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good that resealing or maintenance has not
been necessary.

Although relative roughness comparisons
of the pavement’s surface were not made
mnstrumentally at the end of five years, the
riding quality of the sections containing both
the submerged and surface type weakened-
plane joints has continued to remain very
satisfactory. This characteristic belies the
surface appearance of the cracks that formed
over the submerged parting strips.

SUMMARY

In this report the performance of the experi-
mental sections has been traced through five
years.

It has been shown that: (1) changes in pave-
ment elevation have been small and there is

nothing to indicate that these changes have
affected the relationships established in this
report; (2) excepting the very short sections,
daily and annual changes in section length are
not directly proportional to length of section;
(3) the magnitude of the restraint offered by
the subgrade is a function of the time in which
a given temperature or moisture change
occurs in the pavement; (4) maximum tensile
stresses originating from subgrade resttaint
develop in the late summer and fall; (5) fre-
quency of cracking increases with increase in
section length; (6) surface appearance of
cracks is a function of width and crack width
decreases with increase in amount of longi-
tudinal steel; (7) all of the cracks have re-
mained so tightly closed that they have little
if any structural significance.

RIGID TYPE PAVEMENT JOINTS AND JOINT SPACING

By H. F. CLeMuER, Engineer of Malerials,
District of Columbia

SYNOPSIS

The Highway Department of the District of Columbia has investigated the
movement of concrete pavements and ascertained it to approximate that gen-
erally assumed 1n theoretical design. It has been found that the shrinkage of
the concrete in setting will provide sufficient expansion space for pavements
constructed during normal summer conditions, and that i1f planes of weakness
are constructed at approximately 15 ft intervals a certain degree of dowelling
across the joints will be maintained

Expenment and experience over ten years have proved that the division of
concrete bases into slabs 12} ft. long will provide definite control of cracking 1n
sheet asphalt surfaces; the movement at any one joint being so slight as to be
absorbed by the resilience of the bituminous surface.

The Highway Department of the District of Columbia recommends the con-
struction of reasonably short slabs, and when available the use of well distributed
reinforcement, tie bars at all construction joints and load transfers across all
transverse expansion and contraction joints.

The rigid wartime curtailment in the use of
critical materials, particularly steel, has re-
quired engineers to give particular considera-
tion to design and construction methods to
msure satisfactory and durable pavements
when constructed with unrestricted materials
Not only has it been necessary to design and
construct pavements without mesh or bar
mat remforcement, but it has been necessary
to design the jomnts without load transfers

or tie bars. This has made the use and con-
struction of jonts in concrete pavements and
concrete pavement bases one of the most
important of the design problems  The study
given this problem and reports of experiments
and field surveys have brought out many
facts applicable to the use of joints for postwar
design when steel and other critical materals
will again be available

Concrete changes in volume with changes
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in temperature and moisture, and to such an
extent that consideration must be given to
this phenomenon in the design of rigid type
pavements and bases. Otherwise stresses
may be created which will cause failures of
the slabs During setting of cement, shrink-
age of the concrete occurs and the slab as a
whole tends to move on the subgrade. This
movement 15 resisted by the force of friction
which may exceed the low tensile strength of
the green concrete, especially if not reinforced,
unless the pavement has been divided at
frequent intervals so as to reduce the mass of
concrete. The higher the tensile strength of
the concrete developed up to this time and
the shorter the sections or slabs, the less fre-
quent will be the cracks An mportant
measure to assist in controlling and reducing
the amount of shrinkage is to keep the con-
crete thoroughly saturated from the time of
the initial setting of the cement The first
action caused by the setting and hardening of
concrete 15 heat development and general ex-
pansion of the mass It is important to re-
tain the moisture m the concrete at this time,
but 1t is even more important to supply suffi-
cient mosture to the concrete at the time the
temperature starts to dechine, at which time
shrinkage of the concrete starts If the con-
crete 18 kept thoioughly saturated during this
period, the expansion due to the increased
moisture will tend to offset the shrinkage
caused by hydration of the cement.
Shrinkage during hardening, lowermng of
temperature, or drying of the concrete may
create stresses greater than the tensile strength
of the concrete which will cause irregular
transverse cracks, thus producing free edges
that must be considered in the endeavor to
design umform supporting slabs. Expansion
of the concrete due to high temperatures or
excess moisture, if confined, may create
stresses 1n excess of the compressive strength
of the concrete and cause failures such as
“blowups ’ Research has shown that re-
peated apphcation of load on concrete beyond
a certain elastic or “endurance” it (approx-
mately 50 per cent of the maximum strength)
causes fatigue of the concrete, and 1t 18 prob-
able that a far greater area of pavement con-
crete, may be overstressed than would be
replaced at the “blowup” section This conclu-
sion 15 confirmed by surveys which show that
the niimber of “blowups” are progressive with

the age of the pavement Such a condition
may have a permanent detrimental effect on
the durability orlife of the entire pavement slab
and the repair of the particular section which
has directly failed would not necessarily place
the entire concrete slab in 1ts original condition

The continued changes in stresses in a confined
pavement slab due to temperature and mois-
ture variations together with loads applied by
traffic may easidy exceed the ‘“endurance”
limit of the concrete thus causing permanent
deterioration of its strength and durability

It 15 ordmnanly recogmized that general and
progressive failures of pavement slabs start
four or five years after placement of the con-
crete. It is thought that this fact may be due
to fatigue occasioned by repeated stresses
exceeding the endurance limit of the concrete.

Any joint in a slab, whether deliberately
made or resulting from subsequent cracking,
interrupts continuity of the concrete and
accordingly constitutes a fundamental weak-
ness unless provision has been made whereby
each edge will function structurally with the
adjoming slab in such a way that both edges,
instead of one, sustain the apphed load.

The strengthening of such edges by “load
transfer” consists essentially in providing
effective means for mechamecal mter-action
between adjoimng slabs, whereby the two
slab edges forming a jomt will deflect simul-
taneously, rather than independently, under
the action of a load applied on one edge only.
The use of load transfers 1s of value n provid-
ing umform surface elevation on both sides
of the jont at all times Without such pro-
vision, a load n traveling across a jomnt,
regardless of edge strength, will necessanly
deflect one edge before 1t reaches the other—
a condition which tends to aggavate impact
on the jomt edge Expansion due to the in-
creased temperature during summer months
may close free joints thus, 1n effect, dowelling
the jomts and so reducing this hazard, but it
is necessary to make some prowvision for
strengthenmmg these unprotected edges, when
conditions are such as to cause contraction of
the concrete and therefore opeming of the
jomnts so as to present free edges of the slab.

It has been suggested that keeping the slab
under compression at stresses well below the
endurance it (50 per cent maximum
strength) would not only keep the jomts
closed so as to offset to some extent the lack
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of dowels or load transfers, but would tend
to mncrease the resistance to flexural stresses
caused by appheation of traffic loads. How-
ever, 1t 18 not believed feasible or practicable
to so design and construct a concrete pave-
ment slab that the concrete will be under com-
pression throughout the entire year. The
vanations in temperature, the temperature at
the time of placing the concrete, the distance
between transverse joints, the subgrade con-
ditions which affect changes in moisture, and
the variables in the concrete as effected by the
cement, are all that are difficult to estimate
and control for the purposes of such design.

It is heleved more practical, when neces-
sary materials are available, to design pave-
ment slabs of such dimensions that they are
practically free to move when vanations in
moisture or temperature cause volume changes
of the concrete. This provides defimte con-
ditions for which to design

The temperature at the time of placing the
concrete and the maximum and minimum
which may be reached are of first importance
in determining the extent of volume change
The length of slab to a considerable extent
depends upon whether or not remforcing (and,
if used, what weight) is available. If remn-
forcing is not available, it 18 important to
limit the length of slab to that length which
will nsure agamst cracking. The District
of Columbia Highway Department has
adopted a slab length of 15 ft. for non-rein-
forced concrete pavement. Volume change
studies for concrete have established that the
normal hydration or hardening shrinkage of
concrete is approximately 0.02 per cent On
a 15-ft. section this value for shrinkage would
give a calculated hardening shrinkage of 0 036
inches Shrinkage of this magmitude when
considered with a coefficient of expansion and
contraction for concrete of 00000055 per
degree F. is equivalent to that resulting from
a 35 deg. F. drop in temperature Therefore,
the shrinkage of concrete during hardening
permitted by the installation of planes of
weakness spaced at 15-ft. intervals, provides
for a possible expansion without stress de-
velopment of the concrete for a temperature
change of at least 35 F. If concrete 1s placed
at 70 F. (general summer conditions) it 1s
apparent there is no need for further provision
for expansion; nor 18 any further provision
necessary for concrete having contraction

joints spaced as close as 15 ft , when concrete
is placed at temperatures as low as 50 F
Considering a possible maximum temperature
of concrete of 120 F, there would be a total
range of but 70 deg , for which the expansion
that may occur due to a change of 35 deg. 1s
provided for, by the amount of shrinkage
during hydration or hardening of the concrete,
and the amount of compressive stress set up
by the remaiming 35-deg. change would prob-
ably be well within the endurance limit for
pavement concrete As discussed previously,
1t 1s desirable to maintain pavement concrete
under low compression as 1t tends toward
dowelling of the joints and, increases re-
sistance to flexural stress.

The Highway Department of the District
of Columbia has constructed several con-
crete pavement projects followng this theory,

Figure 1. Concrete Pavement Showing Planes
of Weakness Spaced at 15 Foot Intervals

with planes of weakness spaced at 15 ft.,
using no expansion jomnts, no dowel bars
across joints, no tie bars, and no reinforce-
ment (Figure 1).

These projects approximating 160,000 sq.
yd. of pavement were constructed in the
spring of 1942 and at temperatures well
above 50 F. It was thought that due to con-
ditions pertaining in a municipality, that is,
intersections with other streets, and with
many utiity structures in contact with the
pavement non-umiform stresses might be
developed and some ‘“blowups” occur, but
that the design would tend to msure maximum
shear value across all joints. No such failures,
however, have occurred up to this time (Dec.
1943). In this design which depends upon
close spacing of transverse joints, it 1s 1mpor-
tant to insure the proper construction of these
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joints. Previous experience has indicated
the need of cutting the concrete for at least
one-half of its depth to be sure of creating the
plane of weakness (Figures 2 and 3). It is,
of course, desirable to divide the concrete,
only enough to cause cracking, so as to obtain
maximum shear value from the irregular

Figure 2. Paper Not Inserted Deep Enough to
Create Plane of Weakness

Figure 3. Paper Inserted Half the Depth of
Slab Creating: Complete Break of Concrete

edges and to provide maximum area in con-
tact should the pavement be subjected to a
high compressive stress. The department has
found it necessary to cut the concrete at least
to one-half its depth to be definitely sure of
producing the transverse plane of weakness.
In an effort to determine whether the
shrinkage of the concrete during setting of the

cement approximated, under field conditions,
that considered in the desigh; (.02 per cent)
and to determine the movement of the con-
crete as indicated by readings taken across

Figure 4. Shows Method of Taking Readings
Across Joints

=

Figure 5. Shows Method of Determining
Curling of Pavement Slab

Feb26 Mars Apr.z MayoJune Aval! Avgi7 Avg23 Sepltis Seplzo
RAT ea0- TPl ASe EEY 030 gpe 852 . 750 0

.060 T T 0%°
| ~ N <
050 s - < logo
o S U T B
Ro40 T / S £4°
p |
§.oao : i N =
| =3
020 Last Side Movernenf  QOS6In. gz
O Temnperature Change 67°F i
N.o/0 —— e WeslSjde Movernent 005810 —54°
§ Temperafure Change 67°F |
§ ] b o Theoretical Movement 0.067/in B i
| Ternperature Change _ 67°F. o
-.0/0 J T T 1 T j i '44
| |
e ‘ M I B | e e

Figure 6. Typical Joint Movement Compared to
Theoretical Determinations East and West
Sides, Brentwood Road

joints, brass plugs were installed in the con-
crete at both ends of several joints and read-
ings taken at periodic intervals (Fig. 4 and 5).
Figures 6, 7 and 8 show the movement at
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these particular joints as compared to the with integral curbs which undoubtedly re-
theoretical determunations upon which the duced the general curling at these edges
design was based. For the section of 15 ft A further check of the movement of pave-

and o coefficient of movement of 0.0000055, ment concrete was had by reference to a re-
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Figure 7. Movement of Four Joints on One Project Compared with Theoretical Determinations,
Warren Street

disregarding subgrade friction stress, the GRAPHIC ILLLSTRATION OF THE MOVENENT &7 A JONT |

theoretical movement would be 0 001 1n. per | rewsy on — i
deg change in temperature. As stated, the Peucry 200 .t

shrinkage which occurs during the hardening fe

of the concrete for this pavement design Foov " L

approximates 0036 in, that is, each jomnt jmechsm Pl 4

would be opened to this extent at the tempera- pout 200 -y

ture at which the concrete was placed. It s

most interesting to note that the actual move-  Mv®r - :
ment very nearly approximated the theoret-  woyew

1cal. These projects were constructed durmg .

summer weather conditions, that 1s, with ~

temperatures approximating 70 F. The data e

indicate that the 0 036-in. per 15 ft allowance , augusinm -

for expansion was sufficient without subjecting l"‘""' N .
the concrete to compression—at least only to

very mmor compression And durng con. st 2 - -

traction caused by low temperatures these : sepember o

jomnts have not opened more than 0075 in., | i

which would no doubt msure some transfer ifm'"m I

of load and probably enough to provide ade-
quate protection.

Measurements were also made to determine
the warpmng or curling action at the free cor-

Figure 8. Graphic Iilustration of Movements
of a Typical Joint

ners of slabs. The greatest maximum noted
was 0.06 1n. which was not considered sufficient
to requre correction of the readings taken
across Joints. These pavements were bult

search project conducted some time ago by
the Department in which determinations were
made of the volume changes of pavement
slabs placed on a clay subgrade as compared
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to volume changes of “free” slabs of the same
concrete. Plugs were set in pairs across each
joint 5 in. from the edge of the slab for ap-
proximately 2,000 ft. along the roadway.
Further plugs were installed in special slabs
at approximately 10 in. apart and for the
length of the slab and placed transversely as
well as along the edge (Fig. 9). The pave-
- ment design included expansion joints spaced
90 ft. apart with contraction joints at 30-ft.

Figure 9. Plugs From Which Readings Were
Made to Determine Movement of
Pavement Slab

Figure 10. Free Slab and Placement of Strain
Gauges for Deter;néxlmtt)ion of Movement
of Sla

intervals. Reference slabs (approximately
4 by 5 ft. in area and of the depth of the slab)
were constructed on greased steel plates in an
endeavor to eliminate subgrade {friction.
These slabs were made of the same quality
concrete and placed on the shoulders adjoining
the pavement. Strain gages were clamped to
these slabs and readings taken at regular in-
tervals to note the varying volume change
(Fig. 10).

It may be noted that the movement of the

fxpan:/bﬂ, . per /n.

free slabs as shown on Fig. 11 is 0.00025 in.
per inch for a temperature change of 40 F.
Comparing this movement with readings on a
pavement slab for 12 hours and a temperature
range of 33 F., (Fig. 12) the movement for
40 deg. would be 0.000218, or a difference in
the coefficient for volume change of from
0.0000055 to 0.00000625. This indicates
that a coefficient of 0.000006 would be reason-
able for this concrete. The movement of the
pavement slab measured across joints (Fig.
13) as compared to the theoretical, which as
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Figure 11. Average Movement of Free Slab, Due
to Temperature Change, as Measured with
i _ua, Olsen Strain Guage
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Figure 12. Movement of Pavement Slab

stated above is very close to the movement
determined for the “free” slabs, indicate
there is some lag at the lower temperatures,
up to about 50 F. when there is a definite break
in the slope of the curve and the amount of
volume change for the higher temperatures
approximately equals that of the free slab or
the theoretical determination.

The possible “growth” of the concrete over
a period of years and neglect of maintenance
permitting inert material to fill the contraction
joints will undoubtedly result in the pavement
being subjected to some compressive stress
but these stresses may not exceed the en-
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durance limit of the concrete. It 1s behieved
the experimental data prove the logic of using
closely spaced contraction joints, without any
expansion jomnts when concrete 1s placed at
normal operating temperatures for concrete
pavements that must be constructed without
steel as during this emergency.
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Figure 13. Slab Movements Across Joints

SEALING OF JOINTS

To be sure of obtaimng satisfactory results
when constructing concrete pavements with-
out steel requires careful thought and control.
Not only must the temperature conditions at
time of construction, etc , be given particular
note, but detailed mamtenance must follow
the building of the pavements to be sure the
conditions on which the design 15 founded
endure All joints must be carefully sealed
mmmediately after construction and mam-
tamned m this condition. The D C. Depart-
ment requires all transverse contraction joints
to be edged so that they will be open at least
1 n for a depth of 1 m to permmt of proper
sealng (Fig 14). Ths sealing requires the
use of a material that will adhere to the sides
of the jomnt at all times and not fail when the
joint opens Should fine inert matenal be
permitted to fill the jomnt, the designed allow-
ance for expansion of the concrete would be
decreased and such subsequent expansion as
might be caused by changes 1n temperature
and moisture mght create compressive

stresses in excess of the endurance hmit of the
concrete and result in early failures

The necessity of using a joint seal to pro-
vide for the contmued satisfactory perfor-
mance of concrete slabs cannot be over-
emphasized In fact, there 1s probably no
single construction detail which could serve
to offset the stress calculations and design

£

Figure 14. Edging of Joints to Provide a Well
for Sealing Material

considerations as the fallure to provide an
adequate seal

Uniformity of subgrade condition 1s the
important factor in providing a satisfactory
foundation for a pavement surface; and par-
ticularly 15 umformuty of subgrade necessary
at jomts—where there is always the tendency
to curling, heaving, or settlement, due to
variations of moisture and temperature and
deflection under loads To seal all joints
and thereby a water-proof surface 1s the best
msurance for satisfactory foundation or base
conditions that will be reflected n longer
life for pavement surfaces.

RIGID TYPE BASES

Further application of the use of closely
spaced contraction jomnts may be found 1n the
construction of rigid type bases.

In the construction of a bituminous pave-
ment on a concrete base, as m all structures,
the stability of the surface 1s retained only so
long as the foundation remains mntact. With-
out a doubt, the major difficulty encountered
with this type of construction has been pre-
mature as well as progressive cracking of the
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bituminous surface Although failures of
sheet asphalt surfaces, as evidenced by crack-
ing, have variously been attributed to the
character of the bitumen or the mixture, most
surface cracking can be directly traced to
failure of the concrete base.

Recogmzing the desirability of retaning the
distinguishing charactenstic of a bituminous
surface, that 1s, its initially smooth, unbroken,
and uniform appearance, and further, appre-
ciating that the major portion of irregular
cracking of a bituminous surface could be
attributed to an nadequately designed con-
crete base, a study was undertaken by the
Engineer Department of the District of
Columb:a in an effort to develop a design and
construction procedure whereby irregular
cracking of bituminous surfaces at an early
age, with subsequent premature failure and
high msaintenance cost, could be defimtely
controlled, if not entirely eliminated.

The presence of irregular surface cracks 1s
undesirable not only because of thewr un-
sightly appearance, but more mmportantly
because they represent structural failures
Inasmuch as cracks i the pavement surface
generally result from underlying base cracks,
moisture entering the crack at the surface
will penefrate to the base, saturating the con-
crete as well as the subgrade and thereby
cause further dwintegration. This problem
immediately suggests durability, which is a
significant factor i all regions—in the south
where repeated wetting and drying occurs,
m the north where frozen subgrades may be
the major problem, and particularly n the
more or less temperate areas where numerous
freezing and thawing cycles may occur during
the year. In the District of Columbia de-
signs must be made for the latter conditions.

It has been general practice in bulding
portland cement concrete bases for bitumi-
nous surfaces, to place the concrete as a con-
tinuous slab, that is, without longitudinal or
transverse Joints; and to use a concrete mix
having a low unit cement content (such as
four bags per cubic yard of concrete). It 1s
sometimes stated that mixes of low unit ce-
ment content are used as a matter of economy
Recognizing, however, that the strength of a
concrete slab is dependent both upon thick-
ness of section and quality of mix, it will be
reahzed that as the cement content of a given
mix is mcreased the working stress may be

correspondingly increased, and, as a result,
slabs of a somewhat lesser thickness but of
richer concrete may be just as economically
ubilized. A more valid reason for the use of
low umt cement content base mixes has been
the desire to mimimize volume changes of the
base which contribute to 1ts cracking and sub-
sequent failure of the bituminous surface
In applying this principle of design, engineers
have often failed to appreciate the fatiguing
influences on the concrete of a continuous slab
as well as the extent to which lean mixes are
lacking in durability They have hence given
consideration only to wheel load carrymg
capacity, that is, to the structural strength
of the concrete without regard to durabihty
and have advocated the use of relatively thick
base slabs composed of low umit cement con-
tent while, in fact, thinner adequately de-
signed sections of a higher cement content
would have served both to provide adequate
concrete slab strength and at the same time
greater durabiity. It 1s the opmion of this
Department that the same consideration
should be gtven to the design and to the qual-
ity of concrete for bases as 1s given to concrete
for portland cement concrete pavements,

For some years, 1t was difficult to provide
for expansion of the concrete in bases due to
the fact that the premolded expansion jomnt
materials formerly in general use for concrete
pavements extruded under pressure and dis-
placed the bituminous surface. Satisfactory
non-extruding materals are, however, now
available so that adequate provision can be
made for expansion of concrete bases.

In developing a balanced design for concrete
bases for the District of Columbua, the dyr-
abihity factor of the concrete as well as the
structural characteristics of the slab have been
considered jointly. Recognizing that crack-
ing of continuous base slabs was inevitable
and further that random irregular cracking
was undesirable from every standpoint, de-
velopment of an efficient method for con-
trolling ecracking was the major problem.
Development of an efficient crack control
method was even more essential when dur-
ability studies indicated the value of increas-
g the umt cement content of the base con-
crete which, however, presaged greater volume
changes. Extensive surveys indicated that
the major portion of the bituminous surface
cracking could be attmbuted to contraction
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rather than expansion of the concrete base
slab. It was, therefore, evident that study
must be given to the effect of contraction, as
well as to expansion of the concrete when con-
struction activities are carried on during com-
paratively low temperatures. These surveys
likewise established that stresses resulting
from volume changes, unless provided for,
will cause cracking and, in cases of consider-
able expansion, possibly failure due to com-
pression, with the accompanying cracking and
surface irregularities in the bituminous top.

Design considerations indicated, however,
that if the concrete base could be made to
crack transversely at regular and closely
spaced intervals, the movement at any one
crack would be so small that it would be ab-
sorbed by the inherent resilience of the bitu-
minous mixture; further, any cracks which
might appear in the bituminous surface would
be straight and uniform, and probably so
narrow that such mixtures as sheet asphalt
would heal under traffic.

Such control of cracking has been accom-
plished in the District of Columbia by the
installation of planes of weakness in the con-
crete at intervals of 12.5 ft. As in the case
of concrete pavements, these bases are put in
during the steel shortage with the expectation
of maintaining closed joints to provide trans-
fer of load. These planes of weakness are
made in the plastic concrete by forming a
vertical groove for a depth of at least one-
half the thickness of the slab, usually by in-
stalling a tough building paper, which is left
in place.

When concrete is placed at normal tempera-
tures, the width of the cracks, resulting from
hardening shrinkage of the concrete, at closely
spaced planes of weakness, (12.5 ft.) is enough
to permit any expansion that may occur.
When concrete is placed at temperatures be-
low 50 F., expansion joints (% in. thick) are
installed at intervals of approximately 300 ft.

Where expansion joints are installed the
joint filler must be of a non-extruding type and
be brought to the surface of the concrete base.
Although the bituminous surface will generally
crack over these joints, the cracking will be
straight and uniform and can be properly
maintained (Fig. 15). Before the emergency,
this Department was using a thermoplastic
rubber compound for the maintenance of
such surface cracks. This material does not

extrude inordinately under compression and
forms a good bond with the bituminous and
portland cement concrete. Materials of simi-
lar characteristics are again being offered and
tests indicate them to be satisfactory.

As previously discussed, surveys have in-
dicated contraction of the base concrete to be
the major cause for bituminous surface crack-
ing. In the effort to control, if not entirely
eliminate surface cracking of bituminous pave-
ments, the Highway Department of the Dis-
trict of Columbia has experimented over a
period of several years with various designs
of concrete bases and has obtained excellent
results from the application of the transverse
weakened plane principle. Besides producing
a concrete base which it is believed will have

Figure 15. Maintenance of Crack in Bituminous
Surface Occurring Over Expansion Joint
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greater durability and longer service life due
to the use of a higher unit cement content,
the number of surface cracks have been mate-
rially reduced and those which do occur per-
mit of satisfactory maintenance.

The first concrete bases in the District of
Columbia with planes of weakness were laid
in 1932, with weakened planes spaced at 24-ft.
intervals. Although definite control of crack-
ing was noted, with straight easily maintain-
able, rather than irregular cracks resulting,
it was evident that the spacing of the planes
of weakness was not close enough to eliminate
cracking in the surface of the pavement.
Further experiment resulted in the reduction
of the plane of weakness spacing to 20 ft.;
later, in 1936 to 15 ft., and 1939 to 12.5 ft.,
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as well as improvement in the method of con-
structing the planes of weakness.

The data presented in Figure 16 illustrate
graphically the results obtained in reducing
cracking of sheet asphalt surfaces by the in-
stallation of closely spaced weakened planes
in concrete bases. For the period 1932-35,
with spacing of weakened planes at 20-ft.
intervals, the average distance between trans-
verse cracks was approximately 55 ft. With
the reduction in the spacing of the joints to 15
feet, the average distance between transverse
surface cracks was extended to 120 ft., 150
ft. and 245 ft. for projects built during 1936,
1937 and 1938, respectively. The definite
drop in the number of surface cracks from
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Figure 16. Effect of Close Spacing of Planes of
Weakness on Cracking, From Survey of
Sheet Asphalt Pavements, Nov. 1943

1935 to 1936 was undoubtedly caused by the
reduction of the spacing between planes of
weakness to 15 ft., as well as more efficient
construction of the planes of weakness. The
distance between joints was further reduced
to 121 feet in 1939, which has provided quite
general control of surface cracking as indicated
by the survey data.

Survey data indicate that the greater per-
centage of surface cracks which appear in
sheet asphalt pavements will be found the
first year after placement and that few surface
cracks will appear subsequently. Many
projects have been completed under the pres-
ent District of Columbia specification, for
spacing of joints in which no surface cracks
whatever have occurred.

This method of design and construction of

portland cement concrete bases is accom-
plished with little if any additional contract
cost, and results in a considerable reduction
in the cost of maintenance. By using a
greater unit cement content, this design in-
sures greater durability without causing ex-
cessive internal stresses, elimination of irregu-
lar and free corners at cracks which generally
result in structural failures, and provides a
base of uniform supporting capacity. Like-
wise, it preserves the smooth and uniform
appearance so desirable and attractive in
bituminous surface pavements (Fig. 17).
The combination of these factors will un-
doubtedly insure a longer life and more satis-
factory service for such types of pavement.

Figure 17. A Smooth Uncracked Sheet Asphalt
. Pavement

POSTWAR DESIGN OF CONCRETE PAVEMENTS

The Department of Highways of the Dis-
trict of Columbia believes the best practice
is to design for free slabs, even, when steel
is available for load transfers, so as to insure
free movement of the concrete under the nat-
ural influences of load, and moisture and tem-
perature changes; and to limit the slab length
to a practical minimum so as to reduce inter-
nal stresses caused by warping, etc. Short
slabs assist in insuring free movement of the
slab, especially under conditions in municipal-
ities. This Department recommends the use
of reinforcing, mesh or bar mat, though from
the purely design standpoint, the use of rein-
forcing may not be necessary for a length of
slab of only 15 feet (Fig. 18). Design of
longer slabs should include reinforcing and the
length of the slab would be dependent upon
the amount of reinforcement used. A com-
paratively small amount of steel can and
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does make a good road much better, The
use of reinforcing in pavements does not add
appreciably to its structural strength, as in
buildings, but does increase cohesion of each
slab in the pavement; at first m the curing
stage when the concrete 1tself is least resistant
to stress and later if cracks occur to check
their spreading and prevent progressive
fallure Reinforcing is believed to be of par-
ticular value 1n distnbuting the shrinkage
stresses which occur during hydration or
hardening of the concrete. As an example,

&’ round deformed tre rods
3 kong -spoced 3

16" round detormed 110 rods

only the pamting of such structures with a
heavy coat of asphalt to prohibit bond be-
tween the structure and the concrete when
concrete 15 placed during the summer months;
and the use of only four thicknesses of sub-
grade building paper placed around the struc-
tures when the concrete 1s placed at tempera-
tures of 50 F., or below The wire mesh
(2 yd. square) 1 placed near the surface of
the concrete where the first effect of drying
out and temperature changes would take
place. The use of this mesh has practically

Figure 18. District of Columbia Recommendped Design of Reinforced Portland Cement Concrete
avement

it 18 of interest to report on the success ob-
tained by the installation of wire mesh (20-1b.
““chicken wire”) around all structures such as
manholes, utihity poles and projections
through the concrete slab. A few years ago
there was an unusual number of failures oceur-
rmg around such structures. Expansion
jomt matenal of the old pre-molded type was
bemng placed around the structures before
placement of the concrete. A study of the
conditions mdicated, however, that these
cracks were undoubtedly due to shrinkage
during hardening of the concrete rather than
excessive expansion. The method which
has been followed for several years requires

ehminated cracks around such structures.
Its effect 18 beheved to be m distributing the
shrinkage stresses durmng setting of the cement
and the ehmination of mncipient cracks which
are so hable to show at that time and later
develop into faillures. It is beheved that the
wire mesh used 1n pavement construction may
act in a sumilar manner during the setting of
the cement. Though the length of pavement
slabs constructed by this Department was 30
ft. for several years preceding this emergency,
the development of a structural crack or failure
in such slabs 18 practically unknown. The
value of remnforeing in holding sections of con-
crete intact when cracks do occur 15 well
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known, but its value in preventing incipient
cracks which might develop during hardening
of the concrete and later into failure of the
slab is not generally appreciated.

CONCLUSION

In the present-day design of pavements,
proper design and installation of joints 1s
recognized as the most important factor in-
fluencing rigid pavement performance. How-
ever, the variations in spacing of transverse
joints are as great as at any time, and range
from 15 feet to none. It is beheved, however,

that results from the experiments now being
conducted and the study being made of pave-
ments constructed under varymg design prin-
ciples will bring about more uniform practice
and it is the belief of this department that
practice will specify short slabs with well dis-
tributed remforcement and with well con-
structed and well maintained joints, The
cost of such construction is small in com-
parison to the msurance provided. Post-war
building is gomng to demand careful considera-
tion of our spending to guarantee the greatest
possible economy—not merely low cost.

TRANSVERSE JOINTS IN THE DESIGN OF HEAVY DUTY CONCRETE
PAVEMENTS

By H. W. GiFFIN
Enguneer, Survey and Plans, New Jersey State Highway Department

SYNOPSIS

This paper is an account of experience with conerete pavements in New Jersey.
The situation of New Jersey is such that it is an ideal laboratory for the purpose
of quickly and thoroughly testing designs of concrete pavements. Transverse
joints, cracks, and pavement design are discussed as relating to ability to sustain
the amount of heavy traffic using the State Highway System. Main conclusions

reached are:

(1) Heavy duty pavements require designs that provide load distribution at

all joints and cracks.

(2) Joint structures should be designed to reduce dowel restraint to the lowest

practicable hmit.

(3) Surface water should be excluded from access to subgrade in so far as

practicable

(4) The surface on which the pavement is 1a1d should be non-erodible, have
high bearing value, and preferably be somewhat porous.

(5) Earth infiltration 1n open joints and cracks leads to spalling, blow-ups,
and destruction of load transfer often accelerated by pavement growth.

(6) Joint fillers should fill the joint space at all times, ’

(7) The use of precompressed wood should be tried extensively for joint fillers.

(8) Contraction joints are unsuitable for heavy duty concrete pavements and
warping joints appear to be undesirable.

(9) Concrete sills may be a better load distributing device than steel dowelled
structures.

(10) Consideration toward the early abandonment of the free end theory 1n
construction of concrete pavements and adoption of the controlled com-
pression theory, in which pavements are kept under compression at all
times by the use of spring dowelled joint structures, is suggested as being
more 1n accord with concrete’s inherent charactenstics

The material for this paper has been drawn
largely from experience gained in studying the

performance of concrete pavements on New
Jersey’s state highway system






