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SUMMARY

Reported are studies of the effectiveness of a 4-inch
(100 mm) wide compressible material installed at 1,000-ft. (305 m)
intervals in a jointed, reinforced concrete pavement in reducing
pavement blowups. The studies were made on an Interstate highway
carrying some 30,000 vehicles per day, including approximately
7,000 trucks and buses. The study contrasts the behavior of the
pavement before these pressure relief joints were installed with
that observed afterwards. Brief discussions of the factors indi-
cating the need for such joints, the problems associated with
their use, and the potential for their use under overlays are
included.

The following recommendations are presented.

1. The practice of providing pressure relief joints
in pavements having blowup histories or exhibiting
blowup tendencies should be continued.

2. The decision to provide pressure relief joints
should be made only after due consideration of the
pavement design and its performance history. The
decision criteria enumerated herein are suggested
as guidelines.

3. Pressure relief joints are not recommended within
500 ft. (150 m) of bridge protection expansion
joints Type XJ-1 or of full pavement width blowups
where pavement stresses have been relieved as
evidenced by wide joints near the blowups.

4. Consideration should be given to omitting pressure
relief joints at full-depth — full-width (all
lanes) repairs. This omission should be accompanied

by the greater use of relief joints at mid-slab length
of blowup prone sections of pavement.

5. Pavements containing pressure relief joints should
be inspected periodically for evidence that inter-
mediate joints are opening excessively such that in-
pPlace preformed seals can no longer be accommodated.
Conversely, such inspections may indicate the need
for additional relief joints.
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EVALUATION OF THE EFFECTIVENESS OF PRESSURE RELIEF
JOINTS IN REINFORCED CONCRETE PAVEMENTS

by

K. H. McGhee
Research Engineer

INTRODUCTION

The performance of Jointed concrete pavements in some areas
of the state has been seriously impaired by the infiltration of
incompressible materials into the joint and the resulting blowups.
This infiltration can ccme from below the pavement due to slab
pumping action related to water trapped below the pavement struc-
ture or from above because of poorly sealed transverse joints.
Water can be entrapped because of densely graded subbase materials
which prohibit drainage through the shoulder.(l Joints can be
poorly sealed because of the long slabs and narrow joints having
seasonal hydrothermal movements in excess of the capabilities of
the sealing materials.(? The causes and mechanism »f blowup
occurrence have b%eg thoroughly discussed in a recent report by
Tyson and McGhee. 3

Corrective action to overcome Virginia's pumping and blow-
up problems has not been totally successful. Pavement edge drains
are effective in removing entrapped water, but are costly and time-
consuming to install after the fact and are used only in the worst
pumping cases. Maintenance contracts to replace or patch damaged
joints and to furnish preformed seals have been successful 1in
most cases, but in several instances the patches have failed very
early and at a rapid rate.

One case of early patch failure took place on a maintenance
contract executed in 1973 on I-95 in Spotsylvania County, where
a study of the problem suggested that residual pressures in the
pavement were among several factors causing premature patch
failure. (H On the other hand, jcint movement studies in the
same area over a period of several years had shown that the
occurrence of a blowup tends to relieve pavement pressures for
some 500 ft. (150 m) on either side. Consequently, it was con-
cluded that the provision of special stress relieving joints
might reduce pavement pressures so that subsequent pavement
failures could be reduced.

With this in mind, the Materials and Maintenance Divisions
and the Research Council cooperated with Fredericksburg District
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perscnnel 1in Octcber 1973 teo install a pilot experiment of three
pressure relief jocints in a Staffcrd Cocunty segment of I-95 where
maintenance cperations were under way. The jcints were installed
approximately 1,000 ft. (305 m) apart and extended the full-width
of the 24 f+. (7.3 m) pavement. Because of the difficulty in
gawing dewels and the danger of unstable subbase ccnditions near
the cld Joints, the relief joints were installed mid-length of
the 61.5 ft. (18.7 m) long slabs. Two parallel saw cuts spaced

4 in. (100 mm) apart were made full-depth of the slabs. After
remcval of the concrete, two of the openings were filled with a
patented sponge rubber product sold under the trade name "Sealtite."
The third copening was filled with a styrofocam rubber.

Mcvement measurements commenced as socn as the pressure
relief joints were installed showed closures of from 1.1 tc 3.2 in.
(28 tc 80 mm) during the spring of 1974 after about eight months
in place. Clearly, such large mcvements show that pavement pres-
sures have been significantly relieved by prcvision of the special
Jeinte. In addition, field personnel have been very pleased with
the perfcrmance of the relief jeoints and report that no blowups
have cccurred in their vicinity and that no difficulties with the
performarce cof the jcints themselves have been noted. Finally, 1t
has been noted that the relief jcints are in themselves good indi-~
cators of pavement pressures. For example, the field engineer
might decide that when a relief joint installed 4 in. (100 mm) wide
has clcsed to less than 1 in. (25 mm) pavement pressures are ap-
proaching the point at which additicnal relief joints cr restcration
of the criginal 4 in. (100 mm) wide joilnt are justified.

With the above information in hand, the Department, in Sep-
tember 1974, let to contract pavement repair and resealing work on
I-95 in Spetsylvania and Caroline Counties. As a part of this
certiart, pressure relief jceints were installed in the above
menticned Spotsylvania County pavement where early distress cf
previous repairs had been noted. The relief joints were 1installed
at approximately 1,000-ft. (305 m) intervals in both directions on
this 15-mile (24 km) segment of I-95. In addition to this contract,
at least cne cther is under way and some relief jcints are being
installed by the Department's maintenance personnel.

The increasing use of the pressure relief Jjoints in various
parts of the state has indicated a need for quantitative data con-
cerning their effectiveness. The develcopment of these data was the
cbjective cof the present study.



PURPOSE AND SCOPE

As indicated above, the purpose of the present study was
+to evaluate the effectiveness of pressure relief joints in pro-
tecting jointed ccncrete pavements from the self-destructive
effects of jeoint infiltraticn and seasonal hydrothermal mcvements.
The study included approximately 15 miles (24 km) cf H-lane
divided I-95 in Spotsylvania County. Data were collected to pro-
vide a comparison of the performance of the 9-in. (230 mm) re-
inforced concrete pavement for eight months prior to installation
of the pressure relief joints to the performance over a simllar
season and time period after installaticn of the relief joints.
Information was developed as a basis for brief discussions of the
factors leading tc the need for rellef joints and of their use under
cverlays.,

RELIEF JOINT DESIGN

Frecsure relief jcints are 4 in. (100 mm) in width and are
installed full-depth and full-width <f the 9-in. (230 mm) thick by
2u-ft, (7.3 m) wide pavement. The pavement has construction joints
neminally 3/8 in. to 172 in. (10 mm to 13 mm) wide and spaced at
£1.5 ft. (18.7 m) centers.

Where majcr joint repairs including full-depth joint replace-
ment were required, the relief joints were installed as detailed
in pavement repailr contract PR-1-7u(5%) and illustrated in Appendix
A. Pressure relief jecints installed in conjunction with such full-
depth repairs are designated Type A. For reascns given earliler,
when no full-depth pavement repairs were necessary, the relief
joints were installed at mid-length cf the 61.5 ft. (18.7 m) long
slabs. Installations of this type are designated Type B. A total
of 142 relief joints were installed in the 15-mile (24 km) long
segment of rcadway.

The relief joint filler material is "Preformed Cellular
Plastic Pressure Relief Joint Filler" meeting the requirements of
ASTM Specificaticn D 3204.

The preojects 1n which pressure relief joints were installed
were designated as projects 1, 2, and 3 as described in Appendix B.

PROCEDURES

Evaluation procedures ccnsisted of pavement condition sur-
veys and a study of the pavement movements as reflected in the
clcsure of selected pressure relief joints.



Feur ceonditicn surveys as outlined below were ceonducted.
1. Winter 1973-7u4
The first survey was conducted in February 1974

as a part of other studies cn the Spotsylvania Ccunty
pavement.

O
~1

2. Fall 197

A second survey was conducted immediately befcre
repairs were begun on the study pavement and was com-
pleted in September 1974. The results were compared
with those frcm the first survey tc determine pave-
ment damage during the spring and summer cf 1974 which
migh*t be related to pavement pressures.

(8]

. Winter 1974-=75%

A third survey was conducted after the repairs
had been completed and the pressure vrelief joints
installed. The czcntractor began werk on Cctcber 15,
1374, and the survey was completed 1n April 1875,

4. Fall 1975

The final survey, completed in Cctober 197%,
wag made to c¢btain date for determining damage
subsequent tc the repairs, that 1s, during the spring
and summer cof 197%,

Each cendition survey comprises a detalled summary cf pave-
mernt ccnditions at the time it was made. Every pavement jolnt was
ncted on a sketch in which defects from each survey were super-
impcsed cne on the other. In the survey made immediately after
repairs were ccmpleted each pressure relief jcint was noted. De-
fects, such as blaﬂups, directly related tc pavement pressures
were especially identified.

Te precvide information concerning pavement mcvements as
influenced by pressure relief, the width ¢f each of the reiief
jcints was measured sccn after installiation and at the time of the
last conditicn survey. in adAlflcn, several sites were chosen for
the installaticn of instrumentation at intermediate joints. This
instrumentaticn, gage pointe imbedded in +the pavement c¢n either side
cf selected 3c1nts, made it possible tc study the effect cf the

relief jocints cn adjagﬁnf joints. The last field work was completed
in December 1975, when c¢ne section of pavement between pressure
relief Joints was chosen for devailled study ¢f the jcint movement
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assoclated with the release of pavement pressure. Joint cleaning
and resealing work that had been done at about the same time the

relief Jjoints were installed had resuited in saw cuts in the
bitumincus shoulders sc that the locaticn c¢f each joint prior to
pressure relief cculd be established. Firally, information frcm
+he U. S. Weather Bureau station at Corbir in Carcline County
was utilized to compare the two study periods in an effort to
determine any effects of significant differences in weather
patterns on pavement behavior in 1974 and 1975. This statiocn

is located apprecximately 8 miles (13 km) from the work site.

Each of the above aspects of the cverall study is discussed
below.

RESULTS AND DISCUSSION

Effect c¢f Pressure Relief Jocints On
Blowup Development and Pavement DIistress

The effectiveness of the pressure relief jeints in halting
the occurrence of blowups is demcnstrated in Table 1. Ncte that
24 blowups cccurred in the 15-mile (24 km) segment during the
summer of 1974, befcore installation of the relief joints, while
there were n¢ occurrences in the summer of 1975 with the relief
'cin: in place. It may, therefore, be ccrncluded that the relief
jcints were t”*a¢ y effective during Yhe 1115; summer they were
in service. Observations, discussed later, cn the current widths
of the relief joints suggest that they should be effective for
several more years.

i

O

Table 1

Blcwup Occurrerce With and Without
Pressure Relief Joints

Number cf Bicwups

Project Lane Tc February 1974 Without Rellef With Relief
Summer 1974 Summer 197&

1 NB 25 8 0

1 SR 29 5 0

2 NB 18 Q 0

2 SB 18 b 0

3 NR 3 5 0

3 5B 2 2 0

Total 95 24 0




The differences in pavement performance indicated by the
number c¢f blowups priocr to February 1974 for the three projects
are of some interest. There 1s ample evidence that performance
differences are related to at least two factors: (1) The appar-
rently lower strength concrete found in procjects 1 and 2 (as
evidenced by signs of peor ccnsolidation or high water ccontent),
and (2) the presence of a better draining subbase and shoulder
material under project 3. The relationship between blcwup
frequency and pavement strength is fairly evident in that weaker
concrete will cbviously fail at a lower pressure than stronger
conerete. The relaticnship between blcocwup frequercy and sub-
base type for these procjects has been discussed in an earlier
repcrt, where it was pointed out that the pavement pumping
asscclated with poor subbase material may result in the migration
cf fine, inccmpressible material intc the joints from their cuter
edges and bcttom porticnsﬂ(s) The modified subbase used on
prciect 3 was shown in that study to reduce pumping by approxi-
mately 75%.

Fredericksburg District perscnnel have expressed ccmplete
Satisfacti%g>with the stress relief joints as effective blowup
arrestors.

The same facters, asicng with the metal joint forming insert
used on project No. 2, have ccntributed to differences in tectal
joint distress experienced by the three projects. Tctal distress
in terms of the rumber of jocints affected i1s summarized in Table 2.

Table 2

Tctal Number of Distressed Jcints
{Numbers in parentheses indicate the *tctal joints surveyed)

Project Lane January September Aprii | October

1974 1974 1975 197¢%
1 NB(n18) 249 267 287 293
1 SB(412) 217 248 255 = 259
? NB(398&) 302 308 316 319
2 SB(402) 258 276 285 294
3 NB(488) 96 111 114 120
3 SB(493) b7 62 67 70

No*e that while project 1 was shown above to have a greater blcow-
up frequency, the total number of distressed jecints is greater for
project 2. This difference is due tc the presence of the metal
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joint forming insert that results in numerous semicircular Jjoint
spalls located in the wheelpaths. This phenomenon has alsc been
discussed in the earlier repcrt menticned above.

An examination of the new occurrences cf Joint distress
in the summers of 1974 and 1975 suggests that the pressure relief
joints have been at least partially effective in reducing the
rate of development of distress other than blowups. Note that
the northbound lane of project 1 had 18 new occurrences of joint
distress in the summer of 1974, but only 6 occurrences during the
summer of 1975 after the relief joints were installed. Similarly,
the southbound lane of project 3 had 15 occurrences and 3 occurrences
for the summers of 1974 and 1975, respectively.

Pavement Mcovement as Influenced by Pressure Relief Joints

While the effectiveness of pressure relief jcints in reducing
pavement distress and, particularly, blowups was discussed earlier,
there are some characteristics of pavement movement assoclated
with the relief joints that are of interest in themselves. These
are (1) the behavicr of the relief joints, and (2) the effect of
the relief joints on the movement of other joints in the vicinity
of and between relief joints., These are discussed separately below.

Relief Joint Closure

In sections of roadway where there is any appreciable pressure
the relief joints begin to close almost as soon as they are installed.
Pavement pressures cf some significance are indicated by difficulty
in making the saw cut because of blade pinching and in difficulty in
removing the sawed cut segment.

Tests in the Research Council laboratcries have shown that a
pressure of approximately 24 psi (165 kPa' is required to compress
the t-in. (100 mm) wide pressure relief material to 50% of its
original width. This is a negligible pressure even on very weak
concrete, but 1s sufficient to hold the relief material tightly
in place.

The widths of all pressure relief joints in the three study
projects were measured soon after they were installed (October 1974 -
March 1975) and at the end of the study pericd (October 1975). In
addition, those in the southbound lane were measured at an inter-
mediate stage (May 1975). These measurements are summarized in
Table 3.
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Table 3

Average Widths of Pressure Relief Joints
(Numbers in parentheses refer to the number
of relief joints in each lane)

Project Lane As Installed Joint Width (in.)*| Totai
Oct. 1974% - Mar. 1975] May Oct. Closure
1975 1975 (in.)*®

1 NB(23) 4.11 — 2.74 1.37

1 SB(20) 4.29 3.49 3.21 1.08

2 NB(20) b.15% — 2.65 1.50

2 SB(21) 4,25 3.18 2.80 1.45

3 NB(30) b.1b — 2.18 1.96

3 SB(26) L. .07 2.16 1.50 2.57

Grand Average 4.16 ' 2.88 2.45 1,71

*Metric conversion 1 inch = 25.4 mm.

Several significant cbservations can be made on the data
given in Table 3. First, the average relief joint clcsure cf
1.71 inches (43 mm) during the first year suggests that there were
very significant stresses remalning in the pavement even though
numercus blowups had already relieved these stresses 1n many areas.
Second, a careful study of the data shows that abcut 75% of the
total closure occurred before the summer months when stresses, 1f
unrelieved, would be highest. This finding clearly indicates that
pavement stresses, even in the winter, were toc high to be relieved
by the natural tendency of the pavement to shrink in cold weather.
Third, the project having the lowest blowup fPequency (No. 3)
showed significantly mcre closure <f the relief joints during the
summer cf 1975 than did the other two projects, which suggests that
Project No. 3 should be observed very closely tc determine whether
there 1s a need for additional relief jeints. As indicated earlier,
the higher strength ccncrete in this project will sustain more
pressure without failure. However, the relative increase in blow-
ups for this project just pricr to installation of the relief
Jjcints, aleng with the behavicr of these joints, indicates that the
prcject was becoming highly subject to blowups which may still cccur
when the benefits cf the relief joints are completely exhausted.
Note that the southbound lane of this project has sustained cnly
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4 blowups in its 1l0-year life but that after only one summer

the relief joints have closed an average cof 2.57 in. (65 mm)

or abcut 65%. Such behavior reinforces the possibility mentioned
earlier that pressure relief joints may be used as indicators of
pavement pressures such that corrective action can be taken be-
fore pavement damage results.

The relative behaviors of the Types A and B relief joints
are of some interest and are summarized in Table 4, where the
annual relief joint closure is given for each project and each
type of joint.

Table U4

Annual Relilef Jeint Clcsure

Project Annual Average Closure by Relief Type (in.)#
A B
1 1.08 1.37
1.48 1.50
3 1.89 2.57
*Metric conversion, 1 inch = 25.4 mm.

It should be recalled here that the Type A joints were in-
stalled in cecnjunction with full-depth pavement repairs while the
Type B were installed at mid-slab length in sound pavement sec-
ticns. In many cases the full-depth repairs were to blowups
where pavement stresses had been at least partially relieved by
the blowups. It 1s not, therefcre, surprising to find that the
Type B Joints were somewhat more effective, because nc natural
stress relief had been provided prior tc their installation.
This finding suggests that in future installations it may be
advisable tc omit the Type A Joints in lieu of providing mcre of
the Type B at strategic loccations.

Meovement of Intermediate Joints

The movement of intermediate joints within a typical secticn
having pressure relief joints at each end is indicated in Figure 1.
The section comprised 17 slabs, each 61.5 ft. (18.8 m) leng. Indi-
vidual joint movements were measured from the saw marks in the



Joint Movement (in.)

asphaltic concrete shoulder, as mentioned earlier. As woculd

be expected, the movement was maximum at the pressure relief
joints, gradually decreased toward the center of the section,
and was negligible at the center. This behavior is also
indicated in Figures 2, 3, and 4 for the movements at the

relief joints, at a joint 1/4 of the way through the section,
and at the midpoint of the section, respectively. 1In all cases,
joint movement was toward pressure relief joints with the node
point at midsection, which indicated a balance of pavement
pressures and movements.

25.4% mm)

(1 inch

0 2 4 6 8 10 12 1y 16 18
Joint Number

Figure 1. Jcint shift between pressure relief jeints.
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joint after one

foint 246 ft. (75 m)




Figure 4. 'Node point midway between pressure relief joints.

I+ 1s clear from the above data that the relief jcints
provided were effective for at least the 1,000 ft. (300 m)
contained in the typical section. Careful study of Figure 1
alsc suggests that the relief joints might have been capable
of providing some stress velief for sections longer than 1,000
£+, (300 m). Thecretically, the joints are effective until
there is more than cne staticnary Jjoint at midsection. The
determinaticn of a maximum effective section length is not a
straightforward procedure. A paradox develcps when one con-
slders that the more internal stresses a pavement contains,
the longer will be effective section length. Ccnversely,
when there are few internal stresses, the relief joints may
be immediately effective cver only a very short distance. 1In
the latter case, the relief joints probably are not badly needed
but will serve for a long pericd of time. Several examples of
this type behavior occurred in Projects 1 and 2 where pressure
relief joints were installed clcse to blcwups. Because pavement
pressures had already been relieved, these relief joints closed
lese than 1/2 inch (13 mm) during their first year in service.

One type of undesirable behavicr of joints between relief
joints is demonstrated by the photograph in Figure 5, which shows
an intermediate jcint that has cpened so widely that a prefcrmed
compressicn seal 1s no longer in contact with the walls of the
Soint. This behavior gives rise to the possibility of initiating
a vicious circle where the provision of tooc much freedom of joint
mcvement can create conditions where joint infiltration is aggra-
vated, and, in turn, can require the provision of more pressure

12
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relief. Such behavior occurs only at joints located very close
to relief joints or to previous blowups. Since it is not possi-
ble to predict when excessive opening might occur, it appears
that pavements having preformed seals should be observed very
closely for some time after relief Jjoints are installed. This
possibility of excessive intermediate Jjoint opening is cone con-
sideration which should not be overlooked when the decision to
provide relief joints is being made. There may be instances
where it would be advisable to install several relief joints for
observation purposes, possibly one year before full pressure re-
lief is contemplated. In this way, a final determination of

the need for the joints could be made.

It is of some interest to compare the movement of joints
in a pavement where no stress relief has been provided to that
of joints where the relief joints are lccated at 1,000-ft. (300 m)
intervals. This comparison 1is illustrated in Figure 6 for the
April through September 1975 period. Note that while the seasonal
movement for the control section was approximately 0.008 in. (0.20
mm), the joint located 61.5 ft. (18.7 m) from a pressure relief
joint opened a total of 0.18 in. (4.5 mm). Similar but less
severe movements were recorded for joints located 184.5 ft. (56.3 m)
and 307.5 ft. (93.8 m) (nct shown) from the pressure relief joints.
The pavements contrasted in this figure are those discussed in an
earlier report,(3) where the behaviors of blowup prone pavements
were compared with that of the control section, which had no blow-
up history.

Figure 5. Excessive opening of joint near pressure relief joint.
Note that the preformed seal is pulled away.

13
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Figure 6. Comparison of pavements with and without

pressure relief joints. Each curve is
average for four joints.

Weather Ccnsiderations

Because the seascnal length changes of concrete pavements
are closely related to the prevailing weather conditions, 1t
was considered important to compare climatological data for
1974 and 1975 to determine the effect of weather on differences
in pavement performance before and after the stress relilief joints
were installed. Mean monthly air temperatures for both 1974 and
1975 are plotted in Figure 7 from data collected at the U. S.
Weather Station at Corbin, Virginia. The clcse similarity cf the
twe curves suggests that mean temperature was not an important
factor in differences in pavement behavior between 1974 and 1975.
Precipitation data from the same staticn showed total annual rain-
falls tc be 39.02 in. (991 mm) and 47.32 in. (1202 mm) for 1974
and 1975, respectively. Slightly more severe conditions are in-
dicated for 1975 when pavement performance was better.

From the abcve, it was concluded that weather conditions
had roc appreciable affect on the differences in pavement performance
between 1974 and 1975, and that the differences shown earlier were
due to the presence of the pressure relief jcints.

14
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Frcblems Enccuntered with Use
of Pressure Relief Joints

As the Department has gained experience with the use of

pressure rellef jcints 1in several locaticns, including the one
discussed earlier, 1t has beccme evident *that certain pre-
cguticns are necessary to achieve the mest effective use. Some
c¢f these precauticns and the related problems are discussed
briefly below. Several c¢f these have been covered in recent
specificaticns develcped for installation c¢f the pressure rel:ief
material.

'se on Multi-lane Pavemen*s

The pressure relief material will almeost always be used
on pavements having more than cone traffic lane, thus 1t usually
w1lil be impcssible to install the marterial the full pavement
width on the same day. However, the relief of pressure from cne
lane ~an substantially increase the pressures in c¢ther lanes so
that the unrelieved ianes beccome highly fubjec* to blowups. It
is, therefeore, recessary to insta.l relief Jocints in all adjcining

‘Jo

lanes In as short a time as pessible. The p ctograph in Figure 8
is ¢f a pavemert on which repalrs and pressure relief were provided
in the near lane while the scund far lane was lefr until later. Un-
forturately, several weeks of warm weather passed and z blcwup

'rad in the far lane before the wcrk crew returned To install
S0 relief in that lane.

Frgure 8. TFaillure due to redistributicn of stresses between
lares. Repailrs in near lane and new bicwup in far
1 .
lane.

16



In cases where the adjoining lane is of good quality con=~
crete, restraint between the lanes has prevented functioning of
the pressure relief joint so that the material is not tightly
held in position and can float out during a heavy rain.

Both of these potential problems should be prevented by
the new specifications that require installation of the pressure
relief material in adjacent lanes within 48 hours. This specifi-~
cation also places restrictions on material width and requires
the use of a lubricant-adhesive to install the material to pro-
vide further insurance against floating.

Installaticon in Hot Weather

The high pavement pressures encountered in hot weather make
the summer a poor time for installing pressure relief joints, even
though the need might be greatest in that season. Saw-pinching
problems and the problem of unequal pressures between lanes are
both aggravated during warm weather, so the new specifications
mentioned above provide for the installation of pressure relief
material in a temperature range of from 40OF (4OC) to 70°F (20°C).

Too. Frequent Installation

In a few instances, pressure relief joints have been in-
effective because of their proximity to other stress relieving
features. While some judgement of pavement condition is necessary,
the relief joints are not normally needed within 500-600 ft, (150-
180 m) of a standard XJ-1 bridge approach expansion joint, ¢/
because such a joint inherently provides adequate pressure re-
lief (Figure 9).

Pavements which have sustained full-width blowups may not
need pressure relief joints within about 500 ft. (150 m) of the
blowups, especially if the blowup has been temporarily repaired
with bituminous concrete and has remained in that condition for
some period of time. This natural relief of pavement pressures
will be indicated by unusually wide joints in the vicinity of
the blowup.

17
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Figure 9. Joint next to bridge protection expansion joint
type XJ-1.

Making the Decision tc Provide
Pressure Rellef

Since the provision of pressure relief joints is a rather
expensive and +ime-consuming operaticn, the focllowing discussicn
is offered tc help the field engineer make the decision concerning
their ne=sd.

Favemerts having no blowup history shculd not have pressure
relief joints installed withcut careful consideraticn of the pave-
ment histcry and condition. Extensive studies cof blowup prcene
pavements in the state have shown that blowups will occur or are
impending when some cr all of the following factors exist:

1. The pavement 1s more than 5 or 6 years old,
2. transverse jcints are poorly sealed,

3. the pavement ig subject to joint or edge pumpin
due to poor gqualility subbase,

4. the pavement was ccnstructed of concrete containing
a silicecus coarse aggregate,

o,

and or other tracticon improving aids are used
1berally con *the pavement,

18
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6. the pavement was constructed of slabs more
than 20 (6 m) to 30 ft. (9 m) long,

7. the pavement was constructed of poor quality
concrete,

8. dowel bars were misaligned during pavement
construction, and

9. truck traffic volume 1s high.

Not all of the factcrs listed above will be present in every
blowup prcne pavement, and not all of the factcrs are of equal
welght. For example, with cther conditicns equal, pavements with
61.5 ft. (18.8 m) long slabs appear to be much more subject tc blow-
ups than are those with shorter slabs. On the other hand, pavements
with short slabs have been cbserved tc blowup, but only after many
years of service under adverse conditions. Similarly, pavements
can become subject tc blowups due tc either surface infiltration,
infiltration from the subbase, or a combination of the two.

Because the relative contributions of each of the above
factors is so pocrly defined 1t is necessary to make field in-
spections to determine blowup probability. In general, at least
two cr three of the fecllowing types of visual evidence will be
present when blowups are impending.

1. Some transverse Jjcints are tightly closed while
others are wide and badly infiltrated.

2. Joint pumping is evidenced by the presence of
fines on the shoulder or a shoulder depressiocn
at the pavement edge.

3. Joint faulting is evident.

4. Transverse joint misalignment is evident, especially
at lane additions cor drops.

5. Transverse joints show evidence of crushing.
Examples of the above types of distress are given in Figures
10-14. It should be ncted that joint crushing is not to be con-

fused with the joint spalling associate? With metal joint forming
inserts discussed in an earlier report. 3
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Figure 10. Joint infiltration.

Figure 11. Pavement pumping as evidenced by deposition
fines on the shoulder.
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Figure 12. Joint faulting.

Figure 13. Misalignment of transverse joint due to
pavement pressures.

21



Figure 14.Joint crushing due to pavement pressures.

Pressure Relief Under Overlays

Pavement performance observations have shown that pave-
ments subject tc blowups while in service as a wearing course
will often be subject tc blowups after they have been overlayed
with a bitumincus ccncrete surface. For this reason, the decision
was made to provide pressure relief joints in the widening of
1-495 in Necrthern Virginia. The 24=-ft. (7.2 m) wide existing
pavement had suffered a number of blowups ir 1its approximately
ten-year life. The primary factors contributing tc these blow-
upe were heavy traffic, pocr subbase, difficult to maintain
joints, and long slabs. Since these conditicns could not be
effectively corrected as a part of reconstruction, the provision
cf pressure rellief joints was an acceptable effort to reduce
future maintenance. To ensure that the old pavement and the 24 ft.
(7.2 m) of widening base concrete would function together, relief
joints were alsc called for in the base. While the project 1is
still under constructicn, much of the pavement and widening has
been overlayed with no apparent adverse effects other than a
slight depression 1in the overlay at some relief joints. Many of
the relief joints have clcsed up to 2 in. (50 mm), which is an
indicaticn that they are serving their intended purpose.

Based on this experience, it would appear reasonable to
continue the use c¢f pressure relief Jjoints under overlays when
the ©ld pavement has demonstrated a blcwup history or when the
blowup causative factors discussed earlier are in evidence.

22
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CONCLUSIONS

The conclusions below appear warranted from the data and
discussion presented earlier.

1.

Pressure relief joints can contribute substantially
to the reduction of blowups and general distress of
portland cement concrete pavements.

Pavements containing pressure relief joints can
experience excessive opening of intermediate joints
such that the effectiveness of preformed seals is
impaired.

Rapid pressure relief joint closure may be an
indication that additional relief is needed.

Pressure relief joints installed at mid-slab are
somewhat more effective than those installed in
conjunction with full-depth pavement repairs.

Pressure relief joints serve no useful purpose

in clcse preximity to bridge protection expansion
joints and to blowups where a full-depth — full-
width portion of the pavement has been replaced with
bitumincus concrete.

In making the decision c¢n whether or not tc provide
pressure relief joints, careful consideration should
be given to the pavement design and performance
histery.

Pressure relief joints can be used effectively under

bituminous concrete overlays on portland cement con-
crete pavements.

RECOMMENDATIONS

The following recommendations are offered for consideration
by the Department.

1.

The practice of providing pressure relief joints in
pavements having blowup histories or exhibiting blow-
up tendencies should be continued.

Pavements containing pressure relief joints shcould

be inspected periodically for evidence that inter-
mediate joilnts are cpening excessively such that
preformed seals can n¢ longer be accommedated. Such
inspecticns may alsc indicate the need for additional
relief joints.

23
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Pressure relief Jjoints are not recommended
within 500 ft. (150 m) of bridge protection
expansion joints Type XJ-1 or of full pavement
width blowups where pavements stresses have
been relieved as evidenced by wide joints near
the blowups.

Consideration should be given tc omitting pressure
relief joints at full-depth — full-width (all lanes)
repairs. This omission should be accompanied by the
greater use of relief joints at mid-slab length of
blowup prone sectilons of pavement.

The decision as to whether pressure relief joints
should be provided shculd be made only after due
consideraticon of the pavement design and its
performance history. The decision criteria enu-
merated hereilin are suggested as guidelines.
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APPENDIX A

DESIGN OF PAVEMENT REPAIR
INCORPORATING PRESSURE RELIEF JOINT

i EE e e e i

6:’: S " . > ’,
D3 EXISTING PAVEMENT

;.'::‘M ‘e D
e

TYPICAL SECTION

ELEVATION VIEW

Preformed pressure relief material 4" x 10" x 12'
(100 mm x 250 mm x 3.7 m).

All joints to be edged with a jointing tocl. The
joint shall extend into the concrete for at least

X" (6 mm).

The depth of the excavation shall be 6-inches (150 mm)
below existing pavement.

Excavation will replace dowelling into existing pavement.
Do not replace dowell assembly at Joint area.

Existing concrete to be sawed full-depth.

The excavation will extend back under the existing slab
a minimum cf 6-inches (150 mm).

The area measured fcr payment as pavement repailr will be
measured at the top surface of the existing pavement. The
cost of excavating for and installing the 6" (150 mm) key
on each side of the pavement repair shall be included in
the square yards of pavement repair ccmputed by the above
method.
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The concrete pavement shall be sawed full-depth for the
purpose of installing pressure relief joints. Pressure
relief material is to be installed in accordance with

the manufacturer's installation recommendations. Adjacent
pieces of joint material will be connected by the use of
an approved adhesive. When a pressure relief Jjoint is
installed in one 12-foot (3.7 m) lane, the relief jcint
will be extended across the adjacent lane within 24 hours.



APPENDIX B

DESCRIPTION OF PRESSURE RELIEF STUDY PROJECTS

Prcject No., 1

Nc. 0095-088-101, PhO1
Frem: Carcline-Spectsylvania County Line

To: 5.019 mi. (8.076 km) north Caroline-Spotsylvania County
Line

Length: 5.019 mi. (8.076 km)
Completicn Date: 5-27-64

Pavement Design: 9 in. (225 mm) reinforced concrete pavement,
6 in. (150 mm) subbase material Grading I.

Remarks: Slabs 61.5 ft. (18.8 m) lbngu

Project No. 2

Ne. 0095-088-101, P01

5.019 mi. (8.076 km) north Spotsylvania-Carcline County
Line

From:
Te: 0.501 mi. (0.806 km) north Intersection Route 1
Length: 4.588 mi. (7.382 km)

Completion Date: 10-22-63

Pavement Design: 9 in. (225 mm) reinforced concrete pavement,
6 in. (150 mm) subbase material Grading I.

Remarks: Slabs 61.5 ft. (18.8 m) long. Joints formed with
metal 1inserts.

Prcject No. 3

No. 0095-088-102, PLO1l
From: 0.501 mi. (0.806 km) north Intersection Route 1

To: Spotsylvania-Stafford County Line



Length: 5.747 mi. (9.2u47 km)

Completion Date: 5-3-65

Pavement Design: 9 in. (225 mm) reinforced concrete pavement,
6 in. (150 mm) subbase material Grading I
(Modified).

Remarks: Slabs 61.5 ft. (18.8 m) long. Modified subbase
material is coarse graded and better draining
than that on Projects 1 and 2.



