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The dowels under discussion have the purpose of transmitting vertical
forces across Joints 1n concrete pavements Their effectiveness depends
on their abiity to relieve stresses 1n the case shown in Figure 1, where
the wheel load, P, acts on one side of the joint, midway between two
dowels Dowels at A, B, C, and D, with spacing s, transmit forces Q
and R asshown Dowels farther away need not be considered as active
1n this case

The two panels are assumed to be fairly large Consider first the
case of a load P = 1 acting alone at an edge of a slab, with no dowels
active at thisedge  Denote by z,, withn = 0,1,2,3 , the deflec-

tion produced 1n this case at the edge at the distance %s from the load

Then, by speafying that the two slabs, with their dowels acting, shall
have the same deflection at A and B, one finds

2Q(z0 + 22) — 2R(20 + 2z1) = Pz 1)

Sumlarly, by specifying that the slabs shall have the same deflection at
C and D, one finds

—2Q(22 + 2) + 2R(20 + 25) = — Pz (2)
By solving the two equations, one finds

2Q = (20 + 2ze)z, — (22 + z4)z3
(20 + 2) (20 + 26) — (22 + 24)?

(22 + zi)Zl — (Zo + Zz)z;;
(20 + 22) (20 + 25) — (22 + 2,)?

The deflections depend on the stiffness of the slab and the stiffness
of the subgrade The stiffness of the slab depends on the modulus of
elasticity, K, and Poisson’s ratio, u, of the concrete, and on the thickness
of the slab, b The stiffness of the subgrade 1s expressed 1n terms of an
empirical constant, k, called the modulus of subgrade reaction, and
representing the reaction per unit of area per unit of deflection From
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these quantities one may compute the distance, called the radius of

relative stiffness,
l = \‘/ __ER (5)
12(1 — udk

The upper part of Figure 2 shows a diagram of deflections, the lower
part of Figure 2 a diagram of bending moments, produced at the edge
of a slab by a single load at the edge These diagrams are obtained
from a previous paper! The distance ! appears as a umt of the hori-
zontal scale of the diagrams The deflections z, may be measured in
the upper diagram

Hornzontal distances representing one foot are obtained by computing

121n

values of the ratio The two sets of scales at the mddle of

-

Figure 1. Forces Transmitted Through Dowels

Figure 2 were constructed 1n this manner In the case of a 7-inch
pavement, for example, with & = 50 b 1n -3, distances are measured
in feet on the fourth line from the top

The scale of the vertical distances 1n the diagram of deflections 1
immaterial so far as the present problem 1s concerned For the com-
putation of the dowel reactions, @ and R, by equations 3 and 4, 1t 1s
sufficient to know relative values of the deflections, z, It 1s convenient
to measure the deflections 1n the diagram using 2z, as a unit (instead of
inches or feet)

tH M Westergaard, ‘‘Computation of Stresses in Concrete Roads’’ Highway
Research Board, Proc Meeting of Dec- 34, 1925, Part I, p 90 (also 1n Public
Roads, April, 1926) The assumptions of the analysis are discussed n that paper,
especially those concerning the reactions of the subgrade Table 1 1n the paper
gives numerical values of I  The diagrams in the present Figure 2 correspond to
the case of Poisson’s ratio, p = 015 The ordinates were obtained by inter-
polating between the corresponding values for y = 0 and z = 0 25 shown 1n Figures
8 to 11 1n the paper referred to
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Figure 2. Deflections, Bending Moments, and Stresses at an Edge of a Slab
Produced by a Single Load at the Edge. Numerical Values Assumed-

E = 3,000,000 Ib. in."%, x = 0.15

Table I shows two numerical examples In one the spacing of the
dowels 13 2 feet 1n the other 3 feet
Let, o = resultant tensile stress produced at the bottom of the slab
directly under the wheel load by the joint action of the
wheel load and the dowel reactions;

.
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op, 03q, 0ag = contribution to this stress resulting from the wheel
load, P, alone, from the two dowel reactions Q alone, or
from the two dowel reactions R alone, respectively
Then one may wnite

d=0'p+0'20+¢12}z (6)

The stress op may be taken from a formula or a table 1n the paper
referred to 1n a previous footnote (Equation 12 or Table IVin the paper) !
Assuming P to be distributed umformly over the area of a semi-circle
with the radius a, as indicated 1n Figure 2, and assuming ¢ = 4 1inches,
one finds 1n both of the examplesn Table I* oz = 4941b 1n ~2

The lower part of Figure 2 shows the bending moments produced at
the edge at some distance from the load when a single load 1s apphed at
the edge. The corresponding stresses, except 1n the immediate vicimty
of the load, are found by dividing the moments by the section-modulus

2
per umt of width, that 1s, by% This diagram becomes a stress

TABLE 1
Two NuMERICAL EXAMPLES

Dowel Reactions, Q and R, determined by equations 3 and 4
Numerical values assumed 1n both examples E = 8,000,000 Ib 1 =2, & = 0 15,
k=2501b 1n =3 k=71, P =10,0001b

Exam- Relative values of
ple 8 20 2R
number ft 20 2 23 23 2 28 b 1b
1 2 0500 0466 0404 0335 0270 0160 5,750 795
2 3 0500 0436 0335 0240 0160 0060 5,630 692

diagram when the proper vertical scales are introduced Such scales
are shown on the left of the diagram Stresses produced by a 10,000
pound load 1n a 7-inch slab, for example, may be measured on the
second hine from the right The horizontal scales are the same as
those applymng to the diagram of deflections Using the curve at
the bottom of Figure 2 either as moment diagram or as stress dia-
gram one may determine the influences of the two forces @ and the two
s
2

In the two numerical examples 1n Table I the section modulus per
unit of widthis1 72 = 8167 1mn2 In the first example the two forces @
act at the distance % = 1ft from P, and the forces R at the distance %‘?
= 3 ft The corresponding coefficients of bending moments are,
according to the diagram, 0186 and —0 023, respectively ~Thus, by

forces R at the distances — and -3—; , respectively
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taking the values of 2Q and 2R from Table I, one finds, 1n the first
example

o = 0186 (—5750 1b)
« 8167 1mn?

= —1311b 1n—2

and
_ —0023X7951b e
o = 3167 = —21b 1n

Thus the resultant stress becomes
o =494 — 131 — 2 = 361 1b in—?

That 1s, the effect of the dowels 1s to reduce the critical stress from 494
by 133 to 361 1b 1 -? In the second example one finds 1n a similar
manner the coefficients of moments at the distances 15 ft and 4 5 ft
to be 0099 and —O0 064, respectively The corresponding stresses
then are computed tobe oy = —68, 0oz = —51b 1n -2 That 1s, the
dowels spaced 3 ft apart reduce the critical stress from 494 by 73 to
4211b 1n.-?
In both examples the values of R and o.p are small By ignoring the
reactions R altogether, one finds from equation 1,
2Q=-_2_p ™

20 1+ 2,

which gives, 1n the first example, 2Q = 5150 Ib, and 1n the second, 2Q
= 5220 Ib The corresponding contributions to the critical stress are
—117 and —63 1b 1 -2, respectively These values are fairly close to
the corresponding values, —133 and —73 1b 1n -2, which were computed
by the more accurate method.

One may conclude that 1t will be sufficiently accurate to consider as
active only the two dowels nearest to the load Then, from equation
7 and by 1nspection of the deflection diagram 1n Figure 2 1t 1s seen that
roughly 2Q = 0 5P, that 1s, 1f the dowels are strong and stiff enough to
cause equal deflections of the two slabs at the points of connection, the
dowels transmit about one-half of the total load The corresponding
changes of stress due to the action of the dowels may be read quickly by
use of the moment diagram 1n connection with the horizontal scales
measuring feet and the vertical scales measuring stresses in pounds
per square 1nch per 10,000 pound load

The sigmficant result of the computations 1s that 1n the case of the
seven inch slab and the subgrade specified the dowels spaced 2 feet apart
bring about a material reduction of the critical stress On the other
hand, reduction produced by dowels spaced 3 feet apart does not appear
to be worth the cost of the dowels That 1s, if dowels are to be counted
on, the spacing should be fairly close, probably not more than about
2 feet



