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Welcome!

• Housekeeping Items
• Package Contents

– Borehole Logs
– Note Sheets
– Bearing Chart
– Legend 8.5”x11”
– Evaluation
– Miniature Scale
– Proof of Attendance will be handed out at the end of 

the Workshop for Licensed Geologists
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Sli.do

Slido.com
Event Code: 2410

2019 Geo3T2 Workshop: Borehole Logging & Field Concepts

3



The Beginning!

• NC Legislature mandate for departmental change 
causing decentralization.

• Directive to “touch every project.”
• Project schedule acceleration.
• Increase in PEF capacity by hiring recent graduates.
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Presenter
Presentation Notes
Legislature passing bills setting in motion decentralization and a request to reduce 2.1 Billion dollars“Touch every project” was directed by Secretary Trogdon to have at least shelf ready projects.Schedule acceleration causing Geotechnical scopes to be magnified because plans are only preliminary.PEF hiring recent graduates to log borings behind a drill rig to meet demand



Importance

• The understanding of field practices and data collection 
is the foundation for Geotechnical Subsurface 
Inventories and Foundation Recommendations.
– Field Planning
– Borehole Logging
– Rock Core Logging
– Sampling and 

Termination
– Site Clean up
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https://saskatoon.ctvnews.ca/new-bridge-collapses-into-river-in-rural-saskatchewan-hours-after-opening-1.4098973

Presenter
Presentation Notes
NCDOT Geotechnical Engineering Unit requires a field professional to provide field management.Understanding field practices and data collection is the foundation for Geotechnical Subsurface Inventory and Foundation RecommendationsBased on the request to reduce departmental cash balance, project schedules have been accelerated resulting in reduced training time to meet schedule.Please, keep in mind, the data you collect and the practices you follow IS important.  The work you do is Important.  You are the field eyes for the project manager.

https://saskatoon.ctvnews.ca/new-bridge-collapses-into-river-in-rural-saskatchewan-hours-after-opening-1.4098973


A good day in the field is when
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Presenter
Presentation Notes
You get your boots dirty.



A great day in the field is when
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Presenter
Presentation Notes
You get your truck stuck.Introduce Christina.



Preliminary Planning for Field Work
Christina M. Bruinsma, LG

April 10, 2019
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RFP
(Request for Proposal)

Print it, Read it, Know it!

Includes:
Scope/Purpose of Work

Potential Special Instructions
NCDOT Contract and Project Contacts

Presenter
Presentation Notes
Even if you are only performing the field portion of work on a project, it is very important to understand the scope and vision of a project to guide your work and understand the challenges that may be important later on in the design phase of a project!
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Understanding Plans

Roadway  vs. Structures
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Roadway Plans

Title Sheet
Plan Sheets

Profiles
Cross Sections
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Structures

BSR (Bridge Survey Report)
PGD (Preliminary General Drawing) 

Wall Envelopes
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BSR (Bridge Survey Report)
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BSR (Bridge Survey Report)
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BSR (Bridge Survey Report)

It is important to note the elevation of the 100 year scour. This is represented 
graphically on this page, but can also be seen as a depth value on the print out 
Indicating contraction scour (entire streambed) and local scour (scour at the
proposed bent). Do not count scour in your bearing calculations!!!
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PGD (Preliminary General Drawing)

Presenter
Presentation Notes
PGD supersedes BSR, but is not scalable, and not always available. It is usually your only way to exactly layout a grade crossing structure!!!!!
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Wall Envelopes (Retaining)

Presenter
Presentation Notes
These are scalable plans with coordinate correct
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Wall Envelopes (MSE)

When looking at a wall envelope, remember you are looking at the 
“face” of the wall.
!! An End Bent 1 MSE wall means you are looking DOWNSTATION !!

Presenter
Presentation Notes
Mechanically Stabilized Earth retaining wall
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Special Permitting - Environmental

Environmental Assessment
aka the “Green Sheet”

• State Environmental Assessment
• FONSI (Finding of no Significant Impact)

Presenter
Presentation Notes
The Neuse River is identified by the North Carolina Wildlife Resources Commission (NCWRC)as anadromous fish habitat and an inland primary nursery area. As a result, an in-waterconstruction moratorium will be in effect from February 15 to September 30.
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Special Permitting - Environmental

Nationwide Permits (i.e. NW 6)
https://www.saw.usace.army.mil/Missions/Regulatory-Permit-Program/Permits/2017-

Nationwide-Permits/

Coastal Area Management Act (CAMA)
https://deq.nc.gov/about/divisions/coastal-management/coastal-management-permits

Presenter
Presentation Notes
The Neuse River is identified by the North Carolina Wildlife Resources Commission (NCWRC)as anadromous fish habitat and an inland primary nursery area. As a result, an in-waterconstruction moratorium will be in effect from February 15 to September 30.

https://www.saw.usace.army.mil/Missions/Regulatory-Permit-Program/Permits/2017-Nationwide-Permits/
https://deq.nc.gov/about/divisions/coastal-management/coastal-management-permits
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Special Permitting - Environmental
Atlantic Sturgeon

Presenter
Presentation Notes
Carolina Unit 1, Roanoke Unit. Roanoke River in Bertie, Halifax, Martin, Northampton, and Washington Counties in North Carolina. Carolina Unit 1 includes the Roanoke River main stem from the Roanoke Rapids Dam downstream to RKM 0. Carolina Unit 2, Tar-Pamlico Unit. Tar-Pamlico River in Beaufort, Edgecombe, Hyde, Nash, Pamlico, and Pitt Counties in North Carolina. Carolina Unit 2 includes the Tar-Pamlico River main stem from the Rocky Mount Millpond Dam downstream to RKM 0. Carolina Unit 3, Neuse Unit. Neuse River in Carteret, Craven, Duplin, Johnston, Lenoir, Pamlico, Pitt, Wake, and Wayne Counties in North Carolina. Carolina Unit 3 includes the Neuse River main stem from the Milburnie Dam downstream to RKM 0. The Neuse River, one of two major tributaries to Pamlico Sound, is dammed. It is likely that Atlantic sturgeon historically utilized habitat in the Neuse River up to the falls at RKM 378 where a dam (Falls Dam) is now located, although this site is above the fall line (ASSRT, 2007). Spawning migration may be impeded to historic habitat above the Milburnie Dam (RKM 349). Carolina Unit 4, Cape Fear Unit. Cape Fear River in Bladen, Brunswick, Columbus, Cumberland, New Hanover, and Pender Counties in North Carolina and the Northeast Cape Fear River in Duplin, New Hanover, Pender, and Wayne Counties in North Carolina. Carolina Unit 4 includes the Cape Fear River main stem from Lock and Dam #2 downstream to RKM 0 and the Northeast Cape Fear River from the upstream side of Rones Chapel Road Bridge downstream to the confluence with the Cape Fear River. Carolina Unit 5, Pee Dee Unit. Pee Dee River in Anson and Richmond Counties in North Carolina and Chesterfield, Darlington, Dillon, Florence, Georgetown, Horry, Marion, Marlboro, and Williamsburg Counties in South Carolina; Waccamaw River in Georgetown County in South Carolina; and Bull Creek in Georgetown County in South Carolina. Carolina Unit 5 includes the Pee Dee River main stem from Blewett Falls Dam downstream to RKM 0, the Waccamaw River from Bull Creek downstream to RKM 0, and Bull Creek from the Pee Dee River to the confluence with the Waccamaw River. 
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Special Permitting – Federal

Presenter
Presentation Notes
Depending on activities, coordination with USFS, Fish and Wildlife, etc may be needed, along with special access permitting SF-299
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Special Permitting – Railroad ROE

North Carolina Railroad (NCRR)
Norfolk Southern (NS)

CSX
Miscellaneous Short Lines
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Special Permitting – Railroad ROE

Railroad Right of Way: 100 ft left and right of centerline  Right of Entry permit!
25 ft of centerline  ROE and RR flagman!!
4 ft of centerline  ROE, flagman, closed tracks!!!

Presenter
Presentation Notes
Most Railroads do not allow trespassing within right of way (typically 100 ft left and right of rail centerline. A right of entry permit is required. If within 25 feet of centerline, a flagman is needed, and if within 4 feet you are fouling the tracks!! 
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Boring Plans

Structures Roadway

Create Boring Plan

Bridge Culvert Wall Widening New
• Minimum boring 

spacing 200 ft.
• Pay attention to 

soils close to 
subgrade

• Target side with 
majority of work

• Anticipate culvert 
extensions

• Number of Bents 
(EB1, B1,…EB2)

• Left, Center, Right 
(A, E, C, D , B)

• CP, 1 per bent 
(under 60 ft width)

• WR, CR, NCR 
(minimum 2 
borings per bent)

• Noise/Sound Walls 
• (100 ft spacing)
• Retaining Walls  

(50 ft spacing)

• Minimum boring 
spacing 200 ft.

• Target Cuts
• Target Large Fills
• Target Culverts

• Target proposed 
ends

• Include additional 
borings if long 
alignment
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Boring Plans – Type of Borings
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Boring Plans – Structure Example
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Boring Plans – Roadway Example

Presenter
Presentation Notes
Targeting cuts, culverts, 200 ft spacing and fill areas.
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Property Owner Contacts
Sources:
Location and Survey Database
County GIS site
Plan Sheets

Methods:
Certified Mail

Phone
In Person

*Make sure to document all contact, dates and responses.
Send in your contact sheets before, during and after drilling!!!

Presenter
Presentation Notes
Send mail to all property owners along corridor.Send mail and attempt to contact in person property owners that are directly impacted by drilling operations (clearing, boreholes, staging operations)
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Boring Layout
• Mark with WHITE

stakes, flags, paint
• Make sure it lasts! 
• Flag judiciously, but 

clearly!
• If using GPS, it must 

be sub metric 
accuracy!

• If laying out a 
structure, it may be 
more accurate to 
measure from existing 
features!
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Utilities

https://www.nc811.org/brochures-and-manuals.html

Presenter
Presentation Notes
Call even if you are only performing hand augers!!!

https://www.nc811.org/brochures-and-manuals.html


2019 Geo3T2 Workshop: Borehole Logging & Field Concepts

38

Utilities
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Site Reconnaissance

Route Restrictions?
Weight limits, difficult access, offloading rigs

Clearing?
Hand vs. Hydraulic Mulching/Clearing

https://youtu.be/tZbuMpqWiSk

Presenter
Presentation Notes
HELPFUL SAFETY TIP. NEVER STAND DIRECTLY BEHIND A HYDRO MULCHER!!!!

https://youtu.be/tZbuMpqWiSk
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Site Reconnaissance
Difficult Access? 
Rock outcrop?
Barge?
Marsh buggy?
Track rig?
Utility issues?
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Traffic Control

MUTCD
(Manual on Uniform Traffic Control Devices)

TIMS/Drive NC
(Traffic Information Management System)

Divisions 1-14, Municipalities
(May provide restrictions to traffic control operations)
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Safety

Know your PPE
Tailgate Meetings

• Slips, Trips, Falls
• Poison Ivy

• Sun
• Extreme Temperatures

• Traffic
• ALL THE CRITTERS

Nearest Medical Facility

Presenter
Presentation Notes
Snakes, fire ants, yellow jackets, hornets, caterpillars, sun, heat, dehydration, cold, ticks, poison ivy, chiggers, spidersTrips, slips, falls.
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Field Forms

• Boring Logs (roadway half and full)
• Boring Logs (structure)
• Coring Logs
• Survey Notes Sheet
• Daily Activity Log

C:\NCDOT_V8_WORKSPACE\GEOTECHNICAL_STDS\Standards\
appl\GeoForms\English

Presenter
Presentation Notes
Introduce Jaime.



Borehole Logging

Jaime L. Love, L.G.

April 10, 2019

Presenter
Presentation Notes
-Collecting data is one of the primary responsibilities of a field professional-It is your responsibility to correctly relay information from the field to project manager.-The way we do this is by taking accurate and concise field notes which includes boring location, origins, soil and rock stratigraphy, color, moisture, and density.-Important decisions must be made during the field investigation to insure that an adequate number of borings and in-situ tests are performed to determine the site engineering properties.



2019 GEO3T2 Workshop: Borehole Logging & Field Concepts

Filling Out the Boring Log
All data fields must be completed. 

Blank data fields suggest they have been overlooked.

These fields can be completed during redline stage

0-hour water measurement should be taken after
drilling implements are removed from boring

Presenter
Presentation Notes
-All data fields must be completed. Blank data fields suggest that information has been overlooked.-Record boring location, sta. offset, and alignment,  serial number of drill rig, method of drilling-0 hr water measurements are required except for borings advanced with mud or water-Things that tend to get left out are 24 hr measurements and total depth – other things going on and they are easy to forget-24 hr water measurements are required in all borings except when the boring must be FIAD or underwater



When artesian conditions are encountered in the field, 
they should be noted on the boring logs. 
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Artesian

Presenter
Presentation Notes
2 types of conditions can occurPotentiometric surface is above the ground surface elevation. (In this case, you would stack pipe above the GS until the H20 does not overflow the pipe; and measure)Potentiometric surface is within the existing RE. (In this case, it requires no additional work, but it is considered artesian because if the RE is removed the H20 elevation would be above the GS)
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What to Do When a Boring is Added or Moved

Every field professional must carry cross sections and plans for the project

Presenter
Presentation Notes
-In instances when a proposed boring needs to be moved or added, it is the FP responsibility to make these adjustments in real time.-That is why every field professional should carry cross sections and plans for their project-When moving a boring use plans to measure and note new station and offset. -Fields plans are also where you would sketch in areas of outcrop, water wells, debris piles, alluvial boundaries, and artificial fill. These areas get incorporated into subsurface reports.-Consult the xsections to determine the amount of embankment or cut at the new location-If you move from a 14’ cut to a 30’ cut w/o consulting xsections and assume the same target depth.  Your boring will be short. 
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Drilling Through a Bridge Deck

https://www.forconstructionpros.com/pavement-maintenance/preservation-
maintenance/article/12070735/cold-patch-helps-heat-up-asphalt-repairs

*DO NOT DRILL THROUGH CORED SLABS OR BOX BEAM BRIDGE 
DECKS WITHOUT PRIOR APPROVAL FROM NCDOT*

Presenter
Presentation Notes
-Before drilling be sure to measure spacing b/w griders and grider thickness.  These measurements can then be laid out on the bridge deck.-Measuring deck to H20 surface then deck to ground surface for freeboard and surface water depth-Ground elevation is starting point (considered 0.0’) not the bridge deck-Measuring stick-up on casing so you have a reference to determine if it sinks-Upon completion of boring you will need to patch deck hole    -Option 1- patch with equivalent material    -Option 2- allow bridge maintenance to repair (try to incorporate with traffic control lane closure for drilling)
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Measuring Stick-Up to Calculate Initial Sample Depth

Presenter
Presentation Notes
-Always note the lead piece.  In this example, we are using a hollow stem auger (5.5’)- Once the auger is run down to it’s initial stopping point, you then measure the portion above ground which is your stick-up and initial drive depth.-EX. 5.5’-2.5’=3.0’-Calculating subsequent drive depths we be determined by run length (i.e. -2.5 or 5’ drives)



Running and Recording the Standard Penetration Test
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Lead = 5.5’   Stick up = 2.5’
First drive is at 3.0’

Sampler (2.8’)+ rod (5.0’)=7.8

Presenter
Presentation Notes
-After stick-up and drive depth are calculated. Then measure sampler plus 5’ rod (7.8)-Compare drill depth and depth of spoon. They should be the same, if not then spoon has sunk or there is a plug
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Running and Recording the Standard Penetration Test

Presenter
Presentation Notes
-First mark 0.5 intervals for 1.5 on drill rods.  Add anvil to drill string.  If the rods sinks then record WOR.-Then add hammer and if rods sink record WOH.  -Once hammer is activated WOH is no longer an option, if a single blow goes past marks then the drive is recorded as zero.






Running and Recording the Standard Penetration Test
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The last foot
is the N-value

N=9

N=16

N=2

N=0

Presenter
Presentation Notes
Blow counts in the last foot determine the N-value. 






Describing Soils
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Examples:
CP, gray, soft, silty clay (A-7-6)

with trace lignite
(Black Creek Formation) 

Residual, orange-tan, medium dense, 
silty sand (A-2-4) with trace mica

Presenter
Presentation Notes
-Once the sampler is retrieved, a description of the material in the spoon is recorded. -Here you see a couple of examples.  -Your description should include origin, color, density, moisture, AASHTO classification, and any additional materials present.-According to AASHTO classification, A-1 & A-3 are sand, A24 is silty sand, A26 is clayey sand, A4 is sandy silt, A5 is clayey silt, A6 is sandy clay, and A7 is silty clay-Additional materials should be quantified according to their estimated percentage from the legend. -Organic materials are divided into %s by granular soils and silts & clays AND then other materials like mica and gravel-Another problematic soil property that should be noted on the field boring logs are highly plastic clays
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Encountering Contaminated Soils

Contact:
Cyrus Parker, L.G., P.E.
cfparker1@ncdot.gov

(919) 707-6868

Then contact the project manager and make him/her aware
of the possibility of contaminates.

When drilling operations encounter any abnormal conditions 
that indicate the presence of hazardous, contaminated or toxic 

material, such operations shall be discontinued immediately 
and the GeoEnvironmental section of GEU shall be contacted.
NCDOT Standard Specifications for Roads and Structures, January 

2018, Section 107-25
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Presenter
Presentation Notes
Stop drilling immediately, Notify Cyrus and project manager. 

mailto:cfparker1@ncdot.gov


Advancing the Borehole
2019 GEO3T2 Workshop: Borehole Logging & Field Concepts

Example:              
Next drive at 28.4’

Drill chatter at -1.3’
Assumed contact at  27.1’

Presenter
Presentation Notes
-An important part of field logging is paying attention to your surroundings, this includes observing the drilling process.  -During a hollow stem boring, pay close attention to drilling cuttings coming up when the boring is being advanced,-also watch the feed as it is moves down,  the speed as which the feed advances allows you to see whether the drilling is soft of hard.-If the feed drops quickly, this could mean a possible void or even a weak interval that should be recorded.  On the other hand,-If the driller has to apply additional down pressure, this is a good indicator of harder material. -Along with the added down pressure, if the drill produces chatter this may indicate  the top of a weathered rock layer.-
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Weathered Rock & SPT Refusal Blow Counts

• When 100 blows are applied to the sampler and less than 1.0’ of penetration 
is accomplished, record the number of blows and the penetration achieved 
to the nearest 0.1’ (i.e. 99/1.0’ or 100/0.9’)

• SPT Refusal is defined as ≤0.1’ of penetration less after 60 hammer blows.
*The exception is Coastal Plain or Triassic borings*

• In Coastal Plain sedimentary rock, SPT refusal is defined as 0.1’ of 
penetration or less after 60 hammer blows within the first 0.1’.  After 0.1’ 
has been penetrated, 100 blows must be achieved.  If after the first 0.5’ of 
penetration, 100 blows has not been achieved, then blow counts start over 
at 1 and continue until 100.

Presenter
Presentation Notes
After 1st 1.0 – 100/1.0 does not exist2nd bullet – NCDOT modifiedAt this point, you could be terminating your boring (which will be discussed later in this presentation) or transitioning to rock coring (which will now be discussed by Christina)



Rock Core Logging
Christina M. Bruinsma, LG
April 10, 2019
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Before Coring

• Measure core barrel
• Measure stickup
• Confirm rock depth*
• Mark your 1 foot increments

*If you begin coring at 60/0.1’ 
penetration, the beginning of the 
run is at the bottom of the spoon 
sample!

Presenter
Presentation Notes
Add slide discussing length of core barrel, measuring stick up to confirm rock line. 60/0.0 vs. 60/0 and where your rock coring begins. WHEN TO TAKE AN SPT BETWEEN CORE RUNS! The worst thing EVAR.
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Coring Tools

Typical core barrels in geotechnical engineering are:
• N-size (2” diameter core) or H-size (3” diameter core)
• Conventional or Wireline (pictured above)
• Solid barrel or split inner barrel (pictured above)
• Series core bit based on hardness of rock in area

i.e. Series 2, Series 6 (most common), Series 10

Presenter
Presentation Notes
Add slide discussing length of core barrel, measuring stick up to confirm rock line. 60/0.0 vs. 60/0 and where your rock coring begins. WHEN TO TAKE AN SPT BETWEEN CORE RUNS! The worst thing EVAR.



2019 Geo3T2 Workshop: Borehole Logging & Field Concepts

60

What this tells you about the rock below:

During Coring
Drilling Observations

Drilling water color Color can indicate weathering
i.e. white vs. brown

Could indicate clay or high 
angled fracturing

“Blocking off”

Drilling times

Circulation Loss Could indicate large or frequent 
fracturing

Fast times could mean 
weathered seams, or bit 
issues.

*Talk to your drillers about down pressure, water pressure, or drilling conditions.
They may have insight from how their equipment is working that can help!

Presenter
Presentation Notes
Add slide discussing length of core barrel, measuring stick up to confirm rock line. 60/0.0 vs. 60/0 and where your rock coring begins. WHEN TO TAKE AN SPT BETWEEN CORE RUNS! The worst thing EVAR.
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When to SPT Between Core Runs

• Coastal Plain Rock
• Weathered rock/soil 

seams in Piedmont

• Roadway Embankment, 
artificial fill, colluvial or 
alluvial boulders in 
Mountains

Presenter
Presentation Notes
Add slide discussing length of core barrel, measuring stick up to confirm rock line. 60/0.0 vs. 60/0 and where your rock coring begins. WHEN TO TAKE AN SPT BETWEEN CORE RUNS! The worst thing EVAR.
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Rock Description
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Rock Description - Weathering
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Rock Description - Weathering

Fresh

Very slightly weathered

Moderately severely weathered

Severely weathered (Weathered Rock)

slightly weathered

Very Severely weathered (Soil, A-4, 
often this material is not recovered)
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Rock Description - Hardness

Keep your rock hammer and knife handy to perform 
scratch tests on rock core.

Presenter
Presentation Notes
Don’t damage the rock too much with hammer blows, unless you can easily indicate a mechanical break
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Rock Description 
Fracture Spacing

Double line hash mark 
indicates “mechanical break”
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Rock Description 
Bedding
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Rock Description 
Induration
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Rock Description on Logs

• Origin (WR, CR, NCR, CP Rock)
• Color (keep it fairly simple)
• Weathering (all rock)
• Hardness (all rock)
• Fracture Spacing (all rock)
• Bedding (NCR, CP Rock)
• Induration (NCR, CP Rock)
• Rock type (all rock)

For weathered rock, only give full rock description if material was 
recovered. No recovery can just be marked as WR: and color and type 
of rock. Recovery can be recorded, but RQD will be N/A.
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Rock Core Recovery (REC)

Be aware, sometimes rock can slip out of the barrel. Check times and rock 
quality to be sure.

Measure total amount of recovery over length of run. 
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Rock Quality Designation (RQD)

Measure from 
midpoint to midpoint of 
fracture. Make sure 
breaks are natural.

This is considered 
a full piece, since 
the breaks 
observed were 
mechanical.
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Strata Recovery and RQD

FHWA NHI-16-072 
GEOTECHNICAL SITE CHARACTERIZATION GEOTECHNICAL ENGINEERING CIRCULAR NO.5 
https://www.fhwa.dot.gov/engineering/geotech/pubs/nhi16072.pdf

Strata RQD is often used to determine coring termination.

Strata Recovery is the overall measurement of 
recovery divided by the strata length.

Strata RQD is the total amount of sound pieces 
divided by the strata length. 

https://www.fhwa.dot.gov/engineering/geotech/pubs/nhi16072.pdf
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Core Hole Logging
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Rock Core Box Labeling

Presenter
Presentation Notes
Add to make sure to have dividers between runs in core boxIntroduce Nick.



Sampling and Boring Termination
Nick Moore, GIT

April 10, 2019

CME Catalog, 2010.



• Importance of Appropriate Sampling 
• Background

1. Stratigraphic Rules
2. Soil Origins
3. Geotechnical Implications of Different 

Origins
• Sampling Criteria and Methods

1. Quality
2. Moisture Content
3. Organic Content
4. Percentage of Other Material
5. California Bearing Ratio (CBR)
6. Shelby Tubes (ST)
7. Rock Core
8. Roadway vs. Structures

• Boring Termination Criteria
1. When to Terminate a Borehole
2. Boring Termination Statement

2019 Geo3T2 Workshop: Borehole Logging & Field Concepts
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Job of Field Professional:
1. Take accurate and concise notes
2. Determine when, where, and what to sample
3. Determine borehole termination depth

Importance:
• Integral part of the planning, design, 

construction, and maintenance of bridges, 
roadways, and other transportation facilities

• Field conditions are often complex
• Field Professional is engaged in project

• Saves time and money
• Not oversampling competent soils
• Not under sampling poor soils
• Can prevent re-drilling
• Can prevent cost overruns during 

construction

• Better quality data = better engineering design

Importance of Appropriate Sampling

2019 Geo3T2 Workshop: Borehole Logging & Field Concepts

Presenter
Presentation Notes
Identify and record potential geotechnical problems



Stratigraphic Rules

Law of Original Horizontality
“…sediments are deposited strata that 
are horizontal or nearly horizontal.” 
(Skinner and Porter, 200)

Principle of Stratigraphic Superposition
“…in any succession of strata, not 
subsequently disturbed or overturned 
since deposition, younger rocks lie 
above older rocks.”
(Boggs Jr., 451)

Skinner, Brian J., and Stephen C. Porter. Geologic Time. The Dynamic 
Earth: An Introduction to Physical Geology, Fourth Edition. New York: 
John Wiley & Sons, Inc., 2000. Print.

Boggs Jr., Sam. Principles of Sedimentology and Stratigraphy, Third 
Edition. New Jersey: Prentice-Hall, Inc., 2001. Print.
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http://www.centralncmineralclub.org/field_trips/pilot_mtn/
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Origin Geotechnical Implications
Roadway Embankment Generally acceptable material, can be highly plastic

Artificial Fill Likely uncompacted and uncontrolled material

Colluvial Unstable, unconsolidated, poorly-sorted, can trap 
water

Alluvial Under-consolidated, typically has low density, can 
have high moisture and organic content, can be 
highly plastic

Undivided Coastal Plain/Coastal Plain Shrinkage, can have low density, can be highly 
plastic, moisture content

Triassic Residual Shrink/swell, can be highly plastic

Residual Low blow counts are a concern in areas of high 
embankment, can be highly plastic, can have high 
mica content

Weathered Rock Problematic if above proposed grade, can have 
perched water table

Non-Crystalline Rock Triassic non-crystalline rock can degrade when in 
contact with water, areas of limestone can form 
dissolution voids

Crystalline Rock Problematic if within 6 feet of proposed grade, can 
have perched water table, can cause higher project 
costs

2019 Geo3T2 Workshop: Borehole Logging & Field Concepts



Sampling Methods
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Field Professional’s Tool Box



Sampling Criteria
2019 Geo3T2 Workshop: Borehole Logging & Field Concepts

Decisions must be made in the field to ensure that an adequate number of borings 
and in situ testing are performed to determine the site engineering properties.



Quality
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7/22/17
R-5000
L_6000

SS-1
3.4-4.9’

Criteria:
• Classify all soils on project using 

AASHTO designation
• Cohesive soils

• Increase frequency for soils 
with high clay content and/or 
high plasticity, especially for 
surficial soils or soils at 
proposed subgrade

Method:
• Collect representative sample in 

zip-lock bag
• Bottom 1.5’ in split spoon

• Label bag with date, TIP #, boring 
number, sample #, and sample 
depth

A-1-bA-1-a A-3 A-2-4 A-2-5 A-2-6 A-2-7 A-4 A-5 A-6 A-7-5 A-7-6

Coarse Sand Fine
Sand

Silty Sand Clayey Sand Sandy
Silt

Clayey
Silt

Sandy
Clay

Silty Clay

AASHTO Classification

Sample numbering should be 
sequential throughout project



Moisture Content
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7/22/17
R-5000

M-5
L_6250
8.5-10.0’

Criteria:
• Collected in fine-grained, cohesive soils

• Minimal moisture sample for granular 
soils

• Important to collect for soils at-grade or 
within 3’ of grade

• Especially wet-saturated soils

Method:
• Collect representative sample from split 

spoon or hand auger and fill moisture can
• Seal moisture can with tape while in the field 
• Glass and/or metal containers are 

acceptable
• Label moisture container with date, TIP #, 

boring number, sample #, and sample depth
• Needs a corresponding quality sample (e.g. 

SS-5 and M-5)



Organic Content
2019 Geo3T2 Workshop: Borehole Logging & Field Concepts

Criteria:
• Collected when material is classified >3% by weight in soil 

regardless of AASHTO classification
• All suspected muck or peat soils should be submitted 

for organic test

Methods:
• Collect representative sample in container

• Bottom 1.5’ in split spoon
• Label with date, TIP #, boring number, sample #, and 

sample depth
• Needs a corresponding quality sample (e.g. SS-8 and O-8)

Problematic for construction



Sampling Criteria: Percentage of Other Material
2019 Geo3T2 Workshop: Borehole Logging & Field Concepts

Micaceous soils:
Planar mineral habit facilitates water
transport and slope failure

Coarse Sand with trace gravel:
Compacts well



Sampling Criteria: CBR
2019 Geo3T2 Workshop: Borehole Logging & Field Concepts

Criteria:
• Collected in cut or at-grade 

sections
• 1 sample to represent every 

major soil type to be used at 
subgrade

Method:
• Collect ~ 75 lbs. of material from 

auger cuttings
• Label with date, TIP #, boring 

number, sample #, and sample 
depth

• CBR have their own successive 
numbers independent of quality 
samples

Large-scale representation of cut sections and for
Pavement design support



Triaxial and consolidation testing
Criteria: (Coastal Plain and Piedmont)
• 1 ST per 10’ of cohesive material <15 BPF 

within 20’ of ground surface (typically for 
bridge approaches and large 
embankments)

Criteria: (Mountains)
• 1 ST per 10’ of any wet or saturated <3 

BPF within 20’ of ground surface 
(proposed embankments)

Method: 
• Always run clean-out tube prior to 

pushing sample tube
• Continuous push
• Seal with wax at top and bottom
• Fill with material to prevent disturbance
• Store and transport in upright position
• Do NOT expose to extreme heat/cold
• ST have their own successive numbers 

independent of quality samples

Sampling Criteria: Shelby Tube (ST)

Top
Date
TIP
WBS
Depth
ST-1
B.H. #

2019 Geo3T2 Workshop: Borehole Logging & Field Concepts



Sampling Criteria Rock Core Sampling
Provides unconfined compressive strength

Core Photograph
• Spray water on core to reveal true 

colors
• Lay core box flat and take photo from 

directly above
• Photo needs to be scalable
• Mark sample area and run depths on 

photo

Choosing Samples
• Select a competent representative 

sample with a length that is twice the 
diameter

• Attempt to test samples within the 
rock socket for drill shafts, especially 
near the probable tip elevation

• RS have their own successive 
numbers independent of quality 
samples
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Sampling: Roadway vs. Structures
Roadway Structures

Quality
-AASHTO
-Provides PI and LL

Rock Core
-Young’s Modulus
-Unconfined compressive strength

Moisture content Quality
-AASHTO

Organic Content Organic Content

Shelby Tube
-Triaxial Consolidated Undrained
-Consolidation

Shelby Tube
-Triaxial Consolidated Undrained
-Consolidation

California Bearing Ratio (CBR) 
-For pavement design support

Recompacted Triaxial (RT)
-For remolded strength of soil

Vane Shear Test (VST)
-Undrained shear strength of soils

Proctor
-Maximum dry density and optimum moisture

Cone Penetration Test (CPT)
-Density, friction, and pore pressure

2019 Geo3T2 Workshop: Borehole Logging & Field Concepts

*Testing methods should be determined on a case by case basis.
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Boring Termination Criteria

Do NOT terminate in:
• Muck and highly organic material
• WOH/WOR material
• Substantially decreasing blow count material

2019 Geo3T2 Workshop: Borehole Logging & Field Concepts

• No exact recipe for termination

• Requires sound geotechnical 
judgement by Field Professional 
based on:

• Knowledge of engineering 
design criteria

• Engineering properties of 
soil and rock



Borehole Termination Criteria: Bridges
2019 Geo3T2 Workshop: Borehole Logging & Field Concepts

2. The required axial resistance should be
determined during project initiation,
but should not be less than 180 tons 
plus:
- 2 consecutive 100-blow drives or      

auger refusal in the Piedmont
- 4 additional drives in the Coastal Plain

• Only start calculating bearing at 
Historical Scour Elevation 

• (contact between alluvial soils 
and residual or formational 
material)
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Borehole Termination Criteria: Rock Core

Termination Criteria is determined by RQD

2019 Geo3T2 Workshop: Borehole Logging & Field Concepts



Boring Termination Statement

Examples:

Boring Terminated at 63.4 ft in Residual (Sandy Silt)

Boring Terminated at 107.4 ft in Coastal Plain, Silty Sand (Black Creek Formation)

Boring Terminated at 47.2 ft with SPT refusal in Crystalline Rock (Chlorite Biotite Schist)

Boring Terminated at 83.4 ft with SPT refusal on Non-Crystalline Rock (Triassic Sandstone)

Boring Terminated at 32.9 ft with Auger and SPT refusal on Crystalline Rock (Amphibolite)

2019 Geo3T2 Workshop: Borehole Logging & Field Concepts
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Site Restoration
D. Clayton Elliott, PG

April 10, 2019



Geotechnical Engineering Unit: Site Clean-Up
2019 Geo3T2 Workshop: Borehole Logging & Field Concepts



Backfilling/Abandoning Boreholes
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• Typically Backfilled following the 24-Hour Water Level
Measurement (but not always, see below).

• Done for safety concerns & to prevent possible
contamination of groundwater.

• When a Borehole is left open overnight, or longer, the 
top of any & all borings MUST be covered in some way; 

to prevent injury to people & animals. 
Think lawsuit. It’s bad, mmmkay.
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3 Major Issues if a Borehole is NOT
Properly Backfilled

• 1) The area around the Borehole may settle excessively,
or even cave. And that settlement, can be a safety
hazard to humans & animals alike.

• 2) An improperly Backfilled/Sealed Borehole can act as
a conduit for water &/or contaminants; either into porous
strata at varying depths, or into an aquifer itself. Ideal to
restore the Hydrogeological conditions to pre-drill
conditions.

• 3) For slope boreholes, water entering the Borehole can
affect the slope adversely; possibly encouraging landslide
mobility; e.g., increasing of pore pressures.

2019 Geo3T2 Workshop: Borehole Logging & Field Concepts
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Prior to Backfill Boreholes
• Borings without Groundwater: backfill with drill cuttings &

soil; tamp down the top few feet, top off, tamp again.
--Do NOT throw trash in the hole!!--

• Borings with Groundwater: backfill with a minimum of 1
foot of Bentonite plug, somewhere above groundwater,
but below the collar. Plug should be covered with min.
0.5’ to 1.0’ of soil to allow for revegetation.

• If actually drilling in/thru inner coastal waters, a lake, or a
stream/river, do not attempt to backfill or seal; allow
natural material to fill the opening. Basically a no-brainer.

2019 Geo3T2 Workshop: Borehole Logging & Field Concepts
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The GeoTech version of a Cow Catcher:
Can be inserted with Drill-Rod: typically 3’-5’, cover with 

Bentonite, then Soil to the top 

2019 Geo3T2 Workshop: Borehole Logging & Field Concepts
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Encountering Artesian Conditions

• If Artesian conditions encountered & prior to backfill: measure
the Artesian Head – add pipe above ground surface (the drill
collar) to achieve the Potentiometric Surface: note this on the
borelog; that elevation is “artesian”.

• In the Coastal Plain: typically holes are plugged
from the bottom-up, with a pre-bagged product
called “HolePlug”; push w/ drill-rod, then add
more till the last foot, finish with soil.

2019 Geo3T2 Workshop: Borehole Logging & Field Concepts
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Encountering Artesian Conditions: Cont’d

• Occasionally: full depth grout is needed to fully plug the
hole: with a combination of Portland Cement & Bentonite
Powder (not chips or gravels); pumped in through the drill
rods or a tremie, from the bottom up, to seal the hole in
its entirety.

---------------------------------------------------------------------------------------
• Parting word on Artesians: part of the reason to plug an

Artesian from the bottom-up, a plug only few feet down
can be opened up during construction. This can be
difficult to plug once that happens.

IF Artesian : Plug from the bottom-up.

2019 Geo3T2 Workshop: Borehole Logging & Field Concepts
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IMPORTANT
If some type of contamination is 

encountered in the borehole:

• First:  CALL Cyrus Parker, LG, PE  w/ the NCDOT 
Geoenvironmental group:  919.707.6868

• Second:  call your designated 
Project Geological Engineer

Do not proceed drilling. Do fill the hole. 

2019 Geo3T2 Workshop: Borehole Logging & Field Concepts
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Patching Bridge Deck Holes:
Drilling through the Deck

2 primary options to patch said hole:

• 1) Call the local Division/District Bridge Maint. Dept.
office to patch on your behalf. Especially if a “Snooper”
or a Platform Truck is needed. This depends on Bridge
Girder-Web Depths or if it has Arches.

• 2) Patch w/ QuikCrete: using some type of form to hold
the patch in place. Allow to set before turning traffic.

2019 Geo3T2 Workshop: Borehole Logging & Field Concepts
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Novel Method to Patch Bridge Deck Holes
2019 Geo3T2 Workshop: Borehole Logging & Field Concepts

• Use the smaller version of the Cow-Catcher, carefully push 
into the hole to fill the cavity: backfill w/ Quikcrete, or some 

other approved material, plug the hole.  Let set. 
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Site Restoration
• Ideally, restore any work-site to pre-investigation 

conditions, including (but not limited to):

• Trash: come on man!! (or woman!!) PICK IT UP !!!
Do NOT put trash in your borehole !! 

• Ruts: fill & smooth, maybe more. *Spread out some grass seed?? If
so, check & use a locally approved species: In the Mtns Kentucky-31 Tall Fescue

• Clean up the site generally: spread any excess soils, don’t leave piles
• If excess damage has occurred, DOCUMENT; photos (in general, pre- &

post-drilling photos aren’t a bad idea either).

• Other possible considerations: e.g., cut downed trees up to smaller
pieces; spray mud off the pavements or bridges; AND always close
(and lock?) gates. Say thank you to landowners, be courteous.
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Ruts in a Beanfield
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Lastly…
Watch out for these guys !!!!!
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Geotechnical Engineering Unit
Questions?        (video embedded)
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