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Presenter
Presentation Notes
Aggregate road stabilization, using a solid form of calcium chloride, to provide better road surface performance through improved ride, less gravel loss, and reduced dust.

Joint partnership of 341st Missile Wing (20th AF) based at Malmstrom Air Force Base, Great Falls, MT, and FHWA/WFLHD based in Vancouver, WA.

The missile base roads have been long established and graveled as a part of the DAR.





 
What is calcium chloride 
Forms of calcium chloride 
Methods and benefits of calcium chloride 

stabilization 
WFL history with calcium chloride 
Key Components 

 
 

 
 

 

Presenter
Presentation Notes
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A salt that draws moisture from the air. 
Liquid or Solid 
Liquid has lower concentration rates 

(<40%) 
Solid has higher concentration rates 

(>90%) 
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Calcium Chloride is extracted from the ground, approximately ½ a mile below ground.
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• Purpose 

• Reduce dust 
• Reduce rock resource depletion 
• Reduce costs (less blading & rock replacement) 

 • Annual Dust Treatments 
Aggregate 

Subgrade 

• Heavy Stabilization Treatment 
Aggregate 

Subgrade 

Heavy “Mixed In-Place”  
Treatment 

Annual Dust Treatments 
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Presentation Notes
Standard practice had been to produce/place surfacing aggregate with plasticity ranging from 7 – 13, to provide binder to the aggregate.  Problem is that this approach is more short-lived in dry climates (central MT) – the PI is constantly worn away, resulting in dusting and aggregate loss.

PI may be expensive to import.

So, if dry climate is a problem, counter that with a “water loving” (hygroscopic) substance, such as calcium chloride (CaCl2).  The calcium chloride pulls in water even at low humidity levels, thereby continually re-charging on a daily basis, keeping the aggregate water-bound.

We worked with Steve Monlux, PE (USDA FS Retired) – who has years of experience and field research with dust abatement and stabilization products to initiate test sections and monitoring.



Tucannon River Road Surfacing Performance 2003-2004
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Average Vehicle Speed: Treated = 37 mph, Untreated = 31 mph

Data from USFS Study Copyright Monlux and Mitchell 2006  



  
  Test Sections – 2008 & 2009 

 
 Trial Contract - 2009 
  
 Implementation – 2010 & 2011 

 
 Expanded Use – 2012 and 2014 
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Typical engineering – test, review and implement.



2008 – 3 sections of 650 ft length; CaCL2 rates 
from 1.7 - 2.7% added to in-situ aggregate @ 
4” depth 
 

 

Presenter
Presentation Notes
Initial test sections constructed in 2008.  From previous work done by USFS, it has been generally understood that “typical” treatment rates would be from 1% to 2% of calcium chloride added by weight of aggregate at 95% of a proctor (T 180).

These test sections were constructed with higher than standard rates to determine if the upper end of the concentrations would result in better/longer performance.

CaCL2 in the dry form (pellets of 94% purity) used.  Brine applications are not feasible for the depth of treatment required – the volume of water required to carry the salt is a logistic problem, and would also push the MC well beyond optimum.




2009 – 2 segments of one mile length; CaCL2 rate 
of 2% added to in-situ aggregate @ 3” depth.  

Presenter
Presentation Notes
Second series of test sections constructed in 2009, treating aggregate that had been placed three years earlier.





2009 – 12 miles/4 routes; CaCL2 rate of 2% mixed 
into imported (new) surface aggregate. 

Presenter
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In addition, awarded one contract with several large “trial” segments with CaCL2 treated aggregate surfacing as a part of the overall contract package.

Pictures are from a segment under this contract that were reviewed two years later, in 2011.  Note road crown still in good shape, little loose aggregate along shoulders, very tight top.  Excellent performance.




2010 & 2011 – 55 miles/11 routes; CaCL2 rate of 
2.7% mixed into new surface aggregate. 
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Full speed ahead!  

Placing new crushed aggregate – will be spread to shape and CaCL2 added, target rate of 2.7% by weight of aggregate.
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Broadcast application of CaCL2

Test panels used to establish the yield.  Target rate of CaCL2 was 2.7% by weight of aggregate.  

95% of the maximum dry density (T 180) of the aggregate was 135 lb/ft3.  For a four-inch depth compacted layer, the required amount (mass) of CaCL2 for one square yard is 11 lbs.

The spreader truck is very accurate; rates can be controlled to within 0.1%. 
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CaCL2 spread ahead of rotary mixing.

Rotary mixing head mounted on Deere grader.  Rotary mixing should be required vs. blade (road mixing) to ensure complete, uniform blending throughout the aggregate layer.

On this project, water was not injected at the mixing head – although this machine is capable.  For best control and highest success, recommend adding water at the rotary head in order to achieve the best results.




Presenter
Presentation Notes
CaCL2 mixed full depth

CaCL2 pellets – will begin hydrating immediately.  Note hand cast of aggregate – material is at optimum.  Would have been better to be slightly drier, as the CaCL2 pulls in a tremendous amount of water.

Calcium chloride fully incorporated full width.

Final blading/shaping as rollers achieve density.  Note that this is a separate grader from the one that incorporated the calcium chloride.

Rubber tired roller is ideal for compaction – the tires are not prone to picking up the chloride treated material; kneading action provides a tighter initial surface/crust to shed water.
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Calcium chloride fully incorporated full width.

Final blading/shaping as rollers achieve density.  Note that this is a separate grader from the one that incorporated the calcium chloride.

Rubber tired roller is ideal for compaction – the tires are not prone to picking up the chloride treated material; kneading action provides a tighter initial surface/crust to shed water.
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Finishing/rolling.

Nearing final shape/density.  Note the moist condition of the roadway; this is moisture in the aggregate as delivered.

Note use of a steel drum roller for secondary compaction.  Use of a steel drum can be problematic; aggregates with high plastic fine content can cling to the drum, creating a lot of pulling out of clumps and creating a huge mess that has to be re-bladed.  Best to specify only rubber tired rollers.
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Road surface shaped, finished, and compacted.  Testing for density acceptance.

Note the roadway surface is drying in the afternoon sun.
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Same road – 2 days later in the morning.  Obviously, note the amount of water the calcium chloride has pulled into the road surface overnite.  This is how it works – constantly recharging when atmospheric conditions are favorable. 














2010 TREATED 2010 UN-TREATED 



2010 TREATED 2010 UN-TREATED 



Manley Hot Springs Community – Alaska 
Akiak Roads – Alaska 
McGrath Road Reconstruction – Alaska 
Missile Base Roads 2014 – Montana 
Rock Creek Road 2014 - Montana 



Know your aggregate properties 

Not enough fines 

Presenter
Presentation Notes
The aggregate on this route was one of the one-mile segments treated in 2008 with 2% CaCL2 at a three inch depth, in-situ.  You cannot tell it was ever stabilized…due to lack of fine material in the road when treated, the CaCL2 flushed out quickly in under three years.  A near total waste of $. 



Know your aggregate properties 

Too many fines 
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Presentation Notes
The aggregate on this route was a segments treated in 2010 with 2.7% CaCL2 at a four-inch depth, in-situ.  There were too many fines.  CaCL2 draws in too much water, putting the fine material over optimum, leading to instability.  However, this road is NOT a loss, as the CaCL2 will eventually “cure” and become a very stable, dust-free road.

This one is a combination of “Know your aggregate properties” and “More is not always better”.

CaCL2 treated roads costing 70% more than bentonite treated roads…however even if they last just twice as long, the payoff is worth it.  Most data shows that they will perform at least 4 times as long…with potential up to 10 times before re-graveling is needed.

Costs for chloride are very project specific since a significant part of the cost can be in ground transportation from rail sidings and can be significantly greater if delivered in bulk bags. 





Testing of insitu aggregate 
Specifications for virgin aggregate 
Dense graded 
Non-plastic fines 11% to 17% 
Plastic fines 8% to 12% 



Control Calcium Chloride Content 

More is not better 

Presenter
Presentation Notes
Too much calcium chloride (more than 2%) – the water demand/capacity pushed the material way beyond optimum moisture, resulting in muddy sticky road surfaces that took weeks to dry/cure.

Multiple factors – over application rate of calcium chloride, higher precipitation, higher relative humidity.






Use stationary mixing (pugmill) for virgin 
materials with interlock metering 
 

Use rotary mixers for existing aggregate 
 

Spread and incorporate within one hour 
 

No blade mixing 
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Tolerance on calcium chloride (1.5 to 
1.9%) 

Tolerance on water content (2% 
below to optimum) 

Add water at point of rotary mixing 
Shape to 4% crown to reduce pothole 

formation 
Compact prior to end of shift 
Monitor weather conditions 
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Specifications changes:

Equipment requirements – water introduced at the mixing head
Stricter weather limitations
Requirement to compact what has been mixed prior to end of shift or inclement weather.
Adjustments of maximum application rate; <2%



Item $/ton 
 

Bid Total 

Aggregate Surface 
Course 

$16.00 
140,000 tons 

$2,240,000 

 CaCl2 $492.00 
2,400 tons 

$1,180,800 

Presenter
Presentation Notes
CaCL2 treated roads costing 70% more than bentonite treated roads…however even if they last just twice as long, the payoff is worth it.  Most data shows that they will perform at least 4 times as long…with potential up to 10 times before re-graveling is needed.

Costs for chloride are very project specific since a significant part of the cost can be in ground transportation from rail sidings and can be significantly greater if delivered in bulk bags. 
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Chloride stabilization is cost effective 
Need analysis of aggregate 
Control the amount of calcium chloride 

(<2%) 
Moisture control is critical 
Need thorough mixing 
 Immediate compaction to lower 

permeability 
Proper crown to prevent potholing and loss 

of chloride 
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Summary of items covered
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USDA FS National Technology and Development Program – 2006

Steve Monlux/Mike Mitchell 
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Transportation Research Board publication – 1989

Steve Monlux/Mike Mitchell
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Western Federal Lands Highway Division 
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