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OVERVIEW

The Research Unit handles the day-to-day operations of the research program. The Unit assists with 
fulfillment of South Carolina Department of Transportation’s (SCDOT’s) mission and goals by conducting 
applicable research, disseminating information, and promoting national research programs. Goals 
established and achieved for the Research Unit in FFY 2020 were:

• Began the Research Topic Solicitation process for FY 21-22.
• Continued efforts to promote adopted recommendations made during the 2018 Peer Exchange  

           hosted by SCDOT. 
• Submitted recently completed topics to AASHTO Research Advisory Committee’s Value of Research  

         Task Force for consideration as “high-value” research projects. 
• Developed research projects approved by the Research and Development Executive Committee   

         (RDEC).

This annual report provides a description of the FFY 2020 SPR Research Program that includes the period 
from October 1, 2019, through September 30, 2020. The report is divided into four parts.

Part 1: Provides a description of the program and project funding and a summary of all items   
         included in the FFY 2020 Research Program. 

Part 2: Provides a summary of the Research Unit’s accomplishments.

Part 3: Gives a description of each study started during the year. 

Part 4: Contains project summaries of studies completed during FFY 2020. 
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PROGRAM FUNDING

In FFY 2020, the SPR Research Program received $3,647,531.00 in Federal funds. Figure 1 provides 
a general breakdown all items funded in FFY 2020 and incorporates appropiate matching funds and 
corresponding carry-over funds from previous fiscal years. 

• Research Projects          $3,326,987.55 
• NCHRP $802,457.00
• Pooled-Fund Studies $461,000.00
• Transportation Technology Transfer Service (LTAP Center) $314,083.00
• TRB Core Program $143,664.00
• AASHTOWare Project Data Analytics™ System Cooperative Software Development $187,500.00
• AASHTO Technical Services Programs $116,000.00

Figure 1. FFY 2020 Research Program Funding
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PROJECT FUNDING

A total of twenty-eight (28) projects were included in the program. Ten (10) research projects were started 
during FFY 2020. Seven (7) studies were completed during the year. Figure 2 shows how the funds 
obligated for research projects in FFY 2020 were distributed by general area and amounts.

• Construction/Materials   $612,359.00                               
• Hydrology   $1,227,552.00     
• Bridge Maintenance $774,375.00
• Road Data Services $69,643.50
• Pavement Management $106,071.00
• Project Development   $387,051.00                               

 

Figure 2. Distribution of Funds by General Area for All Research Projects in the  
Program during FFY 2020
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RESEARCH PROGRAM SUMMARY

Table 1 below lists all items included in the FFY 2020 SPR Research Program. The total funding, 
with amount obligated previously and/or during the year, is given for each item. Also, the 
percent split between Federal and State funds is shown for money obligated in FFY 2020.

SPR 
No.

Item Previously
Funded

FFY 2020
Funds

% Split
Fed-State

710
Determination of Changes in Water Quality, Streambed 
Settlement, and Benthic Macroinvertebrates as a Result of 
Stormwater Runoff from Selected Bridges in South Carolina

$993,563.42 80-20

725 Evaluation of Open Graded Friction Courses: Construction, 
Maintenance, and Performance – Phase II $481,849.00 80-20

729 Effects of Culverts on the Natural Conditions of Streams in 
South Carolina $898,000.00 80-20

731 Deep Soil Test Borings to Determine Shear Wave Velocities 
Across South Carolina $532,107.00 80-20

732 Calibration of the AASHTO Pavement Design Guide to SC 
Conditions - Phase II $1,762,300.00 80-20

733 Updating Techniques for Estimating Magnitude and Frequency 
of Floods for Rural Basins in the Southeastern United States $493,612.00 80-20

734 SCDOT Crash Analysis Using Precisely Geocoded Crashes $197,496.00 80-20

735 Development of Pavement Investigation Strategies for Non-
Interstate Routes $86,677.00 80-20

736 Characterization of Bases and Subbases for AASHTO ME 
Pavement Design $392,158.64 80-20

737 Adaptive Signal System Safety Impacts $359,993.00 80-20

738 Development of a User’s Manual for Application of the South 
Carolina Unit Hydrograph Method $74,926.00 80-20

739 Assessment of Structural Degradation for Bridges and Culverts $349,927.00 80-20

740 Design-Build Project Selection and Effectiveness Evaluation $262,441.00 80-20

741
Improving SCDOT Project Delivery Through Identifying 
Potentially Suitable Locations for Mitigation and Standardizing 
Section 401/404 Permit Application Process

$640,678.00 80-20

742 Automatic Extraction of Vehicle, Motorcycle, Bicycle, and 
Pedestrian Traffic from Video Data $148,890.00 80-20

743 Pavement Performance Curves - Modeling Pavement 
Deterioration for SCDOT $251,371.00 80-20
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SPR 
No.

Item Previously
Funded

FFY 2020
Funds

% Split
Fed-State

744 SCDOT Preconstruction Program Management Manual & 
Updated Project Development Process $349,383.00 80-20

745 Update to SCENARIO_PC $1,274,033.00 80-20

746 SC Flood Inundation Mapping $255,000.00 80-20

747 Evaluating the Construction Cost and Schedule Impacts of 
SCDOT’s Traffic Control Restrictions $149,966.00 80-20

748 Utilization of Traffic Speed Deflectometer (TSD) for Pavement 
Management $106,071.00 80-20

749 * Estimating AADT on Non-Coverage Roads $69,643.50 80-20

750 Risk-Based Inspection Program $291,360.05 80-20

751 SC StreamStats Phase II: Additional Tools and Layers for 
Enhanced Workflow and Efficiency $972,522.00 80-20

752 Safe and Cost-Effective Reduction of Load Postings for South 
Carolina Bridges $487,882.00 80-20

753 SCDOT Scope of Services Template $387,051.00 80-20

754 Optimization of Cement Modified Recycle Base (CMRB) 
Mixture Design $320,999.00 80-20

755 Investigation and Assessment of Effective Patching Materials 
for Concrete Bridge Decks $286,493.00 80-20

 * Additional $69,643.50 funded by SPR Part A funds
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Pooled-Fund Studies Funded in FFY 2020

TPF 
No.

Item FFY 2020
Funds

% Split
Fed-State

5(228) SuperPave Regional Center, SE Region $20,000.00 100-0

5(313) Technology Transfer Concrete Consortium (TCCC) $12,000.00 100-0

5(316) Traffic Control Device (TCD) Consortium $10,000.00 100-0

5(345) Pavement Surface Properties Consortium – Phase II $20,000.00 100-0

5(354) Improving the Quality of Highway Profile Measurement $20,000.00 100-0

5(374) Accelerated Performance Testing on the 2018 NCAT Pavement Test Track 
with MnROAD Research Partnership $210,000.00 100-0

5(375) National Partnership to Determine the Life Extending Benefit Curves of 
Pavement Preservation Techniques (MnROAD/NCAT Joint Study – Phase II) $50,000.00 100-0

5(430) Midwest Roadside Safety Process Fund Program $67,000.00 100-0

5(437) Technology Transfer Concrete Consortium (FY20-FY-24) $12,000.00 100-0

5(441) No Boundaries Transportation Maintenance Innovations $10,000.00 100-0

5(449) Robust Wireless Skin Sensor Networks for Long-term Fatigue Crack 
Monitoring or Bridges $30,000.00 100-0
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Other Items Funded in FFY 2020

TPF 
No.

Item FFY 2020
Funds

% Split
Fed-State

5(420) NCHRP - FY 20 $802,457.00 100-0

5(450) TRB Core Program Services $143,664.00 100-0

- AASHTO Engineering Technical Service Programs (FY20) $116,000.00 100-0

- AASHTOWare Project Data Analytics™ System Cooperative Software 
Development (FY20) $187,500.00 100-0

- * Transportation Technology Transfer (T3) Service (LTAP Center) $314,083.00* 80-20
 
 * Additional $150,000.00 funded by LTAP



PART II

Accomplishments
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ACCOMPLISHMENTS

The Research Unit established and achieved the following goals in the FFY 2020 program.

1. Began Research Topic Solicitation Process for FY 21-22

Every two years, the SCDOT solicits research topics from within the Department, the U.S. 
Geological Survey, other State and Federal agencies, in-state institutions of higher education, 
and in-state trade organizations. The purposes for doing this are two-fold: (1) to identify a wide 
array of potentially beneficial research topics for consideration by the SCDOT Research and 
Development Executive Committee (RDEC) for funding as SPR research projects; and (2) as 
a condition for FHWA Part B funding pursuant to 23 CFR § 420.209. The last Research Topic 
Solicitation Meeting, held on November 1, 2018, resulted in ten research projects that were 
developed over the course of two years.

At the August RDEC meeting, the Research Unit proposed a timeline of deadlines for the 
submission and review of topics, which was approved. On August 2, 2020, announcement emails 
were sent encouraging research topics submission using an online form. One hundred and 
five (105) topics were submitted by the September 25, 2020, deadline. The submissions were 
reviewed by the Research Unit, separated by subject matter, and forwarded to the appropriate 
Director and/or Deputy Secretary for their review and consideration. The Directors and/or 
Deputy Secretaries are asked to eliminate any topics unsuitable for further consideration that are 
deemed to be not beneficial for the Department. Given the number of topics received and the 
limited number that can be funded as projects, eliminating those that are obviously not suitable 
for research will provide more time for meaningful discussion and consideration of viable topics. 
This review also helps the Director and/or Deputy Secretary in identifying participants for the 
upcoming meetings from the units they supervise.

Two sessions of virtual breakout topic solicitation meetings for each category will be held in early 
November. The first meeting session for each category will be attended by topic submitters 
and interested invitees, where each topic will be presented and discussed in detail. The second 
meeting session will be attended by SCDOT and FHWA personal, who will vote to identify the 
higher priority topics and appoint a SCDOT Champion who will then submit a problem statement 
for consideration for funding by the Research and Development Executive Committee (RDEC) at 
their winter meeting.

2. Continued efforts to promote adopted recommendations made during the 2018 Peer 
Exchange hosted by SCDOT.

The Research Unit continued with efforts in promoting adopted recommendations made during 
the 2018 Peer Exchange hosted by SCDOT. New guidelines and templates developed by Ms.
Heaps were first used with FY19-20 SPR Projects. The SCDOT Research Manual was updated to 
reflect these changes, was submitted and approved by the FHWA South Carolina Division, and is 
now available on the SCDOT research website.  
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 https://www.law.cornell.edu/cfr/text/23/420.209 
https://www.scdot.scltap.com/wp-content/uploads/2020/04/SCDOT-Research-Manual-4-2-20.pdf


3. Submitted recently completed topics to AASHTO Research Advisory Committee’s Value of 
Research Task Force for consideration as “high-value” research projects. 

Every January, AASHTO’s Research Advisory Committee’s (RAC) Value of Research Task Force 
solicits projects for consideration as high value research projects. Each of the four RAC regions 
selects its top four projects from the submittals to form the “AASHTO Research Sweet Sixteen 
Awards,” and each region may select up to four projects to receive a supplemental award.  
SCDOT received a supplemental award in the category of “Maintenance, Management, and 
Preservation” for the recently completed SPR No. 727, “Sign Life Expectancy.”

This was the third year in a row that SCDOT has received an award for innovative research.

4. Developed research projects approved by the Research and Development Executive 
Committee (RDEC).

The Research Staff continued development of all ten of the projects from the 2018 Research Topic 
Solicitation Meeting that were approved and prioritized by the RDEC in February 2019.  During 
FFY 2020, agreements were signed on ten (10) projects and one (1) other is in the development 
stage.
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PART III

Description of the Ten 
Studies Initiated in  

FFY 2020
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STUDIES STARTED DURING FFY 2020

SPR 
746 SC Flood Inundation Mapping

Organization:  S.C. Department of Natural Resources
PI:  Ms. Maria Lamm
Start Date:  04/06/2020
Completion Date:  06/06/2021

Objective:  

The objective of this project is to provide real-time inundation maps for South Carolina and the 
South Carolina Department of Transportation (SCDOT) due to flooding during extreme weather 
events. The inundation maps will be accessible via a website administered by South Carolina 
Department of Natural Resources (SCDNR) with password-protected information for SCDOT 
and other authorized personnel. These maps will be developed for two of the Hydrologic Unit 
Code (HUC) 8 watershed basins in SC.

SPR 
747

Evaluating the Construction Cost and Schedule Impacts 
of SCDOT’s Traffic Control Restrictions

Organization:  Clemson University
PI:  Dr. Kalyan Piratla
Start Date:  01/15/2020
Completion Date:  04/15/2021

Objective:  

The overarching goal of this project is to provide technical guidance to SCDOT in effectively 
specifying lane closure restrictions on their construction projects. Effective specification of lane 
closure restrictions needs to be based on a thorough understanding of the trade-offs between 
the total project cost, schedule, and user costs. The following objectives are identified:  (1) 
synthesize current state-of-the-art and state-of-the-practice in evaluating the impacts of traffic 
control measures on construction cost, schedule, and user costs; (2) develop and demonstrate 
an approach for estimating construction cost, schedule, and user cost implications for a 
specified lane-closure restriction strategy; (3) evaluate the impact of current and previous lane-
closure restriction policies on project cost and schedule objectives for different types of SCDOT 
projects; and (4) develop a user-friendly computational tool that will assist SCDOT’s construction 
engineers in quickly evaluating the construction cost, schedule, and user cost implications of 
various lane closure restriction considerations based on a given set of project characteristics.
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SPR 
748

Utilization of Traffic Speed Deflectometer (TSD) for 
Pavement Management

Organization:  University of South Carolina
PI:  Dr. Nathan Huynh
Start Date:  02/01/2020
Completion Date:  04/30/2021

Objective:  

The primary objectives of this research will be: (1) to show how the collected TSD data can 
classify structurally good, fair, and poor pavement sections for primary routes specifically for 
SCODT; and (2) to present how structural information can be used effectively for selection of 
potential rehabilitation candidates given limited resources. In addition, this project strives to 
provide: (1) a comparison of TSD measurements with Pavement Management System (PMS) 
pavement condition data as the value of the TSD is its ability to collect structural information 
that is not currently captured by other parameters collected in a PMS; (2) development of 
structural indices which can classify structurally good, fair, and poor pavement sections; and 
(3) development of a best methodology to prioritize actual rehabilitation candidates with the 
collected TSD data in conjunction with current ranking criteria.

SPR 
749 Estimating AADT on Non-Coverage Roads

Organization:  University of South Carolina
PI:  Dr. Nathan Huynh
Start Date:  04/01/2020
Completion Date:  09/30/2021

Objective:  

The goal of this project is to develop models for SCDOT to predict AADT at non-coverage 
count locations. Currently, there are thousands of such locations on SCDOT-maintained roads 
and counts at these locations are preformed, at most, every ten years. The models to be 
developed in this project will provide SCDOT with more accurate AADT estimates at non-
coverage count locations.
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SPR 
750 Risk-Based Inspection Program

Organization:  Purdue University
PI:  Dr. Hubo Cai
Start Date:  12/19/2019
Completion Date:  11/19/2021

Objective:  

The objective of this proposed research is to develop a risk-based inspection program to aid 
in efficient allocation of available inspection resources (e.g., in-house, On-Call). Reducing 
inspectors on all construction activities carries risks, such as safety concerns, functional failures, 
oversights, and reduced performance life. Therefore, construction inspection activities should 
be prioritized and available inspection resources should be allocated to activities that carry more 
risk. The overall inspections should be reduced using this strategy and provide a cost savings to 
the Department.

SPR 
751

SC StreamStats Phase II: Additional Tools and Layers for 
Enhanced Workflow and Efficiency

Organization:  U.S. Geological Survey
PI:  Mr. Jimmy Clark
Start Date:  07/01/2020
Completion Date:  03/31/2024

Objective:  

The objective of Phase II of the U.S. Geological Survey (USGS) StreamStats is to develop 
and incorporate additional tools and functionality into the current (2019) application. Added 
functionality could include a storm runoff model using the South Carolina synthetic hydrograph 
method, hydrographs for gaging statistics, flow-regulation information, and multipoint 
delineation for basins. Additional data layers can be developed for such things as rainfall 
distribution, hydrologic regions, and hydrologic soil groups as well as an update with the 
National Land Cover Database 2016 data for basin characteristics. Furthermore, methods 
for automating lidar updates can be implemented to process and deliver the latest data into 
StreamStats in a more cost-effective manner. Many of the functions will provide tools for the 
South Carolina Department of Transportation and other engineers and water-resource planners 
which are outside of the scope of the National StreamStats application.
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SPR 
752

Safe and Cost-Effective Reduction of Load Postings for 
South Carolina Bridges

Organization:  University of South Carolina
PI:  Dr. Paul Ziehl
Start Date:  04/14/2020
Completion Date:  04/13/2023

Objective:  

A portion of South Carolina’s transportation infrastructure contains an aging bridge inventory 
with bridges that were designed for lower traffic loads (i.e., H-10 and H-15 load designs). 
For many of these bridges, it is difficult to assess the capacity of substructure elements, and 
rehabilitation methods are needed to address damage to caps and superstructure elements. 
Currently, an estimated 300 bridges in the state have load postings due to these structural and 
design considerations. To address this need, this research strives to: (1) identify and classify 
common load rating issues associated with families of bridges; and (2) address these issues 
through improved and more appropriate load rating analysis procedures and/or cost-effective 
rehabilitation strategies.

SPR 
753 SCDOT Scope of Services Template

Organization:  Clemson University
PI:  Dr. Dennis Bausman
Start Date:  08/10/2020
Completion Date:  08/09/2022

Objective:  

Preparing a draft Scope of Services (SOS) is one of the initial steps that the South Carolina 
Department of Transportation (SCDOT) makes for projects that require consultant procurement. 
Depending on contract type, the scoping phase generally takes between four and 12 months. 
This timeline hampers SCDOT’s ability to meet stated goals within the Strategic Plan Strategy 
to “Increase SCDOT’s reliability of delivering projects on-time and on-budget” for projects 
requiring a consultant. SCDOT seeks to streamline the consultant scoping process by: (1) 
reduce the scoping phase to less than 50 days by creating standardized SOS templates utilizing 
SCDOT-developed tasks commonly included in a SOS for various project types; (2) strategically 
engage other DOT’s and the FHWA to identify enhancements to standard SOS templates; and 
(3) identify methods to store, access, and update the newly created templates.

17



SPR 
754

Optimization of Cement Modified Recycled Base 
(CMRB) Mixture Design

Organization:  Clemson University
PI:  Dr. Prasad Rangaraju
Start Date:  07/01/2020
Completion Date:  12/30/2022

Objective:  

CMRB has been a successful reconstruction strategy for the South Carolina Department of 
Transportation (SCDOT), however, minimal changes have occurred to optimize the design and 
testing parameters or move towards performance specifications. SCDOT leads the nation in the 
use of reclamation and is in a unique position to lead the industry in improving the process. The 
current design practices focus on compressive strength and the current field practices focus on 
depth of treatment, moisture, and compaction, which may not be the most effective factors for 
assessment of durability and long term performance. The objective of this research is to review 
the current practices used by SCDOT in reclamation treatments and determine procedures to 
update that will optimize the planning, sampling, design, and testing of reclamation treatments. 
Variables that will be studied include chemical stabilization using cement, lime-cement blends, 
and lime kiln dust (LKD) in both traditional and synthetic reclamation.

SPR 
755

Investigation and Assessment of Effective Patching 
Materials for Concrete Bridges

Organization:  Clemson University
PI:  Dr. Prasad Rangaraju
Start Date:  09/01/2020
Completion Date:  02/28/2023

Objective:  

Patching of deteriorated portions of concrete bridge decks is an important repair activity that 
has to be conducted in a timely manner to maintain the serviceability and extend the longevity 
of these vital links in our transportation infrastructure. Currently, the South Carolina Department 
of Transportation (SCDOT) specifies the use of ready-mix concrete (plant-produced) for bridge-
deck patching. Alternative rapid set patching materials that are amenable to on-site batching 
and mixing with excellent bond characteristics and accelerated cure rates are desirable. The 
objectives of this research are to: (1) develop of a curated set of alternate repair materials;  
(2) develop a process of rapid investigation techniques through non-destructive testing to 
identify the cause and extent of deterioration in the bridge deck; and (3) develop guidelines, 
based on the above, to appropriately select suitable repair methods and materials.
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SPR 
710

Determination of Changes in Water Quality, 
Streambed Sediment, and Benthic  

Macroinvertebrates as a Result of Stormwater  
Runoff from Selected Bridges in South Carolina 

Organization:  U.S. Geological Survey
PI:  Celeste A. Journey
Report No.:  Scientific Investigators Report 2020-5046
Date:  July 2020

 Project

The U.S. Geological Survey, in cooperation with the South Carolina Department of Transportation, 
investigated the effects of stormwater runoff from bridge decks on stream water quality conditions in 
South Carolina. The investigation assessed 5 bridges in 3 physiographic provinces in South Carolina 
(Piedmont, Upper Coastal Plain, and Lower Coast Plain) that had a range of bridge, traffic, and hydrologic 
characteristics. The five selected South Carolina bridge sites (coincident with U.S. Geological Survey 
stations) and corresponding highways were Lynches River at Effingham (station 02132000; U.S. Highway 
52), North Fork Edisto River at Orangeburg (station 02173500; U.S. Highway 301), Turkey Creek above 
Huger (station 02172035; South Carolina Highway 41), South Fork Edisto River near Denmark (station 
02173000; U.S. Highway 321), and Fishing Creek at Highway 5 below York (station 021473415; South 
Carolina Highway 5). Bridge decks at the selected sites used open chutes, scuppers, and downspouts to 
drain stormwater directly into the receiving water at evenly spaced intervals.

 Research

Stream water, sediment, 
and biological samples were 
collected and analyzed for 
a variety of constituents to 
evaluate the stream conditions 
for this study. Five to six 
stream samples were collected 
at transects upstream and 
downstream from each selected 
bridge site using the equal-
width-increment technique 
during observable stormwater 
runoff. Routine samples of the 
receiving waters were collected 
12 to 14 times at the upstream 
transect during nonstorm 
conditions.  Samples were 
analyzed for physical properties, 
suspended sediment, 
nutrients, major ions, trace 
metals, polycyclic aromatic hydrocarbons, and Escherichia coli. Bridge-deck sediment and streambed 
sediment at upstream and downstream transects were collected once at each bridge site and analyzed 
for metals and semivolatile organic compounds that include polycyclic aromatic hydrocarbons. Benthic 
macroinvertebrate community surveys were conducted once using Hester-Dendy multiplate artificial 
substrate samplers deployed at multiple upstream and downstream transects concurrently. 
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Statistical analysis of the water-quality data determined that stormwater runoff from bridges did not 
significantly degrade physical properties, nor nutrient, trace-metal, Escherichia coli, and suspended-
sediment concentrations at the selected sites beyond the variability at the upstream transect (no bridge 
influence) during the study period. During storm sampling at the bridge sites, water-quality conditions 
were statistically similar upstream and downstream from each bridge, except for greater turbidity, total 
nitrogen, and total organic nitrogen plus ammonia concentrations found downstream from the bridge 
site on Fishing Creek; higher total chromium concentrations detected downstream from the bridge site 
on Turkey Creek; and increased Escherichia coli concentrations found downstream from the bridge site 
on the North Fork Edisto River. Total recoverable lead, cadmium, and copper concentrations were the 
only trace metals that periodically exceeded the South Carolina Department of Health and Environmental 
Control freshwater aquatic-life criteria at some bridge sites (lead, copper, and cadmium in Turkey Creek; 
cadmium and lead in Fishing Creek; lead in the South Fork Edisto River and Lynches River), but the 
exceedances occurred more frequently during routine sampling upstream from the bridge sites than 
during storm sampling at upstream and downstream transects. In general, stormwater runoff from the 
bridge decks did not seem to be the major source of metal enrichment in receiving waters during the 
study period. North Fork and South Fork Edisto Rivers and Turkey Creek had only one storm sample 
that exceeded South Carolina Department of Health and Environmental Control recreational criterion for 
Escherichia coli at both the upstream and downstream locations, while Fishing Creek had more frequent 
exceedances. Polycyclic aromatic hydrocarbons were detected infrequently in the stream samples. 

In general, sediment trace-metal concentrations were below the threshold and probable effect 
concentration at all bridge sites, except for the chromium concentration (45.1 milligrams per kilogram) 
detected upstream from the bridge site on Fishing Creek that exceeded the threshold effect 
concentration of 43.4 milligrams per kilogram. Based on enrichment ratios less than 1.5, bridge-deck 
runoff did not seem to be affecting trace-metal accumulation in the streambed sediment downstream 
from the bridge sites, except for lead at the bridge site on the Lynches River and manganese at the 
bridge site on Fishing Creek. 

Individual polycyclic aromatic compound concentrations and the sum of 18 compounds did not 
exceed any threshold and probable effect concentrations, indicating polycyclic aromatic hydrocarbon 
concentrations in the streambed sediment at downstream and upstream transects were not likely to 
affect the health of benthic macroinvertebrate communities. Although the cumulative polycyclic aromatic 
hydrocarbon concentrations in downstream sediment at the sites on Turkey and Fishing Creeks were well 
below the threshold effect concentration of 1,610 micrograms per kilogram, the 3- to 100-fold increase in 
downstream concentrations indicated a strong probability of a bridge-deck runoff source. 

 Results

Overall, benthic macroinvertebrate community health downstream from the bridge sites did not seem 
to be affected by bridge-deck runoff based on several multivariate analyses that indicated statistically 
similar benthic macroinvertebrate communities at upstream and downstream transects. Of the five bridge 
sites in this study, the site on Turkey Creek seemed to have the least healthy benthic macroinvertebrate 
communities because of the lowest Ephemeroptera, Plecoptera, and Trichoptera spp. (mayflies, 
stoneflies, and caddisflies, respectively) taxa, species richness, and diversity; and the highest biotic 
indices, indicative of poorer ecological health, at upstream and downstream transects. This ecological 
finding was not unexpected because of seasonal periods of negligible flow when dissolved-oxygen 
concentrations fell below 4 milligrams per liter during the study period. Of the five bridge sites in this 
study, the site on the South Fork Edisto River seemed to have healthier benthic macroinvertebrate 
communities because of the greater mean Ephemeroptera, Plecoptera, and Trichoptera spp. taxa; and 
lower mean biotic indices at upstream and downstream transects.
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Abstract

Much attention has been placed on the role that under-roadway culverts may have in inhibiting 
upstream fish movement because of altered hydrology and unsuitable conditions for accessing or 
swimming through the culvert. Other culvert effects related to habitat alterations or disturbance 
to macroinvertebrate communities have received relatively little attention. Entities responsible for 
culverts or other stream crossing structures are required to follow the U.S. Army Corps of Engineers 

guidelines for compensatory mitigation should any 
disturbance result from an engineering activity. 
One factor considered in the scoring of mitigation 
requirements is culvert length. Except for shading 
a longer length of stream, it is unknown whether 
longer culverts result in greater disturbance to 
stream habitat or the biotic communities than 
shorter culverts. The U.S. Geological Survey, in 
cooperation with the South Carolina Department 
of Transportation, evaluated the role of culverts in 
altering physical habitat and community structure 
of fish and macroinvertebrates at 20 sites in South 
Carolina. Culvert sites were categorized by length 
(either greater than 30.5 meters or less than or 
equal to 30.5 meters) and physiographic province 
(Piedmont or upper Coastal Plain). This study design 
allowed for a regional assessment to determine if 
culverts may have different effects on habitat and 
biotic communities in different physical settings. The 
results indicated considerable variation in physical 
habitat characteristics within and among the culvert 
sites from all categories. A consistent finding was 
that channel cross-sectional area tended to increase 
in reaches downstream from culverts in the upper 
Coastal Plain. The primary dimension of change 

was vertical, that is, incision of the streambed. This change, however, did not seem to coincide with a 
deleterious effect on the fish community. Increased habitat complexity and greater taxonomic richness 
were observed at most sites with downstream incision. Macroinvertebrate communities were highly 
variable and did not tend to cluster along any of the culvert categories, which may reflect the variability 
of microhabitats within each site. In contrast, fish communities were largely segregated by physiographic 
province but did not show any other significant clustering on the basis of upstream or downstream reach 
or culvert length. Given the small within-group sample size, extrapolation of results should be done 
carefully, acknowledging the physiographic and group characteristics.
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South Carolina has one of the most challenging geological settings in the world. Near the coastline, the 
hard bedrock is very deep and can be several thousand feet below the ground surface. Sediment depos-
its above the hard bedrock are highly variable and pose uncertainties in designing for earthquakes. This 
project addresses the challenges by measuring deep soil and rock properties to depths of 505 and 615 
feet deep at sites in Horry and Williamsburg counties. Advanced geotechnical and geophysical testing 
methods were implemented to assess engineering soil and rock properties and behaviors that can be 
used for future design of critical infrastructure in South Carolina.

Problem

Having an accurate shear wave velocity 
profile and a better understanding 
of the dynamic behavior of deep soil 
deposits in the South Carolina Coastal 
Plain are critical for seismic hazard 
analyses of important transportation 
infrastructure. This report presents a 
study that obtained comprehensive 
field and laboratory measurements 
of shear wave velocity and dynamic 
soil behaviors for two sites in the 
South Carolina Coastal Plain where 
data was very limited. The developed 
shear wave velocity profiles obtained 
from several geophysical methods 
were compared, and the performance 
of these different methods was evaluated. Empirical predictions of dynamic soil behaviors were also 
evaluated to assess the accuracy of prediction methods typically used for South Carolina Coastal Plain.

Research

Geotechnical borings were drilled to depths of 505 and 615 ft at two locations to perform extensive 
geotechnical and geological site characterization. Site A is located near Conway in Horry County and Site 
B is located in Andrews in Williamsburg County. Shear wave velocity profiles were generated for the two 
sites using P-S suspension logging, full waveform sonic logging, combined multi-channel analysis and 
spectral analysis of surface waves (MASW-SASW), and combined multi-channel analysis 
of surface waves and microtrem or array measurement (MASW-MAM) methods. Soil and rock samples 
were collected from both sites for dynamic characterization in the laboratory using resonant column and 
torsional shear testing methods. Shear modulus and damping behaviors were measured over a wide 
range of strains.
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Results

Overall, the average shear wave velocities obtained from the surface 
methods within the top 200 ft were lower than that of the P-S suspension 
logging data. This resulted in a different National Earthquake Hazard 
Reduction Program (NEHRP) site class when using the average shear 
wave values in the top 100 ft for Site A, but not site B. The P-S suspension 
logging provided detailed characteristics of the soil profile and the results 
agreed with the visual observation of samples. However, the P-S suspension 
logging method did not provide the depth of soil sediment to the top of 
soft rock (i.e., the B-C boundary), as the depth was below the bottom of 
each borehole. The results from both surface methods were in agreement 
within the top 220 ft. The MASW-MAM method provides deep profiling 
and identified an estimated depth to the B-C boundary of 580 ft for Site 

A and 1343 ft for Site B. Results from both surface methods show that spatial variation of both sites are 
high, especially for Site A. The shear wave profiles from the surface wave methods represent the average 
profiles over a large volume of soil; whereas, the profiles from the borehole methods represent localized 
profiles within the tested borehole. Results from the different methods provide understanding of the 
range of uncertainty in the shear wave velocity profiles that should be accounted for when performing site 
response analysis. 

Visual observation of samples collected from both sites showed that materials were highly variable with 
frequent transitions between soil-like to rock-like material. Highly cemented sand or clay with thicknesses 
varying from a few inches to several feet were observed at several depths throughout the soil profiles. The 
location of these rock-like materials corresponded with the high shear wave velocities observed from the 
P-S logging profile.

Laboratory testing results show that dynamic behaviors of soil and rock samples deviate from the 
predicted behaviors obtained based on soil index properties and geologic age provided in the literature. 
Relatively high damping values were observed particularly at low strains and the values were significantly 
affected by loading frequency applied using different testing methods. The effect of soil plasticity in 
relation to geologic age was evaluated for the shear modulus and damping, and no clear trend was 
observed for Tertiary and Cretaceous soil deposits. As a result, the shear modulus and damping behaviors 
were not accurately predicted by index properties for these soils. It is hypothesized that cementation 
is likely to be a significant factor affecting the dynamic soil behavior; however, detailed evaluation of 
cementation in relation to shear modulus and damping was beyond the scope of this study.

Value & Benefit

Data from this study can be used directly to perform site-specific site 
response analysis for the sites studied herein with the recommendation 
to perform sensitivity analyses to account for uncertainty in the shear 
wave velocity profiles, depth of competent rock, dynamic soil behavior, 
and impacts of interbedded rock and cemented layers. Predictive 
equations found in the literature for shear modulus and damping 
behaviors are not recommended for Tertiary and Cretaceous deposits 
because this study showed that soil plasticity and geologic age alone 
are not dominant factors for older soil deposits, particularly for those 
samples with cementation.

The Principal Investigator would like to thank the following for their contributions: Dr. Sarah Gassman (co-PI), and students:  
Pitak Ruttithivaphanich (graduate student) and Siwadol Dejphumee (graduate student).



Over the past decade South Carolina has taken considerable strides towards improving crash data quality 
through wide-scale adoption of SCCATTS (South Carolina Collision and Ticket Tracking System). Using 
this more accurate crash data, a fixed-length short segment (100-ft.) network screening method was 
developed and tested to identify and prioritize midblock site specific locations with high crash incidence. 
These analytical screening methods were determined to be effective compared other methods identified 
in the literature and procedures were established for SCDOT to apply this screening methodology 
periodically to identify and prioritize future locations that are of greatest need of safety countermeasures.

Problem

Traffic fatality rates consistently rank South 
Carolina among the highest rates for 
fatalities per VMT and fatalities per 100,000 
population in the United States (SCDPS). 
Furthermore, South Carolina incurs nearly 
five billion dollars in economic loss annually 
due to roadway traffic crashes. In 2018, 
there were 158,777 reported motor vehicle 
crashes in South Carolina resulting in 1,036 
fatalities and 58,044 injuries. Of particular 

concern are short midblock sections where crash clusters can be overlooked by current screening 
methods that are primarily focused on intersections or long sections between intersections.

Research

This research focused on use of short fixed-length roadway segments as the basis for statewide 
network screening of midblock crash locations. Based on comparative analyses, the optimal segment 
length to identify candidate locations for safety countermeasures was determined to be 100-feet. 
Using SCCATTS precisely geocoded locations of midblock crashes creates opportunities to identify 
short road segments with a high incidence of crashes. GIS (Geographic Information Systems) spatial 
analysis tools and methods provide an opportunity to automate statewide crash screening analysis 
for use by SCDOT, allowing a more robust investigation into causation factors especially pertaining to 
the roadway environment. Results from application of a short fixed-length segment approach are easy 
to systematically tabulate, graphically interpret, and thematically display network threshold values for 
identifying hazardous segment locations though enhanced screening to support strategic highway safety 
prioritizations and statewide safety program decision-making. Analysis of crash and traffic data from 
South Carolina will yield support for which policies, standards, and guidelines can be identified and 
evaluated to ensure an optimally positive effect on safety, operational, and economic impacts.
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Results

Based on comparative analysis, the ideal segment length for 
identifying candidate locations for safety countermeasures was 
determined to be 100-ft. This resolution allows crashes to be 
associated with single location specific characteristics, such as 
presence of a hazardous driveway, or an undesirable roadway 
geometry.

A survey of state highway agencies (n=24) indicated disparate 
crash reporting systems from a geocoding standpoint are used 
across the U.S. The survey also indicated there is no universal 
approach to network safety screening, however, most screening 
methods are performed on a segment basis, and crash rate and crash frequency are the most common 
metrics used for screening criteria.  Improved accuracies in crash location serve to support enhanced 
statewide safety screening, allow application of more robust analysis procedures to identify crash patterns 
associated with site specific characteristics, and facilitate formulation of targeted safety counter-measure 
programs. Short segment roadway safety screening is only viable if accurately geocoded crash data is 
available for an entire roadway network.

Results from short fixed-length 
segment screening are easy 
to systematically tabulate, 
graphically interpret, and 
thematically display network 
thresholds. These thresholds 
are used for identifying 
hazardous segment locations 
though enhanced screening to 
support strategic highway safety 
prioritizations and statewide 
safety program decision-making.

An average annual benefit for 
reduction of one crash was 
calculated as $74,405.90, using 
SC proportions of injury crash 
severity, and comprehensive 
crash unit cost.

An enhancement that could lead to substantial improvement of SCCATTS is to incorporate background 
reference aerial mapping rather than just roadway centerlines to help better pinpoint crash locations 
relative to physical characteristics such as driveways.

Value & Benefit

Implementation of recommendations and methods identified through the findings and results of this 
research are anticipated to provide meaningful and measurable benefits for SCDOT and the traveling 
public. The largest benefit would result in increased traveler safety by targeting evidence-based 
problematic midblock locations around the state that have a documented recent history of unusually high 
frequency of crashes.
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Systematic implementation of strategic safety countermeasures at these locations will reduce hazards and 
support network-wide reduction of crash frequency. Removal of roadway hazards will enhance safety for 
motor vehicles, bicycles, and pedestrians resulting in fewer crashes, injuries, and fatalities.

On average, traffic crashes in South Carolina annually equate to nearly $5 billion in economic losses. 
Targeting locations of highest crash frequency will facilitate effective and efficient use of SCDOT funding 
earmarked for safety enhancements across the expansive state network of streets, roads, and highways.

The Principal Investigator would like to thank: Co-PI’s Jennifer H. Ogle (Clemson), Kweku Brown, William J. Davis (The Citadel), 
and Clemson graduate students: Afshin Famili, Adika M. Iqbal, Devesh Kumar, Saurabh Bikram Basnet, and Emmanuel Adjei.
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This project investigated the state-of-the-practice on conducting field investigation (i.e., visual inspection, 
cores, FWD tests) for rehabilitation of non-interstate routes and whether field investigation is cost effective 
for the SCDOT. Using data from 31 primary routes, the life-cycle cost (LCC) over a 50-year analysis 
period of the design with field investigation is compared against the LCC of the design without field 
investigation. The Equivalent Uniform Annual Cost (EUAC) over a 15-year analysis period was also used 
to evaluate the two designs. Both cost analyses indicated that performing field investigation is cost-
effective for primary routes, which are roadways that carry between 5,000 to 10,000 vehicles per day. It 
is recommended that the SCDOT perform field investigation for primary routes that are in fair or poor 
condition.

Problem

The SCDOT’s current rehabilitation 
design procedure for non-interstates is 
focused primarily on efficiency of contract 
preparation and does not typically include 
a detailed field investigation. However, 
the SCDOT recognizes that the design 
choices may affect the future performance 
and maintenance cost of a pavement if 
the existing distresses are not adequately 
addressed. Field investigation is labor 
intensive and costly. On the other hand, 
the rehabilitation design guided by field 
investigation results could make the 
pavement last longer, and therefore, save 
money for the SCDOT in the long run. This 
project investigated the cost-effectiveness 
of performing field investigation for 
primary routes at the design stage of 
pavement rehabilitation.

Research

The cost-effectiveness of performing field investigation for primary routes was determined by comparing 
the LCC and EUAC of two different rehabilitation design options, one with field investigation and one 
without field investigation. The design with field investigation used results from visual assessment of 
pavement surface condition, core samples, and falling weight deflectometer tests on roadways prior to 
their rehabilitation. The design without field investigation represents the current design being used by 
SCDOT district engineers. A total of 31 primary routes located throughout the state of South Carolina 
were used in this study. PSI was utilized to determine when rehabilitation should be applied for good,
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fair, and poor pavements. Pavements with PSI ≥ 3.0 are referred to as “good” pavements.  Similarly, with 
PSI ≥ 2.0 are referred to as “fair” pavements and “poor” pavements are those with PSI ≥ 1.0. The life-
cycle cost analysis used FHWA’s RealCost Excel-based tool, and the pavement service life was determined 
using AASHTO’s pavement design guide.

Results

The results of the analysis indicated that: 1) a properly designed pavement will require fewer
maintenance cycles. Since designs with field investigation are more likely to provide the required 
pavement structure (i.e., SN), they prolong the time when the first maintenance treatment is needed, 
and 2) the total LCC of designs with field investigation is lower than the LCC of designs without field 
investigation. The EUAC analysis was performed for 30 primary routes that are to be kept in fair pavement 
condition. The service life of these pavements was determined using threshold values based on MAP-21 
criteria (terminal IRI = 120, fatigue cracking = 10%) and using Pavement M-E Design software. The results 
indicated that the EUAC for the 10-year design with field investigation is lower compared to designs 
without field investigation.

Recommendations

Based on this project’s findings, it is recommended that the SCDOT consider the following: 
• Have the SCDOT district engineers conduct field investigation for primary routes that are       

      candidates for rehabilitation and are in fair or poor condition.
• Have the State Pavement Engineer hold annual or biannual workshops to review and discuss the      

      procedure for identifying which project requires field investigation with all DCMs. 
• Develop a pavement design decision support system (DSS) that integrates all of the SCDOT’s   

   pavement design tools and roadway maintenance history to eliminate guesswork regarding   
      existing pavement condition and to facilitate the development of an appropriate reconstruction,  
   rehabilitation or preservation treatment.

Value & Benefit

The SCDOT rehabilitated about 280 centerline miles of primary routes in 2020; these pavement sections 
required at least 150 PSY of surface type B or C. Assuming 50% of these pavements were in poor 
condition and 50% in fair condition, the expected annual cost savings to the SCDOT would have been 
$138,790 if field investigation had been performed and the design with investigation had been used. The 
rehabilitation design with field investigation defers the maintenance cycles. This is particularly important 
for the SCDOT not only in terms of cost savings, but also reducing the number of concurrent resurfacing 
projects since there is a high demand for contractors in South Carolina.

The Principal Investigator would like to thank the following individuals for their contributions: Dr. Robert Mullen,  
Dr. Sarah Gassman, Dr. Paul Ziehl, and Fahim Ahmed.
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The need for improved hydrologic methods is well recognized in the profession. Issues come from 
over prediction and modifications made to simplify calculations. The SC UH Method deals with these 
issues. The inclusion of unit hydrograph Peak Rate Factors based on land use in the watershed and 
curve number modification for rainfall duration less than 24 hours gives this method an advantage in 
determining design flows and volumes. 

Problem

Dr. Michael E. Meadows at the University of 
South Carolina developed the South Carolina 
Unit Hydrograph Method (SC UH Method) and 
documented the method in a series of three reports 
that were published in 1991. This method was 
developed from field data in South Carolina and 
provided an improved technique for estimating 
peak flows and hydrographs in South Carolina. The 
method is particularly suitable for small to medium 
sized drainage basins where the Rational Method 
and USGS regression equations are not always 
applicable. Since the original publications (1991) 
Dr. Meadows has made improvements and updates 
to this method that have yet to be documented in 

a publication. To  assure that the South Carolina Unit Hydrograph Method can be appropriately applied 
there is a need to develop a guidance manual that includes the latest updates and improvements. 

Research

This project updates and illustrates the South Carolina Synthetic Unit Hydrograph Method (SC UH 
Method). A key parameter is the peak rate factor (PRF) that relates to UH shape and proportion of 
runoff volume under the rising limb. Land use specific values for PRF resulted from multiple stormwater 
management studies that verified the SC UH Method and PRF values. At each study watershed, rainfall 
and streamflow data were collected and used to calibrate model parameters by adjusting UH PRF and 
time to peak parameters to obtain the closest match between simulated and measured hydrographs. 
The optimal UH PRF parameter values were validated during model verification. A significant outcome of 
those studies and one that upholds the purpose and intent of the SC UH Method is each watershed has 
its own unique PRF and thereby, its own unique UH. 

This project improves the SC UH Method with the addition of two new concepts and procedures. One is 
modifying the NRCS Curve Number for rainfall durations less than 24-hours and the other is identifying 
critical storm durations that produce the maximum peak flow and/or maximum runoff volume. As 
illustrated by the simulation results shown in Figure 2, a significant outcome of CN modification is most 
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critcal rainfall durations are not 24-hours, particularly for peak flow prediction, which gives reason and 
justification to challenge regulations that prescribe a single design storm duration that is not a critical 
duration and could lead to an unsafe design.

Results

The major development from this project was the creation of a manual for the SC UH Method. A 
companion spreadsheet was produced for the applications of the method. Both will help SCDOT 
engineers in design. 

This method is an improvement over the standard NRCS Unit Hydrograph Method. The use of PRFs 
based on land use in the watershed improves the accuracy of the hydrograph and peak flow predictions. 
This helps SCDOT engineers to make their design fit the context of the location. Total project costs are 
lowered due to the increased accuracy of the design. 

An important fact learned during the development of the SC UH Method is that watersheds are like 
people. As Dr. Meadows tells students in his Engineering Hydrology class: watersheds are just like each 
of us. Every person has a different height, weight, complexion, etc. Every watershed has a different area, 
hydraulic length, slope, land use, soils, etc. People have different personalities and so do watersheds 
(i.e., different watersheds have different CNs, PRFs, and Tc, which are watershed personality parameters). 
The SC UH method has been tested and proven at multiple watersheds. The identification of procedures 
developed to modify curve numbers for durations less than 24-hours and to identify critical storm 
durations was a breakthrough. These two concepts improve the accuracy of the design of ponds, culverts, 
and other drainage features. This improves our ability to determine possible impacts and save in material 
and right-of-way.

Value & Benefit

This project provides a guidance manual and design aids that include the latest updates and 
improvements for the SC UH Method. These products will assist engineers in conducting hydrologic 
studies and providing guidance for appropriately applying the SC UH Method. This helps SCDOT to save 
money due to more cost efficient designs than when using the standard NRCS UH Method. This will allow 
our designs to better fit the location and take into account post construction stormwater effects.
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Degradation of bridge components is an ongoing challenge facing the South Carolina Department 
of Transportation (SCDOT). Different methods are used in the United States to evaluate the condition 
of bridges and have yielded reasonable results. However, these approaches are time consuming, 
are inadequate for identification of some hidden defects, and may expose workers to passing traffic. 
Additionally, many maintenance activities will need to be conducted by a reduced workforce in 
the future. Efficient evaluation methods will become increasingly critical and a variety of evaluation 
techniques are available to save both money and time. Aerial drones, crawler robots, semi-autonomous 
jetyaks and related technologies are of interest to reduce time and increase safety for bridge and culvert 
inspections. Live load testing and long term monitoring of bridges are likewise of benefit to understand 
structural behavior and to address issues associated with load postings. A benefit cost analysis indicates 
that using aerial drones could significantly enhance the inspection of bridges, especially if SCDOT 
personnel are trained to operate the devices. Furthermore, acoustic emission assessment has potential 
for evaluation of distress in shear regions and for the assessment of bridges under ambient loading 
conditions.

Problem

The deterioration of bridges and culverts 
presents a maintenance challenge 
for most transportation agencies and 
bridge owners. One aspect of condition 
evaluation is inspection, which is usually 
approached through visual and tactile 
means. These methods are time-
consuming, subjective, challenging 
for difficult to access regions, and can 
be costly in terms of human resources 
and safety, sometimes requiring traffic 
control or closure.

Research

This project is motivated by a desire to identify bridge evaluation and inspection methods and new 
technologies to provide flexibility for inspection of difficult to access regions of bridges and culverts, and 
to supplement current methods used by SCDOT while greatly minimizing or eliminating the need for 
traffic control.

Autonomous and semi-autonomous technologies have recently become commercially viable and are 
proving their usefulness in many industrial and other infrastructure applications, while other systems are 
in development. Among these are; a) aerial drones with image collection capabilities; b) robotic crawlers 
with or without end attachments to enable nondestructive evaluation; c) autonomous or 



semi-autonomous jetyaks with or without multi-beam or other similar technology for assessment of scour; 
d) robots for visual inspection of the interior regions of culverts; and e) other instrumentation for the 
evaluation of bridge response such as acoustic emission, strain gauges, and wire potentiometers.

To assess the feasibility of different evaluation methods for South Carolina bridges and culverts, a  
literature review was conducted to better understand the potential benefits and limitations of different 
technologies and devices. Several devices and technologies were tested in an outdoor controlled setting 
with different and commonly encountered bridge elements. Several vendors were invited to demonstrate 
technologies. Based on the findings, In-service bridges were then selected and used as testbeds to further 
evaluation technologies having potential for rapid evaluation of bridges and culverts. Furthermore, two in 
service bridges were selected for live load testing.  

Aerial drones: Extension of and improvement upon sensory capabilities is obvious for this type of robotic 
system, with 30x optical zoom and infrared sensing widely available at reasonable cost. These capabilities 
are combined with ease of access to the underside of bridges and also from above. One challenge for 
bridges is the current requirement for tactile inspection, such as tapping of questionable areas with a coin 
or hammer. Among the nine evaluated consumer, custom, and industrial grade drones, aerial systems such 
as the Parrot Anafi and the Matrice 210 offer cost-effective and compact options. Importantly, the Parrot 
Anafi can be stable with and without GPS. The Matrice 210 is widely used in many industries that rely on 
infrastructure inspection and is robust and customizable.

Robotic crawlers: These systems offer advantages in terms of  
contact sensing, approaching or exceeding the capabilities of  
human evaluators. Though most systems have yet to be outfitted in 
this way, it is not difficult to imagine systems that could utilize  
impact echo or other ‘touch like’ inspection methods for concrete 
structural components. The systems investigated were aligned with 
inspection of steel components and were capable of being outfitted 
to address loss of section due to corrosion of steel girders or the 
extent of fatigue cracking.

Marine robotics: Jetyaks and similar systems allow for semi-autonomous inspection of bridge elements 
above the waterline and provide reasonable potential for assessing scour or precursors leading to scour. 
These systems can also serve as a platform for re-charging of aerial drones which is important for the 
inspection of longer bridges over larger bodies of water.

In the event that detailed inspection of culverts is desired, systems such as the Super Droid SCT-32-W 
Inspection Robot and the Super Droid MLT-42 W Water-tight Compact Inspection Robot are  
recommended for further consideration. These and similar devices have desirable features such as a 
360-degree camera and supporting software.

Bridge live load testing provides valuable insight into structural behavior under known loading conditions 
that cannot be approached through visual or tactile inspection. Live load testing resulted in assessment of 
the joint efficiency the degree of restraint provided at boundaries. Acoustic emission provided insight into 
specialized regions of the bridges including the concrete bent caps. Further, acoustic emission monitoring 
appears well-suited to evaluation of bridge components under ambient traffic loading.

Value & Benefit

With a growing population and aging infrastructure, the SCDOT will continue to face challenges with 
inspection of bridges and culverts, and with load rating of bridges. Automation is changing the way in 
which all industries are meeting current and future needs. Robotic technologies such as aerial drones,
robotic crawlers, and jetyaks as explored in this project offer the opportunity to extend the reach of
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human inspectors and to greatly reduce costs while increasing worker safety. Along the same lines 
automated bridge evaluation through monitoring under ambient traffic loading offers potential to address 
load postings.

Widespread implementation of aerial drones is recommended to supplement bridge inspections. A 
database of photographic images gathered from aerial drones should be collected along with bridge 
inspection reports to enable automated image processing in the future. Live load testing should be 
continued. Acoustic emission data should be considered for areas where displacement-based sensors are 
less effective, and for the automated evaluation of distress in bridges under ambient traffic loading.

The Principal Investigator would like to thank the following for their contributions to this work: Drs. Tommy Cousins,  
Brandon Ross, and Nathan Huynh; Postdoctoral Fellow Dr. Mahmoud Bayat; PhD Candidates Vafa Soltangharaei and 

 Li Ai; Dr. Rafal Anay; and Russell Inglett and Robert Moore (research specialists)
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