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SYNOPSIS "

The basic fundamental conditions involved in the .desigi aﬁd(pon-
struction of joints are discusscd.* Various types of joints. and load
transfer deviees are described, as well as various forms of structural
failure of joints., Recommendations are given for the design, fabrication
and installation of load-transfer devices, the construction and finishing
of the conerete surrounding the joint assembly and the sealing of joints.
A supplement discusses joints for heavy duby airport pavements.

INTRODUCTION |

As a part of the work of ACI Commitiee 325, Subcommittee 3 was
established and assigned the subject of structural design of jsints.
This paper has been prepared in cooperation with the members of that
subcommittee and has for its purpose a review of jointing practice in
highway pavements as it exists today. In general, it includes the defi-
nition, description and function of joints, joint design, load-transfer
devices and their function, forms of joint failure and trends in joint
design. -

Trom all viewpoints, an ideal concrete pavement surface would be
one consisting of a continuous ribbon of conerete of uniform construetion
with no breaks in its continuity. Unfortunately, however, such a
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pavement cannot be economically achieved under present-day practice
although studies are being conducted in an attempt to accomplish this,
in effect, through the use of continuous, heavy reinforcement,

Because of its inherent weakness in tension, conerete is highly suscep-
tible to cracking under tensile stresses, particularly those induced by
volume changes due to temperature fluctuation, autogenous shrinkage
of the concrete at early age, or other causes. Kven in the “continuously
reinforeed’”’ design the concrete itself is not continuous. When transverse
joints are not Included in the design they will, in effect, be supplied in
the form of transverse eracks that will sooner or later oecur. The
nearest approach to obtaining an ideal pavement comparatively free
from transverse cracks has been accomplished by dividing the pavement
into a series of slabs by the introduction of joints of one kind or another,
the glabs to be as long as possible consistent with practical design re-
quirements and within economie limitations.

Depending upon their design, the function of such joints is to main-

tain within safe limits the stresses caused by expansion, contraction and
warping of the concrete. Transverse joints are thus functionally classi-
fied as “‘expansion,” ‘“‘contraction,” and “warping” or “hinge” joints.
Tongitudinal joints, as the name implies, are placed lengthwise in the
pavement and act essentially as continuous hinge or contraction joints,
depending on the method of construction. If the longitudinal joints

contain a filler they may also act as expansion joints, as may be the case

in wide sections of airport pavement.

It may he said that every joint is potentially a source of structural
weakness contributing to the ultimate deterioration of the pavement.
They may also limit the load-carrying capacity of the entire structure.
Since it is possible to design a concrete pavement slab strong enough
to withstand combined warping, load and friction stresses for any pre-
dictable traffic condition and subgrade support, it would appear to be
good engineering practice to reduee the number of joints to an absolute
minimum, consistent with sound design principles.

The structural inadequacy of transverse joints has been fully appre-
ciated by highway engineers for many years and many designs have been
advanced as a solution to the problem. Thig is reflected in the volu-
minous literature on the subject. However, up to the present, the
joint problem has not been fully solved, and perhaps it never will be
unless a conscientious and concerted effort is made by those in authority
to remedy the following serious deficiencies which, in general, have
exercised a profound influence on the design, construction, and per-
formance of joints during past years: )

1. The permission of wide latitude in the interpretation of pavement specifications,
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2, The prevalence of considerable lenity in the inspection and control of construction
processes.

3. Careless practices associated with the initial sealing of joints and the subsequent
maintonance thereof,

4. The lack of a suitable joint filler and sealing compouhd.

5. The mability of present subbase construction practices to offer uniform and
eontinuous support for the slabs. '

6. Thi pursuance of a ghort-sighted policy with respect to the cost of joint assemblies
and load-transfer deviees without full appreciation of their relative mechanical efficiency
or their effect upon the ultimate service life of the structure.

7. The comparatively stow progress being made in the development of basic infor-
mation and sound design theorieg in relation 4o joints.

8. The general practice of allowing steel fsbricators or others, rather than state and
federal agencies, to take the initiative in joint design.

After more than a half century of experience in the design and con-
struction of concrete pavements, there iz still no generally uniform
practice for either the use and spacing of joints or the design and con-
struction of the joints themselves. It is doubtful, however, whether
uniform. practice may ever be achieved, or in fact cven be desirable,
in view of the many variations in climatic, traffic and soil conditions
in the United States. We nevertheless firmly believe that present
jointing practice can be materially improved by (1) correcting, so far
as Is praciical, the deficiencies enumerated above and (2) coming to a
mutual understanding on certain fundamentals of joint practice common
to all—subgrade support, workmanship and specifications for the evalu-
ation, spacing and placing of load-transfer devices in joints. -

FUNCTION, DESCRIPTION AND DEFINITION OF TRANSVERSE JOINTS

In general, a transverse joint may be defined as an artificially ereated
plane of interruption in the continuity of the pavement. The joints
divide the pavement into a series of slabs of predetermined lengih.
Bince there are several kinds or types of transverse joints, some dis-
cussion should be devoted to their basie features and specifie functions,

Because of the general looseness in the use of deseriptive terms for
the various types of joints it iz believed desirable at this point to assign
definite terms to each kind and type to avoid ambiguity and misunder-
standing. For the sake of clarity and mutual understanding, definitions
and functions of the respective joints are presented below. It is hoped
that the terminology employed will eventually meet with general
acceptance,

It may be stated that all types of joints can be placed in one of three
basie categories, namely, “expansion,” “contraction” and “hinge.”
Examples of joints falling in each of these three categories are presented
in Fig. 1.
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Fig. 1—Three basic types of joints
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Expansion joinfs

As the term implies, the primary function of an expansion jeint is
to provide for the expansion of the pavement and thus to maintain
compressive stresses within safe limits, When installed between the
pavement and a fixed structure, such as a bridge, an expansion joint
serves also to prevent the pavement from exerting damaging pressures
against the structure. '

Expansion joints also function as contraction joints and, further-
more, permit vertical angular movement of the siab ends in the manner
of hinged joints. They are usually constructed with an opening of 24
in. or 1 in., in which is ingtalled a filler of some suitable resilient material
such as premolded hituminous fiber board, wood, eork, or other material
intended to provide expansion space and to prevent the infiltration of
water and foreign substances, Actually, none of the materials so far
used as joint filler has been able to exclude either water or foreign bodies
completely. One of the most important functions of fillers, therefore,
is to counteract the damaging effects of infiltrated solid malerials by
acting as a compressible gasket to prevent excessive localized restraint
to joint closure. A major deficiency of all joint filler materials thus
far employed 1s that they fail to recover in thickness after prolonged
periods of compression and, therefore, in the course of time, fail to act
as compressible gaskets. Desirable characteristics of filler material are
relatively high resistance to compression, freedom from a tendency to
extrude from the joints when compressed, and complete recovery in
thickness after compression. The joint opening is usually sealed with
a bituminous material, mixtures of bituminous material and rubber, or
some mechanical sealing element. 8lip dowels or proprietary load-
transfer devices are generally included.

Contraction joints

Contraction joints are installed in the pavement to maintain tensile
. gtresses within safe limits., Since contraction joints must be free to
open, the continuity of the longitudinal reinforcement, if present, is
interrupted at the joints. Dependence must be placed either on aggre-
gate interlock or on load-transfer devices to maintain slab alignment.

Basically, there are fiwo types of contraction joints, namely, the
“plate-type’’ and the “groove-type,” the latter being most commonly
employed. '

Plate-type—Tig. 1 shows the typical features of a “plate-type” con-
traction joint., This joint i formed by erecting a separator or parting
strip on the subgrade. The separator, which usually consists of a metal
plate, or a thin sheet of some other rigid, non-compressible material,
serves to interrupt the continuity of the pavement. The groove formed
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in the concrete immediately above the separator serves as a reservoir
for sealing material. A load-transfer device of some kind is generally
used in conjunction with this type of joint, since interlocking of the
aggregate is prevented by the separator.

Groove-type—In general, this type of joint is created by reducing the
effective area of the cross section of the pavement by approximately
one-third, thus causing the formation of a transverse crack at the joint.
This is accomplished by either installing a thin premolded bituminous
gtrip vertically to the desired depth or by forming a groove in the sur-
face, as indicated in Fig. 1. Tn addition to the surface groove, a parting

" strip of wood, metal, or premolded material is sometimes provided at

the bottom of the slab, directly under the groove, to insure the formation

of a vertical crack and to further encourage early cracking of the con-

crete at the joint.

Most contraction joints, especially those of the groove type, are
sealed with bituminous material or, more recently, by a rubber-asphalt
compound, to exclude water and solid materials. If iz not general
practice to seal contraction joints cmploying premolded . bituminous
strips to form the groove. :

Vertical slab alignment is usually maintained by aggregate mtellock
or the use of load-transfer devices,

Hinge joints

- The term ‘“‘hinge joint” applies to any joint whlch permits hinge
action but no appreciable separation of the adjacent slabs. Hinge
joinis are usuaily installed in conjunction with reinforced pavements
and are intended primarily to control warping stresses. In contrast
to contraction or expansion joints, appreciable changes in joint width
are prevented by steel reinforcement or bonded steel dowels passing
through the joint. In effect, a joint of this type acts simply as a hinge,
that is, it merely permits a certain amount of vertical angular displace-
ment of the abutting slabs (Fig. 1).

Hinge joints generally are constructed in the same manner as grooved

contraction joints, except that in reinforced pavementis the longitudinal
reinforcement is not interrupted but is continucus through the joint,
thereby allowing hinge action without appreciable slab separation. In
the absence of reinforcement, bonded dowels are used t6 hold the slabs
together. Load transfer is usually accomplished by aggregate interlock,
For butt-type joints, other means may be employed. The joints may or
may not require sealing, depending upon their design.

Construction joints
This term applies to the joint necessitated by any prolonged stoppage
of the concreting operations, such as at the end of the day’s work,
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equipment breakdown, delays in delivery of materials, ete. It may
be any one of the three types of joint—expansion, butt-type contraction,
or hinge—depending upon the features of the pavement design and
prevailing praetice.

LONGITUDINAL JOINTS

IExperience has shown that the full-width pavements constructed in
the past have been highly susceptible fo longitudinal cracking, the
location of the cracking being essentially along the cenber line. As a
preventive measure, it 13 current practice to divide the pavement into
lanes less than 15 ft wide by longitudinal joints.

These joints appear at various longitudinal positions in the pavement,
depending upon the width of construction, and serve to control tensile
stresses.  Longitudinal. joints generally fall in the category of hinge
joints and may be constructed in one of several ways (Fig. 1). Thisg
type of joint may be an ordinary butt joint resulting from lane-at-a-
time construction, or one created under full-width construction by
embedding a metal or fiber plate in the concrete along the proposed
line of the joint and so shaped as to create an interlocking of the slab
edges, or it may be ereated by weakening the pavement with a deeply
formed groove, or with an embedded strip of prefabricated bituminous
material. The adjacent slabs are usually prevented from separating
and faulting by means of bonded steel fle bars spaced at proper inter-
vals. The joint may or may not be sealed, depending upon the manner
of congtruction,

'FACTORS IN JOINT DESIGN

The design of joints necessitates the consideration of certain structural
features which enable the joint to perform its intended function, includ-
ing: .

1. Allowanee for movement of slabs during expansion, contraction and warping,
whieh in turn is dependent to a certain extent upon (a) the length of slab or pavement
section, (b) changes in original slab length due to autogenous volume changes and
moisture conditions, {c) seasonal and daily temperature fluctuations with respect to
congtruction temperaturces, {d} subbase characteristics and (e) thermal coefficient of
cxpansion of the conerete. '

2. The insurance of mutual vertical alignment of adjacent slabs to preserve desirable
riding qualities, :

3. Provigion for load transfer, where necessary—including aggregate interiock and
mechanical devices with their supporting systems.

4, Majintenance of adequate seal againgt infiltration of water and foreign matter.

Joint width changes

It has been conclusively demonstrated by experimental field studies?
that joint width changes can be controlled by proper spacing of trans-
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verse joints, The amplitude of joint width changes can be narrowed
t0 any predetermined range for a given climate by sufficiently increas-
ing the number of transverse joints to form proportionately shorter
slabs. Some compromise usually s necessary between the two alter-
natives of least possible width change and smallest possible number of
transverse joints, both of which are desirable features.

Tt is generally considered that the spacing and design of expansion
joints should be dependent on the allvwable compressive sfress in the
concrete. The average compressive strength of cores from present-day
concrete pavement at ages beyond 28 days generally ranges from 4000
$0 6000 psi. Such strengths are well in excess of the theoretical com-
pressive stresses resulting from thermal volume changes which the
concrete will be called upon to withstand under ordinary circumstances.
Furthermore, compressive stresses are reduced at early ages because of
the initial shrinkage of the eoncrete which takes place during the early
hardening period, and may subsequently be reduced by plastic defor-
mation of the conerete under continued compression,

Just how much compressive stress relief is provided by the above
phenomensa is' not definitely knewn, but from stress calculations and
the performance of experimental field sections constructed without
expansion joints it seems safe to say that, in most cases, the compressive
-gbress will not reach the values on which the pavement design i3 based,
at least for gsome years, This does not mean, however, that the com-
pressive stress at any given time cannot equal or exceed the strength
of the concrete in certain localized areas, such as at joints and cracks.

Studies of blowups generally reveal that there had been a progressive

* detevicration of the quality of the conerete itself in the vicinity of joints

prior to failure. Such deterioration is a contributing factor in the sue-

cessive partial failures under excessive localized compressive siresses

which eventually result in complete crushing or blowup of the joint,

Infiltration of foreign materials plays a very important part in this
process,

Many states have now omitted expansion joints except, in some
instances, during cold weather eonstruction, or to relieve horizontal
pressures at bridge structures or other critical locations. When expan-
sion joints are specified in these states, spacings of 400 to 600 feel are
commonly used. The thought bhack of this practice is to relieve com-
pressive stresses but not to eliminate them entirely since it is believed
that a cerfain amount of compressive stress is desirable.

The amount of contraction joint opening in a given climate is a fune-
tion of {a) their spacing, (b) the spacing of such expansion joints as
may be included in the design, (¢} temperature prevailing during con-
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struction and (d) the materials involved in the donstruction of the
pavement. The maximum opening of contraction joints will, of course,
be profoundly influenced by the extremes of temperature and moisture
range characteristic of the prevailing climate.

There is now evidence! that when contraction joints have once opened
they seldom return to their original width even when the pavement is
under compression. This increage in residual joint opening with time
is move pronounced as the spacing of the contraction joints is increased,
and the spacing of expansion joints decreased. Measurements of con-
traction joint openings under varicus joint spacing conditions indicate
that ultimate openings of as much as 0.30 in. may be expected for 100t
spacings when no expansion joints are used, and 0.50 in. for 60-ft spacings
with 1-in. expansion joints eontaining premolded bituminous filler
spaced at 120-ft intervals.

Inasmuch as many engineers are reluctant to install contraction
joints at the close intervals required to insure aggregate interlock,
the current practice in some locations is to install the joints at intervals
that range from 30 to 100 ft and to compensate for the loss in interlock
by the installation of dowels or load-transfer devices.

Slab alignment

In addition to providing for expansion and contraction, as the case
may be, 1t 18 the function of a joint, together with its load-transferring
means, to preserve indefinitely the original riding qualities of the pave-
ment, However, present design analysis for slab thickness does not
take into consideration nonuniform subgrade conditions, subgrade
volume changes caused by moisture and frogt action, nor the pumping
action and the subsequent faulting of slab ends resulting from decreasing
subgrade support mm the vicinity of joints. This latter phenomenon is
agsociated with (1) continued consolidation of granuldr subgrade material
by vibratory effect of traffic over joint edges, (2) by the diluting effect
of surface water which filters into these areas through open joints or
by seepage at the sides of the pavement and (3) plastic deformation of
the subgrade under load action, considering that the deflection of the
slab ends may be three to five times that of the interior of the slab.

Experience indicates that to attain a continuing satisfactory riding
pavement it is necessary, as an insurance measure, to provide a suitable
load-transfer device having the twofold function of transferring the
loads across the joint and maintaining the mutual alignment of the
adjoining slab surfaces. By the introduction of such a device the de-
flection of the slab ends may be reduced approximately 50 percent, and
the deflection of the glab ends relative to each other almost 100 percent.
To this end, joints must be designed to ineclude, where necessary, satis-
factoryload-transfer devices together with appropriate holding assemblies.
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Seulmg of transverse foints

In spite of all care in the design of load- tldnSfel units, or in the sub-
sequent construetion and nstallation of the joint assembly in the pave-
ment, or in the final hand-finishing of the conecrete at the joint, there
remaing one factor in the joint probiem which has been sadly neglected
and that is the development of ways and means for construcling a
transverse joint such that it will completely exclude water and solid
foreign materials throughout the life of the pavement.

To scal a joint adequately, means must be provided to exclude water
and foreign matter from the top and bottom and also the ends. In the
case of expansion joints, an attempt is now made to do this by inserting,
into the joint opening, premolded filler materials sealed at the top, or
wood boards. These materials are supposed to expand and contract in
unison with the slab ends and thus keep the joint opening closed.

Joint fillers—Congideration of providing the best possible type of

- joint filler material for expansion joints needs stimulation. Since the

primary purpose of the joint filler is to prevent infiltration of foreign
matter when the slabs are contracisd and to support the joint-sealing
compound at the top, the material should have the greatest possible
resilience combined with the property o minimum extrusion under
cyclic pressures, The bituminized fiber joint fillers in common use
today have excellent nonextruding properties but, on the other hand,
they possess little resilience. Wood boards have been used successfully
for years by some states. At the present time, compressed wood is
being given attention. The wood is compressed in the dry state to
required thickness. When installed in the joint it has the potential
property of expanding the amount compressed, plus normsl swelling -
when saturated. Other premolded bituminized materials are available
for expansion joint fillers. Sponge rubber shecting has been suggested for
this purpose. The problem of providing a suitable filler material must
yeot be golved. It is believed that industry can supply such a material
if highway administrators would strongly demand it and be willing to
pay the price.

The bituminized fiber pcutmg strip so commonly used to form con-
iraction joints offers no positive seal to the joinis when they are open
during cold weather. Furthermore, because of its flexibility and in-
stability, it is most difficult to ingtall properly, even with careful work-
manship. Consequently, spailing, scaling and subsequent disintegration
of the conerete adjacent to the joints sometimes develop. The grooved
type of joint properly sealed with a poured material offers many
advantages. :

Sealing compounds—Hot-poured agphalt-rubber compounds are widely
used today for the sealing of all types of joints in conerete pavements.
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As compared with the straight bituminous products they represent a
marked advance in sealing materials, but the problem of adequately
sealing joints is etill far from solved. Experience now indicates that
these materials are not doing an entirely satisfactory job even when
applied under proper conditions. There is urgent need for improvement
in these materials to produce better wetting and cohesive properties.
Also, their application should not require such exact control, which is
impraetical to achieve under normal construction project conditions.
Furthermore, there iz need for considerable improvement in joint-
sealing material of this or any other type, and the development of more
satisfactory test procedures io insure proper quality. Asphaltic oil-
latex joint-sealing material, although used to a limited exfent, has
shown remarkable durability in service. More recently, premolded
neoprene rubber materials have appeared on the market.

The successful sealing of joints requires not only a suitable sealing
material but also proper workmanship in applying it. Present specifi-
cations provide for such construction procedures, but they are seldom
carried out conscientiously in the field. In other words, to insure positive
adhesion of the joint-sealing meaterial to the concrete, to effect a proper
bond at all imes, it will be necessary to provide methods to counteract
deficiencies in the preparation of the joint surfaces and in applying the
materials.

Joint shields—It is now the practice in some states to provide a shield
at bottom and sides of the joints to prevent infiltration of foreign material.
These shields are approximaiely 12 in, wide and are made of sheet
metal or premolded bituminous fiber board. Insufficient time has
elapsed to form any definite conclusions as to the merit of this practice.

LOAD-TRANSFER DEVICES AND JOINT ASSEMBLIES

Ag previously indicated, load-transfer devices have a dual function,
namely: : ‘ _

1. To prevent dilferential vertical displacement of the adjacent slab ends—such
displacement being defined asg “faulting” or “stepping-off.”

2. To mechanically transfer loads across the joint space to the extent that beth
slab ends will act jointly in supporting a load that is applied to only one of the slab
ends—the result being a reduction in the magnitude of the deflections of the slab
ends and a consequent reduction in the magnitude of the stresses induced in the pave-
ment, .

In recent years, due to the tremendous increases in hoth the weight
and number of trucks, the action of traffic has become a factor of utmost
importance in the design of joint devices. Tt should be understood,
however, that the introduction of a load-transfer device of sufficient
strength to cause both slab ends to deflect equally and simultaneously
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under the action of traffic will not necessarily result in a pavement
that has uniform load-carrying capacity throughout its entire length.
It has been demonstrated in actual practice that the pavement at
joints and eracks is far more susceptible to failure than eisewhere, and
it is for this reason that the proper design of joints and the prevention
or control of cracking warrant serious consideration.

Design of load-transfer devices

Load transfer as & factor In joint design was first recognized in 1917
when, on a conerete pavement project near Newport News, Va., steel
dowels were placed across all transverse joints for the stated purpose
of transmitting loads across the joints by shear. Since that time
numerous patents have appeared covering all imaginable kinds of
load-transfer devices. In most cases they were so expensive or impractical
to construet that they have never been used.?

Although methods to provide structural interaction of adjioining
slabs were used as easly as 1917, it was not until 1928 that attention
was given to the determination of spacing or to the evaluation of the
effectiveness of snch devices. In that year, H. M. Westergaard?® pre-
sented a rational theory for joint design uader the title, “Spacing of
Dowels.” Several investigators® 438789 haye since presented theories
and methods of tests for the evaluation of load-transfer devices, together
with resulés of field and laboratory studies. :

The results of these investigations, particularly in regard to the
functioning of load-transfer devices, indicate that there exists, in some
cases, a close agreement between field tests and values obiained by
theoretical caleulations based on the Westergaard theory of slab de-
flections. A thorough study of these investigations is encouraging and
gives evidenee that a rational method of joint design can be established
whereby a definite relationship between the load-transfer device and the
characteristics of the slab and subgrade may be utilized.

An examination of the load-transfer deviees which have been used or
are in use today reveals certain definite principles in their design. These
principles may be classified as follows:

1. The development of shear resistance with hinge action. .

2. The development of shear and bending moment. (The most common unit n
this class is the eonventional dowel bar.) ‘

Further, a review of load transfer practices for highway pavements!®
brings out other interesting facts, namely: ‘

1. The conventional round dowel is used to a greater extent than any other type
of load-transler device. The diumeter ranges from 24 to 114 in., and the length from
1240 33 in.

2. The spacing of the dowel bars ranges from 12 to 16814 in, center to center. Pro-
prietary devices range in spaeing from 12 to 20 in.
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Fig. 2—Plain dowel load-transfer units. Right
~Common round sieel bars. Left—Fabricated
sheet steel dowel. Bottom lefti—Rectangular
truss unit. Bottom right—Double rectangular
dowel.

3. The installation of some form of load-transfer device is standard practice in most
states, but there are some states that do not install load-transfer devices of any kind.

4. Several states permit the use of approved proprietary load-transfer devices.
5. Some states use load-transfer devices only of their own design.

This information is presented to show the variation which exists in
present-day design requirements for load-transfer devices, and to
further show the need of a method for evaluating devices on the basis
of their ability to perform their intended function.

Methods of effecting load transfer

Various types of load-transfer devices or methods of effecting load
transfer will be discussed and illustrated in accordance with the basic
principles involved in their construction and use.

Dowels—Plain round steel bars have been most extensively employed
to dowel the ends of slabs together. Dowels are not, however, limited
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Left—Dowel socket unit
Right—"'A"' dowel

Left—H-Bar
Right—J-Bar {new)

Left—Wing bearing unit 4
Right—]-Bar (old)

Fig. 3—Dowel type load-transfer units with metal sleeves

to round sections, inasmuch as various structural sections such as
rectangular bars, channels, I-beams and tubing have been employed.
In this type, the dowel and concrete are in direct contact. Several
well-known types are shown in Fig. 2.

Dowels with melal sleeves—Load-transfer units in this class have
metal sleeves surrounding the dowel bar. The sleeves become embedded
and anchored in the concrete. The function of the sleeves is to dis-
tribute the stresses into the concrete surrounding the load-transfer
unit, thus preventing the highly concentrated bearing stresses that
the dowels would otherwise exert on the concrete. Several devices
~employing this principle are shown in Fig. 3.

Plate dowels—Load transfer by plate dowels is effected by a steel
plate which extends the entire length of the joint. The plate often is
encased in a metal shield to promote freedom of movement. KExamples
of this type are shown in Fig. 4.

Hinge action units—These units are designed to effect load transfer
through direct shear, with no bending moment. A typical example is
shown in Fig, 5. .

Lug units—These are generally made of malleable iron castings
shaped in such a manner as to become firmly embedded in the concrete.
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Fig. 4—Plate dowels

Key lode

‘Removable installing cop
to be removed before final
_passage of screed. ‘

‘ “ Supporting shoe not
; - ~ __ less than four shall be
Continuous plate ) — i ~ £ used for eqch'll‘rl.rqnej

Short lugs are appended which serve to transfer the load across the
joint through direct shear action. A common type of lug unit designed
for use in expansion or contraction joints is shown in Fig. 6.

Ledge construction—This refers to methods of effecting load transfer
without metal devices, by special construction of the slab ends at the joint.
Such methods usually consist of some type of ledge construction which
transmits load through shear action, but which permits free horizontal
movement of the abutting slabs. Joints of this type are illustrated in
Fig. 7.

Sl joinis—The typical features of a sill joint are shown in Fig, 8.
Actually, the concrete sill cannot properly be termed a load-transfer
device, or in fact a device of any kind, since it is simply a means of
providing a greater degree of support for the slab ends than would be
provided by the subgrade alone. The effect of the sill is to distribute
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Fig. 5—Hinge action units,. Top—Translode angle.  Center—Z-Bar,
Bottom—Spade unit

applied loads over a greater area of subgrade and thus reduce the unit-
bearing pressures on the subgrade. Consequently, to be effective, the
sill must necessarily have considerable surface area. In Fig. 8 the
upper surface of the sill is shown flush with the subgrade surface. How-
ever, in an effort to counteract the possible infiltration of earthy materials
between the sills and the pavement, the tops of the sills have in some
instances been constructed from 1 to 2 in. above the subgrade surface,
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Fig. 6—Lug units

in which case they are partially inset in the pavement. In some locations,
as a supplemental feature, sills have been employed in congunctlon with
joints having load-transfer devices.

Requirements for load-transfer devices

A satisfactory load-transfer unit must be designed and constructed
in accordance with certain principles. It is believed that these principles
are:

1. The units should be economically justifiable.

2. They should be simple in design so that they may be practical to install, and
permit positive encasement by the concrete.

3. They should be capable of distributing the load stresses throughout the adjacent
concrete in such & manner that these stresses will not exceed the allowable design value.
In this respect it is especially important that high localized stresses in the concrete
at the joint face be prevented.

4, They must offer no material restraint at any time to the opening of the joints.

5. They must retain their mechanical stability under wheel load weights and fre-
quencies comparable to those for which the pavement itself has been designed.

6. They must be constructed in such a manner as to meet specified performance
requirements relative to load transfer capacity.
7. They should be resistant to corrosion.

The load-carrying capacity of a load-transfer assembly is dependent
upon several factors of which the more important are size, length and



806 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE June 1950

Direction of Traffic

Ledae , entire lengthof joint

Fig. 7—Ledge construction

spacing of the dowels, or the mechanieal efficiency of nondowel types,
width of joint opening, thickness of the slab, respective strengths of
metal and concrete, stiffness of the pavement-subbase system and
proper alignment of the load-fransfer units. During recent years studies
have been made, and are presently being made, with the view of de-
veloping a satisfactory method for evaluating load-transfer devices In
terms of load transfer capacity, mechanical stability and relative effect
upon stress distribution in the adjacent concrete.

In the evaluation of any type of mechanical load-transfer device it
will be necessary first to establish recognized standard requirements,
the most important being a definite rigidity value (joint modulus or
modulus of rigidity) under specific controilable conditions. Ineluded
in the standard requirements should be the ability of the unit to reduce
joint edge stresses to a required amount, also the ability of the unit
to prevent faulting under the action of present and future heavy com-
mercial traffic. The unit should also be examined for its influence on
longitudinal movement. Finally, standard test procedures should he

Surface of sill oited or covered

Tronsverse joint--. P
" ;“with paper fo detiroy bond

Al
AP T
77

i
Y. Concrete sill under entire lengih
of fransverse joint

Fig. G—S_ill foint
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developed to determine whether the units comply with the established
requirements. When these characteristics of any load-transfer wunit
have been determined it will then be possible to specify its proper spacing
in a joint assembly.
Joint assemblies

In the design of joints, the various methods used to hold the load-
iransfer units in proper position must be given careful consideration.
The general use of dowel bars has brought out many different assemblies
to hold them in place during concreting. However, the so-called dowel-
bar basket is perhaps the type most commonly used. Certain pro-
prietary makes of load-transfer units depend upon the jeint filler, or a
special joint plate, 1o hold them in position, ‘

It is believed that a joint assembly should possess the following
easential features:

1. It should be se constructed that the load-transfer units will be held firmly in
place, and in their proper position.

2, Tt should have sufficient rigidity to maintain the load-transfer units in correct
alignment, within reasonable limits, throughout the entire concreting operations.

3. The design should be such that it can be readily assembled by the contractor on
the job, and installed with a minimum of difficulty.

4, Tt should be sufficiently rigid to permit handling as a unit.
5. Tt should not offer any material restraint to the horizontal movement of the slabs.

At present, the ability of a joint assembly to meet the requirements
previously outlined is judged primarily on visual observation, the so-
called “jump test,” and a series of field-check measurements on dowel
bar alignment made after the assembly has been surrounded by the
. fresh conerete. Thus far, no recognized test method has been developed
whereby the various types of jeint assemblies may be examined on a
comparative basis under controlled conditions simulating actual practice.

Mechanical installaiion of dowel units

Machines have been constructed o install dowels without the use of ‘

basgkets or other assemblies, Machines of this type have been used
extengively in alrport work and to a limited extent in highway con-
struction. The suitability of this method of dowel installation requires
further study.

VARIOUS FORMS OF JOINT FAILURE

Past experience has shown that the pavement adjacent fo joints is
gugeeptible to varlous forms of failure. ‘The more common forms are
usually faulting, pumping, erushing of the concrete, blow-ups, spalling,
gealing, longitudinal cracking and transverse cracking adjacent o
joint edges (Fig. 9).
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Fig. 9—Various forms of joint failure

Spalling at center joint Scaling along joint Spalling due to tipped
joint

Longitudinal cracking—Infiltration at edges Partially Crushing of concrete
locked joint

Faulting

Permanent depression of the approach slab at joints is by far the
most serious and widespread form of joint failure and its prevention
in future construction is a problem of major importance to the high-
way engineer. It is generally attributed to a lack of subgrade support
and inadequate load transfer requirements in association with heavy
commercial traffic—in short, to inadequate pavement design in terms
of present-day load conditions.

Pumping
A certain amount of pumping action probably takes place at all
joints, but the type of pumping failure referred to is associated almost




JOINTS IN CONCRETE PAVEMENTS 809

exclugively with pavements constructed directly on fine-grained im-
pervious subgrade soils, such as clays, silts, loams and combinations
thereof. With water present, the vertical movement of the slab ends
under heavy loads causes a progressive pumping-cut of the subgrade
soil which ultimately results in slab failure, as manifested by faulting
or permanent depression of the pavement at the joints and cracking
of the pavement.

Crushing of the concrete .

Crushing of the concrete in the vieinity of joints under high compres-
sive forces may be the result of several factors acting either individually
or concurrently. 1t may be due to inferior concrete caused by improper
mix design, poor workmanship, or the use of inferior materials. Crush-
ing may start through the development of lecalized pressure at the
joint faces due to the presence of inert material such as small stones,
pieces of concrete left from construction operations or compacfed soil
materials. Inciplent cracks caused by the above conditions, and in
some cases augmented by freezing and thawing action, ultimately lead
to major failure of the conerete.

Blow-ups ‘

The two principal causative factors in blow-ups are believed to be
infiltration of foreign materials into joints and cracks, and abnormal
permanent growth of the concrete in the pavement. The presence of
foreign bodies not only reduces available expansion space but also causes
highly localized compressive stresses which eventually result in spalling,
cracking and general progressive weakening of the adjacent conercte.
Abnormal permanent growth of the concrete also will eventually ex-
haust the available expansion space and set up permanent compressive
stress al the joint faces.

Either or both of thege factors may operate to cause biow-ups during
periods when the strosses already existing are greatly augmented by
certain weather conditions: The effects of both factors are aggravated
hy antecedent defeets, such as inferior conerete, nonvertical joint faces
or spalling from other causes.

Spalling

Localized spalling of the concrete parallel and adjacent to the edges
of joints is gemerally attributed to several factors associated with the
construction of the joint and to the relative warping action of the
abutting slabs. In the first case the spalling can be attributed to poor
workmanship, Considerable spalling can also be attributed to the
tipping and misalingment of the groove-forming strip by the finishing
machines. Also, failure to remove thoroughly all obstructions from
joint grooves prior to sealing them i3 the source of much spalling. The
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subsequent infiltration of foreign -material into the joint during periods
of contraction is another eause of considerable spalling.

Sealing

In time, localized scaling along joint edges may develop. Over-
finishing of the concrete at the joint in an attempt by the workmen fo
produce a nice appearing job is an important cause of this condition.

Longitudinal cracking

Longitudinal eracking starting at transverse joints usually is caused
by the localized infiltration of solid materials from the shoulders into
the joint spaces, thus setting up unequal compressive stresses during
an expansion cycle,

Transverse cracking near joint

Parallel and irregular transverse cracking of the pavement adjacent
to joints is, in many cases, caused by excessive restraint to the opening
of the joints, Furthermore, any such restraint tends to cause failure
of the reinforcing steel at the points where it passes through transverse
cracks.

The improper and careless placing of joint assemblies 1s known to
cause diagonal cracking and spalling in the immediate vicinity of the
joints,

Certain types of load-transfer devices also are known to have caused
transverse cracking and spalling in these areas.

Locked joints

Conditions resulting in restraint to joint opening are: mechanical
imperfections in dowels, such as surface roughness, variable eross section,
end burrs and erookedness; misalipnment of the units; faulty lubrication
and corrosion.

The extent to which mechanical imperfections and insufficient lubri-
cation of load-transfer devices has been responsible for locked joints
ig not known, but laboratory studies to date definitely indicate that these
two conditions can materially affect the movement at joints and that
they are factors which should be given serious consideration in future
joint design.

Little appears to be known with regard to the corrosion of load-transfer
devices and the effect that it might have on pavement performance.
It is knowy, however, that corrosion ean and has resulted in a serious
reduetion of cross-sectional area of dowels at the point where they pass
through the joint space. Moreover, it has been known to resuit in the
seizure of large dowels, with resultant opening of eracks and failure of
the reinforcing steel at the cracks,
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It is common knowledge that ordinary steel, if unprotected and
exposed to the elements, wsually will corrode rapidly,” That this fact
has not been generally appreciated in connection with load-transfer
devices, which necessarily are obliged to function under conditions
highly eonducive to corrosion, is rather difficult to explain.

A few typical examples of common joint failures which may be traced
‘to one or more of the factors enumerated above are presented in Fig. 9.

In general, it can be stated that most joint failures can be directly
or indirectly traced to one or more of the following conditions: (1)

lack of subgrade support, (2) inadequate load transfer, {3) unstable

joint assemblies, (4) inferior concrete, (5) unsatisfactory sealing methods,
(6) faulty lubrication, (7) corrosion and (8) poor workmanship. All
of these can be corrected to a considerable degree by proper action on
the part of those responsible.

TRENDS IN JOINT DESIGN

Recent condition surveys of conecrete pavements constructed prior to
and during the late war have revealed that the then normally accepted
design for joints has proved inadequate for present and future traffic
conditions. Consequently, since the war, there has been a deeided
change in the attitude of some highway administrators toward providing
better jointing with less regard to cost. 1t should be of interest to men-
tion the major trends in joint design and construction practices which
are now talking place. , _

It has been sufﬁcicnt%y demonstrated, and now generally recognized,
that under heavy truck traffic some type of mechanical load-transfer
device is essential to the preservation of the structural integrity of the
pavement, and to the maintenance of desirable riding qualities. To
accomplish this there is a definite trend foward the use of larger diameter
dowels at closer spacing. The 34-in. dowel is rapidly being replaced
with 74~ to 114-in. dowels spaced at 12- to 15-in. intervals. Dowel
length still varies considerably. Research indicates that 15 to 18 in. is
satisfactory. Experience indicates that on heavy ftrucking routes,
the larger dowels arc necessary.

" Considerable research is under way to determine the load-deflection
characteristics of various types of load-transfer units under static and

dynamic loads, This work should provide basic information on which

to prepare specification requirements for the performance and spacing
of load-transfer units in a joint.
Advances are being made in the fabrication of steel dowel-bar baskets
and other devices utilized to hold load-transfer units in proper position.
One state is now using shields at the bottom and ends of joinﬁé,' to
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prevent the infiltration of foreign maiter. Other states are experiment-
ing with the idea, but it is too carly to cvaluate the merit of this design.

The molded groove for creating the plane of weakness at contraction
. joints is fast replacing the premolded fiber board parting strip. These
strips have fallen into disfavor because of the surface failures associated
with their use.

The hoi-poured rubber-asphalt sealing compounds are fast replacing
the ordinary asphalt or tar products used extensively in the past for
joint and crack sealing. When properly applied, they are far superior
to the older products.

The use of uniform, well-consolidated granular base courses under
pavements is now standard practice in many states.  This practice,
which is on the increase, should help materially in preventing several
forms of serious joint failure common to older pavements.

The use of air entrainment, which will very likely p10v1de better
concrete performance at joints, is on the increase.

There is a definite trend toward the omission of expansion joints,
but it is still too early to predict what effect this practice will have on
the ultimate behavior of joints and concrete pavements in general,

SUMMARY

In sammary, the above review of the joint problem discloses certain
factors in present-day concreie pavement practices which ultimately
affect the performance of joints: It is evidentythat a concerted effort
should be made by those concerned to encourage better joint practices
by giving express consideration to the foliowing:

1. Raise the general standard of workmanship fhrough more critical inspection,
together with the proper backing of those charged with inspection.

2. Construct uniformly conselidated subbases of suitable materials under all pave-
ments, '

3. Encourage the development of speeifications for the design, evaluation and place-
ment of load-transler deviees and joint assemblies.

4. Use these specifications to provide, within the limits of economy, the best type of
joad transfor possible.
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Structural Design of Joints for Airport Pavements
By THOMAS B, PRINGLE

The preceeding information on design and construction of joints
in concrete pavement surfaces is supplemented by a discussion of
jointing practices used by the Corps of Engineers, T, 8. Army, in con-
structing pavements for heavy wheel loads, The firsé part gives Corps
of Engineers’ practice as published in the Engineering Moanual, Part
X1, Chapter 3, dated July 1948; the second part gives some of the
background and reasons for the Corps’ practice.

JOINT PRACTICE FOR HEAVY DUTY PAVEMENTS

The Corps of Tingineers’ practice requires three general fypes of
joints; namely, weakened plane or dummy type, construction and
expansion. Some variations in the designs and uses of these joints are
provided.

Dummy or weakened plane joints _

Dummy or weakened plane joints are installed 1214 to 25 ft apart.
The dummy joint is constructed to extend one-fourth the depth of the
slab. Deformed steel tie bars, 84 in. in diameter, 2 ft 6 in. long and
spaced 30 in. on centers, are used in joints adjacent to free edges or ends
of paved areas.

Longitudinal dummy joints are placed along center lines of strips of
pavement (paving lanes) which bave a width of 16 {t or more if designed
for 60,000-1b single wheel loads or less. For pavements constracted in
narrower strips or for greater wheel loads, no longitudinal dummy joint
iy required. .

Transverse dummy joints are placed across each paving lane per-
pendicular to the center line, at intervals of not less than 1214 ft and
not more than 25 ft, with the spacing of joints made uniform throughout
-any major paved area. Fach joint must be straight and continuous
from edge to edge of paving lane. Staggering of joints in adjacent
paving lanes is not permitted. Under ordinary conditions of subgrade
and climate, the following spacings, corresponding to the various listed
types of concrete agoregate, are used, However, where practicable,
advantage is taken of available information regarding local conditions
and probable sources of aggregate.

Transverse joint

Agpregate gpacing, ft
Granite : - 20—25
Timestone and dolomite 20—25
Flinty material and quarizite . 15—20

Slag 12.5—15
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Exception is made in the case of thicker slabs (designed for wheel
loads greater than 60,000 1b). These are placed without longitudinal
dummy groove joinis, The spacing of transverse joints in the thicker
pavements is equal to the width of paving lane and will usually be 20
to 25 ft. Dowels are not required across dummy joints. Tie bars are
required only across joints next to free ends or edges of paved areas.

Construction joints

Longitudinal eonstruction joints are generaily 20 to 25 ft apart,
depending usually upon the size of paving equipment. Doweled longi-
tudinal joints usually are preferred and all transverse construction
joints are doweled. The extreme edges of all paved areas, because of
the possibility of being extended, are thickened or fonned 80 ‘a8 (o
provide regular construction joint mstallatlon '

Expansion joints at sfructures and jnlersections

Expansion joints consisting of approved preformed hituminous filler
or wood are installed to surround or to separate new pavement from all
structures and features which project through, into, or against it. The
thickness of filler and manner of installation depend upon the particular
case. Usually 34{-in, thickness is sufficient, HExpansion joints are em-
ployed if strips of pavement or extensive paved areas intersect or are
connected in such manner that expansion of the conerete would be ex-
pected to cause serious distortion, buckling, or displacement.

Expansion joints within pavement

Fxpansion joints are placed at regular intervals of 400 ft throughout
large paved areas such as runways, aprons or taxiways for the thinner
pavements (those with slab thickness less than 10 in.)). Regularly
spaced expansion joints are omitted in the thicker pavements (those
10 in. or more in thickness) unless the concrete is composed of aggre-
gate particles which have high coefficients of thermal expansion, If
the major portion of the concrete aggregate is siliceous material or
some other eomposition which has high thermal expansion (0.0000055
in. per °F or greater), the pavement, regardless of slab thickness, is
provided with expansion joints spaced not more than 400 ft apart.

Use of dowels )

Dowels are required at all transverse expansion and construction
joints and are usually preferred for longitudinal construction joints.
Dowel size is determined from pavement thickness. Table 1 gives
Corps of Engineers’ practice.

Edge thickening of free joints .

Thickened edges are used with 10ng1tud1nal expansion joints and

pavement edges which are not formed in a manner to provide regular
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TABLE 1—REQUIREMENTS FOR USE OF DOWELS*

) Minimum | Dowel
Paverent thickness, | Dowel diameter, |  dowel spacings, Type of dowel
in. in. length, in, in,

Less than 8 3 16 12 34 in, ¢ bar

Sto 11 1 16 12 1in. ¢ bar

12 to 15 114 to0 1.3 20 15 11{ in. ¢ bar or
1 in. extra strong
pipe

16 to 20 13 t01.9 0 18 13 in. ¢ bar or
114 in, extra
strong pipe

Over 20 214 t0 2.3 24 18 214 in. ¢ bar or
2 in. extra strong
pipe

#Drowels are hot used in longitudinal expansion joints.

construction joind installation. The thickening is approximately one-
third of the designed thickness.. The thickening extends from the
center of the slab to the free edge in instances where the longitudinal
dummy is used; and for other slabs, the thickening is provided across
the paving Iane

BASIS FOR JOINT PRACTICE

The Corps of Engineers’ practice is based on observations of existing
pavements and investigations conducted by the Corps of Engineers’
Rigid Pavement Laborstory. This d1scussmn is based on these and
other observations.

The loads imposed on pavements from the increasingly heavy military
aircraft involve some problems in regard to the functioning of joints
between slabs of concrete pavements which are somewhat different
from the requirements of highway pavements. However, the structural
designs presently used by the Corps of Engineers in airfield construetion
do not depart materially from present highway practice except dowels
are usually preferred for transverse expansion and all construction joints.

The preferred use of dowels for transverse expansion joints is based
on results from accelerated traffic tests in which some ten expansion
joints were constructed alternately with and without dowels. They
" were subjected to wheel loads of 37,000 Ib and 60,000 1b at the same
time throughout variable seasons of the year. Concrete at the joints
without dowels congistently started to crack before the concrete at the
joints having dowels. There still is considerable question as fo whether
dowels, in types of joints other than expansion joints, show the same
advantage under aircralt traffic but there seems to be an indication that
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a more balanced over-all pavement design might result by the general
use of dowels at joints. This is especially true if pavements are over-
loaded.

A more definite conclusion based on traffic fests, seems justified for
the use of doweled construction joints, Tests were made on pavements
ranging from 15 to 24 in. thick utilizing 16 different types of joints
ranging from dowelless dummy joints and common doweled joints to
elaborate load fransfer structures. Patented joints were not included.
The test pavements were tested under identical traffic coverage of a
150,000-1b wheel load during the same westher conditions. After
2000 complete coverages no appreciable difference could be detected
in the distress at the various types of joints except at the keyed joints.
The concrete at these joinis repeatedly spalled and cracked off the lip
of the keyway. This appears to be caused hy the wedging of the fit
‘between the key and keyway when the slab curls from temperature
or moisture variation and the reduced cross sectional area at the location
of resultant stresses. This performance is leading toward the abandon-
ment of keyed construction joints. It may be possible to improve the
eficiency of keyed joints through a change in design. Some work has
been done along this line by the Rigid Pavement Laboratory but a
- solution iz not in sight at this time.

There are several further differences between runway and highway
requirements which have been investigated or are under investigation.
While these have not reached the stage of standardization for Corps
of Engineers’ practice they are given consideration in individual designs.
Tilting of slabs

The ratio between the live load and dead load of a concrete pavement
slab is greater for runways than for highways. Aiveraft wheel loads
have been increased but the horizontal dimensions between contraction
joints, depending mostly upon the weather cannot be inereased pro-
portionately. The thickness and therefore the weight of the slab re-
quired for strength iz increased, at the most, only in proportion to the
square root of the increased wheel load. This situation introduces the
problem of preventing the tilting of the slabs as a whole when the rela-
tively heavy wheel load iz at an edge or joint. The load transfer medium
of the joint at the edge of the glab opposite from the loaded edge may
be required to function in reverse, helping to hold the slab down instead
of helping to hold it up. Ohservations and tests have shown that in-
stead of helping to hold it up, the subgrade sometimes exerts appre-
ciable tensile foree toward prevention of the upward movement of the
slab_and is of substantial help in preventing tilting. In view of the
problem of tilting, the general practice for heavy loads in recent con-
struction has been to space the joints about 25 ft apart although design
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computations indicate that relief of temperature stresses could be
secured by cloger spacing,
Consideration of blow-ups

It has been recognized that a blow-up can be more disastrous on a
runway than on a highway. Runway traflic cannot be detoured readily
and is at higher speeds. Moreover, a blow-up might escape immediate
detection. On the other hand, runways arc near level and the pave-
ments are thicker so that the causes of buckling are greatly reduced.
In view of this, the thicker runway pavements are constructed without
joints. An example is the pavement for the B-36 single wheel landing
gear at Wright-Patterson Air Force Base (multiple wheels are now used)
which is 21 in, thick, approximately two miles long, and was constructed
without expansion joints.

Effect of curved temperature gradient .

Measurements of temperatures through the depth of airfield slabs .
14 and 24 in. thick show that the gi‘adient of temperature from top
to bottom is not uniform. Where the gradient of temperature from
top to bottom is approximately uniform, as has been proved for rela-
tively thin slabs, say 8 in, thick, the temperature stresses can be relieved
by joints. When the temperature of the concrete as a mass decreases,
joints permit the concrete to decrease in volume and thercby relieve
stress. When the temperature differs from top te bottom of a slab
in a straight line gradient, and the slab is free to change its shape by
curling, the gtresses are again relieved. Buft when the femperature
gradient from top to bottom is curved, there is no form, even with a
system of joints, info which the volume of concrete can alter itself to
relieve these inherent stresses. Computations based on the measured
temperatures throughout the depth of slab, and assuming a modulus
of elasticity of the concrete to be 3,000,000 psi, indicate that these
inherent temperature stresses alone may reach 100 psi in tension and
perhaps considerably more. The computations are uncertain because
it is mot known what proportion of yield is elastic and what portion iz
plastic. However, presence of these inherent temperature stresses is

considered a problem in the design of thick slabs and their joint systems.
It has been observed that interior portions of the 21 and 25 in. thick
concrete slabs at Wright-Patterson Air Force Base split off on the
horizontal plane along the mesh reinforcing about 3 in. below the sur-
' face. The inherent temperature stresses may have been a contributing
cause.

Elaskicity of joint medium

General practice in theoretical design analyses is to derive the slab
curvature from the elastic properties of the concrete as represented
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by the modulus of elasticity and Poisson’s ratio and the elastic property
of the subgrade material as represented by the subgrade modulus.
Model tests and theoretical analysis made by the Corps of Engineers’
Rigid Pavement Laboratory now indicate that the elastic property of
the joint medium has an importaht influence on the slab curvature.
Also, in theoretical design ansalysis past practice has been to assume
that the ratio of the stresses between the loaded slab and the adjacent
slab across the joint is proportional to the ratio of the corresponding
maximum deflections of the two slabs. The Rigid Pavement Laboratory
studies show that stress relief is only about half of that indicated by
the ratios of deflections usually assumed. A mathematical analysis of
the effect of joint elasticity, devised by the laboratory, has indicated
that the elasticify of different types of joints as presently used resulted
~in a reduction of stress due to applied load of about 25 percent of the
corresponding stress at a free edge, regardless of the wide difference in
shear resistance properties of the various load transfer means. Stress
computations for the design curves shown in the Engincering Manual,
Corps of Engineers, July 1946, were based on 25 percent strvess relief
at the joints or a reduction of stress in the loaded slab to 75 percent
of the stress in a free edge slab. ‘

Under the sponsorship of the Corps of Engineers, a basic theoretical
analysiz of the effect of joint elasticity has heen completed at Harvard
- University under the direction of H. M. Westergaard, which verifies
the original findings of the Rigid Pavement Laboratory. Model tests
have been performed to check the results and confirm the need in rigid
pavement stress analysis to give consideration to the interdependence
of elastic properties of the concrete, the subgrade soil and the load
transfer medium. ’

The above discussion of a theoretical analysis is not intended to
imply that a revised approach will aceount for stresses due to non-
uniform support, temperature or moisture. These stresses must for
. the most part be included in a design factor since present knowledge is
not sufficient to permit a positive theoretical approach.



