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NCDOT LIDAR Applications in Transportation

 Background
« Overview of Applications

« LIDAR in Resilient Planning

« Hydraulic Modeling and Design
* Flood Warning Tools

* Research

NCDOT Surveying - UAS Updates
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Overview of LIDAR Applications




ncdot.gov

NCDOT LIDAR Applications

* Bridges: * Highway Design and Corridor Mapping:

. Structural health monitoring : EFSigr) Imprc()jvement _

. Geometry and clearance measurements evation and cross-section
: . Topographic Survey

. Restoration

 Hydraulics and Hydrology

Digital Elevation Model
Coastal Change

Flood inundation mapping
Flood Warning Tools

e (Construction

. Earthwork quantity estimation
. As-built Modeling

 Geotechnical Engineering

. Rock mass characterization

 Pavement

) Rockfall oh rorirati . Grade estimation
ocC a. charac ferlza ion . Cross-slope
. Landslide mapping . Resurface assessment

. Slope stability Crack detection
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LIDAR in Resilient Planning




2018: Hurricane Florence
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2024: Hurricane Helene

‘ gl 6K
ogye : " - y Y Miles of road
$9.8 billion S o

Estimated cost of damages,
strengthening, and mitigation

“ It’s almost impossible to
believe that water and
wind alone could have torn
apart rock and asphalt and
the literal ground near
where we’re standing.

—Pete Buttigieg, U.S.
Secretary of Transportation
(Raleigh News & Observer)

Bridges and
culverts damaged
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Statewide Road Elevation Model




Planning and Project Delivery Resilience
Tools

Landslide Coastal Road . Rail Flood
Risk Flood Risk - Flood Risk Risk
SLR
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Asset
Management
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LIDAR in Hydraulic Modeling and Design
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|-5870 — Raleigh Outer Beltline
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YANCEY-040 HYDRAULIC MODELING

* Tropical Storm Fred caused significant damage to
Yancey-040 bridge at NC-197 in Yancey County.

* |tis estimated that almost 6000 Cu.Yd. of soil

material was carried downstream from the right
bank.

 NCDOT proposed a bank stabilization design for
the right bank.

* Proposed design section is analyzed and
supported with two different hydraulic models,
HEC-RAS 2D and SRH-2D.




2D Hydraulic Modeling — Terrain Development

* Post-Fred (Existing Terrain) was developed by

combining different data sources: /.
* Lidar survey collected by ESP | P # >
ridge Piersand b / DEMfrom QL1
e  Survey collected by NCDOT (i Wa"\ & e -
10ft*10
* QL1 Lidar collected by NCEM
*  Yancey-040 standing bridge piers and o DEM from
abutment wal oo | s

 Hydro-correction to maintain
connectivity on Haney Creek

DEM from survey
/ collected by NC DOT
(1ft*1ft)

i




2D Hydraulic Modeling — Terrain Development

* Proposed Terrain Development NCDOT bank
stabilization design is incorporated in the existing

terrain and verified.

22222

Terrain Profile Plot

= Terrain_NCdot_design_dip

5- Right bank Tie-in

4- Bench elevation

3- Ground point

1-Left Bank Tie-in



Final Product — Monitor with LIDAR




Helene Recovery 2D Modeling

Rainfall Totals

Rainfall Totals Across NC
Busick (Yancey Co) - 30.78 in
Mt Mitchell State Park (Yancey Co)
>242in
Spruce Pine (Mitchell Co) > 18.23 in
Davidson River (Transylvania Co) >
17.7in
Asheville (Buncombe Co.) > 17.3 in

Predecessor Rain Event

National Weather Service
Greenville-Spartanburg South Carolina

recipitation Accumulation 8AM 09/24/2024 - 8AM 09/27/2024

PROVISIONAL - Map is based on

00N

Notes:
- Rainfall sccumuation totals based on National
Weather Service Advanced Hydrologic Prediction
Service (APHS) QPE estimates from September 21,
2024 8am EDT to September 28, 2024 8am EDT.

- Rainfal probabilties calculated from NWS rainfall
depths and NOAA Atias 14 published storm event

Storm Event Rainfall Probability

<1y [__110-25yr [ 200 - 500 yr

I -2y [_J25-50yr [EEEE 500- 1000 yr
-5yr [__150-100yr NN > 1000 yr
-10yr ] 100-200yr

provisional data and should be
considered for reference only.

- Rainfall Depth Contours
Major Road Corridors
{ Municipalities

[ counties

sroow

Based on 7-Day QPE for 9/21 122 - 9128 12z
Produced on 10/8

7-Day Rainfall
Estimate Map (QPE
Data) Ending Sept. 28
8am EDT

Tropical Storm Helene
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Flood Warning Tools
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T-SAPP — Before the Storm

* T-SAPP: Transportation Surge Analysis Prediction Program

* Predictive tool based on ADCIRC modeling provided by UNC-RENCI Center capable or providing advance awareness of
potential coastal roadway flood impacts for entire NC coast specific to individual storms
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Predicted Coastal Surge Impacts
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The Tools during Hurricane Helene-RIT and FIMAN

A @ FIMAN Flood Inundation Mapping & Alert Network M About Help Golembesky, Kurt P ~
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Hurricane Helene 1-40 at French Broad River: Proactive Response

 IMAP Crew was dispatched to I-40 to monitor potential flooding at the French Broad River crossing.

* IMAP and SHP observed water rising along road and initiated a control closure and rerouting prior to water
Impacting the travel lanes.

NORTH CAROLINA

NCDOT knew I-40 would flood in Asheville 2 days
before Helene hit. Here’s how

By Richard Stradling
Updated Movemnber 19, 2024 6:29 PM | |T| 2

Biltmore Village and the River Art=s District in Asheville received extensive damage from flooding of the

Swannanoa River after Helene caused torrential rainfall in western Morth Carolina over the weekend. Satellite

magery provided by Planet Labz PEC shows the river overwhelming parts of the city. By Kevin Keister

Only have 2 minute? Listen instead
Powered by Trinity Audio

0000 04:30

As it flows north into Asheville, the French Broad River passes under Interstate 40
and takes a hard right, paralleling the highway for about a mile before turning again
toward the city's River Arts District.

As the N.C. Department of Transportation braced for Hurricane Helene, this stretch
of I-40 was not a place engineers expected to worry about, despite its proximity to
the river: That changed when the department’s two-year-old flood warning system
began predicting the French Broad would put as much as two feet of water onto the
highway.

.

A
- - —

“T'was shocked when they told me that,” said Chad Franklin, NCDOTs intelligent
transportation systems engineer for the region that includes Asheville. “It had never
flooded before”

The initial prediction from the flood-warning system came on Wednesday, Sept. 25, a
day before Helene had even come ashore in Florida. As the storm moved inland and
the rainfall predictions grew more dire, so did the predicted flooding.


https://www.newsobserver.com/news/state/north-carolina/article295690619.html
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LIDAR Research
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RESEARCH & DEVELOPMENT

DeepHyd: A Deep Learning-based

Artificial Intelligence Approach for the
Automated Classification of Hydraulic
Structures from LiDAR and Sonar Data

Wenwu Tang, Ph.D.

Shen-En Chen, Ph.D.

John Diemer, Ph.D.

Craig Allan, Ph.D.

Tianyang Chen, Graduate Research Assistant

Zachery Slocum, Graduate Research Assistant

Tarini Shukla, Graduate Research Assistant

Vidya Shubhash Chavan, Ph.D., Former Graduate Research Assistant
Navanit Sri Shanmugam, Graduate Research Assistant

Center for Applied Geographic Information Science
Department of Geography and Earth Sciences
Department of Civil and Environmental Engineering
School of Data Science

University of North Carolina at Charlotte
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A deep learning-based 3D modeling framework for the automated classification of
hydraulic structures from LiDAR and sonar data.

" Data Collection @ Data Processing (2) (o Deep Feature Classification  (3) Hydraulic Structures

Q Geiger LiDAR T Data Fusion } Input / N® Output
EI Terrestrial LIDAR ( . e\

(] Bathymetric Sonar

QVisible-light Camera
(Pictures |Videos)

Bridge Pier

N

(Classified)

‘T L y £
g e i E wail
. Deep Neural Network Gt i Bra i
: : (Expert Interpreted)
O Hydrologic Data [ Feature s saCins Tralmng -‘ Validation i-—-' Prediction } |
U GIS Data ‘ \ ' /
A

i _acro, Automation Inte gration s A;;celeratlon N
| Scientific Workflows for Automated Detection and Classification of 3D Hydraulic Structures --




Matt Lauffer
mslauffer@ncdot.qgov
919-621-0443
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