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SYNOPSIS 

The purpose of this paper is to establish a rational procedure of design of load 
transfer joints in concrete pavements. The data obtained agree favorably with 
measurements of these variables in actual pavements. 

Theories and methods of design advanced by Westergaard (1), Friberg (2), 
Kushing and Older (3), Fremont and Kushing (6) are reviewed in order to pre
sent the limitations of those studies. 

In the present study the theoretical method of Westergaard has been extended 
and adapted, it is hoped, in a more thorough way to the actual conditions of 
joints in pavements. The analysis is based on two elements, first, the theory of 
slabs under the action of tt load at the edge (4) (5) or on experimental deflection 
and stress curves obtained from measurements on full size or model slabs. And, 
secondly, the elastic behavior of individual joint units as determined by labora
tory tests or theoretical considerations. 

On the basis of this knowledge two continuity equations are established for 
each joint unit which are sufficient to determine the shear force and bending 
moment for every unit in the joint. 

A case is considered in which nine units are symmetrically distributed with 
respect to the load and the load placed over one of the units. This problem re
duces to ten equations with ten unknowns the solution of which leads to five 
linear equations with five unknowns. These latter equations are easily solved 
by several known methods or by methods especially developed for this purpose. 
This procedure in the solution of the major thesis can be used for semi-infinite or 
finite slabs, of any shape, with any distribution of joint units and will always give 
a definite answer. 

It is pointed out that charts may be prepared for purposes of practical pave
ment design on the basis of the analysis described. Such charts would give 
the maximum permissible spacing of a given joint unit in a given pavement 
for given subgrade conditions. This spacing being determined so as not to ex
ceed the maximum allowable: 

1. Shear force in the joint unit 
2. Stress in the slab 
3. Pressure of unit on concrete 
4. Any other stresses. 

It is believed by the authors that the design procedure described is practical 
and simple. 

It is the purpose of this paper to present 
a theory concerning concrete slab and 
joint action to the end that a definite 
outline for the procedure of the design of 
load transfer joints may be established. 
Such analysis recognizes the importance 
of laboratory tests to determine the char
acteristics of load transfer units and fixes 
the relationship of these characteristics 

able stress and load limits. It is shown 
that it is possible to prepare charts in
corporating these determinations and re
lationships whereby the design of load 
transfer joints becomes a practical and 
simple procedure. 

DEFINI'l'IONS 

and thoS<\· of the slabs to the proper spac- In order clearly to interpret the find
ing of such .ul;lits within maximum allow- ings, it is necessary to understand ''rhat .,, ... 

481 



482 DESIGN 

is meant by the term "joint", -load trans
fer and joint device. 

Joint: A joint in a concretr, pavement 
is understood to be a designed highly 
localized decrease of rigidity along a 
horizontal, straight or curved line in 
the pavement slab. This line is referred 
to as the "joint line". 

The decrease of rigidity at a joint line 
may be of a total or partial character. In 
the case of total separation along the joint 
line no load transfer can take place be
tween the separated parts of the slab. 
On the other hand, load transfer docs 
take place across the joint, if the separa
tion is partial or special devices connect 
the separated parts. 

Load Transfer: Load transfer refers to 
the strengthening of joint edges by effec
tive mcanR which provide mechanical in
teraction between adjoining slabs. In 
its more strict sense it refers to the i1mer 
forces acting at a point of the joint line, 
''rhich in turn arc resolved into three 
force components and three moment com
ponents. Since these components may 
vary continuously from point to point 
along the joint line, the term load transfer 
is defined a.s any of the above components 
referred either to a point on the .ioint 
line, a joint unit or any part of the joint 
line. However, it is usually &')Signed 
only to the vertical component of the 
forces. 

Joint Devices: The term <~joint de
vices'' refers to special devices usually 
mechanical in character which are in
tended to provide load transfer between 
the separated slabs. 

Limita.tions: In this report, the load 
transfer as treated will consider almost 
exchmively the transfer effected by trans
verse forces and bending moments in the 
joint devices. The horizontal forces wm 
not be considered. Load transfer is re
garded as being important for stress relief 
within the slab and the prevention of 
undesirable differentials bet\veen abutting 
slabs. Therefore, it is essential to design 
the load transfer devices and joints in a 

proper way so as to be able to select the 
best and most economical ones among 
those available for use. 

Joint devices may be continuous or 
discontinuous along the joint line. A 
theory of load transfer along infinite 
continuous devices has been developed by 
Kushing and Fremont (6) 1• If t.he con
tinuous joint is subdivided into sections 
it may be treated as a discontinuous joint 
or vice versa. Many of the ''load 
transfer" joint devices on the market 
today provide for a discontinuous joint. 
In order to usc these devices effectively 
an analysis must be made of their func
tions to the end t.hat they are adequately 
spaced along the joint. An outline for 
the analysis and design of discontinumu; 
joints is herein offered. 

This outline includes a general theory 
of load transfer joints in slabs on elastic 
foundations, a procedure for the design 
of load transfer joints and the preparatiOn 
of design charts. 

G}<]NERAL THF~ORY OF LOAD TRANSFER 

JOINTS 

For the purpose of developing a theory 
of load transfer joints, consider t-wo abut
ting slabs on elastic foundations (Fig. 1). 
The horizontal distance between the 
plane vertical faces of the slabs is W. 

The points on the neutral line of the 
slab faces 0, 1, 2, 3, ... and 0', 1', 2', 
3', ... oppose each other and are sym
metric with respect to the point 0' at the 
point of application of the load. The 
slabs are connected by the joint units 
O~·O', 1-1', 2-2', 3-3', . . . . These joint 
units react upon the slabs vvith the forces 
To, T1, T 2, Ts, · · · and the bending mo
ments Mo, M1, M2, Ma, · · · , Mo', M/, 
M 2', M/, . . . . No horizontal reaction 
forces are considered. 

Assumptions: To develop the theory, 
the following assumptions are made: 

1. The foundation is elastic in the sense 
of the assumptions of the elementary 

1 Figures in parentheses refer to list of 
references at end. 
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theory of beams on elastic founda
tions (4). 

2. The slabs are elastic; follow the 
linear law. 

3. The solution for one slab loaded by 
a vertical force at the edge is sup
posed to be known ( 4). 

8. The system is pre-stressed by pre
stressed joint units. This pre
stressing may be caused by mis
alignment in the case of dm,rel joints 
as illustrated in Figure 3. W' is the 
original joint opening, .6. V\T' is the in
crease in the joint opening, a is the 

,/, ..... ------------------------

' 
.,."'/, ... 

/ 

Fig. I 

4. The joint unit 0-0' is directly under 
the load P. 

5. The only forces acting upon any 
joint unit K-K' or simply K are the 
shear forces TK in the slab faces and 
the bending moments MK and MK' 
as shown in Figure 2. MK and TK 
act in the plane of the joint face of 
the left slab and MK' and TK act in 
the plane of the joint face of the 
right slab. They are interrelated 
by the equilibrium equation 

MK' ~ MK + WTK 1 

6. The joint construction is considered 
in the broader sense to include the 
parts of the slabs affected locally by 
the anchorage of the joint in the 
slabs. 

7. The joint construction may or may 
not follm'r the linear lmv and may be 
inelastic. 

Mr:; k/(\ 
\, JOINT UNIT I~) 

-~------------~ 
" "' tl u 

~ ~ ., 
~ ~ 
;:j 1------ w ------l 

M;=M,+W7; 

Fig. 2 

misalignment angle, and e is the ec
centricity in the setting of the dowel 
caused by the increase in joint open
ing. To adapt Figure 2 to the 
schemeR of further discussion, the 
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difference in elevation of the un
stressed ends of the dowels at a cut 
is denoted by (-e) as e is <0 as 
shown. 

9. An imaginary cut pq is made 
through the joint construction. 

10. The joints are so anchored in the 
concrete that both parts separated 
by the cut pq arc always assuming 
their initial position in the unloaded 
condition of the system or may be 
brought into this position without 
the application of any forces. 

Continuity Equations: The slab of the 
composite scheme, made up of the two 
slabs, the elastic foundations and the 
joint units, will behave theoretically in an 
elastic manner under forces applied to the 
slabs, if the system is not pre-stressed, 
although the joints may be inelastic. 

r----,-----, 
I 

Fig. 3 

The slabs on the elastic foundations will 
follow the linear law when they are not 
connected by the inelastic joint units, but 
when connected by these inelastic units, 
they will not follow the law. Neverthe
less, the "\vhole system must obey certain 
continuity conditions. 

As the horizontal forces arc not being 
treated, only the vertical and angular con
tinuity conditions will be derived. For 
this derivation consider the scheme shown 
in Figure 4. 

Let AB and CD be the neutral axes of 
the abutting slabs in their unloaded and 
unstrained conditions; A and K are the 
angles they form with the horizontal; H 
is the superelevation of C over B. Fur
ther, let 0 and O' be the corresponding 
points of the joint construction, which 
coincided before the cut pq ''ras made. 

The position of the points 0 and 0' is de
fined by the distances m, n and the angles 
v, f..L· The vertical distance between 0 and 
0' denote by e and it shall be called the 
eccentricity. It is positive when 0 is 
higher than 0' and negative in the oppo
site case. Now, consider small elemen
tary plane areas T and w of the joint con
struction at points 0 and 0' perpendicular 
to the plane of the drawing and forming 
the angles u and p with the horizontal as 
shown. These planes coincided before 
the cut pq was made. When points 0 and 
0' coincide and the planes T and w coincide 
it is assumed that all the corresponding 
points of the cut coincide and full con
tinuity of the joint is established. 

Now suppose that under the action of 
outer forces applied to the slabs, with 
shears and moments (equal and opposite) 
applied at the cut, full continuity at the 
cut and full equilibrium of the whole sys
tem has been established. The system 
nmv assumes the position A' B' 0" C' D'. 
The slabs have deflected at B and C 
through the distance du and dL vertically 
and through the angles "• and "L· The 
joint construction has deformed plasti
cally and elastically and has been dis
placed in addition due to some clearances. 
As a result the area T displaces vertically 
a' and rotates through 7' "~th respect to 
the tangent C'M. The area w displaces a 
vertically and rotates through 'Y' with 
respect to the tangent B'G; the area w 
displaces vertically over a and rotates 
through 7 with respect to the tangent 
C'M. 

The simple geometric relations follow 
from Fi6'1Ire 4 and 5. 

mv+ni'=H+e 2 

, = " - I' + v = BOp + pO'C 3 
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Further introduce the notation: 

(3=u-p 

S = K- A 

Cl'ro = 'Y - "/ 1 

6 

7 

8 

From Figure 4, the follmving intcrrela
tionf') are obtained: 

d, + du + H = dL 

d, + H + e = 8 

ar = O'ro + {3 - r 
p 

'I 

Fig. 5 

9 

10 

11 

12 

Equations 9 and 10 give the vertical 
continuity condition. 

dL - du = 8 - e 13 

Equations 11 and 12 give the angular 
continuity condition. 

CXL
1 + CLu

1 = O'ro + {3 - f: 14 
Vertical Continuity Equations: For a 

definite joint unit k the vertical con
tinuity equation will be 

dLk - dnk = Ok - Ck 15 

where dLk is the deflection of the right 
loaded slab 

duk is the deflection of the left un
loaded slab 

h is determined experimentally 
or analytically 

ek is the eccentricity 
duk may be resolved into two components 

duk = dkT + dkM 16 

where dkT is the vertical deflection due to 
To, T 1, T 2, ••• dkM is the vertical deflec
tion due to l\!Io, M1, M2, · · · dLk may be 
resolved into three components 

17 

where Dk is the vertical free edge deflec
tion of point k from the force Pat point 0. 
dkM' is the vertical deflection due to Mo', 
l\!I1', l\II21

1 ••• substituting 16 and 17 into 
15 the vertical continuity equation is ob
tained in the form 

Dk = 8k + 2dkT- ek + dkM - dk>~' 18 

dkM and dup are functions of all the 
moments l\!1 0, M1, · ·. and Mo'1 M1', 
respectively. These moments are small 
in the case of rigid slabs and flexible 
joints; the respective dkM and du1' will 
also be small and we shall therefore neg
lect them. 

Then equation 18 reduces to the form 

Dk = 8k + 2dkT - ek 19 

In the case of absence of eccentricity v,re 
have 

20 

dkT appears in 16 with plus and in 17 with 
minus as the shears acting on the un
loaded and loaded slabs are correspond
ingly equal and opposite in direetion. 

Angular Continttity Equations: For a 
definite joint unit k the angular con
tinuity equation will be 

CI'Lk + auk = al'Ok + f3k 21 

vvhere aLk is the angular deflection of the 
loaded slab auk is the angular deflection 
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of the unloaded slab, O:rDk is the angular 
deflection of the joint unit, i3k is the initial 
angular deflection. The positive direction 
of f3k is selected as shown in Figure 4 and 
defined by the relation 6. It is positive 
if the right half of the disengaged or cut 
joint construction i'3 turned counterclock
wise with respect to the left half in the 
initial unstrained state. 

auk may be resolved into two com
ponents 

22 

1vherc O:kT is the angular deflection due to 
shears akM is the angular deflection due 
to b. moments. aLk may be resolved into 
three components 

O:LJt = -akT + O:kM' + Ak 23 

where aknr' is the angular deflection due 
to b. moments Ak is the angular deflec~ 
tion at the joint k due to P. 
Substituting 22 and 23 into 21 we have 

Neglecting the influence of b. moments 
'iYC have 

Ak = a,•k + f3k 25 

If f3k 0 we have 

26 

or the angular deflection over the joint 
O'rOk has to be equal to the free edge 
angular deflection of the slab at the joint. 

The dkT may be expressed for the case 
of nine joint units disposed symmetrically 
\Vith respect to P and one unit under the 
force P by 

doT= AoTo + 2A1T 1 + 2A,T, + 

2A3T 3 + 2A,T, 27 

dlT = A1T 0 + (Ao + A2)T1 + 

(A, + A,)T, + (A, + A,)T, 

+ (A,+ Ao)T, 28 

d,T = A,T, + (A1 + A3)T1 + 

(Ao + A,)T2 + (A1 + A5)T3 

+ (A,+ A6)T4 

d,T = A,T, + (A2 + A4)T1 + 

(A1 + A,)T, + (Ao + Ao)T, 

+ (A,+ A7)T, 

d"' A,T, + (A3 + A5)T1 + 

(A, + A,)Tz + (A, + A,yr, 

+ (A,+ As)T, 

29 

30 

31 

According to Figure 9 of reference (4) \Ve 
have in (10-6 units) for h = 7 in. E = 
4.5 X 10' p.s.i., k = 250 p.c.i., I'= 0, l = 
26.8 in., a = 12 in. = 0.45 1 (uniform 
spacing of joint units a): 

Ao = 2.350 

A, = 2.043 

A, 1.650 

A, = 1.300 

A, = 0.935 

A, = 0.625 

A, = 0.378 

A 7 = 0.278 

A8 = 0.222 

The values of Dk are determined by the 
Ak. 

In a similar vmy expressions for au and 
aL entering the expression for 0 might be 
obtained. 

Characteristic Equation of Joints: The 
state of a joint unit construction depends, 
according to 1, solely on the shear T and 
moment l\11 of the same joint unit. 
Therefore, the a, a', 'Y, 'Y' of a joint unit 
are also functions only of the T and M of 
the same joint unit. 

Therefore we may have with sufficient 
appreciation 

o = f(T, M) 

"''' = IO(T, M) 

32 

33 

or 0 and aro will be functions only of the 
forces T and M. 
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IfH = e = O'and!J =!: = Othen 

d, = o = f(T, M) 31, 

a, = a,0 = ;o(T, M) 35 

On the basis of 10 and 12 or 29 and 30 
the f(T, M) and ;o(T, M) may be deter
mined experimentally for every type and 
size of joint device unit and may be ob
tained in the form of either analytical 
expressions or presented graphically. In 
some cases f(T, M) and ;o(T, M) might 
be derived analytically. 

The vertical and angular continuity 
equations are examined in the form 

Dk = Ok + 2dkT - ek 36 

Ak = a,ok + Ilk 37 

in which only the effect of the joint bend
ing moments upon the slabs has been 
neglected. 

The Ok and a,ok may be introduced in 
the way as explained above. 

If there is no pre-stressing (ek = 0) and 
ll• = 0 and H = 0 then we have the 
equations in the following simple and 
convenient form 

Dk = d,k = 2dkT 38 

Ak = ""'k 39 

This form obtains also if 

ek = Ilk = 0 

or Ck=O'k=Pk=O 

Equations 36 37 and 38 39 are good for 
finite or semi-infinite slabs. 

APPLICATION OF '£HEORY 

Equation 38 shows that the relative 
deflection over the joint unit K plus 
twice the deflection of the unloaded slab 
must equal the free edge deflection at k 
from the load P at 0. 

Equation 39 shows that the angular 
deflection over the joint must be equal to 
the free edge angular deflection of the 
loaded slab at K. 

In this manner, two equations 36 and 
37 or 38 and 39 are obtained for each 
pair of symmetric units and the unit 
under the load. There are as many 
equations as there are unknowns, T k and 
Mk. 

It is easy to set up these equations and 
to solve them if a limited number of units 
is considered. Fortunately, in the case 
of load transfer joints in concrete pave
ments the units farther away from the 
load transmit very little load and the cor
responding deflections are very small. 

In the case of one concentrated load at 
tbe edge of the loaded slab the range of 
distribution of load transfer will hardly 
extend over more than 1rl each side of the 
load, where I is the radius of relative 
stiffness and " = 3 .14. Beyond this 
range the shears transmitted by the units 
will he very small and will disappear 
quickly. 

Therefore, adopt the following course. 
Consider only, say nine joint units, 

e.g., symmetrically disposed both sides of 
the load P, with the center unit directly 
undei· the load. All other joint units are 
assumed to be inactive. Ten equations 
of the type 36 and 37 or 38 and 39 are set 
up, as the ca.'3c may be. 

Equations 37 and 39 contain, each one, 
only two unknowns T k and :J\tlk and can 
be solved with respect to Mk. This way 
all the Mk can be easily eliminated from 
36 or 38 and our system of 10 eqnations 
with 10 unknowns is reduced to 5 equa
tions with 5 unknowns. If the equations 
are linear the system can easily be solved 
in a short time. 

The problem may also be reduced to 5 
equations when Ok in 36 or drk in 38 is a 
function of T k alone. Then equations 
37 or 39 respectively serve for the deter
mination of Mk. 

Instead of solving the equations analyt
ically in a direct way by some of the well 
known algebriac methods the system may 
also be solved by the method of successive 
approximations. 
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If the characteristics of the joint device 
arc available in the form of curves graphi
cally then the solution may be obtained 
by the method of successive approxima
tions, or by the method of graphical solu
tion 0£ equations. 

In the application of the method of 
successive approximations, to speed up 
the process, we may adopt the following 
procedure. 

1. Assume functions F and .p in 32 and 
33 linear and homogeneous and ob
tain an approximate solution and 
then get an exact solution using the 
method of successive approximations 

2. Solve first graphically for 3 or 5 
joint units and use these solutions 
as approximate solutions in some 
way. 

3. There exist some approximate meth
ods yielding approximate solutions. 

B. Friberg's method of dowel joints as 
amended by one of the writers of this 
study (2) is based on the above given 
fundamental equations 38 and 39 and the 
assumptions: 

1. dro is assumed to be a linear homo
geneous function of To independent 
of Mo and the other Mk and Tk. 

2. It is assumed, that 39 may be sub
stituted by a linear homogeneous 
interrelation between Mo and To 
mal<ing the moment at the center of 
the joint equal to zero. 

3. The distribution of shears is assnmcd 
to be according to the trianglllar law. 

By this procedure all the bending mo
ments arc eliminated and all shears are 
expressed in terms of To. The T () is 
then found by solving the only equation 
38 

Do= d,., + 2doT 

Of course, the other equations 38 and 39 
for k = 1, 2, 3, ... will not be satisfied 
by these values of To, 1\, · · · lVIo, M1, 
M2, ···. 

The Older-Kushing method intended 
by the originators for any type of joints 

is based on the fundamental equation 38 
for the unit under the load and the as
sumptions (3). 

1. dra is any function of To 

d,o = 8(To) 

independent of Mo and the· other 
Mk and Tk. 

2. It is assumed, that 39 may be sub
stituted by a linear homogeneous 
interrelation between Mo and To 
making the moment at the center of 
the joint equal to zero. 

3. B. Friberg's triangular law of dis
tribution of shears is adopted. 

This way all bending moments are 
eliminated and all shears arc expressed in 
terms of T in equation 38. 

The case of load between two joint 
units may be treated in a similar way and 
does not present any difficulties as well 
as the case of non-symmetric distribution 
of joint units. 

The above theory is applicable to finite 
slabs of any shape. Example 1. Con
sider 9 joint units, H = e = 0 

Slab thickness h = 8 in. 

Modulus of Elasticity E = 4.5 X 10' p.s.i. 

Modulus of Subgrade k = 437 p.c.i. 

Poisson's Ratio J.l. = 0 

Load P = 9000 lb. 

Joint Spacing a = 20 in. 

then we have: Radius of Rel. Stiffness 
1 = 25.7 in. 

kl' = 28.8 X 10' 

1~, = 3.47 X 10-6 

= 0.78 

a 20 
I - 25.7 

interrelation (32) we assume in the form 

d,k = 1.2 X w-' X Tk 

or d,k is independent of Mk. 
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Using equations (38) we have five equa
tions 

Do = Oo + 2doT 

D, = o, + 2d1T 

D, = o, + 2d,T 

D, = o, + 2d,T 

D 4 = o4 + 2d4T 

Using Figure 9 of reference (4) we have 

10' X doT = 1.42 X To + 2.18 X T, + 
1.388 X T, + 0.716 X T, + 0.408 X T, 

10' X dlT = 1.42 X T, + l.09(To + T,) 
+ 0.694(T1 + T 3) + 0.358(T2 + T,) + 
0.204 X T, + 0.139 X T, 

106 X d2T = 1.42 X T, + 1.09(T, + 
'l',) + 0.694(To + 1\) + 0.358 X T, + 
0.204 X T, + 0.139 X T, + 0.087 X 
T, 

106 X d,T = 1.42 X T, + l.09(T, + 
T,) + 0.694(T,) + 0.358 X To + 
0.204 X T 1 + 0.139 X T, + 0.087 X 
T, + 0.052 X T, 

106 X d4T = 1.42 X T, + 1.09 X T, + 
0.694 X T 2 + 0.358 X T, + 0.204 X 
To + 0.139 X T 1 + 0.087 X T, + 
0.052 X T, + 0.030 X T, 

Substituting these expressions as well as 
the corresponding values of Dk and Ok into 
our five equations, we have the five equa
tions in the forn1 

4.04 X To+ '1.36 X T 1 + 2.776 X T 2 + 
1.432 X T 3 + 0.816 X T, = 12.8 X 

10' 

2.18 X To + 5.428 X T, + 2.896 X 
T, + 1.796 X T, + 0.994 X T, 
9.81 X 103 

1.388 X To + 2.896 X 'l\ + 4.448 X 
T, + 2.458 X T, + 1.562 X T, 
6.25 X 103 

0.716 X To + 1.796 X T 1 + 2.458 X 
T, + 4.214 X T, + 2.284 X T 4 

3.22 X 103 

0.408 X To + 0.994 X T, + 1.562 X 
T, + 2.284 X T, + 4.100 X T 4 

1.84 X 10' 

We solve these equations by the method 
of direct solution: 

To = 3.167 X 10' - 1.080 X T, 
0.686 X T, - 0.355 X T 3 

0.202 X T, 

To = 4.500 X 10' - 2.487 X 1\ 
1.328 X T, - 0.824 X T 3 

0.456 X T, 

To = 4.500 X 103 - 2.083 X T, 
3.200 X 1', - 1.770 X T, 
1.125 X T, 

To = 4.500 X 103 - 2.504 X T, 
3.425 X T, - 5.890 X T, 
3.190 X T, 

To = 4.500 X 103 - 2.438 X T, 
3.828 X T, - 5.600 X T, 
10.040 X T, 

1.407 X T 1 + 0.642 X T 2 + 
0.469 X T, + 0.254 X T, 
1.333 X 10' 

-0.404 X 'l\ + 1.872 X T 2 + 
, 0.946 X T, + 0.669 X T, = 0 

0.421 X T 1 + 0.225 X T, + 
4.120 X T, + 2.065 X T, = 0 

-0.066 X T, + 0.403 X T, -
0.290 X T, + 6.850 X T, = 0 

T, = 0.456 X T, - 0.333 X T, 
0.180 X T, + 0.948 X 10' 

'1\ = 4.640 X T, + 2.340 X T, + 
1.654 X T, 

T, = -0.533 X T, - 0.760 X T, -
4.900 X T, 
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'l\ 

Ts= 

T,= 

T, = 

Ta= 

6.100 X T, - 4.400 X T, + 
103.800 X T 4 

-5.096 X T, - 2.673 X T, -
1.834 X T, + 0.948 X 10' = 0 

5.173 X T 2 + 12.100 X T 3 + 
6.554 X T, = 0 

-6.633 X T 2 - 5.360 X T 3 

108.700 X T, = 0 

-0.524 X T 3 - 0.360 X T, + 
0.186 X 103 

-2.340 X T, - 1.268 X T, 

-0.808 X T, - 16.380 X T, 

+1.816 X T 3 + 0.908 X T, + 
0.186 X 103 = 0 

-1.532 X T 3 + 15.112 X T, = 0 

-0.499 X T,- 0.102 X 103 

9.87 X T, 
10.369 X T, + 0.102 X 103 0 

-9.85; 

-9.87 X 9.85 = -96.2 

T 2 = 0.808 X 96.2 + 16.38 X 9.85 
+238.9 

T 1 = 6.1 X 238.9 + '1.4 X 96.2 
103.8 X 9.85 = +860 

To = 4500 - 2.438 X 860 - 3.828 X 
238.9 + 5.6 X 96.2 + 10.04 X 
9.85 = +2126 

These solutions are presented graphically 
on Figure 6. 

The theory has made it possible to de
termine the values of the shear forces and 
bending nwments at the various distrib
uted units. ln order to evaluate these 
data for a definite joint device a knowl
edge of the deflection curves or charac
teristic curves of this device is necessary. 
The information required for each type 
and size of joint is expressed in general by 
formulas 32 and 33 or 34 and 35. 

These curves determine the elastic, 
plastic and strength characteristics of the 
joint device unit. 

The test to obtain these characteristics 
is rather simple. The joint device unit is 
placed between and embedded into two 
concrete blocks 7 by 12 by 15 in. The 
specimen is supported and loaded in such 
a way that the shear deflection curves are 
obtained for various values of bending 
moment. A special machine for the con
venient testing of such specimens in the 
above described way is being built at the 
preRent time by the Michigan State High
way Department. This machine is simi
lar, in gerieral, to many which have been 
used to make shear deflection studies, but 
differs in the application of loads, meth
ods of measuring deflections, and the ac
curacy for handling specimens in the test. 
A report will be made on this machine 
when tests have been completed on a 
number of joint devices during the coming 
winter. 

The characteristics of the joint device 
having been determined, a procedure for 
the joint design can now be followed. 

PKOCEDURE OF DESIGN 

The following data should be available: 
1. Characteristic curves for each type, 

size and joint opening of joint device. 
2. Curves for each of maximum fibre 

stress, joint unit shear force, or any 
other stress or force versus spacing 
of joint units. These curves to be 
based on standard vvhecl loads, 
various subgrade moduli, and slab 
thicknesses. 

3. lVIaximum permissible shear forces 
from the characteristic curves. 

4. Maximum permissible fibre stresses. 
On the basis of these data the maximum 

allowable spacings for the permissible 
shear force, fibre stress may be deter
mined. The lowest spacing determined 
by these various factors should be ac
cepted for the deRign. The Rpacing so 
defined will determine the cost of the 
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joint construction as far as individual 
units are concerned. 

In order more easily to study the in
formation obtained in the foregoing sug
gested procedure of design, charts may be 
prepared for each type of joint device and 

modulus. Figure 7 shows an imaginary 
chart drawn to illustrate its use in design. 
From the chart it is seen that for a given 
device and other given values on a sub
grade with a modulus value K = 50 p.c.i. 
the fibre stress limit docs not permit a 

SPACING OF JOWT UNITS 
1--- 20"----t- 20''--...f-zo·~ 2CI' 20"---t-2.0·:.......-r--- zo" -t--20"---J 
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Figure 6. Theoretical Curves 

Case of nine load transfer units. doK = 1.2 X 10-6, X TKj spacing A = 20"; P = 9000$; 
1 

h = 8"; E = 4.5 X 106 p.s.i.; K = 437 p.c.i.; p, = 0, l = 25.7"; Kp, = 3.47 X 10-6, 

joint opening. From such a design chart 
the correct spacing may be determined 
for a definite load at a definite distance 
from the free edge for given values of slab 
dimensions, concrete modulus of elas
ticity, and various values of subgrade 

spacing greater than 15.7 in., the shear 
limit 9.5 in. For other values of sub
grade modulus different spacings would be 
obtained. As has been pointed out previ
ously the least spacing is the value which 
should be used in the design. 
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To obtain similar graphs for actual 
joint design, it is necessary to construct 
curves as outlined in the procedure for 
design. Each set of curves must be 
calculated from values either assumed or 
obtained from laboratory tests. 

IHOOKN!.SS OF' SlU h• 
"OOUlUSOI' El.ASTOWY t• 
JOlNT <!NOT TYI'£ 
JOINT UNIT S!ZE 
J(HNT·OI'ENING W• 
WWfEl LOAD P• 

IN!;HES FflOM FREE WGE 

S~NG OF oiOINT IINITS 

Figure 7. Scheme of Diagram of Shear Forces, 
Fiber Stress and Concrete Pressure 

CONCLUSIONS 

Economic considerations in the con
struction of a pavement slab as vvell as 
the joint itself dictate that careful treat
ment should be given to the joint design. 
This is particularly true if the effect of 
the structural efficiency of the joint on 
the life of pavements is considered of im
portance. With this in mind, the theory 
and procedure for design has been de
veloped without unnecessary and danger
ous sacrifices in accuracy Every item 
has been carefully considered and its effect 
weighed. At the same time, 'the solu
tions have not become too involved. 

The results give to the practical de-

signer simple and convenient charts for 
suitable and satisfactory design. It 
makes little difference to him by what 
simple or complicated procedure they 
have been obtained provided the charts 
correctly represent actual conditions. 
The tests to obtain the characteristic 
curves have to be accurately obtained 
only once by any given laboratory. The 
curves have to be prepared only once for 
any given set of conditions. Having been 
determined by any one agency they are 
suitable for the use of any organization 
requiring their need. 

The problem of load transfer design 
has been under investigation by the au
thors, over six and one-half years. Dur.,. 
ing this period innumerable tests on 
joints and joint devices have been con
ducted. The results of these studies 
lead them to believe that the theory and 
procedure for the design of load transfer 
joints as herein presented is sound and 
practical. Any other procedure must 
recognize all the factors which have been 
discussed and it would seem that only by 
the application of a like theory and pro
cedure can adequate and proper design of 
joints be effected. 
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DISCUSSION ON LOAD TRANSFER JOINTS IN CONCRETE PAVEMENTS 

NIR. E. C. SuTHF;RLAND, Public Roads 
Administration: In 1928 Westergaard,' 
presented -~,;vhat was perhaps the first 
rational method of designing dowel joints 
in concrete pavements. This analysis 
provided a theoretical means of com
puting, for different d<nvel spacings, the 
reactions in each active dowel and the 
critical stresses which occur in the slab 
directly under the load as the load ap
proaches the joint. This analysis is 
limited to the hypothetical case in which 
the deflection on the two sides of the joint 
is equal. Later1 the stress conditions 
in the dmvels and the concrete surround
ing the dowels were investigated by 
Grintcr2 and by Bradbury,3 in independ
ent theoretical studies, using dowel reac
tions determined by the use of the 
W cstcrgaard analysis. 

Recently, Friberg~ ·5 made a theoretical 
analysis of flexible dowel joints in con
crete pavements in which he attempted 
to determine, for various conditions, the 
stresses in the do\vels and in the concrete 
surrounding the dO\vels. Certain labora
tory tests \Vere made in connection with 
this investigation, to determine the 
modulus of dowel reaction which is used 
in the theoretical equations. It \Vas 
assumed in this analysis that dowels at 
distances greater than 1.8 times the 
radius of relative stiffness from the center 
of the load were inactive and that the 
effective shear in the respective dowels 
decreased approximately as a linear func
tion of distance. 

Older and Kushing6 in a recent un
published paper presented a method of 
designing load transmission features for 
concrete pavement joints. This method 
was devised to a large degree on the basis 
of laboratory tests on joint devices which 
have been made at various laboratories 
during the past seVeral years. The 

1 Superior figures refer to list of references at 
end of this diseussion. 

reactions on the different units ·were 
assumed to be proportional to the de
flection of the unit or the relative de
flection over each respective unit between 
the two sides of the joint. Also load 
transfer units at distances greater than 
1.8 times the radius of relative stiffness, 
from the center of the load, were con
sidered as being inactive. 

The paper under discussion is a purely 
theoretical analysis providing a means for 
determining the reactions in the different 
units of a concrete pavement joint. It 
is intended that these reactions should be 
used in the W estcrgaard formulas for 
determining the critical stresses in the 
concrete slab as the load approaches the 
joint. 

Several assumptions were necessarily 
made in this analysis. Tt is evident that 
investigators have been greatly handi
capped in their efforts to find some 
rational means for designing joints, by 
the lack of experimental data on full
size concrete pavement slabs. Also, en
gineers 1vhose duty it is to design joints 
are handicapped in the selection of a 
method by the lack of experimental data 
to support any one of the various methods 
1vhich have been advanced. It has been 
stated that the State of Michigan is 
planning to make some joint tests on full
size concrete pavement slabs. The data 
obtained- from such tests should be very 
valuable. 

The Public Roads Administration dur
ing the past several years has tested a 
limited number of dowel joints, in which 
the spacing of the dowels and the widths 
of the joints were varied. The first 
sm:ies of the.':!e tests was reported in 
1'11blic Roads 7 in 1936. Two widths of 
joints (~ and f in., respectively) and 
three dowel spacings (18, 27 and 36 in., 
respectively) were investigated. The 
dovvels were of !-in. diameter and 36-
in. length in all cases. It was found 
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that these joints were rather ineffective 
in controlling the stresses directly under 
the loads, when the load was at a point 
some distance from the edge of the pave
ment, but that they were fairly effective 
in contro1ling the critical stresses caused 
by a load acting in the vicinity of a corner 
formed by the transverse joint and the 
pavement edge. 

Later a joint was tested in which do·wels 
of !-in. diameter and 24-in. length were 
spaced at 12-in. intervals. The width 

10,000-POUND 
LOAD 

two dowels ncar the center of the 10-ft. 
slab width and measurements \Vcre made 
of the strains on the loaded side of the 
joint, and of the relative deflections be
tvveen the two sides of the joint across 
the width of the slab. These measure
ments were first made v;rith all dowels 
intact and then repeated after each pair 
of dm.vels1 symmetrically spaced 1vith 
respect to the load, was cut through. 
The pairs of clovi'els were cut in the order 
of their distance from the load, the dowels 
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Fig. 1. Strains and Relative Deflections as the Number of Active Dowels Was Decreased, 
Load between Dowels 

of the joint opening was fin. in this case. 
It was found that the efficiency of this 
joint was quite high in controlling both 
the corner stresses and the stresses 
which occur directly under the load v;rhen 
it acts at the joint but away from the 
edge of the pavement. 

Another limited series of tests that has 
not been previously reported1 was made 
on hvo joints with !-in. openings in which 
dowels of !-in. diameter and 36-in. 
length were spaced at 18-in. intervals. 
On one joint a load was placed between 

nearest the load being severed last. The 
second joint was tested in the same man
ner except that in this case the load was 
placed directly over one of the dowels 
ncar the center of the joint. 

The data obtained from these tests arc 
shm:vn in Figures 1 and 2. The number 
of dowels that were active in each test 
is indicated on the figure. 

It is indicated by the data of Figure 1 
that with the load centered between 
dovirels1 the critical strains remain prac
tically constant as the number of active 
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dowels 1s decreased until after the last 
pair of dowels is cut, when an appreciable 
increase occurs. The relative deflec
tions are approximately the same v.rith 
six and with four active dowels, but in
crease as the number of active dowels is 
reduced below four. 

The data of Figure 2, for the case of a 
load active over a dmvel, indicate that 
there is actually a slight reduction in the 
critical stresses as the number of active 
dowels is reduced until the last dowel is 
cut when a noticeable increase occurs. 
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under a load placed at the edges and the 
interior of a pavement slab are not 
directly related to the total deflections 
caused by the load or to the apparent 
deflections in the vicinity of the load. 
For example, the deflection curve, for a 
point loading at the edge of a pavement 
slab, has the same apparent shape and the 
magnitude of the total deflection is the 
same as that for an equivalent load 
applied on the bearing area of consider
able size, but the magnitude of the 
stresses occurring directly under the 

~ ~~~ ;;} \:; .. ,:.\ 

I v 
v 

Fig. 2. Strains and Relative Deflections as the Number of Active Dowels Decreased. 
Load over Dowels 

The relative deflections are approxi
mately the same with 7, 5 and 3 active 
dowels, but increase as the number of 
active dowels is reduced bclm'' three. 
It will be noted in both Figures 1 and 2 
that changes in the relative deflections 
arc not necessarily accompanied by a 
corresponding change in the critical 
strains. The data of these two figures 
appear to support the conclusions of 
Westergaard, in his analysis of rigid 
dowel joints, that only the dowels near 
the load are effective in stress control. 

The magnitude of the stresses directly 

load for the two load conditions will be 
appreciably different. The magnitude 
of the stress directly under the load is 
determined by the degree or rate of 
curvature at this point and differences in 
the rate of curvature under the load are 
not detected by present methods of 
measuring deflections. 

In the studies of structural behavior 
made at Arlington a number of butt type 
longitudinal joints with bonded tic bars 
spaced at intervals that varied from 24 
to 60 in. were tested. In a number of 
the tests the deflection data showed that 
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the two sides of the joint deflected the 7. 
same amount indicating that 50 percent 

L. W. Teller and Earl C. Sutherland, "The 
Structural Design of Concrete Pave
ments''. of the load was being transferred. 

In spite of the apparent effectiveness 
of this type of connection, when judged 
by the deflection data, it was found 
that a load placed midway between two 

Part 4-A Study of the Structural Action 
of Several Types of Transverse and Longi
tudinal Joint Designs. Public Road8, 
September and October 1936. 

of the bonded dowels or tie bars produced Mn. W. 0. FREMONT, Michigan State 
essentially the same critical stress under Highway Department: The data pre
the load as was caused by the same load sented by Mr. Sutherland are very inter
acting at a free edge of the same slab. esting. They are limited only to the 
Since the load transfer ·units arc, .. intro:..: action of the ·so-ca-Hed d· = -!'in. standard 
duced to control critical stresseS, ,:if)s;' dovyel jqihts.. Thef~>heory and procedure 
apparent that their effectiveness canlrot .pre~ented by .tJ;te ~uthors has no such 
be accurately estimated from deflection' · 'li'ruitation:· 'Fhcy ~an be applied to the 
data. · . .. . . , . • .. stan[l~p} do~v~$ a!jd tp dorvels reinforced 

ln order to effectively .;l~;'tro~ mjtjp~l / 1by s;~e~$ ;~f;~~if,*gidit>:': iTh2y can be 
load stresses at a slab edge, rt1s 'beheved u:led m eohnectron wrth manyothcr types 
that the mechanical '6oirnecti6n.bcl'wecn ·-arj'omf'units. It is po]nted out that 
the two slab ends should be as nearly con- according to the tests in the laboratory 
tinuous as possible so that the elastic and in the field on pavements conducted 
curve of the slab edge to which the load by the Michigan State Highway Depart
is applied will be smoothed out and its ment the rJ = i in. dowel joints have 
maximum rate of curvature will be re- proved to be the most inefficient joint 
duccd by the support offered from the units in use. The conclusion has been 
unloaded slab by the joint connection. reached, that they are of very little use 

Any method of testing joints, or of for stress relief. This behavior of the 
determining their efficiency by theoretical d = i in. dowel joints has been repeatedly 
means should give consideration to the verified experimentally and if the pro
localized effect or influence of the dowels posed procedure were applied to the con
on the rate of curvature of the slab in the ditions described by Mr. Sutherland the 
region directly under the load. same stresses and the same deflections 
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could have been calculated as those ob
tained experimentally and described by 
Mr. Sutherland. 

The intent and purpose of the develop
ment and presentation of the report was 
the improvement of the design and con
struction of joints in rigid pavementso 
The recommended procedure enables us to 
analyse in advance, on the basis of only 
preliminary laboratory tests, more satis
factory types of joints and to predict 
their behavior in pavements without go
ing into extensive, costly and time con
suming field tests on actual pavements. 
On the basis of such analysis different 
types of joint units may be compared 
as to their structural and economic values 
in a very convenient way. 


