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Anchor Nut Tightening Procedure 
for Overhead Signs/Poles

Lee Puckett
Bridge Const. Engineer

Div. 9&11



Memorandum from Chief Engineer 
Varnedoe

• On September 1, 2004 Division Engineer’s were sent a 
memorandum by Chief Engineer Varnedoe detailing a 
procedure on tightening anchor nuts for overhead signs, 
signal, and light foundations.  

• Memorandum was to be effective immediately due to 
recent inspections of sign connections that revealed 
loose connections that were a result of improper initial 
installation.



2004 Procedure Highlights
• Place leveling nuts and washers on the anchor rod and 

install a template on top of the leveling nuts to verify that 
the nuts are level and uniformly contact the template. 
Verify that the distance between the bottom of the 
leveling nuts and the top of the concrete is a maximum 
of one nut height.



2004 Procedure Highlights
• Install the base plate and structural element to which it is 

attached. Use beveled washers if the leveling nuts 
cannot be brought into firm contact with the base plate.

• Install top nuts and washers, using beveled washers if 
the nuts cannot be brought into firm contact with the 
base plate. Both a lock washer and flat washer are 
required under the top nut (lock washer on top of the flat 
washer). Lubricate threads of the top nuts and tighten to 
a snug-tight condition with a spud wrench following a 
star pattern. (using at least two increments)



2004 Memorandum Highlights



2004 Memorandum Highlights
• Prior to further turning of the nuts, mark the reference 

position of the top nut in the snug-tight condition by 
match marking each nut, bolt shank, and base plate. Use 
ink or paint that is not water soluble.

• Turn the top nuts in increments using the star pattern 
(using at least two full tightening cycles) to 1/6 of a turn. 
Verify that the lock washers are flat at all connections 
and if not, continue tightening until they are flat.

• Use a torque wrench to verify that at least 600 ft-lbs is 
required to further tighten the top and leveling nuts.

• At least 48 hours after the entire structure and any 
attachments are erected, use a torque wrench again to 
verify that at least 600 ft-lbs is still required to tighten the 
top and leveling nuts.



2004 Memorandum Highlights
• Do not place non-shrink grout between the base plate 

and foundation. This will allow for future inspection of the 
leveling nuts and for adequate drainage of moisture.



Procedure Revision
• Due to construction issues with the 2004 memorandum, 

a new procedure for tightening the anchor nuts for signs, 
signals and light foundations has been drafted.

• Current and future projects will need to incorporate this 
new outlined procedure to ensure proper connections 
are obtained.



New Procedure for Tightening of 
Anchor Nuts

• Prior to installation

• Protect the anchor rod threads from damage prior to 
installation and during installation.

• Prior to installation of the rods in the foundation, turn 
nuts onto and off the rods, well past the elevation of the 
bottom of the leveling nuts.  Turn by the effort of one 
worker using an ordinary wrench without a cheater bar.  
Report to the Engineer thread damage requiring 
unusually large effort.



New Policy (cont’d)
• During installation

• Place leveling nuts (bottom nuts) on the anchor rods. 

• Place leveling nut washers on top of the anchor rod 
leveling nuts. 

• Place a rigid template on top of the leveling nuts to 
check the level of the nuts. If the anchor nut and washer 
cannot be brought into firm contact with the template, 
then beveled washers shall be used.



New Policy (cont’d)
• Verify that the distance between the bottom of the 

leveling nut and the top of the concrete foundation is 
no more than one anchor rod diameter.  If an upright is 
required to be back-raked, then the distance between 
the bottom of the leveling nut and the top of the 
concrete foundation should be no more than one 
anchor rod diameter, averaged over the anchor rod 
group. 

• Place the base plate and structural element to which it 
is attached.  However, do not attach to the upright 
element, during tightening of the anchor nuts, 
cantilever beams or arms with span in excess of 10 
feet.

• Place top nut washers. 



New Policy (cont’d)
• Do not use lock washers. 

• Lubricate threads and bearing surfaces of top nuts.  
Lubricant shall be beeswax, stick paraffin, or other 
approved lubricant.

• Place top nuts. If the anchor nut and washer cannot be 
brought into firm contact with the base plate, then 
beveled washers shall be used.



New Policy (cont’d)
• Tighten top nuts to snug tight. A snug-tight condition is 

defined as the washer and nut being in full contact with 
the base plate, and the application of the full effort of a 
workman on a 12-inch wrench. Turn top nuts in 
increments following a star pattern (using at least two full 
tightening cycles).



New Policy (cont’d)
• To ensure proper pretensioning, after all top nuts have been 

brought to snug-tight condition, repeat the procedure on the 
leveling nuts. Turn leveling nuts in increments following a star 
pattern (using at least two full tightening cycles).

• At this point, verify if beveled washers are required.  Beveled 
washers are necessary under the leveling nut or top nut if any 
face of the base plate has a slope greater than 1:20 and / or any 
nut can not be brought into firm contact with the base plate. 

•
• Before further nut turning, mark the reference position of the nut in 

the snug-tight condition with a suitable marking (ink or paint that is 
not water-soluble).  Mark on the corner at the intersection of two 
flats with a corresponding reference mark on the base plate at 
each nut.  After tightening, verify the nut rotation.



New Policy (cont’d)
• Achieve pretensioning by 

turn-of-nut method.  Turn the 
top nuts to 1/6 of a turn.  Do 
so in a star pattern using at 
least two full-tightening 
cycles.

• After installation, ensure that 
firm contact exists between 
the anchor rod nuts, 
washers, and base plate on 
any anchor rod installed.



New Policy (cont’d)
• For overhead sign assemblies: The span type truss or 

the cantilever truss may be placed on the uprights or 
attached to the upright at this time.  For signal support 
structures: The span wires or mast arms may be 
attached to the upright at this time. 



New Policy (cont’d)
• After a period of no less than 

4 days, and no more than 2 
weeks, and in the presence 
of the Engineer, use a 
torque wrench to verify that 
a torque at least equal to 
600 foot-pounds is provided 
on each top nut.  For 
cantilever structures, verify 
the torque after erection of 
the remainder of the 
structure and any heavy 
attachments to the structure.



New Policy (cont’d)

• If any top nut torque reveals less than 600 foot-pounds 
of effort is required to move the nut, then tighten the nut 
to no less than 600 foot-pounds. 

• Calibrate, at least annually, the torque indicator on the 
wrench used for tightening the nuts.  Provide the 
Engineer a certification of such calibration.

• Because inspection or re-tightening of the leveling nuts 
would be prevented, and to reduce moisture retention 
and associated corrosion, do not place grout under the 
base plate. 



Anchor Nut Tightening Procedure 
for Overhead Signs/Poles

Lee Puckett
Bridge Const. Engineer

Div. 9&11



Memorandum from Chief Engineer 
Varnedoe

• On September 1, 2004 Division Engineer’s were sent a 
memorandum by Chief Engineer Varnedoe detailing a 
procedure on tightening anchor nuts for overhead signs, 
signal, and light foundations.  

• Memorandum was to be effective immediately due to 
recent inspections of sign connections that revealed 
loose connections that were a result of improper initial 
installation.



2004 Procedure Highlights
• Place leveling nuts and washers on the anchor rod and 

install a template on top of the leveling nuts to verify that 
the nuts are level and uniformly contact the template. 
Verify that the distance between the bottom of the 
leveling nuts and the top of the concrete is a maximum 
of one nut height.



2004 Procedure Highlights
• Install the base plate and structural element to which it is 

attached. Use beveled washers if the leveling nuts 
cannot be brought into firm contact with the base plate.

• Install top nuts and washers, using beveled washers if 
the nuts cannot be brought into firm contact with the 
base plate. Both a lock washer and flat washer are 
required under the top nut (lock washer on top of the flat 
washer). Lubricate threads of the top nuts and tighten to 
a snug-tight condition with a spud wrench following a 
star pattern. (using at least two increments)



2004 Memorandum Highlights



2004 Memorandum Highlights
• Prior to further turning of the nuts, mark the reference 

position of the top nut in the snug-tight condition by 
match marking each nut, bolt shank, and base plate. Use 
ink or paint that is not water soluble.

• Turn the top nuts in increments using the star pattern 
(using at least two full tightening cycles) to 1/6 of a turn. 
Verify that the lock washers are flat at all connections 
and if not, continue tightening until they are flat.

• Use a torque wrench to verify that at least 600 ft-lbs is 
required to further tighten the top and leveling nuts.

• At least 48 hours after the entire structure and any 
attachments are erected, use a torque wrench again to 
verify that at least 600 ft-lbs is still required to tighten the 
top and leveling nuts.



2004 Memorandum Highlights
• Do not place non-shrink grout between the base plate 

and foundation. This will allow for future inspection of the 
leveling nuts and for adequate drainage of moisture.



Procedure Revision
• Due to construction issues with the 2004 memorandum, 

a new procedure for tightening the anchor nuts for signs, 
signals and light foundations has been drafted.

• Current and future projects will need to incorporate this 
new outlined procedure to ensure proper connections 
are obtained.



New Procedure for Tightening of 
Anchor Nuts

• Prior to installation

• Protect the anchor rod threads from damage prior to 
installation and during installation.

• Prior to installation of the rods in the foundation, turn 
nuts onto and off the rods, well past the elevation of the 
bottom of the leveling nuts.  Turn by the effort of one 
worker using an ordinary wrench without a cheater bar.  
Report to the Engineer thread damage requiring 
unusually large effort.



New Policy (cont’d)
• During installation

• Place leveling nuts (bottom nuts) on the anchor rods. 

• Place leveling nut washers on top of the anchor rod 
leveling nuts. 

• Place a rigid template on top of the leveling nuts to 
check the level of the nuts. If the anchor nut and washer 
cannot be brought into firm contact with the template, 
then beveled washers shall be used.



New Policy (cont’d)
• Verify that the distance between the bottom of the 

leveling nut and the top of the concrete foundation is 
no more than one anchor rod diameter.  If an upright is 
required to be back-raked, then the distance between 
the bottom of the leveling nut and the top of the 
concrete foundation should be no more than one 
anchor rod diameter, averaged over the anchor rod 
group. 

• Place the base plate and structural element to which it 
is attached.  However, do not attach to the upright 
element, during tightening of the anchor nuts, 
cantilever beams or arms with span in excess of 10 
feet.

• Place top nut washers. 



New Policy (cont’d)
• Do not use lock washers. 

• Lubricate threads and bearing surfaces of top nuts.  
Lubricant shall be beeswax, stick paraffin, or other 
approved lubricant.

• Place top nuts. If the anchor nut and washer cannot be 
brought into firm contact with the base plate, then 
beveled washers shall be used.



New Policy (cont’d)
• Tighten top nuts to snug tight. A snug-tight condition is 

defined as the washer and nut being in full contact with 
the base plate, and the application of the full effort of a 
workman on a 12-inch wrench. Turn top nuts in 
increments following a star pattern (using at least two full 
tightening cycles).



New Policy (cont’d)
• To ensure proper pretensioning, after all top nuts have been 

brought to snug-tight condition, repeat the procedure on the 
leveling nuts. Turn leveling nuts in increments following a star 
pattern (using at least two full tightening cycles).

• At this point, verify if beveled washers are required.  Beveled 
washers are necessary under the leveling nut or top nut if any 
face of the base plate has a slope greater than 1:20 and / or any 
nut can not be brought into firm contact with the base plate. 

•
• Before further nut turning, mark the reference position of the nut in 

the snug-tight condition with a suitable marking (ink or paint that is 
not water-soluble).  Mark on the corner at the intersection of two 
flats with a corresponding reference mark on the base plate at 
each nut.  After tightening, verify the nut rotation.



New Policy (cont’d)
• Achieve pretensioning by 

turn-of-nut method.  Turn the 
top nuts to 1/6 of a turn.  Do 
so in a star pattern using at 
least two full-tightening 
cycles.

• After installation, ensure that 
firm contact exists between 
the anchor rod nuts, 
washers, and base plate on 
any anchor rod installed.



New Policy (cont’d)
• For overhead sign assemblies: The span type truss or 

the cantilever truss may be placed on the uprights or 
attached to the upright at this time.  For signal support 
structures: The span wires or mast arms may be 
attached to the upright at this time. 



New Policy (cont’d)
• After a period of no less than 

4 days, and no more than 2 
weeks, and in the presence 
of the Engineer, use a 
torque wrench to verify that 
a torque at least equal to 
600 foot-pounds is provided 
on each top nut.  For 
cantilever structures, verify 
the torque after erection of 
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New Policy (cont’d)

• If any top nut torque reveals less than 600 foot-pounds 
of effort is required to move the nut, then tighten the nut 
to no less than 600 foot-pounds. 

• Calibrate, at least annually, the torque indicator on the 
wrench used for tightening the nuts.  Provide the 
Engineer a certification of such calibration.

• Because inspection or re-tightening of the leveling nuts 
would be prevented, and to reduce moisture retention 
and associated corrosion, do not place grout under the 
base plate. 



Low Strength Concrete Procedures



Class A & AA Low Cylinder Investigation

NO

Low Break

Is Break More 
Than 500 psi

Below Required
Strength?

Is Average of Last
3 Breaks Below 

The Required
Strength?

Test Report Marked ”Does
Not Meet – Accepted”

NO

Test Report 
Marked “Failure”.
Lab to notify RE,

CT, BCE  by 
Phone and Email

CT Investigates Batch
Weights, Performs 

Windsor Probe, and 
Forwards to SFCE

Is Reading More
Than 1000 psi

Below Required
Strength?

SCFE Completes
Report and 

Recommendation. 

BCE is Notified

Are Cores
Required?

Cores
Are Taken

MOE Writes 
Letter With

Recommendation

BCE Writes Letter
With Acceptance, Price
Reduction or Removal

RE Notifies
Contractor

End

YES

NO

YES

YES

NO

SCFE Removes Mix
From Approved List

YES

Time Line:
1 - Week

Time Line:
2 - Weeks

MOE   - Materials Operations Engineer
FOE    - Field Operations Engineer
SCFE  - State Field Concrete Engineer
RE      - Resident Engineer
CT      - Concrete Technician
BCE   - Bridge Construction Engineer



Class B Low Cylinder Investigation

NO

Low Break

Is Break More 
Than 850 psi

Below Required
Strength?

Is Average of Last
3 Breaks Below 

The Required
Strength?

Test Report Marked ”Does
Not Meet – Accepted”

NO

Test Report 
Marked “Failure”.
Lab to notify RE,

CT, BCE  by 
Phone and Email

CT Investigates Batch
Weights, Performs 

Windsor Probe, and 
Forwards to SFCE

SCFE Completes
Report and 

Recommendation. 

BCE Writes Letter
With Acceptance, Price
Reduction or Removal

RE Notifies
Contractor

End

YES

SCFE Removes Mix
From Approved List

YES

Time Line:
1 - Week

MOE   - Materials Operations Engineer
FOE    - Field Operations Engineer
SCFE  - State Field Concrete Engineer
RE      - Resident Engineer
CT      - Concrete Technician
BCE   - Bridge Construction Engineer



Low Strength Concrete Procedures : Precast Members

Low Break

M & T and Structure
Design Determine if 

The Member Is Structurally
Adequate

Is
The Member
Structurally 
Adequate?

M & T Rejects
The Member

M & T Stamps the Member
“Approved” and sends a 

NCR (non-conformance report)
To the RE  and BCE

BCE Writes Letter
Accepting with a 
Price Reduction

RE Notifies Contractor
Of Disposition and Makes

Price Reduction
End

YES

NO



Calculation of Cost Reduction
Need to know: Required strength

Cylinder strength
Yards of concrete

Example:

10 x 120  1-
3800
4500

2
= 344.30       Reduction due to strength

+ 1000.00 Investigative costs
$1344.30       Total reduction

1

2
3

4
5

Notes:
1. Yards of concrete - the quantity of concrete used in the entire member being cast, even

if you have other cylinders. Ex.drilled shaft (entire shaft), deck (entire deck), precast (all
members in the bed)

2.  Assumed cost of concrete - use $120/cy for all concrete
3.  Cylinder break strength - use the 28 day cylinder strength, not swiss hammer, windsor probe

or core strength
4.  Specified strength for the class of concrete used
5. Investigative costs - these costs are applied to all price reductions.  On cast-in-place concrete, 

they are $1000.  For precast concrete, the investigative costs are $350.  



This is what the notification looks like. Use the Go To button to access the sample details.



This is how a sample that needs disposition quantities and comments appears. The quantities entered in the 
Accepted, Removed, and Pay Adjusted Qty fields must total the Represented Qty. 
Any sample that is not Meets Specs requires the Disposition Quantities and a comment to be entered.
If the Sample requires a Pay Adjustment, click on the PAR button to create the skeleton record, linked to the sample.



This is how the sample appears after the Disposition quantity fields 
and comment are entered.

Use the PAR button to navigate to the PAR.
NOTE: The PAR button is not available for Inquiry users. A change 

request has been submitted for a correction of that omission.



This is how the PAR window looks when navigated to using the Sample PAR button. The 
description, quantity, percent, and Reason must be completed. Once that is done, the PAR is 
forwarded to the Bridge Construction Engineer.
NOTE: For design build projects, contact the Construction Unit to add a Penalty Line Item to the 
contract.



After the PAR is approved, it is forwarded back to the Resident Engineer and the Penalty is 
assessed by creating a Pay Factor.
Here is the General Tab after the Pay Factor has been processed on an Estimate - the PAR is 
closed automatically when the Estimate is Paid.
Notice the comment explaining out the percent was calculated.

Example calculation for C200940:  Bridge deck represented qty was 866.3 M2
Penalty was $550.00  Unit price = $200.00/M2
866.3 M2 * $200.00/M2 = $173,260.00 value of deck payment
$550.00/173,260.00 = 0.003174
100.0000 - 0.3174 = 99.6826
866.3 M2 backed out at $200.00/M2 + 866.3 M2 added in at $199.3652/M2

$173,260.00 - 172,710.07 = $549.93 penalty "Close enough for State Work"



This is how the Pay Factor Tab looks.



Establishing Grade for 
Sidewalks & Parapet Walls



Different Parapets with Sidewalks 



Sidewalk & Parapet with Three Bar Metal Rail



Sidewalk & Parapet with Two Bar Metal Rail



Sidewalk with Church/Classic Rail



Different Combinations on Plans



Establishing Grades for Parapet Walls

• Compute proposed top of deck elevation at parapet wall using the 
proposed elevations at grade point and subtracting/adding the 
superelevation (for the distance from grade point to the parapet 
wall).

• Elevation = 300.00 – (23.25’)(0.02 ft/ft) 
• Elevation = 300.00 – 0.47 = 299.53*
• Elevation for Top of Parapet Wall = Proposed top of deck elevation 

+ height of parapet wall.
• Elevation = 299.53 + 3’-2 11/16” = 299.53 + 3.22 = 302.75



Establishing Grades for Parapet Walls

• Mark the edges of the proposed parapet wall according to the plans. (Compare these 
elevations to the proposed elevations that were calculated based on construction 
elevations)

• Read the existing elevation of the top of deck at this point.
• Recommend marking the amount of “Fill” from this point to the top of the proposed 

parapet wall.
• Fill to the Top of Parapet = Top of Parapet Wall Elevation – Existing Elevation of 

Deck
• Mark the Fills for the Contractor at intervals that will provide uniform grade. Check the 

proposed “Fills” to the top of the parapet wall reinforcing steel to make sure that there 
is proper cover.



Establishing Grades for Sidewalks
• Compute top of sidewalk elevation by 

adding the plan thickness of the 
sidewalk (at the edge of parapet wall) to 
the proposed top of deck elevation.

• Example: 299.53 + 8 11/16”
• Top of Sidewalk = 299.53 + 0.72 = 

300.25
• Read the existing elevation of the top of 

deck at the edge of the parapet wall. 
Note that the previous elevation used for 
the parapet wall cannot be used due to 
the weight of the parapet wall.

• Fill to the Top of Sidewalk = Top of 
Sidewalk Elevation – Existing Elevation 
of Deck

• Mark the “Fills” for the Contractor at 
intervals that will provide uniform grade.



Grade for Cored Slab/Box Beams

• Grade for parapet walls and sidewalks cannot 
be set by measuring up from the top surface of 
the cored slab or box beam.

• Use the proposed profile grade to determine the 
grades.

• Recommend that grades be set at the mid-span 
first. This will help ensure proper cover in the 
middle of the span.

• Profile grades can then be projected along the 
edge of the span.   



Additional Things to Remember
• Bridge Construction Elevations are only provide grade point elevations at 

certain stations along the deck. Elevations along the grade point at other 
stations will have to interpolated to establish intervals that will provide 
uniform grade.

• Determine the actual elevation of the deck along the grade point and 
compare it to the proposed grade point elevations. These elevations should 
be fairly close. If not, contact your Bridge Construction Engineer.

• Look at the build ups for the exterior girders to see of the camber is close to 
the camber called for on the “Dead Load Deflection” plan sheet. This will 
also affect the “fills” for the parapet wall.

• If you have a sidewalk, pay close attention to the superelevation of the 
construction joint underneath the sidewalk. 

• If you have problems and/or questions, call your Bride Construction 
Engineer for assistance.   



Adhesive Anchoring Systems in 
Sustained Tensile-Load 

Applications

Construction Engineers Conference
March 26, 2008



I-90 Tunnel Liner Failure

• Ceiling Collapse on July 10, 2006
• One Fatality
• NTSB Report of July 10, 2007

– Probable Cause – Epoxy Anchor Adhesive 
with Poor Creep Resistance









NTSB Safety Recommendation

• 19 Safety Recommendations
• Two Specific to State DOTs
• August 3, 2007 Letter to Secretary Tippett
• Requested NCDOT Reply



Recommendations

• Prohibit use of adhesive anchors in 
sustained tensile-load overhead 
applications

• Review use & implement inspection and 
repair program







NCDOT Risk

• Utility hangers on existing structures
• Not typically installed by DOT
• Approved by encroachment agreement
• Significant time investment to inspect

– days vs. hours
– Underdeck inspection equipment
– Traffic control on grade crossings



Structure Design Actions

• New Policy (June 15) effective with 
October letting

• Two levels of testing
• Specifically prohibits adhesive bonding 

systems for overhead use



Bridge Maintenance Actions

• Initiated review of use in sustained tension 
loading (other than utility hangers)

• Requested information about any utility 
hanger failures

• Will determine extent of risk



National Efforts

• NCHRP 20-7 Problem Statement
– Development of Testing Protocols
– Developed August 15, 2007
– Funding approved
– Work Underway

• NCHRP RPS  2009 D-17
– Long Term Performance of Epoxy Adhesive 

Anchors
– Being Balloted by States



National Efforts

• FHWA Technical Advisory
– Discourage use of Fast Set Epoxy
– Discourage use of any epoxy anchor systems 

in sustained tension use
– Retrofit/Replace with mechanical system any 

Fast Set Epoxy found
– Initiate rigorous & regular inspection program



NCDOT Response

• Agree with NTSB Recommendations
• Taken action to prohibit use on new 

construction
• Initiated review of existing systems
• Add specific inspection item on “inhouse” 

Inspection Reporting forms
• Prepare technical bulletin with wide 

distribution within DOT and to utility 
owners



Impact to RE Office

• Do Not Allow Use of Epoxy Anchors in 
Sustained Tensile Loading

• Consult with Division, BCE, Design or 
others if Not Sure



Questions



PLACING LOADS ON BRIDGES















North Carolina Department of Transportation 

Materials and Tests Unit

Pipe Video Inspection Pipe Video Inspection 
and Drilled Shaft and Drilled Shaft 

InspectionInspection



Special Investigation Truck

• 24,000 GVW
• Hydraulic Power 

Pack
• Generator
• Air Compressor



Pipe Video Inspection 
Equipment

Quick View CameraQuick View Camera

–– Safe Operation from Road Safe Operation from Road 
– Access Pipes Up to 24 

Feet below Road Elevation
– Single Operator
– 75 Feet Visibility in 6-inch 

Pipe 
– 250 Feet Visibility in 60- 

inch Pipe 
– Photo/video



Pipe Video Inspection 
Equipment

– 24” Diameter Pipe 
and Larger

– Photo/Video/Audio

Pipe RoverPipe Rover

TransporterTransporter
24” Diameter Pipe 
and Larger



Applications
• Inspection of Pipe Lines

– Concrete
– Metal
– Plastic

• Inspection of Shallow Bridge 
Foundations

• Inspection of Box Culverts
• Inspection of Masonry Drainage 

Structures
• Large Utility Lines (> 6”)



Solutions

• Identify Improper Installation Practices
• Identify Structural Inadequacies
• Identify Performance Characteristics
• Identify Potential Foundation Scouring 

(Shallow Depths Only)



Inspection Requests

•• Pipe Inspection Request FormPipe Inspection Request Form
– http://www.ncdot.org/doh/operations/materials/matops/rinvestigation 

s.html

•• 
Materials and Tests Website: Materials and Tests Website: 

http://www.ncdot.org/~mtu



N o r t h  C a r o l i n a  D e p a r t m e n t  o f  T r a n s p o r t a t i o n
M a t e r i a l s  a n d  T e s t s  U n i t

R e s e a r c h  &  I n v e s t i g a t i o n s  S e c t i o n

P I P E  I N S P E C T I O N  R E Q U E S T  F O R M

D a t e
N a m e
T i t l e
T e l e p h o n e  N u m b e r
( O f f i c e )
T e l e p h o n e  N u m b e r  ( C e l l )
C o u n t y  -  D i v i s i o n
P r o j e c t  N u m b e r
P i p e  L o c a t i o n
D i r e c t i o n s  t o  M e e t i n g
P o i n t  ( P i p e  L o c a t i o n  o r
O f f i c e )
N u m b e r  o f  L i n e s  t o  b e
i n s p e c t e d  ( U s e  e x t r a  s h e e t  i f
n e c e s s a r y )

L i n e
1

L i n e
2

L i n e
3

L i n e
3

L i n e
4

L i n e
5

L i n e
6

L i n e
7

L e n g t h  o f  P i p e
( L i n e a r  F e e t  o r  M e t e r ,  S p e c i f y )

0 0 0 0 0 0 0 0 0 0 0 0

P i p e  D i a m e t e r
( I n c h e s  o r  M i l l i m e t e r ,  S p e c i f y )
T y p e  o f  P i p e
( R C P ,  C M P ,  P l a s t i c ,  S p e c i f y )
R e a s o n  f o r  I n s p e c t i o n
( b r i e f  d e s c r i p t i o n  o f  p i p e
p r o b l e m  ,  b r o k e n  d o w n  p e r
p i p e l i n e )

L i n e  1 :  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
L i n e  2 : _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
L i n e  3 : _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
L i n e  4 : _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
L i n e  5 : _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
L i n e  6 : _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
L i n e  7 : _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

N o t e s /  C o m m e n t s

I f  y o u  h a v e  q u e s t i o n s  a b o u t  t h i s  f o r m ,  p l e a s e  c o n t a c t  H e s h a m  E l - B o u l a k i  @  ( 9 1 9 )  3 2 9  4 2 2 3 ,  o
h e l - b o u l a k i @ d o t . s t a t e . n c . u s



Drilled Shaft Inspection







SHAFT INSPECTION 
REQUEST FORM

•• Shaft Inspection Request FormShaft Inspection Request Form
–– http://www.ncdot.org/doh/operations/materials/eforms.html



SHAFT INSPECTION REQUEST FORM 
 

Date Request Made  
DATE & TIME Inspection 
Requested 

 

Request By (Name)  
Title  
Telephone Numbers    
Project Contact (Name)  
Project Contact Telephone 
Numbers 

  

County - Division  
Contract Number  
Directions to Meeting Point 
(Project Location or Office) 

 

Shaft Location  Total 
Number 
of Shafts Bent #         

Number of Shafts to be 
inspected  
 

 Shaft #         
Notes/ Comments 
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 

If you have questions about this form, please contact Hesham El-Boulaki @ (919) 329 4223, or    hel-
boulaki@dot.state.nc.us 



Inspection Requests

•• Contact InformationContact Information
– Materials Operations Engineer

• Office Phone: (919) 733-7091
• Cell Phone: (919) 291-2319 
• Email:   rpace@dot.state.nc.us

– Research & Investigations Engineer
• Office Phone: (919) 733-7091      
• Cell Phone: (919) 271-0070 
• Email:   hel-boulaki@dot.state.nc.us

– Local Section Materials Specialist



Miscellaneous Items

• Technician Assessments
– Target Date of July 1 for Aggregates and 

Asphalt
– Target Date of January 2009 for Concrete

• Response Times -
– Shaft Inspections and Low Cylinders 

Investigations are our priority
• Written Documentation of Inspections and 

Investigations



March 18, 2008

MEMORANDUM TO: David B. Black , P.E.
Resident Engineer

FROM: Hesham El-Boulaki., M.C.E., P.E.
Research and Investigations Engineer

SUBJECT: Pier Inspections for: Week of March 10th - 14th, 2008
Project Contract Number: 33598.3.2
TIP Number: B-42565
Division: 9 County: Rowan

Please see the following inspection information for the subject piers:

Shaft Location/Inspection Information
Bent # 2 2 2
Pier # 1 2 3
Date of Inspection 3/10/2008 3/10/2008 3/10/2008
Inspection Finding:
Does Drilled Pier meet
Applicable NCDOT
Special Provision* ?

Yes Yes Yes

Remarks Passed the first
time

Passed the first
time

Passed the first
time

Total Number of
Piers

3

* Passing Inspection Criteria:
Pier Bottom Cleanliness must meet the Drilled Piers Special Provisions (1 & 2):
1- At least 50% of the pier bottom has material that is less than13 mm (1/2

inch) AND
2- No Area of the pier bottom has material that is more than 38 mm (1-1/2 inch)

A copy of the post-inspection form with the above findings was handed to your
project representative at the conclusion of the inspection.



* Questions

* Comments



Thank YouThank You



2008 Training



BOLTING TRAINING

• Target Audience 
• Instructor
• Scheduling
• Materials

























INSPECTOR TRAINING

• Notification
• Locations
• Topic
• Agenda
• PDH’s



First Use of CFA Piles by NCDOT

• What are CFA (Continuous Flight Augered) Piles?
• Advantages and Disadvantages of CFA Piles
• Use of CFA Piles for B-4164 Bridge Replacement
• QC for CFA Piles
• Future Uses and Advice

CEC2008 CFA Piles Chris Kreider

NCDOT - GEU



What are CFA Piles?

• CFA Piles are a type of drilled foundation in 
which the pile is drilled to its final depth in one 
continuous process. As the augers are 
withdrawn, concrete or grout is placed by 
pumping through the hollow center of the auger 
pipe to the base. The grout is placed as the 
auger is removed so the hole is never left open 
or unsupported.

• A deep foundation alternate to driven piles or 
drilled shafts.





Advantages     vs.     Disadvantages

• No casing or slurry needed
• Speedy Installation
• Reduced noise and 

vibration over driven piles
• Good dense sands, stiff 

clays, and residual soils
• Many applications – piles, 

pile supported 
embankments, noise walls, 
retaining walls, low 
headroom applications, 
signal poles, and light 
poles

• Need specialty 
subcontractor

• High mobilization cost
• Need flat dry area to drill
• Not good in very loose 

sands, very soft clays, or 
rock

• Use as bridge foundation 
needs high level of QC

• Must control drill spoils



Typical CFA Pile Sizes 
are 12-24 inches.

Typical Depths are 20 to 
50 feet deep.

Can drill as large as 40” 
and to depths of 100 
feet.

Recommend installing a 
non production 
demonstration pile prior 
to starting construction.

Cost for private jobs 
typically 12 to 18 $/ft, 
limited DOT use but 
expect higher costs. 

General CFA Info



Parker’s Millhouse Just Upstream from Bridge B-4164

Project Commitment to SHPO – “No Adverse Effect”



GEU hired consultant to do a preconstruction condition survey of millhouse

GEU provided BMU two foundation alternates for this bridge

1. Driven H-Piles with Contractor responsible for monitoring vibrations 

2. CFA Piles without Vibration Monitoring

BMU chose alternate 2

Ignore the sheet piling 
installed here to provide dry 
level area at bent 1 to install 
CFA piles.



CFA Costs for B-4164 and B-4128

• B-4164
– Demo pile @ $5,000
– 24” CFA pile @ $75/lf
– HP 12x53 @ $50/lf

• B-4128
– Demo pile @ $38,000
– 18” CFA pile @ $165/lf
– HP 10x42 @ $46/lf



B-4164 Soil Profile w/ CFA Piles Shown

EB-1

B-1 B-2

EB-2

















CFA Pile QC

• Auger Rotation Speed
• Torque
• Crowd
• Min. and Max Grout Pressure
• Grout Volume
• Grout Factor

Each of these values must be reported for each 2’ interval.

Computer controlled monitoring and recording equipment used.



Use of PIR-A computer to monitor CFA installation



Magnetic Flow Meter – new way of measuring grout volume



Old way of estimating grout 
volume by counting strokes.



Pile Installation Recorded Data



Future Uses and Advice
• Some bridges when geology and site condition are 

favorable to CFA pile use, especially when noise and 
vibration from pile driving are a major concern.

• Noise wall foundations – could become a alternative to 
shafts for noise walls. (signal pole and light pole 
foundations to a lesser extent)

• Need a dry level area to drill.
• Use of PIR resulted in high confidence that foundations 

were build to spec.
• Try to increase pile spacing to 6D.
• Consider using reinforcing cage in end bent piles in lieu 

of H-pile.
• Some CFA piles had to be redrilled because H-Piles 

could not be inserted to the bottom.
• Consider adding mobilization pay item to decouple the 

cost from linear foot cost.



Retaining walls are structures!



Typical NCDOT MSE Retaining Walls



Are these MSE Walls?



What is an MSE retaining wall?
• MSE stands for “Mechanically Stabilized Earth”
• Defined as a soil-retaining system consisting of:

– Facing Elements (segmental retaining wall 
(SRW) units, i.e., “blocks”, pre-cast concrete 
panels, fabric with wire mesh forms)

– Reinforcement (steel, geogrid, fabric)
– Backfill (stone, select materials)

• Coping (cap blocks, pre-cast or cast-in-place 
concrete)

• Temporary fabric walls and segmental retaining 
walls are different types of MSE walls



Facing Elements



Reinforcement



Why was a new MSE wall policy 
and provision needed?

• Department did not have an “official” 
policy

• Some things were undefined or unclear
• Current provision was too restrictive
• Technology in industry has changed 

significantly - quality has improved
• Consultants are using MSE walls more 

(e.g., design build, developer projects)



What does the new policy say?
• Defines “critical walls” as higher than 35 ft 

or walls supporting or adjacent to 
railroads, interstate highways and bridges

• MSE walls with SRW units are not 
allowed for critical walls

• GEU approves MSE wall systems (list on 
GEU web page)

• States procedure for how MSE wall 
systems get approved



Where is the new policy?



What does the new provision say?
• Survey existing ground elevations and 

submit a revised wall envelope
• Use an approved MSE wall system
• Includes panels and blocks for facing 

elements
• Includes steel and geogrid for 

reinforcement
• Cast-in-place coping is required for MSE 

walls with blocks



Cap Block?



What does the new provision say?
• Freeze-thaw durable blocks are required to 

meet the following:
– 5500 psi compressive strength (vs. 4000 psi)
– weight loss of each of 4 of the 5 specimens 

after 150 cycles does not exceed 1% of its 
initial weight

• Allows 2S and 2MS sand in addition to 
stone for wall backfill in some situations

• Requires electrochemical testing when 
using 2S and 2MS with steel reinforcement



What does the new provision say?
• Corrosion monitoring is required for MSE 

walls with steel reinforcement - kit and 
assistance with installation provided by M&T

• Concrete barrier rail with moment slab is 
designed by Department and incidental

• Payment is per sq ft of exposed face area
– top of wall is top of coping or concrete barrier 

rail coping
– bottom of wall where finished grade intersects 

front face



Concrete Barrier Rail 
with Moment Slab



What else is new with walls?



“Big Block” Walls



“Big Block” Walls
• Big and heavy blocks (Stone Strong block 

is 8 ft wide and 6000 lbs.)
• Some blocks have core spaces (stone fill)
• In general, no reinforcing in blocks
• Blocks require some batter (varies)
• Quick installation (1 Stone Strong block = 

24 sf = 24 SRW units), no forms or curing, 
does require equipment

• Can be significantly cheaper than short 
MSE walls or cast-in-place gravity walls



“Big Block” Walls
• Unreinforced up to about 10 ft
• Reinforced with geogrid for taller walls, MSE 

wall! (economical?)
• No MSE wall systems with big blocks currently 

approved
• Less right-of-way in some cases (batter, 

reinforcement, shoring)
• Currently working on a special provision for 

big block walls (unreinforced) and standard 
big block wall designs (alternates to standard 
gravity walls)



Stone Strong by Stay-Right Precast



Stone Strong



Redi-Rock



Questions?
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