
11/30/2017

1

Concrete Pavement Repair In Minnesota:
Let’s Learn from Each Other

Gordon “Gordy” Bruhn

MnDOT Concrete Engineering Unit

Minnesota Concrete Council

November 30th, 2017

Gordon “Gordy” BruhnGordon “Gordy” BruhnGordon “Gordy” BruhnGordon “Gordy” Bruhn

Senior Concrete Rehabilitation SpecialistSenior Concrete Rehabilitation SpecialistSenior Concrete Rehabilitation SpecialistSenior Concrete Rehabilitation Specialist

gordon.bruhn@state.mn.usgordon.bruhn@state.mn.usgordon.bruhn@state.mn.usgordon.bruhn@state.mn.us

Office)  651Office)  651Office)  651Office)  651----366366366366----5523552355235523

Concrete Pavement Rehabilitation (CPR) Website

www.dot.state.mn.us/materials/concretepavement.html
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� Type A Repairs, Joint and Crack Sealing 

� Type B Repairs, Partial Depth Repairs (PDR’s)

� Type C Repairs, Full Depth Repairs (FDR’s)

� Dowel Bar Retrofits (DBR’s) 

� Concrete Grinding (Surface Planning for Ride and Friction)

MnDOT Repair Details

Concrete Pavement Rehab Website
www.dot.state.mn.us/materials/concretepavementrehabilitation.html

Determine if PDR’s are a Feasible Repair
Need to do Your Homework!

• Partial Depth Repairs perform best when used correctly…
• Meaning, PDR’s should remain (mostly) partial depth. 
• Take Cores to determine extent (depth) of deterioration  
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Stay away from pavements with Alkali-Silica Reactivity 
(ASR) or have Expansive Aggregates 

(D-cracked pavements)

DDDD----cracked pavementcracked pavementcracked pavementcracked pavement

Some Roadways Are Too Far Gone

Compromised Air Entrainment System

Coring the Project is ESSENTIAL. 
PDR’s work well when placed on solid concrete. 

Typical Minnesota Bottom up Deterioration 

When in Doubt, Take it Out!
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� Consider traffic/amount of truck traffic, 

� Life expectancy…How long do you want it to last? 

� Remember, Full Depth Repairs are the “Gold Standard”

� Location of the repairs…A PDR’s isolated in the wheel path 
will not last as long.   

Preparing a CPR Project?

The Good The Bad

You Never Know What Lies Below
Little Late to Take Cores Now

The Ugly

Could have done a FDR for less cost

You Never Know What Lies Below

I-394 Bit Overlaid Twice
Core Shows Underlying
Pavement was Solid
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North St. Paul, MN

‣ Partial Depth Repair Type BA (ft²)

‣ Partial Depth Repair Type B3 (lineal foot)

‣ Partial Depth Repair Special Type BE (ft²)

Partial Depth Repair (Type BA & B3)

15
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Contract Admin Chains & Marks Repair Areas

All Required Work is Combined 
Into a Single Pay Item,  Including…

Concrete RemovalConcrete RemovalConcrete RemovalConcrete Removal

Use of  ≤ 35 pound 
chipping hammers

for removal

Milling is not required, 
Contractors use mills to 

speed up removals process

Minimum Depth of 2 Inches
Taper Edges 30° to 60° from Vertical

≤ 35 lbs.
jackhammer
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Tie Steel Placed Across Contraction Joint 

� Cut and remove steel and dowel barsCut and remove steel and dowel barsCut and remove steel and dowel barsCut and remove steel and dowel bars

NOTE: cross-sectional diameter loss of dowel bar

• Check removal by sounding 

with hammer 

• If unsound concrete is 

found, remove with a small 

≤ 35# chipping hammer

Before Proceeding, Inspect! 

Remove Reinforcing Steel

Install Compression Relief Material

Cut Dowel to allow full depth Bit Fiber Install

Separate the repair from the adjacent lane
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Point Bearing

Expansion Expansion

Joint Closure Debonding

Pop-outs & Breakage

Transverse Contraction joint

Once the Inspections gig’s have been corrected,  
Sandblast the Partial Depth Repairs

If PDR is rained on prior to concrete backfilling,

Contractor is required to redo the sandblasting

Partial Depth Repair Special (Type BE)

� Pays for the lower half of 

repair, If…

� 8’’ long by #4 rebars are 

drill & grouted

� Paid in conjunction with 

Types BA/B3 PDR item

� Limit projection into driving 

lane to 12 inches. 

� Min. payment is 1 ft²
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PDR “Special” (Type BE)

• Spot full depth removal • Drill and grout 8’’ rebar(s)

• Measured Ft² at surface for Type BA payment 

• Also measured at mid-depth for Type BE payment 

Cracked PDR “Special” (Type BE) 

Reflective Crack at 
Thickness Differential

#4 epoxy coated rebar 8’’ long,
w/4’’ drilled & grouted

This is not the intent of a BE repair 

Take Cores!
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Changing a Partial Depth Repair to a Full Depth Repair

Pay 40% of PDR

and
Pay 100% of FDR

Reestablish “Joint” with

Wax Coated Cardboard

Duct Tape Placement on  Dowel Bars 

Dowel Bar Bond Breaker
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Final Blowing of Debris with Leaf Blower

� Small Aggregate 100% 
passing 3/8” sieve 

� 850 lbs Type I Cement 

� 6.5% - liquid air 

� Maximum 1 inch slump

� Cure times down to as 

little as 12 hours

Partial Depth MnDOT Mix-3U18

� Ready Mix is NOT Allowed
Mobile Mixers

Bag Mix

3000#

Bulk Bag Mix

Apply Bonding Grout 
Just Prior to Concrete Backfill 

Do Not Allow Grout to Dry. 
If Grout Whitens, Re-Sandblast 
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Reestablishing Longitudinal Crack 

Use wax coated cardboard to
reestablish longitudinal crack 

Vibrate 3U18 Concrete

Finishing Tip
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Thick layer of Grout along outside Edges

� Not an edge sealer, 

� Due to 30˚-60˚ tapered 
edges, Use as a sacrificial 
coating of grout around 
perimeter of repair. 

� Same grout as bonding 
grout

Curing must take place within 10 minutes 
of final finishing…

Dowel Bar Retrofits

Curing Compounds
Alpha-Methyl-styrene or Linseed oil  ONLY
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Finally… 

Saw & Hot Pour Seal Repairs 

Saw & Sealing is Incidental,
Within the Limits of the Repair

CONCRETE PAVEMENT REHAB

Knowledge Book by Gordon BRUHN

State of Minnesota, 2017
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HOW TO READ THIS BOOK ?

?
Clickable object. Click to access 

more information.

Beware :

important information !

Text Clickable text. Click to access more 

information.

Concept

Available document

Task

General Comment

Highlight

Movie

This Knowledge Book must be displayed in Slide Show mode for 

the links to be activated.

The Book uses Power Point Software and is Interactive 

TABLE OF CONTENT

• Composition of concrete

• Concrete pavement fundamentals

• Material durability Issues 

• Preliminary phase

• The different types of cracks

• Chaining

• Hammering

• Coring

• All the different repairs

• Partial Depth Repairs

• Failed Partial Depth Repairs

• A Repairs

• Paying Full Depth Repairs

• Warranty

• Traffic Management

• Plans

• Milestones

• Additional Notes from the Author

ESSENTIAL INFORMATION HOW TO PREPARE A PROJECT

PERIPHERAL INFORMATIONHOW TO CARRY OUT THE REPAIRS

Sinking  Full Depth Pavement  Repairs
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PRELIMINARY PHASE – FAULTING – SOCKETED VOIDS AROUND DOWEL BARS

46

A FDR CD + CX is the only solution to Re-establish the load transfer, provided that there is no severe material durability issue.

PLAN VIEW

• The core must be taken 

on the in-place 

concrete.

• The adhesive coverage of 

the Dowel bar was not 

complete at the time of 

the Rehab.

• It resulted in the 

socketing of the Dowel 

bar and thus causing 

faulting of the FDR.

Gang Drill…Bit size at least 1/8th

Greater then Dowel Diameter

11/30/2017 Optional Tagline Goes Here | mndot.gov/ 47

Compressed Air Cleaning
150 psi minimum

11/30/2017 Optional Tagline Goes Here | mndot.gov/ 48
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Menards Grout Bag

11/30/2017 Optional Tagline Goes Here | mndot.gov/ 49

FULL DEPTH REPAIR – HOW TO CARRY OUT A FDR CD-HV REPAIR

50

Contractors are not allowed to simply dip the Dowel bars into grout / epoxy before inserting them in the holes; this would result in the

faulting of the FDRs (insufficient coverage of the Dowel bars).

Beware that the holes must be cleaned with compressed air before injecting the grout in them.

Place Dowel bars

Place the Dowel barsDrill 1 hole every feet

Sequential tasks

Parallel tasks

Condition

• The Dowel bars must be drilled in parallel to the top with a 

tolerance of +/- 1/4”. 

• There is generally no parallelism issue because the Contractors 

are using Gang Drills which are sitting on the pavement however 

it must be remembered that these machines are only reliable 

when they have been correctly set up. For this reason, it is 

generally at the beginning of the day or at the beginning of a 

project that we encounter this sort of issue.

• The Contractor can correct the parallelism by bending the Dowel 

bars with a 5lbs. hammer. It is more problematic if they are 

oriented towards the ground because it is impossible to hit them 

from below. In this case we just pull them out. It is better to miss 

one Dowel bar than to have it locking up the joint.

• Each hole must be 1/8” larger in diameter than the Dowel bars.

• The Dowel bars must be placed as follows :

• If no grout is expelled when we push the Dowel bar inside the hole, it means that there is not enough 

grout.

• Instead of a retention disk, the Contractor may apply a bond breaker on the expelled grout / epoxy.

• Once the Dowel bars are installed and prior to placing the concrete we must cover them with oil.

Gang Drill

These machines can drill 3 or 4 

holes at the same time.

1 2 3

• Inject grout to the back 

of the hole.

• Twist the Dowel bar 

while pushing it into 

the hole.

• Place grout retention 

disk to hold grout 

(optional).

See the list of the approved grouts / epoxy resins for more information.

• The Contractors are supposed to use a specific oil 

but we have seen some of them using grease 

instead and it works as well.

FULL DEPTH REPAIR – HOW TO CARRY OUT A FDR CD-LV REPAIR

51

Longitudinal FDR CD-LV are exactly identical to longitudinal FDR CD-HV.

Transverse FDR CD-LV differ from FDR CD-HV only by the number of Dowel bars and their position.

Refer to FDR CD-HV for more information.

How to carry out a FDR CD-LV repair ? 

Check conditions and 

placement
Remove concrete Place Dowel bars

Saw and seal the 

joints

1 2 3 5

Furnish and place 

concrete

4

• This repair can be used to fix:

o Transverse and longitudinal joints.

o Transverse and longitudinal cracks.

• This repair is relatively easy to carry out, 

however it is highly critical to carefully observe 

the environment in order to:

o Match joints and cracks on the adjacent 

lane(s).

o Avoid generating fragile spots because of 

over sawing.

o Design the cheapest configuration by 

possibly merging several FDRs.

CONDITIONS

Sequential tasks

Parallel tasks

Condition

Dowel bar

Tie bar

Steel bar

Bit fiber

Wax Coated Cardboard

PLACEMENT

• Number of Dowel bars required 

(transverse FDR) :

2 x 6 = 12
• Dowel bars :

Length = 18” ; Ø = 1”

4 ft.

1.5 ft.

2 ft. (1 ft. spacing)

5 ft.

Center line

• ALWAYS place the 

Dowel bars relatively to 

the center line.

PLAN VIEW – TRANSVERSE FDRs

2 ft. (1 ft. spacing)



11/30/2017

18

FULL DEPTH REPAIR – HOW TO CARRY OUT A FDR CD-HV REPAIR

52

The placement of the compression relief material is critical.

Place concrete

Place the concrete
Place compression 

relief material

Sequential tasks

Parallel tasks

Condition

• Contractors must install 2 reinforcing steel 

bars on each FDR CD.

• These bars must have the length of the 

repair and be positioned 3 inches from the 

Dowel / Tie bars at mid depth.

Place reinforcing 
bars

PLAN VIEW – TRANSVERSE FDRs

PLAN VIEW – LONGITUDINAL FDR

Bit fiber

Wax Coated Cardboard

Do the finishing

?

• The steel bars will be placed when the level of concrete will 

have reached mid depth.

• Avoid excessive shoveling when placing the concrete.

Placing compression relief material

FULL DEPTH REPAIR – HOW TO CARRY OUT A FDR CD-HV REPAIR
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Beware that the finishing is not only about cosmetic; the combination of sharp edges with bad curing can result in accelerated spalling,

for example.

Do the finishing

Radius the 
edges

Vibrate the 
concrete

Sequential tasks

Parallel tasks

Condition

Smoothen the 
surface

Cure

See the list of the approved 

curing materials for more 

information.

• The concrete needs to be 

uniformly vibrated.

• Vertical penetrations

of the vibrator are required.

• Do NOT drag the vibrators.

• The curing compound needs 

to be evenly applied.

• To this end, using a pigment 

is helpful to visualize the 

coverage.

• Many Contractors use Roller 

Screeds to flatten out and to 

smoothen the surface of the 

concrete.

• Concrete tends to chip at square 

corners, so it is important to 

slightly radius the poured edge at 

the corners (we use a radiusing 

tool); later on the Contractor will 

saw the joint for sealing. Usually, 

the poured concrete is a bit 

higher than the in-place concrete 

if a grinding operation is 

scheduled afterward (otherwise 

it should be as smooth as 

possible).

Concrete Diamond Grinding
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Concrete Diamond Grinding

Concrete Diamond Grinding

Repair Warranty 

• Repair any areas of failure within thirty (30) 

calendar days at no cost to the department. 

• The 30 calendar day warranty commences 

after all Type B, Type C, Dowel Bar Retrofits 

repair and Concrete Grinding (if required) are 

completed in a single traffic lane.  

• Not just a visual check, check the bond to the 

in place pavement by chaining the PDR’s. 
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Failed Partial Depth Repair?

�More In Place 
Pavement Needed to 
be Removed

�Agency should have 
done a better check!

�On CPR Projects… 

You don’t get what you 
expect, you get what 
you inspect.  

Ultra High Early Concrete Mixes
Seem to be predisposed to cracking

Shrinkage Cracks are Considered to be Failed Repairs

Shrinkage Crack



11/30/2017

21

Thank You
Questions?

I-35 Duluth, MN


