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Dowel Basket Assemblies
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Presenter
Presentation Notes
This picture shows each component in place, including the dowel, the top and bottom wires, the legs and the shipping wire.

Anchoring the dowels into position really requires you to anchor the basket assembly and consider it’s rigidity.  It is important to understand how the dowels and the frames are put together in order to realize the importance of handling, positioning and securing them properly.



Types of Dowel Basket Assemblies

Contraction joint
Conventional
Half-width
Tapered baskets
Skewed baskets
Stepped baskets

Expansion joint
Rebar baskets

Tied joint
Hing-joint baskets Photo Credits to Dayton Superior

Presenter
Presentation Notes
As mentioned, similar to the dowels themselves, the basket frames and assemblies have many different variations. There are contraction baskets, expansion baskets, half-width baskets, tapered baskets, stepped baskets, hinge baskets and rebar baskets. 

The photos here show a few examples.  On the top is a simple frame system.  The center-right picture shows a more complex frame.  The picture on the bottom shows a frame for a small-diameter bar.

One thing to point out on these photos is how the dowels are affixed on alternating side of the basket.  This allows the joints to open and close with temperature cycles without concern to any restrain induced by the basket or frame.



Dowel Basket Assembly Variations

Design of basket
Wire gauges
Number of shipping wires
Number of dowels
Spacing of dowels
Dowel height
Leg Style

Photo Credits to Dayton Superior

Presenter
Presentation Notes
Variations on the assemblies involve just about every component, including wire thickness (or gauge), number, spacing and height and length of the dowels.  We’ve already mentioned the leg style is a variable and we’ll show different examples in a minute. 

The wire gauges is one frame detail that many DOTs specify. This includes the top wire, bottom wire, and leg wire in addition to the shipping wire gauge.  However, the number of shipping wires can vary and this has special considerations that we will discuss later.




Dowel Basket Standardization Goal

National Concrete Consortium 
goal for more than a decade.
Among other recommendations:

Basket rail wire should be:
0.306 in. min. diameter (1/0 gauge).

Loop wires should be:
“U” or “V” style.
0.243 in. min. diameter (3 gauge).

Spacer or tie wires should be:
0.177 in. dia. (7 gauge).

4 used per standard-width basket.

Among other recommendations:

0.306 in. min. diameter (1/0 gauge).

Presenter
Presentation Notes
The National Concrete Consortium has had the goal of its member states adopting baskets standards.  This work started in the mid-2000’s and has been an on-going objective.   Their recommendations are published in the “Recommendations for Standardized Dowel Load Transfer Systems for Jointed Concrete Roadway Pavements.”  Among other aspects, specific recommendations for the basket frame include: 
Basket rail wires – 1/0 gauge wire should be used;
Loop wires – should be U or V shape and 3 gauge wire should be used; and
Spacer or Tie wires – 7 gauge wire should be used with a minimum of four per standard-width basket. 

The intent of standardization is to improve efficiencies and cost of the basket assemblies, while ensuring the baskets provide the required rigidity for handling, fastening and paving.



Photo Credit to ACPA

Presenter
Presentation Notes
Here is a good example of a new half-basket assembly configuration.  In this case there are five dowels per basket that are intended to be for the wheel path areas only.  It requires two basket assemblies for each lane and you can see the care that was required to pre-mark the locations with a chalk or paint line so that the baskets can be aligned.



Types of Anchors

Pins
Stakes
Spikes
Clips

Presenter
Presentation Notes
There are four main types of anchors for dowel basket assemblies.  They include pins, stakes, spikes and clips.  They are either fastened by hand or by power hammering.  

Pins are  



Number of Anchors per Basket

Dowels affixed on alternate sides

Dowels treated 
with bond 
breaker

Dowels spaced per 
plan (12 in. typ.)

CLIPS FOR 
STABILIZED BASE 

LAYERS

STAKES FOR UNBOUND 
BASE LAYERS

Eight equal-spaced 
fasteners typical 

per 12-ft lane 
basket

Presenter
Presentation Notes
While practices vary by state requirement, contractor preference, and past experience, a minimum of eight fasteners is typically used for a basket design for a standard lane of 10 to 12 feet (3 to 3.6 meter) wide. Additional fasteners are added for baskets in widened lanes that extend past 12 ft. Regardless of the number, the fasteners should be evenly spaced with half being placed on each side of the basket. 

Unstabilized subbases may require additional fasteners to provide the necessary restraint to resist vertical and horizontal shifting. Conversely, a basket placed on a stabilized subbase may only require six fasteners as long as the trials indicate that the baskets hold fast during paving. 



• Practice varies by:
Specification requirement (sometimes)
Contractor experience
Base type

• Recommended minimums:
8 per basket (12-ft lane)
10 per basket (14-15 ft. lane)
Same number on each side

• Make Adjustments as Needed! 

Number of Anchors

Presenter
Presentation Notes
The number of anchors required to secure baskets firmly for paving varies by several factors.  Some states may specify a number of fasteners, but that is not typical.  The decision on the number of stakes needed usually is a contractor preference based on experience and the type of base.

The best practice for the minimum number of anchors per basket is 8 for a nominal 12-ft lane, and 10 per for a 14-15 ft. lane.  The same number of anchors should be used on each side of the basket. For pavements designed with mini baskets (where dowels are being placed only in the wheel paths), four fasteners is typical, with two on each side of the basket. 

It is important for the contractor to carefully watch the paving operation to determine how securely the baskets remain under the pressures of paving.  If there is any movement then the contractor should make adjustments to their process, including increasing the anchoring set-up – either the number or depth of the anchors.



• Granular Base
Most states require minimum of 12 in. (300 mm)

• Dense-Graded Stabilized Base
4 in. (100 mm) usually sufficient

• Open-Graded Stabilized Base
6 in. (150 mm) depth to hold

• Make Adjustments as Needed! 

Anchoring Depth

Presenter
Presentation Notes
Many state recommendations require stakes to penetrate at least 12 in. (300 mm) into the subgrade or subbase. However, the required depth really depends on the strength of the support layers. A dense stabilized subbase may only require a stake or power nail to be embedded 4 in. (100 mm) and a treated permeable subbase may only require 6 in. (150 mm) of embedment. If deviations are made from a standard or specification, the contractor should demonstrate and verify their method with the engineer before paving. 

If baskets are dislodged during test sections or at the beginning of a project or day of operation, the contractor should either add more fasteners or increase the embedment depth of each stake or nail until the baskets hold fast under the paving conditions. When encountering a new application or subbase material, the contractor is encouraged to consult their basket supplier for any additional fastener recommendations. 



Anchoring on Leave Side of Joint

Presenter
Presentation Notes
While basket stakes and pins are used on both sides of the basket, it is recommended to drive the pins on the leave side of the lower wire. This is illustrated in the figure in the top left. Anchoring on the leave side of the basket wire provides better assurance that the basket will not be pushed by the head of concrete in the direction of paving.

The photo on the right is an example of this practice.  In this case clips were used instead of stakes. 



Anchoring Dowel Baskets – Basket 
Stakes

Presenter
Presentation Notes
But getting back to anchoring dowel baskets. So contractors can use a variety of different dowel fasteners or anchors. The one that’s probably seen the most is basket stakes. These are also called pins or spikes. Stakes are most commonly used for securing baskets to granular materials and subgrade soils, but they can also be used with nearly all foundation materials. Here you can see a few stakes placed in an unstabilized granular subbase. 



Baskets Stake – Typical 
Dimensions

Photo Credit to Dayton Superior

Presenter
Presentation Notes
Basket stakes may seem like a relatively basic fastener.  There are some variations to consider. Probably the most critical one is the length. Stakes are typically manufactured with lengths between 6” and 21” so there is a pretty wide range to choose from.

As mentioned earlier, the choice of how long a stake needs to be really depends upon the strength of the base material.  Weaker unbound materials require longer stakes. Shorter stakes or power nails may be use in stabilized layers.  

Stake diameter is another variable, with the most common diameter being about 0.30”. The importance behind having the proper stake diameter is to ensure that the stakes are strong enough to withstand being pounded into place without bending.  

A few other things that can vary include the cross wire length and diameter, the cross wire distance from the top in addition to it’s angle. The ends can also be blunt or angled as seen in the picture of the two stakes on the right. 




Basket Stakes – Driving into Grade

Photo Credits to Hilti North America (L) and  ACPA (R)

Presenter
Presentation Notes
Basket stakes are typically driven into the support layer manually, or with an electro pneumatic or air tool. 



Basket Clips – Wrap-Around Type

Photo Credits to MnDOT (L), Hilti North America

Presenter
Presentation Notes
The other primary method of anchoring dowel baskets is by using basket clips. Clips are typically used in conjunction with stiffer foundations such as asphalt or lean concrete bases primarily because it is easier to drive a power nail into the stabilized material and the shorter fasteners are all that are usually required.  A wrap around clip, sometimes called a brick tie, can be seen in these pictures. These clips actually encompass the basket support wire. 



Basket Clips – Nail Down Type

Photo Credits to MnDOT (top L), Hilti North America (top R), and Dayton Superior

Presenter
Presentation Notes
The other main type of basket clip is the nail-down basket clip.  In these pictures we see a few examples of nail-down basket clips which actually clasp the basket wire to the roadbed.   These clips are also held in place by a power nail.



Basket Clips – Nailing into Place

Photo Credits to Hilti North America (L), Duit Construction 
Company (C), and ACPA
Photo Credits to Hilti North America (L), Duit Construction 
Company (C), and ACPA

Presenter
Presentation Notes
Basket clips are installed using pneumatic tools, like the one in the left picture, which are powered by air or compressed gas, or by powder-actuated installers. These devices can help expedite the installation significantly. 



Anchoring Best Practices

Presenter
Presentation Notes
Type, location, number, and length of anchors are typically dependent on field conditions, state requirements and contractor preferences. Some agencies have moved to requiring a quality control plan, leaving the anchoring method to the contractor, but assuring that the issue is of importance for quality assurance. 
For example, the Minnesota Department of Transportation (MnDOT) requires that baskets be fastened to the substrate surface so they do not move more than 1/4 in. (6 mm) in the vertical or horizontal direction. Contractors must be able to demonstrate that their anchoring method works at the beginning of each day (MnDOT 2016). 



Anchoring Dowel Baskets –
Installation

Presenter
Presentation Notes
Now that we know the basics of the dowel basket assemblies and the basket stakes and clips used to secure the baskets, we can go through how these are actually installed relative to the paving process. The baskets can actually be installed before paving begins, or during the paving process before the fresh concrete is discharged in front of the paver.

We can see in this picture an example of the dowels having been placed prior to paving. If you look closely, you’ll notice the basket clips attached to both the approach and leave side of the dowel baskets. The benefit to placing dowel baskets prior to paving is that it’s one less moving part during the paving process, which means less people moving around in front of the paving operation. However, the drawback to this method is that the trucks carrying the concrete can not back up on the grade in front of the paver to discharge the concrete, which means that a placer will need to be used to move the concrete from the truck to it’s place on the grade in front of the paver. 



Placer/spreader with side belt to 
receive and distribute concrete from haul trucks.  

Presenter
Presentation Notes
This picture shows a side belt placer/spreader to receive the concrete and distribute it in front of the paving machine.  This type of operation minimizes concrete pressure on the dowel baskets. 

The spreader runs ahead of the slipform paver and fairly gently distributes the concrete ahead of the slipform extrusion process.



• Basket Assembly and Stake Installation

Anchoring Dowel Baskets

Presenter
Presentation Notes
Here we can see a video of truck dumping the concrete.  The advantage is the truck can haul the concrete on the grade.. No additional haul road is required.  With this process, workers move the basket into place while the paver is progressing. This helps eliminate the need for a placer.  In some areas where there may not be a lot of extra space, this is a good option. 






• Basket Assembly and Stake Installation

Anchoring Dowel Baskets

Presenter
Presentation Notes
Once the concrete has been placed and the basket has been lined up, the staking process can start. You can see it goes pretty quickly overall. 






Basket Rigidity and Tie Wires

With well-made and properly anchored baskets:
Dowel bars should not skew, tilt or translate 

Cutting basket tie wires reduces basket rigidity.
ACPA recommends against this practice:

No proof of problems in field.
Engineering analysis indicates tie-wire welds will yield 
far before joint is restrained.  

Presenter
Presentation Notes
With proper anchoring of well-made dowel basket assemblies, dowel bars should maintain alignment and positioning through the paving process.  Of course, this is predicated on adequate basket rigidity.  Some agencies require dowel basket tie wires are cut.  Proponents of cutting the wires cite concern that the tie wires will restrain joint movement, and that with the wires in tact, dowel locating devices, such as the MIT-Scan, will not function as well.

ACPA recommends that dowel basket spacer/tie wires not be cut after basket placement and prior to paving. The wires serve to brace and stiffen the baskets during paving and help to prevent basket movement as the paver passes.  There is no proof of any joint functioning problems related to leaving the wires intact, and simple engineering analyses of pavement contraction forces indicate that tie wires sized and spaced as recommended will either yield or will fail at the welds to the basket before restraining pavement joint movements.





Basket Rigidity Important to Avoid 
Collapse

Presenter
Presentation Notes
Here we can see the dowel on the left side of the picture has shifted in the basket.  This is the first sign that the baskets may be flexing and dowels may become dislodged.  In this case the forward pressure of the paving is flexing the basket and pushing the un-welded side of the bars forward.  Depending on the degree of flexing the bars my become dislodged. 




Basket Rigidity Important to Avoid 
Collapse

Photo Credits to MnDOT (L) and ACPA

Presenter
Presentation Notes
On the left, you can see that several dowels have come loose from their position; one is tipped down and the other laying on the grade.  On the right, a similar condition developed in the basket shown.  Part of the cause in these two instances was traced to instability of the dowel baskets once shipping wires were cut.  The dowels were otherwise properly fastened to the subbase.  The first step to avoid this situation is to keep the basket tie wires intact.  In addition, there are some extra measures that can be taken to help ensure that the baskets and dowels stay put. 



Better Scan with 
Wires Cut

Erroneous Scan  
with Wires Intact
Erroneous Scan  

Basket Rigidity – Shipping Wires

Photo Credits to ACPA

Cutting tie wires to 
facilitate MIT-Scan 

measurement can be 
counterproductive.

Presenter
Presentation Notes
By “not” cutting the tie wires you may mitigate one major cause of a potential alignment issues – less stable baskets.  If the tie wires are cut to facilitate scanning the joint for dowel location with MIT-Scan equipment, then this can be counter-intuitive to maintaining basket stability for the purpose of good dowel placement.

You can see in the bottom left picture that the shipping wires were left intact.  On the picture above it, the wires were cut.   

The drawback of leaving the wires intact is that the wires cause an induction loop that can impact the imaging from an MIT Scan device. You can see on the right the quality between a scan from baskets where shipping wires were cut and where shipping wires were left intact. This happens because the shipping wires create a circuit that distorts the magnetic imaging.

Regardless of this measurement problem, cutting the wires, which is known to make the basket less stable and the dowels more prone to alignment problems, in order to facilitate measurement may be counterproductive to the end goal.  




Basket Rigidity – KY Brace

Provides additional leg
stability

Manufactured as part
of the basket frame.

Tool is used to rotate
into position. 

Provides additional leg

Presenter
Presentation Notes
Another option to add stability to dowel baskets is the KY Brace.  

The KY Brace is a specially-designed addition to a basket frame.  You can see this in the picture on the left. It starts out as if it is just a part of the basket, so the baskets can be shipped as they always are. But then, once they have been fastened in place on the grade, this device is rotated into the plane of paving to create a stand to help provide rigidity. 



Basket Rigidity – KY Brace

Presenter
Presentation Notes
Once the basket is fastened to the grade using the same recommendations as for a standard basket, workers us a tool to rotate this brace to create a stronger basket leg and additional basket rigidity. You can see in the picture on the right, that the shipping wires have been cut, but the KY Brace keeps the basket upright, and in place.

Using the KY Brace, shipping wires may be cut to facilitate the MIT Scan, without sacrificing dowel basket stability and risking basket collapse and loose dowels. 
 



Dowel Bar Insertion

Presenter
Presentation Notes
With dowel bar insertion or DBI, dowels are placed mechanically into the freshly placed concrete that has been extruded by the paver. Inserters press the dowels into position, vibrating them during the process to promote encasement.  The inserter equipment also vibrates as it is pulled out of the concrete to ensure the material consolidates in the region over the dowels.  

The key to placing and keeping inserted bars in proper alignment is the concrete mixture.  The mixture must be stiff enough to support the bars without them settling or moving, and must be workable enough to close over the bars and encase the dowel fully after insertion.  This principle is also important in basket placement, because concrete with a workable (“paveable”) mixture will typically neither place as much pressure on the baskets, nor segregate during placement as can happen with less workable mixtures.  However, because baskets can more firmly secure dowels into position, the mixture properties are just a little less important in a paving operation with baskets compared to one with dowel insertion equipment.



Smoothness Considerations with 
Dowel Bar Insertion 

 DBI does not introduce embedded basket.
 But… inserted dowels do displace concrete upon insertion. 
 The key to controlling dowel position and preventing bumps is the 

concrete mixture.
 Well-graded mixtures provide reliable and excellent results:

o Accuracy.
o Less indentation at surface.

 Gap-graded mixtures are prone to: 

o Dowel mislocation, translation, skewing.
o Deeper indentations at surface.
o Bumps or dips from displaced material.



Calibration of the machine for the configuration:
Insertion depth for pavement thickness and cross-slope

Hydraulic system

Crane for lifting and loading dowel bundles

Vibrator set-up:
Height about at level of the vibrator support pipe or beam, or  midlevel of the 
auger/plow

Capacity of the electrical & hydraulic systems.
Repeating bumps have been traced to surges in these systems.

Additional Paver Set-Up with Dowel 
Bar Insertion

slope

Presenter
Presentation Notes
It is a best practice, to maintain paving quality, to check the paving pan and mast elevations when setting up a machine for a new project and if:

-- you move the paver to a new location on site.
-- You change the paver pan width.
-- or you change mast heights or swap prisms or other on-board instruments.





Remember: Forks that push dowels into concrete
do scar the surface.  Scarring is addressed by a 
secondary process, including the paving pan.    



For smoothness, it is best to follow insertion with a screed and 
paving pan to shape the surface and repair scarring.    



Best Practice: A basketball-sized roll in front of the correcting beam will address 
insertion scars and is a good indication the operation is well-tuned to the 
concrete.  Slope sensors on pan allow for adjustments.   



DOWEL 
PLACEMENT 
ISSUES

DOWEL 
PLACEMENT 
ISSUES



Reinforcement Ripple Over 
Embedded Steel

Slight Bump OverSlight Bump Over
Embedded Dowel Embedded Dowel 

or Other or Other 
Reinforcing Bars

or Other or Other 
Reinforcing Bars

 Improper positioning of vibrators on paving machine.
 Malfunctioning or operating frequency of vibrator(s).
 Risk is greater on thinner pavements.

Presenter
Presentation Notes
Reinforcement ripple occurs when vibration equipment touches the mesh, dowels or other reinforcement, or there is too much pressure applied over dowel baskets during the paving process (as a slipform machine travels over the area.  The result is a ripple in the surface, with the surface slightly lower over each bar than between bars.



Lack of Consolidation Over Dowel 
Basket

Slight Dip OverSlight Dip Over
Embedded Embedded 

Dowel Basket 

 Improper positioning of vibrators on paving machine.
 Malfunctioning or operating frequency of vibrator(s).
 Risk is greater on thicker pavements.

Presenter
Presentation Notes
Lack of consolidation within the basket area will cause a rough surface because concrete will not be uniform in density and may settle.



Spring Back of Dowel Baskets

 Cutting shipping wires can increase risk of spring-back.
 Risk is greater on thinner pavements.

Paving Pan Exerting Pressure

Bump

Presenter
Presentation Notes
Spring back is another extrusion pressure problem with the basket assemblies for dowels.  This occurs when the basket assembly rebounds after the paving machine pan completely passes over the basket assembly and extrusion pressure is released.  The result is a slight hump in the surface ahead of the basket assembly.



Damming from Embedded Steel

Bump on front  side of basket

 Risk is greater on downhill paving.
 Risk is greater on slopes greater than about 4%.

Presenter
Presentation Notes
Damming occurs when a basket assembly of other transverse steel, such as for continuously reinforced pavement, acts as a dam on the grade,  Generally this occurs when paving down steep grades or on lesser grades with a low friction subbase surface.  The result is valence in the concrete surface in the form of humps over the basket or transverse steel.



It may be difficult to consolidate the concrete around
bars that are too close to the pavement edge.



Misalignment



Finishing and Consolidation



IMPORTANCE OF 
LOCATION AND 
ALIGNMENT

Presenter
Presentation Notes
This brings us to the consideration of location and alignment of the dowels to optimize their effectiveness.



Dowel Alignment

Presenter
Presentation Notes
These diagrams show two important aspects of aligning dowels.  Horizontal skew is shown on the left and is a qualification of how well a dowel aligns with the edge of the pavement.  Each dowel should be parallel to the edge of the pavement and/or a nearby longitudinal joint within a reasonable tolerance.  Vertical tilt is shown on the right.  It is a qualification of how well a dowel aligns with the base or surface of the pavement.   Some skew or tilt of dowel bars is acceptable without affecting slab or pavement performance, however contractors should attempt to place and secure dowels as close to parallel with the planes of the pavement as possible.  

It is important to mention that some skew or tilt of dowel bars is to be expected during construction.  There is no perfection in the heavy construction environment; tolerances are applied to help guide the contractor to what is expected.  Engineers should be careful not to make the alignment tolerances too tight or they may impact the cost of the pavement unnecessarily as contractors account for additional risk in their bids. 





Dowels & Dowel Alignment

Typical dowel bar 
installation results 
in a combination 
of skew, tilt and 
translation of 
some bars.
The key is 
keeping the bars 
within reasonable 
tolerances. 

Typical dowel bar 
installation results 

Presenter
Presentation Notes
It is important to bear in mind that a typical dowel installation results in a combination of skew, tilt and translations on any given bar.  This is OK and to be expected.  The key is keeping the bars within reasonable tolerances.   This picture on the right shows exposed dowel bars after the concrete around them was chipped away.  The exposed bars are not in perfect alignment or orientation in this example.  (CLIK FOR ANIMATION) We have highlighted this to make it easier to see. 




Photo Credit to ACPA

Presenter
Presentation Notes
Similarly, this picture shows the positioning of an exposed dowel bar vertically within the slab.  Position tolerances for basket placement should be measured with respect to the base or grade and not from the surface, since as we mentioned a moment ago the dowel baskets on any project are selected and approved for use with respect to the detail drawings.  Since during construction pavement thickness varies along the grade within appropriate tolerances, the intended vertical location is defined by the basket dimensions.   It is commonly viewed now that from an engineering standpoint the dowels placed within about the middle third of the slab thickness will provide similar level of joint performance.  It is when bars translate out of this range that problems may develop.

Another important thing to point out with this picture is how well the dowel was encased by the concrete.  Dowel baskets and the dowels themselves introduce a disruption to the extrusion process in a slipform paving.  It is important that the mixture, vibration and consolidation allow for the concrete to fully encase the dowels.



Dowels & Dowel Alignment

Dowel bar imaging has 
provided a method to detect 
bar location and alignment 
without damaging the slab

Presenter
Presentation Notes
New dowel bar imaging equipment has become available and more reliable in recent years.  These tools provide a method to detect bar location and alignment without damaging slabs.  This has led to further interest in anchoring methods for dowel baskets and placement by dowel insertion.  The equipment shown on the right uses GPR detection sensors and the equipment on the right shows magnetic tomography. 




Dowels & Dowel Alignment

MIT Scan2 B
MIT-DOWEL-SCANSCAN

Photo Credits to KSE Testing Equipment

Presenter
Presentation Notes
Magnetic tomography for locating dowels is becoming more widespread.  The MIT Scan2 equipment consists of a compact rail-guided measuring device.  The sensors are contained in the case, which slides over the joint on a glass fiber reinforced plastic rail system.  The rails are positioned to center the unit over the joint and then the unit containing the sensors is simply pulled along rails while measuring.




Dowels & Dowel Alignment

MIT-SCAN2 typical 
output provides:

Graphical 
presentations
Numerical data

Each bar included.

Easy to interpret.
Photo Credits to KSE Testing Equipment

Presenter
Presentation Notes
The typical output generated by the equipment provides both a graphical and numerical presentation of the results.  It is important to remember that the results are relative to where the rail system is placed over the joint.  Each bar is included for each joint and the results are relatively easy to interpret.




Dowels & Dowel Alignment

Scan from typical joint 
showing bars in good 

position

Scan from joint 
indicating an 

anchoring Issue

Photo Credits to KSE Testing Equipment

Presenter
Presentation Notes
Here we see some examples.  The top scan shows a typical joint with the bars in relatively good position.  The darker the scan indicates a stronger reading from the dowel.  The more uniform the color readings are the more uniform the placement is from dowel to dowel. 

The bottom scan shows a joint where the bars are not consistent indicating a possible horizontal translation of the bars and an anchoring or positioning issue.




Dowels & Dowel Alignment

Scan from joint with 
missing dowel bars

Scan from joint 
where the basket 
opened & dowels 

tilted

Photo Credits to KSE Testing Equipment

Presenter
Presentation Notes
The top scan here shows a joint with missing dowel bars.  Only three bars are seen on the left side of the chart.  On the bottom you can see that five bars on the right side of the graph are not uniform in depth.  This indicates the basket may have opened and the bars were dislodged and tilted down on one end or the other.



Dowels & Dowel Alignment

Imaging tools 
can help 
identify 
fastening 
problems 
before 
significant 
problems 
arise

Photo Credit to Kentucky Transportation Center

Presenter
Presentation Notes
Dowel bar imaging devices are a very helpful quality control tool for the contractor.  They can help to identify fastening problems before they become systematic problems on a job.  A basket dislodged as shown from the scanning of the joint in this photo will not provide the load transfer intended at the joint.  

Even when the scanning equipment is not specified, it is a best practice for contractors to monitor their operations for dowel basket placement and fastening.  Scanning several joints at the beginning of a project and randomly throughout is considered a minimum best practice today.  




Dowels & Dowel Alignment

Dowel too close to surface

Dowels tipped and too 
close to surface

Presenter
Presentation Notes
The consequences of misaligned dowels can be difficult to pinpoint.  It often takes an extreme misalignment, translation or tilt to cause a localized distress.  On the left you can see a dowel that ended up too close to the surface and askew, causing a localized spall.  On the right the spalling at the surface at each bar location was caused when the bars dislodged from their basket and tilted severely.  The concrete spalled over the ends of the bars where their was inadequate concrete cover.   



Dowels & Dowel Alignment

Dowel too close to corner.

Dowel tipped 
and too close to 
surface

Presenter
Presentation Notes
Here are two more examples.  On the left you can see a dowel that was very close to a corner and was impacted by the tie bar placement operation.  The dowel position was clearly impacted by the tie bar.  Although the picture does not allow us to tell if a pavement problem arose in this location, such circumstances are to be avoided by keeping tie bars about a foot way from dowel bars.  Engineers and contractors should review the design details and construction operations to make adjustments where needed.  A foot of clearance between bars is recommended.

On the right we see another case of spalling at the surface from a bar that tilted severely. 



Joint Score for a section in GA
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Presenter
Presentation Notes
Here is an example of joint score data for a test project site in Georgia. Again, the joint score is a value that tries to apply a number to the dowel alignment/misalignment at each joint. So the lower the joint score, the better the alignment is. In this case the scores range from 15 to 50, which are quite high.

Some states and industry have been looking at putting thresholds on the Joints Score to try to ensure proper dowel alignment. From this data, this section in Georgia appears to have extremely high joint scores indicative of poor alignment. This might lead one to believe that this pavement is in poor condition or on a premature path to failure. 



3030-30-yr old pavement section with extremely poor yr old pavement section with extremely poor 
dowel alignment 
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Presentation Notes
This is what the section looks like.  The pavement was 30 years old when researchers took this picture and calculated the joint scores plotted on the previous bar graph.  And while the section looked and performed well, it scored very poorly.  The main degradation was some loss of load transfer and minor faulting at the joints. 

The point here is that individual or groups of dowels do not have to be in perfect alignment for a pavement to perform well.   And.. more than likely it takes severe misalignment to cause a localized visible pavement distress like we saw in some of the previous pictures.

In the end does this mean it is not important to properly place and secure dowel baskets?  Of course not!  It is simply to point out the complexity of this situation and to underscore that it really only takes a reasonable effort of the paving contractor to properly place and secure dowel baskets, and the owner/agency to develop reasonable specifications and joint details in order to have a quality outcome. 



Reference 

http://www.fhwa.dot.gov/pavement/concrete/pubs/hif16021.pdf
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There are numerous good resources for background information on the importance of dowelled joints, dowel alignment requirements and dowel anchoring methods.  This (new) FHWA Tech brief “Dowel Basket Anchoring Methods” provides an overview of this topic and lists background references.  You can find the FHWA Tech Brief from the link shown.   At the end of the presentation we have other helpful resources.



Additional Resources

www.cptechcenter.orgwww.cptechcenter.orgwww.cptechcenter.orgwww.cptechcenter.org
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The CP Tech Center and National Concrete Consortium prepared two documents that we believe you will find of interest and relation to this topic.  The Guide to Load Transfer Systems for Jointed Concrete Roadway Pavements provides a thorough review of dowelling systems.  

The publication, Recommendations for Standardized Dowel Load Transfer Systems for Jointed Concrete Roadway Pavements presents recommendations to  standardize some of the variables related to dowel and dowel assembly choices.  It covers such items as:
	
Dowels do not need to be at the precise mid-depth of the slab, but rather in the middle third of the slab.
Dowels at construction joints can be shorter (15 inches) than dowels at contraction joints where there is less construction control and a larger placement tolerance is important.
Dowel coating thicknesses requirements for corrosion resistance.

Standardization will help to eliminate variables that must be accounted for, making reaching the goal of placing and fastening dowels so they are adequately aligned and located within tolerances an easier task for the contractor.
.

These documents can be found from the link: www.cptechcenter.org




Additional Resources

www.acpa.org
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The American Concrete Pavement Association has also prepared several field references guides for concrete paving that are also useful resources for this topic.  The Pre-Paving Field Reference provides a good discussion of joint layout and set-up issues, including locating dowels.  The Paving Field Reference discusses important issues for the paving and jointing operations.

These documents can be found from the link: www.acpa.org





Thank You!
Questions? Feedback?

Main Website | acpa.org
Concrete Wiki | wikipave.org

App Library | apps.acpa.org
Pavement Design | PavementDesigner.org

Desktop Software | software.acpa.org
Resources | resources.acpa.org

On-Demand Training | ondemand.acpa.org
Live Online Training | webinars.acpa.org

Your Local Contact | local.acpa.org

Main Website | acpa.org
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