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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.
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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
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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

459



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
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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.
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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
g g
o . B
c B o g 5 8 . 9
S © B ® 3o = o 8 5
5 8 2 Ao B o § 2 ©
5 e 23§ e
: £ 8§ £ e 2828 =
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%
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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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