

reported thoroughness was 5.5 and the overall average effort level was 5.2.

The Reported Thoroughness Level for the various subsets of inspectors who correctly identified
defectsranged from 5.0 to 5.5. The Reported Effort Level ranged from 4.6 to 5.3. The average
Reported Effort Level for the inspectors who identified no deficiencies was a 5.0, while their

average Reported Thoroughness Level was a 6.0, the highest among all the inspector subsets.

Only one subset of inspectors — the inspectors who noted the distortion defect — were shown
by the t-test to provide a different rating at the 5 percent significance level. Their rating, a 4.6,
indicates that they may have provided slightly less effort than they would normally provide.
Overall, these results indicate that inspectors performed the inspections in a manner similar to

their normal routine.

EXPECTED BRIDGE DEFECTS: Prior to the initiation of this task, inspectors were asked to
identify any defects that they felt might occur within the bridge. It seems that inspector
expectations may have an effect on the defects that the inspector ultimately finds. Specifically,
only 57 percent of the inspector sample indicated that fatigue-related defects were likely;

however, 86 percent of the inspectors who found a weld crack indication had previously
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indicated that they were likely. The same holds true for the location of the bolt defects. Here, 35
percent of the inspectors who found a bolt defect had indicated that there might be this type of
deficiency, while only 23 percent of the general inspector sample mentioned this problem. These
results indicate that the type of defects an inspector expects to find may increase the likelihood
that the inspector will find that type of defect.

REPORTED BRIDGE DESCRIPTION: Prior to the beginning of the task, inspectors were asked
to describe the type of construction used on the bridge. Of particular interest here is the number
of inspectors who specifically mentioned that the bridge is continuous. These results are
presented in table 197. While 52 percent of the inspectors who completed the task noted this
fact, 71 percent of the inspectors who identified aweld crack indication and 80 percent of the
Inspectors who noted the distortion deficiency provided this information. Although mentioning
specific items regarding the bridge structure does not necessarily directly result in a better
ingpection, there does seem to be a tendency for inspectors who more accurately describe critical

parts of the bridge to perform inspections that locate more defects.

Table 197. Task H — Reported Bridge Description: Continuous.

Inspector Subset Average
Overal Sample 52%
Weld Crack Indication 71%
Multiple Crack Indications 67%
Bolt Defect 47%
Multiple Bolt Defects 50%
Coating Defect 48%
Distortion Defect 80%
No Deficiencies 50%

REPORTED STRUCTURE COMPLEXITY LEVEL: The complexity of the bridge, as reported
by the inspector, may have an effect on the way the inspector performs the inspection and aso on
the results of the inspection. Table 198 provides the results of the various inspector subsets with
regard to their rating of bridge complexity. Overall, the average bridge complexity rating was
6.0. More than 50 percent of the inspectors rated the bridge a6 or below. All weld crack
indications were identified by inspectors who rated the bridge complexity at 7 or higher, with an
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average of 7.1. The inspectors who identified the flange distortion provided an average rating of
4.8. These results seem to show that differing levels of perceived complexity may lead to an

inspector looking for a different type of defect.

Table 198. Task H — Reported Structure Complexity Level.

Standard Passt-Test?

Inspector Subset Average . .onon 5% Significance  10% Significance

Level Level
Overall Sample 6.0 1.49 N/A N/A
Weld Crack Indication 7.1 0.38 Yes Yes
Multiple Crack Indications 7.0 0.00 No No
Bolt Defect 6.3 1.16 No No
Multiple Bolt Defects 6.9 0.88 Yes Yes
Coating Defect 5.8 1.61 No No
Distortion Defect 4.8 1.92 Yes Yes
No Deficiencies 6.0 1.00 No No

* N/A = Not applicable.

REPORTED STRUCTURE ACCESSIBILITY LEVEL: Perceived bridge accessibility is a factor

quite similar to perceived bridge complexity. It islikely that the ease of accessto the areas of the

bridge to be inspected may affect the methods an inspector uses to perform the inspection. The

results of the various inspector subsets with regard to their rating of bridge accessibility are

presented in table 199. Overall, the average perceived bridge accessibility rating was 7.8. For

inspectors who located a weld crack indication, the average rating was 6.6, while for inspectors

who identified the flange distortion, the average rating was 8.6. As with the complexity findings,

these results also indicate that an inspector’s perception of the bridge may affect the defects
located. Here, inspectors who found large-scale defects were the same inspectors who felt that
the bridge was very accessible. The inspectors who correctly identified a weld crack indication

are the ones who felt the bridge was far less accessible.

VIEWING OF WELDS A specific set of the factors studied in this research focused on the
methods used by inspectors to perform In-Depth Inspections of welded connections.
Specifically, after completion of this task, inspectors were asked whether they were able to

achieve the proper viewing angle for the welds they were inspecting, whether the light level was
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sufficient, and at what distance they were usually inspecting the welds. In addition, observers
were asked to provide an estimation of the distance between the inspector and the welds being
inspected, as well as noting whether the inspector varied the inspection viewpoint while
inspecting the welds. Thelight level question did not provide any useful information and will
not be discussed here.

Table 199. Task H — Reported Structure Accessibility Level.

Standard Passt-Test?

Inspector Subset Average o iion 5% Significance  10% Significance

Level Level
Overall Sample 7.8 1.40 N/A’ N/A
Weld Crack Indication 6.6 2.23 Yes Yes
Multiple Crack Indications 5.7 2.08 Yes Yes
Bolt Defect 7.9 111 No No
Multiple Bolt Defects 1.7 1.34 No No
Coating Defect 7.8 131 No No
Distortion Defect 8.6 55 No Yes
No Deficiencies 1.7 1.70 No No

* N/A = Not applicable.

With regard to Observed Variation in Viewing Angle, inspectors who identified aweld crack
indication were significantly more likely to be reported as having frequently varied their viewing
angle. The results of the inspector subsets with regard to this factor are presented in table 200.
Overall, inspectors had an average rating of 5.5, while inspectors who found aweld crack
indication had an average rating of 7.3. Although not significantly different from the overall
average, inspectors who noted no deficiencies received an average rating of 4.8. Alternatively,
the Reported Ability to Achieve Required Viewing Angle factor provided a narrow band of
results, clustered around 7. Thisindicates that nearly all inspectors felt that they were able to get

the viewing angle they were striving for during the inspection.
The weld inspection distance findings also correlated well with the inspectors who found aweld

crack indication. The results of the inspector subsets with regard to this factor are presented in

table 201. The inspectors who correctly identified aweld crack indication were reported to have
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conducted the inspection from an average distance of 330 mm, while all other subsets of
inspectors averaged inspection distances of greater than 500 mm. This subset of inspector results
does not pass the t-test, which is probably due to the highly skewed, and thus not Gaussian,
distribution of the data. However, it is clear that proximity to the weld has alarge impact on the
detection of weld defect indications. Also note that the inspectors who noted no deficiencies
were reported to be an average of 2.79 m from the welds that they were inspecting, arather large

distance from which to note any deficiencies.

Table 200. Task H — Observed Variation in Viewing Angle.

Standard Passt-Test?

Inspector Subset Average oo 5% Significance  10% Significance

Level Level
Overall Sample 55 2.22 N/A N/A
Weld Crack Indication 7.3 0.76 Yes Yes
Multiple Crack Indications 7.7 0.58 Yes Yes
Bolt Defect 5.7 231 No No
Multiple Bolt Defects 6.9 1.60 Yes Yes
Coating Defect 54 2.26 No No
Distortion Defect 6.6 2.70 No No
No Deficiencies 4.8 2.64 No No

* N/A = Not applicable.

Inspectors were also asked to personally rate their distance from the welds that they were
inspecting. Aside from the subset of inspectors who located aweld crack indication, nearly all
inspectors estimated themselves to be much closer to the welds that they were inspecting than the
observers reported them being. The overall average value was 0.63 m, with a standard deviation

of 0.38 m. Clearly, most inspectors felt that they were performing an “arm’s-length” inspection.

TOOL USE: The tools that an inspector uses to perform an inspection are indicative of the types
of deficiencies that the inspector is looking for and, possibly, the types of deficiencies that the
inspector will find. Of the tools provided to the inspector, the flashlight and the masonry
hammer stand out as two tools that would aid in the identification of weld crack indications and
bolt defects, respectively. Inspector subset usage results for these two tools are presented in
table 202.
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Table 201. Task H — Observed Distance to Weld Inspected (in meters).

Standard Passt-Test?
Inspector Subset Average o ivion 5% Significance  10% Significance
Level Level
Overall Sample 1.17 2.30 N/A N/A
Weld Crack Indication 0.33 0.15 No No
Multiple Crack Indications  0.33 0.23 No No
Bolt Defect 0.69 0.46 No No
Multiple Bolt Defects 0.56 0.38 No No
Coating Defect 0.86 0.79 No No
Distortion Defect 0.51 0.41 No No
No Deficiencies 2.79 511 Yes Yes
* N/A = Not applicable.
Table202. Task H - Tool Use.

Inspector Subset Flashlight Masonry Hammer

Overal Sample 59% 30%

Weld Crack Indication 86% 43%

Multiple Crack Indications 67% 33%

Bolt Defect 53% 41%

Multiple Bolt Defects 60% 50%

Coating Defect 66% 28%

Distortion Defect 60% 60%

No Deficiencies 38% 13%

Overall, 59 percent of the inspectors used a flashlight during this task, while 86 percent of the
inspectors who identified aweld crack indication used supplemental lighting. With regard to the
bolt defects, overall, 30 percent of the inspectors used the masonry hammer, while 41 percent of
those identifying a bolt defect used it. In addition, note that most of the inspectors who
identified no deficiencies tended to use very few or no tools during thisinspection. Although
this does not necessarily indicate that the use of tools aids in the identification of defects, this
does show that the methods used by some inspectors may have an effect on the results of the

inspection.
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NORMAL BRIDGE INSPECTION: The types of bridges an inspector normally inspects may
play an important role in the quality of the inspection that was provided for this study. Itis
possible that an inspector who is not used to performing a certain type of inspection will perform
apoorer inspection. The number of bridges an inspector inspects each year can provide some
insight into the types of inspections that are usually performed. Also, the inspector responses to
the SRQ question regarding percentage of time spent performing In-Depth Inspections and to the
post-task question regarding the similarity of thistask to his normal work can also be good
indicators. Information concerning the number of bridges each subset of inspectors inspects per

year is presented in table 203.

Table 203. Task H — Number of Annual Bridge Inspections.

Standard Passt-Test?

Inspector Subset Average oo 5% Significance  10% Significance

Level Level
Overall Sample 388 246 N/A’ N/A
Weld Crack Indication 254 100 No Yes
Multiple Crack Indications 317 76 No No
Bolt Defect 413 250 No No
Multiple Bolt Defects 463 249 No No
Coating Defect 353 276 No Yes
Distortion Defect 465 129 No No
No Deficiencies 500 158 No Yes

* N/A = Not applicable.

In general, In-Depth Inspections are more thorough inspections that may be performed on
relatively large bridges. Given thisfact, an inspector who performs a large number of
Inspections per year would probably be performing fewer In-Depth Inspections. Overal, the
inspectors who completed this task inspected an average of 388 bridges per year. However, the
ingpectors who correctly identified aweld crack indication averaged 254 bridge inspections per
year, with none inspecting more than 400 bridges per year. The inspectors who reported no

deficiencies averaged 500 bridge inspections per year.
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The results with regard to the similarity of thistask to an inspector’s normal In-Depth Inspection,

as well as to the percentage of an inspector’s inspections that are In-Depth Inspections, are less
clear. Inspectors who correctly identified a weld crack indication or the flange distortion
reported that they tended to spend more than 40 percent of their time performing In-Depth
Inspections, while the overall average and the remainder of the other deficiency identification
subsets tended to average between 32 and 36 percent. Also, overall, inspectors rated the
similarity of this task to their normal In-Depth Inspections as a 7.5, while inspectors who
correctly identified a weld crack indication or bolt defects rated it as a 7.7, and inspectors who
noted the distortion rated it as an 8.2. However, with regard to these inspector responses, none
of the subsets of the inspectors passed the t-test at the 10 percent significance level; therefore,

these results are only presented for the general trends that they may exhibit.

INSPECTOR AGE AND BRIDGE INSPECTION EXPERIENCE: Inspector age and bridge

inspection experience provide some noteworthy results. The results of the number of years of
experience that the inspectors have in bridge inspection are presented in table 204. The overall
average inspector age was 40. The inspectors who noted a weld crack indication, bolt defect, or
coating defect had average ages of 39, 38, and 39, respectively. The inspectors who reported the
flange distortion defect were, on average, 36 years old, while the inspectors who reported no
deficiencies had an average age of 43. As none of these subsets of inspectors passed the t-test
with 5 percent significance, these results are presented for general trends only. With regard to
inspection experience, the overall average was 9.8 years. Inspectors who noted a weld crack
indication, or bolt, coating, or distortion defect all averaged within 1.2 years of experience of the
overall average. However, the inspectors who reported no deficiencies averaged 14.3 years of
experience. These results indicate that more experienced inspectors may tend to report fewer

defects.

EDUCATION AND FORMAL TRAINING: The education level and formal training of inspectors
are both factors that may affect the work that an inspector performs. Table 205 shows the
education level of the inspectors who completed this task. The inspectors are shown grouped
into six categories, including all inspectors, inspectors who identified the four subsets of

deficiencies, and inspectors who did not identify any deficiencies. Two conclusions can be
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Table 204. Task H — Experience in Bridge Inspection (in years).

Standard Passt-Test?

Inspector Subset Average ., ionon 5% Significance  10% Significance

Level Level
Overall Sample 9.8 6.1 N/A N/A
Weld Crack Indication 8.6 4.9 No No
Multiple Crack Indications 8.5 35 No No
Bolt Defect 8.6 5.7 No No
Multiple Bolt Defects 7.9 4.4 No No
Coating Defect 8.8 5.8 No Yes
Distortion Defect 10.3 7.2 No No
No Deficiencies 14.6 7.3 Yes Yes

* N/A = Not applicable.

drawn from thistable. First, inspectors who identified aweld crack indication tended to have

completed more formal education, with 71 percent of them having obtained a Bachelor’s degree.
Second, inspectors who did not identify any deficiencies tended to have an Associate’s degree.
Overall, 63 percent of them had obtained this degree. Combined, these findings indicate that the

level of education may have an impact on inspection performance.

The number and type of formal training classes did not seem to have any effect on the results of
this task. The results from each subset of inspectors were relatively similar to the overall
averages for the courses studied. The overall results were provided within the presentation of the
SRQ results.

Table 205. Task H Genera Education Level.

S_ o B g 3 8
5_38F B 2 B 3,203 B w
Inspector Subset Eé(‘%? lq:)é 03%, 3 -§%§%§§ e E%
ES 22 EB B0 2 B0 80 28 T ®A
g 2ud g I g < @ £ g
T A =
All Inspectors 0% 18% 5% 0% 18% 20% 34% 2% 2% 0%
Weld Crack Indication 0% 14% 0% 0% 14% 0% 71% 0% 0% 0%
Bolt Defect 0% 24% 6% 0% 6% 18% 4/% 0% 0% 0%
Coating Defect 0% 14% 3% 0% 24% 10% 41% 3% 3% 0%
Distortion Defect 0% 20% 0% 0% 20% 20% 40% 0% 0% 0%
No Deficiencies 0% 13% 13% 0% 0% 63% 13% 0% 0% 0%
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PROFESSONAL ENGINEER LICENSE: Following the study, inspectors were contacted to
determine if they held a Professional Engineer (PE) license. Table 206 provides the
corresponding resultsin terms of the subsets of inspectors defined for thistask. Thisinformation
shows no clear correlation between this factor and the inspection results. However, the small
size of the sample, along with the small size of most inspector subsets, makes interpreting these

results difficult.

Table 206. Task H - Inspectors holding a PE license.

Inspector Subset PE License
Overal Sample 14%
Weld Crack Indication 29%
Multiple Crack Indications 33%
Bolt Defect 12%
Multiple Bolt Defects 20%
Coating Defect 14%
Distortion Defect 20%
No Deficiencies 13%

MANAGEMENT INSPECTION PHILOSOPHY: There are two locations from which inferences
regarding this factor can be made. First, the SRQ contained a question regarding whether the
management philosophy of their State focused more on identifying all defects in the bridge or on
complying with NBIS regulations. Overall, 33 percent of the inspectors reported that their State
focuses on complying with the NBIS regulations, while the remainder focused on finding all
defects. Similar percentages held for most subsets of inspectors, except for the inspectors who
noted aweld defect indication or the flange distortion, 80 and 86 percent, respectively, reported
that their State focused on finding defects.

The SRQ also asked inspectors to report the level of control that their managers typically
exercised over their inspections. Overall, 27 percent of the inspectors stated that they were
provided with a detailed checklist for the inspections, 34 percent were provided with loose

guidelines, and 39 percent were allowed to inspect solely using their own inspection knowledge
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and techniques. In general, these percentages held across the various subsets of inspectors who

noted certain deficiency types.

The results presented above indicate that States that focus on finding defects may, in fact, locate
more of the defects that occur in their bridge population. However, thereis no clear indication
that management playing a greater or lesser role in how the inspection is performed will affect

the inspection results.

VISON: The near and far visual acuity of each inspector was quantified, with the overall data
presented previously. Recall that the use of corrective lenses was allowed during this testing.
With regard to this task, inspector visual acuity did tend to correl ate with some subsets of
inspectors. Specifically, four of the five inspectors who noted the distortion of the flange had
20/16 or better near and far vision in both eyes. The remaining inspector had 20/32 or better
near and far vision in each eye. All the inspectors who correctly identified aweld crack
indication had at least 20/20 far vision in both eyes and 86 percent had 20/20 near vision. The
subset of inspectors who found bolt defects, the coating defect, or no deficiencies at all tended to
fall within the overall distribution of inspector visual acuity. The correlation between visual
acuity and the inspectors who found the weld or distortion defects may indicate that these types

of defects are more likely to be located by inspectors who possess better vision.

ATTITUDE TOWARD WORK: Whether bridge inspectors find their work interesting tends to
have a dight effect on the results that the inspector produces. Overall, the SRQ results show that
inspectors rated their level of interest in their work at 4.5 onalto 5 scale, with 5 being very
interesting. The results for the specific subsets of inspectors are presented in table 207. This
table shows that inspectors who noted defects tended to provide ratings slightly above the overall
average, with inspectors who found weld crack indication, bolt defects, and coating defects
providing arating of 4.6 and inspectors who found the distortion defect providing arating of 5.0.
The inspectors who did not note any deficiencies provided an average rating of 4.0. Although a
one-point difference on this scale isrelatively minor, the fact that many of these subsets pass the
t-test indicates that this factor may correlate with inspectors who perform differing qualities of

Inspection.
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ENVIRONMENTAL FACTORS. The environmental factors did not have any discernible impact
on the findings of thisinspection. Thisis probably due to insufficient variability in the weather
conditions encountered. Granted, factors such as these could adversely affect an inspection,
however, the results obtained in this study provided no concrete data to support this supposition.

Table 207. Task H — Interest in Bridge Inspection Work.

dard Passt-Test?

Inspector Subset Average [?t;,T at?i,n 5% Significance  10% Significance

Leve Level
Overall Sample 45 0.59 N/A N/A
Weld Crack Indication 4.6 0.53 No No
Multiple Crack Indications 4.7 0.58 No No
Bolt Defect 4.6 0.61 Yes Yes
Multiple Bolt Defects 4.6 0.70 No No
Coating Defect 4.6 0.50 Yes Yes
Distortion Defect 5.0 0.00 Yes Yes
No Deficiencies 4.0 0.53 Yes Yes

* N/A = Not applicable.

5.3.3.3.2. Ingpection Profiling

OVERVIEW: While each inspector was performing the task, the observer noted how the task
was performed and what items were inspected. Thisinformation can be used to provide a
pseudo-quantitative measure of the thoroughness of each inspection. Although the data collected
were not sufficient to aid in the discussion of the identification of bolt, coating, or distortion
defects, it was sufficient to provide arelatively complete rating as to the thoroughness of the

weld inspection.

The weld inspection portion of Task H was divided into four parts based on the locations within
the test bed that were probable places for weld crack indicationsto occur. These locations
included the stiffener-to-girder connections, the drain-to-web connections, the utility bracket-to-
web connections, and the lateral bracing-to-web connections. Inspectors were assigned rating
points contingent on the thoroughness of their inspection of these areas. The rating point scheme

isas follows:
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Stiffener-to-girder connection:

— Opointsif very few or none of the connections were inspected, or

— 1 point if most significant top flange connections were inspected, and

— 1 point if most significant bottom flange connections were inspected.
Drain-to-web connection:

— O pointsif none of the connections were inspected, or

— 1 point if some connections were inspected or if inspections were cursory, or
— 2 pointsif al connections were inspected thoroughly.

Utility bracket-to-web connection:

— O pointsif none of the connections were inspected, or

— 1 point if some, but less than 25 percent, of the connections were inspected, or
— 2 pointsif between 25 and 75 percent of the connections were inspected, or

— 3 pointsif more than 75 percent of the inspections were inspected.

Lateral bracing-to-web connection:

— O pointsif none of the connections were inspected, or

— 1 point if some, but less than 25 percent, of the connections were inspected, or
— 2 pointsif between 25 and 75 percent of the connections were inspected, or

— 3 pointsif more than 75 percent of the connections were inspected.

Thisrating system alows each inspector to achieve arating from 0 to 10 based on the

thoroughness of hisweld inspection. Note, however, that this rating system focuses on whether

the inspector seemed to inspect the general categories of welded connections. It makes no

inference as to whether the inspector performed a specific, individual inspection of each weld

within the components in a systematic and complete manner that would allow for correct

identification of weld crack indications.

RESULTS. The inspector thoroughness ratings were used to classify the inspectors into groups.

The groups are defined as those inspectors who received a score of 8 to 10, those who received a

score of 5 to 7, and those who received a score of 0 to 4. The following discusses these

groupings of inspectors and the factors that tend to correl ate with these groupings. Note that

370



other divisions of the inspector sample were also studied, such as inspectors who received scores
from0to 3,410 6, and 7 to 10. Inal cases, dight changes to the groupings of the inspectors

provided no substantial change in the results presented in this section.

Forty-five percent of the inspectors earned an inspection thoroughness rating of 8 or higher.
These inspectors could be considered to have completed a comparatively thorough In-Depth
Inspection of the superstructure. Six of the seven inspectors who correctly identified aweld
crack indication were in this group, and 11 of the 12 correct weld crack indication calls came
from this group. Also, in terms of correct crack indication calls, at-test comparison between this
group and the remainder of the inspectors not in this group shows that the groups are different at
a5 percent significance level. Even so, the overall accuracy rate for this group at correctly
identifying crack indications was only 8.0 percent.

Eighteen percent of the inspectors earned a profile rating from 5 to 7; thus, they are considered to
have completed a partia In-Depth Inspection. One of the seven inspectors who correctly
identified aweld crack indication fell into this group, accounting for only 1 of the 12 correct
weld crack indication calls. The overall accuracy rate for this group for correctly identifying

crack indications was 1.9 percent.

Finally, 36 percent of the inspectors earned arating from 0 to 4. These inspectors can be
considered to have performed an incompl ete In-Depth Inspection. None of the inspectors who

correctly identified aweld crack indication fell into this group.

Table 208 shows the results corresponding to the profile groupings of inspectors with regard to a
number of factors. Varioustrends are evident in thistable. Specificaly, the inspectors who
earned the higher profile ratings tended to take longer to complete the inspection, were generally
more mentally focused, and were more comfortabl e than average when performing the
inspection. These inspectors were also more likely to use aflashlight, to expect fatigue-related
deficiencies, and to be closer to the welds that they were inspecting. The converse istrue for

each of these factors for the inspectors who earned the lower inspection profile ratings.
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These results demonstrate that the type of inspection an inspector performs will probably have an
influence on the type of results obtained. Inspectors who performed a more thorough weld
Inspection were much more likely to correctly identify aweld crack indication. As stated above,
92 percent of the correct weld crack indication identifications came from this group. The factors
that correlate better with the more highly rated group than the other groups are the same factors
that intuitively would seem likely to affect this type of inspection. In general, inspectors who
received high weld inspection thoroughness ratings were the inspectors who also tended to be
focused, had a high tolerance for working at heights, had managers who encouraged them to

locate all deficiencies, used the necessary tools, and inspected in the more critical locations.

Table 208. Task H - Inspector profiling results.

Profile Rating 8-10  Profile Rating 5-7  Profile Rating 0-4

Factor Average Sdad o Standard , Stendard
€ Deviation %€ Deviation %€ Deviation
Actu_al Timeto Complete Task (in 80 on 64 2 48 21
minutes)
Reported Thoroughness Level 5.6 11 5.7 1.2 52 0.7
Reported Effort Level 53 0.7 52 09 50 0.7
Observed Inspector Focus Level 6.8 0.6 6.3 0.7 4.8 13
Genera Mental Focus 4.7 14 4.6 0.5 39 0.8
Experience in Bridge Inspection (in 86 46 104 51 11.0 81
years)
Age (in years) 40 53 41 4.1 40 8.5
Fear of Heights 31 0.6 29 0.8 2.8 0.9
Observed Inspector Comfort With
Heights 7.6 1.2 6.9 17 6.5 1.8

Management Inspection
Philosophy: Locate All Defects
Expected Bridge Deficiencies:
Fatigue-Related Deficiencies
Tool Use: Flashlight 85% N/A 50% N/A 31% N/A
Observed Distance to Weld
Inspected (in meters)
* N/A = Not applicable.

74% N/A” 57% N/A 62% N/A

70% N/A 38% N/A 44% N/A

0.58 0.64 1.01 0.98 1.98 3.6
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5.4. STATE-DEPENDENT INSPECTION RESULTS

While performing Tasks A through H, inspectors were asked to follow pre-defined guidelines

and to record their findings on NDEV C forms. These guidelines were based on the AASHTO
definitions of the various inspection types, and the forms were hybrid forms primarily based on

the National Bridge Inventory (NBI) items. Severa different inspection formats exist, most

notably element-level inspections (for example, the commercially available Pontis program)

and NBIS inspections. Since both the procedures and the forms used in Tasks A through H

may have been different from those that some inspectors normally use, two additional tasks

were developed that allowed inspectors to operate under conditions closer to “normal.” The
objective of Tasks | and J was to provide insight into the inspection procedures and reporting
techniques used by the individual States. These two tasks are referred to as the State-
dependent tasks.

5.4.1. State-Dependent Task Descriptions

Inspectors were asked to work in teams while performing Tasks | and J. Teams were to inspect
according to their normal procedures and to record information on normal State forms for Task
[, and on forms provided by the NDEVC for Task J. Recall that Task | was a Routine

Inspection of the southern two spans of the Van Buren Road Bridge, and that Task J was an In-
Depth Inspection (delamination survey) of the southern two deck spans. The Van Buren Road
Bridge is a three-span bridge with a concrete deck on a steel, multi-girder superstructure. Each
span is approximately 18 m in length, and is simply supported. The introductory information

on this bridge, given in Appendix C in Volume IlI, was forwarded to the participating DOTs

prior to the arrival of the inspectors. Within this information packet were relevant drawings of

the structure, information on traffic volume, and equipment to be brought.

The delamination survey of the deck (Task J) had a flexible format, since it was anticipated
that some States might perform Task J within the scope of Task I. To prevent knowledge of a
delamination survey task from influencing the activities within the Routine Inspection,
information regarding Task J was not divulged until after the completion of the Routine
Inspection. Once it was clear that the Routine Inspection was not going to include a

delamination survey, Task J was administered. If a delamination survey of the deck was
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performed to a specified extent, Task Jwas not administered separately. Details regarding the
criteria used to judge the performance of a deck inspection are presented in this chapter with
the Task Jinformation.

5.4.2. Ingpection Process
Aswith all other tasks, the observers recorded information before, during, and after the actual
performance of the task. The following two sections discuss the data recorded from these

observations.

54.2.1. TASK | INFORMATION RECORDED BY OBSERVERS

Task | isthe Routine Inspection of the Van Buren Road Bridge using individual State
procedures. Each team of inspectors was given 2 h to complete the task. The average time
taken to complete the inspection was 63 min (standard deviation of 25 min), with times ranging

from 27 min to 121 min. The distribution of inspection timesis shown in figure 151.

Frequency

10 20 30 40 50 60 70 80 90 100 110 120 130

Task time, minutes

Figure 151. Task | — Actual inspection time.
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Asin other tasks, pre-task and post-task questionnaires were administered to provide insight

into the general condition of the inspectors. Two of the questions asked for information about

each inspector, so each individua inspector provided aresponse. Since the team could prepare

for this task in advance, an additional question was asked about the amount of preparation

time. Table 209 summarizes al of the responses to the quantitative pre-task questions. The

factor Time Since Similar Inspection had a short average period of time of approximately 6

weeks. This is the shortest period of time for any of the tasks. Also, the teams’ estimates of
the amount of time it would take to inspect this bridge were significantly higher than the actual
time spent. As shown in table 209, the estimates ranged from 30 min to 8 h. The average
actual inspection time was less than two-thirds of the average estimated time. Of the three
teams that had estimates higher than the allotted time, all finished before the expiration of the
allotted time. Seven teams took more time than their estimates, but only one team had to be
stopped at the end of the allotted time. The distribution of estimated inspection times is shown

in figure 152.

Table 209. Task | — Quantitative pre-task questionnaire responses.

Range of Possible
Inspector Responses

Answers
o TE £ £
. D B 2 S
Low High o '% B8 E E
> 3 & £
< [0} Q s s

How long has it been since you completed .
an inspection of a bridge of this type (in N/A N/A 56 88 52 1
weeks)? (question for individuals)

How long did you spend preparing to
complete this inspection prior to arriving N/A N/A 22 31 16 0
at the bridge site (in man-hours)?

Given the available equipment and the
defined tasks, how long do you think you
would normally spend on this inspection
(in minutes)?

N/A N/A 98.4 928 480 30

How rested are you? (question for 1=very 9=very
individuals) tired rested
* N/A = Not applicable.

70 13 9 4
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Figure 152. Task | — Predicted inspection time.

Unlike the other tasks, teams only had access to a 6.1-m extension ladder, not the 9.8-m
ladders used elsewhere. Since the majority of the superstructure of the Van Buren Road
Bridge could be reached from ground level, this ladder was considered adequate for the task.
However, to ascertain if any of the participating States would have used different access
equipment, one of the questions in the pre-task questionnaire concerned access equipment.
Table 210 summarizes the responses to this question. None of the teams indicated that any
form of access equipment beyond a ladder would be used to inspect this bridge. Note that 80
percent of the teams indicated that they would use a ladder, even though most of the bridge

could be reached from ground level.

Unlike the other tasks, the pre-task question dealing with the description of the structure was
not asked, since the plans for the bridge had previously been made available to the teams.
However, the pre-task question that focused on what kinds of problems the teams might expect
to find during their inspection was asked. The responses are summarized in table 211. Steel

corrosion and concrete deterioration were expected by about three-quarters of the teams. All

376



but one of the “Other” responses related to either scour or settlement cracking of the

substructure.

As with all of the other tasks, the NDEVC observers recorded the environmental conditions.
Tables 212 and 213 summarize the environmental data recorded. Also note the very low
measured wind speed. The underside of the Van Buren Road Bridge is sheltered from wind by

small trees and brush, creating very still conditions.

Table 210. Task I — Normal access equipment use.

Accessibility Equipment/Vehicle Type Percentage of Respondents
Sno@er 0%

Lift 0%

Ladder 80%

Scaffolding 0%

Climbing Equipment 0%

Permanent Inspection Platform 0%

Movable Platform 0%

None 16%

Other 4%

Table 211. Task | — Problems expected.

Problem Type Percentage of Respondents
Concrete Deterioration 76%
Steel Corrosion or Section Loss 76%
Fatigue Cracking 40%
Bearing Problems 36%
Deck Delaminations 36%
Joint Deterioration 36%
Underside Deck Cracking 32%
Paint Deterioration 20%
Leakage 12%
Leaching 4%
Impact Damage 4%
Other: Missing/Loose Bolts 4%
Other 16%
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Table 212. Task | — Direct environmental measurements.

Environmental Measurement Averaggéi?ggg Maximum Minimum
Temperature (°C) 26.8 4.7 35.0 13.9
Humidity (%) 53.9 13.3 83 31
Heat Index (°C) 27.8 5.6 37.8 13.9
Wind Speed (km/h) 0.5 0.9 3.2 0.0
Light Intensity Within Superstructure (lux) 70 39 172 11
Light Intensity on Deck (lux) 63,100 27,500 104,500 8,040

Table 213. Task | — Qualitative weather conditions.

Weather Condition Percentage of Inspections
0 —20% Clous 44%
20 — 40% Cloudy 12%
40 — 60% Cloudy 0%
60 — 80% Cloudy 4%
80 — 100% Cloudy 24%
Hazy 8%
Fog 0%
Drizzle 4%
Steady Rain 4%
Thunderstorm 0%

A list was developed detailing items on the bridge that could be inspected. This list, along with
the percentage of the teams that inspected each item, is summarized in table 214. The usage
percentages are best estimates of what the teams examined; however, some percentages are
approximate since some of the individual items were difficult to differentiate in the field. An
example of this is “Inspect ... bearing location” and “Inspect ... bearing rotation.” Without the
use of a rotation-measuring device, it was difficult to determine if an inspection at a bearing
location included a visual assessment of the rotation. Some of the notable items include the
following:

. Approximately 90 percent of the inspection teams inspected the major

substructure elements.
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Table 214. Task | — Bridge component inspection results.

Inspection Item

Percentage of Inspectors

General Check Overall Alignment (West side) 24%
Check Overall Alignment (East side) 28%
Superstructure Inspect South Bearing Location 96%
Inspect South Bearing Rotation 60%
Inspect Middle Bearing Location 96%
Inspect Middle Bearing Rotation 64%
Inspect North Bearing Location 80%
Inspect North Bearing Rotation 56%
South Span Inspect Coverplate Terminations 76%
Inspect for Missing/Loose Bolts 48%
Inspect Diaphragm Weld Connections 64%
Middle Span Inspect Coverplate Terminations 76%
Inspect for Missing/Loose Bolts 52%
Inspect Diaphragm Weld Connections 60%
Substructure Inspect South Pier Cap 100%
Sound South Pier Cap 52%
Inspect North Pier Cap 96%
Sound North Pier Cap 28%
Inspect South Pier Columns 88%
Sound South Pier Columns 28%
Inspect North Pier Columns 92%
Sound North Pier Columns 24%
Some Substructure Sounding 60%
Deck Any Deck “Sounding” 80%
Sound Deck (masonry hammer) 44%
Chain-Drag Deck (partial) 24%
Chain-Drag Deck (complete) 36%
Sound West Parapet 28%
Sound East Parapet 20%
Inspect South Expansion Joint 92%
Inspect Middle Deck Joint 88%
Inspect North Deck Joint 88%
South Span Inspect Underside of Deck for Cracking 88%
North Span Inspect Underside of Deck for Cracking 88%

About half of the inspection teams did not perform any sounding on the

substructure.

Nearly all of the inspection teams examined the bearing locations.
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. About three-quarters of the inspection teams examined the area around the

termination of the flange cover plates.

. Almost 90 percent of the inspection teams examined the underside of the deck
for cracking.

. Nearly all of the inspection teams examined the deck joints.

. Eighty percent of the inspection teams performed sounding on the top of the
deck.

Tool usefor Task | was similar to most of the other Routine Inspection tasks. Almost all of the
tools used can be placed into four categories: ladder, tape measure, flashlights, and sounding
equipment. The two other items used are binoculars (once), and a level used as a straightedge

(once). Completetool useis summarized in table 215.

Table 215. Task | — Use of inspection tools.

Tool Percentage of Inspectors
Tape Measure 64%
2.4-m Stepladder 0%
6.1-m Extension Ladder 56%
Any Flashlight 44%
Two AA-cell Flashlight 12%
Three D-cell Flashlight 12%
Lantern Flashlight 24%
Any "Sounding" Tool 84%
Masonry Hammer 68%
Chain 48%
Level as a Level 0%
Level as a Straightedge 4%
Binoculars 4%
Magnifying Glass 0%
Engineering Scale 0%
Protractor 0%
Plumb Bob 0%
String 0%
Hand Clamp 0%

A post-task questionnaire was administered following Task I. Responses to these questions are

summarized in table 216. Several of the questions solicited individual responses. To present
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Table 216. Task | — Quantitative post-task questionnaire responses.

Range of Possible Inspector/Team
Answers Responses

o -§ E E

. D B O 3 3

Low High s ¢ B E E
> & & =S

< B A s S

Did this task do an accurate job of measuring 1
your inspection skills? (individual
guestion)

= not 9 = very
accurate  accurate

1 =very 9 =very

tired rested 68 13 9 4

How rested are you? (individual question)
How well did you understand the instructions 1 =very 9 = very
you were given? poorly well

How accessible do you feel the various bridge =very 9 = very

> " . 82 07 9 7
components were? inaccessible accessible

How well do you feel that this bridge has beed =very 9 =very
maintained? poorly well

1 =very 9 =very

. 39 12 6 1
simple complex

How complex was this bridge?

Do you think my presence as an observer hadl = no 9 = great

. : : . . 19 13 6 1
any influence on your inspection? influence influence

Did you feel rushed while completing this 1 = not 9 = very

task? (individual question) rushed rushed 2118 7 1

What was your effort level on this task in
comparison with your normal effort level?
(individual question)

How thorough were you in completing this  ; _ .o« 9= more

f[askln f:omparlsontoyournormal thorough  thorough 54 08 8 5
inspection?

1=much 9 =much

51 04 7 4
lower greater

these data, answers have been compiled from both inspectors. Since this task asked teams to
use their own State procedures, the question about similarity to normal Routine Inspections
was not asked. The inspectors indicated that their rested level dropped during the performance
of this task, as reflected in the Rested Level Before Task of 7.0 and 6.8 after. The question,

“Did this task do an accurate job of measuring your inspection skills?” received a high average
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response. The average response to this question was 7.9, which, along with Task H, isthe
highest average response.

54.2.2. TASK JINFORMATION RECORDED BY OBSERVERS

Task Jwas administered in amuch more liberal format than any other task. This allowed for
observations about the levels of detail of delamination surveys during Routine Inspections. |If
the delamination survey portion of Task | was deemed thorough enough, Task Jwas not
specifically administered. The two criteriafor judging the thoroughness of the Task |
ingpection were: (1) the use of a systematic approach to cover nearly all of the deck top
surface, and (2) the creation of a schematic sketch to indicate the size and extent of the defects
discovered. Regardless of the thoroughness of the delamination survey performed as part of
Task |, inspectors were allowed the opportunity to perform a further inspection for Task J.

Three inspection teams refused to perform thistask. All three refusals came when it was
raining at the bridge, with the teams frequently citing that the rain would interfere with the
sounding operation.

A total of 2 h were alotted for the completion of thistask. The average time spent was 36 min
(standard deviation of 27 min), with arange from 8 min to 105 min. Note that the teams that
performed Task Jwithin Task | do not have time records; therefore, the average time does not
include these teams. Furthermore, three teams performed the delamination survey in less than

20 min.

It was anticipated that some teams might perform Task Jwithin Task I. Therefore, pre- and

post-task questionnaires were not uniformly administered, and the results are not presented.

Typical environmental measurements were recorded. A light intensity measurement was
always taken on the deck surface, while temperature, humidity, and wind measurement
locations varied. When ateam completed Task J as part of Task I, these measurements were
taken from under the deck, asin Task |. If Task Jwas administered separately, these
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measurements were taken above the deck. The under-deck measurements are not included

with the Task J environmental measurements summarized in table 217.

Again, aqualitative descriptor was included to further describe the environmental conditions

under which each task was performed. Asshown in table 218, the task was never performed in

therain.

Observers tracked the methods used to eval uate the condition of the deck. Hammer use and

chain-drag use are summarized in table 219. An additional category was tracked for the

inspection teams that performed Task J, noting whether they refined the shape of suspect areas

once they were discovered. However, since this information was not tracked for those who

performed Task J as part of Task [, it isomitted from this presentation.

Table 217. Task J— Direct environmental measurements.

Environmental Measurement

Average Standard Deviation Maximum Minimum

Temperature
Humidity (%)
Wind (km/h)

(°C)

48.3

Heat Index (°C)

Light Intensity on Deck (lux)

67,400

3.9 37.2 22.8
10.8 74 33
2.8 9.7 0.0

6.2 45.9 22.8
27,500 109,400 17,000

Table 218. Task J — Qualitative weather conditions.

Weather Condition

Percentage of Inspections

0 —20% Clous

20 — 40% Cloudy
40 - 60% Cloudy
60 — 80% Cloudy
80 — 100% Cloudy
Hazy

Fog

Drizzle

Steady Rain
Thunderstorm

62%
10%
10%

5%
5%
10%
0%
0%
0%
0%
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Table 219. Task J— Bridge component inspection results.

Inspection Item Percentage of Teams
Deck Some Deck Sounding 100%

Sound Deck (Chain-drag) 90%

Sound Deck (Hammer) 33%

No inspection teams used any tools beyond the basic masonry hammer, tape measure, and

chain to perform Task J. A usage breakdown of these three items is summarized in table 220.

Table 220. Task J — Use of inspection tools.

Tool Percentage of Teams
Any "Soundig" Tool 100%
Chain 90%
Masonry Hammer 43%
Tape Measure 71%

Since some teams performed Task J within Task I, the post-task questionnaires were not

administered. Therefore, there is no post-task data to report.

543. Task |

Task | results are summarized in four sections. First, the notable procedural differences
observed between the inspection teams are presented. Second, reporting format differences are
discussed. Next, a statistical evaluation of the Condition Ratings is discussed. Finally,

observations of the element-level inspection results are presented.

5.4.3.1. PROCEDURAL VARIATIONS
One of the goals of the State-dependent tasks was to study procedural similarities and
differences in the inspection techniques used by the States. Procedural similarities and

differences for the task that have been noted are presented in the following section.
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Teamwork between the participating inspectors was an aspect of Task | that varied between the
individual teams. Before discussing aspects of how the inspectors worked together, it isfirst
important to establish which teams arrived as working partners and which teams were
assembled for this study. A nearly even division was present, with 11 pre-existing teams, and
13 assembled teams out of the 24 total teams. The 25th State only sent one individual, so

therefore this inspector is not a member of either of the team groupings.

The inspection styles varied considerably. Some teams had a very experienced inspector

primarily taking notes, while the less experienced partner performed most of the observations.

The converse was a so observed, where the senior inspector performed most of the

observations and dictated notes to the partner. Alternately, a number of teams performed the
Inspection with arelatively equal distribution of note-taking and inspection. Some of these

equal partnerships inspected independently, while others inspected jointly. To summarize the
different styles, teams were categorized by two sets of descriptors. One descriptor

characterized the division of labor between the two inspectors, the other characterized the

relationship between the two inspectors. The division of labor was characterized by the

following categories. worked together, inspector and note-taker, and independent inspectors

(with or without consultation). The relationship category was characterized by the following
categories. equals, leader/inspector, and leader/helper. Both descriptors also needed the
“Unclassified” category to be able to completely capture all of the teams. A description matrix
is presented in figure 153, summarizing the criteria used to categorize the different teams.
Figure 154 summarizes the total number of teams in each combination, while figures 155 and
156 present the number of teams in each category for pre-existing teams and assembled teams,
respectively. As shown in the figures, 9 of the 11 pre-existing teams performing Task | were
judged to have worked with a degree of hierarchy (such as leader/helper or leader/inspector).

Along similar lines, 11 of the 13 assembled teams worked as equals.

5.4.3.2. REPORTING VARIATIONS
Significant differences were observed in the reports resulting from this inspection task. While
most of these differences are form and format-related, there are other more important

differences as well.
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98¢

Relationship

Division of Labor

Equals L eader/I nspector Leader/Helper Unclassified
Worked Inspectors generally | Inspectors generally looked at | Inspectors generally looked at | Inspectors generally
Together looked at inspection | inspection areas together. inspection areas together. worked together. No
areas together and Clear leadership role assumed | Clear leadership role assumed | noted leadership
conferred. No clear | by one person. Subordinate by one person. Subordinate division.
leadership role knowledgeable inspector with | working at the direction of the
assumed. some independence. leader.
Inspector and | One inspector and One ingpector and one note- One ingpector and one note- One inspector and
Note-Taker one note-taker. No | taker. Clear leadership role taker. Leader either directs one note-taker. No
clear leadership role | assumed by one person. helper'sinspection or dictates | noted leadership
assumed. Subordinate knowledgeable inspection notes. division.
inspector with some
independence.
Independent | Inspectors divided Inspectors divided the Inspectors divided the Inspectors divided the
Inspectors the ingpection task inspection task and inspected | inspection task and inspected inspection task and
and inspected separately. Inspectorsmay or | separately. Inspectorsmay or | inspected separately.
separately. may not have conferred. Clear | may not have conferred. Inspectors may or
Inspectors may or |eadership role assumed by L eader makes inspection may not have
may not have one person. Subordinate decisions with little input from | conferred. No noted
conferred. Noclear | knowledgeable inspector with | helper. leadership division.
leadership role some independence.
assumed.
Unclassified | No noted teamwork | No noted teamwork aspects. No noted teamwork aspects. No noted teamwork

aspects. No clear
leadership role
assumed.

Clear |eadership role assumed
by one person. Subordinate
knowledgeabl e inspector with
some independence.

Clear leadership role assumed
by one person. Subordinate
working at the direction of the
leader.

aspects. No noted
leadership division.

Figure 153. Inspection team characterization criteria matrix.




Equals Ihfg‘ejgé r LHedafgr’ Undlassified
Worked Together 5 0 1 1
Inspector and Note-Taker 1 3 0 0
Independent Inspectors 5 2 3 0
Unclassified 1 1 0 1

Figure 154. Overall inspection team characterization matrix of data.

Equals Ihssgcetrc/)r ll_—leéﬁgr/ Unclassified
Worked Together 0 0 1 1
Inspector and Note-Taker 0 3 0 0
Independent Inspectors 1 1 3 0
Unclassified 0 1 0 0

Figure 155. Pre-existing team characterization matrix of data.

Equals Ihfg‘ejgé r LHedafgr’ Undlassified
Worked Together 5 0 0 0
Inspector and Note-Taker 1 0 0 0
Independent Inspectors 4 1 0 0
Unclassified 1 0 0 1

Figure 156. Assembled team characterization matrix of data.

5.4.3.2.1. Form Preparation

Preparation was one area where there were significant differences observed. There are three
primary areas in which inspectors spent time preparing for thistask: (1) Structure Inventory
and Appraisal (SI&A) forms, (2) other forms for the condition report, and (3) physical/mental
preparation (non-form related). Of these three areas, any time spent for physical/mental
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preparation is often personal, and therefore, there will be no tangible evidence of the time
spent. No conclusions can be made regarding this component of the preparation time. No
specific instructions were given regarding SI& A formsfor Task I. Submission of SI&A forms
was welcome; but was not expected since the majority of thisinformation is fixed, with very
little field data. Only nine States prepared SI&A formsfor inclusion in their report.

For the main condition reports, teams have been subdivided into three groups based on the

level of preparation that can be observed in their reports. Table 221 summarizes the Reported
Preparation Time data for the “No Preparation Observed” group, the “Some Preparation
Observed” group, and the “Indeterminate Preparation” group. As shown in table 221, 13 States
had no apparent preparation for their forms. These 13 States may have done some other types
of preparation or selected appropriate generic forms; however, this is not reflected in the group
division. Six States had obviously made some preparations for their forms prior to arrival.

The remaining six States had an indeterminate level of preparation. This level is indeterminate
because they only submitted a final computer-generated report, with no intermediate notes (i.e.,
the level of preparation could not be ascertained from the final work product). The average
Reported Preparation Time for those with evidence of preparation is 4.4 man-hours, while the
average for the indeterminate group is 1.5 man-hours. Of the indeterminate preparation group,
two teams indicated that less than 0.5 man-hours had been spent in Reported Preparation Time,
which indicates that form preparation was not likely for those two teams. It is not discernable

how the other four teams in the indeterminate group spent their time preparing for Task I.

Overall, the inspection teams indicated an average Reported Preparation Time of 2.2 man-
hours (standard deviation of 3.1), with responses ranging from 0 to 16 man-hours. Only two
teams indicated that no preparation work had been performed prior to arrival at the bridge site.
One of these teams departed their home State early and did not receive the Advance

Information Packet in time to make any preparations prior to arrival.
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Table221. Task | — Reported Preparation Time.

Reported Preparation Time (in man-hours)

Preparation Group Number Average Staf‘d?‘rd Minimum Maximum
of Teams Deviation

No Preparation Observed 13 15 1.0 0 3

Some Preparation Observed 6 4.4 5.8 1 16

Indeterminate Preparation 6 15 1.4 0.25 4
< 0.5 man-hours 2 0.4 0.2 0.25 0.5
> 0.5 man-hours 4 21 1.3 1 4

Overall 25 2.2 3.1 0 16

5.4.3.2.2. Inspection Report Presentation

Reports that were submitted generally fell into one of three categories. The first category
includes teams that submitted an apparently final report that was filled out by hand in the field.
This category includes hand-coded reports ready for data entry by others, but excludes field-
generated, computer-processed reports. A second category includes those teams that submitted
a complete inspection report; however, from sample reports provided, it is clear that the reports
were not yet in their final form. The third category includes teams that submitted a final report
similar to their sample reports. These reports were computer-generated, and these teams had
either asked to take their data back to their office to generate the final report or had the use of a
portable computer to generate the report in the field. These computer reports ranged from line-
item data summaries to word-processed inspection reports. Some printouts were mere listings
of information without formatting, while others used boxes, color, and other formatting

techniques to make the information stand out.

Nine teams submitted field-written final reports; 4 teams submitted field-written intermediate
reports; and 11 teams submitted computer-generated final reports. Sample pages of each style
are shown in figures 157 through 163. Figures 157 through 159 are from a single field-written
final report; figures 160 and 161 are from a single field-written intermediate report; and figures
162 and 163 are from a single computer-generated final report. In these sample report pages,
specific information that could identify any individual performing the inspection or their
corresponding State has been blacked out. These figures illustrate some of the ranges of

information density per page and the readability of the reports. Note that these figures are all

389



Coding Form county: [ ]

DEPARTMENT OF TRANSPORTATION Frouta: :
Vo Buyeen e

nchodos e 58) [ S — -
Faturs intarsected; | - ] Logume: [ ]

Bridge Condition

CODE ONLY THOSE NUMBERS WHICH HAVE CHANGED
ITEM # DESCRIFTION

Ll

i1

WALUE

op oY 99

MINIMUN V.. OVER DECK
[ROADWAY + m’.q_it Elﬁ -

MINIBLE V.C. OVER DECK
([EXCLUDES SHOULDERS) ﬁ q
'H'.T ™,

P L WVERTRCAL
UKDERD EARANCE
(EXCLUDES

Cirale tas: B B (B &y O gy

TRAFFIC BAFETY FEATUIRES
Br Fail Trans. Appr. Ball Appr. Rad Ends

INBPECTION DATE

A £ &>

ATRC OPERNCLOSEDWORTED
A K e

DECH

CULVERT AND RETAIN WALL

APPROACH RO ALIGNMENT
[SE WALLES OF X 8, OR &)

e RNl 1P

GOOD F POOR CRITICAL
LTI U
SHENATURE DATE

W HOTAPPLICABLE

# EXCELLENT CONDITION
& VERY GOOD CONDITION - MO

§ FAIR CONDITION - ALL PRIMARY
STRUCTURAL ELEMENTS ARE SOUMD BUT
MAY HAVE MINDR SECTION LOSSE,
ARG, EALLING Ot BCCRIR,

STRUCTURAL COMPONENTE. LOCAL
FAILUREE ARE POSSIBLE. FATIGUE CRACKE
B STEEL O SHEAR CRACHS IN CONCRETE
MAY BE PFRESENT.

2 CRIMCAL CONDITEON - ADAVARCED
DETERIORATION OF PRIsARY 5 TRUC TUFAL
ELEMENTE. FATIZUE CRACKE IN STEEL OR
SHEAR CRACKS W COMCRETE MAY BE
PRESENT OR BOOUR MAY HAVE REMONED
BUBSTRUCTURE SUPPORT, UNLESS
CLOSELY MONITORED T MAY BE
MECESSARY TD CLOSE THE BRIDQE UNTIL
CORRECTIVE ACTION 15 TAKEN.

1 "IEMINENT FAILURE COMONTION - MAJOR
CETERNMRATION OR SECTION LOSS
PRESENT IN CRITICAL STRUCTURAL
COMPONENTS OR OEVIOUS VERTICAL OR
HORIZONTAL MOVEMENT AFFECTING
STRUCTURAL STAUMLITY. BRIDGE I8
CLOSED TO TRAFFIC BUT CORRECTIVE
ACTION MAY PUT BACK IN LIGHT SEFMGCE.

FAILED CONDITION - OUT OF SERVICE AND
B FOND CORRECTIVE ACTION.

Figure 157. Sample Condition Rating page from afield-written final report.

390




LU TR L)
T

LI

SUBSTRUCTURE
ABUTMENTS

CAPS @:}F
BREASTWALL G F
WINGS F
BACKWALL F
PLITMB F
FOOTING G F
PILES F
EMBANKMENT @ F
BEARRING SURFACE F
SLOFE PRAVING F
RIP RAP F
PIERS ;J;}{
CAPS “a ¥
COLUMNS G F
PLUME G F
FOOTINGS G F
FILES G F
BEARING SURFACE &G F
BENTS

- e
COLUMNS 52r
PLUME @ F
FOOT INGS F
FILES F
BEARING SURFACE F

FILES WEED REFLACEMENT HO [ ]

PILEE TO BE BEPLACED:

Lo g B B B B e et G v

L B B = e ]

L]

L L R-R

BRIDEE LOCATION BO.

]

aaanan [ OOOO00O0000o O

(]

Gaan

C0. ROUTE LOG MILE

COMMENT

Van Bavsei

s

Page Mo,
o A

e debvis on dradgs s eal s

.

o .
a'.l%‘w& SRS |, rgempiel =T

Nt 4 ::‘ﬁfﬁ.&
[ i

K Ak

e —

-
IR .rnn-'l.f. Jr-t{"f:- 4 e ‘.-;’--_rf I"I
v oo LA ‘.-l_f,w;l Iaﬂr EEEE
¥ES [ 1]
PILE BENT PILE BENT PILE BENT PILE BENT PILE BENT

Figure 158. Sample substructure page from a field-written final report.
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Figure 159. Sample substructure worksheet page from a field-written final report.
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Yoar Built:

Design Load:
Year Rebuilt:

Typs Service On:
Type Service Under:

Traffic Status:

lomal Bri In

Bridge ID:
Genaral Data
Criginal Main Origingl Approsch Dk Conatraction
Superstructure Mat’: Suparstruciure Mal'l: Typa:
Superstructure Des: Suparstruciure Des: Surface: Mbrane:
Substructure Mat'l: Subsiructure Mat'l: Prodect:
Bpsonilrucied Main Recongirugigd Anfepjch Blmilingi and Madisns
Superstructurs Mat': Suprsinmiure Mt Ralling:
Suparsiructurs Des: Superstruciure Des: Transition:

Subsiructure MalT: Substrwcture Mat'l:

No. Sppr. Spans:

Approsch Railing:
Ho. Main Spans:

Appropch Ends:
Max. Span Length: Appr. Span Langth. Bridge Median:
Gocmatric Data
Hemisnmisl Clesrances On inv, Rgyis YemicH Cisacances On bov. ot Mavicational Data
Roadway Width, Graatest Minmum: groge P G
(TR— Mini : Harw. Vigart. Cir.z
Dok Wi Nav. Hor, Cir.:
Pilar Protection:
ilirs Urdeciaprangey ¥anical Undersinamcem
Tatal Right: Greatest Minimum Right: goper
Total Laft: Greatest Minimum Laft: geragr

Contral Refarence: M
Right {shoulder): sag
Ladt [madian):

Control Refersnce: M

Mininum: 00"

Cendition . Appraisal, and Rating Dats

Structisns Evaluation: Operating Truck Typa:
| Dack Gaomedry Operating Load (Tans): .
! Underclearances: N Inveniory Trsck Type:
Wiateraay Adeguacy: Inwentory Load [Tons):
Approach Aligrimant:

Resiriction Level:

Figure 160. Sample Condition Rating page from afield-written intermediate report.
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Figure 161. Sample notes page from a field-written intermediate report.
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Figure 162. Sample Condition Rating page from a computer-generated final report.
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[T Towe
SRETCHES & PHOYTUM
58-2- The side of the deck has hairline tramsverse cracking at the center of roadway with numeroas
hollow areas In span #2 there s random hairline map cracking.
58-8- mwuﬂmﬂndhuMHmmnﬂdpnMyﬂhhﬂplm.m #3 there i3 ome
anchor mul missd east rail south end has ome bolt sheared off at the base plate, Are NEmeTous
wméﬁmm:mmm

38-13- Al the south sbutment the preformed filler is mui:mﬂmﬁmhhmﬁbmnd roadway.
Th-:ﬁ]lﬂum:lugmup]ﬂ:lri:pﬂﬂ At pier #2 there are two areas where the filler is missing at the

SUPERSTRUCTURE

58-14= There is minor to moderate rust thron the paint at pier #] and pier #2 bearings. There is very
minor rusting of the bobom nf'ltem'llll:': hﬁnnnlhmiulﬁ:;npuln:pmrl.h“
#7 there is less rusting at similar i

NOTE: There are four 1547 drill boles in the web of beam #31 at pier #2,

SUBSTRUCTURE
f=lc- The sowth backwall has two hairline vertical cracks.
§0-1d- The south breasrwall has two hatrline vertical cracks.

60-2b- There is mimor scaling af the rounded edge at the weat end of #1. Pier #2 cap south face has a
4.5 foot long hairline horizontal crack st the top hetween beams #32 and #33.

60-2c- There is minor abrasion st the bottom two feet above the mudline at the upstream column at pier #1,
Al pier #2 the downstream column has minor scaling direcily bedow the north face of the cap.

Figure 163. Sample notes page from a computer-generated final report.
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excerpts from larger reports, none of which are presented in their entirety. In addition, note
that the shortest report fit on 1 page, while the longest was 29 pages. Despite the drastic length
differences, the same basic information was contained in most of the reports.

5.4.3.2.3. NBI vs. Element-Level Assessments

There were three different styles used in the reports to describe the condition of the bridge.
Thefirst style was an NBI-oriented format. This style presents the Condition Ratings in the
NBI line-item style. This style may include element-level assessments, but only as
supplementary information. Excerpts from an NBI-oriented format are shown in figures 157
and 163. The second primary style used the Pontis program or another element-level format,
as shown in figure 164. Thisformat typically will include the NBIS ratings, but the element-
level ratings are incorporated into the report as primary information. The NBIS ratings may, or
may not, be calculated from the element-level information. The third inspection style was a
pure notation format, where conditions were noted in longhand. An example of the pure
notation format is shown in figure 161. Thirteen of the reports have been categorized as NBI-
style, nine as element-level style, and three as notation style. Some of the reports share aspects
of both categories, especially the computer printouts generated after the inspection. In general,
if the element-level assessments were an integral part of the report, it was considered to be
element-level style, and if the element-level assessments were included as supplemental
worksheets, it was considered to be NBI style. Just over half of the NBI-style reports (7 of the
13 reports) were supplemented with element-level data. Two of the three notation-style
formats included other sample information that made it obvious that the notes would normally

be entered into bridge inventory software packages.

Nineteen of the reports had a section that dealt with maintenance recommendations, with 18 of
these providing some recommendationsin that section. None of the remaining five reports
contained any comments regarding maintenance recommendations. Figures 165 and 166
Illustrate examples of maintenance recommendation sections. Table 222 summarizes the items
listed for maintenance actions by the various inspection reports. As shown in table 222, the

most common repair recommendation was to clean and seal the joints, followed by cleaning
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Figure 164. Sample element-level report format.
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ELEMENT TQO CS1 C82 CS3 CS4 CS5

001 DISTRICT ACTION REQUESTED [ ] | I [ I |
Screamer  FY.L{)  District @ Inaccessible?(

1] REMOWVE ALL VEGETATION FROM SOUTHERN WINGS & SIDES OF STRUCTURE. 2]
CLEAN QUT ALL DRAIN HOLES & INSTALL FIBERGLASS SHIELDS TO DRAIN WATER AWAY
FROM STEEL. 3) RESEAL ALL JOINTS ALSAP.. PIER 1 OPEM 1 14°, PIER 2 & §. ABUT.
DOPEN 347, 4] PAINT ID#: ON END BLOCKS, BRIDGE # 8114 15 PAINTED NEAR THE N.E.
EMD. 5] INSTALL GUARDRAILS AT ALL 4 CORNERS & ATTACH THEM TO THE ENDBLOCKS.
&) THEHTEN OR REPLACE ANY LOOSE & OR MISSING ANCHOR BOLTS FOR HANDRAILS AT
THE S0OUTH EMNDS & GRIMD SMOOTH THE 4th VERTICAL POST FROM THE S.E. CORMNER
WHICH HAS A SMALL CHIF AT THE TOP WITH SHARF EDGES EXPOSED & 15 A
PEDESTRIAN HAZARD. 7] STRIF THE ROADWAY AS REQUIRED. 8] RESEAL THE TOF OF
THE S0UTH SLOPE @ THE BREASTWALL JOINT. 8) REPLACE ALL MISSING REFLECTORS
ON PARAPETS.

Figure 165. First example of maintenance recommendation section.

WORE RECOMMENTAT IORS

Perfrom an in-depth imvestigariom of the cover plate welds.
Itemd Aen. Dats HWork HWork Id. Pecg. Marhod Cauk

1 TR bther 41234NFIAS5K

Clean jolacs apd replace asals with an appecved Type "A" joint seal compound.

Te sl s, Data Moerk By Werk T4, Prog, Method Caonkt
F (| Bridge Crew ALZTANFRIEEN HID13 §3.000

Clean debris from around the bearing area
Icemd Rec. Date Hork By Woerk £d. Prog. HMebhod Conk

3 IeRTaR S s TRRTsiY Eridgs Crew 124N RIEEN HI153 1,000

Extract five 4" diasster cores from five random loostione on the deck, and send co [ oo
petrographic anslysio In sdditlon chip back 4 onall porcian &f onssusd concrete and ipepest the
condition of the reinforcing steel,

Tcend Ress, Dakbe Hork By Work Id. PESg. Habbsd Cank

L] PR Bridge Crew ELIIAKIBIEEN HioL23 &4, 000

Figure 166. Second example of maintenance recommendation section.

and painting the bearings. Of note from the table, more teams recommended that an overlay
program be initiated (three) than indicated that a deck survey be performed (two) or that the
delaminations should be repaired (two). Also, note that the third most frequent response

(seven teams) was that there were no recommendations at all or that maintenance was not
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required. In fact, one of these teamsindicated that their State does not allow the inspectorsto

make repair recommendations; those decisions are |eft to a separate maintenance unit.

Table 222. Task | — Repair recommendations.

Recommendation Number of Teams

Seal Joints 14
Clean & Paint Bearings 8
Tighten Handrail Connections 6

Cut Vegetation 5
Perform In-Depth Inspection of Welds 5
Clean Drains/Improve Drainage 4
Determine Chloride Content 3

3

3

2

2
2

Install Guardrails

Install Overlay

Repair Delaminations
Perform Deck Survey
Clean and Paint Beams

Miscellaneous Concrete Repair 2
Monitor Welds 2
Install Reflectors/Other Signage 2
Determine Core Strength 1
Clean Debris Off Substructure 1
Monitor Erosion 1
Seal Concrete Cracks 1
No Recommendations or Maintenance Not Required 7

5.4.3.2.4. Photographic Documentation

Twelve teams used pictures to provide photographic documentation of their findings, and of

the 12, 8 provided a log of photographs taken. Another two teams provided a log of
photographs that they would have taken had they had a camera with them. Therefore, a total of
14 teams provided photographic documentation of their inspection. Twelve basic categories
were used to describe the photographs. Credit was only given on a category basis; multiple
pictures within a particular category were only counted once (e.g., if there were both east and
west elevation photographs, the elevation category was credited once, not twice). Table 223
summarizes the frequency of pictures taken by the various teams. Figures 167 through 178

illustrate examples of these categories. The three “overall” pictures listed in table 223 were
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taken the most frequently, while close-up photographic documentation of each of the specific

elements listed in table 223 was provided by half or fewer of the inspection teams.

Table 223. Task | — Photographic documentation.

Photograph Category Frequency
Overal Approach 79%
Overdl Elevation 64%
Overall Below-Deck Superstructure and Substructure 50%
Girder 50%
Joint 50%
Railing 43%
Bearing 36%
Curb 29%
Pier Cap 21%
Abutment 14%
Deck 14%
Stream Profile 14%

5.4.3.2.5. Equipment Use

Some other important information was also tracked in the various reports. Team usage of
access equipment to perform thistask has been documented elsewhere. Seven of the reports
also included information about the access equipment required to perform this inspection or

future inspections.

54.3.3. CONDITION RATINGS COMPARISONS

Twenty-four of the 25 teams provided Condition Ratings of the primary elements of this
bridge. Table 224 provides a summary of the statistical information associated with these
ratings, while figure 179 shows the actual frequency distribution of the Condition Ratings.
Table 224 also provides the NDEV C reference rating for each of the primary elements.

As shown in table 224, the average deck rating is 5.8, compared to areference value of 7. The
superstructure average rating is 6.8, compared to a reference of 7; and the substructure average
rating is 6.7, compared to areference of 8. Results of detailed delamination surveys are

typically not available when generating deck Condition Ratings, especially when there are no
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Figure 168. Overall elevation example photograph.
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Figure 170. Girder close-up example photograph.
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Figure 172. Railing close-up example photograph.
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Figure 173. Bearing close-up example photograph.
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Figure 174. Curb close-up example photograph.
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Figure 175. Pier cap close-up example photograph.
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Figure 176. Abutment close-up example photograph.
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Figure 178. Stream profile example photograph.
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visible indications of delaminations. Therefore, a detailed delamination survey performed by

the NDEV C was not considered when assigning the deck reference Condition Rating.
A series of t-tests were performed to determine whether the sample averages were different
from the reference values at a 10 percent significance level. Only the average of the

superstructure ratings passed this test, being statistically not different from the reference.

Table 224. NBIS Condition Ratings for Task .

Primary Element

Condition Rating Deck  Superstructure Substructure

Reference 7 7 8
Average 5.8 6.8 6.7
Standard Deviation 0.92 0.64 0.62
cov 0.16 0.09 0.09
Minimum 4 6 6
Maximum 7 9 8
Mode 5 7 7
N 24 24 24

20

18 O Deck 17

0 Superstructure

=
[«2)

M Substructure

=
N

=
N

Frequency
=
o

(e¢]

1
00 00 00 0
. | | | oo | | |

4 5
Condition Rating

Figure 179. Condition Rating frequency distribution.
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5.4.3.3.1. Distribution of Experimental Population

Table 225 summarizes the distribution of the Condition Ratings about the reference, mode, and
average values. Asshown in table 225, although 96 percent of the inspectors were within one
rating point of the reference for the superstructure, fewer than two-thirds of the inspectors were
within one rating point of the reference for the deck and substructure. Note that the
distribution comparison for the average value only includes two rating values (i.e., with an
average of 5.8, the deck average comparisons include ratings between 4.8 and 6.8; therefore,
only ratings of 5 and 6 are included). Also shown in thetable, 71 of the 72 element ratings fell
within two points of the reference value. The one rating outside of thisinterval was three
points from the reference value. Similarly, 71 of the 72 element ratings were within two points
of the sample averages; again, the one outlier fell within three points of its sample average. All
of the element ratings fell within two points of the sample modes.

Table 225. Distribution of sample Condition Ratings.

Percentage of Sample Within
Element Reference | Average | Mode £l x2 =l ; 2 =l =2
0
Reference Average Mode
Deck 7 5.8 5 58 96 67 100 | 71 100
Superstructure 7 6.8 7 9% 100 | 96 96 9% 100
Substructure 8 6.7 7 63 100 | 92 100 | 100 100

Since the State-dependent tasks only produced one set of Condition Ratings, reporting DFR by
element isirrelevant. However, the deck, superstructure, and substructure ratings can be
combined using the DFR concept described in the Routine Inspection section. The overall
average DFR is-0.88 (standard deviation of 0.89), with a minimum of -3 and a maximum of 2.
When using this concept to describe the data, the distribution is as shown in table 219. Note
that the distribution is bimodal. If the mode is considered to be -1, 97 percent of the ratings are

within one rating point. If the mode is considered to be O, 72 percent of the ratings are within
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onerating point. Seventy of the 72 ratings (97 percent) are within one point of either mode

value.
Table 226. Distribution of sample DFRs.
Percentage of Sample Within
Average Mode +1 +2 +1 +2 +1 +2
Element DFR DFR of
ZeroDFR  Average DFR Mode DFR
All Elements | -0.89 -1,0 72 9 | 72 97 |97,727 99

* Digtributionisbhimodal. If -1 isconsidered the mode, 97 percent are within onerating point. If O is considered the mode,
72 percent is within one rating point.

5.4.3.3.2. Anaytica Modeling

Comparing the ratings against the normal distribution allows a determination of whether the
sample followed a normal distribution. Figure 180 shows the frequency histograms for the
deck, superstructure, and substructure for Task I. Also shown in figure 180 is the normal
distribution based on the average, size, and standard deviation of the sample. The
appropriateness of the distribution was then verified by applying the * test for goodness-of-fit.
At the 5 percent significance level, the goodness-of -fit test was satisfied by the Condition
Rating distributions for the deck and the substructure. The test was not satisfied for the

superstructure.

To examine the overal distribution of the State-dependent Condition Ratings, the DFR
histogram is presented as figure 181. This figure combines the DFR distributions for the deck,
superstructure, and substructure. Again, the expected normal distribution for the overall
average DFR is also presented. When the »* test for goodness-of-fit is applied, it passes the
test at the 5 percent significance level and can be considered normally distributed. Assuming
the normal distribution, it would be predicted for Task | that 68 percent of the population of
bridge inspectors would produce Condition Ratings with an overall DFR between -1.8 and 0.
Similarly, 95 percent of the population would have an overall DFR between -2.6 and 0.9, and
99 percent of the population would have an overall DFR between -3.2 and 1.4.
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Figure 180. Task | experimental and theoretical Condition Rating distribution.
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Figure 181. Experimental and theoretical DFR distribution — All element types.

5.4.3.3.3. Variability of Condition Ratings by State and Region

Similar to the comparisons performed in the Routine Inspection section, it was desirable to see
whether there were any differences in the way each State rated bridges. A qualitative analysis
of the Condition Ratings assigned by the 24 teams that performed Task | indicated that there
was no consistent, overall trend. It was found that of the 24 ratings provided, 10 teams were
higher than the sample averages for all 3 primary elements. Conversely, only three teams were
lower than the sample averages for all three primary elements. The team from State 3, which
had a statistical difference between their Routine Inspection ratings (Tasks A, B, C, D, E, and
G) and those from the other teams, was found in Task | to have the highest overall ratings.
This team was the only team to provide primary element ratings more than two points higher
than average, and they also had another primary element rating more than one point higher

than average.

Of the 10 teams that provided ratings higher than average for all 3 primary elements, 5 were
found to be from northern States. Additional analyses were performed that compared the
ratings assigned by teams from a region with teams from other regions. The regional
definitions were based on the 10 FHWA regions. It was found that there was a statistical
difference in the higher superstructure and substructure ratings assigned from the northern
region previously mentioned. In addition, a statistical difference was noticed in the lower deck
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ratings assigned by an eastern region. None of the other regions had statistical differences
between their ratings and those assigned by the other teams. Regional weather conditions may
not be the only reason for these differences. Among the many other possible reasons for these
differences, some might include the material types frequently used, administrative policies, and

interactions between neighboring States.

5.4.3.3.4. Assembled Team vs. Existing Team Condition Ratings

A comparison was made between the Condition Ratings assigned by the assembled teams and
those assigned by the existing teams. Table 227 summarizes some of the basic statistical
information for these two groups. As shown in table 227, there is very little difference
between the average Condition Ratings of the assembled teams and those of the existing teams.
At a5 percent significance level, the t-test indicates that there is no statistical difference

between these two groups.

Table 227. Condition Rating comparisons between assembled teams and existing teams.

Assembled Team Existing Team
Deck Superstructure Substructure  Deck Superstructure Substructure
Reference 7 7 8 7 7 8
Mean 5.9 6.7 6.8 5.9 7.0 6.7
Mode 6 7 7 5 7 7
Standard 0.79 0.49 0.62 0.94 0.77 0.65
Minimum 5 6 6 5 6 6
Maximum 7 7 8 7 9 8
N 12 12 12 11 11 11

5.4.3.3.5. Division of Labor

The Division of Labor category was examined to seeif there was a difference among the
Condition Ratings assigned by the groups. Specifically, comparisons were made between each
of the groups (Worked Together, Inspector and Note-Taker, Independent Inspectors, and
Unclassified) and the combination of the other teams that were not members of that particul ar
group. One team that was classified into a Division of Labor category did not submit ratings,

and this team has been omitted from thisanalysis. Table 228 summarizes the results from the
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Table 228. Division of Labor.

Grou Element Average andard - Pesst-Testat 5%
P € Deviation Significance?
Overall Deck 58 0.92 —
Superstructure 6.8 0.64 —
Substructure 6.7 0.62 —
Worked Together Deck 6.1 0.90 No
Superstructure 6.9 0.38 No
Substructure 6.9 0.69 No
Inspector and Note-Taker  Deck 5.8 0.96 No
Superstructure 6.5 0.58 No
Substructure 6.3 0.50 No
Independent I nspectors Deck 5.8 0.79 No
Superstructure 6.9 0.88 No
Substructure 6.8 0.63 No
Unclassified Deck 5.3 1.53 No
Superstructure 7.0 0.00 No
Substructure 6.7 0.58 No

different groups. None of the groups passed the t-test, indicating that there was no statistical

difference among the Condition Ratings assigned by the groups.

5.4.3.3.6.

Similar to the Division of Labor category, the Relationship category was also used to combine

Relationship

similar teams into groups. This analysis determined whether there was a statistical difference
between the ratings assigned by one team and those assigned by the other teams. Results from
these analyses are presented in table 229. Only one group had a statistical difference for the
ratings assigned to one of the elements. This group was the Leader/Helper group assigning

ratings for the superstructure. None of the other groups or elements passed the t-test.

5.4.3.3.7. Level of Preparation
The Level of Preparation category was also used to determine whether the different levels of
preparation affected the Condition Ratings assigned. Two different analyses were performed:

one based on the preparation apparent from the materials submitted, and a second based on the
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Table 229. Relationship.
Standard  Passt-Test at 5%

Group Element Average Deviation  Significance?
Overall Deck 5.8 0.92 —
Superstructure 6.8 0.64 —
Substructure 6.7 0.62 —
Equals Deck 5.8 0.75 No
Superstructure 6.7 0.47 No
Substructure 6.7 0.65 No
Leader / Inspector  Deck 5.3 0.95 No
Superstructure 6.7 0.49 No
Substructure 6.4 0.53 No
Leader / Helper Deck 6.3 0.96 No
Superstructure 7.5 1.00 Yes
Substructure 7.3 0.50 No
Unclassified Deck 7.0 0.00 No
Superstructure 6.5 0.71 No
Substructure 6.5 0.71 No

reported amount of time spent preparing for this inspection. The classification categories are:
Preparation Before Arrival, No Preparation Apparent, Indeterminate Preparation, and Less
Than 2 H Preparation. Note that Preparation Before Arrival, No Preparation Apparent, and
Indeterminate Preparation are mutually exclusive categories. This analysis determined whether
there was a statistical difference between the ratings assigned by one group and the balance of
the other groups. The results from the analysis based on the materials submitted are presented
in table 230, while results based on the Reported Preparation Time are presented in table 231.
Only two groups, Indeterminate Preparation and Less Than 2 H Preparation, had a statistical
difference for any of the ratings assigned. Both groups had average Condition Ratings that

were lower than the corresponding balance of other groups for deck elements.
5.4.3.3.8. Report Presentation

The Inspection Report Presentation category was also used to determine whether there was a

correlation between the different report formats used and the Condition Ratings assigned. The
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Table 230. Level of Preparation (based on reports submitted).
Standard  Passt-Test at 5%

Group Element Average Deviation Significance?
Overall Deck 58 0.92 —
Superstructure 6.8 0.64 —
Substructure 6.7 0.62 —
Preparation Before Arrival Deck 5.8 0.75 No
Superstructure 6.7 0.52 No
Substructure 6.8 0.41 No
No Preparation Apparent Deck 6.2 0.94 No
Superstructure 7.0 0.74 No
Substructure 6.8 0.72 No
Indeter minate Preparation Deck 5.2 0.75 Yes
Superstructure 6.7 0.52 No
Substructure 6.3 0.52 No

Table 231. Level of Preparation (based on reported preparation time).
Standard Pass t-Test at 5%

Group Element AVerageDeviation Significance?

Overall Deck 5.8 0.92 —
Superstructure 6.8 0.64 —
Substructure 6.7 0.62 —

LessThan 2 H Preparation Deck 5.4 1.00 Yes
Superstructure 7.0 0.74 No
Substructure 6.6 0.52 No

classification categories were: Final Report (Computer-Generated), Final Report (Field-
Written), and Intermediate Report (Field-Written). This analysis determined whether there was
a statistical difference between the ratings assigned by one group and the balance of the other
groups. Results from these analyses are presented in table 232. None of the groups had a

statistical difference for the ratings assigned for any of the elements.

416



5.4.3.4. ELEMENT-LEVEL COMPARISONS

The element-level inspection is the other primary inspection style. Several teams submitted
inspection information in thisformat. The element-level inspections rely upon specific
definitions of elements to classify the bridge structure and describe any deterioration observed.

Table 232. Report Categories.

Standard Passt-Test at 5%

Group Element Average Deviation  Significance?
Overall Deck 58 0.92 —
Superstructure 6.8 0.64 —
Substructure 6.7 0.62 —
ggnaérifgdo)” (Computer- Deck 5.5 0.93 No
Superstructure 6.7 0.47 No
Substructure 6.5 0.69 No
Final Report (Field-Written)  Deck 6.0 1.0 No
Superstructure 7.0 0.87 No
Substructure 6.9 0.60 No
Intgr mediate Report (Field- Deck 6.3 0.50 No
Written)
Superstructure 6.8 0.50 No
Substructure 6.8 0.50 No

One of the most common element-level inspection systems uses the Pontis bridge management
system, but other systems also exist. As indicated above, 16 teams submitted element-level
inspection data. Two of those teams used element nomenclature inconsistent with the
Commonly Recognized (CoRe) elements, as defined iAASRI TO Guide for Commonly

Recognized (CoRe) Structural Elements® These CoRe elements are commonly used by the
Pontis program and elsewhere. Therefore, only 14 of the element-level inspection data sets
contained information that was comparable. A wide variety of observations can be made from
the element-level data. Conclusions can be drawn regarding inspector familiarity with the

system from the selection of the various element categories used to describe the structure.

417



Comparisons can also be made regarding the quantities and units used by the various States.

Finally, comparisons can be made using the Condition States of the CoRe elements.

54.34.1. Element Use

The CoRe elements are defined in the CoRe element guide mentioned above. In genera, they
sharethreetraits: (1) the elements are generally primary structural members of the same
material type, (2) the elements represent members that can deteriorate in a similar manner and
have specific Condition State descriptions to represent the various deterioration levels, and (3)
the elements can be inventoried in a quantifiable manner.!® CoRe elements are defined for
most types of primary superstructure elements (girders, trusses, arches, etc.), primary
substructure elements (abutments, columns, caps, piles, etc.), primary deck elements (concrete,
timber, open sted, etc.), and other primary elements (bearings, joints, and railings).

CoRe elements can be divided into sub-elements to further track cost or performance. Sub-

elements should use the same units as the parent element, and parent element data should still

be obtainable from sub-element data. Replacing element no. 107, “Open Steel Girder, Painted”
with two sub-elements— no. 172, “Open Steel Girder, Painted, Exterior” and no. 173, “Open
Steel Girder, Painted, Interior"— is an example of the use of sub-elements. Individual sub-
elements are State-defined; they are not defined in reference 5. The sub-elements may not
have uniform element number assignments; therefore, a sub-element such as “Open Steel
Girder, Painted, Exterior” will probably have two different numbers if used by two different

States.

Further flexibility in the system can be added by using Smart Flags. Smart Flags allow the
tracking of local deterioration not included within the Condition State language for that

element. Examples of Smart Flags include Pack Rust, Fatigue Cracking, and Deck Cracking.

The balance of items tracked are the Non-CoRe elements. These Non-CoRe items track other
members that may not be primary members, or may not be easily described in Condition State
language. Examples of Non-CoRe elements are wingwalls and slope protection devices.

Within this study, use of the CoRe elements on the major elements was fairly consistent, while
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use on elements such asjoints and rails was not. Teams were provided with bridge plansin
advance and were asked to prepare for this inspection as they normally would. It was expected
that this would include element selection and quantity take-offs for the teams performing
element-level inspections (if it would not normally be donein the field). Table 233

summarizes the use of the CoRe elements. Fourteen reports with element data followed this

format.
Table 233. Use of CoRe Elements.
Element Number  Description Usage Freguency
12 Concrete Deck — Bare 13
18 Concrete Deck — Protected w/Thin Overlay 1
107 Open Girder, Steel Painted 11
201 Column or Pile Extension — Steel Unpainted 1
205 Column or Pile Extension — Reinforced Concrete 14
215 Abutment — Reinforced Concrete 14
234 Pier Cap — Reinforced Concrete 14
301 Pourable Joint Seal 5
302 Compression Joint Seal 4
304 Open Expansion Joints 1
311 Moveable Bearing (Roller, Sliding, etc.) 13
313 Fixed Bearing 12
330 Bridge Railing — Metal, Coated 3
331 Bridge Railing — Reinforced Concrete 7
333 Bridge Railing — Other 3
334 Bridge Railing — Metal, Uncoated 3

The major deck, superstructure, and substructure elements were used consistently. As shown
in table 233, all but one team used element no. 12 to describe the deck. The one team that did
not choose this element inspected in the rain, and apparently thought that there was an overlay
on the deck. Three teams did not use element no. 107 for the steel girders, although, in
fairness, these three teams used sub-elements to track the girders either as rolled, or as
exterior/interior. Major substructure elements were also uniformly recorded. One difference
with these major substructure elements is that one team made notes about the steel piles, which

are indicated on the plans, but are not visible. The bearings were also uniformly recorded,

419



although one team did not comment on the moveable bearings, and two teams did not comment

on the fixed bearings.

The other primary elements were recorded much less consistently. As noted above, there was
the most confusion with the use of CoRe elements for the joints. Five teams thought that the
joints were pourable seals, four thought that they were compression seals, and another team
thought that they were open joints. This confusion is thought to have three primary causes.
First, the as-built plansindicate that 25-mm preformed seals were to be installed at the time of
construction. Second, significant portions of the joints are currently missing. Third, the
portions that remain have significant debris on top of the joint, obscuring the view of the joint
material. Since the inspectors were not alowed to disturb the debris above the joint, there was
no way to visually determine joint composition. All of these itemsindicate that the joint
confusion is not necessarily a misapplication of the CoRe elements on the part of the

inspectors.

Confusion also existed with the use of the bridge railing elements. Asshown in table 233,

three teams used element no. 330, “Bridge Railing — Metal, Coated”; seven teams used element
no. 331, “Bridge Railing, Reinforced Concrete”; three teams used element no. 333, “Bridge
Railing — Other”; and three teams used element no. 334, “Bridge Railing — Metal, Uncoated.”
Note that the total number of elements used exceeds the number of teams producing element-
level inspection results consistent with CoRe element use. Several teams used both the
reinforced concrete railing element and the uncoated metal railing element to describe the
complete railing. As shown in figure 182, the rail is a combination rail, with a reinforced
concrete lower section and a metal handrail above. The CoRe element guide indicates that
combination rails should be recorded as no. 333, Bridge Railing — Other; if made of multiple
materials, the rail is not to be split between the various & procedural requirements

with the experiment can be linked to the confusion on the appropriate railing type.
The most variation occurred with the non-CoRe elements. Five teams used five different

elements to track wingwall information. Another four teams used five different elements to

track slope protection.
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5.4.3.4.2. Quantities and Units

The CoRe element guide also defines units of measurement associated with each element,
using metric units where possible® In the study, most of the reported units used matched the
reference definitions. However, there were afew notable exceptions. Some of these

exceptions may be due to changes in el ement use by the individual States. Three of the

//— ALUMINUM

lin=254mm, 1ft=0.305m

Figure 182. Combination rail section.

teams used metric units; the other 11 used English units. Another unit change occurred with a
particular team; this team used area units to describe the girder, column, and abutment

elements (instead of the typical linear feet [LF], each [EA], and LF, respectively). Teams also

had many inconsistencies in the unit usage of element no. 12, “Concrete Deck — Bare.” Of the
13 teams that used this element, only 4 used the reference unit EA, while the other 9 teams
used area units (either square feet [SF] or square meters [SM]). Again, this may be due to
changes in the element-level system by the States. Other inconsistencies with the use of the
deck element units are presented with Task J. Since non-CoRe elements are State-defined, it

was expected that most teams would use different units. This situation was found to be true.
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Also observed in the element-level ratings was the improper use of quantities. No restrictions
on the scope of the inspection were presented in the Advance Information package sent to the
inspection teams. Therefore, the inspection teams that performed a quantity take-off prior to
arrival at the test bridge would have prepared quantities based on the compl ete bridge.
However, the inspectors were told upon arrival at the bridge site that the scope of the
inspection task would be limited to the southern two spans. Six of the 14 teams submitted
reports that used quantities for athree-span bridge. Two possibilities exist to explain this
behavior. Either those teams inspected all three spans, and therefore based their quantities on
the full bridge (only one team was documented as such), or their quantities were never adjusted
to the two-span amounts. An additional three teams submitted inconsistent quantities (for
example, atwo-span deck quantity with only one span of girder information). Only 5 of the 14
teams (36 percent) submitted quantities consistent with the inspection of the two southern

spans.

5.4.3.4.3. Element-Level Ratings Comparisons

It was desirable to compare the ratings assigned by the various teams submitting element-level

inspection data. The CoRe elements were selected for these comparisons, since they have

common definitions for the different Condition States. Elements that are included in these

comparisons are the concrete deck, steel girders, concrete columns, concrete abutments,

concrete pier caps, moveable bearings, and fixed bearings. There was significant variability in

the use of thejoint and railing elements, so comparisons were not made with these elements.

To normalize the ratings and allow for comparison, it was necessary to convert each of the

quantities in the Condition States to percentages. These percentages were based on each

report’s stated quantity for that particular element. Table 234 summarizes the distribution of
ratings assigned to each Condition State (CS). Note that “N/A” has been used to indicate that a
particular element has no defined Condition States at that level. Some slight variability did
exist with the CoRe elements considered. However, since these variations are minor, this
variability has been overlooked. As an example, 13 of the 14 reports used deck element no. 12,
“Concrete Deck — Bare,” and the other report used no. 18, “Concrete Deck — Protected With
Thin Overlay.” In comparing the concrete deck elements, element no. 18 information was

combined with element no. 12 information. The distributions reported in table 234 may be

422



slightly misleading because many of the elements do not allow quantities to be split among
different Condition States.

Table 234. Distribution of ratings for element-level inspections.

Element CS1 Cs2 CSs3 CHA CS5
Deck 20% 15% 43% 21% 0%
Steel Girders 63% 36% 1% 0% 0%
Concrete Columns 86% 14% 0% 0% N/A
Concrete Abutments 99% 1% 0% 0% N/A
Concrete Pier Caps 90% 6% 4% 0% N/A
Moveable Bearings 48% 52% 0% N/A N/A
Fixed Bearings 57% 38% 4% N/A N/A
54.4. TaskJ

In Task J, the inspectors were asked to perform a deck survey of the two southernmost deck
spans of the Van Buren Road Bridge. Since it was understood that only the toolsin their tool
bags could be used, a complete deck survey, including chloride analysis, was not possible. A
delamination survey was asked of the inspectors, and that is what all inspectors understood that
they were to perform. It was desirable to determine how many teams perform a delamination
survey as part of their normal Routine Inspections. Other objectives included an investigation
of the procedures and reporting variations of a delamination survey, and an assessment of the
accuracy of that inspection. This deck shows very few visible signs of deterioration; however,
it contains a significant amount of delaminated concrete. A sounding survey may be the
primary technique used to detect this type of deterioration. A previous delamination survey
performed by the NDEV C on the entire deck indicated that it is approximately 15 to 20 percent
delaminated. Thisfirst preliminary inspection was performed approximately 1 year prior to the
study and primarily concentrated on estimating the quantity of the repair areaasif it wereto be
repaired. A more detailed survey was performed after the field tasks, primarily oriented
toward determining detailed outlines of the delaminations. Given that the underside of the
deck isin very good condition and that all of the inspection teams performed their sounding
surveys from the top of the deck, the NDEV C a so chose to perform this sounding survey from
the top of the deck. Approximately 2 man-days were spent creating this detailed survey. The
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two surveys correlated fairly well, considering their different objectives. Both of these
inspections included the north span, which has smaller-sized delaminations than the other two
spans, and, therefore, lowers the overall delamination percentage. When the north spanis
excluded (to match the scope of the Task J inspection), the delamination percentage found by
the detailed survey is approximately 19 percent. A map of the delaminations identified by the
NDEV C in the southern two spansiis presented in figure 183.
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Figure 183. Delaminations detected at the Van Buren Road Bridge by the NDEVC.

A coring program was devel oped to confirm the delamination calls made in the detailed
NDEVC survey. Ten cores were taken from the three spans, eight of which were in the two
spans covered within the scope of the Task Jinspection. Of the 10 core locations, 5 were
located within areas that were indicated by the NDEV C as being delaminated. The results of
the coring verified that the delamination calls from the detailed NDEV C survey were correct at
all 10 locations.

Two limitations of the task probably had an impact on the results obtained by the inspectors.
First, inspectors were not allowed to make any marks on the bridge while performing the task.
Several inspectors commented to the observers during this task that they would normally have
marked the outlines of the delaminations they had found directly on the concrete. These
inspectors were then forced to communicate the shape of the delaminations through other
means, and they felt that the limitation of not marking on the deck may have affected their
results. A second limitation was discovered during the analysis of the data. The data sheets

prepared for this task by the NDEV C were on unlined paper and contained a drawing of the
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deck to ascale of 10 mm = 0.96 m (converted from the English /8 in = 1 ft). During the

analysis of the results, three significant variations were found. First, several delamination

maps were not drawn to scale. Second, on some teams’ delamination maps, some
delaminations that were shaped and sized correctly, were not in the correct position. Third,
some delaminations calls were positioned in series from one end of the span and contained
dimensions to close the string. After the calls were plotted, the corrected closing distances
were significantly different than the closing distances indicated on the maps. Attempts to

correct these errors failed, due to uncertainty as to which dimension or position was correct.

5.4.4.1. PROCEDURAL VARIATIONS

Twenty-two teams performed a sounding survey to quantify the level of deterioration. The

other three teams experienced rainy conditions; therefore, they did not perform the task. Nine
teams initiated a sounding survey during Task | that was systematic and detailed enough for the
observers to direct the inspectors to the appropriate Task J data sheets in their notebook. As
mentioned above, the occasional integration of this task into Task | meant that pre- and post-
task data were not collected. Firsthand observations during the task were conducted as

expected, and most of these have already been presented.

One piece of observer information not yet presented is a qualitative assessment of the chaining
experience of the teams. Sixteen of the teams demonstrated at least marginal experience
performing a deck sounding survey. Seven teams indicated that a delamination survey would
never be performed by the regular inspectors in the field, and that this task was one of the first
times that they had ever performed a deck sounding survey. Five of those teams indicated that
other inspection teams or other divisions would normally perform the delamination surveys.
Two teams indicated that nearly all of the bridges in their State have an asphalt overlay;
therefore, inspectors almost never perform delamination surveys. Finally, two teams showed

their sounding inexperience in their selection and use of the available tools.
Two primary procedures were used to perform the sounding. These included using a masonry

hammer to tap on the concrete surface or dragging a length of steel chain across the deck

surface. Delaminations will produce discernable changes in tone using either method, and the
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degree of change in tone varies depending on the size and depth of the delaminations. The
majority of the teams (20 out of 22) used the chain as their primary sounding technique. Of
these, at least half further refined the size and shape of the delaminated areas detected by using
the hammer. Only two teams, and one member of a third team, used the hammer as their

primary sounding tool.

54.4.2. REPORTING VARIATIONS

The reporting techniques varied considerably for the delamination survey. Although some
teams brought along worksheets to record delaminations, most teams used the deck plans
provided by the NDEVC. Twenty teams submitted delamination maps. An additional two
teams provided a delamination percentage without an accompanying map. Sketches ranged
from quickly drawn, schematic representations of the deterioration with no dimensions
provided, to positioned sketches with dimensions provided. Only afew teams used their
resulting delamination map to provide an estimate of the percentage of delaminations. To
illustrate the range of sketches submitted, figures 184 through 187 show sample delamination
maps. Note that none of these sketches are drawn to scale. An example of afully-dimensioned
sketch recording delamination positions, but without atotal delamination quantity, is presented
asfigure 184. Figure 185 shows a sketch with only partial delamination positioning, which
also does not provide atotal delamination quantity. Figure 186 illustrates a sketch without
dimensions; however, it does include an estimate of the total delamination quantity. Figure

187 shows one of the sketches made by ateam on their own notepaper.

5.4.4.2.1. Delamination Percentages

The overall average of delamination percentages found by the 22 teams performing thistask is
13 percent. Further investigations into these results can be made by dividing the sample into
groups. Delamination maps resulting from this task can be grouped into three different
categories. (1) those that quantified the total delamination areas; (2) those that measured
individual delamination areas but did not quantify the total delamination areas; and (3) those
that indicated only approximate delaminated areas, without any measurements. The team

delamination percentages are presented by category in table 235. Eight teams provided
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Figure 184. First sample of sketches provided by inspection teams for Task J.
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Figure 185. Second sample of sketches provided by inspection teams for Task J.
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Figure 186. Third sample of sketches provided by inspection teams for Task J.
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Figure 187. Fourth sample of sketches provided by inspection teams for Task J.
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Table 235. Team delamination percentages.

Dimensioned and Dimensioned, But Not No Dimensions Group
Totaled Group Totaled, Group
Team  Delamination Team  Delamination Team  Deamination
Number  Percentage Number  Percentage Number  Percentage
1 2% 9 2% 20 9%
2 4% 10 5% 21 11%
3 5% 11 7% 22 35%
4 10% 12 9%
5 10% 13 10%
6 15% 14 11%
7 16% 15 13%
8 17% 16 17%
17 21%
18 25%
19 30%
10% average 14% average 18% average
*No map provided.

guantified delamination areas (either an estimated area of delaminated concrete or an estimated
delamination percentage). Two of these eight teams provided only an estimate of the total
delamination quantity; no sketches were provided. The average of these eight team estimates
is 10 percent delaminated, with estimates ranging from 2 to 17 percent. An additional 11
teams provided delamination maps with dimensions, but without totals. The average
delamination percentage according to this group is 14 percent, with estimates ranging from 2 to
30 percent. The remaining three teams who performed this task submitted delamination maps
without dimensions. Additional work was needed to cal culate delamination percentages for
thisgroup. Since no dimensions were given on the sketches of these three teams, it had to be
assumed that the sketches were drawn to scale. Their sketches were digitized and the
delamination percentages were determined graphically using the digital images. The average
delamination percentage for these three teamsis 18 percent, with team estimates ranging from

9 to 35 percent.
The results can also be compared for those inspectors displaying some experience at sounding

and for those inspectors who appeared to have little or no experience. As mentioned above, 7

of the teams appeared to have little or no experience, while 16 teams appeared to have at |east
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some experience. If the results are divided into an inexperienced group and the experienced
group, the averages are 10 percent delaminated for the inexperienced group and 14 percent

delaminated for the experienced group.

The NDEV C-estimated delamination percentage can be used to explore the accuracy of the
reported delamination percentages. Recall that the NDEV C estimate is 19 percent. As shown
in table 235, only 4 of the 22 teams produced delamination percentages for their inspections
with a 15 percent error rate (i.e., between 16 percent and 22 percent) as compared to the
NDEVC estimate. Furthermore, only five of the teams produced delamination percentages
within 5 percentage points of the NDEV C estimate (i.e., between 14 percent and 24 percent).
This 5 percentage point standard will be used for subsequent analyses.

5.4.4.3. INSPECTION FACTORS

An analysis was performed to determine whether there was a correl ation between some of the
inspection factors and the resulting team delamination percentages. Inspection factors that
were considered include Heat Index, Light Intensity on Deck, Time of Day, and Day of Week.
Initially, alinear, univariate analysis was performed to determine the degree of correlation.
Since the largest correlation coefficient for these analyses was 0.19, a second-order, univariate
analysis was performed on the same four variables. In the second-order analysis, the degree of
correlation between Heat Index and team delamination percentage improved, with a correlation
coefficient of 0.47. The maximum correlation coefficient for the other three variables was low,
with amaximum of 0.29. A multivariate, second-order analysis was performed using the same
four variables. The correlation coefficient for this multivariate analysisis 0.64. In paralel
with previous discussions, the resulting equation is given in Equation 11, while the coefficients
from this equation are shown in table 236. To ensure uniformity, the value used for the Heat
Index was that obtained from Task | below the superstructure.

Delamination Percentage=y, +1,+1, +1;+1, (11)

where: 11 = a(Fy) + b(F)?
12 = ¢(F2) + d(Fy)?
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ls = (F3) + f(Fs)°
4= g(Fs) + h(Fa)?

with: F; = Day of Week
F, = Light Intensity on Deck
F3; = Heat Index
F4 = Time of Day

Table 236. Equation coefficients for predicting deck delamination percentages.

Coefficient Vaue

Yo 326
6.14
-0.893
-3.27e-4
2.89e-9
-5.52
0.0976
-38.2
1.50

oQ —+~0O O O 0D

Figures 188 through 191 graphically represent the influence of each of the four factors
investigated (Day of Week, Light Intensity, Heat Index, and Time of Day). Ascan be seen
from these graphs, the influence of the Heat Index seems to have the most influence on the

resulting delamination percentage.

5.4.4.3.1. Delamination Estimates Compared to Element-Level Data

The results of Task J can be compared with the deck results from Task I. Particularly useful in

these comparisons are the Pontis datafor element no. 12, Concrete Deck — Bare. A discussion

has already been presented regarding the use of units (according to the CoRe element guide,
not necessarily according to individual State procedures) in the element-level data. Further
inconsistencies in CoRe element use are observed when each team’s individual deck
delamination percentage is compared with the Condition State assigned by that team to the
deck element. The language in the CoRe element guide is very precise in describing the

different Condition States. To summarize the Condition State language for deck elements:

433



Saturday Sunday

Friday

Wednesday Thursday
Day of Week

Tuesday

Monday

Influence of Day of Week on delamination percentage.

Figure 188.

4

100,000 120,000

80,000

40,000

20,000

60,000
Light Intensity (lux)

Figure 189. Influence of Light Intensity on delamination percentage.
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Figure 190. Influence of Heat Index on delamination percentage.
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Figure 191. Influence of Time of Day on delamination percentage.

CS1 exhibits no deterioration, CS2 has less than 2 percent deterioration, CS3 has between 2
and 10 percent deterioration, CS4 has between 10 and 25 percent deterioration, and CS5 has
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more than 25 percent deterioration. All of the deck isto be rated in the single Condition State
that is appropriate (i.e., no splitting across multiple Condition States).

Of the 13 teams that both have element-level data and have performed Task J, 3 subdivided the
deck into multiple Condition States for their element-level ratings. Of the remaining 10 teams,
5 properly selected the appropriate Condition State for the level of deterioration indicated on
their Task J data sheets, while 5 selected Condition States that do not match their estimated
delamination percentages. It has been reported that some States may have changed the
element-level definitionsto allow for their specific uses, possibly changes along these lines

have introduced these types of inconsistencies.

5.4.4.3.2. Comparison of Individual Delaminations

If it is assumed that the actual delamination percentage is approximately 19 percent, and if an
allowance of =5 percentage pointsis permitted as reasonable error (between 14 and 24
percent delaminated), table 235 shows that only five of the teams had estimates that fell in this

range. Thisislessthan aquarter of the teamsthat performed the task.

Figures 192 through 211 show overlays of the team sketches superimposed upon the

delamination outlines determined by the NDEVC. These figures are identified using the same

team identifiers used in table 235. Recall that Teams 5 and 6 did not submit delamination

maps, therefore, data from these teams are not included in figures 192 through 211. These

overlays were created assuming that the maps submitted by the teams were drawn to scale. For

most of the sketches, this assumption isjustifiable. However, afew of the maps were drawn to

an inconsistent scale, with 0.6-m by 0.6-m dimensioned areas drawn about the same size as

1.8-m by 1.8-m dimensioned areas. Attempts were made to regenerate some of these maps

using the position and size information provided, but these “corrected” maps had enough other
errors in positioning and sizing that they were not considered to have improved on the original
sketch that was submitted. Therefore, all areas are shown without modification. In two cases,
automobiles were parked on the deck, preventing complete inspection of the deck. These areas

have been noted.
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Figure 192. Delamination map from Team 1.
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Figure 193. Delamination map from Team 2.

N N e

N oo L\ @ Qﬂ@@

Center South

< Team 3

<> NDEVC

Figure 194. Delamination map from Team 3.
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Figure 195. Delamination map from Team 4.
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Figure 196. Delamination map from Team 7.
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Figure 197. Delamination map from Team 8.
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Figure 198. Delamination map from Team 9.
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Figure 199. Delamination map from Team 10.

AT

Center South

<> Team 11

<> NDEVC

Figure 200. Delamination map from Team 11.
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Figure 201. Delamination map from Team 12.
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Figure 202. Delamination map from Team 13.
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Figure 203. Delamination map from Team 14.
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Figure 204. Delamination map from Team 15.
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Figure 205. Delamination map from Team 16.
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Figure 206. Delamination map from Team 17.
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Figure 207. Delamination map from Team 18.
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Figure 208. Delamination map from Team 19.
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Figure 209. Delamination map from Team 20.
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Figure 210. Delamination map from Team 21.
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Figure 211. Delamination map from Team 22.

RECTANGULAR OUTLINESVERSUSACTUAL OUTLINES: Looking at the delamination
maps presented in figures 192 through 211, it appears that two different philosophies were used

to develop these sketches. One philosophy uses rectangular areas to mark the delaminations.

The other philosophy uses areas that are either generaly circular or oval to mark the actual

outlines of the delaminations. Table 237 summarizes the delamination percentages indicated

by each of these two groups. As shown in table 237, the teams that mainly seemed to indicate

actual areas had a much smaller average delamination percentage than those who indicated

rectangular areas. The indication from this tableis that inspector accuracy of delamination

percentage estimates may actually be poorer than previously reported. Although the average

delamination estimates of the teams that indicated rectangular areas are much closer to the
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Table 237. Team delamination percentages — Actual areas versus rectangular areas.

NL??S; " Actual Areas NE?& " Rectangular Areas

1 2% 7 16%
2 4% 11 7%

3 5% 12 9%

4 10% 13 10%
8 17% 14 11%
9 2% 15 13%
10 5% 16 17%
18 25% 17 21%
20 9% 19 30%
21 11% 22 35%

9% average 17% average

NDEVC average, their estimates have been inflated by adding nearby undelaminated areas to

their totals.

COMMON AREASNOT INDICATED ASDELAMINATED: Superposition of the delamination

maps provided by the 20 teams can be used to illustrate areas that none of the teams indicated
were delaminated. This superposition is shown in figure 212, where areas indicated to be
delaminated are shown in white, and areas not indicated to be delaminated by any team are
shown in either light or dark gray. Recall that no adjustments were made to the sketches as
drawn, so some errors exist within this superposition, but it remains illustrative of several

points. Approximately 31 percent of the deck, largely concentrated along the curbs, did not
receive any delamination calls. Conversely, the union of all of the areas indicated as being
delaminated is 69 percent. Recall that the average deck delamination was 13 percent, and the
highest team total was 35 percent. This indicates a significant divergence of opinion as to

where the delaminations are located. Figure 212 also indicates the areas identified as being
delaminated by the NDEVC that were not indicated by any of the inspection teams on any of

the delamination maps. These areas are shaded more heavily, and comprise about one-half of 1
percent of the deck area. As shown, these areas are typically very small and near the edges of
the areas called out as delaminations. It seems reasonable to assume that a large percentage of

these areas exist due to errors in recording the delaminations identified.
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Figure 212. Areas all teams indicated were intact.

COMMON AREAS INDICATED ASDELAMINATED: Given the inspection team
delamination reporting method used, it is also possible to determine common deck areas that
several teams indicated were delaminated. This could be completed severa different ways.
First the intersection of al 20 maps was generated. However, it was observed that there were

no areas that all teams indicated were delaminated; therefore, thisfigureis not presented.

An alternative method of presentation to illustrate commonly indicated delaminated areas was
developed that uses additive fills for each team’s delaminations. As the fills overlap, a darker
shading results. The degree of shading indicates the frequency of delamination calls. The
complete additive overlay is presented in figure 213. In parallel with figure 213, table 238
guantifies the percentage of deck area at each level of commonality (i.e., the percentage of the
deck covered by areas indicated as being delaminated by exactly N teams). This table also
shows the maximum amount of deck area to receive at least N delamination calls. In
examining this table, it can be seen that the highest degree of commonality for any single,
sizable delamination (0.2 percent of the deck area, or Y).4as 15 teams. Figure 214 shows

the delamination map representing delamination calls by at least 15 teams. This image actually
indicates a maximum degree of commonality of 17 teams (this area is actually less than 32
cn?). This area is small enough that it is probably outside the tolerance of the map and may

not actually exist.
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Figure 213. Transparent overlay of all delamination maps.

Table 238. Commonality percentages of deck delamination areas.

Level of Percentageof =~ Cumulative Percentage of
Commonality Deck Area Deck Area Delaminated
0 31.0 —
1 15.8 69.0
2 13.0 53.2
3 11.0 40.2
4 8.3 29.2
5 6.5 20.9
6 4.8 14.5
7 35 9.7
8 2.2 6.2
9 1.3 4.0
10 1.0 2.7
11 0.6 1.7
12 0.5 12
13 0.3 0.7
14 0.2 0.4
15 0.1 0.2
16 0.04 0.04
17 0.001 0.001
18 0 0
19 0 0
20 0 0
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Figure 214. Areasindicated as containing delaminations by 15 or more teams.

Two other commonality levels were studied graphically. First, since the delamination maps
submitted by the teams were approximate, the areas indicated as being delaminated by at |east
three teams were investigated. This investigation may reduce some of the errors within the
maps by eliminating unique delamination calls and the first intersection level, both of which
may be mislocated due to positioning errorsin recording the data. Asshown in figure 215, the
total areawith at least three delamination calls covers 40 percent of the deck area. Second, it
was calculated that the amount of the deck area covered by at least five delamination calls was
21 percent. Thislevel isclosest to the 19 percent indicated by the NDEVC survey. Figure 216
compares the delamination map showing at least five delamination calls with the survey
performed by the NDEV C.
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Figure 215. Areasindicated as containing delaminations by three or more teams.
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Figure 216. Areasindicated as containing delaminations by five or more teams, together with
the results of the NDEV C survey.

The coring program that was mentioned previously also investigated some of the differences
between team delamination calls and the NDEV C survey. Specificaly, four of these disputed
areas were cored; half of which were considered to be delaminated by the NDEVC. In
addition, one of the disputed areas had at |east five delamination calls by teams, although the
NDEVC did not detect any signs of delamination. The results of the coring program
determined that all four of the disputed areas were properly called by the NDEVC.

Another analysis was performed that investigated the correlation of the delamination maps
between any two teams. There are 190 possible combinations of 2 different delamination
maps. Figure 217 shows a histogram of the amount of intersection of the delamination areas
for these combinations of two teams. The maximum amount of deck areaindicated as being
delaminated according to the intersection of two teamsis 15.5 percent, while the most frequent
amount of delamination intersection is between 1 and 2 percent.
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6. DISCUSSION OF FINDINGS

The following sections discuss the findings of this study. The discussion is presented in five
primary sections. First, the findings from the State-of-the-Practice Survey will be discussed.

The findings from the Routine Inspection tasks will follow. Next, the findings from the In-Depth
Inspection tasks will be discussed. Comparisons between portions of the Routine and In-Depth
Inspection findings are then presented. Finally, the findings from the State-dependent tasks will
be discussed.

6.1. STATE-OF-THE-PRACTICE SURVEY

A survey was conducted to determine the state of the practice for bridge inspection. Participant
groups that were targeted included State DOTSs, county DOTs from lowa, and bridge inspection
contractors. Responses were received from 42 State DOTS, 72 counties, and 6 inspection
contractors. Components of the survey included questions focusing on bridge inspection team
composition and administrative requirements (both specifically in terms of Visual Inspection
[VI1]), and the general use of NDE.

Typica questions asked about the composition of inspection teams included: who performs
bridge inspections, the types of inspections for which contractors are used, time and manpower
budgets for a given inspection situation, PE presence during inspections and why, and experience
levels for team members. Contractors were found to be used by alarge percentage of States and
counties, and may be used for awide variety of inspection situations. State respondents
indicated that PES were typically not present on site for inspections. Almost 50 percent of State
respondents indicated that a PE was present for less than 20 percent of their inspections.

Contractors were most likely to have a PE on site during inspections.

Typical questions asked about administrative issues related to VI included: the size of the

inspection units, required inspector training, procedure/policy improvements, vision testing, use

of old inspection reports, the number of bridges inspected each year, and quality measures.

Increased use of NDE, increased personnel, and increased equipment were frequently listed

targets for additional bridge inspection resources. The Bridge Inspector’s Training Course was
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found to be the most frequently required training course by States, counties, and contractors for

team leaders and other team members. Bridge management systems, training, and other

operational areas were all topics that respondents suggested could be improved. Vision testing

for inspectors was found to be almost non-existent; any vision tests (i.e., driver’s license vision
tests) were usually administered to satisfy other job requirements. The top QC response was
review of inspection reports, and the top QA response was field re-inspection programs to spot-

check inspection reports.

Typical questions asked about general NDE techniques included: the use of ASNT Level lll
inspectors, inspector certifications, NDE techniques currently used, NDE technique used most
frequently, any discontinuation of NDE techniques for any reason, and applications for future
research. A compilation of currently used NDE techniques was determined, with VI being cited
most frequently. Some novel NDE techniques were also listed, such as acoustic emission, radar,
and thermography. Concrete deck research and prestressed concrete superstructure research
were the most frequently requested areas by State and county respondents for future NDE

research.

6.2. ROUTINE INSPECTION
Aside from the State-dependent tasks, inspectors were asked to complete six Routine Inspection
tasks. The following subsections discuss the findings from these tasks, focusing on inspection

procedure, accuracy of inspection results, and factors influencing Condition Rating assignment.

6.2.1. Inspection Procedure

Inspection procedure includes three broad topics. First, the inspector’s ability to identify
structural attributes and probable structural deterioration modes was examined. This was done
through a series of questions posed prior to each task that asked the inspectors to describe the
bridge and to identify expected deterioration modes. The inspectors were generally able to
identify the overall structure type. However, most inspectors did not indicate the existence of
important structural attributes that may influence how each bridge should be inspected (e.g.,

skew, support conditions, etc.). In addition, most inspectors indicated that they expected to find
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some type of concrete and/or steel deterioration. However, there was less consensus on how the
deterioration would be manifested.

The second inspection procedure topic focused on the inspector’s methods for completing the
inspection. In general, most inspectors visually examined each of the primary bridge
components. Inspection tool use was minimal and, as a result, few detailed examinations were
completed (e.g., sounding, measurement, etc.). Although typically used by less than 50 percent
of the inspectors, the most common inspection tools used during the Routine Inspection tasks

included a masonry hammer, flashlight, tape measure, and binoculars.

The final inspection procedure topic focused on the differences between an inspector’'s normal
practices and those used during these performance trials. Although the inspection tasks were
completed in a somewhat artificial manner (e.g., under observation, within prescribed time

limits, etc.), the participating inspectors indicated that the tasks were administered and completed
in a manner similar to normal Routine Inspections. Furthermore, the inspectors generally
indicated that they were about as thorough as usual and that they exerted a typical amount of

effort to complete the tasks.

6.2.2. Accuracy of Inspection Results

Accuracy of inspection results includes three broad topics. First is the accuracy with which
Condition Ratings were assigned to the primary bridge elements. On average, there were
between four and five different Condition Rating values assigned to each primary element. In
addition, even if one does not know what the correct Condition Rating is, it has been shown that
at least 48 percent of the individual Condition Ratings for the primary elements were assigned
incorrectly, and if the NDEVC reference Condition Ratings are correct, then 58 percent of the
individual ratings were assigned incorrectly. When considered as a group, at least 56 percent of
the sample average Condition Ratings for the primary elements were incorrect with a 95 percent
probability, and if the NDEVC reference Condition Ratings were correct, then 78 percent of the
sample average ratings were incorrect with a 95 percent probability. The distribution of assigned
primary element Condition Ratings was normal, and as a result, it is predicted that 95 percent of

the primary element Condition Ratings for the entire bridge inspector population will vary within
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approximately two rating points from the average. It isaso predicted that only 68 percent of the
population would vary within approximately one rating point from the average. Thus, it appears
that inspectors may have difficulty defining the level of deterioration in terms of the verbiage
used in the Condition Rating system. The assignment of Condition Ratings to the secondary
elements was compl eted with less consensus than for the primary elements. Thisis probably
attributable to the fact that inspectors may not normally assign Condition Ratings to these types

of elements.

The second topic within accuracy of inspection results focused on relationships between

individual Condition Ratings. Overall, “better” condition primary bridge elements were rated

lower than the reference Condition Ratings and “poorer” condition primary elements were rated
higher than the reference Condition Ratings. In addition, the greatest dispersion in inspection
results was from assessments of the substructures and “poorer” condition elements. Generally,
inspectors who rated one primary element type higher than the reference also tended to do so for
the other element types. A similar relationship exists between Condition Rating assignment on
“poorer” and “better” condition primary elements. Finally, it appears that as the severity of the
deficiencies rises, so does the difficulty in assessing the severity. This difficulty is most

prevalent in the assessment of bridge decks.

The final topic within accuracy of inspection results focused on inspection documentation.
Recall that during Task D, inspectors were provided with a camera with which they could
photographically document their observations. The use of photographic documentation varied
significantly. The most common photographs were of joint deterioration, deterioration of the
parapet, an overall elevation view, and a general approach view. All other photographs were
taken by less than half of the inspectors. However, providing photographic documentation did
not appear to influence the assignment of the Task D Condition Ratings. Inspector
documentation was also studied in terms of the specific field notes inspectors recorded during
these six Routine Inspection tasks. Of the 20 investigated field notes describing moderate to
severe deficiencies, most were taken by more than half of the inspectors. In general, the
following inspector factors showed the strongest relationship with note-taking proficiency: Fear

of Traffic, Perception of Bridge Inspection Importance to Public Safety, Quality of Relationship
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With Supervisor, Estimated Additional Y ears as a Bridge Inspector, Comparison to Other
Inspectors, General Education Level, and Formal Bridge Inspection Training. On atask-by-task
basis, similar to the photographic documentation, note-taking appears to have no influence on the
assignment of Condition Ratings. However, when the task results are combined, inspectors who
took a greater number of total notes tended to give Condition Ratings that were higher than the
reference ratings and that contained less dispersion overall. The converse was also found to be

true.

6.2.3. FactorsInfluencing Condition Rating Assignment

Multivariate equations that model the inspector and inspection factors have been devel oped to
predict the sample primary element Condition Rating results. The most frequently recurring
Inspector factors in these equationsinclude: Reported Fear of Traffic, Near Visual Acuity, Color
Vision, and Formal Bridge Inspection Training. Similarly, the most frequently recurring
ingpection factorsinclude: Light Intensity, Reported Structure Maintenance Level, Reported
Structure Accessibility Level, Reported Structure Complexity Level, Inspector Rushed Level,
and Wind Speed. An interaction between the inspector and the inspection factors does exist, and
when these factors were considered jointly, the predictability of the sample primary element

Condition Rating results is improved.

There were anumber of factors that one might logically think could influence Condition Rating
assignment that were found to have minimal correlation. Specifically, these include such items

as being aregistered PE, general education level, and bridge inspection experience.

6.3. IN-DEPTH INSPECTION
Aside from the State-dependent tasks, inspectors were asked to complete two In-Depth
Inspections. The following discusses the findings of these tasks, focusing on the accuracy of the

Inspection results and on the factors that tend to relate to the inspection results.
6.3.1. Accuracy of Inspection Results

Detailed results of the In-Depth Inspections were presented in Chapter 5. Within both Task F

and Task H, deficiencies considered to warrant notation in an inspection report were selected as
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the expected defects that inspectors should have noted during their inspections. Table 232
presents a summary of the deficiency detection results for these items. The table includes the
number of inspectors who performed the specific portion of the task necessary to have located
the defect, and the number and percentage of inspectors who correctly located the defect.

There are afew clear trends evident in the information contained in Table 239. First, genera
coating defectsin a steel superstructure will probably be noted during an In-Depth Inspection.
Aswould be expected, it is also evident that a superstructure with a greater level of deterioration
(i.e., Task F) will be morelikely to be indicated as having deficiencies.

With regard to more localized, specific defects, the results show that it is unlikely that an
inspector will note the types of deficiencies examined in this study. In every case, lessthan 8
percent of the inspectors noted either of the implanted defectsin Task F or any of the weld crack
indicationsin Task H. The results from the weld crack indicationsin Task H show that, for the
types of indications present in this task, the overall accuracy rate for identifying these defectsis
3.9 percent. Finally, with regard to the bolt defectsin Task H, the results show that, in general,
only approximately 25 percent of the inspectors will note this type of deficiency.

6.3.2. Factors Correlating With Inspection Results

The factors that show some correlation with the inspection results from the In-Depth Inspections
were presented in Chapter 5. Within this group of factors, there are 11 specific factors that show
stronger rel ationships to the inspection results. The following combines the results from Tasks F
and H and presents a discussion of these factors and factor categories. The discussion includes
factors related to inspection thoroughness, inspection time, inspector comfort during inspection,
structure complexity, structure accessibility, inspector viewing of welds, flashlight use, and

number of annual bridge inspections.

In general, the factors mentioned above correlate to some portion of the inspector subsets.
However, correlation does not necessarily indicate causation. Since this was only a univariate
analysis that compared one factor to a set of results, it may not be correct to conclude that an

inspector who rates favorably on one factor scale will automatically perform a better inspection.

456



These results present a group of factors that show some relationship to the findings and thus may

have an influence on the results.

Among the factors found to relate to the inspection results, the inspection thoroughness as
measured and analyzed in Task H provided a strong relationship. These results showed that
inspectors who performed a more thorough inspection were more likely to locate specific
deficiencies, such asweld crack indications. The inspectors who performed thorough
inspections also tended to be focused, had a high tolerance for working at heights, used the

necessary tools, and inspected critical locations.

Table 239. In-Depth Inspection deficiency detection results.

Number of Percentage
Inspector Inspectors  of Inspectors

Deficiency Sample Identifying Identifying
Deficiency Deficiency
Paint System Failure 42 42 100%
General Corrosion 42 41 98%
0 Rivet Head Corrosion 42 19 45%
é Efflorescence 42 29 69%
& Implanted Tack Weld Crack 42 3 7%
Implanted Missing Rivet Head 42 2 5%
Impact Damage 42 7 17%
Bearing Misalignment 42 21 50%
Paint System Failure 44 29 66%
General Corrosion 44 24 55%
Member Distortion 44 5 11%
Fabrication Error 44 1 2%
Crack Indication W1 44 1 2%
T Crack Indication W2 44 2 5%
Crack Indication W3 44 3 7%
g Crack Indication W4 42 1 2%
Crack Indication W5 44 2 5%
Crack Indication W6 44 1 2%
Crack Indication W7 42 2 5%
Bolt Defect B1 44 14 32%
Bolt Defect B2 42 8 19%
Bolt Defect B3 42 9 21%
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Actua Timeto Complete Inspection is afactor that showed some correlation with the results.
The results from both tasks show a tendency for inspectors who located defects to have spent
more time on their inspection. The results also show that the inspectors who indicated that there
were no defects tended to spend less time on their inspections. Furthermore, the results from
Task H show that inspectors who correctly located multiple relatively minute detail defects, such
asaweld crack indication or bolt defects, tended to take significantly more time to complete the
task. With regard to Estimated Time to Complete Inspection, the inspectors who noted defects
tended to spend more time on the inspection than they had anticipated spending, while the
inspectors who noted no deficiencies spent significantly less time than they had anticipated.
These results seem to indicate that the inspectors who worked more slowly found more defects.
However, these results also allow for the possibility that the detection of a defect would tend to
slow the inspector, forcing alonger, more thorough examination of the bridge.

There are three factors that focus on the comfort of the inspector while performing an inspection

at heights. All three of these factors tended to correlate with the results from Task H. Thisis

probably due to the task being performed from a boom lift more than 15.2 m (50 ft) above

ground level. These three factors— Fear of Heights, Observed Inspector Comfort With Heights,
and Observed Inspector Comfort With Lift — will all be discussed together due to their close
relationship. The first tendency is for the inspectors who noted no deficiencies in Task H to also
receive a relatively low rating for Comfort With Lift and Comfort With Heights, and for them to
report that they had a greater than average fear of heights. Conversely, the inspectors who noted
a weld crack indication or the distortion defect tended to receive greater than average ratings for
Comfort With Heights and Comfort With Lift. The inspectors who noted a weld crack indication
also reported that they had less fear of heights than average. Clearly, inspectors who were more
comfortable working at heights were more likely to correctly locate defects, while those who

were uncomfortable tended to locate no defects.

Inspector-Reported Structure Accessibility and Inspector-Reported Structure Complexity are
both factors that were found to relate to certain subsets of inspectors, and thus with the detection
of certain types of defects. This is probably due to two reasons. First, both factors tend to affect

the way an inspection is performed, possibly causing the inspector to not gain the access that

458



may be necessary to fully inspect certain details. Second, they also describe the inspector’s
overall view of the structure, providing an indication of the types of defects that are being looked
for. With regard to complexity, the inspectors who noted an implanted defect in Task F and the
inspectors who noted a weld crack indication in Task H rated the respective structures as more
complex. The inspectors who noted a weld crack indication in Task H also rated the
accessibility of that structure as being lower than average. Alternatively, the inspectors who
noted the distortion defect in Task H, as compared to the average inspector, felt that the bridge
was more accessible and less complex. These results seem to indicate that the inspectors who
tend to find smaller defects, such as a weld crack indication, are more likely to feel that the
structure is more difficult to inspect than average. Also, inspectors who locate larger defects,
such as overall flange distortions, seem more likely to indicate that the structure is easier to
inspect than average. Note, however, that the converse of both of these statements may also be
true, with the perception of complexity and accessibility possibly causing the inspector to find

certain defects.

The physical action of inspecting welds during Task H leads to two more factors that tend to

relate to the inspection results from that task. The Observed Variation in Viewing Angle and the
Observed Distance to Weld Inspected are both factors that clearly demonstrate that the inspectors
who located certain types of defects did so because they were specifically looking for that type of
defect. Inspectors who noted a weld crack indication were significantly more likely to be

observed varying their viewing angle when inspecting welded connections. These inspectors
were also observed to be much closer than average to the welds that they were inspecting.
Alternatively, the inspectors who did not note any defects in Task H were observed to vary their
viewing angle less frequently and to be much farther away from the welds that they were
inspecting than the average inspector. It seems clear that some inspectors were looking for

certain types of defects, while others were not.

Along similar lines, the use of a flashlight is another factor that relates to certain inspectors.
Compared to the average, a higher percentage of the inspectors who located the implanted defect
in Task F, the impact damage in Task F, or a weld defect in Task H tended to use a flashlight.

Since it is unlikely that the act of detecting a weld crack indication would cause the inspector to
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use the flashlight, it seems clear that the use of the flashlight aided the inspector in the location

of these defects.

Finally, the Number of Annual Bridge Inspections also tended to relate to the results from Task
H. These results show that inspectors who correctly located one or multiple weld crack
indications tend to inspect significantly fewer bridges per year than average. Alternatively, the
inspectors who indicated that there were no deficienciesin Task H tended to inspect significantly
more bridges per year than average. This may indicate that inspectors who inspect more bridges
per year either become more rushed and thus perform aless thorough inspection or are less
familiar with performing In-Depth Inspections and thus do not know what deficiencies to ook
for. Inspectors who perform fewer inspections per year than average may be more familiar with
In-Depth Inspections and thus may have performed better inspections.

6.4. COMPARISON OF ROUTINE AND IN-DEPTH INSPECTION SUBSETS
Comparisons can be made between various subsets of inspectors, as defined through the results
that were obtained in the Routine and In-Depth Inspection portions of this study. The following

section discusses comparisons between these subsets of inspectors.

6.4.1. Routinelnspection Subset Comparison

In Chapter 5, the Routine Inspection results were analyzed in anumber of different ways. From

these analyses, the inspectors can be grouped into subsets based on their individual performance.

The subsets are based on six general measurements: (1) overall Condition Rating accuracy, (2)
superstructure Condition Rating accuracy, (3) overall Condition Rating precision, (4)

superstructure Condition Rating precision, (5) photographic documentation, and (6) field

inspection notes. The inspectors were grouped into “high” and “low” performance groups of
these subsets based on the data in Chapter 5, thereby creating 12 subsets. Note that for these
analyses, inspectors not in either the high or low performance groups were not included. The
criteria used to determine which inspectors were classified into each subset are shown in table
240. This table also shows how many inspectors were in each subset. Also note that the high

and low superstructure Condition Rating accuracy groups are primarily included here for

460



compl eteness, as they are used in later comparisons between Routine and In-Depth Inspection

inspector subsets.
Table 240. Routine Inspection subset classification.
Performance Criteria
High Low
Inspector Subset Types N Criteria N Criteria
Accuracy (Overall) 14 OODFR[1<0.20 6 ODFRO>0.75
Accuracy (Superstructure) 20 [ODFR[<0.20 9 ODFR>0.75
Precision (Overal) 14 0<0.72 7 0>1.00
Precision (Superstructure) 15 0<0.60 10 0>1.00
Photographs 11 Percentage of total >50% 13 Percentage of total < 30%
Notes 11 Total number of notes> 16 16 Total number of notes < 14

The following analysis focuses on whether inspectors who may have been grouped into one of
the Routine Inspection subsets also tended to fall into another of these subsets. Table 241
presents the results of these comparisons. The rows of this table present the inspector subsets,
along with the results of the overall set of inspectors. These subsets are the inspectors who are
being analyzed. The columns show the associated subsets. For example, the table shows that 50
percent of the inspectors who had high overall accuracy also had high accuracy in assessing the
superstructures. This result could be compared to the overall inspector sample result, which
indicates that 41 percent of the overall inspector sample had high accuracy in ng the

superstructures.

There are anumber of specific subset comparisons that deserve to be mentioned. First note that
100 percent of the low overall accuracy inspectors also had low accuracy for the superstructures,
as compared to 18 percent overall. Also note that 57 percent of the high overall precision
Inspectors aso had high precision for the superstructures, as compared to 31 percent overall.
Similarly, 43 percent of the inspectors with low overall precision also had low precision on the
superstructures, as compared to 20 percent overall. Finally, note that none of the inspectors that
took alarge number of photographs also took alarge number of notes, as compared to 33 percent
overall. Based on these data, it appears that the inspector subsets analyzed here tend to produce
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certain types of inspection results. Specifically, these inspectors are generally consistent in their

Condition Rating assignment accuracy and precision.

Table 241. Comparison of Routine Inspection subsets.

g 3 2 2 8 & 5 &
=] > = =]
-
T T 5 3 = % 2 8
T 2ot b oEoRoBoZOEOSOS
>
= S % 3 e ¢ &E/ 3 5 5 B %©
> > 5 c o) c a_-, a_-, aj a_-,
c ¢ ¢ 2w 5 v 5 £ 2 £ £
8 3 8 3 3 3 o) 3 S S 3 S
< < < < &€ § &© § £ £ £ =
5 32 ® 38 ® 32 ®» 3 § § § B
I - I 1 I 1 I | | (% - (%
Overall 29% 12% 41% 18% 29% 14% 31% 20% 22% 27% 22% 33%

HighAccuracy 10000 096 509% 0% 20% 0% 20% 7% 21% 21% 21% 29%

(Overall)
(Lg\‘jvegﬁ;“racy 0% 100% 0% 100% 0% 50% 0% 50% 0% 33% 50% 50%
(Hs'ggef;rc;étﬁg 35% 0% 100% 0% 35% 10% 25% 15% 30% 30% 25% 40%
'(‘SOUVFV)eAr;fﬂgtaﬁ?’e) 0% 67% 0% 100% 11% 44% 11% 44% 11% 22% 33% 56%
(Ho'?lzrzlrsc'aon 29% 0% 50% 7% 100% 0% 57% 0% 21% 36% 14% 50%
'(‘gyerzl"f)c'son 0% 43% 29% 57% 0% 100% 0% 43% 29% 29% 43% 29%
(Hs'ggerpsrt?‘jgg:‘e) 2% 0% 33% 7% 53% 0% 100% 0% 27% 13% 27% 33%
(Lsou";gr;ﬁi‘tﬁrr‘e) 10% 30% 30% 40% 0% 30% O% 100% 30% 10% 20% 40%
0 0 0 0 0 0 0 0 o () ) o
LAGNUTOS  o76 0% 55% 9% 27% 18% 36% 27% 100% 0% 0% 36%
Small NUTDS' 23w 15% 46% 15% 38% 15% 15% 8% 0% 100% 15% 31%
LAGRNUTDST 219 279 45% 27% 18% 27% 36% 18% 0% 18% 100% 0%
Small Number 5% 19% 50% 31% 44% 13% 3% 25% 25% 25% 0% 100%
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6.4.2. In-Depth Inspection Subset Comparison

In Chapter 5, anumber of subsets of inspectors were defined for both Task F and for Task H.
This section focuses on whether inspectors, who may have been grouped into one of these In-
Depth Inspection subsets, also tended to fall into another of these subsets. Ten of the 12
inspector subsets defined for Tasks F and H will be used here. The subsets of inspectors who
identified multiple weld crack indications and multiple bolt defects will not be discussed.

Table 242 presents the results of these comparisons. The rows of this table present the 10
ingpector subsets, along with the results from the overall set of inspectors. These subsets are the
inspectors who are being analyzed to determine if they tended to fall into other subset categories.
The columns show the associated subsets. These are the deficiencies (or non-deficiencies) with

which the primary inspector subsets are being compared.

There are anumber of specific subset comparisons that deserve to be mentioned. First, note that
50 percent of the inspectors who noted a Task F implanted defect also noted a Task H weld crack
indication, as compared to only 16 percent overall. Also note that 60 percent of the inspectors
who noted the Task H distortion defect also noted the Task F impact damage, as compared to 17
percent overall. Eighty percent of the inspectors who noted the Task H distortion defect also
noted a Task H bolt defect, however, none of those inspectors noted aweld crack indication.
Finally, note that 50 percent of the inspectors who indicated that there were no deficienciesin
Task H aso indicated no deficienciesin Task F, as compared to 21 percent of the inspectors
overall.

These findings indicate that certain types of inspectors tend to produce certain types of
inspection results. Specifically, inspectors who find small, detailed defects (such as aweld crack
indication) will tend to do so regardless of the bridge. Inspectors who find gross dimensional
defects (such as distortions or impact damage) will aso tend to do so regardless of the bridge.
Finally, those inspectors who find fewer than average defects in one bridge will probably do the

same for another bridge.
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Table 242. Comparison of In-Depth Inspection subsets.

Associated Inspector Subset

Task F Task H
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Overall 45% 10% 50% 17% 21% | 16% 39% 11% 66% 18%
Rivet Corrosion Defect  100% 16% 58% 16% 0% 21% 26% 5% 68% 0%
w | Implanted Defect 75% 100% 50% 0% 0% 50% 50% 0% 50% 0%
é Bearing Defect 52% 10% 100% 5% 0% 19% 24% 5% 57% 14%
E = Impact Damage 43% 0% 14% 100% 0% 14% 57% 43% 71% 0%
(ﬁ No Deficiencies 0% 0% 0% 0% 100% | 0% 22% 11% 33% 44%
[e]
g Weld Crack Indication 57% 29% 57% 14% 0% 100% 43% 0% 43% 0%
@’ T | Bolt Defect 29% 12% 29% 24% 12% | 18% 100% 24% 65% 0%
- 'é Distortion Defect 20% 0% 20% 60% 20% 0% 80% 100% 80% 0%
| Coati ng Defect 45% 7% 41% 17% 10% | 10% 38% 14% 100% 0%
No Deficiencies 0% 0% 38% 0% 50% 0% 0% 0% 0% 100%

6.4.3. Routine Inspection Performance of In-Depth Inspection Subsets

In this section, the In-Depth Inspection subsets that were discussed previously are analyzed with

respect to their performance on the Routine Inspection tasks. Five general descriptors of

performance will be used in thisanalysis: Condition Rating accuracy, DFR accuracy, DFR

precision, written inspection note proficiency, and photographic documentation proficiency.

These five sets of data were the subject of much of the analysis presented previously in the

Routine Inspection Results section.

Table 243 summarizes the probability that inspectors from each of the In-Depth Inspection

subsets gave Condition Ratings that were not different from inspectors not in the particular
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ingpector subset. The probabilities shown in table 243 vary from O percent to 100 percent,
indicating awide range of potential relationships.

Table 243. In-Depth inspector subset relationship with Routine Inspection Condition Ratings.

Deck
Inspector Subset Task A Task B TaskC  TaskD Task E Task G
Rivet Corrosion Defect 25% 31% 81% 57% 60% 54%
Implanted Defect 93% 68% 79% 27% 79% 100%
Bearing Defect 58% 16% 63% 80% 55% 54%
Impact Damage 45% 47% 22% 65% 79% 41%
No Deficiencies (Task F) 67% 47% 45% 45% 57% 45%
Weld Crack Indication 23% 41% 8% 93% 94% 36%
Bolt Defect 19% 37% 37% 84% 94% 24%
Coating Defect 99% 70% 36% 0% 90% 62%
Distortion Defect 72% 28% 5% 12% 33% 68%
No Deficiencies (Task H)  52% 24% 47% 9% 61% 17%
Superstructure
Inspector Subset Task A Task B TaskC  TaskD TaskE  Task G
Rivet Corrosion Defect 14% 10% 15% 97% 83% 76%
Implanted Defect 71% 97% 37% 16% 85% 65%
Bearing Defect 5% 84% 85% 45% 89% 52%
Impact Damage 11% 13% 93% 1% 59% 1%
No Deficiencies (Task F) 20% 86% 53% 38% 69% 38%
Weld Crack Indication 73% 96% 86% 61% 41% 82%
Bolt Defect 85% 3% 25% 14% 91% 15%
Coating Defect 73% 42% 48% 34% 86% 37%
Distortion Defect 79% 97% 97% 47% 43% 15%
No Deficiencies (Task H)  89% 69% 90% 16% 85% 33%
Substructure
Inspector Subset Task A Task B TaskC  TaskD TaskE  Task G
Rivet Corrosion Defect 29% 59% 9% 93% 38% 7%
Implanted Defect 83% 46% 24% 73% 71% 65%
Bearing Defect 36% 13% 89% 12% 51% 1%
Impact Damage 56% 31% 86% 3% 7% 90%
No Deficiencies (Task F) 50% 79% 47% 67% 18% 0%
Weld Crack Indication 37% 84% 31% 12% 17% 58%
Bolt Defect 11% 13% 46% 3% 85% 54%
Coating Defect 96% 67% 60% 11% 36% 94%
Distortion Defect 91% 2% 55% 55% 100% 67%
No Deficiencies (Task H)  82% 53% 83% 79% A7% 75%

465



Table 243 provides the following results. Note that the results pertaining to the Routine
Inspection superstructure are of the most interest due to their closer relationship to the In-Depth
Inspection results, which focus solely on superstructure inspections. It appears that inspectors
who identified the impact damage may have generally given statistically different Condition
Ratings for four of the six superstructures. Furthermore, areview of the Task A superstructure
datareveasthreefindings. First, there was a difference between inspectors noting the rivet
corrosion defect and those not noting this defect. Thisis expected given the fact that the Task A
bridge was also ariveted structure. Second, the bearing defect subset also appears to have
assigned statistically different Condition Ratings from those not noting the bearing defect. This
is again expected since the Task F and Task A bridges had similar bearing types. Third, the
Condition Ratings assigned by the impact damage subset differed from those inspectors who did
not identify this defect. Again, the Task A bridge also had impact damage and could have
contributed to the differences. On the other hand, there were no significant differencesin the
Condition Ratings assigned by any of the subsets for Task E (i.e., the Routine Inspection of the
same bridge inspected in Task F).

Similar to the data presented in table 243, table 244 summarizes the probability that inspectors
from each of the In-Depth Inspection inspector subsets gave DFRs that were not different from
inspectors not in each of the inspector subsets. Two of the inspector subsets appear to have a
strong correlation with the DFR data: Impact Damage and Bolt Defect. Both of these subsets
had very low probabilities of not being different (2 and 3 percent, respectively) for the
superstructure DFR and relatively low probability for the general DFR (i.e., all elements). As
was discussed in the In-Depth Inspection Results section, the inspectors who identified the
impact damage defect were inspectors who, overall, tended to identify alarger than average
percentage of the general structural deficiencies. Thistype of inspection finding is very similar
to the findings that would normally be made during a Routine Inspection, thus possibly
accounting for the low probability. The identification of loose bolts, such as those identified by
the bolt defect group, is relatively straightforward and is another type of defect that might be
found during a Routine Inspection. In light of this, it appearslogical that the inspectors
identifying the bolt defect could have assigned statistically different Condition Ratings for the

superstructures.
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Table 244. In-Depth inspector subset relationship with Routine Inspection DFR.

Inspector Subset Deck Superstructure  Substructure  All Elements
Rivet Corrosion Defect 86% 15% 90% 49%
Implanted Defect 89% 65% 83% 93%
Bearing Defect 69% 26% 37% 43%
Impact Damage 18% 2% 29% 9%
No Deficiencies (Task F) 48% 78% 97% 88%
Weld Crack Indication 44% 100% 15% 41%
Bolt Defect 18% 3% 10% 7%
Coating Defect 29% 71% 91% 65%
Distortion Defect 44% 19% 88% 44%
No Deficiencies (Task H) 58% 72% 88% 85%

A review of the inspector DFR data, with respect to the precision of their assessmentsis givenin
table 245. Asin the previous discussion, the inspectors identifying the impact damage again
showed statistical differencesin the dispersion data. The inspectors identifying the bearing
defect showed differencesin their dispersion for the substructure. This may indicate that the
evaluation of bearings and substructures may be completed in a similar manner or may require
similar skills. Also, inspectorsidentifying aweld crack indication had a statistically different
precision in the evaluation of the decks. Inspectors identifying the coating defect tended to have
astatistically different precision when all element types were combined. Thisis probably
attributable to the fact that the coating defect was manifested in a number of different ways and
required the inspector to possess a number of different inspection skills. In asimilar manner, a

number of different skills would be needed to evaluate al of the e ement types.

Table 245. In-Depth inspector subset relationship with dispersion on Routine Inspection DFR.

Inspector Subset Deck Superstructure  Substructure  All Elements
Rivet Corrosion Defect 82% 41% 91% 52%
Implanted Defect 45% 85% 62% 92%
Bearing Defect 24% 44% 0% 1%
Impact Damage 9% 19% 9% 15%
No Deficiencies (Task F) 71% 24% 32% 18%
Weld Crack Indication 8% 67% 97% 68%
Bolt Defect 43% 27% 38% 62%
Coating Defect 59% 86% 30% 8%
Distortion Defect 60% 29% 97% 94%
No Deficiencies (Task H) 100% 50% 97% 84%
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The datain table 246 summarizes the relationship between the In-Depth Inspection subsets and
their Routine Inspection notes and photographic documentation performance. The table shows
that a number of subsets gave a statistically different number of inspection notes than those
inspectors not in those subsets. As expected, inspectorsin the rivet corrosion defect subset and
the implanted defect subset took an overall larger number of notes, whereas those inspectors not
noting any deficiencies during the In-Depth Inspections took a statistically smaller number of
notes during the Routine Inspections. The only subset to show any differencesin the
photographic documentation provided was the rivet corrosion defect subset. For reasons still
unclear, inspectors in this subset provided a statistically smaller number of photographs than

Inspectors not in this subset.

Table 246. In-Depth inspector subset relationship with Routine Inspection documentation.

Inspector Subset Inspection Notes ~ Photographic Documentation
Rivet Corrosion Defect 0% 6%
L. | Implanted Defect 6% 45%
% | Bearing Defect 37% 72%
F | Impact Damage 78% 87%
No Deficiencies 3% 52%
Weld Crack Indication 31% 31%
T | Bolt Defect 36% 60%
7@ Coating Defect 89% 47%
+ | Distortion Defect 47% 30%
No Deficiencies 5% 56%

6.4.4. In-Depth Inspection Defect Assessment of Routine I nspection Subsets

This section examines any relationships that may be present between the Routine Inspection
subsets and their ability to correctly identify In-Depth Inspection deficiencies. The same 12
Routine Inspection subsets as presented previoudly in this chapter are used here. The In-Depth

Inspection subsets are also the same as previously discussed.

Table 247 presents the percentage of each Routine Inspection subset that falls into the In-Depth
Inspection subset. The Routine Inspection subsets are presented in the rows and the In-Depth
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Inspection subsets are presented in the columns. For comparison, this table provides arow that

contains the percentage of the overall sample that are in each In-Depth Inspection subset.

Table 247. Comparison of Routine Inspection subsets with In-Depth Inspection results.

Task F Task H
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Overall 45% 10% 50% 17% 21% | 16% 39% 11% 66% 18%
High Accuracy (Overall) 43% 14% 43% 14% 14% | 14% 36% 7% 43% 29%
Low Accuracy (Overall) 50% 0% 83% 0% 0% | 0% 33% 0% 83% 17%

High Accuracy (Superstructure) 35% 10% 30% 20% 30% | 20% 30% 10% 45% 25%
Low Accuracy (Superstructure) 33% 0% 56% 11% 22% | 0% 44% 11% 67% 22%
High Precision (Overal) 14% 7% 21% 14% 36% | 7% 29% 21% 57% 21%
Low Precision (Overal) 29% 14% 86% 0% 14% | 29% 29% 0% 43% 29%
High Precision (Superstructure) 40% 7% 33% 0% 27% | 13% 20% 7% 53% 13%
Low Precision (Superstructure) 60% 0% 50% 20% 10% | 10% 30% 10% 70% 10%
Large Number of Photos Taken 23% 8% 38% 15% 23% | 0% 54% 8% 77% 23%
Small Number of Photos Taken 55% 9% 27% 9% 18% | 36% 27% 9% 27% 18%
Large Number of Notes Taken ~ 64% 18% 64% 18% 0% | 18% 9% 9% 64% 18%
Small Number of Notes Taken  13% 0% 38% 13% 44% | 0% 25% 6% 38% 38%

There are relatively few overall trends evident within these results. In general, there does not
seem to be a strong relationship between these Routine Inspection subsets and the In-Depth
Inspection subsets. However, two of the Routine Inspection attributes tend to show some slight
correlation. First, table 247 shows that the inspectors that exhibited high precision, both overall
and specifically with regard to the superstructure, tended to correctly identify slightly fewer of
the In-Depth Inspection deficiencies. Second, thereisarelatively strong correlation with the
inspectors who took a small number of notes. These inspectors tended to locate significantly
fewer of the In-Depth Inspection deficiencies than the overall inspector sample. Thisresult was
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not unexpected given the reliance of In-Depth Inspection on handwritten, defect-specific

inspector’s notes.

6.5. STATE-DEPENDENT TASKS

Many of the results from the Routine and In-Depth Inspection tasks have been presented in terms
of the accuracy of the inspection and the factors affecting the inspection. Since the primary goal
of the State-dependent tasks was different from the goals of the Routine and In-Depth Inspection
tasks, these tasks will be discussed in a different manner. The State-dependent tasks will be
discussed primarily in terms of procedural and reporting differences between States, with

comments about inspection accuracy as appropriate.

6.5.1. State-Dependent Routine Inspection Task
Task I, the Routine Inspection of the Van Buren Road Bridge, was performed in a similar
manner by each of the inspection teams. The majority of the differences can be classified as

either procedural differences or reporting differences.

6.5.1.1. PROCEDURAL DIFFERENCES

Observing differences in the procedural methods used by different States to complete this task
was one of the goals of this study. Interaction between team members was one area where
differences existed. About half of the teams that participated were assembled specifically for
this study, while others were regular partners. It was observed that most of the assembled teams
worked as equals, while most of the pre-existing teams had a clear leader in charge of the
inspection. Assembled teams were also observed to fall into two of the three division of labor
categories, either to work together or to work independently. No clear trend was observed for
the division of labor for the pre-existing teams. The markedly different styles between the
assembled teams and the pre-existing teams may imply that the assembled teams might have
performed an inspection different from their regular State procedures. Regardless, neither the
relationship aspect nor the division of labor aspect were found to influence the Condition Ratings

assigned to the bridge.
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Thelevel of preparation prior to arrival at the bridge site was another procedural aspect that was
studied. Teams were classified into one of three groups based on the preparation apparent in the
work product submitted. The categories were No Preparation Observed, Some Preparation
Observed, and Indeterminate Preparation. The members of the Indeterminate Preparation group
all submitted computer-generated reports without any intermediate work products. Only a
guarter of the teams showed evidence of preparation in the work products submitted. Although
one element of one group showed a statistical difference from the teams not in that group, no
clear trend was observed that showed that any of these methods of preparation affected the
Condition Ratings assigned.

Finally, nine teams performed a deck delamination survey as part of their regular Routine
Inspection. Another seven teams indicated that deck delamination surveys are either handled by
adifferent organization or that all bridgesin their State have an asphalt overlay. The remaining
eight teams performed some sounding, but did not perform enough sounding to determine the

extent of the deterioration.

6.5.1.2. REPORTING DIFFERENCES

One of the other primary aspects of the State-dependent tasks was to investigate reporting
differences between the various States. Differences were observed in the presentation of the
reports and in some of the element-level data that were presented; however, most of the reporting

differences were minor. Some of the more significant differences are discussed below.

The reports themselves varied quite drastically in appearance and length. However, examination
of the reports showed that nearly all of the same information is present in each report. Final
reports were submitted that were either written in the field or generated on computer (either in
thefield or in the office). Also, some teams only submitted an intermediate report. These
reports contained all of the data necessary for a complete report, but in aless complete form than
normal. An analysis showed that there was no statistical difference in the Condition Ratings
assigned by teams using different reporting styles.
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Photographic documentation was another component of the submitted reports. Fourteen teams
either submitted photographs or submitted alog of the photographs that would have been taken
had they had a camera available. Results were similar to those obtained from Task D. Overall
photographs of the elevation and of the approach (including the deck) were taken by about two-
thirds of the teams. Photographs showing details were not taken as frequently, with girder and
railing photographs being the most common local condition photographs taken.

More than half of the teams submitted element-level data. Most, but not all, of the teams that
submitted element-level data used aformat compatible with the Pontis system. Major CoRe
elements were used fairly consistently and, in general, correctly. Some deviations were observed
with the units used and in the manner in which some of the Condition States were apparently
defined. The most common difference was the substitution of area units for the deck elements.
Of greater concern was the splitting of the deck quantity over multiple Condition States. It has
not been determined whether the Condition States have been redefined by those States, or
whether it was a mistake on the part of the individual inspectors. The other primary elements
were used with much more variation, specifically the multiple joint and railing elements that
were selected. However, given the condition of the joints and the constraints imposed on the
inspectors, the joint inconsistencies may not be significant. Inconsistenciesin railing element
selection are more difficult to explain. Although the CoRe element guide very clearly indicates
that railing of multiple materials should be listed as a combination railing, many teams tracked
the railing with the other elements. It isunclear whether some of the States have redefined
railing elements or whether inspector error caused the inconsistencies. Sub-elements were used
by some of the teams, alowing tracking of additional information. These sub-elements appeared
to have been used properly. Many teams also used non-CoRe elements, and since these elements
are not defined nationally, it was expected that they would vary from State to State. Finally,

“smart flags” were used by several teams.
6.5.2. State-Dependent In-Depth I nspection Task

An In-Depth Inspection of the deck of the Van Buren Road Bridge was the other State-dependent

task. Teams were asked to perform a delamination survey on the southern two spans.
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6.5.2.1. PROCEDURAL DIFFERENCES

The various teams performed this task using basically similar methods. Almost all of the teams
used the chain to survey the deck. About half of the teams used a sounding hammer to refine the
shape of the areas found by the chain. Generally, one inspector chained while the other took

notes, and typically, both inspectors took turns performing the sounding.

Another procedural difference observed was the philosophy of how to find the delaminations.

Some teams only tried to “box in” every delamination they found with a rectangular shape, thus
not attempting to identify the exact outline of the delaminations. Others spent a considerable
amount of time attempting to identify the actual outline of the delaminated areas. As can be
expected by these two philosophies, the delamination percentages indicated by the actual outline
group tended to be much smaller than those assigned by the rectangular outline group.

6.5.2.2. ACCURACY OF THE IN-DEPTH INSPECTION

The results of this In-Depth Inspection show that only a small percentage of the inspection teams
provided an accurate measurement of the level of deck deterioration. The NDEVC determined
that the deck was approximately 19 percent delaminated. If an allowance of + 5 percentage
points is permitted as reasonable error (between 14 and 24 percent delaminated), only 5 of the 22
teams had estimates falling within this range. However, two limitations were discovered in the
course of the administration of this inspection task that may have affected the results. To
preserve the deck in the same condition for all participating inspectors, a prohibition was placed
on marking the surface of the deck. This may have led to inaccuracies in the recording of
delamination size and position. In addition, data sheets were provided on unlined paper,
showing only a scaled drawing of the outline of the deck spans. The use of graph paper may

have increased positioning accuracy.

Some of the possible reporting accuracy problems can be addressed in the analysis. Additive
overlays of the delamination maps can be created and unique and low-frequency delamination
calls can be filtered out. Although the overall average delamination percentage indicated by the
teams was 13 percent, the amount of deck area covered by the union of all the delamination areas

was 69 percent. This number can be reduced to 40 percent by filtering out areas with only one or
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two delamination calls, or further reduced to 21 percent by filtering out areas with four or fewer
delamination calls. The areas of the deck with at least five delamination calls had relatively
good correlation in quantity and location with the delamination map determined by the NDEV C.
In addition, only about 0.4 m? of the deck had at least 15 layers of common delamination calls.
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7. CONCLUSIONSAND RECOMMENDATIONS

7.1. GENERAL

The Visual Inspection (V1) method is, by far, the predominant nondestructive evaluation
technique used in bridge inspections. However, since implementation of the National Bridge
Inspection Standards in 1971, a comprehensive study of the reliability of VI asit relates to bridge
inspections had not been undertaken. Given these facts and the understanding that VI may have
limitations that affect itsreliability, the FHWA Nondestructive Evaluation Validation Center
(NDEVC) initiated a comprehensive study to examine the reliability of the VI method asitis
currently practiced in the United States.

The general goal of this study wasto examine the reliability of VI of highway bridges. As such,

the reliability was studied within the context of its normal application. This study focused on the

two most commonly completed inspections. Routine and In-Depth Inspections. In order to

ensure that this study would be applicable, the inspection results were studied in the forms in

which they are normally manifested. Specifically, for the Routine Inspections, Condition

Ratings for the deck, superstructure, and substructure, as defined in the Bridge Inspector’s

Training Manual 90were used. The Condition Rating system requires that inspectors assign a
rating from O to 9 that reflects the structural capacity of a bridge and describes any structural
deficiencies and the degree to which they are distributed. For the In-Depth Inspections, the
inspection results were evaluated based solely on the inspector’s field notes. These field notes

were a reflection of the specific deficiencies that were identified.

To accomplish the study goals, the investigation consisted of a literature review, a survey of
bridge inspection agencies, and a series of performance trials using State department of
transportation bridge inspectors. The performance trials were completed by 49 State bridge
inspectors who completed 6 Routine Inspections, 2 In-Depth Inspections, and 2 inspections
following their respective State procedures. Extensive information was collected about the
inspectors and the environments in which they worked. This information was then used to study

their relationship with the inspection results.
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7.2. CONCLUSIONS

The following conclusions are based on the research presented in this report:

1

Professional Engineersaretypically not present on sitefor inspections. In the results
of the State-of -the-Practice Survey, 60 percent of the State respondents indicated that a
Professional Engineer was on site for less than 40 percent of the inspections.

Vision testing for inspectorsisalmost non-existent, with any employment-related
vision tests (i.e., driver’s license vision tests) being administered to satisfy other job
requirements. In the State-of-the-Practice Survey, only two State respondents indicated
that their inspectors had their vision tested.

Visual Inspection is the most frequently used nondestructive evaluation technique
for concrete, steel, and timber bridges In addition, some novel nondestructive
evaluation techniques, such as acoustic emission, radar, and thermography, are
being used by State departments of transportationThese conclusions refer to the
State-of -the-Practice Survey that asked guestions regarding nondestructive evaluation
technique use and those techniques that are used most frequently.

State departments of transportation and lowa county departments of transportation
feel that concrete deck research and prestressed concrete superstructure research
have the most pressing need for future researchzrom the results of the State-of-the-
Practice Survey, prestressed concrete superstructures were the top research response
among the States. Concrete decks were the top research response among the lowa
counties, aswell as nearly half of the State respondents.

When asked, many inspectors did not indicate, and may not have identified, the
presence of important structural aspects of the bridge that they were inspecting.
These would include such things as support conditions, skew, and the identification of
fracture-critical members. Specifically, on average, less than 25 percent of the inspectors
correctly indicated the support conditions. Also, less than 10 percent of the inspectors
correctly indicated the presence of skew when it existed. Finally, lessthan half of the
inspectors indicated that a particular fracture-critical bridge was indeed fracture-critical.
Knowledge of these aspects may be essential for the full completion of an inspection.
There is significant variability in the amount of time inspectors predicted that they

would need to perform a bridge inspection, as well as in the time inspectors actually
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10.

took to complete the inspection. Predicted inspection times for both Routine and In-
Depth Inspections ranged from afew minutes to a number of hours. Actual inspection
times ranged from a small fraction of the times allotted for the inspections up to the full
times.

Routine I nspections are completed with significant variability. The variability is
most prominent in the assignment of Condition Ratings, but is also present in inspection
documentation. As evidence, recall that, on average, between four and five different
Condition Rating values were assigned to each primary element, with a maximum of six.
In addition, although, on average, the inspectors provided just over seven photographs,
there were only four photographs that were taken by more than half of the inspectors.
Thereis aso significant variability in the frequency with which field notes are taken.
Ninety-five percent of the primary element Condition Ratingsfor individual bridges
will vary within two rating points of the average. Similarly, only 68 percent of these
ratingswill vary within onerating point. Recall that the distribution of the sample
Condition Ratings was found to be normal. Thisfinding allows the sample results to be
extrapolated to the general population of bridge inspectors. This analysis takes into
account the natural variationsin the sample and extends them to the population, resulting
in a predicted range of Condition Rating results.

Inspectors are hesitant to assign “low” or “high” Condition Ratings and, as a result,
tend to be grouped toward the middle of the Condition Rating scaleRecall that
inspectors tended to rate lower than the reference Condition Rating for better condition
elements and higher than the reference Condition Rating for poorer condition elements.
Thisresulted in asignificant portion of the ratings being clustered between a5and a7
Condition Rating, inclusive.

The National Bridge Inspection Standards Condition Rating system definitions may
not be refined enough to allow for reliable Routine Inspection results. In addition,
with the exception of some bridge management software, Condition Rating values
are generally not assigned through the use of a rational approachi.his genera
conclusion is based on the inconsistencies found to exist in the Condition Rating
assignment, as well as the fact that the inaccuracies were greatest over a discrete range of
Condition Ratings. Furthermore, it was observed by the NDEV C staff that most
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11.

12.

13.

14.

15.

ingpectors did not approach the condition assessments with aformulated, systematic
approach.

A number of factorsappear to correlate with the Routine I nspection results. Inthis
study, they include factors related to Reported Fear of Traffic, Near Visua Acuity, Color
Vision, Formal Bridge Inspection Training, Light Intensity, Reported Structure
Maintenance Level, Reported Structure Accessibility Level, Reported Structure
Complexity Level, Inspector Rushed Level, and Wind Speed.

In-Depth Inspections are not likely to detect and identify the specific types of defects
for which thisinspection is sometimes prescribed. For example, in Task H, more than
300 inspections were performed on details containing small, weld crack indications. Only
12 correct indication identifications resulted from these inspections. These 12 callswere
made by atotal of 7 inspectors, while the remaining 37 inspectors who compl eted the
task did not make any correct cals. Also, within Task F, only 3 of the 42 inspectors who
completed the task identified the implanted tack weld crack indication.

A significant proportion of the In-Depth Inspections will not reveal deficiencies
beyond those that could be noted during a Routine Inspection. Detailed observations
of the methods inspectors used to complete Task H show that approximately 40 percent
of the inspectors performed cursory inspections of many of the critical welded
connections.

A number of factorsappear torelateto In-Depth I nspection results. The overall
thoroughness with which inspectors completed Task H tended to have an effect on the
likelihood of an inspector detecting weld crack indications. In addition, factors related to
time to complete inspection, inspector comfort with access equipment and heights,
structure complexity and accessibility, inspector viewing of welds, flashlight use, and
number of annual bridge inspections provided some relationship to the In-Depth
Inspection results.

There appearsto be some correlation between subsets of inspectorswho note certain
In-Depth Inspection deficiencies. Specifically, inspectors who find small, detailed
defects are more likely to do so regardless of the bridge. Also, inspectors who find gross
dimensional defects (such as distortions or impact damage) are more likely to do so on

other bridgesaswell. Finally, inspectors who find fewer than the average number of
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16.

17.

18.

19.

defects found on one bridge are likely to do so on other bridges. All of these findings are
based on comparisons between the various subsets of inspectors who provided certain
findingsin Tasks F and H.

Thedetail of documentation of the findingsthat an inspector providesfor one
inspection, including notes and photographs, islikely to be similar to that provided
for another inspection. Inspectors who take relatively few notes during Routine
Inspections tend to indicate the presence of fewer deficiencies during In-Depth
Inspections. Also, individual inspectors tend to rely more heavily on either written or
photographic documentation, but not both.

Most Statesfollow similar inspection procedures and provide the same general
information in their inspection reports. Similar levels of inspection were observed
from the teams performing the State-dependent Routine and In-Depth Inspections. The
presentation of the inspection reports varied considerably, but the same basic data were
present within each report.

Use of the element-level inspection elements was generally consistent with the
AASHTO Guide for Commonly Recognized (CoRe) Structural Elements, with several
notable exceptions. Element-level datafor the State-dependent Routine Inspection were
presented by about two-thirds of the Statesin this study. Use of the major deck,
substructure, and superstructure elementsis fairly consistent, with some possible
inconsistencies. Inconsistencies observed in this study included the use of units, the
division of quantities, and the definitions of the Condition States. Some of these
inconsistencies may be due to re-definitions of the elements by the individual Statesto
suit their needs. Element-level data for the other primary elements are also typically
provided. However, these elements may be used much less consistently. Inspectors
appear to have some problems with the coding of the other primary elements.

Few bridge inspection teams perform an in-depth-level delamination survey as part
of their Routine Inspection. Asan example, in this study, only 39 percent of the teams
performed the delamination survey of the Van Buren Road Bridge deck as part of their
Routine Inspection. However, many departments of transportation may have other

divisions within their States that are responsible for delamination surveys.
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20. Thereareinaccuraciesin in-depth-level delamination survey assessments. Asan

example, in this study, only 5 of the 22 teams that performed Task J provided deck
delamination estimates that fell within 5 percentage points of that determined by the
Nondestructive Evaluation Validation Center. Some limitations from the task itself may
have contributed to this poor performance. Eliminating delaminated areas indicated by
less than a quarter of the sample produced a delamination map fairly consistent with that
determined by the Nondestructive Evaluation Validation Center.

7.3. RECOMMENDATIONS

The research conducted for this study and the conclusions presented above suggest a number of

recommendations:

1.

The accuracy and reliability of Routine Inspections may be greatly increased by revising
the Condition Rating system. Additional work is needed to clearly define the source(s) of
the inaccuracies.

The accuracy and reliability of In-Depth Inspections could be increased through
increased training of inspectorsin the types of defects that should be identified and the
methods that would frequently allow thisidentification to be possible. Clearly, thereis
some need for an increased inspector knowledge base with regard to the types of defects
that frequently occur and the methods recommended to aid in the identification of these
defects. In addition, more clearly defined inspection procedures that outline systematic
search criteria and methods may increase inspection accuracy.

The accuracy and reliability of both Routine and In-Depth Inspections could be further
increased by considering the identified factors in the selection and training of inspectors.
Furthermore, bridge design practices should put a greater emphasis on the ease with
which the bridge could be inspected (i.e., accessibility, complexity, etc). Additional
research into each of these factorsis needed to establish useful guidelines.

More research should be performed to determine whether ensuring minimum vision
standards (with corrective lenses, if necessary) through vision testing programs would
benefit bridge inspection.

Further examination of the types and sizes of specific defects that are likely to be

identified during an In-Depth Inspection is warranted. Specifically, a study of the various
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types of defects that could occur in concrete superstructures, as well as the various
different sizes of defects that could occur in steel superstructures, iswarranted.

. Moreresearch should be performed to determine the accuracy with which the CoRe
elements are used in thefield. This could determine which parts of the element use
variations are attributable to State re-definitions and which parts are due to lack of proper
training of the inspectors.

. Further study of deck delamination surveys should be performed. This research should
investigate both team and individual detection abilities, aswell as difficulties inherent in
the reporting process. In addition, this research could compare mechanical sounding

delamination detection techniques to many other nondestructive evaluation techniques.
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