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Dowel bars are short steel bars that provide a mechanical connection between
slabs without restricting horizontal joint movement. They increase load transfer
efficiency by allowing the leave slab to assume some of the load before the load is
actually over it. This reduces joint deflection and stress in the approach and leave
slabs. Dowel bars are typically (1.25 to 1.5 inches) in diameter, (18 inches) long
and spaced (12 inches) apart. Specific locations and numbers vary by state,
however a typical arrangement might look like Figure 1.
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Figure 1. Dowel bar slots. Figure 2. Dowel bars in slots.




“Load transfer” is a term used to describe the transfer (or distribution) load
across discontinuities such as joints or cracks (AASHTO, 1993). When a wheel
load is applied at a joint or crack, both the loaded slab and adjacent unloaded slab
deflect. The amount the unloaded slab deflects is directly related to joint
performance. If a joint is performing perfectly, both the loaded and unloaded slabs
deflect equally. Load transfer efficiency is defined by the following equation:
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This efficiency depends on several factors, including
1. temperature (which affects joint opening),

2. joint spacing,

3. number and magnitude of load applications,

4. foundation support,
5
6.
F

. aggregate particle angularity,
and the presence of mechanical load transfer devices.
igure (2) illustrates the extremes in load transfer efficiency.
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Im this extremne situation (no dowel and no aggregate interack) there is zero load
transfer effidiency because the leave slab does not deflect at all until the load touches it.
This results in high stresses ak slab edges and cormers and can lead to distresses such as

faulting, pumping and cormner breaks,
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Dowel bars increase load transfer efficiency without restricting horizontal slab movement,
By providing a mechanical connection between slabs, they allow for a mare even and
equitable load transfer from the approach to the leave slab (higher load transfer
efficiency). This results in lower joint deflection and thus, reduced slab stresses.

Figure (2): illustrates the extremes in load transfer efficiency.




Most performance problems with concrete pavement are a result of poorly
performing joints. Poor load transfer creates high slab stresses, which contribute
heavily to distresses such as faulting, pumping and corner breaks, figure (3). Thus,
adequate load transfer is vital to rigid pavement performance.
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Base, Subbase and Subgrade
What is DowelCAD 2.0?

It’s an interactive detail drawing software.

It predicts concrete pavement behavior using different dowel size and spacings.

It can cut the initial cost of concrete pavements without compromising

performance

It shows how concrete can be used on lower volume roads, with dowels that are

engineered to meet the demand.

The DowelCAD software consists of two modules:
1. Dowel size and its effect on performance
» What if we use a smaller dowel?
> What if we use elliptical dowels?
2. Dowel spacing and its effect on performance:
» What if we move the corner dowel in?
> What if we leave out some dowels from the center lane?

» What if we try non-uniform dowel spacings?
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What can DowelCAD 2.0 (Dowel Sizing module) predict?
DowelCAD 2.0 predicts critical responses:
— Load transfer efficiency.

— Dowel-concrete bearing stress.

What can DowelCAD 2.0 (Dowel Spacing module) predict?
DowelCAD 2.0 predicts critical responses:

— Slab edge stress.

— Slab deflections (edge & corner).

— Dowel-concrete bearing stress.

What can DowelCAD 2.0 Analysis?

— Peak responses at slab edge.

— Peak responses at slab corner.

— Peak dowel bearing stress.
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Dowel CAD: For nearly one hundred years, dowel bars have been used in concrete
pavements as a means to bridge vehicle loads across adjacent slabs. It is commonly
known that dowels can increase pavement performance considerably, particularly
In circumstances where heavy traffic or poor soils are present.

Given the increasing cost of construction materials — including steel — seemingly
small measures such as the reduction of even one dowel per joint can compound
into significant cost savings overall. As long as measures are taken to ensure that
pavement performance is not compromised, these cost savings can benefit the

owner-agency as they seek out the most efficient use of their budgets.

The purpose of this program is to demonstrate how rational analysis techniques can

be used to better understand the response of concrete pavements that employ
alternative dowel designs. To facilitate implementation of these techniques, a
simple software tool has been developed and described herein. The software is
termed Dowel Comparison Analysis and Design or DowelCAD.

Version 2.0 of DowelCAD was developed for ACPA and is built off an application

previously developed for American Highway Technology.




The DowelCAD software consists of two modules that work independent of each
other. The first assists the pavement engineer with determining various joint
responses to varying dowel size. As illustrated in Figure (1), there are seven inputs:
dowel spacing, concrete elastic modulus, slab thickness, slab support reaction
modulus (k-value), joint opening, wheel load, and tire pressure. Each of these
inputs is used in a series of calculations previously derived by Timoshenko,
Westergaard, Skarlatos, Friberg, Colley & Humphrey, and loannides. The result
are predictions of various load transfer efficiency metrics, along with the predicted
dowel bearing stress at both the critical corner and edge dowels. Predicted values
are updated in real time and presented in the format of a table that cross-references

a range of round and elliptical dowels.
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Dowel Sizing | Dawel Spacing | About DowelcaD | BE

Dowel Spacing: 12 inches Jaint Dpening: 0.25 inches

Concrete Elastic Modulus; 4000000 psi wiheel Load: 000 Ibs

Slab Thickness: 12 inches Tire Pressure: a0 psi

Slab Support Feaction Modulus: | 300 pifinch

|:| = Acceptable Option |:| = Acceptable for Wide Lanes. Tied Shoulders, Good Support, and/ar Law Traffic |:| = Unacceptable Option

Dowel Diameter(s) (inches):] 1 . . . 2

Load Transfer (%) -
Deflection LTE:
Stress LTE:

Eftectiveness:

Bearing Stress (psi) -

Edge Loading:

Corner Loading:

Figure (1): Screen Capture of the Dowel Sizing Module in DowelCAD.




To further assist the user in interpreting the results, a color-coded system was
adopted for identifying three levels of risk. In developing this system, guidance for
acceptable, marginal, and unacceptable levels of deflection load transfer efficiency
were derived from the 1993 AASHTO Guide for Design of Pavement Structures.
Similar guidance for bearing stress was based on work published by ACI
Committee 325. The resulting a red-yellow-green classification system is defined
as follows:

A GREEN - dowel size/shape options that are acceptable based on criteria for
both deflection load transfer and dowel bearing stress.

— a combination of dowel size/shape where the deflection load
transfer is within the range of 50 to 70% and/or the bearing stress is in the range
of 3000 to 4500 psi.

In either case, the selected dowel size/shape can still be deemed acceptable if one
or more of the following is true:

1. The traffic loads are away from the pavement edge or have improved edge
support (either by a widened lane, use of tied shoulders, or tied curb & gutter);

2. Support beneath the slab is stable and of high quality; and/or

3. Truck traffic levels are low.

A RED - deflection load transfers that are below 50% and/or bearing stresses in
excess of 4500 psi will trigger this condition; the corresponding dowel
size/shape is not recommended.

The second module in DowelCAD 2.0 assists the user in assessing the impact of
dowel spacing. The theoretical basis is described later in this document. As

illustrated in Figure (2), the user is presented with the various options for dowel

spacing as described in this report. After selecting the dowel size of interest,

calculations are made of the various pavement responses including peak dowel

bearing stress, slab edge stress and deflection, and slab corner stress. These are




listed and plotted on the screen, along with an indication of the difference relative
to the baseline case. To assist the user in interpreting the results, a graphical
representation of the various spacings are shown on the screen, and updated in
real-time. A simple calculation of the percentage of steel (dowels) that are reduced

by the alternate design is also provided.
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Figure (2): Screen Capture of the Dowel Spacing Module in DowelCAD.

It is recommended that emphasis be given to the relative change in the pavement
responses (in terms of percent deviation from baseline). However, absolute values
of the pavement responses can also be used as an indicator of risk, as long as the
user recognizes that the prediction is based on a number of key assumptions (found
in the “About DowelCAD” tab). Dowel Bearing Stress, for example, can be

assessed using the same Red-Yellow-Green thresholds described previously.




Predicted slab stresses can also be used with any number of fatigue models that are

commonly used to predict pavement life.

Dowel Spacing Analysis Methodology

This section reports on the development of three analysis methods that describe the

Impact of using non-traditional dowel spacings. These include:

1. Alternate corner dowel spacings. As illustrated in (3), this is defined as the
distance between the center of the dowel closest to the slab corner, and the edge
of the slab. Typical practice today is to specify this dimension as 6 in. (152
mm); however, alternate corner dowel spacings have been analyzed in terms of

the potential impacts to pavement response.

Corner Dowel .~
Spacing

Figure (3): Corner Dowel Spacing.

2. Removal of centerline dowels. These dowels are located in the center of the lane

(along the transverse joint), as illustrated in Figure (4). Traditionally, pavement




engineers include dowels at equal spacings across the lane width. However, the
majority of the wheel loading straddles the center of the lane, thus leading to an
overly conservative design. The question addressed here is what the effect on
pavement response would be if a number of dowels are removed from the center of

the lane.

Figure (4): Removal of Centerline Dowels

3. Alternative dowel designs — more specifically, alternative spacings along the
transverse joint. Traditionally, pavement engineers specify dowels at equal
spacings across the lane width. However, wheel loading is typically channelized in
the lane, which leads to inherent inefficiencies with this approach. With alternative

designs, some dowels are removed, while others are redistributed along the joint.

Three such alternatives are shown in Figure (5).
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Figure (5): Alternative Dowel Spacings

The intent of this discussion is to present the results of a series of engineering
analyses that illustrate the influence that spacing can have on various pavement
responses that are commonly of interest to the pavement engineer. It will be
demonstrated that as long as a dowel of proper shape and size is selected, dowels
can be removed from the lane and/or redistributed without significantly affecting
pavement responses of interest. Where an additional factor of safety is desired,
small adjustments in thickness or strength can typically be used. The net result can
be a cost savings without compromising performance.

An analytical technique termed the finite element method (FEM) was used to
determine the impact of different corner dowel spacings. Using FEM, a variety of
pavement and dowel configurations were evaluated efficiently and accurately.
Similar techniques are in use today as part of mechanistic-empirical (M-E)

pavement design methods.




To evaluate the effects of varying the dowel spacings, a relative approach was
adopted herein. To begin, a number of analysis constants were defined including
material properties and other parameters. As shown in Figure (6), these parameters
are reasonable and typical for many pavement engineering designs. In adopting a
relative approach, a baseline pavement must be defined, which in this case includes
“typical” dowel spacings in use today. This begins with a dowel at 6 in. (152 mm)
from the edge, and proceeds with uniformly spaced dowels every 12 in. (305 mm)
across the lane width. Deviations from this baseline were defined for each of the
three analysis types as follows:

1. Corner dowel spacings of 8, 10, and 12 in. (203, 254, and 305 mm). This
dimension is illustrated in Figure (3). In all cases, the remaining dowels are spaced
at 12 in. (305 mm).

2. Removal of 2, 4, and 6 dowels at the centerline, leaving a “gap” between the
centerline dowels of 36, 60, and 84 in. (0.91, 1.52, and 2.13 m), respectively. This
iIs illustrated in Figure (4).

3. Three alternatives termed A, B, and C that include 11, 9, and 8 dowels,
respectively. The individual spacings for each of the dowels in these alternatives
are illustrated in Figure (5).

Six different slab thickness/dowel designs were analyzed in order to gauge the

effect of dowel spacing on pavements that range from local roads to heavy-duty

highways. These are shown in Figure (7), and include three commonly specified
round dowels, along with three innovative dowels of elliptical cross sections.
Unique baseline cases were defined for each slab thickness/dowel design. It should
be noted that while slab curling and warping was evaluated during these analyses,
it was dropped as a variable when it was found to have a negligible effect on the

relative results. Dowel length was also not considered in this analysis.
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Figure (6): Analysis Constants.

Figure (7): Slab Thickness / Dowel Cross-Section Combinations.

For each of the three analysis types, a structural analysis using the FEM model was

conducted on each of 24 unique combinations of the thickness/dowel designs and

dowel spacings. In each case, the pavement was loaded by a single axle with both

wheels directly adjacent to the transverse joint, and one of the two wheels directly




adjacent to the longitudinal joint (atop the slab corner). Figure (8) illustrates this,
which represents a worst-case scenario since rarely will wheel loads coincide with
the slab corner in practice. Peak stresses at the slab edge, deflections at the slab
corner and edge, and the peak dowel bearing stress were all noted, as illustrated in
Figure (8).
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Figure (8): Slab Responses noted in Analysis.

Findings
The three analyses resulted in a number of interesting findings. The following

sections highlight some of the more relevant ones.

Corner Dowel Spacing

As illustrated in Table (1) and Figure (9), there appeared to be little effect on slab
behavior as a result of repositioning the dowel away from the slab corner. Stresses
at the slab edge did not increase more than 1% as the dowel spacing increased.
Furthermore, the maximum slab deflection at the corner changed 2% or less
compared to the baseline case of a 6 in. (152 mm) edge spacing. For thicker slabs,

this change did not exceed 1%. From a pavement performance standpoint, even the




most significant of these changes could be compensated for with a nominal
increase in slab thickness of only 0.125 in. (3 mm), or an increase in flexural
strength of 15 psi (0.1 MPa). It should be further noted that most slabs are designed

with thicknesses “rounded up”, and thus this compensation may already be present.

Table (1): Results of Dowel Corner Spacing Analysis.

Thickness and Corner Peak { Peak { Peak Peak Dowel

Dowel Desi Dowel Edge Stress Corner Deflection Edge Deflection Bearing Stress
- Spacing (in-) | (psiy | (% chg) | (@in) | (%chg) | (in) | (%bchg) | (psi) | (% chg)
[ 6%* 27 *i 0.032 ** 0.013 ** | 4410 *
7in. Slab, 8 27 0% |0032| 0% | 0013 0% | 470 8%
L-in. Round Dowel 10 1 | 0% |00 | 1% |o002| o% |50 16%
12 21| 0% |0033]| 2% |0013| 0% |5487 | 24%
e 6%* 170 ** | 0.024 % 0.011 o 2717 i
9in. Slab, 8 170 0% | 0.024 0% 0.011 0% | 2962 9%
1Y4-in. Round Dowel 10 170 | 0% |o0024| 0% |oom| o% |3210]| 18%
12 70 | 0% |o024| 0% |oom| 0% |3433| 27%
5) 77 *i 0.015 o 0.008 i 1542 *x
14 in. Slab, 8 77 1% 0.015 1% 0.008 | 0% 1695 | 10%
I¥4-in. Round Dowel 10 77 % |005| 1% |o0008| 0% |1862| 21%
12 77 0% |0015| 0% |0008| 0% |2025] 31%
) 264 *3 0.032 ** 0.013 ** 3641 wx
71n. Slab, 8 264 0% 0.032 0% 0.013 0% | 3924 8%
Small Elliptical Dowel 10 264 | 0% |0032| 1% |o03| 0% | 412
12 265 | 0% |0032| 1% |0013| 0% |4495
e 172 ** [ 0,024 o 0.011 i 1943
9in. Slab, 8 171 0% | 0.024 0% 0.011 0% 2122
Medium Elliptical Dowel 10 172 | 0% |o0024| 0% |oom| 0% | 2300
12 172 | 0% |0024| 0% |oom | 0% | 2478
[6) 77 ®a 0.015 e 0.008 = 1098
14 in. Slab, | 8 78 | 0% |o005| 0% |0008| 0% |1209 |
Large Elliptical Dowel | 45 78 | 0% |o0015] 0% |o0008| 0% | 1329 |
| 12 78 | 0% |0015] 0% |0008| 0% |1445 |

*# Baseline case 1psi=6.9kPa;lin. =25.4 mm

The bearing stress at the dowel-concrete interface did change, however. As
expected, when the corner dowel spacing increased, it was accompanied by an
increase in the peak dowel bearing stress. In all instances, the critical dowel — that
with the highest bearing stress — was located at the corner. Compared to the
baseline case, the peak bearing stresses increased 8 to 10% for an 8-in. (203-mm)
spacing, 16 to 21% for a 10-in. (254-mm) spacing, and 24 to 32% for a 12-in.

(305-mm) spacing. The increase in bearing stress was greater on the thicker slabs

with larger dowels.




Slightly larger increases are also evident for round dowels as compared to those
with an elliptical section. To compensate for increases in dowel bearing stress, a
larger dowel or those with an elliptical cross section can be used. However, a slight

Increase in concrete strength might often yield a more economical approach.
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Figure (9): Slab Responses for varied Corner Dowel Spacing.

Centerline Dowel Removal

Not surprisingly, there appeared to be little effect on slab behavior at the corner as

a result of removing centerline dowels. As shown in Table (2) and Figure (10), the
maximum increase in corner deflection was found to be only 2% compared to the
baseline case. However, stresses and deflections at the slab edge did change more
significantly. This too was not surprising since the location of the critical edge
condition coincides with the location of the dowels that are removed.

When two dowels were removed (leaving 10 remaining), edge stresses increase 2
to 4%, and deflections, 1 to 2%. With only eight dowels remaining, the stresses
and deflections changed by 5 to 9% and 2 to 5%, respectively. If half of the dowels
are removed, leaving only six remaining, the edge stresses increase from 9 to 16%,

while the deflections increase 3 to 10%. For thicker slabs, the increases in slab




responses did not change as much as for thinner sections. Again, small increases in
thickness or strength can also be used to compensate for increases in slab response.
Along with the slab edge responses, the bearing stresses at the dowel-concrete
interface also changed. The increase in these stresses was found not to be
significant for the 10 or 8 dowel scenarios. However, at 6 dowels, the position of
the critical dowel changes from the slab corner to the slab edge. It is at this point

that the bearing stresses begin to increase more considerably.

Table (2): Results of Centerline Dowel Leave-Out Analysis.

Peak Heat Peak Peak Dowel

Thickness and Dowels Edge Stress Comfr Edge Deflection Bearing Stress
. .. Deflection
Dowel Design Remaining

Critical
Dowel
(psi) CE::) (in.) C%) (in.) CE::) (psi) ca:j) Fosition
1) 12%* 271 | ** | 0032 | ** |0013| =** |4410| ** | Corner

7in. Slab, 10 281 4% |0032| 0% |o0014| 29% | 4429 1% Corner
I-in. Round Dowel 207 | 9% |0032] 0% |o0014| 5% |4482| 2% | Corner
35 | 16% |0032| 0% |0015]| 10% |4648| 3% Edae
a 170 = 0.024 == 0.011 = 2717 = Corner

9in. Slab, 175 3% 0.024 0% 0.011 1% 2752 1% Corner
4-in. Round Dowel 184 | 8% |0024| 0% |00 | 3% |2747| 1% | Corner
195 | 15% |0024| 1% |oon| 6% |2072| 9% Edge
) 77 = 0015 * [oo08| =+t [1542| #* | Corner

14 in. Slab, 78 2% | 0015 1% |o0o008| 1% | 1531 | -1% | Corner
I2-in. Round Dowel 81 5% | 0015 19% |o0008| 29% | 1570 Edge
83 | 9% |0015| 2% |oo08| 3% | 1769 Edge
) 264 | = [o0032] = [oo] = [364 Corner

71in. Slab, 274 | 4% | 0031 | 0% |oo013| 1% | 3665 ' Corner

Small Elliptical Dowel 260 | 9% |o0031| 0% |o0014| 4% | 3695 o | Corner
307 | 16% |0032| 0% |o004| 9% | 3830 ; Edge

) 172 | ** |0024| =** | oo | =** | 1043 Corner

9 in. Slab, 177 3% |0024| 0% | ool | 1% | 1969 Corner
Medium Elliptical 186 | 8% |0024| o0% |oon| 3% | 1965 o | Corner
- = 197 0024 1% Jool2| 6% | 2120 Edge

L) 77 =+ 00155 | = [ooo8| =+ [1008 Corner

14 1n. Slab, | 79 | 2% |o0015| 1% |0008| 1% |1089| 1% | Corner
Ll e e G 81 | 0.015 | |0008 | 29 | m25 | 2% | Edge
| & 84 | 0.015 | [ 0008 | 4% | 1272 | | Edge

** Baseline case 1psi=€.9kPa; lin,

Compared to the baseline case, the peak bearing stresses with 8 or 10 dowels

increase only 1 to 2%. However, with six dowels remaining, the bearing stress was
found to increase up to 16% when compared to the baseline case. This effect was
found to be more evident with the thicker slabs with larger dowels.
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Figure (10): Slab Responses for varied Centerline Dowel Leave-out.

Alternative Dowel Bar Spacings

As with the previous analyses, there appeared to be little effect on slab behavior at
the corner due to alternative dowel bar spacings. The corner dowel spacing
remained at 6 in. (152 mm) for all of the designs, and therefore the maximum
increase in corner deflection was found to be only 2% compared to the baseline
case. This is shown in Table (3) and Figure (11). What may be less intuitive at
first, however, was that the stresses and deflections at the slab edge did not change
significantly either. The reason is that although the critical edge condition
coincides with the location of where dowels are removed, those that remain have
been redistributed in such a fashion to bridge and transition the loading imparted
by the axle. Under Alternative A (using 11 dowels), edge stresses increased only

1%, and deflections, 1% or less. With Alternative B, including only nine dowels,




the stresses and deflections only changed by 3 to 4% and 1 to 2%, respectively.
Even Alternative C with only eight dowels had an increase of edge stresses ranging
from 4 to 7%, while the deflections increase 2 to 3%. For thicker slabs, the

increases in slab responses did not change as much as for thinner sections.

Table (3): Results of Alternative Dowel Spacing Analysis.

Davwvel Peak I Peak Peak Peak Dowel

mﬁ;@d Design Edge Stress | Corner Deflection | Edge Deflection |  Bearing Stress
= | (No-Dowels) | (psi) [ (chg) | (n) | (hehg) | (i) | (beha) | (psi) | (hcha)

L) [conv.gzy*= | 21 | #* [ows2| #» [omiz| = [ss0] ==

7 in. Slab, | saaqay | ars 1% 0.032 | 0% | o012 1% 4126 | 5%
Lin.Round Dowel | aleB¢s) |282| 4% |ooz2| 1% o004 | 2% | 4331 | -2%
| altcim |29 | 7% |oo32| 1 [oo4| 3 |40 | 2w

2] Comv.2)** | 770 | ** [ooz4| »= [oom | = |a;mp | ==

@ in. Slsb, AbAY |72 | 1% (o024 | 0% |oom| o% [2528] 7%
Lié-in. Round Dowel AlB(@® |7 | 4% |ow24| 1% [oom | 1 |2847 | 3%
| altcim |[1Bo| 6% |oo| 1 |[oom | 2% |2657| -2%

5] Conv. (12)** | 77 #= | oois |+ [omoe| # [1a2| ==

14 in. Slab, Alt. A (11} 77 1% 0.015 0.008 | 0% 1415
1i#-in. Round Dowel AlLB(®) | 7@ 3% | 0015 | % [oooe| 1 | 1480
Alt. © (8) 4% | 0015 0.008 | 2% | 1460
) Conv.(12)** [ 264 | ** [owzz| #» [omz| = |34

7 in. 5lsb, Alt. A {11y 1% 0,032 0% 0.013 0% 409

Small Elliptical Dowel | a5 (9) 4% |ooz2| 1 |oo| 2% | 3s8
Alt. € (8) 7 |oosz| 1% oo | 3w | 3588
e Conv. (12)** *= [goz4 | * [oon | = |1s43

9 in. Slab, Alt. A (11) % |oo024| o% |oom| o% | 1807
Medium Elliptical Dowel | 43 g 9y 4% |oo24| 1% |oom| = | 18e2
| altc [1B2| 6% |oozs| 1 [oom| 2% | mes

[E) Conv. (12)** | 77 *= [ oois |+ [omos | *+ | 1oee

14 in. Slab, AlbAQy | 78 1% | 0.015 | 0.008 [ 0% | 1007 |

Large Elliptical Dowel |y g oy | 79 | cois | 1% |oooe| 1 | 1046 |
| altcizm | =0 | 0015 | 0.008 | 1041 |

** Bazeline caze 1 p=i= 69 kPa: ] in. =254 mm

The bearing stresses at the dowel-concrete interface also changed for each of the
alternative dowel spacing designs. However, of interest is that the peak bearing
stresses actually decreased for each of the alternatives when compared to the
baseline. It should be noted though that while the peak stress at the position of the
critical dowel may have decreased, stresses in most of the remaining dowels did
increase. In other words, the stresses along the joints simply redistributed.
Compared to the baseline case, the peak bearing stresses in Alternative A

decreased by 6 to 8%, with 1 to 5% decreases for the remaining two alternatives.
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Figure (11): Slab Responses for Alternative Dowel Spacings

Mitigating Changes in Pavement Response

From a pavement response standpoint, some of the noted increases in slab
deflection and stress are significant. However, these increases can be mitigated via
small increases in slab thickness and/or strength.

Increases in bearing stress should also be considered rationally. Before taking
measures to compensate for any increases that may occur, the factor of safety
already inherent in the design should be determined first. If this factor is above a
reasonable threshold, then alternate dowel spacings may be adequate without
further modifications to the design. However, if the factor of safety is believed to
be marginal or too low, several options exist.

First, an increase in the concrete strength can be specified that, in turn, will
increase the bearing strength and thus the factor of safety. An increase in slab




thickness will also offset increases in the slab response. A reduction in the bearing
stress can also be sought by increasing the dowel diameter, or by considering an
elliptical dowel. From this analysis, it was found that while the elliptical bar
alternatives for each of the three pavement thicknesses showed nearly identical
slab responses (stresses and deflections), there was a significant decrease in dowel
bearing stress when compared to the round dowels — a decrease ranging from 17 to
29%.

Summary

The analyses described herein have been conducted using proven and accepted
engineering techniques and principles. Comparisons are made of various pavement
responses resulting from various dowel configurations compared to conventional
dowel spacings in use today.

The following observations have been made:

1. Corner dowel spacing — while no significant changes in slab stresses or
deflections are calculated, there is a notable increase in the bearing stress at the
dowel-concrete interface.

2. Removing centerline dowels — some changes in slab edge stress and deflection
are noted, along with increases in the bearing stress at the dowel-concrete
interface.

3. Alternative dowel spacings — for each of the alternatives evaluated herein, only
small changes in slab edge stress and deflection are noted. The bearing stresses at
the dowel-concrete interface are virtually unchanged, and are actually noted to
decrease in some instances.

In each case, rational measures should be taken to first check the factor of safety,

and then to mitigate and changes in slab response only when necessary.




