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The Geotechnical Engineering Unit of NCDOT has been contracting geophysical services to investigate sites as an alternative
or supplement to traditional methods of investigation.

This presentation will discuss NCDOT’s recent use of geophysics for bridge foundation subsurface investigation, retaining wall
subsurface investigation, detection of voids around existing drainage, and to supplement pavement investigations.

What are the Lessons learned related to contracting the work, utilizing and confidence in the data acquired?
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Bridge Investigations

B-6047, Bridge 145 over Floyd's Creek on SR 2125,
Rutherford County i3

Reason for supplemental geophysical
Investigation:

« Restricted from coring through bridge deck;
Prestressed Concrete Channel Beam Bridge

* Steep slope to floodplain made access oy
difficult without creating an access road with
heavy machinery.

« Anidea of rock line was needed to anticipate
depth to rock for two interior bent locations.




ncdot.gov

Bridge Investigations

B-6047, Bridge 145 over Floyd's Creek over SR 2125,

Rutherford County

Geophysical Methods Utilized:

« Seismic Refraction

« MASW

Traditional geotechnical methods employed:

NCDOT Use of Geophysics for Geotechnical Investigations
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» Bridge rod sounding at two locations per bent. ;ad®

« End bent borings were cored to drilled shaft
Criteria to get a better idea of rock condition at
depths below streambed elevation.
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Schnabel Geophysical Survey Report, dated 2/16/2023.
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B-6047, Bridge 145 over Floyd's Creek over SR 2125,
Rutherford County

555600

Results:

Transitions between residual, weathered rock

and crystalline rock were gradual, with less
resolution.

WR/CR was represented in P-wave velocity
(ft/s) on cross section with some validation.

| essons Learned:

Very little correlation to survey lines along
profile.

Possible Actions:

« Post let drilling of interior bent borings.

Future bridges may require more robust

attempts to place drill rig closer to drill Schnabel Geophysical Survey Report, dated 2/16/2023.
locations.
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Bridge Investigations o !
‘NORTHAMPTON co. |
BR-0021, Bridge 51 over the Roanoke River on NC 48, LEAVIN

Halifax County | HALIFAX CO.

Reason for supplemental geophysical investigation:

 New alignment, 1500-foot structure, 5 bents in
Roanoke River

« Moratorium restricted barge access until
November of 2023.
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Bridge Investigations

BR-0021, Bridge 51 over the Roanoke River
on NC 48, Halifax County

Geophysical Methods Chosen:
« GPR
e 200 MHz, 250 MHz

Seismic Refraction and Electrical
Resistivity were not allowed due to
potential to affect anadromous fish.

o w

Traditional geotechnical methods
employed:

P
§
=
:
8
E
B
<

« Borings will be completed using
barge after Moratorium expires.
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Bridge Investigations

BR-0021, Bridge 51 over the Roanoke River on NC 48,
H a I ifax Cou nty k”‘“‘ -. Approximate Extent of Planned Bridge Bent IF“MMEEE

Fork e
’ Foaiton (7] ‘

Results:
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B4 Position (ft) BS .

420 400 2an B0 340 i ] 200 RO o880 240 20 00 14 A Processed 250 MHz GPR Line 3 showing water bottom interpretation and probable relic bridge foundation.
Approximate Extent of Planned Bridge Bent
’ Tooon (7] i

(su) 8w L
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B. Remigrated 250 MHz GPR line 3 showing possible sediment deposits.

ESP Geophysical Survey Report, dated 6/15/2023.
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PP e
Bridge Investigations R Tt G
BR-0021, Bridge 51 over the Roanoke River on NC 48, -l . Saites
Halifax County - \ g é
Lessons Learned from GPR survey: grg\ S
« Detected relic foundations ‘,
« Indication of sediment deposits / scour around -

relic foundations =

« Bathymetry

=

~:..:A picture containing drawing, text, diagram, map

Possible Actions:

« Additional geophysical surveys are planned
consisting of:
« seismic refraction

« electrical resistivity , |

Approximate Elevation of Water Bottom, Feet
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Description automatically generated

ESP Geophysical Survey Report, dated 6/15/2023.
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Retaining Wall Investigations

R-4753, NC 107 Roadway Improvements,
Jackson County

Reason for supplemental geophysical
Investigation:

« Fill retaining wall construction
proposed on steep slopes along
Tuckasegee River.

«  Multiple walls proposed with varying
rock depths.
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Retaining Wall Investigations

R-4753, NC 107 Roadway Improvements,

Jackson County
Geophysical Methods Chosen:

« Seismic Refraction

Traditional geotechnical methods

employed:

« Borings completed in road along top
of slope.

« Bridge rods advanced along wall
location.

NCDOT Use of Geophysics for Geotechnical Investigations
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Retaining Wall Investigations
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« Evidence of dipping of
rock structure toward the
river.
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EXPLANATION FOR BORING SYMBOLS
O Embankment Fil Modeled Compressional Wave Velacity, feet/second

B Alluvium, Residual Soil, Saprolite _:l:_
ESP Geophysical Survey Report, dated 3/24/2020. B Westhered Rock
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Retaining Wall Investigations

SEISMIC LINE 1A

Boring 14-2100 Baofing 14-2200 Baring 184=2300

R'4753, NC 107 Roa dway OFFSET 27 FT ho OFFSET 24 FT N OFFSET 24 FT W Retaining Wall Investigations

2140

Approximate Depth to Crystalline Rock

Improvements,

E SEISMIC LINE 2100 SEISMIC LINE 2700 I
Jackson County 2 -
g _
Results: I
. 2100 210 2120 2130 2140 2150 2160 2170 2180 2140 23200 20 22200 2230 2240 23650 2280 2270 2310 2320 2330 2340 2350 2380 2370 2380
'Y rr | | m W m Approximate Stabon, feet
o re ation betwee SEISMIC LINE 2100 SEISMIC LINE 2200 SEISMIC LINE 2300
boring data and cross S o o /—Apprﬂximate
section lines tested. e . 2140 — 2 am—
. . . lg 2130 t . uE_ 2130+ =
« Evidence of dipping of : g g ll -
rock structure toward the f”é o 8 20 g 2120 sl
river. g oo g 2in- gavo) e :
= 2
2100 < 2100 & 2100 -

w200 30 40 50 o
Approximaie Mistanes Right of =1 - feat

L]

: :
Mmoo 2 3 4 0 20 30
Mpproximate Distance Right of -L-, feet Approximate Distance Right of -L-, feet

EXPLAMATION FOR BORING SYMBOLS
O Embankment Fil Modeled Compressional Wave Velacity, feet/second

B Alluvium, Residual Soil, Saprolite _:l:_
ESP Geophysical Survey Report, dated 3/24/2020. B Westhered Rock

# Crystalline Rock

(=]

13



ncdot.gov NCDOT Use of Geophysics for Geotechnical Investigations

-7
i
- .'
Py
-
ne

Retaining Wall Investigations

BR-0002, Bridge No. 8 over North Fork New River,
Ashe County

Reason for supplemental geophysical
Investigation:

« Retaining wall construction proposed on a
steep slope down to Buffalo Creek.

ESP Geophysical Survey Report, dated 3/24/2020.
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Retaining Wall Investigations

BR-0002, Bridge No. 8 on NC 194 over North
Fork New River, Ashe County

Geophysical Methods Chosen:
*  Seismic Refraction
Traditional geotechnical methods employed:

* Borings completed in road along top of
slope.

* Bridge rods advanced along wall location.

NCDOT Use of Geophysics for Geotechnical Investigations

~WALLT- STA. 14 +99.07
L- STA.15+00.00 'OFF. 22.35' RT.

Seismic Line 1
(RWAL Location)

END “RETAINING WALL #1

—==WALL1- STA. 20+20.08
-L- STA. 20+00.00 OFF. 26.5" RT.

ESP Geophysical Survey Report, dated 3/24/2020.
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Approximate Elevation, feet
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Retaining Wall Investigations

BR-0002, Bridge No. 8 on NC 194 over North Fork New River,
Ashe County

Results:

SEISMIC LINE 1 VELOEITY MODEL

2720-4 1 1 | 1 | 1 1 1 | 1 1 1 | | | 1 1 1 1 | | 1 1 |

Probable fill and residual soil (< 3500 ft/s)

Line 6

Probable weathered rock (3500 to 7500 ft/s)
BR-05, 21.8'

Line 5
BR-04, 16.7
St Probable crystalline rock (> 7500 ft/s)
] Line 3
_BR02 8.3
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ESP Geophysical Survey Report, dated 3/24/2020.
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TEMBNRARY CHARTRN

Retaining Wall Investigations
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Sinkhole and Void Investigations ?_;H —

...‘F?

51214.01AK, Sinkhole along Pipe on I-85 Ramp,
South of Parham Road at I-85 and Wesley Drive,
Vance County

Reason for supplemental geophysical
Investigation:

« Attempt to identify any unseen voids.

 Determine extent of any loss of material along
current drainage pipe and adjacent drainage
features.

Schnabel Geophysical Survey Report, dated 6/14/2021.
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Sinkhole and Void Investigations

51214.01AK, Sinkhole along Pipe on I-85 Ramp,
South of Parham Road at I-85 and Wesley Drive,
Vance County

SINKHOLE

Geophysical Methods Chosen:

DFT-01A 1B5_CPT-0lA

« GPR , |
[85_CPT_0I 4 -~
° MASW I85_CPT-0lA |a%_chP_TG’—2’0;$6‘A
. . . / \’D\H
Traditional geotechnical methods employed: {ﬁ{(é“?a
Fads
//(7\)3

« SPT Borings.

« Cone Penetrometer Testing (CPT).

Schnabel Geophysical Survey Report, dated 6/14/2021.
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Sinkhole and Void Investigations

51214.01AK, Sinkhole along Pipe on 1-85
Ramp, South of Parham Road at |-85
and Wesley Drive,

Vance County

Results:

e (Clear correlation of sinkholes to
anomalous results.

 Indication of disturbed soils.

Legend
GPR Traverse
\\ Approximale
Pipe Alignment

O Sinkholes

b4 GPS Points

e~
tA-2" Anomalous Area
’ Based on GPR

Approximate Depth (fi) .

-
o & Possible Disturbed Soils.
~ Miday be related to Anomaly

Sinkhole

......

Potential Bottom

A Road Subbase
TNy a:_'-,..-
»

I L ea—

Anomaly :

I-85 SINKHOLE INVESTIGATION |NVESTI§’£’F}ON =
NCDOT
H LAN
G?:Igspmﬁlas not o scale SCh "a,bEI WVAMCE COUNTY, NORTH CAROLINA
Approximats pips alignmant providsd in Vance Cownty -85 pipe fsilws sean.pdf provided by NCDOT. PROJECT MO, 2001 818,00 Flaune =

Schnabel Geophysical Survey Report, dated 6/14/2021. 20
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Sinkhole and Void Investlgatlons

51214.01AK, Sinkhole along
Pipe on |I-85 Ramp, South of
Parham Road at |-85 and
Wesley Drive,

Vance County

Results:

« Evidence of denser/stiffer
soils and looser/softer fill
Mmaterial and possible
alluvium.
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Schnabel Geophysical Survey Report, dated 6/14/2021.
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Sinkhole and Void Investigations

51214.01AK, Sinkhole along Pipe on -85 Ramp, South
of Parham Road at [-85 and Wesley Drive,
Vance County

L essons Learned:

» CPR appeared to be the strongest results in
detecting anomalous areas within vicinity of
known sinkhole locations.

e« Use of other methods than MASW

« Electrical Resistivity may have been a good
candidate for geophysical method at this site.

Schnabel Geophysical Survey Report, dated 6/14/2021.
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Sinkhole and Void Investigations

R-2514C, US 17 from North of Maysville to South of
NC 58, Wildlife Crossing Bridges,
Jones County

Reason for supplemental geophysical
investigation:

« QOverall assessment of site for voids and karst
topography.

|
\
A -
A

ESP Geophysical Survey Report, dated 5/29/2015 23
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Sinkhole and Void Investigations

R-2514C, US 17 from North of Maysville to South of
NC 58, Wildlife Crossing Bridges,
Jones County

Geophysical Methods Chosen:

« GPR

« Electrical Resistivity Imaging

« Microgravity

Traditional geotechnical methods employed:
« SPT Borings.

Other:

 LIDAR imagery review

Note: Cooler colors indicate lower elevations

ESP Geophysical Survey Report, dated 5/29/2015 2%4
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Sinkhole and Void Investigations

R-2514C, US 17 from North of
Maysville to South of NC 58,
Wildlife Crossing Bridges,
Jones County

Results:

» Clear correlation of voids of
potential karst nature
between resistivity, GPR and
traditional boring subsurface
Investigation.

« Guidance was made for
additional drilling based on
geophysical investigation.

NCDOT Use of Geophysics for Geotechnical Investigations
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ESP Geophysical Survey Report, dated 5/29/2015
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R-2514C, US 17 from North of
Maysville to South of NC 58,
Wildlife Crossing Bridges,
Jones County

| essons Learned:

Methods for geophysical survey
were effective in identifying
overall karst topography.

NCDOT Use of Geophysics for Geotechnical Investigations
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ESP Geophysical Survey Report, dated 5/29/2015,

ESP Subsurface Investigation Report dated 7/27/2015.
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Pavement Investigations

1-5719, Widen [-85 from US 321 to NC 273,
Gaston County

Reason for supplemental geophysical
investigation:

« Evaluate potential for reducing
traditional investigation and filling gaps
INn data obtained at discrete points.

« Assess rapid data acquisition claims.

%I‘:
T
T
w1 |
S o
B

o
¥ . S
LT

== POT 5TA. 80+ 65.10

&
BEGIN CONSTRUCTION 5
BEGIM PROJECT L5719

NCDOT Use of Geophysics for Geotechnical Investigations

Applied Research Associates 3-D GPR Preliminary Evaluation Report, dated 8/25/2023.
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NCDOT Use of Geophysics for Geotechnical Investigations

Pavement Investigations =

I-5719, Widen 1-85 from US 321 to NC 273, [

Gaston County
Geophysical Methods Chosen:
« 3-DGPR

Traditional geotechnical methods
employed:

« Pavement coring
« Dynamic Cone Penetrometer

« Solid stem auger probe

Dastance [#i}

Figure 2: Potential start of new base/layer or increase in moisture content of base/layer
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Distance (M)

Figure 3: Potential ending of new base/layer or increase in moisture content of base/layer

Applied Research Associates 3-D GPR Preliminary Evaluation Report, dated 8/25/2023. 28
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Pavement Investigations

1-5719, Widen [-85 from US 321 to NC 273,
Gaston County

Results: ' ML-EB-SHOULDER-818
Data processing in progress Sreetiame ML-EB-SHOULDER
Name ML-EB-SHOULDER-518

| essons Learned:

Length_Feat 1048

Able to acquire data at
approximately 45 mph

Identified areas of different
pavement sections

Data processing heavily reliant on
pavement cores

Best suited for variable pavement
projects to group like pavements for &) -
coring or delineate areas of concern Applied Research Associates 3-D GPR Preliminary Evaluation Report, dated 8/25/2023.

Use earlier in design phase
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