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Natural Crack Development

·Proper jointing 
provides a series of 
saw cuts (joints) 
spaced to control 
crack formation



Concrete Pavement Types

·JPCP- control cracking so that it occurs at designated 
locations (joints)

·JRCP- extend joint spacing to reduce number of joints, 
and provide light reinforcement to hold intermediate 
cracks

·CRCP- confine uncontrolled cracking to acceptable 
spacing, and widths, so slab performs as if no cracks 
exist.

Principles of Design
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Joint Design Considerations

·Traffic volume and type

·Environmental conditions

·Slab thickness

·Subbase type

·Concrete material characteristics

·Use of mechanical load transfer

·Shoulder type

·Past performance of joints 



Joint Types
·Transverse contraction

·Undoweled

·Doweled

·Transverse construction

·Longitudinal contraction

·Longitudinal construction

·Isolation/Expansion



Transverse Joints
·Contraction Joints

·Control formation of cracks

·#ÏÎÓÔÒÕÃÔÉÏÎ *ÏÉÎÔÓ ɉȰ(ÅÁÄÅÒÓȱɊ

·For the end of a paving run or at an 
interruption

·Isolation-Expansion Joints

·For structures within the pavement (bridges)

·At Intersections (no expansion jts. in ND)

·Small in-pavement objects



Transverse Contraction Joints



Dowel Misalignment

·Effects of Dowel Misalignment: Joint Lockup, Spalling

·Slab unable to expand and contract due to high 
restraint at joint

·Common distresses observed

·Mid -slab transverse cracking

·Spalling around the dowel



Dowel Bonding
·Need effective debonding coatings

·Effects of Dowel Bonding: Joint Lockup, Spalling

·Slab unable to expand and contract due to high 
restraint at joint

·Common distresses observed

·Mid -slab transverse cracking

·Spalling around the dowel
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Measured by Joint Effectiveness

E  = Joint Effectiveness, %

du = Deflection on unloaded side of joint, mm

dL = Deflection on loaded side of joint, mm

E = x 100
2 du

dL + du



The Re-entrant Corner
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Load Transfer
·Contributors

·Aggregate Interlock

·Mechanical
·Dowel bars

·Tie bars

·Stabilized Subbases

·Keyways



Load Transfer

·Exclude dowels if:

·Slab thickness < 7 in. unless 
plate dowels are used

·Include dowels if:

·Slab thickness > 8 in.

Trucks
Control

Thickness

To Dowel or Not to Dowel?



Alternatively, optimize dowel 
numbers
·Check with DowelCAD

·Three or four dowels in 
wheel path

·Other configuration

North Washington Street ɀDetroit Lakes, MN



Aggregate Interlock 

·Acceptable where 

·Less than 75 trucks/day

·Less than 1 - 2 million 80 kN
equivalent single axle loads (ESAL)

·Slab thickness less than 8 in.



Shear between aggregate particles
below the initial saw cut



Aggregate Interlock



Aggregate Interlock Performance 
Improves with
·Larger coarse aggregate in concrete

·Angular coarse aggregate texture (crushed vs. 
natural)

·Thicker slabs

·Shorter joint spacing

·Skewed joint orientation (option)

·Stiff (or optimal) subbases

·Edge support

·Coarse-grained subgrade soils

·Functioning drainage system



Joint Effectiveness & Joint Opening
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Aggregate Interlock or Dowels?
THICKNESS DOWEL DIAMETER

>10.0 in.

8.0-- 10.0 in.

7.0-- 8.0 in.

<7.0 in.

1.50 in.

1.25 in.

1 in.

Plate



Dowel bars
·Provide

·Mechanical connection between slabs 

·Improved joint effectiveness over aggregate interlock

·Lower slab stresses

·Lower potential for faulting, pumping and future joint 
distress



Dowel bars
·Lengths from 14 to 18 inches

·4 in. minimum embedment length

·Diameter

·1 in. ɀ1 ½ in. for roads

·1 ½ in. ɀ2 in. for commercial airports

·Epoxy or other coating used in harsher climates for 
corrosion protection



Dowel Placement Options

·Mounted on Baskets

·Inserted from top of 
slab by DBI on a 
paving machine

·Implanted into slab 
edge (airport and 
construction joints)
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New Technology

·Load Transfer

·Plate dowels

·Optimized Dowels

·Dowels in outside 
wheel paths only

·Elliptical dowels

·Fiber dowels


