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PCC pavements typically PCC pavements typically 
fail at the jointsfail at the joints

The highest concentrations The highest concentrations 
of slab deflections occur at of slab deflections occur at 
the jointsthe joints

Faulting, pumping, and Faulting, pumping, and 
crackingcracking

factfact

whywhy

resultresult



solutionsolution Reduce joint deflection Reduce joint deflection 
through load transfer in through load transfer in 
order to minimize:order to minimize:

faultingfaulting
pumpingpumping
crackingcracking



Typical TolerancesTypical Tolerances

FaultingFaulting 0.1250.125--0.2 in0.2 in
PumpingPumping no pumpingno pumping
cracking cracking 2020--50% slab cracking50% slab cracking

Failure CriteriaFailure CriteriaDistressDistress



Load Transfer

Aggregate InterlockAggregate Interlock

Stabilized BasesStabilized Bases

Dowel BarsDowel Bars

The mechanism through which wheel loads The mechanism through which wheel loads 
are conveyed from one slab to the nextare conveyed from one slab to the next



Measured with nondestructive Measured with nondestructive 
testing (NDT)testing (NDT)

Evaluated usingEvaluated using

Deflection ratiosDeflection ratios
Calculated stress ratiosCalculated stress ratios

Load Transfer Efficiency



Load Transfer Efficiency

aggregate interlockaggregate interlock 30 30 -- 80 stabilized 80 stabilized 
base base 50 50 -- 9090
dowel barsdowel bars 80 80 -- 9595

LTE, %LTE, %Load Transfer MechanismLoad Transfer Mechanism



Dowel Bars

are the most reliable, are the most reliable, 
costcost--effective load transfer effective load transfer 
mechanisms availablemechanisms available



Protect against corrosionProtect against corrosion
Reduces life cycle costReduces life cycle cost
Extends pavement service lifeExtends pavement service life
Low initial investmentLow initial investment
CostCost--effectiveeffective

Benefits of  Coatings



Allows the dowel to move freely Allows the dowel to move freely 
in the longitudinal direction with in the longitudinal direction with 
a max pulla max pull--out force of 3000 lbsout force of 3000 lbs

Bond Breakers

Joint ContractionJoint Contraction

Joint ExpansionJoint Expansion



Asphalt emulsionAsphalt emulsion
Concrete form oilConcrete form oil
Standard greaseStandard grease
TectylTectyl (BC 1213(BC 1213--5)5)

PaintPaint
ParaffinParaffin--based lubricantsbased lubricants

Types of Bond Breakers



How are things different today

vs

the way we did things yesterday?



Getting out of the MudGetting out of the Mud



Traffic Mix Different than TodayTraffic Mix Different than Today



Construction was DifferentConstruction was Different



New Technology





Faulting ModelFaulting Model

00 55 1010 1515 2020
0.000.00

0.050.05

0.100.10
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0.200.20
Faulting, inFaulting, in

DenseDense--graded basegraded base
No dowelNo dowel

Permeable basePermeable base
No dowelNo dowel

DenseDense--graded basegraded base
11--in dowelin dowel

DenseDense--graded basegraded base
1.251.25--in dowelin dowel

Traffic, million ESALsTraffic, million ESALs



Elliptical Dowels





Shape/spacing/bearing Shape/spacing/bearing 
stress/areastress/area

1 1 ½½ in dowelin dowel
1212”” slabslab

12 inch c12 inch c--cc 1284 psi1284 psi 100 %100 %

1 1 ¼¼ in dowelin dowel 8 inch c8 inch c--cc 1349 psi1349 psi 98 %98 %

Medium Medium 
elliptical elliptical 

12 inch c12 inch c--cc 1252 psi1252 psi 83 %83 %

Large elliptical Large elliptical 
doweldowel

16 inch c16 inch c--cc 1093 psi1093 psi 78 %78 %



What does this mean?What does this mean?

We will engineer load transferWe will engineer load transfer

Two standard sizes of barTwo standard sizes of bar
Vary the cVary the c--c spacing of the barc spacing of the bar
Variable groupings of dowelsVariable groupings of dowels
Shorter length of dowels for performance      Shorter length of dowels for performance      
based specificationsbased specifications
Better coatings will be usedBetter coatings will be used



for
Economizing Concrete Pavement

DowelCAD 2.0



DowelCAD 2.0 DowelCAD 2.0 –– Dowel Dowel 
SizingSizing



DowelCAD 2.0 DowelCAD 2.0 –– Dowel Dowel 
SpacingSpacing



How can I get DowelCAD 2.0?How can I get DowelCAD 2.0?

Contact Robert Contact Robert RoddenRodden 
ACPA NationalACPA National 
(847) 972(847) 972--98089808 
RRodden@Pavement.comRRodden@Pavement.com

~ or ~~ or ~

http://http://www.Pavement.com/dowelcadwww.Pavement.com/dowelcad

mailto:RRodden@Pavement.com


Alternate DowelsAlternate Dowels

Fiber Reinforced Polymer (FRP)Fiber Reinforced Polymer (FRP) 2.02.0
FRP Composite Tube w/GroutFRP Composite Tube w/Grout 1.81.8
LIFEJACKET LIFEJACKET JardenJarden ZincZinc 1.61.6
MMFXMMFX 1.41.4
Plastic Plastic ––coated Dowelscoated Dowels 1.21.2
Solid Stainless SteelSolid Stainless Steel 5.05.0
Stainless Steel CladStainless Steel Clad 2.52.5
Stainless Steel Tube Filled w/GroutStainless Steel Tube Filled w/Grout 2.72.7
ZZ--Bar Bar GerdauGerdau 1.81.8
ASTM 934 or 775 EpoxyASTM 934 or 775 Epoxy 1.0 1.0 



Dowel Bar TolerancesDowel Bar Tolerances

Vertical Rotation Vertical Rotation -- 3/83/8”” per footper foot

Vertical Translation Vertical Translation -- +/+/-- 1 in.1 in.

Horizontal Rotation Horizontal Rotation –– 3/83/8”” per footper foot

Longitudinal Translation Longitudinal Translation -- +/+/-- 3 in.3 in.



Discount Rate Discount Rate –– Realistic Value?Realistic Value?

How to account for construction inflationHow to account for construction inflation
DR based on treasury bonds DR based on treasury bonds –– borrowed $borrowed $
Public does not Public does not ““bankbank”” money for futuremoney for future

Result Result –– unrealistic future costunrealistic future cost
Result Result –– penalize long life pavementspenalize long life pavements
Result Result –– more $ going into maintenancemore $ going into maintenance



From Department of Labor, Bureau of Labor StatisticsFrom Department of Labor, Bureau of Labor Statistics
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20 Year Value of Money
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Conclusions

FHWAFHWA--RDRD--0000--076076

Preliminary Evaluation and Preliminary Evaluation and 
Analysis of LTPP Faulting Analysis of LTPP Faulting 
Data, Final ReportData, Final Report



FHWAFHWA--RDRD--0000--076076

Use of load transfer devices has the Use of load transfer devices has the 
greatest effect on the amount of joint greatest effect on the amount of joint 
faulting.  Use of dowel bars reduces joint faulting.  Use of dowel bars reduces joint 
faulting of JPCP sections by a factor of faulting of JPCP sections by a factor of 
two.two.

Use of larger diameter dowels results in Use of larger diameter dowels results in 
lower faulting values for JPCP sectionslower faulting values for JPCP sections



NonNon--doweled JPCP sections located in doweled JPCP sections located in 
a weta wet--freeze climatic zone exhibited the freeze climatic zone exhibited the 
worst faulting among all sections.worst faulting among all sections.

Doweled joints exhibit very little faulting Doweled joints exhibit very little faulting 
even after many years of service.even after many years of service.

Shorter joint spacing significantly Shorter joint spacing significantly 
reduces faulting in all pavement reduces faulting in all pavement 
categories.categories.



Thank you for your time
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