Dowels for the 21st Century

by Wayne W. Walker and Jerry A. Holland
sing plate dowels in slabs on ground for shear load
transfer at the joints offer many advantages over
the traditional round dowels. By using plate
dowels, compressible material or a pocket former
can be easily added to the sides of the plate dowels
to accommodate the slab's horizontal movement parallel to
the joint.
Allowing the slab to move unrestrained horizontally will
help minimize the size and number of restraint cracks. This
ability to accommodate the horizontal differential movement
is especially important for slabs that have two directional
doweling and for slabs with long joint spacings and
significant movements, such as those incorporating posttensioning or shrinkage-cornpensating concrete.
A plate dowel is a more efficient use of material and more
cost effective than the traditional round dowel bars. Two types
of plate dowels have been evaluated: rectangular plate dowels
to be used in contraction (control) joints and diamond plate
dowels to be used in construction joints. Fig. 1(a)

Fig. 1(a) - Rectangular plate dowel before slab shrinkage.
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Worker installing diamond plate dowel pocket formers on
base supports, which were previously attached to form.
Note no form penetrations are required. Note short dowel
length and long spacing as compared to typical dowels.

Fig. 1(b) - Rectangular plate dowel after slab shrinkage.
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Fig. 2(a) - Diamond plate dowel before slab shrinkage.

Fig. 2(b) - Diamond plate dowel after slab shrinkage.

and 2(a) show the rectangular and diamond plate dowels
installed in the slab before any movement has taken place.
Fig. 1(b) and 2(b) show the dowels after movement has
taken place: the advantages of allowing the slab to move
unrestrained can be clearly seen. The diamond plate dowel
offers the most advantages because the plate material is in
the optimum location and the shape will allow the slab to
move horizontally in all directions without restraint.
Because plate dowels have not been used in this manner

previously, there are no industry recommendations for the
size and spacing. The authors provide recommendations for
plate dowels such that they will have the equivalent stress
and serviceability performance as the round dowel bars
spaced at 12 in. (300 mm) on center that are presently
recommended in ACI 302.1 R, "Guide for Concrete Floor
and Slab Construction."1 Equivalent plate dowel spacings
for round dowel bars spaced at 18 in. (460 mm) on center
are also provided because this spacing is commonly used.

Fig. 3 - Plate dowel performance requirements.

Fig. 4 - Computer model for diamond plate dowel.
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Fig. 5 - Flexural stresses for a 1/4 in. thick diamond plate
dowel with a one kip load applied to the edge.
The performance criteria used was such that the plate dowels
would have the same stiffness (vertical deflection between slabs
at the dowel locations, see Fig. 3), bearing stress on the
concrete, and dowel flexural stress and shear stress as the round
dowels presently recommended. The recommendations are
presented in a tabular form so that several options between plate
dowel sizes and spacings can be evaluated by the slab's
designer.

Analytical approach
Extensive computer programs were developed to analyze the
plate dowels. The rectangular plate dowel was modeled as a
beam on an elastic foundation,3 and the equations that were
used, along with their derivations, are in Appendix "A." (For
Appendices, see pages 36 to 38 following this article).
An example problem showing a side by side comparison of
the rectangular plate dowel performance with that of the round
dowel can be found in Appendix "B." For the diamond plate
dowel, a finite plate element on an elastic foundation analysis
was used. Fig. 4 shows the computer model for the diamond
plate dowel.
The concrete modulus of dowel support value is used for the
elastic foundation analysis. Values given for the concrete
modulus of dowel support range from 300 to 1500 kci (80 to
400 N/mm3).2,6 The authors varied the value between 300 and
1000 kci, and the results were changed very little; additionally,
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for values above 1000 kci (270 N/mm3) the results were not
significantly affected. Therefore, since the analysis is relatively
insensitive to the value, the authors used a conservative value of
700 kci (190 N/mm3) for the concrete modulus of dowel
support.
A maximum joint opening size of 0.2 in. (5 mm) was used.
This value should be sufficient for most typically used slab joint
spacings and concrete mixes. For the unusual case where the
joint may open wider, the spacings in the tables would be
reduced. Since the spacing of the plate dowels are based on the
equivalent performance of the round dowels at the same joint
opening size, the reduction in the plate dowel spacing would be
small.

Results
Using the analytical approach and values noted above, tables for
sizes and spacings of rectangular and diamond plate dowels
were developed. Table 1 gives the rectangular plate dowel
spacing to match the round dowel performance.
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For example, a 1/2 in. (13 mm) thick by l in. (25 mm) wide
rectangular plate dowel spaced at 13 in. (330 mm) on center will
provide the same slab performance as 3/4 in. (19 mm) round
dowels spaced at 12 in. (300 mm) on center.
Table 2 gives the diamond plate dowel spacing to match the
round dowel performance. For example, a 1/4 in. (6 mm) thick by
4.5 in. (114 mm) square diamond plate dowel spaced at 18 in.
(460 mm) on center will provide the same slab performance as 3/4
in. round dowels spaced at 12 in. on center. The maximum
spacing was limited to 24 in. (610 mm) to prevent the slab
deflection between dowel locations from becoming significant.
The performance values for the diamond plate and the round
dowels can be found in Appendix "C." An example problem
showing how the diamond plate spacing was determined can be
found in Appendix "D."
A rectangular plate dowel embedment length of 4 in. (100 mm)
past the joint was selected by the authors as being a practical
value. The stresses reduce significantly beyond the first inch of
the dowel past the joint, as can be seen in the graph from the
example problem in Appendix "B." An embedment length longer
than 4 in. would not provide any significant improvement in the
dowel performance. The American Concrete Pavement
Association has also recommended using similar short dowel
embedment length values.4,5 Since the rectangular plate dowels
are to be used in contraction (control) joints, 4 in. should be added
to the dowel length to account for construction tolerances. 4,5 This
would give a total rectangular plate dowel length of 12 in.
A 4.5 in. square diamond plate dowel was also selected by the
authors as being a practical value. As with the rectangular plate
dowel, the stresses for the diamond plate dowel reduce
significantly beyond the first inch of the dowel past the joint, as
can be seen in Fig. 5. It can also be seen in Fig. 5 that only a small
portion of the plate has the maximum stress. In developing the
tables, the maximum peak stress and deflection values were
conservatively used. The diamond plate dowel has significant
reserve strength because this plate can redistribute the stresses if
local yielding occurs. The diamond plate dowel is the optimum
shape for a dowel. It is wide where the bearing, shear, and flexural
stresses are the highest and is narrow where the stresses are
reduced. The diamond shape also allows the slab to move
horizontally without restraint when the slab's shrinkage opens the
joint.

Steel diamond plate dowels installed in plastic pocket formers.
Pocket former base supports have been removed with form and
will be reused. Note no oil or grease is required, thereby ensuring
tighter fit but no restraint.
It is wide where the bearing, shear, and flexural stresses are the
highest and is narrow where the stresses are reduced. The
diamond shape also allows for the slab to move horizontally
without restraint when the slab's shrinkage opens the joint.
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See following pages 36 to 38 for Appendices “A” through
“D”.
Note:

Conclusions
The authors provided recommendations for plate dowels such that
they will have the equivalent stress and serviceability
performance as the round dowel bars spaced at 12 in. on center
that are presently recommended in ACI 302.1R "Guide for
Concrete Floor and Slab Construction." Equivalent plate dowel
spacings for round dowel bars spaced at 18 in. on center are also
provided because this spacing is commonly used in the industry
as well.
There are many advantages to using plate dowels in slabs on
ground joints to transfer the shear forces. Some of the advantages
are as follows:
1. Compressible material or a pocket former can be easily added
to the sides of the plate dowels to accommodate the slab's
horizontal movement parallel to the joint. Allowing the slab to
move unrestrained horizontally will help minimize the size and
number of restraint cracks.
2. A plate dowel is a more efficient use of material and more cost
effective than the traditional round dowel bars. The diamond
plate dowel is the optimum shape for a dowel.
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