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EXECUTIVE SUMMARY  

The goal of this research was to develop workflows and tools to advance the implementation and 

adoption of UASs to support bridge inspection practices. This research resulted in the development of a 

series of workflows to guide inspection personnel when conducting UAS-enabled bridge inspections, and 

the identification of bridge and site characteristics that should be considered when determining the 

suitability of a bridge for UAS-enabled bridge inspection. 

Workflows developed as a part of this project adhere to FHWA regulations, NCDOT regulations, and 

UAS operation requirements. The workflows align with the FHWA bridge inspection requirements, the 

Bridge Inspection Reference Manual (BIRM), and the NCDOT Structures Management Unit (SMU) 

Inspection Manual. The NCDOT developed Wearable Inspection and Grading Information Network 

System (WIGINS) software, historically used to support bridge inspection data collection and archiving, 

which was also used to inform development of the UAS-enabled bridge inspection workflows. This work 

supports data entry into the WIGINS Element software, as currently used by inspectors in the field and 

office.  

In summary, the following objectives were achieved in this project: 

1- Understand the current UAS-enabled bridge inspection regulations, procedures, and capabilities.  

2- Develop UAS-enabled bridge inspection workflows customized to NCDOTôs bridge inspection 

and data recording practices that can serve as preliminary guidance as NCDOT moves towards more broad 

use of UAS-enabled inspections.  

3- Implement the developed workflows in the field, allowing NCDOT bridge inspectors and UAS 

pilots to review and critique the workflows for further refinement.  

4- Develop a tool for assessing the logistic and time estimation for the pre-inspection stage of UAS-

enabled bridge inspection. 

 UAS-enabled bridge inspection workflows created as part of this work are optimized for use by 

NCDOT inspection personnel but could be adapted by other agencies as well. These workflows should 

serve as tools to enable UAS-enabled inspection by personnel that are new to the integration of UASs in 

their routine bridge inspection process. The identification of bridge characteristics along with their 

corresponding quantitative and qualitative limits that would impact a bridgeôs suitability for UAS-enabled 

bridge inspection will also assist the NCDOT and their PEFs in advancing UAS-enabled bridge inspection 

statewide.   
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1 INTRODUCTION AND RESEARCH OBJECTIVES  

1.1  Introduction  

Bridge inspections are required by the Federal Highway Administration (FHWA) via the National Bridge 

Inspection Standards (NBIS) in Chapter G, Part 650, subpart C (FHWA 2022). The FHWA requires all 

bridges to be inspected periodically. The different types of inspections categorized by the FHWA include 

initial inspections, routine inspections, underwater inspections, in-depth inspections, damage inspections, 

and special inspections (FHWA 2022). Bridge inspections can also be conducted for different purposes 

such as maintenance, construction, and emergency damages, in order to ensure the structural integrity of 

the bridges. The different types of inspections are associated with different requirements for intervals and 

processes. 

 Performing a bridge inspection is often costly and time consuming for bridge owners, who are typically 

state highway agencies, municipalities, and other entities. In the state of North Carolina, there are over 

13,500 bridges that the North Carolina Department of Transportation (NCDOT) is responsible for 

maintaining (NCDOT 2021). The average cost to inspect a bridge in the United States ranges from $4,500 

to $10,000, and the average time to complete an inspection range from 1 to 3 days (Zulfiqar et al. 2014). In 

many cases, the majority of the inspection time is dedicated to setting up traffic control and providing access 

for inspectors to observe and inspect the elements of the bridge that require such attention. The introduction 

of unmanned aerial systems (UAS) into bridge inspection helps bridge inspectors to visually inspect and 

photograph the structure and surrounding areas swiftly with a reduced number of support personnel and 

equipment, often enabling faster inspection times and lower inspection costs (Banks et al. 2018; Cheyne et 

al. 2019). UASs are also very portable and have become reasonably affordable for local agencies and private 

engineering firms (PEFs) to access.  

 However, the implementation of UASs is still in its infancy in the bridge inspection sector. Although 

the FHWA has recently published guidance on the use of UAS in bridge inspections (Neubauer et al. 2021), 

the actual implementation of UAS-enabled bridge inspection by state highway agencies is still a work in 

progress. Widespread implementation faces challenges, including rigorous Federal Aviation 

Administration (FAA) certifications for inspectors and the need to establish inspection guidelines when 

using UASs (Wells and Barritt 2015, Wells and Lovelace 2017). One of the key current challenges impeding 

the implementation of UAS-enabled bridge inspection is the lack of guidance on developing a practical 

workflow (NCDOT 2021).  

 There are many entities working to provide guidance and support to bridge engineers and inspectors 

on the incorporation of UASs into typical bridge inspection procedures. However, many recent studies have 

primarily focused on drone technology and the data processing aspects of the operation (further described 

in Chapter 2). The development of a UAS-enabled bridge inspection workflow, or a series of workflows 

tailored to the characteristics of groups of typical bridges, which incorporates both bridge inspection 

standards and UAS operating procedures would help support the implementation of UAS-enabled bridge 

inspection in the state of North Carolina and potentially in other states and municipalities. Workflows 

developed as part of this research aim to be inspection-centered workflows that meet not only FHWA bridge 

inspection regulations, but also NCDOT bridge inspection requirements. 

1.2  Research Objectives 

The goal of this research was to develop a series of UAS-enabled bridge inspection workflows to support 

NCDOT field inspection personnel. Identification of bridge characteristics to support the selection of 

suitable bridges for UAS-enabled bridge inspection was also performed. The end goal was to develop UAS-

enabled bridge inspection workflows tailored for use on specific types of structures, with companion 

guidance that supports inspection personnel in the field while conducting bridge inspections. 

Workflows developed as a part of this project adhere to current FHWA regulations, NCDOT 
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regulations, and UAS operation requirements. The workflows align with FHWA bridge inspection 

requirements, the Bridge Inspection Reference Manual (BIRM), as well as the NCDOT Structures 

Management Unit (SMU) Inspection Manual. The NCDOT developed Wearable Inspection and Grading 

Information Network System (WIGINS) software, historically used to support bridge inspection data 

collection and archiving, which was also used to inform the development of the UAS-enabled bridge 

inspection workflows. This work supports data entry into the WIGINS Element software, as currently used 

by inspectors in the field and office. 

 There were three objectives of this research. The first objective was to understand the UAS-enabled 

bridge inspection regulations, procedures, and capabilities. The second objective was the development of 

preliminary UAS-enabled bridge inspection workflows customized to NCDOTôs bridge inspection and data 

recording practices. The third objective includes the implementation of the developed workflows in the 

field, allowing NCDOT bridge inspectors and UAS pilots to review and critique the workflows for further 

refinement. Guidance and tools to support the implementation of UASs into NCDOTôs practices were also 

developed. 

 UAS-enabled bridge inspection workflows created as part of this work were optimized for NCDOT 

inspection personnel use but could be adapted by other agencies as well. These workflows should serve as 

tools to enable UAS-enabled inspection by personnel that are new to the integration of UASs in their routine 

bridge inspection process. The identification of bridge characteristics along with their corresponding 

quantitative and qualitative limits that would impact a bridgeôs suitability for UAS-enabled bridge 

inspection will also assist the NCDOT and their PEFs in advancing UAS-enabled bridge inspection 

statewide. Guidance and tools to support the broader use of UAS in bridge inspections and implementation 

of UAS into standard practice are tailored to NCDOTôs approaches but could be readily modified to be 

used by other agencies, if interested. 
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2 SUMMARY OF KEY LITERATURE FINDINGS: IDENTIFYING BRIDGE 

INSPECTION CHALLENGES AND OPPORTUNITIES 

2.1  Bridge Inspection Requirements 

Bridges are vital to the United States transportation system. A total of over 615,000 bridges are 

currently maintained by various U.S. agencies and municipalities (FHWA 2022). Each bridge serves the 

important responsibility of carrying traffic over water, traffic, land feature, and/or railroad. The collapse of 

the Silver Bridge at the Ohio and West Virginia border in 1967 sparked Congressôs desire to create the 

Federal Highway Act of 1968, which required the Secretary of Transportation to develop a standard for 

bridge inspections (Ryan et al. 2012). The NBIS, the NCDOT Element Inspection Manual, and the NCDOT 

SMU Inspection Manual collectively provide bridge inspection guidance within the state of North Carolina.  

To unify the inspection standards and procedures around the country, the FHWA established the 

National Bridge Inspection Standards, also known as the NBIS (FHWA 2022). The NBIS states that federal 

and state agencies are responsible for inspecting and reporting elemental components of all bridges to the 

Secretary of Transportation of the United States Department of Transportation (USDOT) on specific time 

intervals that depend on the type of inspection that the structure requires (FHWA 2022).  

The FHWA is a branch under the USDOT that supports state and local governments in the design, 

construction, and maintenance of the public highway system (FHWA 2022). Bridges and other structures, 

such as culverts and overhead signs, are parts of the public highway systems and are inspected per the NBIS 

regulations (AASHTO 2010). The FHWA recognizes that bridge components are often sophisticated and 

have diverse physical and site characteristics, including a wide variety of lengths, spans, materials, 

structural design types, geometric configurations, and traffic characteristics, among other things. The 

FHWA Recording and Coding Guide for the Structural Inventory and Appraisal of the Nationôs Bridges, 

commonly known as the Recording and Coding Guide, historically provided the list of description items 

that are expected to be recorded for a bridge. Detailed descriptions of every element of the bridge, or 

ñitems,ò can be found in the Recording and Coding Guide, along with explanations on how the items should 

be coded (FHWA 1995; AASHTO 2010). This has recently been replaced by the FHWAôs Specifications 

for the National Bridge Inventory (FHWA 2022). 

Within North Carolina, the NCDOT oversees the inspection, load capacity analysis, inventory, and 

administration of maintenance policies and procedures for all structures on the public highway system 

(NCDOT 2017). Besides inspecting the items listed in the Recording and Coding Guide (now the SNBI), 

the NCDOT also has its own ñspecial elementsò to inspect. These additional special elements are listed in 

the NCDOT Element Inspection Manual (NCDOT 2017). Similar to the FHWAôs Recording and Coding 

Guide, the NCDOT Element Inspection Manual provides a detailed breakdown of how to inspect these 

special NCDOT bridge elements. The NCDOTôs Element Inspection Manual provides guidance for the 

stateôs bridge inspection operations ranging from general condition ratings such as the superstructures, to 

the rating of individual elements such as the joints (NCDOT 2017). The NCDOT developed the Element 

Inspection Manual to ensure compliance with federal standards and to establish the stateôs expectations for 

bridge inspection (FHWA 2022; NCDOT 2017). 

To communicate the bridge inspection policies and procedures adopted by the NCDOT to 

inspection personnel and PEFs, the NCDOT created the SMU Inspection Manual to provide guidance on 

those topics (NCDOT 2018). The types of inspections covered by the SMU Inspection Manual include 

initial inspections, routine inspections, underwater inspections, fracture critical inspections, in-depth 

inspections, special inspections, damage inspections, and bridge maintenance supervisor inspections. The 

fracture critical inspection that the NCDOT conducts is equivalent to the nonredundant tension steel 

member (NTSM) inspection required by the FHWA (NCDOT 2018; FHWA 2022). Recently, the term 

ñfracture criticalò has been replaced by ñnon-redundant steel tension member,ò or NSTM.  
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2.1.1 National Bridge Inspection Standards 

The National Bridge Inspection Standards (NBIS) was established by the FHWA to provide guidelines on 

how state and local transportation agencies should conduct bridge inspection, and how to submit the 

relevant data to the FHWA for organizing and tracking purposes (FHWA 2022). In 1971, the NBIS was 

established in response to the collapse of the Silver Bridge in Point Pleasant, WV (Ryan et al. 2012). Prior 

to the NBIS, there were no guidelines established by the federal government to dictate bridge inspection 

and management practices in the United States.  

 The latest edition, the NBIS 2022 Final Rule, provided updated rules and regulations for bridge 

inspections (FHWA 2022). Certain bridges that meet all qualifications stated in the updated rule may 

undergo routine inspection on longer intervals than the typical once per every two years interval that has 

been mandated for bridges in the past. The conditions of the bridges and related actions are required to be 

reported to the FHWA (FHWA 2022). 
 

2.1.1.1 Bridge Inspection Reference Manual 

To aid field offices and personnel in the performance and documentation of bridge inspections, the 

FHWA created the Bridge Inspection Reference Manual (BIRM) (Ryan et al. 2022). The BIRM 

condenses the NBIS information for practicality purposes, thus often becoming the ñgo-toò resource for 

inspection personnel. 

 The BIRM includes topics such as equipment necessary for bridge inspection, bridge inspection 

safety precautions, inspection methods for different components of the bridge, and bridge inspection 

recording. The BIRM acts as the ñinstruction manualò for detailed bridge inspection quality control and 

quality assurance procedures provided by the FHWA (FHWA 2022). 
 

2.1.2 NCDOT Element Inspection  

The FHWA grants state and local agencies the ability to customize the definition of the elements according 

to the NBIS (FHWA 2022). Since the end goal of the NBIS is to ensure consistency in bridge inspection 

practices throughout the United States, the NBIS allows states and local agencies to expand their own bridge 

elements based on agency needs and preferences (NCDOT 2017). The additional bridge elements 

introduced by individual states expand upon the AASHTO Guide for Commonly Recognized Structural 

Elements (NCDOT 2017). Based on the NCDOTôs Bridge Management System (BMS), the NCDOT 

expanded its bridge element bank and called it Agency Defined Elements (ADE) (NCDOT 2017). The 

comprehensive list of elements that the NCDOT inspects can be found in the NCDOT Manual for Bridge 

Element Inspection (NCDOT 2017). Examples of NCDOT-specific bridge elements are diaphragms, slope 

protection components, truss members, reinforced concrete deck, prestressed concrete girder top flange, 

timber bridge railing, masonry bridge railing, steel truss, elastomeric bearings, and other items. The 

NCDOT elements are generally more specific in terms of component and material when compared to those 

of the National Bridge Elements. 

 There are two sets of element lists that the FHWA requires state and local agencies to abide by 

when compiling their own bridge element breakdowns, the Bridge Management Elements (BME) and the 

National Bridge Elements (NBE) (FHWA 2022). The NCDOT follows the rating system set by the FHWA 

to rate the conditions of the elements (NDOT 2017) and the SNBI (FHWA 2022). 

2.1.2.1 Structures Management Unit Inspection Manual  

The SMU Inspection Manual was developed to help field inspectors of the NCDOT and PEFs supporting 
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the NCDOT conduct bridge inspection, analysis, and inventory (NCDOT 2018). The SMU Inspection 

Manual details NCDOT standards for bridge inspection for personnel who are in either quality assurance 

or quality control roles. This manual is based on the FHWA NBIS as well as the NCDOT Element 

Inspection Manual, thus being a compilation of both federal and state-level bridge inspection requirements 

(NCDOT 2017; NCDOT 2018). Another important type of information provided in the SMU Inspection 

Manual is the list of categories of different bridge inspections and frequencies, along with the associated 

requirements. From routine inspections that occur once every 24 months to underwater inspections no less 

than once every 48 months, the SMU Inspection Manual provides thorough requirements on the inspection 

activities that should be performed based on the structure type, as well as reporting requirements (NCDOT 

2018). 

 Understanding the different types of inspections required by the NCDOT is vital since different 

inspection methods apply to different scenarios. The seven types of bridge inspections are as follows: 

1) Initial Inspections 

2) Routine Inspections 

3) Underwater Inspections 

4) Fracture Critical Inspections 

5) In-depth Inspections 

6) Special Inspections  

7) Damage Inspections 

 

The different types of inspections typically require different inspection methods and intervals 

according to the SMU Inspection Manual and are aligned with the requirements stated in the NBIS (FHWA 

2022). For example, a routine inspection could require less hands-on intensive inspection, while fracture 

critical inspection requires intensive hands-on inspection due to the type of structure that is being inspected 

and elevated risk to safety (NCDOT 2018). Some inspections are also focused on specific areas of the 

bridge, such as submerged components (underwater inspections) and areas damaged due to accidents, such 

as over-height vehicle collisions (damage inspections). 

2.1.3 WIGINS Elements 

WIGINS Elements was designed by former NCDOT employee Lin Wiggins to help autonomize the sorting 

of bridge data within the state of North Carolina. WIGINS can synchronize bridge inspection data 

throughout the state so that future inspection personnel can easily interpret and modify bridge data (NCDOT 

2018). The development of the UAS-enabled bridge inspection workflow will heavily rely on the 

implementation of WIGINS since it is the central to the NCDOT bridge inspection process as well as the 

framework for record keeping and preparation of the required bridge inspection reports (NCDOT 2018). 

 One benefit of WIGINS Elements is the digitization of inspection data and the ease of populating 

inspection documents. The software allows the inspectors to record and save all inspection documents 

digitally, including inspection images. The digitization of inspection documents grants inspectors the ability 

to be paperless in the field which is also an advantage since paper recordkeeping sometimes becomes 

problematic in outdoor areas. A portable tablet computer is the only necessity during an inspection for the 

distress information input process into WIGINS Elements (NCDOT 2018), although some inspectors 

interviewed as part of this work still prefer to use paper notes. Inspectors using paper notes have often 

developed a notetaking system, however, that aligns with the WIGINS software for ease of data entry on 

site (e.g., in the vehicle after the inspection) or back at the office. 

 Another benefit that the WIGINS software provides is the streamlining of the documentation 

submission process. In the past, bridge inspectors would have to first take pictures and record in their 

notebooks detailed descriptions of the inspection notes, and then transfer all data online after arriving at 

their offices. With WIGINS Elements, data can be uploaded immediately onto the cloud upon the 

inspectorôs entry. The inspection data entry process is more efficient with the help of WIGINS Elements. 

If applicable, the NCDOT Central Office could be notified immediately through WIGINS Elements if there 
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is a Priority Maintenance item discovered during the inspection to accelerate the determination of the 

maintenance need and scheduling a maintenance crew to perform maintenance on the structure (NCDOT 

2018). Figure 2.1 depicts the cover sheet of an example structure file on WIGINS Elements. Figure 2.2 

depicts the Structure Element Build of WIGINS Elements for the recording of structural dimension. 

 

Figure 2.1: Coversheet Tab (NCDOT 2022). 
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Figure 2.2: Structure Element Building Tab (NCDOT 2022). 

 

The order in which the tabulated sections are presented in WIGINS corresponds to the order of data 

input by NCDOT bridge inspectors. The acknowledgment of this order provides insight into the 

development of the workflows since the workflows should be designed to fit current bridge inspection 

standard operating procedures. The WIGINS Elements software includes several major tabulated sections 

within a report, listed as follows: 

1) Coversheet 

2) Structure Element Build 

3) Elements and Inspection Items 

4) FHWA and NCDOT Coding 

5) Profiles 

6) Photos 

7) Under clearance Records 

8) Sketches  

9) Reports 

10) Inspection Manual 

 

The Structure Safety Report concludes all bridge inspection findings and recordings for the most 

recent inspection operation. All required structural measurements such as bridge dimensions, as well as 

distress measurements such as crack quantification, can be found in the Structure Safety Report. The 

Structure Safety Report also provides information on action items that need to be performed to address 

issues at the structure. These action items include routine maintenance items, Priority Maintenance items, 

and Critical Findings (NCDOT 2018). Figure 2.3 depicts the title page of an example Structure Safety 

Report compiled for structure 170003 (NCDOT 2021). 
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Figure 2.3: Location weather station mounted above the deck. 

 

During the inspection, the inspector will submit one of the three action items depending on the 

condition of the distress. The severity of the distress depends on the material and is detailed in the SMU 

Inspection Manual (NCDOT 2018). If the inspection crew submits either a Priority Maintenance item or a 

Critical Finding, the NCDOT Central Office will be notified and handed the duty of reclassifying the 
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distress. Reclassifying the distress includes verifying whether the distress falls under a routine maintenance 

item, Priority Maintenance item, or Critical Finding (NCDOT 2018). Figure 2.4 depicts the inspector 

requested maintenance items for structure 170003 on 2/1/2021 (NCDOT 2021). 

 

Figure 2.4: Location weather station mounted above the deck. 

 
Some of the most important pieces of information included in the Structure Safety Report are the 
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photographs taken. The NCDOT requires photographs to be taken during the inspection trip (NCDOT 

2018). These photographs best serve the purpose of depicting and archiving the status of the distress and 

the overall condition of the bridge. Typical photographs taken during the inspection and included in the 

report are a series of required photographs that depict the condition of the bridges and pictures of the typical 

conditions and individual distresses. These required photographs include the following (NCDOT 2021): 

¶ Approaches 

¶ Profile 

¶ Upstream and Downstream 

¶ Guardrail 

¶ Structure 

¶ Inspection equipment 

The detailed requirements for the photographs as well as bridge inspection practices required during 

the bridge inspection process can be found in WIGINS Element. The document within WIGINS Element, 

titled NCDOT Bridge Inspection Reference Guide, provides detailed guidance for inspectors on how to 

compile a Structure Safety Report via WIGINS Elements. This document serves as a useful guide for 

inspectors (in both the field and office) on the nuances of inspecting a bridge, data entry into WIGINS 

Element, and compiling a Structure Safety Report. 

 

2.1.4  NCDOT Data Management for Structures 

Through WIGINS, any NCDOT personnel who is given authorization may be able to access and manipulate 

the data shown on the Structure Safety Report. An advantage of having all data being linked to the cloud is 

that inspectors can update the information from different workplaces across the state, providing real-time 

updates on a particular structureôs data. Through WIGINS, the bridge inspection data can be compiled and 

organized into a Structures Safety Report (NCDOT 2018). Post inspection, the bridge inspectors present 

the reports to their respective State Bridge Inspection Supervisors, where reviews of the reports are 

performed prior to approval. State Bridge Inspection Supervisors can return inspection reports to inspection 

teams for revision and/or improvement prior to final approval. Once approved, the supervisors submit the 

reports to the SMU staff at NCDOTôs central office in Raleigh. 

2.1.4.1 NCDOT Bridge Management System 

 

One important objective of conducting bridge inspections is to monitor the health conditions of the existing 

structures. The National Bridge Element scores help the FHWA determine the state of a particular bridge 

(FHWA 2022; AASHTO 2010). Inspection data is often used to facilitate the development of deterioration 

prediction models (Cavalline et al. 2015; Goyal 2015; Goyal et al. 2016). Software such as the 

AASHTOWare Bridge Management (BrM) and Bridgit are commercially developed to help state agencies 

develop and apply state-based probabilistic models to forecast bridge deterioration (Goyal et al. 2016). 

These bridge deterioration models are based on condition ratings developed with engineering judgment 

provided by the inspectors, thus making field inspection practices even more important. 

2.1.4.2 Conventional Bridge Inspection Process and Challenges  

 

The typical human approach to bridge inspection takes around $4,500 to $10,000 (approximately $5,800 to 

$13,000 in 2023) and 1 to 3 days per bridge in the United States (Zulfiqar et al. 2014). With over 13,500 

structures in the state of North Carolina, the total amount of money and time spent on bridge inspection is 

a significant financial burden, coupled with user cost-associated delays. Often, a goal of a public agency is 

to lower operating costs to save tax dollars, since doing so could please the public and provide operational 

efficiencies. Azari et al. (2022) conducted research on the impact of implementing UAS into bridge 

inspection operations. They stated that the Oregon Department of Transportation (ODOT) saved on average 

$10,200 while using UAS to assist in bridge inspection operations versus the conventional method. They 
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also pointed out a Minnesota Department of Transportation (MnDOT) research where a particular bridge 

took the agency 8 days and $59,000 to conduct a conventional inspection, whereas it took only 5 days and 

$20,000 for the UAS-assisted inspection. Another research included the indirect costs to performing a 

conventional bridge inspection. Hubbard and Hubbard (2020) explored the potential cost of conventional 

inspection due to the safety risks surrounding work zone accidents, which is oftentimes an aspect that could 

be neglected when comparing conventional to UAS-enabled bridge inspections. 

 Despite a lot of research stating the monetary benefits of performing UAS-enabled bridge 

inspections, the Idaho Department of Transportation (IDOT) discovered that UASs are not always more 

cost-efficient. IDOT performed a cost analysis on a fracture critical inspection and concluded that it would 

have cost $236 more to inspect the structure using a UAS than with traditional hands-on inspection (Azari 

et al. 2022). This finding demonstrates the importance of bridge candidate selection for UAS-enabled bridge 

inspection. 

 Although some small, simple bridges can be inspected within a matter of hours using access 

equipment that can be carried in a typical vehicle (e.g., ladders), larger bridges may require longer durations 

and additional access tools such as snooper trucks, boats, and rope access to perform inspections. The 

inspection time required for some bridges can be days or weeks, incurring significant costs associated with 

manpower, equipment rental, and traffic control. Significant traffic impacts often occur when inspections 

require support from snooper truck operations. UASs can significantly help improve inspection efficiency 

and reduce the time of inspection processes (Cheyne et al. 2019). Reducing the amount of time using a 

snooper truck may also impact the amount of time required to set up and take down the traffic control for 

the snooper truck (Banks et al. 2018). 

 Safety is also a major concern when it comes to bridge inspection (Banks et al. 2018). Multiple 

research papers acknowledge the improvement of safety of inspection personnel when UAS is used during 

the inspection process (Azari et al. 2022; Cheyne et al. 2019; Neubauer et al. 2021). According to the 

Bureau of Labor Statistics, the United States averages more than 120 fatal injuries every year on roadway 

and bridge worksites (Bridge Masters 2021). When it comes to a typical bridge inspection, the maximum 

ladder reaches height often approximately 30 feet (Rickus 2022). In other words, methods besides ladders 

need to be explored when inspecting defects at heights exceeding 30 feet. When addressing an amusement 

park incident where a 14-year-old fell from a 25 feet park ride, Dr. Robert Glatter of Lenox Hill Hospital 

in New York City said, ñFalls from greater than 30 feet have a high probability of inflicting serious injuries 

involving the spleen, liver and lungs, along with blunt chest trauma and rib fracturesò (Rice 2017). Hence, 

enabling UASs during bridge inspection practices may help greatly improve field safety (Azari et al. 2022; 

Cheyne et al. 2019). 

 However, the deployment of UAS does also present potential safety risks as well. One of the major 

safety concerns with a cutting-edge piece of equipment such as a UAS is public distraction. A study was 

conducted where participants were provided with eye-tracking hardware and were instructed to drive in a 

car simulator. Throughout the driving session, a UAS would be deployed near the roadway for the 

researchers to observe the typical driver behavior. The research concluded that most drivers were distracted 

by the UAS, and that multiple drivers glanced at the UAS for more than 7 seconds without looking at the 

road (Barlow 2019). Therefore, it is not to say that UASs would provide a better inspection environment 

with no safety risks at all. 

 The typical bridge inspection process used by the NCDOT is also reviewed in this research. The 

workflows should include all aspects of a typical UAS-enabled bridge inspection procedure, which should 

be an expansion of a conventional bridge inspection workflow. Pre-inspection planning processes and post-

inspection organizing processes should be considered in order to determine the adjustment of conventional 

bridge inspection procedures for the inclusion of UAS-enabled bridge inspection procedures. 
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2.2 Preparation 

2.2.1 Preparation 

The office preparation of the bridge inspection process includes reading prior the Structure Safety Report, 

researching access points at the bridge, scheduling personnel, preparing inspection equipment, and other 

supporting tasks to ensure the inspectors have the tools needed to support the inspection and to help 

minimize the amount of time the inspectors need to be in the field (NCDOT 2018). Reviewing the bridgeôs 

drawings is also a vital pre-inspection activity since a part of the inspection requirement is to obtain the 

necessary dimensions of the structure (Ryan et al. 2022). 

 Safety precautions are important when performing bridge inspections according to the Bridge 

Inspectorôs Reference Manual (Ryan et al. 2022). Due to random natural occurrences and the random nature 

of traffic behavior, inspectors should follow Occupational Safety and Health Administration (OSHA) 

guidelines. Hard hats, vests, steel toe boots, and fully enclosed legwear are just basic requirements upon 

entering a work site. Depending on the situation, ladders and harnesses can be required as well. At the end 

of the day, inspectors prepare and use personal protective equipment (PPE) as necessary to keep them safe 

(Ryan et al. 2022). 

 When it is determined that there is no suitable access point at a bridge, traffic control may be 

required since it will help free up some space for the inspectors to access the structure. Traffic control can 

be very tedious, is inherently dangerous, and often a third-party contractor specializing in this work is 

retained to perform this job during bridge inspections (Banks et al. 2018). This task includes erecting traffic 

warning signs, standing up cones, and sometimes flagging for traffic. At the end of the day, the necessity 

for traffic control depends on the judgment call of the inspectors in charge, with the goal of improving 

operational safety for the public and for the working crew. 

2.2.2 Access 

Most bridges span over a body of water, a roadway, or a railroad, a grade change, or combinations of these 

features. For many of these cases, the terrain might be treacherous and would require further attention to 

planning the access point(s). The access point should connect two locations, a parking location at the road 

level and a setup location at the substructure level (Ryan et al. 2022).  

 Access and parking conditions vary greatly for inspection of individual bridges. Most bridges are 

not directly adjacent to curb parking and parking lots. The most suitable parking spot for a vehicle may be 

on the shoulder of the road. In that case, there should be as much clearance between the vehicle and the 

travel lane (edge line) as possible. Parking should be not only safe from traffic but also flat enough for the 

ease of loading and unloading equipment (Ryan et al. 2022). 

 On the substructure level, the setup area should be considerably flat as well. NCDOT bridge 

inspectors often carry their tablet computers for WIGINS Elements data entry (NCDOT 2018). Some 

optional companion equipment for tablet computers may be a table, a folding chair, and a wireless keyboard. 

This setup requires a flat surface as mentioned previously. Of course, in some instances, inspectors might 

prefer to conduct the inspection first while recording the inspection notes on a notebook, then later 

transferring the information into WIGINS Elements in the office. The latter method might not even require 

a setup area. The setup area (substructure level) should have ease of access to any location around and under 

the bridge for inspection purposes. 

 
2.2.3 Bridge Components and Typical Distress Conditions  

The substructure of a bridge is defined by the NCDOT Element Inspection Manual as the columns, pier 

walls, abutments, piles, pier caps, and footings (NCDOT 2017; Ryan et al. 2022). The substructure is 

responsible for holding the superstructure and deck above the earth (AASHTO 2010). Substructures are 

designed to endure earthquakes while still maintaining structural integrity. These components are 

oftentimes made from steel, concrete, masonry, and timber (Ryan et al. 2022). The most common defects 
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on a superstructure are cracks, patches, and delamination. Delamination is caused by water seeping through 

the concrete causing corrosion and resulting in the affected area to weaken and lose bond with reinforcing 

steel. Scour is a phenomenon in which fast-moving water erodes the sediment that sits underneath the bridge 

foundation. Scour is recognized as the number one reason for bridge collapse (Ayres 2022).  

 The superstructure of a bridge is defined by the NCDOT Element Inspection Manual as the girders, 

stringers, trusses, arches, floor beams, and bearings (NCDOT 2017). The superstructure transfers the live 

and dead loads from the deck to the substructure, and eventually to the foundation (AASHTO 2010; Ryan 

et al. 2022). According to some inspectors, the most common defects on the superstructure are rusted 

bearings and spalling on the beams and girders (Rickus 2022). Often, bridge bearings and beams are coated 

with an extra layer of protective paint or other coating material. However, over time, coatings are 

susceptible to wear and provide imperfect corrosion protection. 

 The deck of a bridge is defined by the NCDOT Element Inspection Manual as the decks, slabs, and 

railings (NCDOT 2017; Ryan et al. 2022). The function of the deck is to hold live traffic and dead loads 

such as signs. Slabs act as both the deck and superstructure, though it is still considered as a deck 

component. A common defect found on the deck is asphalt/concrete cracking and issues with railings (such 

as fasteners loosening) and parapet walls (damage from traffic, cracking) (Rickus 2022). Cracks are often 

signs of fatigue on the deck due to a large number of traffic cycles but could also be due to other causes 

(NCDOT 2017; NCDOT 2018; Ryan et al. 2022). The most common types of cracks are transverse cracks 

across the width of the roadway and alligator cracks at spots of deterioration. Railing fasteners loosen due 

to vibration caused by passing traffic (NCDOT 2018). 

2.3 UAS-Enabled Bridge Inspection 

With UASs becoming more prevalent, the civil and construction industry is embracing the trend of flying 

UASs, or drones (Dorafshan et al. 2021; Duque 2017; Jeong et al. 2020; Neubauer et al. 2021). UASs 

offer three-dimensional mobility that a human counterpart lacks. This advantage could help improve 

bridge inspection efficiency (Gillins 2016). A typical human-performed inspection would require ladders 

or snooper trucks, which are either time-consuming or cost-ineffective (Cheyne et al. 2019). A UAS 

typically has a built-in real-time camera for not only operation purposes, but also to capture images, 

which supplements a very important part of the SMU Structure Safety Report (Wells and Lovelace 2017). 

 Although UASs provide technological advantages that can save time and money, there are still 

constraints that require the userôs attention. One of the first requirements to operate a UAS is to obtain an 

FAA certification (Banks et al. 2018; Cheyne et al. 2019). The requirements to obtain a UAS remote pilot 

certification are to be 16 or older, to be able to read, write, speak, and understand English, to be in good 

physical and mental condition, to pass the Unmanned Aircraft General- Small (UAG) exam, and to be 

tested every 24 months after certification on aeronautical knowledge (FAA 2022). The Unmanned 

Aircraft General- Small (UAG) exam includes the following topics (FAA 2022):  

¶ Applicable regulations relating to small unmanned aircraft system rating privileges, limitations, 

and flight operation. 

¶ Airspace classification and operating requirements, and flight restrictions affecting small 

unmanned aircraft operation. 

¶ Aviation weather sources and effects of weather on small unmanned aircraft performance. 

¶ Small unmanned aircraft loading and performance. 

¶ Emergency procedures. 

¶ Crew resource management. 

¶ Radio communication procedures. 

¶ Determining the performance of small unmanned aircraft. 

¶ Physiological effects of drugs and alcohol. 
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¶ Aeronautical decision-making and judgment. 

¶ Airport operations. 

¶ Maintenance and preflight inspection procedures. 

¶ Operation at night. 

Due to this requirement, either a certified UAS pilot is required to accompany the bridge inspection team, 

or a bridge inspector would need to be FAA certified (Banks et al. 2018; Cheyne et al. 2019). The latter 

would be ideal, but more difficult to achieve since obtaining an FAA UAS certification is not a job 

requirement for becoming a bridge inspector in the state of North Carolina. Therefore, having both a UAS 

pilot and a bridge inspector gather around a screen during a UAS-enabled inspection is challenging yet 

necessary in the current environment, since the population of personnel who are both qualified to inspect 

bridges and certified to fly UASs is small. 

2.3.1 Federal Aviation Administration Requirements 

The Federal Aviation Administration (FAA) allows state and local government employees to operate UASs 

under the Title 14 Code of Federal Regulation (CFR) Part 107 (FAA 2022). This regulation restricts the 

UAS size to under 55 pounds. Additionally, a key component of this regulation is that it prohibits the 

operations of UAS over traffic and pedestrians for safety reasons. Traffic and pedestrians are two common 

features associated with many bridges. Because of these limitations, traffic control may be required to 

perform UAS operations on bridges. This regulation does, however, allow qualified agencies to bypass the 

process of applying for permission to fly over public space, thereby providing these qualified agencies with 

more flexibility to utilize UASs (Mallela et al. 2021) 

2.3.2 Equipment and Capabilities 

UASs are becoming more technologically advanced by the day. From high image definition to obstacle 

avoidance, different UAS manufacturers offer different capabilities using a range of technologies. A 

detailed assessment of multiple UAS platforms and a protocol for UAS selection to support bridge 

inspection activities is provided in Karimoddini et al. (2021). 

 Safety of the public, the inspectors, and the UAS itself are priorities when conducting UAS-enabled 

bridge inspections. Some UASs offer safety prevention systems that automatically keep the drone distant 

from other obstacles (Plotnikov and Collura 2021). A bridgeôs most congested area is typically around the 

bearings. With the piles, bent cap, diaphragm, and beams all located around the bearing, the maneuverable 

space becomes very congested. Having an automated wall prevention system helps relieve the stress of the 

new-to-flying inspectors when it comes to the fear of colliding the UAS against the bridge or other objects 

(Plotnikov and Collura 2021). 

 Having to fly under lower bridges and even into small culverts requires a drone that is smaller in 

size. Some commercial UASs are the size of a child and are not ideal due to limited agility. Other UASs 

have dimensions similar to a thick textbook, which provide improved operational capacities (Mahama et 

al. 2021, Hewlin et al. 2021, Karimoddini et al. 2021).  

 Being able to acquire high-quality images via the UASs is vital. The utilization of UASs should 

yield similar visual resolution to that produced by an inspector since the inspection quality is heavily biased 

towards visual identifications of distresses. These high-definition pictures would also be optimal for 

documentation purposes since it is vital that the pictures provide clarity to illustrate the condition of the 

bridge. A chart compiled by Seo et al. compares different brands and models of available UASs in the 

market (Seo et al. 2018). Although the researchers indicated the UAS selected to satisfy the requirements 

of their research, this chart provides a glimpse into the advantages and disadvantages of different UASs, so 

that others may compare and select the appropriate UASs for their own research needs (Mahama et al. 2021, 

Hewlin et al. 2021, Karimoddini et al. 2021). 
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2.3.3 Summary of Other Statesô efforts 

The implementation of UASs is not unexplored in the realm of bridge inspection. Several states, including 

states such as Oregon and Minnesota, have conducted research on the practicality of utilizing UASs when 

performing bridge inspections. The FHWA itself sponsored Futron Aviation to study the use of UASs for 

bridge inspection (FHWA 2021). 

 A research team from Oregon State University has conducted thorough studies on the application 

of UAS-enabled bridge inspections for the Oregon Department of Transportation (Neubauer 2021). The 

team compared the cost of a traditional bridge inspection setup with snooper trucks versus with a UAS. An 

average $10,000 savings per bridge was calculated when the UAS was utilized. Not only did they conclude 

that UAS-enabled inspections are more cost-effective than conventional inspections, but UAS-enabled 

inspection approaches were also identified as safer and more time efficient.  

 Collins Engineering performed similar research for the Minnesota Department of Transportation 

(Wells and Lovelace 2017). This study determined that: 

1. UASs are more suitable for larger structures based on the subject bridges that the experiments were 

conducted on.  

2. Measurements can be estimated from photos, however information typically obtained from tactile 

functions cannot necessarily be estimated from photos. 

3. UASs that can perform flight without the need of GPS can be of advantage for bridge inspection 

use. 

4. Risks associated with both inspector safety and that of the traveling public can be reduced with the 

usage of UASs. 

Many local transportation agencies are also investigating the use of UASs for bridge inspections under the 

new FAA title 14 CFR Part 107 regulation (Mallela et al. 2021). 

 

2.3.4 FHWA guidance on UAS-enabled inspection 

In October 2019, the FHWA compiled a tech brief on the ñUse of small unmanned aerial systems for bridge 

inspectionsò (Cheyne et al. 2019). This tech brief is a compilation of UAS-enabled bridge inspection 

findings similar to the results of the studies from Oregon State University and Collins Engineering as 

mentioned previously (Gillins et al. 2018). The current FAA regulation focuses on the flight restrictions of 

UASs.  

 One major point that the FHWA emphasizes in its publications is that UAS are meant to ñassistò 

human inspectors when it comes to bridge inspections (FHWA 2022; Cheyne et al. 2019). Replacing human 

inspectors with UASs should not be considered. All bridge inspection work can be performed by a human 

inspector, but not all work can be done by a UAS (Cheyne et al. 2019). 

 

2.3.5 Previous Workflows for UAS-Enabled Bridge Inspection 

Workflows are designed to help guide users in performing certain tasks. The identification of the targeted 

end user is especially important since each workflow is designed based on those parties. The end user for 

this work would be the NCDOT and its partnering field inspection personnel. This means that the workflows 

developed should consider the maturity of performing UAS-enabled bridge inspection, material distress 

diagnosing and reporting procedures, and overall bridge inspection procedures, within the jurisdiction of 

the NCDOT. There are currently no workflows published that could guide inspectors on performing UAS-

enabled bridge inspections abiding by the NCDOT bridge inspection requirements. 

There are workflows that provide broad guidelines to UAS-enabled bridge inspection such as the 

one shown below in Figure 2.5 created by Chen et al (2019). Another example shown in Figure 2.6 was a 

workflow created to emphasize the UAS operational aspect during a bridge inspection, such as UAS 

equipment selection and data processing (Tmuġiĺ et al. 2020). Note that this framework is more extensive 

than the activities required for a routine inspection, where a 3D reconstruction is neither practical nor 
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required. 

 

Figure 2.5: Framework for UAV Inspection (Chen et al. 2019). 
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Figure 2.6: Proposed UAS Environmental Mapping Workflow (Tmuġi Ӣc et al. 2020). 

 

Another developed workflow, made by Gillins (2016), includes operational components such as 

UAS selection, flight planning, safety plan, data collection, and data processing (Figure 2.7). This workflow 

also provides guidance on the overall UAS-enabled bridge inspection process but does not include detailed 

procedures for element inspections. The framework is also fairly high-level and does not provide specifics 

associated with progressing from one end of a structure to another in a rational manner, or information to 

support data collection for specific materials, elements, or distresses. 
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Figure 2.7: UAS Based Bridge Inspection Workflow (Gillins 2016). 

Another UAS workflow developed by Wells and Lovelace in 2017 is shown in Figure 2.8 (Wells 

and Lovelace 2017). This workflow represents a higher level of guidance on how a UAS would be 

integrated into a bridge inspection operation. This workflow emphasizes the capturing of data and the post-

inspection process. 
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Figure 2.8: General UAS Workflow (Wells and Lovelace 2017). 

 

Most current workflows focus on providing a framework for the overall inspection process, such 

as the selection of the UAS and the process in which data is collected, and do not contain the level of detail 

that would provide useful guidance to inspectors arriving on-site. There is yet to be a workflow developed 

that incorporates inspection type, bridge components (NBE and BME), and material type. 

2.3.6 Opportunities for Workflow Improvement  

To accompany UAS-enabled bridge inspection, workflows have been created to assist bridge inspectors 

(Chen et al. 2019; Gillins 2016; Tmuġi Ӣc et al. 2020). The FHWA had included workflows in Chapter 5 of 

the Report Collection of Data with UAV for Bridge Inspection (Gillins et al. 2018). However, these 

workflows serve as a higher-level guidance towards UAS-enabled bridge inspection. From observing the 

bridge with the UAS to processing distress data, these workflows provided only the big picture overview 

of how UAS would be involved in the bridge inspection process. The purpose of those existing workflows 

is to provide preliminary instructions on how UASs would be integrated into the field. 

Workflows published based on previous research do not contain the granularity and level of detail 

required to fully support inspectors interested in using a UAS to enhance an inspection. Workflows with 

step-by-step guidance on how to incorporate UASs into a bridge inspection operation could provide a useful 

tool to support more broad use of UAS by inspection teams.  

A workflow that is designed to incorporate NCDOT bridge inspection requirements and preferences 

along with FHWA bridge inspection standards is yet to be developed and published. A workflow that 

includes specific bridge inspection action items such as how a particular distress (such as a crack in 

concrete) should be treated and what departmental action items should be triggered could assist NCDOT 

bridge inspection teams when conducting UAS-enabled bridge inspections. Guidance to help bridge 

inspectors identify whether a particular bridge or inspection type is compatible with UAS-enabled 

inspection techniques has also not yet been developed and published. 

2.4 Research Needs 

To integrate UAS-enabled bridge inspections into current NCDOT practices, all aspects of a bridge 

inspection operation should be considered. This includes the habits and preferences of different inspection 

teams. Workflows were developed to guide NCDOT and PEF inspectors on how to incorporate UASs into 

current bridge inspection operations. 

 It is also important to recognize that not all bridges may benefit from the usage of UAS when 

performing bridge inspections. Furthermore, not all bridges may be eligible for UAS-enabled bridge 

inspections due to FAA restrictions. Therefore, the analysis to identify all bridge characteristics that could 

potentially impact the suitability of a bridge for the usage of UAS was performed. 

2.4.1 Workflows to Support UAS-Enabled Inspection of Bridges of Different Types 

Since the usage of UAS in bridge inspection is still uncommon, the NCDOT saw the need for workflows 

to help guide inspectors along the process of utilizing UASs to perform bridge inspection operations. 

Workflows that incorporate NCDOT bridge inspection procedures, with inspector habits considered, may 

help the integration of UASs into current NCDOT bridge inspection practices. The level of UAS integration 
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should also be considered to help improve the efficiency of conventional inspection operations. 

2.5 Methodology to Identify Candidate Bridges for UAS-Enabled Inspection 

To understand which bridge characteristics defined within the NBI could impact the usage of UAS during 

a particular bridge inspection, a committee of UAS-enabled bridge inspection and conventional bridge 

inspection experts were surveyed via the Delphi method. The surveyed results helped the development of 

an algorithm that would scale the NBI characteristics according to the importance of their impact towards 

the suitability of performing a UAS-enabled bridge inspection. 
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3 WORKFLOWS TO SUPPORT UAS-ENABLED INSPECTION OF BRIDGES OF 

DIFFERENT TYPES 

3.1 Methodology 

To assist in the integration of UAS operations into current NCDOT bridge inspection procedures, a series 

of workflows have been developed. The workflows are intended to serve as guidance for bridge inspectors 

and engineers that intend to utilize UASs during bridge inspection operations. The workflows will not serve 

as UAS piloting manuals, however, they will instead be integrated into bridge inspection standard operating 

procedures derived from NCDOT bridge inspection requirements, as well as field practices, and used as 

companion tools when inspection teams conduct UAS-enabled bridge inspection.  

 Currently published workflows that support UAS-enabled bridge inspection are typically limited 

to high-level action items such as ñdata collectionò and associated recording and processing procedures, 

rather than focusing on specific bridge inspection action items targeting the procedure for inspection of 

individual distresses (Gillins 2016). To better serve the NCDOT, more detailed workflows, including 

specific action items that would guide inspectors on how to diagnose distresses and document different data 

were incorporated into the developed workflows. To encompass the significant number of action items 

potentially encountered in different phases of a bridge inspection operation, the workflows were organized 

using a ñlevel system.ò This system breaks down an overall bridge inspection operation into three levels, 

each incorporating its own action items to best optimize the amount of information within any workflow. 

 The general steps guiding the development of the UAS-enabled bridge inspection workflows were 

to first develop workflows documenting and reflecting typical inspection practices performed without the 

use of UAS. After these workflows were developed, they were modified to support the integration of UASs. 

In summary, the UAS-enabled bridge inspection workflows were developed through the following tasks: 

1) Review FHWA bridge inspection requirements. 

2) Review NCDOT bridge inspection requirements. 

3) Understand NCDOT bridge inspection procedures. Table 3.1 provides a list of field visits that were 

taken to better understand NCDOT bridge inspection procedures, as well as operational preferences 

of different inspection teams. 

4) Review WIGINS Elements software framework, functionality, and data entry processes. 

5) Understand NCDOT and PEF inspector preferences in performing inspections, considering 

different bridge characteristics, site characteristics, traffic conditions, and access needs. 

6) Integrate inspection photography and data recording needs into the workflows. 

7) Develop typical workflows for conventional bridge inspections performed without UAS 

involvement. 

Develop preliminary UAS-enabled bridge inspection workflows by integrating the UAS into the 

conventional bridge inspection workflows. 

 

3.1.1 NCDOT Inspection Practices 

The NCDOT and its partner PEFs follow the NCDOT Manual for Bridge Element Inspection when 

conducting bridge inspections, as well as the SMU Inspection Manual. Although the SMU Inspection 

Manual provides clear guidance on how a bridge inspector should approach bridge inspections, there is 

flexibility in implementation to accommodate each inspectorôs preferences. The SMU Inspection Manual 

focuses on the expectations for the end results while having minimum input on some of the procedural 

requirements. Therefore, inspection approaches and techniques vary amongst different groups of inspection 

teams.  

 Since there is not a ñone size fits allò inspection procedure, the workflows were developed in a 

generic way that could be used by any inspection personnel. To understand the inspection procedure and 

approaches used by different bridge inspection teams, nineteen different bridge inspections conducted by 
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NCDOT and PEF inspection teams were observed. Timber structures were not observed due to the relative 

sparsity of these structures, so the SMU Inspection Manual was heavily relied upon when developing the 

workflow for bridges of this material type. The inspection of an aluminum culvert was also observed, 

though due to the lack of presence of aluminum structures as a whole, aluminum inspection workflows 

were not developed. Eleven of these structures were concrete structures, seven were steel structures, and 

one was an aluminum culvert. NCDOT suggested prioritizing the observation of concrete structures due to 

their relative prevalence in the NCDOT inventory.  

 Different materials have different inspection requirements and acceptance criteria per the 

inspection manuals. For example, the permitted size of a crack in concrete is very different than in steel. 

However, most inspection ñproceduresò are identical, from a broader perspective, regardless of the material. 

Although the different materials have different distress types and inspection criteria, the approach to how 

all materials are inspected is largely similar from a practical standpoint. 

A bridge inspection operation is comprehensive, with a lot of site-specific and structure-specific nuances 

and scenario-specific conditions that are not mentioned in the inspection manuals. Most languages in the 

SMU Inspection Manual and the NBIS refer to the analyses, classification, and recording of distresses. In 

order to develop workflows supporting the integration of UAS into bridge inspection operations, all facets 

of an inspection operation should be considered. The purpose of observing bridge inspection operations 

conducted by the NCDOT and PEF inspection teams was to understand the extent to which action items 

pertaining to an inspection operation should be incorporated into the workflows. Table 3.1 is a list of visits 

conducted, beginning March 2022, through September 2023. 

 

Table 3.1: List of Structures Visited During NCDOT Routine Inspections. 

VISITED DATE  STRUCTURE 

NUMBER  

COUNTY  GIRDER 

MATERIAL  

FEATURE 

INTERSECTED  

3/22/22 890362 Union  Concrete Water 

3/22/22 890552 Union Concrete  Highway 

6/13/22 590083 Mecklenburg Concrete Water 

6/13/22 590919 Mecklenburg Concrete  2 lane road 

6/28/22 890490 Union Concrete  Highway 

6/28/22 890549 Union Concrete  Highway 

8/17/22 590231 Mecklenburg Steel 2 lane road 

8/17/22 590524 Mecklenburg Aluminum Water 

9/21/22 890178 Union Concrete  Water 

2/10/23 170023 Catawba Steel  Water 

2/11//23 170091 Catawba Steel  Water 

2/18/23 170005 Catawba Steel Water 

2/19/23 170003 Catawba Steel Water 

2/21/23 640012 New Hanover Concrete  Water 

3/16/23 & 3/17/23 270072 Dare Concrete Water 

8/23/23 000042 Alamance Steel Water 

8/23/23 000086 Alamance Concrete Water 

8/23/23 000210 Alamance Concrete Water 

9/27/23 860032 Swain Steel Water 

 

The inspections performed during the site visits listed in the table were all routine inspections. The 

development of the workflows is centered around routine inspections, although the applicability of the 

workflows for other inspection types could also be considered. Major action items are similar for all bridge 

inspection types, especially during the pre-inspection and post-inspection phases.  

A typical inspection trip could be split into three stages: pre-inspection, during inspection, and post-
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inspection. It was observed that the action items pertaining to a bridge inspection operation could be best 

split into these three stages. It was observed that the majority of the inspection time was associated with 

activities performed in the during-inspection process, followed by the post-inspection process. 

 

3.1.1.1 Pre-Inspection Process 

The pre-inspection process includes action items such as reviewing the structure condition, planning the 

inspection approach and/or pattern, preparing for the weather conditions, and other considerations 

associated with the location such as access, traffic, water, land, and utility features. The purpose of this 

stage of an inspection operation is to understand the condition of the bridge during the anticipated date of 

inspection, the conditions at the site that might influence the inspection, and plan for the inspection 

operation accordingly. While many teams conducted different action items during the pre-inspection stage, 

many common action items were observed. These action items were completed either in the office before 

the inspection date, or on-site before performing inspections. The following is a list of common actions 

performed during the pre-inspection phase: 

1) Reviewing the previous bridge inspection report of the structure.  

2) Determining the required number of inspection personnel. 

3) Determining the required inspection access equipment. 

4) Determining the inspection pattern and route. 

5) Planning traffic control measures. 

6) Assignment of inspection tasks by team leader. 

7) Setting up inspection equipment. 

8) Ensuring traffic control setup. 

Reviewing the previous bridge inspection report of the structure entails both reviewing and 

understanding of the previous inspection report conducted for the structure as well as the previous Structure 

Safety Report. Doing so allows inspection personnel to understand the pre-existing distresses reported in 

the previous inspection cycle, as well as the reported severity of the distresses. Distresses that were 

previously deemed as Priority Maintenance requests or Priority Action Requests would be inspected more 

closely when the team conducts the inspection. Other information on the Structure Safety Report that may 

be reviewed includes the bridge geometry and traffic conditions. Reviewing this information enables the 

inspection team to anticipate the traffic control measures, identify access approaches, and forecast the time 

necessary to complete the inspection operation. 

 The second action item determining the required number of inspection personnel is based on the 

bridge geometry (size, vertical clearance, traffic condition) as well as the inspection type. Most inspection 

operations observed consisted of 2 inspectors: a bridge inspection team lead, and an assisting inspector. 

When the bridge requires a snooper truck and traffic control, there may be more personnel to assist with 

the inspection operation, with the additional personnel serving functions such as traffic control, operating 

the snooper truck and/or bucket, and serving as personnel in a safety boat (for bridges over waterways). 

The amount of personnel necessary to complete a bridge inspection operation is determined in advance by 

the bridge inspection team lead.  

The determination of required access equipment is following the inspection teamôs review of the 

structure. Similar to the previous action item, this action item depends on the bridge geometry and the 

inspection operation type. Standard access equipment observed during the inspection trips consisted of 

ladders. Access equipment that was deemed as required for special situations were bridge inspection 

platforms, snooper trucks, and bucket trucks. Structures that are larger or more difficult to access are 

generally tasked to PEFs, instead of being inspected by NCDOT personnel. These are typically the 

structures that may require extra access equipment.  

The next action item is the determination of inspection pattern and path/process. This refers to the 

order in which the individual bridge components will be inspected. The NCDOT inspection report follows 

a south-to-north reporting procedure, such that the reports are ordered beginning from the southernmost 

element of a structure and ending at the northernmost element. Although there is no rigorous requirement 
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on the pattern by which an inspection team should abide, most inspection teams follow the typical south-

to-north pattern to align with the reporting process.  

It was also observed that for most structures, the deck would be treated differently than the 

superstructure and substructure. None of the decks observed required access equipment since they were all 

accessible from a level roadway. On the other hand, especially with complex structures, the superstructures 

and substructures could be difficult to access due to the vertical clearance of those components and the fact 

that oftentimes the substructures sit in water. Because of the difficulty in coordinating schedules with third-

party inspections on intended dates, the inspection teams prioritized the pattern of the inspection operations 

to match the availability of the access equipment and conducted the deck inspection before or after the 

required operations. 

 After the inspection team lead determined the amount of personnel and equipment required, the 

logistics of the operation would be determined. The weather conditions would also be considered when 

planning for logistics. Bridge inspections are typically conducted in dry conditions; however, it is up to the 

bridge inspection team lead to determine the suitability of the weather conditions for the operations. The 

need for traffic control would also be considered as well. Generally, team leads would be familiar with the 

NCDOT requirements for traffic control. Traffic control typically occurred during the more complex bridge 

inspections that involved extra access equipment. The end goal of traffic control is to ensure the safety of 

the inspection team, as well as the public.   

The previous action items mentioned above mostly occur before the day of the bridge inspection 

operations. The remaining action items are pre-inspection action items that are to be completed on-site, 

pending the situation of the personnel, traffic conditions, and real-time environmental constraints. Upon 

arrival at the structure, the bridge inspection team lead would assign inspection tasks to the inspection team 

members.  

Prior to setting up the inspection equipment, the inspection team would select a suitable location to 

park their vehicles. Once a safe and accessible location had been selected and the vehicles were parked 

properly, the inspection team would begin setting up inspection equipment. Typical inspection equipment 

needed during an operation included a tablet or PC with WIGINS Elements software installed, pencils, 

notepads, the previous Structure Safety Report (digital or paper), measuring tape, vests, hard hat, ladder, 

camera, chalk, and flashlight. The tablet and PC are used to record distresses and dimensions into WIGINS 

Elements. Some inspection teams chose to do this after the bridge inspection operation in an indoor location. 

This choice is based on the preference of the inspection teams, where most inspection teams preferred 

writing inspection notes on notepads and then later transferring the notes into WIGINS Elements. Inspectors 

found it easier to maneuver around the structures with a notepad than with a laptop. With the need to walk 

in difficult landscapes, inspectors found laptops difficult to carry and protect. 

 

3.1.1.2 Inspection Process 

The general procedure of a bridge inspection can be viewed to be similar across each type of bridge 

inspection (routine, initial, damage, etc.). There are certain safety measures and inspection action items that 

are required for all bridge inspections. Although other inspection types were researched, the routine 

inspection was the only type of inspection operation that was observed during the participating bridge 

inspections. This stage of the inspection process focuses on the day of the inspection operation, where the 

recording and diagnostics of distresses are performed. 

Chalk or lumber crayon was used during the inspections to indicate locations of distresses on the 

structure. This helped the inspectors keep track of completed distress inspections and also helped reviewers 

of the inspection report to determine the size of the distresses through the photos. Sometimes the marks 

from previous inspection cycles would be still visible, which helped the current inspection team identify 

pre-existing distresses more easily. A handheld camera was typically used to capture photographs of 

distresses, as well as images of different perspectives of the bridge. The photographs are required to be 

inserted into the inspection reports and are considered a vital part of the inspection process. 

The NCDOT Manual for Bridge Element Inspection (NCDOT 2018) provides a detailed 
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description of how each distress is classified based on the material and element that it is located on. In 

addition, the manual provides a 1 through 4 condition rating (1-good, 2-fair, 3-poor, and 4-severe) based 

on the extent of the observed condition on an element. The unit of quantities of each element is also given 

in this document. Although the NCDOT Manual for Bridge Element Inspection is detailed, there are simply 

too many inspection criteria for different material types of different elements for all to be encompassed into 

a single workflow. Alternatively, the SMU Inspection Manual (NCDOT 2018) provides a shorter list of 

distress conditions that would be classified as either a Critical Finding, Priority Maintenance, or Routine 

Maintenance action. This way the most severe distresses (Critical Findings) are given greater emphasis, 

and it allows for the inspection team to determine the severity of the distresses more swiftly. These two 

manuals serve as the main reference during a typical bridge inspection operation. 

 

 

3.1.1.3 Post Inspection Process 

After all required measurements have been obtained, and all distresses have been inspected, recorded, and 

photographed, the inspectors compare notes to make sure that the data collected are correct and adequate. 

If there is missing data, the inspectors immediately re-observe or re-measure the component, distress, or 

other feature while on site. The photographs taken are also verified to ensure that the necessary photographs 

to compile the inspection report are consistent, and that all photographs are of presentable quality.  

 Once all inspection data have been validated, the inspectors then input all data into the WIGINS 

Elements software. This software helps inspectors record all inspection data and measurements, as well as 

the related streambed profiles and photographs pertaining to the condition of the structure. The software 

identifies the Priority Maintenance and Critical Finding distresses reported by the inspectors and notifies 

the Structures Management Unit (SMU) of any of these conditions upon the submission of the report. This 

is known as the Priority Action Request or PAR. The PAR-notified distresses are then further evaluated by 

the SMU, which reclassifies the distress as either a Routine Maintenance item, Priority Maintenance item, 

or Critical Finding. The necessary actions to provide remedy to the distresses are determined through the 

reclassification process. 

 

 

3.1.2 Development of Workflows for UAS-enabled bridge inspection 

Workflows were developed to guide users through the integration of UASs into current inspection 

operations. This work focused on the bridge inspection aspect when developing the UAS-enabled bridge 

inspection workflows. There are many action items required to be considered in the UAS aspect, though 

this work assumes that the pilot is knowledgeable and cognizant of the planning, maintenance, and 

operation of the UASs. Specific UAS action items were mentioned only when it pertains to a bridge 

inspection operation. The procedural integration of UAS into bridge inspections to maximize bridge 

inspection efficiency using the right tools and approaches is the focus of these workflows. 

 The purpose of the UAS is to maximize the efficiency of inspection time and cost while reducing 

safety risks for the inspectors. The UAS should serve as a tool only to assist inspectors because bridge 

inspection is ultimately a task that heavily relies on human senses and previous experience. Although 

sensing technologies are advancing, at the time of this study, the role of the UAS was identified as being 

limited to providing visual assistance to the inspectors. A routine inspection requires fewer hands-on 

activities, therefore a UAS was deemed beneficial for performing this type of inspection operation.  

Whenever hands-on activities are required, it is usually for sounding concrete patches, removing rust from 

steel, removing dust from concrete spalls, or removing debris to inspect an element. However, it was 

observed that during a routine inspection, these tasks were not conducted frequently relative to the entirety 

of the bridge inspection operation. A lot of distresses observed could be identified and classified visually. 

A UAS could serve as a remote camera that could be controlled at the will of the inspection team. Not only 

would inspectors be able to view the distress from afar via the UAS, but photographs and videos could also 
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be captured as a part of the inspection reporting process.  

To map a more clear path for the integration of the UAS into bridge inspection procedures, different 

sets of conventional bridge inspection workflows were developed and then modified to integrate the UAS. 

Most of the developed workflows have two versions, a conventional workflow and a UAS-enabled 

workflow. This allows users to compare both methods of bridge inspection and to help new users learn the 

UAS-enabled bridge inspection workflows alongside the conventional workflows. 

 The complete process of a bridge inspection operation with the integration of UAS could be split 

up into the three major stages as described previously: pre-inspection, during inspection, and post-

inspection. The tasks included in the ñduring inspectionò stage alone are very comprehensive and could 

have multiple decision trees pertaining to this stage of the inspection. Because of this, the workflows were 

separated into different levels to fully capture all aspects of UAS-enabled bridge inspection operations.  

 The following is a list of workflows that were deemed necessary to capture the full spectrum of a 

UAS-enabled bridge inspection operation: 

¶ Overall Inspection Framework Workflows: Workflows that describe the three major stages 

associated with conventional and UAS-enabled bridge inspection operations. 

¶ General Bridge Inspection Workflows: Workflows that describe the ñduring inspectionò stage 
action items, more specifically the inspection procedure in relation to how and when the UAS 

should be integrated throughout the inspection process. 

¶ Material Element Inspection Workflows: Workflows that describe how an inspection team should 

approach inspecting a type of distress on a certain type of material conventionally and with UAS. 

¶ UAS Required Structures Photos Workflow: A workflow that describes how an inspection team 

could use a UAS for photographs of a structure required upon each inspection operation.  

 After observing the typical bridge inspection procedures, it was determined that UASs could assist 

inspectors in most aspects of bridge inspections. Even inspection types beyond routine inspections could 

take advantage of UAS capabilities. This is due to the fact that all inspection operations require photographs 

of certain angles of the structures, as defined by the SMU Inspection Manual. These photographs could be 

obtained via UAS in a swift manner, with better vantage points (and improved safety) than an inspector 

with a handheld camera on foot.  

It was also learned that UASs could help inspectors quickly identify locations of distresses that 

may require hands-on inspection. To reduce time, UASs would identify these locations during the 

preliminary scan of the structure, then the inspectors could coordinate for access equipment to be used on 

locations where hands-on would be required. If snooper trucks are required, the UASs could help inspectors 

identify these locations on the structure, and perform targeted hands-on inspections, rather than scanning 

the entire structure via a snooper, which would take a much longer time. 

 

3.2 Workflows 

Workflows were produced from both a conventional standpoint, along with versions that integrate UAS 

operations. The term ñUAS-enabledò describes workflows that integrate UAS into their procedures. The 

result of the development is a three-level workflow system that captures the full bridge inspection process, 

reflects NCDOT and PEF approaches and complies with SMU inspection requirements.  

The conventional and UAS-enabled versions of the Overall Inspection Framework Workflow were 

the only level 1 workflows developed. These workflows capture a general process that would typically be 

followed during a bridge inspection operation. These workflows provide more in-depth action items that 

occur during the planning stage of a bridge inspection, as well as during the post-inspection stage of a bridge 

inspection. Action items during the inspection stage are described in greater detail in the lower-level 

workflows. 

The level 2 workflows, also known as the conventional and UAS-enabled General Bridge 

Inspection Workflows, capture the inspection stage procedures. The conventional version of this workflow 

includes reachable stage and accessing equipment stage procedures. The reachable stage includes the 
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inspection of items that the inspection team could reach on ground, whereas the access equipment stage 

entails the inspection of items where access equipment is required. The UAS-enabled version of the 

workflow leaves the use of the access equipment as the last inspection task if inspectors require closer 

inspection of the items or need to perform hands-on inspection tasks. 

At level 3, the conventional and UAS-enabled Material Element Inspection Workflows capture 

material specific inspection procedures and decision trees. These workflows help inspection personnel 

identify ñCritical Findingsò as defined by the SMU Inspection Manual based on the material. Further action 

items that would be required to record material distresses can also be found in these workflows.  

In addition to the Element Inspection Workflows, another level 3 workflow that was developed was the 

UAS Required Structure Photos Workflow. As previously mentioned, not all structures are suitable for 

UAS-enabled bridge inspection, meaning that the UASs may not be able to efficiently perform inspections 

due to the inspection material or operation type. However, most bridge inspections require photographs of 

certain angles of a bridge, and this is where the UASs could help in those specific operations.  

Most workflows were developed through multiple iterations, with edits and modifications made 

based on information obtained during the series of inspection site visits, as well as feedback from NCDOT 

and PEF inspectors. Changes were made over the course of the project to more accurately describe the 

action items in each workflow. The changes may be as simple as clarifying the verbiage to more significant 

modifications affecting the order of tasks and actions. Major changes amongst each iteration of each 

workflow will be described in the following sections. Iterations of the workflows, along with detailed 

explanations of the enhancements and changes are presented in Wu (2023). For clarity, only the final 

versions of workflows are presented here in the body of this report. Previous iterations are included 

in Wu (2023) with a discussion on the evolution of the workflow from its initial to final forms. 

 

3.2.1 Level 1 Overall Bridge Inspection Framework Workflows- Conventional and UAS-Enabled 

The Overall Bridge Inspection Framework Workflow was developed to map out the overall process of a 

bridge inspection operation. This workflow captures the major action items conducted by an inspection 

team during the planning phase, inspection phase, and post-inspection phase of a bridge inspection 

operation. These are the action items that were observed and described in the previous section.  

 Several iterations were required to develop the Level 1 workflow and are described in Wu (2023). 

Upon approaching the workflow, the user is directed to one of the three major branches: Pre-Inspection 

Process, Inspection Process, and Post-Inspection Process (Figure 3.1). The pre-inspection and post-

inspection branches can be further broken down into ñIn Officeò and ñIn Situò operations. As the names 

suggest, some tasks should be performed in the office prior to the day of inspection, or on site right before 

the inspection begins. Similarly, some actions should be performed on site as soon as the inspection process 

is completed, and some actions should be performed in the office after all fieldwork has been verified and 

completed. This workflow has a more detailed breakdown of the action items conducted before and after 

the inspection process. This workflow is the only one that includes action items pertaining to the planning 

process and organization process of a bridge inspection operation, whereas the inspection process branch 

is to be expanded into the level 2 and level 3 workflows. 

The three colors used in this workflow pertain to each phase of the bridge inspection operation, 

allowing users to easily identify which action items are included in a particular phase. The pre-inspection 

process allows users to familiarize themselves with the structure that is under inspection and prepares for 

the bridge inspection operation accordingly. This branch also allows users to plan for the flight path of the 

UAS, and understand any limitations imposed by the bridge on site conditions that may inhibit UAS 

operations. When arriving on site, the workflow guides users to select a base station to serve as a take-off 

and landing spot for the UAS, as well as set up vantage points to allow the inspector and the pilot to 

communicate effectively.  

 To guide inspectors and/or pilots, commentary boxes were added to explain some action items. The 

commentary boxes are labeled with numbers, corresponding to different cells. A similar labeling system 

was used for all workflows with commentary boxes. In this iteration, a total of 5 commentary boxes were 
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provided on the right side of the workflow, as shown in Figure 3.2. 

 In the pre-inspection branch, the action item ñTraffic control planningò was added to direct users 

to anticipate any necessary traffic control measures that may need to be provided during the day of the 

inspection. Traffic control measures may change the bridge inspection pattern, especially with respect to 

prioritizing the inspection of the components of the bridge that may require traffic control, so that traffic 

control can be limited to as short a duration as required. A loop with the question ñAre there more spans to 

inspect?ò is included to represent the iterative process required to inspect span by span. It was also observed 

that inspectors typically started their inspections from one side of the substructure, worked their way up 

towards the superstructure, and then moved on to the other substructure of the same span. The ñYesò and 

ñNoò prompt, provides users the ability to return to a previous cell to conduct the inspection of another 

loop. if necessary. 

 The final versions of the workflow include both a conventional version (Figure 3.1 and 3.2) and a 

UAS-enabled version (Figure 3.3 and 3.4). For the UAS-enabled workflow, the post-inspection branch 

includes action items related to the organization of measurements and photographs. Actions associated with 

review, recapture, and archiving are included for both UAS and handheld camera photos. The ñPhoto 

relabelingò cell directs users to relabel photos taken by UASs, since they may be labeled differently than 

handheld cameras. The other cell ñUAS photo storage in driveò directs users to store the UAS photos on 

hard drives. After the UAS completes bridge inspection tasks, transfer of the data from the UAS to a hard 

drive is required to allow users to compile inspection reports later via a laptop.   

The UAS-Enabled Overall Inspection Framework Workflow resembles the conventional version 

in that the overall scope and procedures are the same, with the exception of embedded UAS operations. 

The UAS action items were inserted into the overall procedure considering observations of field trials 

conducted by other parties. Similar to the conventional version of the workflow, the UAS action items 

described in this workflow are mainly focused on the pre-inspection and post-inspection branches with an 

identical inspection process branch. The commentary cells associated with this workflow address the 

number of inspection personnel required, traffic control planning, bridge inspection pattern, photo 

relabeling, and UAS photo storage in drive. These commentary boxes were made to address action items 

pertaining to UAS operations. Figure 3.5 depicts the differences between the conventional and UAS-

enabled workflows. 
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Figure 3.1: Conventional Overall Inspection Framework Workflow. 
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Figure 3.2: Conventional Overall Inspection Framework Workflow. 
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Figure 3.3: Commentary Boxes to the UAS-Enabled Overall Inspection Framework Workflow. 
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Figure 3.4: Commentary Boxes to the UAS-Enabled Overall Inspection Framework Workflow. 
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Figure 3.5: Changes to the UAS-Enabled Overall Inspection Framework Workflow (highlighted in green). 

 

3.2.2 Level 1 2 General Bridge Inspection Workflow ï Conventional, and UAS-Enabled 

The inspection branch from the level 1 workflow provides users with a general inspection pattern based on 

the geometry of the structure. The detailed inspection stage procedure can be found in the level 2 General 

Bridge Inspection Workflows as described in this section. The objective of Level 2 workflows is to describe 

the general tasks performed during the on-site inspection process. This workflow originates from the middle 

branch named ñInspection Processò in the level 1 Overall Inspection Framework Workflow and ends by 

leading users to the ñPost-Inspection Processò in the Overall Inspection Framework Workflow. Level 2 

workflows introduce users to the procedures of obtaining required structure photographs, setting up traffic 

control, performing reachable inspection, performing non-reachable (access equipment required) 

inspection, and performing UAS-enabled inspection. 

Two versions of the Level 2 General Bridge Inspection Workflow were developed, a conventional 

version (Figure 3.6) and a UAS-enabled version (Figure 3.7). The differences between these two workflows 

are highlighted in Figure 3.8. Throughout the field visits, most of the operations were performed 

conventionally, with no use of UASs. The conventional version of the General Bridge Inspection Workflow 

was developed based on these observations. The UAS-enabled version of this workflow was developed 

based on a smaller sample size of observed UAS-enabled inspections from which the understanding of the 

capabilities of UASs and procedural approaches and risk tolerances of the pilots were studied. Similar to 

the level 1 Overall Inspection Framework Workflow, the level 2 General Bridge Inspection Workflow was 

developed over several iterations. While the initial iterations were UAS-enabled, the last version of this 
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workflow included a conventional version and a UAS-enabled version. All iterations and a deeper 

discussion on their development and evolution over the course of the project are presented in Wu (2023). 

 

 
 

Figure 3.6: Level 2 Conventional General Bridge Inspection Workflow. 
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Figure 3.7: UAS-Enabled General Bridge Inspection Workflow. 
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Figure 3.8: Differences Between the Conventional UAS-Enabled (Right) Level 2 Workflows (highlighted 

in green) 
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During the field observations, it was typically observed that the inspection team would first capture the 

required photographs, as advised by the SMU Inspection Manual. Different angles of the structure would 

be photographed to complete this task. During this stage, users are directed to a level 3 workflow named 

ñUAS Required Structure Photos Workflow.ò This workflow guides users to capture the required 

photographs using a UAS. If the user chooses to capture the photographs with a handheld camera, then this 

workflow may be neglected with these required photographs captured conventionally.  

After completing this task, the inspection team would begin inspecting components and elements of the 

bridge that are within armôs reach without access equipment. If an element only requires visual 

confirmation, then it would also be inspected during this stage. These inspection tasks are named 

ñReachable Inspections'' in these workflows, since these elements could be inspected without the need for 

access equipment such as ladders, boats, snooper trucks, or other equipment. After the ñReachable 

Inspectionò task, a series of level 3 workflows named ñConcrete,ò ñSteel,ò and ñTimber,ò are introduced to 

guide users on the inspection of the three main material types mentioned in the upcoming section.  

 Once the reachable inspections are completed, the conventional workflow prompts users to perform 

traffic control setup, if necessary. If only a ladder is required to inspect all other areas of the bridge deemed 

as not reachable, then traffic control may not be needed. If a snooper truck or box truck is required, then 

users are prompted to perform traffic control. For the UAS-enabled version of this workflow, once the 

reachable inspection is completed, users are prompted to perform a UAS inspection, instead of immediately 

preparing for the setup of traffic control. This step allows users to perform visual inspections with a UAS 

on the items that are not normally visible to the inspectors on ground. The use of the UAS would help 

identify areas of the bridge that are not reachable but may require inspectors to perform hands-on inspection 

due to evidence of potential distress. For the UAS-enabled version of this workflow, these areas would be 

further inspected during the ñaccess equipment stage.ò 

 During an inspection on access equipment, the way inspectors perform tasks for each material is 

identical to the approach performed during reachable inspections on the material. Therefore, for the 

conventional version of the General Bridge Inspection Workflow, the ñreachableò and ñaccess equipmentò 

stages incorporate identical level 3 material inspection workflows. The final iteration of the workflows 

introduced the addition of the ñRequired Structures Photos'' task, as well as the ñTraffic Control Set Upò 

task. The ñRequired Structures Photos'' task in the conventional version of the workflow serves only as a 

prompt for users to capture the required angles of any structure, whereas the ñUAS Required Structures 

Photos'' cell in the UAS-enabled version of the workflow directs users to a level 3 workflow dedicated to 

guidance for capturing the required photographs using a UAS. 

 

3.2.3 Level 3 ï Element Inspection Workflows and UAS Required Structure Photos 

Workflow - Conventional and UAS-Enabled 

The level 3 workflows contain diagnostic decision trees based on different material types, as well as 

guidance on how UASs could be used to obtain the required photographs as mentioned in the previous 

section. These workflows are extensions of the level 2 General Bridge Inspection Workflows. These 

element inspection workflows focus on three main types of materials: concrete, steel, and timber, the most 

predominant materials used for bridge construction in the state of North Carolina (Snoke 2022). According 

to InfoBridge, a FHWA website that provides data based on the NBI, out of 18,817 bridges in North 

Carolina, 18,422 of them have main spans constructed by one of the three materials mentioned above 

(FHWA 2023). As mentioned in the previous section, only concrete and steel bridge inspection operations 

were observed. A set of timber workflows were created to meet the needs of the NCDOT by using the 

guidance in the NCDOT Manual for Bridge Element Inspection and the SMU Inspection Manual. The 

element inspection workflows were developed to assist inspectors in classifying and recording distresses 

via conventional methods and the UAS-enabled method. The conventional methods are referred to as the 

ñReachable Element Inspectionò due to the fact that the main difference between a conventional inspection 

and a UAS inspection is whether an element is within reach for the inspectors without access equipment. 
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It was recognized that the vast range of case-specific considerations and decision-making required to 

diagnose the condition of a specific material would be difficult to encompass within a single workflow. 

One of the main challenges was to identify the appropriate depth and detail of the workflow decision trees 

without overcrowding the workflow space or becoming confusing or overburdensome to an inspector. 

Overcrowding the workflow or providing too much detailed information may lead to user fatigue and could 

limit the inspector in using previous experience to help inform the inspection process. Considering that the 

level 3 workflows are most applicable in the field, simplicity is critical to an effective workflow. Therefore, 

it was determined that the element inspection workflows would focus on the distress measurement and 

recording processes, with only the diagnosing processes associated with ñCritical findingò items explicitly 

called out. The combination of distress identification, distress measurement, Critical Finding classification, 

and distress recording was determined to be the optimal amount of detail on the inspection tasks contained 

within any single workflow. 

 The overall logic behind diagnosing distresses was observed to be consistent across different 

material types. Therefore, although there are three sets of material inspection workflows (conventional and 

UAS-enabled versions for each of the three material workflows), they are based on the same inspection 

logic. The workflows focus on helping users identify the most severe classification of distresses as stated 

by the SMU Inspection Manual, which are ñCritical Findingsò (NCDOT 2018). Although the standard 

operating procedure states that distresses categorized by the inspectors as either Critical Finding or Priority 

Maintenance are to be submitted to the SMU for review through the WIGINS Elements software, these 

workflows allow inspectors to quickly identify Critical Finding distresses, since they may require more 

attention due to the implied risk to public safety. 

 Upon approaching a distress, the first task for an inspector is to identify the type of material in 

which the distress has occurred. As mentioned previously, different materials may be present on the same 

bridge, so the proper element inspection workflow should be utilized to correctly assess the distress. Once 

the proper element inspection workflow is used, the inspector would then categorize the distress based on 

its type. Different materials have different distress types and the classification of severity for different 

distress types is covered by the SMU Inspection Manual. The element inspection workflows feature a series 

of questions to help inspectors determine whether a distress should be classified as Critical Finding or not. 

If a distress is determined to be a Critical Finding, then the inspector would immediately be cognizant of 

the situation and may choose to escalate the response to the distress. If a distress is deemed as either Priority 

Maintenance or routine maintenance, then a typical reporting process would be followed. 

 After the identification of the distress severity, the workflows ask the inspectors to determine 

whether the distress is a pre-existing distress. If a certain distress existed prior to the current inspection 

cycle, there would be information on the distress in the previous Structure Safety Report. The objective of 

this task is to determine whether a pre-existing distress has worsened. The worsening of a distress would 

most likely be manifest as an increase in size or depth of the distress. Inspectors would make note of the 

pre-existing distress in the WIGINS Elements software. 

 If the distress is new (not pre-existing), then the inspector would begin the process of recording 

relevant distress information. The workflow first prompts users to obtain a photograph for recording 

purposes. A reasonable number of photographs to represent different distresses are expected to be inserted 

into the WIGINS Elements software, and this action in the workflows would guide inspectors through this 

task. After obtaining the photographs of the distress, the workflows then prompt users to perform the 

recording of distress dimensions and information, as well as the photograph ID to better help inspectors 

reference the photographs to their corresponding distresses when compiling the Structure Safety Report in 

the WIGINS Elements software.  

 The observation of bridge inspection operations was performed for concrete and steel structures, 

therefore the conventional and UAS versions of these workflows were developed first. Figures 3.9, 3.10, 

and 3.11 present the conventional Concrete Element Inspection Workflow along with its comment boxes. 

Figures 3.12, 3.13, and 3.14 present the UAS-Enabled Concrete Element Inspection Workflow along with 

its comment boxes. Figure 3.15 shows the difference between the conventional and UAS-enabled inspection 

of concrete elements. Earlier iterations and a deeper discussion on development of these final workflows is 
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presented in Wu (2023). 

 The first challenge identified for a UAS-enabled concrete inspection was for UASs to inspect 

patches and delamination. Typically, these distress types require inspectors to put their hands (or tools such 

as hammers or pocket knives) on the distresses. The perimeter of a patch and a delamination would be 

inspected by the inspectors brushing away debris with their hands. If the perimeter of a patch or 

delamination appears to be flaking, inspectors will sound the patch or delamination with a hammer to listen 

for differences in the sound echo generated by the patched concrete versus concrete that surrounds the 

patch. Because of the need for hands-on inspection for these two types of distresses, the workflow prompts 

users to use the UAS to perform visual inspection initially, followed by a hands-on inspection during the 

access equipment inspection stage of the operation.  

The UAS-Enabled versions of the workflows take into consideration the capabilities of the UASs, 

as well as their abilities to perform human tasks. The overall finding through the field observations led to 

the conclusion that UASs serve primarily as mobile cameras, offering inspectors the ability to view 

distresses from afar. However, it was determined that the UASs should only be used to perform visual 

inspections. If certain distresses require hands-on inspection, inspectors could utilize UASs to locate those 

distress locations and schedule access equipment to get closer to the distress at a later time. To optimize the 

development process of the UAS-enabled material inspection workflows, the initial stages of this work 

focused on the development of the concrete workflow. After a few refinements of the concrete workflow, 

steel and timber workflows were then developed based on the template and logic that was used on the 

concrete workflow. 
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Figure 3.9: Conventional Concrete Element Inspection Workflow- Part 1 (upper portion). 
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Figure 3.10: Conventional Concrete Element Inspection Workflow- Part 2 (lower portion). 

 

Figure 3.11: Commentary Boxes to the Conventional Concrete Element Inspection Workflow. 
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Figure 3.12: UAS-Enabled Concrete Element Inspection Workflow- Part 1 (upper portion). 
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Figure 3.13: UAS-Enabled Concrete Element Inspection Workflow- Part 2 (lower portion). 
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Figure 3.14: Commentary Boxes to the UAS-Enabled Concrete Element Inspection Workflow. 
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Figure 3.15: Top Portion of UAS-Enabled Concrete Element Inspection Workflow with Changes from 

Conventional Inspection Highlighted in Green. 

 

Once the final iteration of the UAS-Enabled Concrete Element Inspection Workflow had been 

developed, the steel and timber versions were developed using the same logic, since there are many process 

similarities when inspecting different distress types in different materials. Figures 3.16 and 3.17 present the 

Conventional Steel Element Inspection Workflows, while Figure 3.18 shows the corresponding 

commentary boxes. Figures 3.19 and 3.20 present the UAS-enabled Steel Element Inspection Workflows 

while Figure 3.21 presents the corresponding commentary boxes. The differences between the conventional 

and UAS-enabled versions of the workflows are shown in Figure 3.22.   

Of note in the Steel Element Inspection workflows, non-redundant steel tension members (NSTM) 

(formerly fracture critical members) must be inspected hands-on, and the UAS may only be used for 

documentation.  A note regarding this need has been added to Figures 3.18, 3.22, and 3.24.   
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Figure 3.16: Conventional Steel Element Inspection Workflow- Part 1 (upper portion). 
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Figure 3.17: Conventional Steel Element Inspection Workflow- Part 2 (lower portion). 
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Figure 3.18: Commentary Boxes to the Conventional Steel Element Inspection Workflow. 
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Figure 3.19: UAS-Enabled Steel Element Inspection Workflow- Part 1 (upper portion). 

 

 










































































































































